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Physiological and Biochemical Studies on the Stress Responses of

the Red Sea Bream, Pagrus major (TEMMINCK et SCHLEGEL)

Hiroko Isuioxa

As the red sea bream is usually cultured in the net pen of the coastal area where
environmental factors such as salinity, water temperature and pollutants are more variable than
their natural habitats and the life of the fish in the net pen is very different from the natural
one, environmental changes, rearing system including high density, handling and transportation
may cause severe stresses to the cultured fish. So, the study of the adaptability to the
biological and non-biological environment in physiological sense, ie., stress responses, is a very
important subject not only for the fundamental understanding of fish physiology but also for
the development of the management of the red sea bream culture.

The present study was carried out to clarify the physiological responses of the red sea bream
to various kinds of stressors hematologically and to analyze stress phases by cluster analysis.
Hormonal control of the metabolism in the liver, muscle and adipose tissue during stress
responses was also studied in vitro utilizing radio-labelled substances.

(1) Hematological changes were determined on the fish stressed by temperature changes.
Thermal stress produced the increases of hemoglobin content, hematocrit value, serum cortisol
level and serum glucose level, whereas cold stress decreased hemoglobin content and hematocrit
value, and increased serum cortisol and serum glucose levels.

To clarify the phases of stress responses in the fish, the cluster analysis was applied by
means of the Euclidean distances calculated by 3 variables: hematocrit value, serum glucose
level and serum sodium level. Four phases were analyzed and these four phases were named
as non-reactive, pre-reactive, reactive and exhaustive phase, respectively. Serum sodium
level decreased slightly in the pre-reactive phase and serum glucose level and hematocrit
value increased significantly in the reactive phase. In the exhaustive phase, a significant
increase in serum sodium level was characteristic.

(2) Hematological changes were determined on the fish stressed by salinity changes. A rapid
elevation of environmental salinity induced hyperglycemia, increases of serum sodium, chloride
and cortisol levels of the fish. The fish exposed to a rapid lowering of salinity showed
hyperglycemia, increases in serum cortisol level, and high hematocrit values and decreases in
serum sodium and chloride levels. Above mentioned hematological changes depended on the
magnitude and the rate of salinity changes.

The phases of stress responses were determined by means of the Euclidean distances.
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Three phases were identified as non-reactive, reactive and exhaustive phases. Hyperglycemia
was characteristically observed in the reactive phase while in the exhaustive phase, serum
sodium level was observed to be remarkably influenced by environmental salinity.

(3) The red sea bream showed changes of various hematological parameters by the rapid
decrease of oxygen levels of the water (3.75ml/l for half an hour and 3.5ml/1 for 4 hours).
The most typical changes were hyperglycemia and the elevation of serum cortisol level.
Increases of hematocrit values and hemoglobin contents were also observed. These hemato-
logical changes were not observed by the slow reduction of oxygen levels (1.72ml/1 and
1.29ml/1 for 4 hours), though serum glucose levels increased slightly.

Three phases were identified by the cluster analysis. In addition to the non-reactive phase
and the reactive phase characterized by hyperglycemia and high hematocrit value, the non-
specified phase which was charactrized by remarkably low levels of three variables was
observed.

(4) The effects of handling and anesthetization with MS222 (ethyl-m-aminobenzoate methane
sulfonate) on the red sea bream were investigated with reference to selected hematological
parameters. The exposure of the fish to the air for 1 min. in a hand net (mild handling)
produced no significant changes in hemoglobin content, hematocrit value, serum glucose, sodium
and chloride levels, except serum potassium level. On the otherhand, the forced insertion of
fish filesh (lg) through a polyvinyl tube into the stomach (severe handling that the procedure
had taken about 5-7 minutes) caused an elevation of serum glucose level immediately after the
treatment. These changes in serum glucose and serum potassium levels persisted for several
hours after the handling.

Anesthetization of the fish with 100 ppm MS222 did not affect hematological parameters
at least within 10 minutes after treatment. Prolonged exposure (15-30 min.) to 50 ppm
MS222 extremely elevated serum glucose and serum sodium levels. These changes in serum
constituents suggested that osmoregulatory and metabolic dysfunctions had occurred by hand-
ling and anesthetization.

(5) Red sea breams were transported experimentally by the living wells (1x1x1 m) of a
boat and in the polyvinyl container on the truck. The container contained 20 1 of sea water
and was tightly closed after blowing pure oxygen gas for 30 seconds. Changes in hemato-
logical parameters of the fish were studied during transportations. Two hour transportation
of the fish immediately after loading in the boat living well produced hyperglycemia on the
fish and some individuals also showed high hematocrit values and high serum sodium levels.
However, transportation after 24 hours recovery from transferring did not produce any signs
of stress responses. When the fish had been transferred one day before, transportation in
the container produced remarkable hyperglycemia, comparatively constant serum sodium level

and lower hematocrit value. It was suggested that these changes resulted from severe
confinement and too high dissolved oxygen tensions in closed transporting system.

(6) Effects of angling on hematological parameters of the red sea bream were studied using
wild red sea breams fished by a hook and line in the Seto Inland Sea. Hematocrit value,
serum glucose level and serum sodium level of the fish after angling were 34.8+4.87 (mean
+s.e., n=31), 63.5+25.14 (n=47) and 181.7+20.00 (n=71), respectively. Serum sodium
levels were fluctuated in each sampling season.

(7) Discriminant function analysis was carried out to distinguish stressed conditions of the red
sea bream. From the cluster analysis on stress responses of the fish exposed to changes of

water temperature and salinity and ambient oxygen reduction, non-stressed and stressed phase
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were defined by 3 parameters that were 10x (hematocrit value), 100 x log (serum glucose
level) and serum sodium level. According to MAP (Multivariate Analysis Program Package)
introduced by Computing Centre for Research in Agriculture, Forestry and Fishery, the
discriminant function between non-stressed and stressed groups was defined. By applying 3
parameters of the fish stressed by handling, anesthesia, transportation and angling, the
condition at blood sampling time in each fish was discriminated as non-stressed or as stressed
phase. The results were shown in Table 18.

(8) In order to clarify the energy metabolism of tissues under stresses, in vitro experiments
were conducted mainly using isotope techniques. Isolated tissue samples were prepared as
follows. The liver was sliced by the Stadie-Rigg’s slicer into 50-100mg pieces and the
adipose tissue was cut into small pieces (ca. 20mg) by scissors. Muscle tissues were prepared
by peeling off the pectoral fin muscles composed of musculus abductor superior, musculus
abductor profundus and musculus arrector ventralis.

(9) Effect of starvation on the energy metabolism of isolated tissue samples was studied.
After 2-month-starvation, tissue samples of the red sea bream were isolated and incubated in
Kreb’s bicarbonate ringer contained U-C-glucose as a substrate and the glucose incorpo-
ration was determined in sliced liver, sliced trunk muscle and adipose tissue pieces.

In fasted fish, condition factor, 100 x (body weight/fork length?), declined and relative
liver weight decreased profoundly to a half value of that in fed fish in early summer time.
In vitro experiment, incorporation of labelled glucose into CO; in fasted fish was signifi-
cantly larger in liver and in adipose tissue on the basis of a gram of wet tissue. There
was no difference in the amount of U-1C-glucose incorporation into tissue and glycogen on
the basis of a wet weight gram also. It was suspected that the rapid utilization of glucose
and the depletion of stock material in the fasted fish would produce different patterns of
stress responses hematologically.

(10) In order to clarify the relationship between hormones and the tissue metabolism, in vitro
studies were conducted on the metabolic effects of epinephrine, glucagon of mammals,
cortisol and bovine insulin to the isolated liver, adipose tissue and fin muscles of the red sea
bream.

Liver slices incubated for one hour in Kreb’s bicarbonate ringer blowed with 95% O. and
5% CO, gas at 25C released some amount of glucose. Epinephrine (10pg/ml) and
glucagon (17pg/ml) enhanced the release of glucose from liver slices. On the other hand
cortisol (10xg/ml) and insulin (10g#g/ml) partially suppressed the glucose output.

Epinephrine, glucagon and insulin had no effect on the release of free fatty acid from
slices of liver, fin muscle and adipose tissue during 3-hour incubation in Kreb’s phosphate
ringer. Cortisol slightly stimulated free fatty acid release from liver slices. Thus, epine-
pheine, glucagon and insulin induced similar effects on carbohydrate metabolism of the red
sea bream in vitro to those of warm blooded animals.

(11) Effects of epinephrine on the glucose utilization by isolated tissues was studied in vitro
using isotope technique. The experiment was duplicated. Among three kinds of isolated
tissue, fin muscle was most active on the tissue incorporation and glycogen synthesis from
the UC-glucose in the incubation medium. In the experiment I, epinephrine inhibited
the incorporation of U-MC-glucose into glycogen in the liver and fin muscle and stimulated
the production of CO, from U-1C-glucose in the adipose tissue. On the other hand, only
the suppression of labelled glucose incorporation into glycogen in the fin muscle was

observed in the experiment II.



a M

(12) Effects of cortisol on glucose, lactic acid and glycine utilization were studied in vitro.

Each substrate examined showed different behavior in respective tissues. Glucose was
utilized effectively in all tissues for respiration and was incorporated into glycogen in the liver
and fin muscle. Lactic acid was easily metabolized for respiration and converted to lipid
and glucose in the liver, though it was scarcely incorporated into glycogen in liver and fin
muscle. Glycine was effectively utilized for respiration and for glucose production in the
liver slices though the incorporation into glycogen and lipid was relatively small. This
amino acid was poorly utilized for respiration or for synthesis of glycogen and lipid in the
fin muscle and adipose tissue.

Addition of cortisol into the incubation medium caused the inhibition of glucose incorpo-
ration into the fin muscle and stimulated glucose incorporation into lipid in the adipose
tissue. Cortisol markedly decreased the incorporation of U-4C-glycine into glycogen in the
liver and moderately decreased glycine incorporation into the fin muscle. No effect of
cortisol was observed on lactic acid utilization during one-hour incubation.

The actions of epinephrine and cortisol, which increased in circulatory blood when the fish
was exposed to various stressors, were discussed in relation to hyperglycemia. The results
obtained by in vitro studies suggested that the increase of blood glucose in the initial stage
of stress responses were combined result of glucose production by glycogenolysis in the liver
and muscle, inhibition of glucose utilization by peripheral tissues (i.e, fin muscle) and
increased gluconeogenesis from substrates such as lactic acid and amino acid and so on.
Especially, lactic acid was considered to be a major precursor to contribute to gluconeo-
genesis in the liver because it was easily produced in the muscle during tissue hypoxia in
the stressed condition. Epinephrine seemed to play a leading role in the early stage of
metabolism of stress responses.
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Fig. 1. Diagram of apparatus system used to study stress responses in the marine fish.
P; pump A,B; Bxperimental tank D, E; Control tank
C; Tank for preparing stressor sea water 1 ; Rout of sea water flow.
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Table 1. Summary of experiments on the hematological changes in the red sea bream
stressed by temperature changes (meandts. d.).

Experiment number I 1I 111 v v VI
Date of experiment May 1977 May 1977 June 1977 July 1978 June 1977 July 1978
No. of the fish 25 20 20 40 30 40
Body length(cm) 12.340.75 12.5+0.63 11.940.55 14.2+0.85 11.3+0.86 14.7£0.89
Body weight(8) 50.7+9.61 61.1+9.66 53.3+5.80 98.7+14.4 49.8+12.5 108.9£17.8
Experimental tank AB C AB AB AB AB
Water flow system Running Still Still Running Running Running
Acclimation period (day) 7 7 7 10 7 7
Acclimation temperature('C) 16.5-18.0 18.0-18.5 18.0-19.0 22.5-26.5 18.0-19.5 24.0-26.0
Attained temperature('C) 25.8 30.2 30.1 30.9 7.8 11.1
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Fig. 2. The changes of water temperature during experiments.
I -V ; Experiment number  Arrows; Sampling time.
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BAV 7.5~ 8 el & EBV 6. 5B RIBICERED B HEN D bh i,

~= b7V, MEREER (Fig. 3) LT, BRI LV TERBBER 4B TARCE
WEARD BRI, ~7 b2, MEOE ORI~ E e Ev DT bzl A LR



" M

Table 2. Variations in hematological and serum characteristics of the red sea bream under
thermal stress (mean+ts.e. with number of fish in parenthesis). Experiment number

is corresconding to that of Table 1.

Magnesium  Calcium

Experiment Hemoglobin  Protein Chloride Potassium Cortisol Cluster**
Time(h) (g/dD) (g/dD) (mEq) (mEq) (mEq) (mEq) (ng/ml)  number
1 0 6.3+0.39 2.89+0.07 170.9+1.25 7.78+0.73 1.4010.10 7.01+0.17 27.3+23.67
(Control) () (5) (5) O] (4) @ ®
1 5.9+0.37 3.04%0.15 175.2+£2.07 8.12+0.78 1.36+0.05 6.66+0.12 22.1+21.76 1
(5) 6) (5) (5) ) (5) (5)
4 6.6+0.21 3.27+0.17 179.6+2.81* 7.70+0.76 1.47+0.09 7.02+0.13 2.80+2.80 2
(5 (5) 4 5) (@ @ ®
24 6.0+0.45 3.60+0.13* 178.4+1.60% 5.51+1.16 1.80+0.15 7.92+0.40 11.8+8.73 3
) Q) ) Q) €)) @ (6)
11 [} 4.740.46 2.48+0.19 170.2+3.74 6.25+0.58 1.74+0.37 6.13+0.29 91.6+45.57
(Control) (5 @ (5 (3) 3 3 @
1 5.9+0.39 3.12+0.09% 170.2+1.43 7.16+0.69 1.36+0.07 7.1310.18* 65.9+26. 30 4
(5) (5) (5 (5) (4 C)) (s
4 7.940.49*% 3.83+0.19% 184.8+3.10% 12.72+2.53 3.43£0. 24* 8, 13+0. 30* 46.8+16.68 3
(6) 6) 6 (5) @ @ (6
8.5 5.3+£1.25 2.68 178.0+1.07 4.96 1.73 6. 98 53.5+1.30 6
2 6y ¢ ey ey @ (2
I o 6.2+0.45 3.28+0.19 167.7+1.89 5.15+0.94 1.79 7.65 2,0+1.38
(Control) ) (5) (5) 5) ¢y ) (5)
2 6.4 2.74 173.7 2.87 — — 47.5
6)) ¢Y)] Q) ¢} (6))
4 6.910.20 3.45+0.08 171.3+1.14 4.03+0.28 1.61+0.01 7.41+0.15 26.4+5 10* 7
3) @ ) 8) @ @ ®
v 0 6.3+0.44 3.05+0.11 158.2+3.56 4.81+0.46 1.72+0.07 6.87+0.28 3.2+1.97
(Control) o) Qo) Qo (10$) ® @® 5)
4 7.6+0.25% 3.24+0.15% 169.2+3.94 4.49+0.35 1.98+0.11 7.46+0.15 20.5+7.09* 8
(10) (§)] 10 (10) (8) @® (5)
7.5 7.8+0.35% 3.37+0.17 162.4+5.83 4.41+0.70 2.18+0.12 7.81+0.18 23.4+11.58 9
Qo o )] ® (4) (9 (5)
24 7.140.26 3.16+0.05 156.9+5.46 3.76+£0.58 2.03+£0.04 6.77+£0.17 24.3+7.03* 10
10 ¢ C) G)) (6) (6) )]

*; significantly different from control values (p=<0.05).
*¥; Cluster number (See Fig. 6).

Thote, EBNVOERLLIOCHRIZL - Th < 44 NBREIEIE UEE L 2 541 1R
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6. 20BFflic~~ 7 ) » MMEOEEBELBANED bIt, ZOERV THIRBE- DIZ~< 27 Y
y MEDHIME BADBXEICKEL LI > TV BET, COERI~ES v vEOEE)E BT
LTz,

EAEE  BELERC IAEOEBIN IV, BESHMLEAD bhi, TOoBkZ, %4
DAVIEBHHEDD, ~EF/vvE, ~<t2 ), HEOHMER U -/, ERI D
UFHMBROEOBERIEE MM E R L,

REETCHN LTIONFEABEOR P OBEAL DY, KBV, UTHEEENADLIRI, £
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Table 3. Variations in hematological and serum characteristics of the red sea bream under
cold stress (mean+s.e. with number of fish in parenthesis).

E.)‘(‘perimem Hemoglobin Protein Chloride Potassium Magnesium Calcium  Cortisol  Cluster
ime (h) (g/dD) (g/dl) (mEq) (mEq) (mEq) (mEq)  (ng/ml)  number
v 0 6.5+0.28 2.86+0.12 161.0+0.80 8.28+0.40 1.47 6. 94 16.4+7.78
(Control) (5) (5) (5) (5) 8] (6)) (5)
1 5.610.64 3.04+0.27 160.6+7.06 5.82+0.56* 1.52 6.77 43.4+23.15 11
(5) (5) 5 16)) 1) m (5
4 5.94+0.45 2.88+0.12 158,2+0.75% 1.20+0.27* 2.02 6.88 203.8+45.60*% 12
) (5) (s) 6] ) ¢V )
8 5.010.40* 2.46+0.10% 157.0+£1.02% 4,711+0.41* 1,66+0.19 6.75+0.30 97.6+42.59 13
(5) (5) (5) (5) (2) ) (5)
11 5.440.57 2.97+£0.14 161.3+1.89 3.36%0.53* 3.55+1.44 7.52+0.49 51,3115.97 14
(€Y @ @ (€)) (2 @ @
VI 0 7.0+0.51 3.03+£0.09 178.0+5.22 4.50+£0.29 1.81+0.06 5.99+0.09 (S
(Control) ) 5) (5) (5) 6)) €)] @
.75 6.1£0.24 2.52+0.09* 171.2+2.59 3.90%£0.21 1.83+0.03 5.56+£0.15 62.4+19.06* 15
(10) ao (10) 10y @® ® (5)
3.5 6.0+0.55 3.39+0.25 185.7+3.10 5.38%+0.50 2. 72+0.01* 5.87+0.35 129.9+35.68* 16
@ (6) M @ (2 (2 @
6.25 5.7+0.31% 2,4340.11* 176.0+£2.98 3.071+0. 42* 3.15+0.22* 6.18+0.36 111.5+39.20* 17
® (9 ()] ) (6) 6) «@

Cluster number ; See Fig. 6.
*; Significantly different from control values (p<<0.05).
wi . undetectable.
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Fig. 3. Variations of hematocrit values in red sea breams under the experiments on
water temperature changes (meanzts.e.).
[ -V ; Experiment number.
*; Significantly different from O-hour control level at the 95% level by
analysis of variance.
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Fig. 4. Variations of serum glucose levels in red sea breams stressed
by changes of water temperature. Symbols and the number
are the same as those in Fig. 3.
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2 — ABOFHINBHELE D CEERR LD, EESEZOAREIINLIMETEL LI,
(Ml & BIEDRED B - T 5 2 bR THE G 4 FEE? BRI > Twa T &t
bhb, BELREEOKREVGERL, VI CIEHTE LWIEHEINAZD bR
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Fig. 5. Variations of serum sodium levels in red sea breams stressed by changes of
water temperature. Symbols and the number are the same as those in Fig. 3.

B LTy ra— ABBNEESLEILOKRE SKENA DRI,
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HLTR7r 54 VEOBLVBEDOALBE (ERYV) LAEREHIERDLRRVBE (£
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FrY AR  BEFRCHLTTIF Y v ABOHMNAEAD LN LEEANSY (Fig. 5), 7
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HENKELBRELEHIRD bhicr -1,
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resA FEEF MY Y ABOEBHOEMIEANTZEERCTHY, EELAMBICL
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G, %7 ALLANSON et al. (1971) 15 4 5 ¥ 7T, STANLEY and Corsy (1971) % Alosa

*




= XADA VARG

pseudoharengus -G, PROSSER et al. (1970) Z¥ v F 5T, ThEhF IV 7 A, AV T A A
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Table 4. Euclidean distances between clusters. The cluster number is shown
in Tables 2 and 3. Euclidean distance=(1/10000)+(*a ;"% 52

Cluster =y 3 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
2 235
3 21 10
4 141 o 23
5 1476 582 498 709
6 972 337 264 424 295
7 1008 424 429 584 720 214
8 1348 661 738 911 930 677 217
9 1772 850 866 1121 706 473 170 123
10 487 264 363 382 1134 741 359 266 626
11 72 84 92 36 1004 523 628 1045 1288 414
12 185 71 69 60 848 330 393 818 972 351 32
13 91 121 147 92 1153 554 530 019 1186 318 23 30
14 459 189 178 231 821 199 166 610 647 367 19 71 146
15 614 276 291 369 912 268 70 383 444 261 341 177 244 41
16 3130 1802 1737 2135 1020 796 643 791 296 1735 2356 1876 2261 1330 1116
17 1654 1020 987 1181 1311 430 220 760 504 1023 1125 785 969 384 204 646
18 227 15 35 49 679 320 323 556 752 186 83 47 83 122 176 1695 866

A
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Fig. 6. Differentiation of hematological phases on stress responses of the
fish under temperature changes by cluster analysis. Euclidean
distance in each cluster was calculated from mean hematocrit
value, serum glucose and sodium levels. The cluster number is
shown in Tables 2 and 3. *; Cluster number for mean values
calculated from controls through all experiments.
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DERZENB A LOPFRTENMCA I,

< X4 EBREKROES L OBFREE L TOBEIW L 20AR IR TV EE, B RO
R EAEZ LAY, EAMETMT RG> TOBERESE - RBIUS (1928) 11&D
W A O A E Y RA TR T T b E T1.0220~1.0261 D& B T A I EBEE 1L 2N
W ERE L, <41 OESMHEREDOKE V-2 L XA LT %, ¥7- AposToLoPouLos (1976)
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B+5ERYT, BREABTLOFREET-MCE T2, BRATALEREL, <
DOREBILBBEE O FITEL L BVCBfREF oL LTV 5,

I TREBHEBERO—DOTHIESOBML AV y =L LTHEZ RO~ &1 DMK



<X ADA VARG
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KM OMEL Table 5 [T/R L, ER1, TIESLEERTHY, HHR~VIiLEN
ETERTH S, Table S /R L L OES ERAMBAMARCRET S L IEBETH- 1
DOTIEAFRE L, HBHEAS 2 ) v 22 R CEERA L, BERRIBBOLD =TV
=V a Vit Tots, L LER I & Tt K ES I R OB Lokt Rk
MTETRB L, ¥% 1 CHRBRAE (D, B) CEESKIEEL, Eornee b8 L

Table 5. Summary of experiments on the hematological changes in the red sea
bream stressed by changes of environmental chlarinity (mean+s.d.).

Experiment number 1 1I II1 v v VI
Date of experiment Oct. 1976 May 1978 July 1976  June 1978 Oct. 1976 July 1975
No. of the fish 10 40 28 40 10 30
Body length(cm) 16.3+0.70  12.04£0.17 14.6%+1.19 12.6+1.09 16.6+1.06 14.5+0.54
Body weight(g) 157.3+20.83 54.5+10.82 108. 4+23. 49 64.2+16,13 166. 0£28. 10 100. 0+ 20. 90
Water flow system Still Still Running Running Running Still
ej?;;r;)atlon period 4 7 30 10 14 0
Temperature(’C) 22 15.5-16.5 20.0-23.5 17.8-19.8 22.5 25.0
Acclimation chlorinity (%) 16.5 17.5 16.5 17.8 16.5 —
Attained chlorinity (%)  33.5 39.8 5.06 5.6 0.9 3.33
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TIME (HOURS)
Fig. 7. Changes of water chlorinity during experiments. I-VI; Experiment number. 1’ and
I1’; Controls for experiment number I and II respectively. Arrows; Sampling time.
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Table 6. Variations of hematological and serum characteristics in the red sea bream
under the increase of environmental chlorinity (meandts.e.). Numbers
and symbols are the same as those in Fig. 8.

E:_iperiment Hemoglobin  Protein Chloride Potassium Magnesium Calcium Cortisol  Cluster
ime (h) (g/dD) (g/dD) (mEq) (mEq) (mEq) (mEq) (ng/ml)  number

1 0 8.5+0.45 5.32+0.17 161.1+4.62 5.01+0.62 2.05+£0.10 8,.97+0.11 24.6%10.38

(Control) (6) (8) (6) (6) (5) (5) (2)
1.5  6.9+0.32% 3.71+0.13* 179.041,18% 4.02+0.28 2.09+0.03 7.61+0.13 142.5 1
(4) (4) (4) (D) (4 (4) (1)
o o 5.240.27 2.23+0.06 166.1+2.41 7.5310.75 1.48+0.01 5.84+0.03 99.9+42 56
(Control) (9) (8) (8) (10) (5) (5) (5)
2 6.0£0.27* 2.30+0.05 182.7+8.35 8.15+0.87 1.54%£0.06 6.15+£0.15 7.61+4.97 2
ao 10) Q10) (8) ) (7) (5)
7 4.8+0.31 2.08+0.07 184, 7+43.18% 5.12+0.50* 1.87+0.15 6.12+0.33 171.5+20.28 3
(10) (9) (9) (8) (8) (8) (5)
24 6.2£0.59 2.1410.09 233.7+4.54% 9.2911.43 3.28+0.40% 5.97+0.13 444.5+17.53* 4
(6) (5) (5) (6) (3) (3) (3)

*; Significantly different from control values (p<0.05).

*
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Fig. 8. Variations of hematocrit values in the red sea bream stressed by changes of
chlorinity (mean+s.e.). [ -V ; Experiment number. *; significantly different
from O-hour control values (p <0.05).
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Table 7. Variations of hematological and serum characteristics in the red sea
bream under the decrease of environmental chlorinity (meanz+s.e.).
Numbers and symbols are the same as those in Fig. 8.

Experiment Hemoglobin Protein Chloride Potassium Magnesium Calcium Cortisol  Cluster
ime (h) (g/db) (g/dD) (mEq) (mEq) (mEq) (mEq) (ng/ml) number

I o 8.1+0.25 4.36+0.19 168.3+2.46 5.33+0.85 1.63+0.10 8.20+£0.16 76.5"

(Control) D) (7 (7) (7) (6) (6) (1)
6 7.7+0.17 4.1640.17 167.242.93 3.60+0.45 1.80+£0.03 3.47£0.34 39.0" 5
(5) (5) (5) (5) (5) (5) (L
23 8.940.67 5.15+0.26* 161.4+2.38 4.82+0.57 1.31+0.02 3.44+0.36 61.0" 6
(4) (5) (5) (5) (5) (s) (1)
30 7.940.34 4.10£0.14 171.5+1.03 5.41+0.55 1.76£0.15 8. 97+0.09% — 7
(4) (5) (3) (5) (3) (3)
53.3 B8.310.47 4.89+0.24 142.5+3.29% 4.97£1.03 1.76:0.11 9.03+0.32% 32.0" 8
(4) (5) (5) (4) 3) (3) (1)
IV 0 6.0+0.45 2.46+0.08 164.5+2.07 6.38+0.66 1.49+0.03 5.88+0.12 6.5+2.69
(Control) an (10) 12) v (7) (n (6)
2 6.940.33 2.82+0,14* 154.1+3.90* 8.37£0.47% 1.5610.04 5.7910.26 223,9+94.72* 9
(9) (8) (9) (8) (4) (4) (5)
7 6.940.40 3.11+0.14*% 147.5+5. 85% 9.80+0.36* 3.22%0. 43% 5.99+0.19 196, 6155.70* 10
(8) (5) (8) (4) (2) (2) (5)
13.3 7.2+0.30% 3.90%0. 41* 136,210, 29% 8.67+0. 36* 7.87+0.83* 7.98+0. 69* 245.5+160.57 11
(9) (5) (9) (5) (2) (2) (4)
vV 0 8.5+0.45 5.3240.17 161.1+4.62 5.01+0.62 2.05£0.10 8.97+0.11 24.6+10.38
(Control) (6) (6) (6) (6) (5) (5) (2)
L5 9.5+0.33 14.16+0.49* 114, 2+3.10%* 7.71" 5.52" 14.83" 197.5"
(5) (5) (5) (1) (1) (1) (1) 12
vI o0 7.94+0.16 4.36+0.19 169.3+2.59 8.24+0.95
(Control) (5) (5) (5) (5)
1 7.940.12 4.9 £0.13* 150.3+1.12* 5.25%0.32* 13
10) 10) 10) Q10)
7 8.34£0.54 4.27+0.05 111.7+0.90% 3.92 14
(3 (2) (2) (1)
24 7.5+0.15 3.83+0.15 86.1%2.19*% 5.40+0.56
(3) (3) (3) (3)

*; Significantly different from control values (p=0.05).
7. Serum was analyzed in a lump.

(EB1) RAEDHHN, =2 THLHEROBRE B Lich - oo BWAMETRICIIKERT ZER\
T, TRTC B EREARD Bhi, Tihbb, ERIO L S5 Z0nBEMETRCES
<70y MEZHTHCET TS EH, £ERMCATELALERN VKRB TH S,
L L, BV, V, I0X 588N E iz~ 270 MEOBFRELRHEMLZED L
iz,

EAHE o ERMI, £R 1 TREAERORL AR RS, ERITRERLED
ZEBD BRI~ T (Table 6), H/HE T OBE (Table 7) ik, XBEIZ4EBTREL-T
e, BEMOMEFAED bhi, FeERVAFEECECEARRYTITRAF AN, K
BRI, V, V&R —FOcMER2ED bhi, BV D©14.28 /100ml &\ 5 fEIZHA B>
CRETHD, BMOBELEZ SR,
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Fig. §. Variations of serum glucose levels in the red sea bream stressed by changes of
chlorinity (mean+s.e.). -V ; Experiment number.
*; Significantly different from O-hour control value (p < 0.05).
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KB D 15K F TORRIETIL 7 4 2 — AROBEIMZRD bR T e\ A, LB T it 2
FRILERA S SIS B 01200 D roo KB TREAE FRIEAN S < 7 02— 2o
HELKEVOT, AEEHIESD Shich ot KBV o 1SR % <o cl 8
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WA L,

7RI A VR CORMIES ERBCBEMOBIT TR Lit, L LABKES FROBE
THRDEHE D BVCIELT ST, BIEAS BRI 7B & B ERR Lice SAHE FiC 2
B2 2 74 KRB OBARR Lizo A FRESGRIBE (HBRY, W) 227
FIAFRIZED L, MEND Rk BE (FRI, V) iRy b BETH- 1,

TRV AR S ERMICIMAR L, EAME PRI 2 bR, BEMER 2 =
74 VEOER L WAT LT i (Fig. 10),

7YY A A LA OBAICE (Table 6), S8 1 T 7 MM B B H U ¥ 2 d
PRLAED DI Lo HMETHHCL (Table 7) SR CIOERERE Us X 5 AT H»
DRIsh o 1ett, ZAESE RN SVER TH - bl A bh b, TRV TiA Y ¥
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Fig. 10. Variations of serum sodium levels in the red sea bream stressed by the
environmental chlorinity changes (meanits. e.).
1 -V ; Experiment number *; Significantly different from O-hour control
value (p <0.05).
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FH KOS R LB BoEBEERER ORI E KM S X ORREE RE T
bhTEh, HERYEC LRI EA LKV, HEKOEMETOEEBC OV TLERL
BEATHIREINR T %,

1) 5 EROEE

AEROE Y ERICHT 5 ORI, SUkE, MEEENEEROED, 68 ¥, BEOaMk
SRR OB L, ZERROBEEEOS LY, Ba B THREIRTED, LOXHH
g0 H L AR EE O A E BN it L CPISRBIE Y —E i & 5 L T A RBEHAMBIEOMAT D
7o

M HEIRZ B LT 19504E R A (1950) HBRIAH HAMFL, RKADO VY 1 v (4%
7 ARy ORERIC AR BORBKRCMED 7 = 74 FELEE L, ERBAEREERZ
RECHEI L7 s % LT\ 5, STANLEY and FLEMING (1965) i Fundulus kansae Kz
BULEBomA T F Y v A BEIE L, EABTHREERmP Y 22BN LEARC
O EB L LTW5%, ODE and UTiba (1967) X HA v F FH AN LEgAICHE L
Bombr + Y v ABRKECHEML, FOBRRKE~NETSZ LR NTV%, CHAN et al
(1967) ¥ F ¥ & WAKCHE IR T4~ 5 BAMEOMPEBEYERL, >V vaL VY
ABOEFRIMAHE LT 5. BALL et al. (1971) XERAKIE(L LA Anguilla anguilla %
KB LEBOBEOHEA, ~< b2 0, Mo, @bV v a8 b7 e 31 VE,
M2 — vy — A BOMMEHE LT 50, O KBTOREILONEHR S 2 HRCEK
K DI B A LTz HiRaNo and UTipa (1971) AL LicBA v 7 Fiz o Tl 2 — 5
S AEEB L) OKSRINEHE L, BABTERLA 2 - — B L 2 g ¢
— 23 L2A~ASE R IC 1 LR DI T 5 & LT\ B, SINGLEY and CHAVIN (1975) 3%
vE TR —F - ABERHELTE D, AEKCRERSS2INZ0.09% Licka—F
—LBREEIEY, OB TN L& LTV 5, FORREST et al. (1973) 137 4V A ¥ F ¥ &g
KT, a—FV—ABITHNL2 AR Y — 710 LB BRIRD OB L, MmHF b
Y ABIIBTEEHBIIMMLTV5E LTW5%, ¥7, HaywooDp (1975) % striped dogfish,
Paroderma africanum, CHExX@ELTHOF VY A, 78 F 1V, Ko g B+ % B v 4T
v, ASEEAKOBRBEY LRI, ~< b2V b A EARC DD BIRESES -
T10A BEICITED OMHCHET S &V OO RBEHRA LT %, A (1964) &= 1 2HmFEKc
BAT L C2AlEEBCEE LERTiE~~ b 27U » ME ~ES R Y vEOMME, IV
A BRREACBT LB e miEd Tt ) v ARo— B MNE ®E LT %, Davis and
Sivco (1976) xis K fa Ietalurus punctatus % IR~ Li-gomPEfiEgsEal, 7+
VoAt szasA YROABGCRD S BN EHEELTV-5, ¥, &I, OGURI and
OosHIMA (1977) ¥k = v~ AL F v ¥ 3 REKBIT XL OHKE0  TOMPEKRE (&
Ry A, 7RI F) OBLERBEL, TOARHEMELE L T\ %, MaceINA (1980) i
#k#: grass carp (Ctenopharyngodon idella val.) DFEKAER ML, HH%10.9% (sal.)
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2) HEHETORE
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TOWRDS N, ¥ £ 1 TR - B (1972) Lr@RERFIcks 2 MERBEOEL, &
BEEOBLEABE L T 5, TORE, BREKCHE L-#3 HERMEBEENMET Lok
MET 245, LOoEEE COEBIFRECHEIELFGERIEDS L LT3, W (1967) X
HY T TABMCREKDERELET I, ARKEXREKOETRECHIELT
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B RRERIMEOFE N ML7-OHCS Bofime: L<Hbh, BBl ilio f tF
Linolc b E LTV 5, CHAN et al. (1967) % 7 ¥& A @K THET S & FAME
M+t VY 2 BOWE BB L P H Y v ABONA R -7 E LTV 5, PARRY et al.
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FAGERLUND (1967) i3 sockeye salmon TR b Ly #—Ltiififiz—5 vV — L BOBFEELTIEL,
BoOBFEORBECHIICA - @izl =z —F vV - A BOMIMIED bhioAy, BEFEIRE
WS S ABCHMT 5 E LT 5, F7, FE (1969) 22 5 ARBAKRIRG S 2 -BEY
FEERAKCE LK 2 REOR T, fiha—F V- AROHMIA bRz LT
%o BALL et al. (1971) 1R¥EAKCHEIL LIy % BAKCE Licko mdr + V) v afd 2 —
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& LTy %, NISHIMURA et al. (1976) %, #EPESR Opsanus tau WK TR Lk B L
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7Yy MERXHIEL, M+ ) 7 2aBRARBEDLLODO2—F YV — LB, ~<r 7Yy M
DEIZZED Bhisch otz b v 5, HENDERSON et al. (1976) % v D BT 55
ROPT, BRIELCAOREKROESHET IS EMFF ) v 2BRBPTH22—F
V= MBI AR & LTV B, HaywooD (1975) ihZEicii-<7c striped dog fish i X%
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IR DABEEKOE S R ET IHORIGE, $0X2 BB EERAREBEMNTC R
VLT A7, EDBFTVCAIMBERSEBCREIARBR, MFF Y val a2—5/—
A, MKIE, BEE, ~<F 270y MESEDOF — 25 %, ZhOOEBEITIE L EE
I, WBERDDCEHCHEE IR KEARKCBIT LB nE s Y v ABIEL L,
BIGAET LIEBETLEDEREBREL Y PRE T TRETHI ETH B,

BAIBMEDH 3 —F V- BB LT, BACBT LT BU SRS LB oRIE T
RELZDRDORIL LI SDHH -, AEBRTHLERN DEMET 2P 52h e it
ZOBOMMIFED bR T, EBRNVEVO L 3BIRANALID L 5 e &k
ETF&ATIIMMLTE Y, Zhit FAGERLUND (1967) ®\:5 moribund (BEFE) HREELF L
BRETHL 5,

~=b 70y MERBILTHADBMTET T L0 5 ME LB LAV WV OIBENRBR
HORT, ZhuxEEOMPORIEOBEL BT 0NEECELLZ, ~< 2V, HMEHEND
BRI BRI O KM, M ORM, FMROBE%EREL RS2, BNV, V, MKib
ha~=t 279, HMERMECR, ~E27 e EvBo~<t 7Y o +EIT 5 T (MCHC) 55
BAMCET LWL, BV TREZELVEOARD bR EEhbAa< 2 Y o b EREN
GARMIROBEIC LD TitlcnhbELZ bR, ¥, ZO~< 27V, MEOHIN, MiE
FrYVAROEAR 2 —F V- L BOYMEFARFCREZ - TW A A Eh bbb, BBERBE
OISO EE L 52 L b HES,

AEBIBEKDESBC LT, EDI 0~ 41 OEBEFHFEEEIELIh, D X5

Table 8. Euclidean distances between clusters. The cluster
number is shown in Tables 6 and 7.

§i¥ﬁ§§2r 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15
2 10
3 190 118
4 1116 918 448
5 354 301 415 755
6 315 416 968 2388 652
7 588 690 1260 2759 880 154
8 1730 1821 2589 3540 1097 953 1236
9 21 11 138 899 269 423 767 1696
10 93 60 158 720 99 492 785 1469 44
11 19 15 175 995 236 327 532 1608 33 51
12 92 114 404 1345 222 160 298 1173 130 117 51
13 55 47 223 985 154 312 497 1402 58 36 11 30
14 746 655 684 784 124 1080 1096 1385 658 378 534 492 409
15 769 703 839 1063 120 927 932 1060 698 409 557 448 416 26
16 16 24 229 1088 241 276 566 1443 18 50 18 57 28 613 615
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Fig. 11. Differentiations of hematological phases on stress responses in
the red sea bream under environmental chlorinity changes by
cluster analysis. *; Cluster number for mean values calculated
from controls through all experiments.
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Table 9. Summary of the experimental conditions in the study of the stress responses
induced by ambient oxygen reduction on the red sea bream.
Fork length; 12. 4+1.0lcm. Body weight; 61.8+13.85g (meanz+s.d.).

Experiment I 11 I v
Date of experiment July 7 June 30 June 24 July 12
No. of the fish 20 25 25 25
Acclimation period (days) 5 5 5 5
Water flow system Still* Running* Running Running*
Temperature during the experiment (C) 21.1 19,1-21.0 18.3-18.8 20,7-23.6
Initial acclimation oxygen level (ml/1) 4.6410. 43 4.86+0.03 5.17+0.02 4.67+0. 40
Attained oxygen level (ml/l) 0.91+0.06 1.31+0.06 2.89+0.01 2.98+0. 01

*: The surface of the experimental trough was closely covered with polyethylene film to prevent
the oxygen diffusion from the surrounding air.

REBFEEONEIKENCEE L, 7+ YELIDIODBCEKL, vI1vIrs—HicX
Do teo FREBRCARAOBEBREZEOE T ORM A H 5 DI KEHNOITECEE Uiy
47 3 VEIVEKL, BEBIEEYAE L, TOBRE BAMNBR IZ2BREBREECIEE
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e
=
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3
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Fig. 12. Changes of water oxygen levels in the experiment on the stress responses of the
red sea bream to water oxygen level reduction. [-I ; Experiment number.
Arrows; Sampling time.
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Fig. 13. Changes of hematocrit value in the red sea bream stressed by changes of water
oxygen level (mean+s.e.). |- ;Experiment number, *; Significantly different
from O-hour control level (p=<0.05).
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Fig. 14. Variations of serum glucose levels in the red sea bream stressed by changes of
water oxygen level (mean+s.e). |- ; Experiment number. *; Significantly
different from O-hour control value (p=<0.05).
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Table 10. Variations of hematological and serum characteristics in the red sea
bream stressed by changes of water oxygen level. (mean+s.e. with
number of the fish in the parenthesis.)

Experiment Hemoglooin Protein Chloride Sodium Cortisol Cluster
Time (h) (g/dh (g/dD) (mEq) (mEq) (ng/ml) number
I 0 6.7£0. 15 3.47£0.11 168.2+1.80 177.1x2.37 24,2+5.35
(control) (10) (10) Q10) (10) (10)
0.5 7.0+£0.23 3.40+0.13 176.6+2.37*% 178.8+1.62 91. 3+ 20. 55* 2
(9) (9) (9) (9) (9)
11 0 6.410.22 3.1940.26 164.8+2.19 170.6+3.06 8.8+0.85
(control) (4) (4) (4) (4) (4)
1 6.0£0.10 2.67+£0.08 161.9+£0.50 166.6+0.33 19.94+£7.19 3
(5) (5) (5) (5) (5)
4 6.7+0. 34 3.34+£0.10 169.2+£2.82 172.0+£3.08 140.8+29.69* 4
(5) (5) (5) 5) (5)
2.5 7.3+£0,22%  3.42+0.09 174.1£3.11 182.3+2.89* 62.6+23.13 5
(5) (3) (5) (5) (5)
24 7.3+£0.06% 2.54+0.07* 163.6£1.76 165.4+1.70 92, 3+12. 74* 6
(5) (5) (5) (5) (5)
III 0 5.210. 42 2.73+£0.05 157.94+0.81 164.6%3.13 —
(control) (5) (5) (5) (5)
1 6.110. 47 2.75£0.11  160.7+0* 166.1+1. 96 — 10
(4) (4) (4) (4)
4 5.810. 41 2.78£0.09 160.2+1.34 162.6+0.79 — 11
(5) (5) (5) (5)
7 56+0.55  2.78+0.21 159.5+1.88 166.3%1.86 — 12
(5) (5) (5) (5)
24 55+0.17  2.54£0.09 159.5+1.03 166.0+3.03 — 13
(5) (5) (5) (5)
v 0 5.7+£0.63 3.42+0.48 166.1+4.10 174.14+1.53 9.0"
(control) (5) (5) (5) (5)
1 8.0+0.88 2.73£0.40 162.1+1.48 174.943.05 30. 0" 7
(5) (5) (5) (5)
4 7.0+0.41  3.65%0.43 165.0+0.97 169.7£2.65 41.0" 8
(4) (4) (4) (4)
76 7.8+0.30% 2.80+0.16 165.6+1.81 168.8+1.30*% 39. 0" 9
(9) (8) (9) (9)

*; Significantly different from O-hour control value (p=<<0.05).
', serums were analyzed in a lump,
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Table 11. Euclidean distances between clusters. The cluster number is shown in Table 10.

Cluster 2 3 4 5 6 7 8 9 10 11 12
2 5%
3 204 1233
4 136 261 423
5 518 37 1306 359
6 621 605 735 216 881
7 101 67 892 146 164 361
§ 162 591 211 188 684 444 311
o 216 431 330 82 580 190 184 57
10 310 1506 14 591 1577 917 1123 310 468
11 534 1907 79 828 2018 1063 1430 469 639 32
12 308 1769 79 740 1815 1121 1418 545 699 48 71
13 335 1604 31 640 1665 988 1237 403 556 10 39 14
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Fig. 15. Differentiations of hematological phases on stress responses of
the fish under water oxygen reduction by cluster analysis.
Cluster numbers are listed in Table 10.
*; Cluster number based on mean values calculated from
controls through all experiments.
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Table 12. Hematological characteristics and serum constituents of the red sea
bream exposed to handling and to anesthetics (mean+s.e. n=5).

Experimental Hemoglobin Hematocrit Serum constituents
conditions (g /dD (%) Glucose Sodium Chloride Potassium ~  Cortisol
(mg/dD) (mEq) (mEq) (mEq) (ng/ml)
Handling I
Control 53+0.51 25.5%2.73 47.6:1.50 168.6+£2.53 176.5+2.39 7.40+0.77 t
Hanging In the alft | 544013 20.740.62 5L1+3.95 166.8+2.63 176.5:0.80 4.78+0.3® 7.0
Handling v
Time elapsed (h)
0 6.9+0.32 35,4+1.35 117.8+12.16® 211.7+8.21 197.6+7.63 8.1710. 42® —
1 5.940.67 32.4+3.86 187.2+24,84" 203.5+£9.01 181.6+£2.99 8.05+0.90 -
2 5.7+£0.63 33.0+1.89 209,5+51.709 22244562 175.5+6.22 7.53:+0.369 —
4 470,31 26.4+1.09 157.54£34.11 214.5%10.55 178.4+3.68 6.11:+0.39 —_
8 6.3+£0.27 28.942.77 100.2428.38 216.9+0.98 184.2+3. 44 7.41+0.46 —
24(Control)» |  6,4+0.34 30.1+1.61 77.7+592 200,9+7.45 187.8+4.88 5.9 +0.46 -
Anesthetics
Control 5.940.62 3534432 67.436.74 194.4%3.18
Ms(gi'folgg m® 6.11+0.55 43.9+3.20 76.5+4.32  204.3+5.53
Ms(f?so’ﬁﬁﬁs“" 409 36.9+2.07 245.1+29,88 217.6+3, 86V

1; The fish were netted, anesthetized and inserted red sea bream flesh through the polyvinyl tube
into the stomach. Those handling necessitated about 5 minutes.

2); Control fishes were handled as same as others without food insertion by polyvinyl tube into
the stomach.

3 ; Significantly different from controls (p=<0.05).

4 ; Immediately after loss of equiliblium.

t ; undetectable.
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Fig. 16. Review from the references on the effects of hadling and anesthetization on
hematological parameters and on the blood chemistry. The fishes include
rainbow trout, goldfish, carp, plaice, and others (see references).

Open circles; data from the fish treated with MS222.

Closed circles; data from the fish under handling.

Open triangle ; data from red sea breams treated with MS222 (present results).
Closed triangle ; data from red sea breams under handling (present results).
H; higher levels than controls.

C; control level.

L; lower levels than cotrols.
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Table 13. The experimental conditions during transportations.

No. of Fish size (mean+s.d.)

Experiment number Date fish Experimental conditions
Length(cm) Weight(8)

Live well transport-
ation by the ship

I 76, May. 17 20 12.8+1.18 74.4%+19.00 The fish was transported for 2 hrs
soon after being transferred from
the stock nets to living well with
influent sea water.

11 *76, Jul. 22 10 15.2+41.06 122.5+27.91 The same as above but the fish
was transported for Ihr. soon after
being transferred.

HI "77,May. 30 20 11.6+0.64 51.6+ 7.46 The same as above but the fish was
allowed to recover in the living well
for a day before transportation.

Container transport-
ation by truck

v 81,Jun. 11 15 11.1+0.80 30.7+ 6.78 Five fish were confined in each po-
lyvinyl bag(20 1 sea water) with the
oxygen gas filled and transported at
once.

v 81,Jun. 12 20 11.5+0.80 32.7+ 7.54 The same as above but the fish were
allowed to recover in the bag for a
day before transportation.

water temperature 20.5-21.5C
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Fig. 17. Hematocrit values of the red sea bream during (solid line) and after (dotted line)
transportation (mean+s.e.). ]-V ; Experiment number. *; Significantly different
from O-hour control value (p=0.05).
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Fig. 18. Serum glucose level of the red sea bream during (solid line)
and after (dotted line) the transportation (meanzts. e.).
[ -V ; Experiment number.
*: Significantly different from control levels (p=<<0.05).
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Fig. 19. Serum sodium level of the red sea bream during (solid line) and after
(dotted line) transportation (meanz+s. e.). [ -V ; Experiment number.
*; Significantly different from control levels (p<0.05).
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MTIEEHCL > THEOBRENRLD 2 EXBRE LTV 5, ZhHMAPIREDOHIMIHAFI
AR ISR+ 5L E2 5h Tk, HAYASHI et al. (1964), # .t - & (1979) & X
H2U AR LA OMCHE LR X, WETOHAFILBRERIMPARECHNTE
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% Uizo BT, WARDLE (1978) WAiA#E, DIIF~OHBOKIMIZ 7 VL7V Vit k-
THESh S L H/E LTV 5,

4) RS E

e & 2 BEES (e mbEREROEEIC OV TOBRE L\ 2k bhb, HATTINGH
and PLETZEN (1974) 133K faF < X (Labeo umbratus) %Z2K DK Xk % L BBFRISK KRR 7 A
5YORE N AKEZRREFTVIEMNE & v 7 THE LD 1, 2 Akomitbig 2 BREUE
GBSO MR & KN TRBEMET LT\ 5 & i~ T3 b, FLETCHER (1974) (2R
o AECHELTHX LB IMERBE, i) v e 7o 54 VR, AU Y AEN
BmLTV% L LTV %, ALDRIN et al. (1979) X ¥ v ¥y o b ) 7 ABIRAK TO RS
CIORML, BEEEH U v ABIED LEE#E LTV 5, ARFED < & 1 Tt o
BAC ST P Y ARO—BREMAED bRBEENS - s 7V T FEERHITEIFRCR
X HBRED bRl - oo - OERERCHERE LN T 51 ) T hRERIE O LB
RIIMHT L b—E TR, BAKLEADE, BRI REEL S L) AR T 50
ThH»H 5,

5) ~= 2V y MEE~NESREVE

~= b 7Yy MEZEOmMBEHILIZ OV T, ALDRIN et al. (1979) L+ + # T, FLETCHER
(1974) 1k v 5 A FCHEBIHRO~< 270 » MEPBDTREL LD E LTV %, L L,
HATTINGH and PLETZEN (1974) X8kt 1 ~2 Bizii~~< 1+ 70 » MEXMETF 5 L HMELT
BOEEBL B LTV ZHURERIK & K ORI & 0 HBE o0 S R A BB 1R
RBBHOT, A—-DEAEEDLENTERL-LORE LAMRTHD, S L. 7
BB BHT2BELHA 5,

AEID~ 74 ERERETH, WA —EOHEIMLEDHE - 1o MMERER [ THXERC
BFECE~< 27V, MENED SR TV B, ERIO “BoH" RERCAEHETIER
EDOHLELB TG ENLD, ~7F 2 Y, MEDHIMT “BRO H OREHAKRECLEL
FHR I, BBV E VO3 T RSO 5 FERXEBC~~ 7 ) » MEOHERE
FTaET 52, G E Er HAT, BEY ABRC L) BEBRKEIERINC I - 1oP 8
EEZIDH X,

~E /e VR LT, Bne R TE#YE (ALDRIN et al. 1979) 14 BHh 545, HavasHl
et al. (1964), HATTINGH and PLETCHEN (1974) o%&fti/cl, H B\ IX#%2 BRIIMETL
eI EL B, ~HE i,

6) HXED A b v ARIEO KB

BRI, B W0 RGBT A DR A b VARIGE, BXEVCOIEGHA T VY V-
CREXNAEATLREBCEI ALEI YR L, ~~ 2V, ME, Sz — AR, mEF
Yy ABRCEEABDORBEENH DT LRSEORBRCHR IR, L LTXTORRA
CRA—DRIEHE N DRIeh o7 2 L1k, OFEE L AR - 2ORELERTH L, T
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bLRIEDA & SPRIGAHERICET 5 RHESERBICRL > T2, JHIBIERFEOHTA
FUy =& LUERTA B OERD T h T O & FAIRMARKES S EClmRT5E%E
2 EbE 2. Thebth, WEOCHE, WMok, REEE, NWEKORE #WXEMt Ho
HEhENEAOEBR TR - Tuicie®, AUL 5 aBRORIGE LTREbAR VWD EE
2 bhb, 1oL, SEOMMESEERERCHEREDRICHE LSO REIENDADL L,
WESCHXETO “Ro B OBENBHTRECC LR TFEING, MMEXE = v 7 FHiE
TRAL VUV F—OREBEEBENRLD 2 LRURFHIR D, ELLOEGLHRXEMD “W
DB DL AA LN VARBTAZ LI TERGY, TOBROBXEFOKEYR EORBEFENE L
LB A N VADED HIZBREARC IO KEL Bt > T b, AT VADELLARITHEMR
DT FHE I SERERXEDOIVERA DI v B,
WHEARADOEXIFRABROL LM LD Z L0350, KFOHIZIN, #fFR, lHo
P, MR XA o v T FRENMTLRAEA L ALK S (BAR1982, EH 51972, I
B 1982), MR CHEEEERE TSR - 0T, REFHEXRC X585 CEBERL ok
(BOGDAN AND WALUGA 1980) % T35 Z A TEH L5 Iok/cdHTHb, BARTON et al
(1980) AT\ B & S, AFEENAWBEROEINEFXE LET L RBECchHL L LT
4, “EDHEV" HEDO TRLBAEEFORBC L > TERAY EHEI 2RV L ORBATAZ L
EATRECTH A 5, FILUVEEHEL L T5DICBONE L LARH L\ F L ek e
Ehb,

BTH $HYEFAXARAD DRGSR
BHEA L RRACO LT, W LFARS, 48 - ARBENEEORE B4 Bar b
WEIRTVvb, w4120 T e,
HRL OB ST T 55, e
HEIC L AEBRNEELZT T nK
A KREDOAFHERE - D MEERCET 3
H|EIT L BRI, £ TR TIRRAD
< £ Py BT RO MBER & BS %
HEL, TOHERTEMBEDA T VAKD
HRIHETD L TRR 10 E
TEF A b VARIGOREEY T 5

KAMI-KAMAGAR ) SIMA

DSAKI-SIMO SIMA

LRSI,

1. EBI%
- Tt~ 41 OFTAIL 1975 b+ > 19794
D54, 6H, 7HCHT ok, BRIIEER
Fig. 20. The area where wild red sea breams B T TR D B b D XD

were angled. *; Fishing ground.

B L7, 2ERAAOMR% Fig. 20 2R
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Lo BB E AR TFEOMORERELTLE LTHY 21T - 3BMOERA LM 1A
BHRCH > THLEA S B, i bicd . € =KE LIS X D |IME1T - 7o i
Wdokd LT & 2 BB BE LTS 0 M5 1T - foo WIEERB AT —EIE~S) vV — 5%
M-SR cEmL, ~~b2 Yy ME ~ESe EVvEBORTERM L, vk, BLETIHE
EAELTORMO D, 0 BT bl colR, 1075100 buwETTH-1,
2. EBRRERLEE

#9) ETF AR ORAL D ARARE F tRALFERER T, Maed BB ERTEO L
OHREERTHHERINEH Y BFR T L OFHET Table 14 WiRLie ~< 2V » MER
OBADRKDAPETE 2, ~< 70 o ME, M/ A=2—2R, OEFL VY L2EOHED
SRy A% Fig. 21, Fig 22, Fig. 23 i3 Lo ~= b 27 Y o MEZRZMU ERRL, $—F0
HZREERCTHGAHBEOME (31.616.81%) LHEXTRLE HNA LR LIRS, MEEE, $7
D EFA L ENALR DA, WEHEOME (60.5£24.02ng/dl) LIt KENTL, MiEF F Y
v ABE, ) ETHEBEOEH I ED TRECL W OBENAALRS, FZ7 = 71 FEIZRI
¥V 7))y FEBCESITALODOMBEF P ) v ARERELSBEE LR, VYA, A
YA, IR YT ARREESAKE G,

mEEs fEr + )7 ABIC2T, AEEOBFRY LS, BCHETED bR - T,
EWALRRATE A—EBEHTH-TLBAREDRDL I ENICHBR TS, 74T
DT, TR E (JLE1978, Bk - EIFRREE, HE51982) RHEMIOE (KED
1983) BPWEHEIR TV D, DO &Y, < &1 DRRBIKTOEFHFAEEN R L UEEENEH
EHADRTLBEAD TN EIREL R T B L2 FRER S,

Table 14. Serum constituents of angled wild red sea breams
(mean +s.e., with fish number in the parenthesis).

Date of angling

Item May *75 May 75 May 76 June '76 July *76 July *77 Sept. '77 July '79
Body length(ca) 34.7:+47.80 24.9+2.10 11.0£2.22 34.1+538 13.7+2.58 13.8+3.60 13.2+2.99 13.9%0.73
12) (5) (8) (12) (8) (19) (10) (20)
Body weight(8) 145811138 4961158  44.3+38.2 1136+477  119169.2  106+103  98.7+55.1 66.3110.5
(12) (5) (8) (12) (8) 149 (10) (20)
Hematocrit value — — — - - 32.6+3.65 38.2+9.11 34.6+2.60
(9] (7) (6) (18)
Glucose(mg/dl)  74.3+40.53 48.81+33.23 — — — 58.3+19.15 — 65.2:+6. 49
(11) (5) (14) Qan
Sodium (mEq) 187.7£31.0 184.0+7.3 163.2+6.7 170.7+£12.7 161.6+7.2 176.7+9.3 — 203.8+17.2
12 (5) (7} an (8) (13) 15
Chloride(mEq) 166.24£20.6 171.6+10.4 161.8+10.7 160.6+6.0 159.1+5.1 169.117.6 — —
12) (5) (7) (11) (8) (12)
Potassium(mEq)  2.66+0.51 — 7.86+£2.89 2.4210.97 2.1910.90 5.52+2.35 — —
12) (8 an (5) a2
Calcium (mEq) — — 6.4310.61 10.76+3.08 7.94 7.03+0.57 — —
(6) 1) (3) (10)
Magnesium(mEq) 0.60+£0.15  0.39+0.13 1.48+0.38 3.48+0.86 1.94 2.28+0. 45 - —
12) (5) (6) 1) 3 0y |

._55_
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Fig. 21. Histogram of hematocrit values of angled wild red sea breams.
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Fig. 22. Histogram of serum glucose levels of angled wild red sea breams.
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Fig. 23. Histogram of serum sodium levels of angled wild red sea breams.
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A, EOmKRMERE, BREAOCRBREBLHET S BN TINACHUEIND L5178
too HRCHAKBO =R, AT<RA, A, UFF, TaipETRHRORE ~~+r 2V b
i, ~erac vl iconTRE I EFOEFBEI ISR TS (JIIE, 1980, Lal, #&
B A TIEAED X 5 nEREORTEIEBTH B Z EAEH IR TV,

AT, RARRHD L, FoB RN LT, RAREBNOMBHERRSZHAL L5
L3 %t-, LaL, Table 14, Fig. 21, Fig. 22, Fig. 23 i RX¥n TV 5 L 5K, EOEXLOX
DEBCKEL, VIV VIIHBOTEHOENKRELS RS LV IBREE I, oI T
< XA ERDORIIEE L Fbht: (KBERAREH,1982) 7o, $9h BT BBFOBEB /AN
DRBRALKFROER k- TWATEERLH DY, Thidd “B9) EF5” LV MO R
VOEBN bbbl b ELbRD, $9 (angling) OFECE L THE (1976) 1, &ME
N FEMEE LT, $90 BTEEOT RE R T, OEER, R OEEE NS
VAL, SERE OS5 L AEENKE D E LTV B, ¥, Bouck and BaLL (1966)
BAT LB =U=A0n EFT, BEEBORILII0LIZLEL, ~T /e vELME
EEEN S MEEAEE LIRS EERRLAE LTWB, X HIC, Bouck at al. (1978) iX=
D ARKENHH Y EF TORERABIEL, ~~ b2V HMES, $0 OBE0 X 5wl
BhHIThARBeRIEECEVEY R LITE V5, X bhic, Beces and HoLETON (1980) 13K
My FO BB L, 7= ab—Ya YRIE LA Esox masquinongy T3EL\IMHFERO
WA Y v AMEEZRDTE Y, ZOBETIEIERLTV-5, ZhbOREIKPTH
=t T b h EFCdehcii T coBilcofioB L ERTE  mkER K &
NEEEEL B EEBERLTVELDOEEBbhD, AEBRO Y &1 OHH LTFRHFEOA T v AR
Bz oW TR S B THRE Ly,

®wem b

oM, HIE, AT, ThEh, BEKORE, ES BESEOCELONHE L EE
EAEXT, CANAL L,y —bih B La@EL, XLKELHE, H6H, FTHTIR
Euo ke, RREE W%, S90%, RRRO —BMFEOFTRAA N VARIGER T LR
B Uize CHBA L Vo 4 —ORHEARL > THMBFDO /2 — AR 2 —F V — LEDH
W, —fESEOESE, ~T/rEvE, ~7 7Yy HMEOEEFBEHECED bhi,

B, 55y, BESECOVTE, AP Vy =& LTOBEXYEIRETCRRTE LD,
Heb &\, Bl W S0 SOBECIED THRETHS, A vy - OYBRNEESHL
DB EHE A~ 2 Yy M, ZAa—AR, MEF )V ABRELIELETA N VARIEE
T 72 5 A2 =R FRFRBETIT » oo EEROFEE (A vy v —%52Tw
FeudREE) R LT /A — AR, ~< b2 )y MEEMEN S (RIGH) @ 3EEO A
Loy i3l LR L, MEERTRSOhEN Y, ESERTRD b AE T
BT AN T DD TRHEMHE Lo A b Ly — OYENBESS LB EREE LT 55
Hicd, BROBEOEEALRCEEIRI ShAaA N VARBYHET S ENTEDLEL
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Bhb, FRTAL Vb —HEE AN VARIGHENE O REBERY TXTELDTA LV
ARIEHEE D - DB & Ut Bk 23, BIE, 7 BERERELD 3RBROXN
BAHTSTOBEGDF — 2 2/ RBEE L, RIGHD 7 5 AZ & TR B8ED 7 — 2 2 KICH
L, ERHECESEINAEGT - 2 REERE LHES LT Bot, 7, BESEETER
BroRFTH (unknown) BRIC1BEE LTI T -7 HA P VARIGHDO~ 7V » b
i, FAa—AE, MEF LY va@0e A+ 75 4% Fig 24, Fig. 25, Fig. 26 R L1,
~= b 20y METE, B ERGRIEES AR L (Fig. 24), RIEHTLIERELS
<, BB N TEED HNFEETHISBE LT 5, L LIESHE Ty
KD, TEMMERI, FAa— AR BHEZER LTW57 - 4 TERSfizR
2F, D LAMKERS TS F Ol w il cmR L (Fig. 25), RUGH, M
LB Lt THBIT R E 7R h, MEERSAIDIRELRTHhD, FHETIRIEH
TRHBHED 2 HULEYRL, 2HOELD b L, MEF Y v ABIEBALTHIRERE
(<, FOHMAERDTCE A, DR O /s (Fig. 26), BUGH, B¥MH
EBETAC ORTHBIIRELS LBEMILII I ThA bR D,

BHEBEC A L Ly =20 bhiE, KigomERcEbh 2 RIGIKRDO X5E2 bR
Bo ~ b2 Uy MEDBA R MKEMRLHRMEKELc & OB BEEORICEECK L

70 1
D Control Basic statistics
i . N Meant+S.D. Coefficient Skewness Kurtosis*
60 - el Reactive - of variance (t value) (t value)
Group %
b Exhausti
~ W Edausive Control 185 31.6+6.81 2150  —0.021  0.041
) i & phase (0.117) (0.114)
Z 50 N Unknown Reactive 107 36.8+7.63  20.75  —0.172  0.008
phase - (0.737) (0.017)
Exhaustive 25  40.0+16.02 40.06 2.060 5.152
40 phase - (4.443) (5.714)
Unknown 24 27.4+3.23 11.77 —0.529 —0.420
phase - (1.120) (0.458)

RELATIVE FREQUENCY
W
o

20 40 60 80 100
HEMATOCRIT VALUE (%)

Fig. 24. Histogram of hematocrit values of red sea breams under control,
reactive, exhaustive and unknown phases.
*: calculated by Statistical Methods (5th edition) by G. W. Snedecor 1956.
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Basic statistics

N MeantS.D. Coefficient Skewness Kurtosis*

of variance (t value) (t value)
Group %

Control 185 60.5+24.02 39.68 1.838 5.045

phase - (10.289) (14.193)

P 403.9+34.95  8.65 0.506 0.431

80 1 - (2.832)  (l.211)
Reactive 107 179.4+140.45 78.31 1.480 1.557

[ control phase - (6:338)  (3.361)

. 491.6+76.61  15.58  —0.401 1.734

- (1.706)  (3.744)

w5t Reactive Exhaustive 25 205.2+209.38 102.06 0.979  —0.106

phase - (2.111)  (0.118)

Lk 449.6+163.72 36.41  —0.869 0.191

B Ehaustive = (1875 0.212)

60 - Unknown 24 41.8+5.84  13.95 —0.357  —0.086
“ phase - {0.756) (0.094)

\\ Unknown e 372.4+14.62 3.93  —0.767 —0.737

- (1.624)  (0.803)

RELATIVE FREQUENCY (%)

100 300 500 700

SERUM GLUCOSE LEVEL (100-LOGX)

Fig. 25. Histogram of serum glucose levels transformed of the red sea breams under
control, reactive, exhaustive and unknown phases.
*: calculated by Statistical Methods (Sth edition) by G. W. Snedecor 1956.
#* transformed value (100 x log(serum glucose level)).

THID, AF Ly —HREAEES LA b Ly F— OB CARIBUEE DRSS indo b A
KEEDDEAKE B, 742 — ARMINIEE LIGENKG TS B2 A L vy 3 — DHEEC
Iy, EF-EAEOREC L RIDEECENS S b RE A E L L2 o FEEREV Tl
BT n, FEERIECD L 7 a — AR EHRO- T v AR T, R X > TRLEL? S
ST SRR R, MET b v ABRIBREERHIFAOEEL LV BIRTTHS
P BT ESS AR LT D, A b Vy =R EBCIER LABDKE (el b
PR E CEB LIt O2EBIN TH D, BEMICED LI DRABIELD A vy -
DEECIE U BBETABBERRLBEbh 2ESNA DR D,

SRBIEH (~< b2y ME @S- AR, mES Y v AR OREORET -
BT USRS MERTEEEDRGA, Fif () 2EVHEHEEGEOT - 2 &
weREL LCH, EENE, FRdRERNE TS LV RECTRE«REHTORMESED
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Basic statistics

N Mean+8.D. Coefficient Skewness Kurtosis*

of variance (t value) (t value)
Group %
60 Control 185 169.6+11.07  6.53 0.111 1.616
phase (0.623) (4.546)
[ contrel Reactive 107 171.7+17.37  10.06 0.502 0.921
phase - (2.149)  (1.988)
50 A b . Exhaustive 25 176.9+449.62 28.05  —0.325 —L.0I8
## Reactive phase - (0.702)  (1.129)
Unknown 24 165.5+4.0] 2.42 0.028 —0.751
2 B Exaustive phase - (0.059)  (0.818)
~ N
> 40 § Unknown %%
o N
5 \
w N
=) N
C 30 NN
2 N
x B
§
§
Y 20 N\
> \
= N
< N
- NR
H_-" e
10 4
o | g =2 sl I _

50 70 90 10 130 150 170 190 210 230 250 270 290

SERUM SODIUM LEVEL (mEq)

Fig. 26. Histogram of serum sodium levels of the red sea bream under control, reactive,
exhaustive and unknown phases discriminated by cluster analysis.
*; calculated by Statistical Methods (5th edition) by G. W. Snedecor 1956.

A b VARBEYHET A DCHERI T 2T - o ok, 3ERORMER, £FEBRO7 5 A
A —DHOREABEYREIHOER L LTF -2 D0EH 5T oo Tibb~~r 27V » b
fEZ10M5 L, 7+ ) Y ABMIEUTORFREBEREAL, 72— AMEHRWNRCERL
o100 %5 L OUMNESL TR I EA L, BRBFIHOER L L, Zh i BHKEREHE
v x—FIfE<=2715, MAP i L v HRIEES T % 17 -7 (REF 51972, BREFS
1977),

BB E B % Tables 15, 16 (/R L1z, Zhp b8 bl & H5IE R % Table 17 i
RLtze ZOHOHB~ Y v 7 A% A B EENLHOERMOMEE 4 FRITEV, =7/ ER
FEME (D) #BUTEIDEEIR TV ENE N2 T t BERT-ER, 2HMOYS
HCRBEE BB LRI, LasL, 74— FHOBAHAG 0K (Prob. (U. GT. D/2)) (Table
17) 119.8% L 7c b, F5/hEixi\y, LichioTHENC 1 [mixfiEE » CHPIT 2 e B
B kitie b, Table 17 O HBIEHE (z =19.268 —0.004x, - 0.029x,—0.027x;3), (x: ~< } 7
Yoy ME, X1 FAa—RE, x50 7)Y ABOLEEHRE) A Hh B X5 BEHEERIEH

— 60 —
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Table 15. Fundamental statistics of the hematological data of control group (GRP-1).
VAR-01 :10x (hematocrit value%), VAR-02; 100 x log (serum glucose level
mg/dl), VAR-3; Serum sodium level mEq.

Group name
Sample size

GRP-1
185

Variable
VAR-01
VAR-02
VAR-03

VAR-01
VAR-02
VAR-03

.- Correlation matrix

.. Fundamental statistics

Total
58564. 000
74712. 000
31375. 000

Mean
316. 562
403. 849
169. 595

.. 8. S. and S. P. matrix

VAR-01 VAR-02
852531. 406 199424, 883
199424, 883 224792. 664
33209. 141  18861. 622
Variance-covariance mat:
VAR-01 VAR-02
4633.323  1083. 831
1083.831  1221.699
180. 484 102. 509

VAR-01
1. 000
0. 456
0. 239

VAR-02
0. 456
1. 000
0. 265

Minimum Maximum
95.000 472.000
330.000 518,000
129.000 _207.000
VAR-03
33209. 141
18861. 622
22568. 583
rix

VAR-03
180. 484
102. 509
122, 655

Variance S.D. C.V. Skewness Kurtosis
4633.323 68.069 21.502 —0.021 2.991
1221.699 34.953 8.655 0. 501 3. 369

122.655 11.075 6.530 0.110 4. 516

Table 16. Fundamental statistics of the hematological data of stressed phase (GRP-2).
VAR-01; 10 x (hematocrit value%), VAR-02; 100 x log(serum glucose level
mg/dl)), VAR-03; Serum sodium level mEq.

Group name
Sample size

GRP-2
107

Variable
VAR-01
VAR-02
VAR-03

VAR-01
VAR-02
VAR-03

VAR-01
VAR-02
VAR-03

Variance-covariance matrix

VAR-01 VAR-02
5827. 952 808. 351
808.351  5869. 247
—283.802 —370.981
.. Correlation matrix
VAR-01 VAR-02
1. 000 0.138
0.138 1. 000
—0.214 —0.279

.. Fundamental statistics «-++-«sse-2e2+
Minimum Maximum Variance

180. 000
195. 000
138. 000

578. 000

225. 000

VAR-03
—30082. 992
—39323. 961

31982. 036
VAR-03
—283.802
—370. 981

301. 717

Total Mean
39369. 000 367. 935
52606. 000 491. 645
18480. 000 172.710
..S.S. and S.P. MAtLiX -erererreersees
VAR-01 VAR-02
617762. 898  85685. 234
85685. 234 622140. 133
—30082. 992 —39323. 961

VAR-03
—0.214
—0.279

1. 000

653.000 5869. 247

5827.952 76.341
76. 611

301.717 17.370

S.D.

C.V. Skewness Kurtosis

20,749 —0.169 2.924
15.583  —0.393 4. 555
10. 057 0. 493 3.787
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Table 17. Discriminant analysis on hematological data. OHBEVIL, iz — Al

GRP-1; Control group. GRP-2 ; Stressed N . .
A
phase group. VAR-01, VAR-02, VAR-03; Mg~y AEOMEHKE

Same in Table 15 and Table 16. CEE LT3l BNT
Selected groups Hbo
Group name GRP-1 GRP-2 i oh b2 B REME
Analysis group 1 2
Sample size 185 107 Lrchs, H5H, H6M 2
Selected variables TEITHR T AV oy H—D
Variable name VAR-01 VAF{—‘OZ VAR-03 BREE A REBAL TR A R L
........................ Means and standard deviations - «crececneareinennes
Anal. ARIDTF ~20D5 bbb,
group VAR-01 VAR-02 VAR-03 . e
1 316. 562 403. 849 169. 595 ~TERZY oy ME, Mg S
2 367. 935 491. 645 172.710 a—28, MFFFY V2R
Sigma 71. 204 54. 041 13.715 R —
— > [ | =
........................... Variance-covariance matrix sceceeceeseesseseciceranees A f@'ﬁif[ﬁjﬁ% mjﬁghf
VAR-01 VAR-02 VAR-03 REHCoWT, FoRGEDK
VAR-01 5069. 980 983.135 10.778 B2 0HH AR R, =
VAR-02 983. 139 2920. 456 —70.561 .
VAR-03 10.778 —70.562 188. 105 DR % Table 18 1R L7co
................................. Correlation MAatrix «eereererserervessioecraeransans %j'ﬂ.a\ﬁfbi 185 ﬁﬁta) 5 %*"J
VAR-01 VAR-02 VAR-03
9 336 -
VAR-01 1. 000 0. 255 0.011 887% (163&{2!5) 7 ﬂﬁﬁﬁv &
VAR-02 0.255 1.000 ~0.09 ThafEfk: LTREShIs
VAR-03 0.011 —0.09 1. 000 .
) ° BB CILT9% DR USHIE S
.................. Mahalanobis’ distances between GTOUPS  cevesreroereanenns
Group D D**2 Prob.(U. GT. D/2) LLTREEhiz, —F, B
1 2 1. 697 2.878 0.198 DR\, BEEE B 890 EUF
.................. Discriminant functions between EIOUPS vernreerenrancans
Group Constant L) L(2) L(3) DHEA LV oy ¥ = HIHFIRE
1 2 19. 268 —0.004 —0.029 —0.027 ReE¥F LTk &, Table
........................... Coeflicients for each ETOUP covecvsmereriencecinnnnnens .
Croup  Constant co) Ce2) c) 2 e~ EeRY & B
1 233. 006 —0. 062 —0.302 ~1.913 B oOBRIL 100 B HARIGH &
2 271. 542 —0.071 —0. 360 —1.967

SEIRTH, 24FFHH#IIT
0% DB~ L EHE LT
5o MaMAERRETIX, Table 13 iR L7z X 57l V- EHRCHRE L2BE (1) Tk 2 BB O
EEEIIT40% ARG & Sh,  19~2085R DBHEHC 13 100% 8 FHBHIC & & 5 Ty 2 & OfET
Ehi, b7y ZEETIIERE 2 BEE & 5 B TIHI63% O B B A b v ARG R
CLTWB LM IR, ZORDELLHEITHIBERERESAE > TRRWEBDR S,
FREEA] MS222 DX A F VARG Z LTk b, RRBDEHH LI TI30~50%2 A + v
ARIGERE S LTw5 EHBI X i,

FRRZFMCAS L, ThHORLALCERBEREY R LTOHPEEIITIT O DR
BRD DD, BEXHOHBETA » VARIBRABCHRIETH B0, A Vy 3~ ORI
Abbbind, AP VARRF TV E0ELOHEER VRO MEEREROE(LTHELES T
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Table 18. Summary of discrimination.

Fish number in each assigned group Ratio of stressed
Group name GRP-1 GRP-2 phase (%)
Control phase (GRP-1) 163 22 11.9
Reactive phase (GRP-2) 22 85 79. 4

Handling II (Tablel2)
Soon after handling 0 4 100

After 24 hours 2 3 60
Live well transportation (Table 13)
Soon after transportation (I) 3 2 40
(I 5 0 0
After recovery (I) 5 0 0
(I1D) 5 0 0
Container transportation
Control 5 0 0
Soon after 2-hour-transportation 3 5 62.5
Soon after 5-hour-transportation 7 12 63.2
Anesthetics
Control 3 7 70
MS 222 100ppm 0 5 100
MS 222 50ppm 0 5 100
Angling (wild fish)
in 1977 4 2 33.3
in 1979 7 8 53.3

BHDENI DD, ARROHKEL DM /A2~ AR, ~< b2 )y ME mFEF YV
ABOEBS, k¥ AT RIG KB T E e, 3EROBAEHEIC Lo TH
BOREY XD EFAHLTHETHS 5 LHM Lico Lo L, SHEENOEMITER RN
BETHH AL LAREORBHCAEROHBUTIEA D, SHEL < ThTun e, @l
BB ALE L L bR b, BED L IALOHEITHTH D, ZOBEC OV TIRE
%ﬁ&%DMDﬁ&O%%%ﬁ%5kT6&,k?&ﬁ%mt01<éo~ﬁ,%Hﬁﬁﬁ%f
BoHio, SO X CHEHEEYF O FAEEL LTHVS &, FEHMCER T & o R
DU ATEEMA D Do ~ X4 TRMEN L LRSS, HH (1976) k-~ < F CHRMERE, ~
/e CVEBLAEHEHNLL - LYREL TR, BB (1968) ik~<t 7Y » b {ECEH
TERHML LN D &V S WER A IHK LT\ 5%, Davis and Simco (1976) & Ictalurus punctatus
G v T4 FESF Y v A EAFEE LY T EWE LT 5, MBEECE LT HER
ENLTHOHREIL SRV, AP TLALRS X 57 time lag RfF 7Y 2 — 7 VIFERO
BHELI 1B A b VARIGEBEOBRCEOTELEIEL b, ZRELTHVSE~Y 7y
MESHESF PV AR A0 — ABROMPADERED time lag REHI LR D LD
L RTEREE b ERECHE LicH it biey 2 il b, ERIIT 5B ERIEAFHCOWT
WEBEEIED, T — e TA L v AROEEEEL (S5 ThiEkeThs 4,
FRTE—RN A ER 2R3 L\ 5 REBRD %,




a M

IhHE L DERNEHBEEA TV hbbY, B2 TRRR CRIGRBOHF 23
ZFoiy, FEBRELTRZYTHA S EVIEEA N VARIGOBBERFIA LD E=5 ) v
I ONEWEH S TH S, WEDEMEYER and McLEAY (1981) A8 LTV 3 X 5ic, AICHE X
EhiA P VARIGOBERHID o LW I EZH I R<nbibh b, BEMET A+,
{EEEEM 7 A 1, WkBETIF A +, scope performance, RYSRET A+, EMfittET A +,
WAKBKRMET A, BEALVATFAL, MBEAN VAT AL, ARKRAFVATAMEZE
S TROEHREXYHEL LY L LTWw5, Zhb% SELYE (1950, 1973) OHBE LA VA
BB G S TR THE, A EEOHHO LD LE BB S5 5= X X —BIII—E
ORENRDL L VOHIBENTORATH S, HBHA L VAREBCH B ALK, HlOoAME»TH
X, FTOBOA L VAREBET T LV 3E2HTHE, EILomBEA VAT AL, BIMRK
AP VAFANIL LARBIERICRHRETALEVHELH T - T0 b, AWROFTLHDL
P E RIS X 50, MBEEITERE LTHRETRELEREFHOL 512 Hh x5, McLEay (1973
b, 1977) MEE,I FIEE—RISEOBE LRI R T2 & LB HENES THHZ &
b, R I->TAATIEBHRKCLEHDOA L VADOBREOHERTT o ARRIDOEL
FHomERCH), BEEHMTE L I OBEY EFS LR, 1B TE
GCIREBOS ARG E Lic, $H I 0BORIGREBHEXTT 51, #dO#ETEER D &y
LoRESORERE LD, BERIALTFT—20L D —BOoEAERERHILETHE LE
Z2 5,

5o, HATREEEFEIhRIREShbEEOMEMISKELME L -T2, ZORERE
DIREEL UTHkEENT A +, Kth #\ - (handling) 7 A b, FEFIEET A FEE2 LR T
VB A BRAREEC R, AP VARIGERGH LB OE=2 ) v/ ThHD, FIE
oL EREOHERXFMC X - TiT 5 Handling 7 A P RFBTE L0 TCHERHEIFIH AT
Wh, Thibt, BEXFETT > TEBRKEL, ToHKER UL OO HOEER,
QUREHOEERY IR L LTHV2HETH S,

72, FIIS (19822, b, ¢) FEBRABROZEREOBOLEBFMREBOHEC A+ VARG
G ERAET > TV 5,

ThbEDE= 2 v 7 OLEWZ, BEOBE TERE, £RRAEL, BEREMERS
DEENPLEIRD LR THD, SHIBCKRFALML, BB CTHATEORENL LTPILE
BHH 5,

BUE X MLARKEEOMRAH

B RBAEOMRE

<~ FADA} VARGHOGERBER Y LT 50 A LB RIRET D
PED HCRRIELEHTHY, HMROBIIPERLTVH Vo AWM TIARBERLZIERL, =
MIC LB AP VARG T 2WBERBOBREY H 50005 DO LBRERR L LU
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HOBEEAT - BRI DV Tk~ %,
1. HBEAOHRR
1) AR ERT%

XA R EE KR DD B, ARbCRYELEERMEL, ¥ E=KE LD PR
Mk F TR T IR b MR B oo £ OHIE LB LIFIA D L, Ax 74« ) 7 AHA
S — R FAGTHEE @S, A7) K XIIFAT 1 ABREFHE Ui, I AIENAR
B HELTVS 0%, OFRCBHERGIA SR X5 ER L TERR LI, HAEKD
AR OBRMTA CGYEETTR) % 2oBRECY ) B UHRBMCH > TA7 12 LT
F e LA A S LT (AR, 198300 b i LIcHBikm Lich vy
ARG 7 VT AKERBBER TR, 7 V7 AKERBEERKO0.5ma AhTH b LOME
LTk BElc AR FROFEL, 2.5mlo7s v 7 ARBERBEHRY ARG 7 A
BBk ARz SV o7 U T AKERMBEEK (PH 7.4) OBk Table 19 KR L,

SRR B 5 Tit95% 0: £ 5% CO,

Table 19. Composition of Kreb’s bicarbonate B BIRE T AR 7 T A 2K X AKKEE
ringer solution. AR LT 1

Chemicals g/l Chemicals g/1 9) MGEHOES

NaCl 6.92 KH;PO, 0.16 ARF 4 U FARA T A — TR

KCi 0.35 MgSO,-TH,O  0.29 _ i - ‘

CaCl, 0. 28 NaHCO, 2.1 DL, 2h# 7 v 7 AKRERBEER CHR

#L, 1mo s> 7AKECOLT, LTOW
) . o BRx7e% h ERAEE L, MW ME

Table 20. Thickness of tissue slices in mm
(mean +s.d.). Bk E, »op UDERC LEFRRICA
NEEYE L1, HE:HEE» bEKOK

Fish No. Liver Muscle
1 0. 454+0. 057 0.301+0. 062 B 1 &R LI O SR & D RD
(n=9) (n=9) 7o, kEE% Table 20 1ok L7z, YHEON
2 0. 441£0. 085 0. 477 +0. 059 DfEE, B0, A0 RE GUEIR
@=5 (=5) BB %\ LIRERE) ko TEEIE DS
2, A—A%r3ER—EITYL I LHT
i,

3)  RHEAREA D RIGO MG E L KIEFH

ARG O RIS OMEEE & LEELBREF TS oo, Table 19 1R LAKBROEER 3mliC
100~300meg DRI EMIEA S A, 95% O, & 5% CO, BEH AR ERALRBIER L, HiF
MR Ry 7Y v L, M0 — ARYIE Lo A5t 0fMBER L b DR
Ao — ABTBER-TH -7 (Fig. 27, EREMHD 5 LHECERAOHMILERE 7 v = — A
BAELUET RS ENEBME T, B CRERMBR IBRE O/ L2 —A
Rk XA 1 BRI L 2 — AR Lie ABFETIZA b L AROREN
R IR - A RIS R 2 5 2 LR HE LTV 50T, RIEHKHEGRRRUA L 2068
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Fig. 27. Released glucose levels into the incubation medium from isolated
liver slices of the red sea bream.

Hh, AEFAERELOKIGEME LT 1BRLEZ LS008 E LV EHE I hi,

2. RERERFOKRE

1 ARAHEONE T

HWkIE#E 7 5 A% Fig. 28 Wi lLic, 2075 A20NRBIIT Y I ARTFREHAL
ABicir2.5ml © 7 LS AKERBERRY Aht, FERCEE UEEK0.5ml % Al %
Bz ER L OKTARNI L TR ¥, SfEAYITE Lok, BERL AR LAR,
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B AR T25CISA M FREEXT -
Yo 02 95% & CO, S5 H%DBEHN AT
dugh B L, 100pmol D12 — A

(50p) &, 1pCi/miz=7 4 — &5
Ay —2 (100pl) ZEM L, =
DUC- 7 b 2 — AGRINR % RUGEALA R &
L, 1 FpREES R L, B 1 R
BB H 75 e RN, NEICIRIR T
ARILF & LT Hyamine 10X (RAPKIN,
1961) #1.0ml, #+25ic 2N FEEE 0.5ml ) e

| — 55mm {

BRI USRS LS, T3k Fig. 28. Incubation flask and serum seal stopper.
iR R R A e L, A LR~
woz4ic HyaminelOX WRE X ¥ 7z, MCEH LIy A4 7 AL VAR v (RiE> v
Fr—vavavya—Mr277A)10ml A, ¥E7 5 A 250 HyaminelOX 2¥H L,
Wtk vFv—vavh vy 4 —THE Ui, AV 7ol -2 » 7 — Fh832558 TRI—CARB
Wik vFv—v g v AT b r A= —THb,
2) HHEASOEFE

FE(ER T A I ESRER O FREA MDD, il O BEES T EERE R o MC-
Fa— AR BOUC-IREEN AERBYITE Lic, Zhbo4&M L8 % Table 21 1R Lo
ORI XD AT AERTAC F KL (1R, 256C K5, 100 #mol 7L = —

Table 21. Viability of isolated tissues expressed as 14CO; production from
substrate glucose in the incubation medium.

No. of lForl;‘ Bqdl};t Incubation medium Incorporation into 4CO, (dpm/ g /h)
fish ?grgr:) w(elgg) Buffer Glucose  Labelled  Liver Adipose  Muscle Fin muscle
(ml) (p¢mol) glucose(nCi) slices tissue slices tissues
1 13.6 46 3.0 0 0.5 6339 7899 149 —
2 15.0 73 3.0 100 1.0 7319 1198 26 —_
3 13.1 47 3.0 100 1.0 4096 623 8 —
4 14.1 63 3.0 100 1.0 6489 4369 48 —
5 15.6 82 3.0 100 1.0 3698 1301 43 —
6 34.6 797 3.0 100 2.0 — — — 3811(R)
3676(L)
7 30.7 626 3.0 100 2.0 — — — 4131(R)
4848(L)
8 29.4 511 3.5 100 1.0 10150 1720 — 2501
9 26.0 354 3.5 100 1.0 9507 1259 — 3178
10 29.0 527 3.5 100 1.0 13087 1711 — 2792
11 27.3 372 3.5 100 1.0 8135 1573 — 3475
12 26.5 421 3.5 100 1.0 7814 760 — 2425

R ; right pectoral fin muscle. L; left pectoral fin muscle.
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A, 1pCi B/ A2 — AN THECHIRRBY AERRALhDZ L, B IUEERRE
Wb ERICIREBE Y ARER LT3k, ThbbMRE LTS ERnHLR Lo, HA
AR OUMERG A5 1 AEATHABBECH > TAF M ALTH, A EREHTIIRRE
MIEEIC A T &, IEREABIE TRE ARG bR ith - o —F, EEHALE & UTHRE THM
WA TS - L BRCHET S - EATE, TOPRBEIHENAR, L ALk
—OBEDOEILRIEFR UTH -7 (Table 21), A (1983) MHEHE LXK, ZOHFAIR
FEPRKFO A ED T B EEL RS, AN VARIGD IS CBERAC =L F—2HAL,
FIHT 50T CORERBEY MBI, WEST EHAOINERTHS &Yl Shi, EEEL
VS ROEBEADBAIC LR EVOT, RRRoF TR~ EEORKRY SRERL LTHY
HILENHD EEZ DRI,

3) FE—EGEKEORILOE R

ORI ~ 5 4 AEAA A7 UBHge: 7 5% (HavasHl and OosHIRO 1975a), (INUI
and IsHIOKA, 1983a, 1983b), ZOfOBETHIA TV 54, HEMAED in vitro EB~DJK
B 7. Iz TRBORIGOEREY D o, WEE EREHRERC O TRRY
AR LB OB RR o i BIEFLIE 2. 1) CHN, ZokR% Fig. 29K
R Ut REEY AL EREE 4 N TREBICIT bR,

Bl @k SOMBER N SR B SN A 7 1 ABRX AT, #HlE L RRY AERE
DORFRA TN, #EE% Fig 30 @R Ui, EEER L REB Y7 AEREOMICIIERNVBEGRED
bt MEEEE 700ng FAE ¥ T E BT 14Ci/100gmol THATHAH - & bHER I LT,

B U SOFEA S A ABALYAGT, HE /v - ARE LR AERE, TR 7Y
2 — VA D ARBERN, FOBEY Fig 31 R Lk, Th BT LRSI 1pCi/
100pmol & LT3, ZONizibh
% X 51 60gmol/ml EEF TIX, 74
a— ABELRESALRE, 7Y 72—
v ~OE DAL BITEHBRWBERCH S
»%, 133pmol/ml T Z DEBEHHR
BirFhis, MEMEOKE X LEEF
7 H3R2pmol/ml BE D Fa— A BE
TR TH D EDH bR E

-
-]
"

ACTIVITY OF COp FRACTION ( dpm/mg tissue)
o

oo
: 3. AWHEORH
HHEARE AL REE Lok, o
0 1 2 3 4 o — v EBHCRYAERI S A2
TiME (HOURS) — ADREERL, WA - A (1971)

Fig. 29. Incorporation of U-1#C-glucose in the . .
By — ZI~ = I -
medium into #CO, in isolated fin muscles DHEDO—HEETHE Lo

of the red sea bream. UC-7 12 — ADEBER~OKRID
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ALEL, BERTHROMBRYEEKT
5 BRI B LI R A PR THLY
Bvofotg, EERIE L, O TR
#| Protozol % Jnx T55C THME % B
L, 2hil0mlo A v Az Frswinz T
BE L, ZOBOEKE L HEOER
CrB s =vF v SRR L, YT
v—< g v H-I4 7z Protozol 1ml
inz, ERENTE L AEEAY AN,
55°C DIE TR 2% CHERM T THEB LT,
FOHAAL 7 AR U-1C-7 ) 0. 1ml
(50£Ci/50ml) Z@mL, BEPEA v~
25 A10mlx i, Bk v FLr—>a
vh v x—TRHEL, $5E% Table22
T L7zo Protozol 1ml # V7Bt
ERIBEE T100mgH X 5B TILE
@otociibhie o b, ARRER
HEgEOBHEC L - TRE D, BEHOK
SO TR BT > BB AR > I > A DI T
Hh, 7=vFvIORKEILTHILHK
5=k, ESR (SHE#RIAL) AV TH
EFbi bt ioTNGDr=vFv
THIIHIEL TR TH S Z LB LD
Elt -t

Wiy v Frv—>avh v i —7T
14C-100,000dpm BE#EFFHT X % 5HE%D
ko, ESR (SR & cpm X
h dpm BHotoD 3k r kKD,
FEr 1B IDF = v 7 BTV IRAD
ERHIRE Lo

EEw BT By RO
AT A AEAC L ABEFAEBRIRD &
51 HIE Utco B 1 4 v 2t Dowex
1-X4, 100~200mesh, P51 A v 25 i fi
5 DowexS0W-X8  200~400mesh % i
i Lizo BB A4 v RHB IR IM ¥R

x10°
8 -

» w =
N s

RADIOACTIVITY IN CO2 FRACTION {dpm)
w

Fig. 30.
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The relationship between tissue weight and
incorporation of U-1¢C-glucose in the
incubation medium into *#*CO, in the
isolated liver slices.
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ration in the medium and U-1*C-glucose
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glycogen () of liver slices of the red
sea bream.
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Table 22. Tissue digestion by Protozol.

Sample Tissue Weight Incubation Digesti- Rate of recovery (% )%**

Coloring**

No. (mg) time(h) bility* cpm dpm
1 Liver 150.3 21 - +++ 81.7 98.1
2 ” 121.8 ” + +++ 85.4 98.7
3 ” 171.8 ” - ++++ 83.4 97.8
4 ” 29.9 ” + ++++ 90.0 98. 4
5 ” 31.3 ” + ++++ 90. 9 98. 4
6 Muscle 32.1 3 + + 97.3 97.8
7 ” 133.0 ” + + 96. 8 97.8
8 ” 160. 6 ” + + 97.9 98.2
9 4 351.1 21 — +++ 96. 5 98. 3

10 ” 67.9 + + 97.0 97.9
11 Brain 24.7 + + 97.0 98. 4
12 ” 96. 5 + + 96. 6 98.2
13 ” 167. 2 + ++ 93. 8 98.3
14 379.3 21 — +++ 93.5 98.5
15 ” 197.2 ” + ++ + 93.0 98. 2
16 Adipose

tissue 23.7 5 + ++ 92.1 98.5
17 ” 24.1 3 + + 95.7 97.4
18 ” 81. 4 5 + ++ 94. 0 97.9
19 Blank 21 100. 0 100. 0
*: + : Completely digested. — : Partially digested.

** ;. Coloring increases with the number of “+”.
#+* . The rate of recovery was calculated as (cpm of measured samples/cpm of added U-C-glycine)
x 100 and as (dpm of measured samples/dpm of added *C-glycine) x 100.

— AW L CI- M% HCHO Rl L, 51 4+ v BRI 2N RIEK Tl LR,
AN EEEAF L HHR L L, AEBEHEOBA& 2 LB 4md Dowexl-X4, THE2cend Dowex
SOW-X8, ££0.8ecmd "EH T4, 73/ MEHOBEEFCIZTE 2cen Dowexl-X4, ERE4cend
DowexS0W-X8, $E0.8emdD 2&EH F 4 LT3, Zhi—EROBERERYINL, BBKTH
BELHEH LA D% 5ml OFREL, O lml ¥4 T7ARARBEY v Fv—vava
vaE—TRIEL, Fra—ARpkLlk, #TF A1, tiz—n. i=2 (B¥ETE KK) %
PRV
4. HBr==aT7Tnr

ERoOBAERE L) TREOER <= . TARFE LI, 22 TR I7A2—AREHE LSS
R LA T I BAREE LB a b CoRAIICEE U T -
@ = 2BfE=/A7 722 (20ml~30ml) L HNEMN=MA7 7 A= (Fig. 28) K zhFh 3ml ©
7 Vv ARBERBEGEY AR, NEMN E75 2208812k, 100pmol 7' = — A50pl &
10Ci © U-UC-7a—2 (100p]) *FHEINT25, Thbic 0, 95% & CO, 5 HEGH A%
W EIAAT25C TFHMAE T %, NEMEZMAY 5 A 20RFIRHT D Ll ARZFRZ ALK
BY Vi A — &K% 0.5ml 2 b, EEXAE LKTHEALTE <,
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OERAGEALER L, BEHRAOVEERCANRTE L, £H0ERERFROETHE, ch
YKL A =/A7 5 A2l LAR, | REHE BRI EIE L2 155 H O TR EY
T9

OAMERTFR BRI LR B, ChEANEMFE=H7 5 2208z Ah, O 95%,
CO; SG|EVARKEAL, EHICEEVRGETS, FH2oME 75 A2 1 K30%
NET 5,

@25C T 1 RHEORREIEELXIT 50

(€) 1 BRI B s UHEEfE L7- 1 ml @ Hyamine 10X ¥ % » 7 7 Vit 2O EHB THER,
0.5mlo> 2N HEEBEARCAL, BILEEESE5, 2N SR IERC 1 BERE L 35,
() X BICIREIEE Y 3 Wikt ER L7 R 7 2% Hyamine 10X KELICREI 5,

@1 vAxyL (yvFr—5-)10ml ¥ AhtWE 17 M2, HED Hyamine 10X Z{F
Wa A v AL S ATHRGCAR, BEYvFVv—vavayya— (5,7 — FH32558 TRI—
CARB) THET 2 (CO: K)o

(NI T 5 BT - BB A % 3 T, PR RR e L h Eh by R R
BrMES o

()R8 U784 1120fs 8 o FoLcH 0@ (FoLcH et al. 1957) Aok L4 F—iC AR,
REDFTART A,

()& 'L+ 4 X Li##k2 Folchi® 0.5mlx 2 B TEHEFICEEV A, 3,000rpm x 105 :E
#F5, LW 7 7 Ay~ TFA LR BMENECANBELE (Folch ) L3t ERN
ZomleT35, ZhiZ 1/ 5 FORBARLINZBEG L3,000rpm x 105 H DRLE T 5. LE=HE
F L7, TR theoretical-upper layer 1/5 &% Mm% T L, 3,000rpm x 104 D&k
19, ZOBEX 2R 2T, EBEOLBEREOTICTEORERZARD, LERY
+aielET s, FEOL.0ml 28 L, 22 b4 T7ACAR, e b7 -+ ECHEY
BEL, chiZA v AL 1I0ml ¥z TEREY v Fv—2va v vvz—TcillEdTs (B
K530

WFE U2 30% KB LA UV o 28K 2.0ml W AhE(b+5 ¢ #gERkpPcaEL, 5ml
D% =& ) — ABEREMZTHCRL, BOMAL, HT2CBE LI CDEOELIIKS
L, 3,000rpm T300HEK T 5. LEEREYIE T, WBCEBA2ml 2inx, Fommaags30%
KEELD )V 2 AL L 3ml 95% = & 7 — ARER ML B L, s 3 e BR8Eck
&5, 10577 3,000rpm Tk L EBEREIE TS, ZOBRFEXZEL VR,

) PR A0.5ml DA ES L, 10ml D4 v A % 52 Ak AREBE AL T AL, X SICE
WE#0.5ml OEBAKTH, 2hdb 171 me T, Wy vFrv—vavr vy z—<fl
EThH, () a—# VR

@FF B U7 #I50mg DA% -5 1 7 i ARBEREAEH] Protozol % 1ml iz, 55C OER BT
2 ~3HHRET S, MBI TR LCOR R LCE, 10001 v A a ©Ad e TRk
VFEVU—=Y g VATV E—THETS GERRRDARE),
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HoH MBROMHEMERCHSTI/LI-ZORM

RO RA RO MR LR S e ¥ OB 2Tk, EicEMA =1 (FrAf1969, Na-
Gal and IKEDA 19712), ¥ % (SANO 1962, INUI and OHSHIMA 1966), = <A (SHAR1974,
FRME1976), <5 (HH - HE1969, H D - F{A1976) 7L THNLRATV %, = FA1RD
\~ T}, SAKAMOTO et al. (1978), Sakamoro and YoONE (1978), #{p - FA (1981), Woo
and MURAT (1981) @ & - THIERRS D AR S, WROERSRESR, MR E Lo
R ST OBRENS Do FhHOFERICILED OMEILRD bh b 2RO MERS
MEHERCEEL S TUDETE—H LTk, 202 LRBOBHAREERLTVS
T EERRE LTV 5, FC Nacal and IKepa (1971a) oo BrESELTRHEYRERML,
G =R L ¥ —REOBHEREILLEL T D EERE LI

2 b VARG, REOBENDARS L, F1ECRCMEEOMMCADRD X5k, &
Wi r A F—BHRORIETH D, DA b VARGAHMIED X 5RO RERORMCES
DBHEHC YD L 5 e BE T B O R EETHICDIE, AL PFERICETS 7 v —
AR O T 5 = LAY TH D, AT, FEEAKEAT in vitro ERAREALV
Tz A ¥ —RBOPLERD 72— ROHARHANI,
1. EB&E

pratfal, 1980FMEHAE SN T ORBEM I hic~ £ 1 2 kv i, 198145 A25H &I
B HEVIIC L ORI L, 1 vyo vy 2 ) — b KECRARTEKTH 2 2 AR
STCRE L BHEYOMK E L, ok, SR 2EEY 5L TRE LEBRENBKE L
B KEIZI5.1C~24.7C oo ARKEBETH Y, BELARNCH -1

P — ADEBA ANOERE, BH~ORR I RRE, /Y a—r Y AOBREIE L
k=TT ko THIE LT
2. HBRER

9 n RO B EES Table 23 R Lice BEEEAI2 » AROHMIE < 5 1 DREL
K X BEy Gy e, BRI, RY BN, AEIED L, EEEXEERCED L,
FgEOHEELSEESCRL L, dBXOH1/2CET L, SoBEIFRCHE < Bbhi

Table 23. Body conditions of the red sea bream after 2-month-starvation
(meants.d. n=10).

Fork length Body weight Hepato-somatic? Condition?
Treatment (em) (g) index factor
Before starvation 11.44+0.69 30.2+5.68 — -
Fed for 2 months® 14.0+1. 43 58.7+20.75 1. 40£0.53 2.04+0. 29
Starved for 2 months 11.74£0.69* 25. 8+6. 10* 0. 7240, 23* 1. 58+0. 09*

1) ; Hepato-somatic index=100x (liver weight/Body weight).
2) ; Condition factor=100x (Body weight) / (Fork length).?
3) ; Fish was fed raw oyster pieces twice a day.

* ; Significantly different from fed group. (p=0.05).
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Table 24. Effect of starvation on the utilization of U-4C-glucose in the
incubation medium by isolated tissue samples. (mean+s.d.)
n

Radioactivity (dpm/mg tissue/h)

Tissue Fraction
Fed (Control) Starved
CO, 5.35+1. 873 8.29+ 1. 648*
(10 (8)
Liver Tissue incorporation 63, 34+ 26. 978 52,.62+19. 147
(10) (9)
Glycogen 1.90+1.077 2.87+2.052
Qao ao
CO; 0.042+0. 025 0.064£0. 026
(8) D]
Trunk muscle Tissue incorporation 49. 041 19. 545 59. 42 + 39. 695
o (9)
Glycogen 0.054+0.034 0.030+0.017
(10) (9)
CO, 1.78+1.15 3.27+0.99*
Adipose tissue (9) (8)
1pose tissu Tissue incorporation 19. 52( + ; 200 29, 2(2 + §4. 604
8 10

*; Significantly different from controls (p=<0.05).

BFEFO /N7 — ADRDAZ LFIH LB 7 N a — ATHAIKER % Table 24 Wi Ui,
FERCEGERIERIREVL, HBRINBE TR va - A0FRCHEDOSHS Z LB
BHomEinot, METRIFEELSIRBY AERETHD, 72— A LORBRT AER
BIITREG > EEARAK > Ao/ E e b, BCAfER TNV BERK DR
BT BROM55% K, EEAIEEARS CII184% 1 b R AERE/VERICEM L,
B s W CHEGENK X SEELIRD bRh -, HINERA S »iibhis,

Za—ADRBANOBR Y ALZEDL, HRETEFEA~ORIAZPIEFTCKEL, ®RWT
B Ly, EEPIEIEGEA O AL RS/ Eh ot HUERK CoOFBEL R >IFE>
RSO TH B AHKE L bEEEPRKESERELTED bRLh 271,

IAa—-ADEBR Y 2 —F v ~DOERIIFETAZ Y, BCE-TH FEOH1 /40D
EREIBED ORI, SBKOHF 7)) 2 — ¥ v ~DOR D AZIIHBR L h K EF o aMEGELIRE L,
KBX & BRE D ZETRD BILEh - 1o
3. & %

1) fEREF DT ISR B

AEES L CLEMMEE TS 2 N TEL D H K o LB L O BRI h,
% L OHRER S THI T &7 (LovE 1970, LovE 1980), Zh HOFFRD KFIHAR LR b
ORETHE & MECHER Y OEBIZBE T2 L0 TH5, BohicHRIARE HEKE #
BHEHE, ERUEMRTORBLEGES T I - TR, H—HAERE LR TV o, KEMC
ZAuE, EEAEEE LTS L TLARES JUHBEREDORI A DR S, BRKAKL
“O\Tik, =4 T NAGAI and IKEDA (1971a)1215~258 O H D101 B EDHEA T15% DEEBRA



" B

BEE L, TEO974) EEN8E DRKDARMOBA THE LFBEROBILHE LTV
Bo D=1 FrAM1I9e9), = <A (&T11966, FHMh1976), 7 >+ (INUl and OHSHI-
MA 1966, INUI and YOKOTE 1974) T [ USRS HBE SN, BERIZOW TR~ =5 TH
7 - FE (1969), 7RE (1974), K (1976) »%, Woo and CHEUNG (1980) (% Ophiocephalus
macularus CRIBEOHEREAYRE L

~ X418 LTi3 SakaMoTo et al. (1978) M4 M (FBEH608) #I0H A S 1h,
Ho - g0 (1981) A\ 2708 hEAELM, HAKE & MEBEMG CHMBRB AT - i, Woo
and MURAT (1981) #313C T160H MR % X R OKECHARLOE(LEHE L T %,
CRLOERIERDME AR CGBH) CXh ZoPBOKE IR DH, RUHESEIZR
B E Rl FERLEOEO/ED bh, FRAREFERE - LTI ERREELZHESC
ERR LT B, APFFE (Table 23) THARERM2 » AMOBER CTHAELILKL, #E
DA EE L B Db L HANBAINBEOEA RIS D LEXL T IV,
2) ORI OEE

RECHMRB THE S hictoMoEB X, AR (BN - A 1969, FifkEfb 1976,
NacGal and IKeEDA 1971a, INUI and OHSHIMA 1966, INUI and Ecusa 1967, SAKAMOTO et al.
1978, #R1 1976, K« &0 1981, BEZ - 1969, INur and YOKOTE 1974, ;REF 1974,
Woo and CHEUNG 1980, Woo and MURAT 1981) & IgHEIRLMmMIEHE S (GEHIf1974, SanNo
1962, NAGAI and IKeEDA 1971a, SakaMoTo and YONE 1978, KO 1976, ¥ - Qo 1981,
B« BRE 1969, Inul and YOKOTE 1974, SREF 1974) &% W23, RO 5 58 A0
LOBEFNIA TV '
RSB BEED B E LTS, R0 7Y 2 -y, 7 2/ &% K
LA O, O GOT, GPT SEERFEMAALh TV 5, =< ATREHM (1974
55 HREOBIEE CMBETIR L A XERET, M Y 7Y ) FRmEREREER R AT
BoHZEEWEL, FHEM (1976) bEBROKRLIFE 7V = — ¥ v, HHEUR +) 7)) x
UKk X QLB Linw EWE L, 24 TN - B (1969) XA HIER UM ifAR
FORED 7Y 2 -2 v & ) 2 )£ F23R4 Uiz & L, Nacal and Ikepa (1971) 13101 AR
DB THBE LI 7V 2 — ¥ v BEOE T AL TV 24228 ¥ TS OB SR 27D T
T\ B (1974) 1321 HEOMER CIREE, FT 27V = - v ERIHEERSR L OB EREE
A Uiedn otz d Lz, 7% Tk SANo (1962) 5390 H i e R C B E o EBBRALAEEF D 165mg
/dl 72 549 . 3mg/dl ~OE F A 8HE LTV 52, BIAROE MOFBFREOMEHETH -2 &0
5y, WMOBAA L VADEBRS - Tc b BTN IV, b LI B ARA—&ThE, #
OHEIHMERSA P VAREOKREICHEY S 2 bR RETH 0L LTHEBRE, INUI
and YOKkOTE (1974) (390HHD0#eA T MBEEOEBI 2/, &7V = -7 vidiBd Lk
B T 28RS L O, T GOT % X 0° GPT itk & mif 7 3 7 MEAUEMT
B, HEEHI® s onRBVEAETR T EREND, AEAEERROT 3/ B0
RO E - TIEAHE IS EHEN Ui, B8 Pleuronectes platessa T JOHNs-
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ToN and GOLDSPINK (1973), PATTERSON et al. (1974) 1£7.5C, 4R OHUERDHAF & B O
Fy -y JBE, BEE, KOBEEAN, KSRMAORSZHENBSARO EEBSTE
ﬁ,%Dﬁ%u%%&aﬁf£k6&%%btoWmamiomwca%maiowmmmdm
maculatus T, BRI MBS R L BT 7V =2 — 7 v P LT B D RO 7 ) = —
YRR DRI 5 fek LT B & OFFBROEEEOMARE LL o= F TR D (1976)
HS0HMOMELCHEE 7V =~ 7 v BB LMD Lick L, R (1974) 23 AR DA TMEE
LIFEZ Y 2 — 7 v b ERICE T LEOBIREE L RT L L, ZOROIFROEREFRO
R H OB A EAENCIE 2 1 OBE LR L& 5, ¥ &£ TiX SAKAMOTO and YONE (1978)
M30H R ORA CHEOET A ESF, |a - En (1981 & mEEE: RS AKREK T
(TR E A EEE UL AHRR TR H EORAR TRRET L, 7Y =2 — 7 VORI

Lot Lk T\ %, Woo and MURAT (1981) (KRR, HABRMCTHBLHADO 7Y =2 —
YRR L, BRERAEORS E L Lo GOT, GPT #EiEs bR Lz e#E Lo

CRLOBEILLOMELSS OO0, MEEILLEGETRET S L, B, 7Y =
— 5y, BRERORY L, ToRHMRBHBEOEEH YR L TERY, WEH (1979 i LHicd
S I BT A RO I 2HELZTRIR LTV %,

3) BEREED 72— AFIH

EhOBS aEO =3 A ¥ —RBO—ME% in vivo RTHRLLOTHY, MBEOCEFEN
e s LT b ZoFAI oW T h b Tuiey, MO 742 — AL falks
AT T =3 L ¥ —FEERFT S b FA S h, BRICIKERBRY AL LTHHtSh 5,
KEBRD LS+ hBENS L ORELET TR, 7aa—-Ak7 =vBERYETRIES L
%, AEBHRTIL, FFEE S5, KEEEIEN ORI L) BBERPC T ORFET AEH 2 —
ApSEE SN REBY ABRCHBOBENB L AL D Hht, Table 23 R LIHLERA DK
B, ERASEOERS ) OREBY ALREIEZRCKE, Love (1980) i, =1 D4
# B 125 B OB CITRIR ARG LI tEE LT RGBT L, B EEH 1D Ml
HRAEE L, K51 a—r v ORI BEEGEYBENMLTV5, ARLEHEE Y FFiT
5\ ~T INui and Ecusa (1967) 101 H DR ORER L LTHE LT 5, ThHERE LR
FERECHBOOH, DE LD L ALBRRE RO X 0 Y EREN R Uizl DI PR E Y
HORMNED, HBEEREH) ORI AERBENG Kok idLEL bR D, FFBUND
B LS o B YIS AR L AR L L TR R > T B D, HERHLD OWRE
DRI SR TFHIND LA THD, HENIEHORB Y AERBECHAEENRD BRI,
THEEERBESEEO A E JCEKETH L ZANKECZ EETFR LTV 5,

REE 7 APEACE L TAMIC X » TRADORIE 7 AERE G VBT 2 0BT A DD,
W — Bk ONFRE, F5P, Mk PUBRES 0 REE 7 AR DRSTEE (dpm) O-AFHE%R 100% & L AN
Ha B U, A0 RE»y ALEEA (%) FEHK L HMK TThZ£h0.55£0.38 CEHEE L
PEHEE ) 9 L 0.56+£0.26% TR bR - 7o FFT79.1410.19% & 70.0+ 4.08% T
WAt JEEE PSR T20.4% £10.21 & 29,4+ 4.13% THMOBRM 2 A b, REEH AR
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EXEBORAFROK X AR LTG5 LT, SlEO 2 OB T EE NIRETE) B 2 xR
CREWTERRTEDTHA 5,

BEOFBER DD DR Y A LR EL 25 &I H T5552.8 + 4628.3dpm/ T I, & A C
1462.5+ 5584/ HFETH v, WL EEAOMIKB U TV 5, i, 1EE1IFES/I O
Va2 — & v ADiniy A A T1855.9+525.1dpm/FFIE (n=8) #af fT544.9 £539.2dpm/fF
B (0=10) &7ch, 7V a—»r v ~ORAZBIERCHS LT3, FLEH~0OMmD A
ZEL, HABKRZHELARED LTS, 2hboz &, iR /aa— A0k LF
— L LTCOFIBEG T, WEeks LTORBBEMET LTV 32 E2RTHDOTHS 5,

Bk Il BRI B L O EBRIRIE LR c e NI R A IE TS - AR T
EOCHBOBEO L5 HERTEL W, 2 EORB AEREL D -cE LTH (Table
24) Mk Y OB EITASTLLEML T3 S v 2 isV, AR HE LT, A
B AREBA AERBEINBRAD 150% Lnis R AERBICEEZIRD bRIgs - 1o,
HERLAR XL A5 LHAMILEE LORBRREIMET LTW5 5 FHEENhS, KE
BOAE OB BTl <41 ORI =2 ¥ —FEHE OB THIE L THEEHIC R &ED
ETF (=FA¥—4EORL) #BLTV23DEEL bR,

OGO RBBEOETRAEAEMNBCH LB S LoRFC L s 5, HMROMRE
HEEEOE Tt Gadus morhua (SAUNDERS 1963), Ophiocephalus maculatus (Woo and CHEUNG
1980) TEDH LR T3, Th Lo —BE R BEEORBBHEOET I RS Z L2E S
53D THAS 5,

BRI A BRI & LR TR Y 7R T & W 5 #g 2 S (GEEfh 1974, Sano 1962,
Nacal and IKEDA 1971, ;7% 1974, Woo and CHEUNG 1980), * IS AFBD 7Y =2 —
FUBHIBROLICEL LT %, SO ERARLGEL LTRARCHRA LB =% ¥ -
WEIRBLTVWSZ EEFERL T 5,

ATk Ry DHRERC XA T A EEEC T LR E e 3 R EHEEE 2 2 T ET
T35 EELZORBN, CHEEIEZCEHLMAR s A+ VARKOILERN 7 KIGTH % mERM
DEERCRIEDOKEILKRESELZLDE FHIES,

W3 WHEREAHNSOSVLI-XELUEBRERCSLETEEALE-ORE
BECEVTh, AL VARDER, Mdh=ex7yv2a—F /- 1%k ey BORMME
Mg 72— 2BORMAHAHZ L IMbR TV 5, BEDA + VARIGREOMH 7/ 4 =2
—ABWINIIFRE 7V = — #¥ Vicdl®T % & DEMAEL et GARIN (1974, 1978) /IR~ T\» 325,
TAI—ABIRBEDRAETVIE IS THBII FO L5 HEEIND D, i, HEPLD
DMK HORRBMOBEEN A LT I X > THEAIZh 200 E I EMD 2 EIXA P VAR
I ORBEE LB LTI DICEERI L TH D, mAEV LliP 7z - AREMOBM
RITEC in vivo ROFRTHEIhTEL, L L, BEOBAE, HFIEESH (AH
1984a) DHEC X LN B L 51, in viveo BRIZELTORE 4 “BoH" 2GR+ Ly
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wLieh, M s — AR EDERYOIREIFTOT in vivo EFBRRIC LB KRLE
VER OB OMITIE S T\,

%@t@,$%f@%&bxa4zbtﬁﬁ,%m,ﬁ%W%%ﬁ&%$&mv1,15*7
Yy, FahTy, a—F V=L, AVRVVH, Sz — 2% X OBRREEE & T B R R
T in vitro ERFTHNI, FORBERYHBET 5.

1. EBR&H

%a@w%ﬂ&,%E,Hﬁi%uﬁ%@t%ﬁﬁ%f%h%hmsime,M&%ﬁLw
g8, 5.25+2.228 TH -7

ﬁ%@$m*%btﬁw97A$@7Vflﬁ%@ﬁ¢ﬁ%ﬁLt%,%%ﬁ@ﬁﬂlﬂ%ﬁ
K%Ltﬁ,ﬁ%ﬁﬁ%K@%@@ﬁb&bkﬁbk#oto1@@%&?&1@%@%@%%
AORBX & MBX % Fl—&iTRFFCHE > 72,

e ik BRRIIIEE S b 7 v 3 — AGHRBCIL 7 v T A R IR (pH 7.4)%,
%%@ﬁ%%%ﬂm7V7xﬁﬁM%@%(ﬂYM)%%L%hQMHfA%ﬁ%7§Z:K%@
Bk 3ml SOMEL, =€x7 YUY (30pg), FAn v (0pe), T-F VN (30u8), A
v AR Y v (30ug) HIERTREM LT, w4k E vitv3hd Sigme #o) Epimephrime
No.E-4250, Glucagon No.G-4250, Hydrocortisone No. H-4001, Insulin No. 1-5500 TH -
too MIBR BB D S E IR0

ﬁﬁ%$m%c@%@K¢fﬁ%ﬁ%ﬁ%ﬁ%ﬁot%.Q&wﬁg@ﬁ@fﬁﬁ#&mbi
H,%§77x:mkn,&i%%ﬁ@ﬁzs%%%%ﬂAmﬁ6,ﬁva&iﬁ@%@ﬁ¢
@ﬁﬁ%$u1ﬁ%,7va&ﬁ@%®K¢®ﬁﬁ%$m3ﬁﬁ@ﬁﬁ%ﬁ%ﬁotoWﬁ%
ﬁ%,%%751:%%K¢Kkhfﬁm%%m§€,E%K¢®ﬁ%ﬁ%m0%vnoiﬁﬁ
%ﬁﬁmﬁﬁﬁw:—Z%DﬁﬁmﬁLtoﬁ@ﬁ@%¢®mbmbhmﬁﬁmﬁﬁwﬁﬁ,&
wWe L RO E R LT,

S S — AOERIEREKC L - (BRAF 4 IV =2a—FAaAxy b, [7
YT D,

%%M%Eniém%%®ﬁ$%$&Ddeﬁ%f*%9f4fb,%ﬁ%@ﬁ&ﬁb%,m
ml OEECH Lict, Dole BTt L, Trout et al. (1960) DFHBET X HFF-teo
2. EBRER

R EAE B OFFIRALRKEA 2 o 7/ A = — AHORERY Table 25 R Lo MR
Gm%k?%)KﬂLTlE$7U>ﬁwmnﬂ3%,fwﬁﬁvﬁmmw&ﬂ%&ﬁw:—x
ﬁ%gm%m%ﬁ:Lho:hmﬂLf,:—%f—»m%ﬁ%,4vx9vm%8%&ﬁm
B S AT Do 74 2 — AEEERIHT SRR D bh i, in vitro EBFR~O R L E Y
OEIIITRER b0 7 42 — A HEY 525 Z LR L0 LT T

UVM%@K¢mwﬁﬁWiﬁ%ﬁ%#&@%%@ﬁm@%%%ﬂﬁgmﬁ?b%ﬁ?
Table 26k Uiz < OfE7 H& 5 LHAGENKEL, YOEBTI=EEXT )Y, SAhT
v,4yxuymmﬁ%mmﬁ%k%%mﬁbbhﬁ#oto:—%f~wmﬁmaxwé%%
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Table 25. The effects of epinephrine, glucagon, cortisol and insulin on the
glucose release from the sliced liver samples of the red sea
bream in Kreb’s bicarbonate ringer solution.

Released glucose (mg/h/g tissue)

Fish number

Control Epinephrine Glucagon Cortisol Insulin
(10¢g/ml) (17pg/ml) (10pg/ml) (10¢g/ml)
1 5.74 6.64 6.30 5.17 4,82
2 5.77 9.34 9.30 5.61 4.43
3 10. 46 14.32 14.34 9.93 8.69
4 6.27 15. 00 13.54 5.56 5.76
5 8. 81 13.97 12.80 7.83 6.71
6 8. 47 10. 59 9.14 8.20 7.36
7 7.53 8.79 9,43 7.80 7.17
8 0.53 0.63 0.75 0.50 0.65
9 6.94 14.76 15. 60 4,99 4.88
10 2.73 8.95 7.87 2.92 2.22
Ratio to
controls (%) 100.0 171.3+£21.92*  165.7+18.56%  93.3+3.04™  86.8+4.62%
{mean+s.e.)

*; Significantly different from controls (p<<0.01).
*% . Significantly different from controls (p<0.05).

Table 26. The effects of epinephrine, glucagon, cortisol and insulin on free
fatty acid release from isolated tissues of the red sea bream.

The values are expressed as % to control values (mean(:t)s.d.).
n

. Epinephrine Glucagon Cortisol Insulin
Tissue (104g/ml) (17g/ml) (10g/ml) (10¢g/m)

Liver 118.8+25. 24 113.2+£22. 09 116.9+13. 76* 119.3+40. 89
(8) (6) (7) (7)

Adipose tissue 103. 9+ 25. 12 109. 4+ 36. 63 100.1+22, 07 90.5+18. 24
(8) (8) (8) (8)

Fin muscle 110.2+13.58 116.6+28. 33 112.7+£24.59 119.4+£26.71
(8) 7 (6) (8)

*; Significantly different from controls (p<0. 05).

M2 S A EAA DL L3 hzte, LHLEDELDENLLRT, ERAKLY S LT
HmLTA5RBENDS 5, FERICHE TRV, PIEETHE TS s v X 280
g SOBVBEBEIFECHRA»SOZTR I D G, DNEEXR LI,
3. & 7%=

REOHERBC KI5+ 2 v O BBCET 5 RIM AP LN TER TV 5, ©
ODEBDO—2RFBFEDO A vt v DRIBE L EROBBRECHD LELDND, AERT
Hulkhrzvodsbraravi vy vidEAERAL V0, BEELOBEBIRELD
THY, AEDOLO LRI EC DB, 2 —F V' — 1115  OFFROMBHCHFE
T5FEN5 corticosteroid THH Z LAHRIRTED, ZOBOERIC I LB VWLRTV 5,
TEADMPBOC 7 vl £ 2 YHBHOPT 2 —F V- AREETLLRERB I~ 757
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THERIN TS CAM - A, 1978), =% 7 ) Y2\ Tik NakaNo and TOMLINSON (1967)
DBy HEECTHABEDO LD LR THE I LEHRAL, AL VAKOME =X 7Y vED
HENWBIT M E L A B D (MAZEAUD et al. 1977),

THEALAL VAREZ o, FHIC X o TIRERMO S b SsmEr i+ o & KR E 1
BCeHLMC I, ABITROE ERCEZ D15y OFEBEYMD I DERYIT - 1255,
IOERYMBRETORE LHBEEF L, thEhOER O B 5oz Uizt
1) =&x7 ) v

=R T Y v ORKEWRBCE 2 2 EECOGTR in vivo ER T2 X7 ) vABRE L
Bomgho 71z — ARHMMOBEF %\, Table 27 Iz h% % b, “h bR
X, =R 7Y v, Moy oiEEE EEAHcEs»AETMEERY BT 2RLT
B9, ZOMELAORE L FHERECHENENL - & — v S BOEE & OBFEA K E- 2 &
ERELT 5, MEEAI=EX7 ) vEEHRERLHCHE S SIFBELTEY, BERIY
THEAmEERBA DN BEET LA 5,

BED in vitro ERITKIFT B SD 72 — A B LTk v 5+ ¢ HAYASHI and
OosHIRO (19753, b) A05mM D = % 7 ) YGOSR CHBHEOR 2 2D 7/ = — A& M X
BIcEBMEL, v FORBHEXAVAKRTY, =57V v1072mM ORMEEE L 74 =2

Table 27. Effect of epinephrine to the elevation of blood glucose level of the fish

: Administration Dose Temp. Elapsed *
Fish method mg/KgB.W. C time (h) Response Author
Lampetra Intraperitoneal .
fluviatilis  injection 0.2 Winter 1 + Bentley & Follett (1965)
Scyliorhinus  Intraaortic
stellaris infusion 0.025 - 0.5 + DeRoos & DeRoos (1978)
0.05 — 0.5 + /
0.075 - 0.5 + »
Squalus
acanthias “ 0.075 — 0.25 + ”
Salmo Muscle ;
gairdneri  injection 0.5 12 5 + Perrier et al. (1971)
Intraperitoneal
injection 14 1 + Morata et al. (1982)
. Intraventricle -
Esox lucius infusion 0.0 10-15 0.5 + Thorpe & Ince (1974)
1.0 ” ” -+ ”
5.0 ” ” + ”
Cyprinus Intraperitoneal
carpio injection 0.1 20 1 + Mazeaud (1964)
” L0 16 1 + Murat (1976)
” 1.0 6 1 + Murat & Serfaty (1975)
1.0 20 1 + ”
1.0 30 1 + #”
Anguilla Intraperitoneal
anguilla injection 0.5 12 1 + Larsson (1973)
5.0 12 1 -+ ”
Intraventricle
infusior 0.025 15-18 0.25 + Ince & Thorpe (1977)
0. 05 ” ” =+ ”

*; Significantly higher than control values.
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— AEEEA RS LIt B4 LTV B, UMMINGER and BENZIGER (1975) (X Icralurus nebulosus
DFF AL 1220e/ml © = &3 7 Y v I Z Il 307HERIC S o — AR RIBRIES L
% Lic, BIRNBAUM et al. (1976) 3% v F 2 OWHEHITAINT 005:M D=E% 7V VHi 2K
M itc» T2 2 — AEHMES R HR I8 5 L lE LTV 2,

oA - AWECET A =R 7 ) ORI in vivo EEBFR L in vitro FEFRTH—-O
A RLTV %, SEO< XA OFEA T 4 AERCOCTS, EEETIKECH, 10pg/ml
D=Ex7 ) VRS2 - AR RETZHREF O LIRS

=i 7 ) vOEWEBARFEACET A MEMLVILL, SEO~ £ 1 ERERO L 5 CHEE
HEEOL LRI ot flb BB, FARKAS (1967) 22112 2mg/B D =37V V&S
L= 2 B U C iR 3 & OVHERE IR O e MERR I IR B DI INIGRD bhis s o lok LTH D,
WERE RS & B 7o in vitro EBETL, =Yk 7 ) VIC X AIRBEEEHEOSHRIRD bhioh
- 7= & L, hormone sensitive lipase 2 fE7E L7c\ D Ti7g\ b L HER LT\ b, LARsSON (1973)
13w ¥ Sng/ke D SRS T, 1 E Y H24BERILL B b B BRI RR M AE 2 HE Lo
Minick and CHAVIN (1973) 13% v ¥ 2 1210pg/kefkED = ¥ 4 7 U v & L B155 B MG
BsRifE D{E T %34 L, INCE and THORPE (1975) i Esox lucius THEH = o — b =¥
7Y v0.05mg/kgthEAEA L CORPERBHBOBTARE L, O0L5kh=Ex7)
v oM EEIE BRI T 5 X T 5 4R 08 DA IR EIZE B2 Tlkisy
AELBTHAGE=CR7 Y VIBEAAED in vitto EREITHV bR BRE ORI S
5h%, AOABEHBIMCAR SR MAPRE X 0 XECETHS (MAZEAUD et al. 1977), %
7o, RJEERENS 1 B X OV 3 BT, in vivo ERRTH bR D X 5 e RIEE TRV A LV
AR RIGA R LB AR TH D, Table 26 DFERMHALTH, BRTI=ERX7 ) vid
7 g — AGECE R ER R oD, EREO S LIt EREBR T 2RIV O TR
mEELZLGRS,

2) Fah =V

Fah I rBLT, METOWRESEDHEA TV oL, EPPLE (1969) MAFIKEITE
AHIVHEORE Y E LD, WA/ A0 v ORBICHTHHEEXRE L T30, £0fF
TR EBETARGE LTV 5B, ZORATVIIEERESA,RDEC2, — BRI IAEY
DIAH TSRO ER Y ES T SR Tw5, THoRPE and INCE (1974) % Esox
lucius < 1mg/kg, 2ug/kgDHEI 7 A = v OBIRANEAIC L » T, MR LB LD,
M7 3 /M svAFe—AR3EBEL T, i (1977) kv >+ Anguille an-
guilla (o[ UALE % U154 ik il LA % 8122 L7, UMMINGER et al. (1975) i} Fund-
ulus heteroclitus Z i\ 7- in vitro ‘BRTI7AI v BB 7V a -7 v« 7 A7 3 0 7
— CESOHEYIHT L LA BRAL, cORLEYRTY a - KU KE{BETSE
L AHE LT\ 5, %7 CHAN and Woo (19782 ), INUl and YOKOTE (1977) 2 v ++T 0.1
ng/kg D, 50~500pe/ ke WHESCEE MBS F A >822 L7, CARNEIRO and AMARAL
(1983) (3 Pimelodus maculatus ©2.5ug/kg® 7 V7 = v EERNES B IHEOF R o ER




2 £A4 DAL VARG

BRI Ll LT B, ChBIEIMEAED 7 A» = v BEFRETIEEREHERTA L%
FLTU5AY, HEEEHZEY LTk BENTLEY and FOLLETT (1965), MURAT and PLISETSKAYA
97N X % & ZOfEAIR A bRz,

sAh Sy OERRETREOSARICEELME LR OREI TR =27 Y v ERULT
VDo RERTHAE/ AH VLB ANBAT A ANLD 7 42— AFERINLZH D
A LR LLDEEL LN, L LA VAR ZAH 2V HUITTENS 55 B2 Hh
Tl

TERTYVOREE Z AN TV OB BT S D RBRICK TS /3 - AERERY
%TRL, WEDOBEY Fig 32 iR L, BEX=EX7 ) i3 10pg/ml, 7% =317
pe/ml L Bl Hp, Vi — AGHECE L 2 PEXEULTEY, ZOBRIEHRLLTT 3/
BLABLIEM LTSk, BX0 73 — 2SR BFFEL 0.8 UT OEE TS
Vo kB, UMMINGER et al. (1975) o3 L5, 7V = — SR LA SN o — AR
DIEETHS 5 LRSI D, MORATA et al. (1982a. b) X =¥ <A K} % in vivo & in
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Fig. 32. The relationship between the relative rates of glucose release by epinephrine
and those by glucagon, cortisol and insulin from the liver slices.
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vitto FEERT7 FLrF U v, Fas ay ) cyclic-cAMP A A S A A b0 7 a — A
RREE LIS nhb b, WHED 7Y 2 — 7 v SRBICEESED Shigh-lcl &mnb, &
D 7N — AR PO E s SOBFACHKRTHE LTV B, L LEESh S L2
—2BLEETB 7Y 2 — v BYEETABACAR L Moo BMRESLET, ©
DR R EECKRE Lo SHETL TR,

IAh Tk MG TS B LT TasHIMA and CAHILL (1964), LARSSON and LEWAN-
DER (1972), CHaN and Woo (1978a) 3+ Fh Opsanus tau, Anguilla anguilla, Anguilla
japonica T 7 v H 3 v ESHIEEERIC XY 52 £ LTV 545, INCE and THORPE
(1975) 3 Esox lucius T#HE5#H 6 BETHEREAYFHD T B, KEBRNMWDLEZB L, IAH
TR AN vARBLACIEERERCFR T ERFE L ORIGS, COPEOERCoVTIR
e RSN EMEARE IR T %,

3) a—Fv—n

fEIc 3} % corticosteroid DO BF%eid IDLER and TruUscoTT (1972) o3 b5 X 5io{k
FRMEECRE L TR0 H< ORISR DR S, —BENCIE, FHC X - TEENLS 54 MF
Ko —F V= D% ENILMBR TS, Lnl, 2—F V-1 OEFfEAcEL
TEHFE T 0SNG s Do,  CHESTER-JONES et al. (1972) BEEflfic
B ABEE~D 2 —F V= A OB SRERNCIEAFCR T A0 LE LRV E LTV 5,
Telim =7 2 7 BABhC o ToHEI DI,

HiLL and FroMM (1968) (L= < AN 2 —F V— ALy P EBHELT1 ~2 B
R Ltc b & A BEEE ER Lishorcd LT3,

BUTLER (1968) LY+ ¥ Anguilla rostrata = 5ng/kg AEO 7 —F V' — L O EHRNEH %
10H 2 b 3 AR folellirg 740 2 — ABESHML, R EFBO 70 2 -7y valmLice
LTuw%, %¥7:, UMMINGER and GIST (1973) v ¥ itz —FV—A 1pug/8 fhED 2 [
HOTHE 2 WML THEExMBE LA 2D Tk D, MURAT (1976) o iza—F vV -
2.5mg/keth 4 kS U12RRIH0 mBEE X0 L7- & #45 L7-, INUT and YokoTE (1975 b. ¢)
1LY ¥ Anguilla japonica =2, 10ng/kg{EED = —F ' — % 5 B~10B EH & HLF 1ok, M
¥, W7V =— v &, K GOT, it FDP, Tl PFK {8 Lo s L, & D
gz Lic v rFio 2 —F v — A ki (168, 10mg/kefhid, AW Lk, mbrra—2A
BB TET, M7 BEOWMMLA bR okt E LTW5, CHAN and Woo (1978b )
X F Anguilla japonica = 1 ng/kgfhE D 2 —F V- R AT U, BEEEEEN, M
B — ABWM, M7 2 BEln, FROEAE, 7V a-+» v, BEROHEMELL
Tk, CAEDOELIX 2EL DB EVEBTHI 2R LT 5, HBE 2 —F V- AN
FIHBOBABCRB Y ML, FETTh S boEFER RH#E T 5% L FHRST T 5,
LiDMAN et al. (1979) it 5% Anguilla anguilla 1= 5ng/kgfhED 2 — 5 ' — L% JEE NE 4
L1, 4, 14 B EFmiEh 72 - ADMCH 77 ) =2 — 7 v ORNEBE LTk Y,
MiEIEHEEE OEiz /s > 7mé LTV 5, DavE et al. (1979) it =2 —F V' — AESC X »Th
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BORBVBEARSRPNIEEO L0 LUTL B 2 L n b, PHEHOSE EIBHRAHE = —F
V= Lo TRBEINBEAS LHERL TV 5, ¥7-, LEacH and TayLor (1980) it = —F
S—n7 ey 7HEHRERCMLTHE VT, RICA N VAR S BOMMF 2 -5~ 4, Z
- ABFWEL, 1 ~3EEOME 7 L2~ AROWINL S Y 2~y v 3R X b, 6F
Rl oM EFHEE X34 0 L R L, X5 LEacH and TAYLOR (1982) (I Fundulus
heteroclitus {2 = — 5 /' — L 200ug/ K % 5 RS LA £ 868 BRI A Sl B 5 v
—IZDHHIELERDT D,

Ihba—F - nOREICH 2 BFEZOGTULTXT in vivo EBRIZIBLDTHD,
R E VSIS - THMBEEHMARD bR B2, ThUAORIGKE 2Tk, #HRiE—H
LTuw/gl, $HZ CHAN and Woo (1978b) AMEHT 5 L 52, =2—F Y — A 5% OHMm
B EET 2 L ThE, BRI A L2003 EHIz L E 2 bh b, in vivo EiRO =
—F - A OEFAEDRECE LT, KEAT L BEOMBE A WENFEL TS L L
FERS T bbb EASRELR S I 6L Lo time lag 23R bhd o & & AR
HITHB, HB1ETHRE LKA b VANOMBE LR &M X » TR ERRE (1R
LAR) ThoTwb, SO &ita—F YV — A X5 MM LR ORFMBES LB, At v
AROMBOME LRt = —F /- A EEES LT s SRS 5, AERTIRA
BB R LM A @ U T OB MG 2MhA L 5 v DENVCIREBICE R TR D, 1R
DPADIIEAE ST % LV 5 T in vivo BB LK EC Rins, #Hil~ 4 1 Oz,
W TH D, Table 24ichbh s X 51, MBEBN DO 7 b a— A FEHZ ) K E L,
ZHIEH LT 2—F YV — RN LR 70 2 — AR I T %, Fh, 3EHo
REEBRGCIFR CORGREESE RIS TE0 - 728, FOEREGRENKE 5%
DRHBBETHS > ZHOOKRLEREN DAL LA+ v AROEO M L7 -WEEAE
BOEEE =2 —F V- ARFRER LB LB 2 Hhit,

4) 1V Ay v

A4 v AV voOBEgRcaT 5 MEETEREED X <2 T 5, LEmsON and PLISET-
SKAYA (1968) (¥ Scorpaena porcus, Spicara smaris, Trachurus mediterraneus, Gobiidae sp.,
Gyprinus carpio T, 30~80LU./kgthk&ED 1 v 2 Y vHEBENEHSCOEETFTAL LR E L
TasHIMA and CAHILL (1968) (3 Opsanus tau ~D100LU./kg DHEK A v A ) v OEBIRESC k
- T, INUl and YOKOTE (1975a) (3 Anguill japonica = 5LU./kgtkBE OB 1 v 2V v &z
X »C, INCcE and THORPE (1976) (X Esox lucius = 21U, /kgD % 514 v 2 ) v OBIRFNEE
IZ X - T, LEWANDER et al. (1976) 1t Anguilla anguilla “HFKRE1 v AV v OEENEEHC
X - T, OTTOLENGHI et al. (1982) i3 Icralurus melas 1w 60LU./kgD4:41 v A Y v OEEAE
Bz X o> T, = &A@ UTiRdd -k (1971¢) 230.02, 2LU./1008 thEOESIZ L » TF
hERBEELTOEETYREL T2, ThOORETA VYA Y VAMAESLOTLAED Y
DTH, T, BEHESARL-> THRBCOBEETHERLYEZ T 2R LT 5, BN
FU TV I HT 5T — 20 b 1 BB T O EBmEGRELAD LA TERD, —ORIED
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Bbhh AR v, FRORKEHRBCELD 1 v A Y vOHREC2VTO in vitro BRI
e\, HAYASHI and OOSHIRO (1975b) i3 %  FEHIFCTA v A Y vEHMA 7 v 2 — ABEHEZ
# U7 L84 1, DE VLAMING and ParDo (1975)i% Notemigonus crysoleucus @ in vitro &%=
BT, 1V AY VICIBIFRD 7Y 2 — ¥ vERGRENRELGEC I > TERS T LERE LTS

£ v A Y VIESHE T B MBEHEIE T EFRE E A S 7 2 — AERIE &, BN O
IaMmb 7 —ADRDAZMRKOMHEGRC LB DO TRUNEEL DR S,

Fig. 2 13, =57V v/ AT VOPRERETHL, 2a—F V- ARL VR VDS
A3 — AEEEIEIA 100% L T —EDETHBTHILERL TS, ZhBEDLST
BHYEOONRH LTIV, FOFABFCR L Ta—F YV —rEf v A) VT, =X
TV VRSN TV ERRENR LD THLIEERBLTWHEELZLND,

s Ui A v A ) VMBI M & 2 5 BT OV T mBEE Zik - ¥ D LIcER
(2 5 TU e\, TasHIMA and CAHILL (1968) it Opsanus tau T100LU./kgDAf v A Y v
R EE S C 4 BEMEE o MBI DRI L 5B Ui hs - 7o & )45 Licad, INCE and THORPE (1975)
13 Esox lucius @ 2 LU/kgfkBD A v A ) v BE LT E LV HEREEBRO ETEBE L1
X 5z, MiNick and CHAVIN (1972), LEWANDER et al. (1976) it v ¥ g & v+ F Anguille
anguilla T4 v A Y v#EHO M EERVBE T 2H8E LTV %,

5) At VAROHERIEE TS AL EY

LEO in vitro ERFCHAGEFBIFHE TS S L5208, Fra—2REM L&
HThD o b, RISRESCIE~ #4 DBFOEBREBANCS LA, PLRVERETHSC
& IO FHEIGHE | BEORIGERE L Tw5 2 LR Y O&EHETRD bhi, ThbD
Sz A VABCHE SR e v RIS 2 A EBENEEBY R 5 e DICRE LIRHT
BB, Fic A T U ABOERN (1N B miE R, FRSCHARFD /Y 2 -
S RREBRE i B O L T L 7 — AAE & A ORI A R T B, AEBRER D
b, CDEERELTLOR, TEXTIVESANTYTHok, mEXRT Y VILA L VAR,
AT 5 S ENLL bR TED, TOENDE, A+ VAROREEIE TS
FrhhA T EEL BRD, SAH T LA VARCA L Yy Y — G U TGERHIT
EhEL0MEINEBLNLTI,

2—F =LA VAR, MEPCELIHEMT ARV EY TRBLVAERERCLAD
oo, EREERCEEFE»S 743 - A G S FRRA bRV T LAEKED
L REETCIE - R R ST AR AR L, ZOHEM in vive RTHEZ - TV 2D
Hoo, FOMHOBERIRE LI Lnb, TORLEVOXLLEANMBETCSHS L
BELZH, Fh, TORAEVCEBEREOTERICOVTL, HRERYTILENDS
50

gD S0 7 A a —AEBEI=EX 7 ) VI o TREQREIND C EHER IR, M
AETESRE > T A =47 ) ViT X5 RSO HIECE L TR0 IR I hic,
A2 b VARIEHORE =3 X BB OBBRRBETIMILEE SED, A oBNCELRLT
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vkv&%i%:&%f%bo:h%@%ﬁm@bf@,é%m,mﬁ%ﬁkzn1©<ﬁﬁﬁ
BHHH,

A TERX7VCOPEKBCHI-ADEE

=7 YUY (7 FVvFYv) it, A VARRCHMSRESh AL EYE LTI HMBR
Tub, ETH A+ VARSI =€ % 7 U VIBEAINT A Z L2 MAZEAUD et MAZEAUD
(1981) IZ L W BE IR TV B, O EVOYBARBCHI-2 2FEL LT, K HA
sV B RIS T BB S, < XA TRATHOFBREERD L 5 il bo 7L 2 — A
A EL T hEABIEMND - 1.

AT, AP VAB=ER7 ) YOEEFTMg 7 42— A0FHH, E0 X5 hEBerR
F Bk BTt C - 7 2 — AR EERET > DO TEORRERBR <D,
1. EBR&EH

FEN 2 [FF] o 7o H 1 EIXI19BLETK X 0 BFIPSIBPOKEI AL = v 7 ) — KT, &£
Fh by EURSTE Lic< £ 4 2@mfAar L, 198263 A20 A6 4 AI5H ORI, 52 EitE
WS X 0 R L0.57 B ME L 3iArA\T19834: 1 A19A 25 2 A10H DEICr - 7o
st~ & 4 2 EBR AR B G-t ERY AL 1 BAKEN DL ) BIF MS222 TR
L, BLELAELEE LKk ARBEAYHBL #1HTE =27 A>T, I
WA S A AEA, KEEVAREEA, I AREIALME R X AR REREHOU-HC- T 2
— A BORMES AR, 7Y 2= v ~OER, RIFEANOR DAL RHE L, HRKIC
=57 v (v 7 <#(EPINEPHRINE NO. E-4250) % 1 75 2234 h30pug &b X5
SR A RS0l BRI L 7o
2. EHBER

EEE I B IO ICfER LI £ 4 0RRE, KE, BHER LOAELY Table 28 I3 L
Fro FBR ] O X4 DEFIRIEBIIENE —THEOCK LTERI O <& TRELDELK
Eh o to

AP A DEEREE R A Tables 29~31ic /5 Lico FFIC I % 7 4 2 — 2D R TR A
FAEREN S 2 PR E LTERSRBEIDE v, Chik /a2 —AR=FfAF &
LTEMBIRDLERLT 5, UL, SRR AAECE~NEThbOERD T

Table 28. Body conditions of the red sea bream supplied for the experiment on the
effect of epinephrine on glucose metabolism in the tissues (meants. d.).

. . . N 1)

Experiment Fork(c}:)ngth Bod)z gw)elght leer( gw )e ight Condition factor? Hep aitrtl)gg’r(n atic
I(n=6) 27.6+1.35 429. 6+72. 85 5.431+0.95 2.03£0.16 1,27+£0.18
II(n =7) 29.3+£3.31 495, 4+215.2 10.21£5.72 1.88£0.39 2,03+£0.71

1; Condition factor and hepato-somatic index were calculated with body weight, fork lengh, and
liver weight according to the formula listed in Table 23.
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Table 29. Effect of epinephrine on the utilization of U-14C-glucose in the medium
by isolated liver slices from the red sea bream (mean(:t;. d).
n

UC-incorporation (dpm/mg tissue/h)

No. Experiment group - - —

CO, Tissue incorp. Glycogen Lipid
Control 9.74+2.10 - 2.37£1.11 2.82+0.58

I (5) (5) (5)
Epinephrine 9.98£2.01 — 1.3010. 56* 2.56+0.37

(6) (6) (5)
Control 5.68+3.85 206. 6 +43. 69 2.52+0. 88 1.62+0. 56

I (6) (6) (6) (6)
Epinephrine 5.16+1.53 223.24+40. 37 4.41+3.14 1.37+0. 34

(6) (7) (6) (6)

*; Significantly different from controls (p=<0.05).

Table 30. Effect of epinephrine on the utilization of U-1C-glucose in the medium

by isolated fin muscles from the red sea bream (meanzts.d.).
(n)

UC-incorporation (dpm/mg tissue/h)

No. Experiment group -

CO, Tissue incorp. Glycogen Lipid
Control 3.43+1.42 — 32.55+12.91 0.8510.21

1 (6) (6) (6)
Epinephrine 3.19+0.64 — 14.87+7.13* 0.98%0. 40

(6) (6) (8)
Control 3.00£0.76 333.1+£30.04 29.88+13.01 0.35£0.07

I (5) (6) (6) (6)
Epinephrine 2.9410. 65 315. 0+47.99 21.01+9. 93* 0.3910.14

(5) (6) (6) (6)

*: Significantly different from controls (p<0.05).

Table 31. Effect of epinephrine on the utilization of U-4C-glucose in the medium
by isolated adipose tissue pieces from the red sea bream (mean(i s.d.).
n)

UC-incorporation (dpm/mg tissue/h)

No. Experiment group

CO; Tissue incorp. Glycogen Lipid
Control 1.57+0.06 — — 0.99+0. 13

. (5) (6)
Epinephrine 1.99+0. 88* — — 1.01£0.29

(5) (6)
Control 0.8510. 42 37.831+20. 49 — 1.16£0.37

0 (4) (4) (4)
Epinephrine 0.82+0.39 33.28£8.38 — 1.24£0.34

(4) (4 (4

*; Significantly different from controls (p<<0.05).
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Vo HIEEESE (Table 30) Tiz 7 2—A37Y a— ¥ v E LTROYATRBZENSE L, EBIR
DAL BOWIOYS & h o, RED AERBOWINGCHicb, IBIHER (Table 31) TiLREEY
AHEFE, HB~OWH AL, BH~OEREI D251,

BB 7 v a - 2Rz LT, =X 70 vEREMTDE, WL OnDELAREC -7,
HRES T, 722 —-AnbD s ) a - v EREER | TMflshies, EBI1 il
R CPHEZT LAEK Lz, WEEHAARK T, =27 ) VidER [ LFERI T/ ra—
ADTY 2=y ~OEBYNH LI, SOWBITER | OFB8KEr -, BIFEKRTIIER
| TR AERBA X7 ) VEHEINC L > TEEIRBA LY, EB1 T3 of[ILED
bhiech -1,

3. & B

1) #kc w5 RAKEHRE

BEORKHRBCETI2RETL D, FEAGCRETORBOBELI LI LTV 5%
DA, FOFRCHEBHABRIC OV T EERE < in vivo &in vitro OBRAEA BRI %,
Nacal and Ikepa (1971b, 1972) %, glucose-6-14C, 1xCi % = 1 O EEPUC IS Ui,
REEH AERC10%, TR 7Y 2 — 7 v ~OR AR 1IIFIA T3 2 &, %7, glucose
-U-MC LRSS LIcRRLIRBR 7 A129.67% . IFHEME 7 ) = — # vi2 2.10%, H#Elgl
0.67%FIAINB - L& ATy 5, RENAUD and MooN (1980) i3 Anguille rostrata @ 5HET g
KR 351} 56-1C-glucose &\ 7o 742 — AR BT 5 EBRCREE Y A, I8E, 7V =2 —
FUNDIR D RABHERILEZNLN2.5:60.5:8.3% 70D LW Lo AEROBAIITER |
ETCRRVBE - 1eh, 7Y 2= VY ~DIR b ASELEIL Nacal and IKEDA D = £ DREKE
RELVEZRLTED, KBHP AL LTOFIHAEHNE . RENAUD and MooN DEERER L
DEITEE BRORE B/ ra-2A0BESOR I IB0EEL LR,

WiPI#EERIC D\~ T WITTENBERGER and Diactuc (1965) (1 EZGHIE L7 = 1 DEEROKEG
ERBOARE, 7Y 3 -y, €AYy BRBOEED SHEMSTAO R O R E R B o
ERHEEE L, X Hic U-“C-glucose 6,Ci % Scomber scombrus OEQIFRGTCEST L, 1 BRIH#
T, B, FEANCHRAZEE 7Y 2 — v~ DALEBEY L T\V+% (WITTENBERGER
1972), BBRIEGZ L1k, RO 7Y 2 =7 v AL 3% 0 b RTNBOIK LTHEGED 7Y =2
—F NI L DRAENRTE DY, ZhRERERO= LT, 7Y a—7rv~OEDAZRES,
FFRENE - RfBASE (Frih) ©2.37 :32.55L12.52:20.88CHD - & EHULIERTHS,

I%%%%Dﬁﬁﬁ®@#6fwz—Z#BDﬁMﬁxim(1$w¥—&bf®ﬂﬁ)%ﬁ
B CHE T 5 &, TR > Noig i > e PRI DIE & /e %, EIEMISHIiv 1 L3540
BHATIITD 2~ 415, B TR6~71Es, REBY AEREIHBIRELYRTOT
COREITHBRORBEHEOBRELRTIDE V2 L5,

MR~ DRI D 3A St 3 Bl 5 A > PRI > IR RSB DI & 7o b, TEIEPINEI % 1 & 35 &
FFRERE C13fy 6 £, MR T 9L b, Thiz 7 a2 — Aoffe 3 2 B 25 A
BENRRLZEXERLTIVDLDEE: Lh i,




" B

7 a— 5 ~OF B G T ERO10EU L ERTH D IEEOFI TR
> ks ISR AL BB DI 72 > Tl B, Thb 7z — A0k hAKHR L ROMER
oo 7 a—- AF RO FRCEER S D EER LT 2,

2) =¥x 7Y vOPHR

KPR TR A+ LARED 74 = - AFBORMAEMS b, ThbRipsfcs/ v~ A5
e A R CERAD = €2 7 ) VEMOBELHE N, 2 SORRCHGE LBHRIT,
BEHERARC T 5 /A —AD 7Y 2~ Y ~OFHAOMHTEH > o FFEETO 7Y 2 -7
b LT OFIEOMEILER | TR bR, EBRITRED bhimh ot FBITOROH
%ﬁf@ﬁwn—X#BDFUH—FVE&G%M%%L,ﬁﬁ@mﬁ?%%%$m2ﬁj%ﬁ
gL, SO LRERFHPLEREFCHERSEDHLON G LIRS

FRETeY R 7 ) VAo MENRBIC 52 s EBCB LT, DBIER A, RS
T o DWENRL LIS,

PEYRAUD-WAITZENEGGER (1979) 1. 5% Anguilla anguilla {2 %1}t % in vivo EEETT N
V) IR R X BEEOK BRI WE Lich, SheI o7 Fuvry vERSZHEEHTIR
4Rt h, &Micid a-receptor A3E {3 B-receptor ARG T B & L ¥ #HE Lic (PEYRAUD
_WAITZENEGGER et al. 1980), TIRRI and RIPATTI (1982) (% Perca fluviatils DR O 3
+57 Fvor) v OBERHE~, 7 FUrr ) VROBREEES S8, CoBRGREIMEC-ELE
Je¥\s 2 Liso PART et al. (1982) 17 Fu oY vid= v~ ADENEOMEROIELE -3
E Ltz '

GEEBCRTD 7Y a—rvHRE R 7 ) v O ZHRICBE LT, BENTLAY and FOLLETT
(1965) it Lampetra flwviatilis =7 F vV v & EEAEH LT MmyEEmEFRTY 2 -5
v OREDOBYH BT, RO 7Y 2 — 7 vBAR@ED bR & Lz, WITTENBERGER et
al. (1975) KO AN L AHO in vitro ERTHEBRAIC /4 2 — ADMFET 5 LHRHF T
7Y a—ryoREyhrabhT, AGTOREDbRIEL, FHCRTE I L2 -ANnBDY
Y2 U ARED KT I RRARL, CORCT Fvr) vEHENTHEAHCETLELY
Yya—ryvgbr@Eisbhicd LTw%,

oV, 7Evr ) viEE, 7Y 2a - YV BERES ) 2= T s AT 5 )
5 — viEHE L OBRICEET ARG H D, MURAT et SERFATY (1975) 126°C, 20C, 30C T4
# BEH L2 4 12100pg/1008 ABEO 7 F U ) v ERENESH LIEOFE/EED
2 TR, B Ko 7Y 2 — 7 vIEB LA o~ EOEME X T gy, UMMINGER
and BENZIGAR (1975) i1 Ictalurus nebulosus O TR %My, BERC=EEX 7)) VE
Me B ZVa—ry.e7 A7) 57— CHEEOEEMELEIH, RAFCHERBRPMC 742~
ANEEE Lo D, =R 7 ) VIIRBAREREFTHD L L, F/o UMMINGER et
al. (1975) 1t Fundulus heteroclitus © FkE7c#s R % 187-, VERNIER et SIRE (19782a) X =%
= ADOFEEGA A2 in vitto ERTT7 FLvF U vhiZ Y a—rv e 72 A7 50 7—€E
HORBEYIHL, 7V a—rUaiEBRIAL EXBE L, X 5K in vivo EBT50¢8/100
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EHEOT FLvr ) vRBRES LB, ) a2—rv .7 227307 — YRR LLE
\»5 (VERNIER et SIRE 1978b ), BIRNBAUM et al. (1976) (I, * v ¥ 5 OFHITHIfA OB #E
HOIA 2 - ABOERELHEMERTHFMR 7Y 2 -y VEBHIRA LIt LT3, LT, &
ORUSDOFIIC cyclic-AMP 28I LT B2En b, D74 a— AWEIEEIZ LA L
B L,

Ihb=vx7 ) voRBRBCH 2 AFBRIMBC L s =2 A ¥—EELEKRL B2 L
T—F, LT\ 3%,

FEBRTHLMC IR REHASCHEBCR TS 7L a—A0nbD 7 ) a -y Y HRO =
R 7Y A KAHENE, =€ 7 ) iz XA D0 s o — AEEERI GE3ET (AR
1984¢)) LEBAORAFRICHHIOL HHIIhE, Tiobb, =R 7Y ViDL 5 HEEAS
ROFEEAIBESE LT EEZ bR D, RE (1974) (ZRE DI IR0 AR 2 B8 R O %8
FEBELTVEERNT S, RIC X5 LEBERD key BEF#E TH % phosphoglucose isomelase
& phosphofructokinase /3ATEE, BFME, LB, WILE, MAH, FBECEIHMHL, Hh
Frig s EaNcR<, AFROBBIN 2 - VIIBEEROATICMUTV%, =51 THITHE
BRI OBERE  Hbo> T 53D EE L bhb, &1 Tiddie< & HIFRERT
phosphofructokinase 27 Lo/ b OFEMART I ¥ BBEL T3 (BRERE),

AERERCIRERPCERED 7 v a - ARFEEL, HBRVAZENBL T/ L2 —RAD
BRAOBREZS A0 0bbT, =27 ) vERMLTLFREBELHR TR v e — X
P HORBES AEFICEN e, BEBEE~NORD AR IEL b0, DI ER=EX
70k, RMOFEY 7)) a— X v R~Y 0 B2 A REAZBERCE L, BRENCEEBRC
BFA 72— A0FRC 7Y 2 -7 v LTOFALMET 2 0L EL bR D, Bl
HEREG& TN 7 v 2 —ZAnbD 7Y 2 - X v ERBENE L EV0T, iz —2FA
RMEFTD LA, —H, HECHTE 7o — AEBULE &V 5 & LA
BN EBED /L a— ADEBRTT 5 Z Licokdy, B =R 15— L LTOFHE» NS
ENBZ LRV OTRIABORBITEICIENTHS LELBRD,

BEH A—F /- LOPRRMICHELIIRE

A b U ARHCERRMANCERMKF O = —F /- VB ENT2EEI LI Mbh T3, L
ML, SORAE Y BEFRCHRLEO LS Z ERTIERNS  OREDH 5 0 ERH
R 2 2EBCETAHRERIL NG, FRIIZ DAL VTSR SRYRET S CER
MAEToHE b Ly (38 A AL VARDOZ DAL E Y ORBERBRCH T2 E&E
REFCE L TRAUBANIKR IR TV 5, KEITIE 2 —F V' — A2ERMAC RO HER
bz 5EAE A 510 in vitro RCABERLHAV- /A2 -2, A8 7Y v OopER
e biox HHBYTI
1. EB&H

Fa—AHRCKT S 2 -F V- A OBROFBRIFAHMORRIORELFA—D b DEH
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Vi, ERREICIZ1 75 A e 2 -5V~ (¥ 7~ Hydrocortisone No. H-4001) #%
30pg 7D k5 BEEE RS0l M LA

BRI HTE a2 —F V— L OHBEORE T, FERFEE(> 7 <4, L(+)-Lactic acid L-
1750) #Fvs, Zho0.5M Bk 4 ml iz U-1C-FLE504Ci ¥ & EHIMYERE L, ZEK
TLOfEFRER L1c b ©50pl % 3ml OHEEW (7 v 7 A KERBEER) winx FH E L1z (0.0625
©Ci/2. 5pmol H), MBEAOIEH, RREREHESIE TR LB THD, REY
AL, Ol VALE, £V 2 v RREE~ORDAZBEOWEIELIFHO<=07
A ko e SR B LT, B0 s — AR LHIE L,

7o BB E LA —FV— LONBROER TS Y v REBE L, By Vv E
LT U-MC-79 v v fiv, 100¢Ci/0.5M 7 Y & vIR&50p] BEEWIM Lz (1pCi/25
umol 7V ), a—F V-, ERRI0pe/50n OBRBEYEN LIz, RERRLTH
EROBRENLIBME Lico 7 3/ BEBOHBEIL /v - AEREERD DK pH A
BERIA D D BREBEVBE DT, RBY AERBRE L, HEERVARE, 7V 2—-5 Y,
WE, rra— AERBHELR, BT LTHDO7 S A 2Tfiol, MBIRENFE_EY 7 A
o, HBEZ20ml ) 2y TARMEMT I Ak, REFAEREANER 7 7 A=212
1 B oEREREE~= - 7TARDIK, TOMOMNER 75 2 21X IEMOBRERER, 1455
OKERKC DT RIE B IRELCEBGR I ML TERAERXIT, ARz oE, =5
EERDEILERIFETT - 12,

2. EEBER

FR (Fra—-2KH), FRI @BER, ERI (7)) v vEB CHVCRDORE
% Table 32 /R L7, BRI L T0RI3ER, ERIDAI2FRATS S,

Table 33 & 74 = — ZAFBORBET5 KA ROREB S AW, AB~0RbALR, 7V
a— 5y ADERE, REE~OEREYUCIZY - TRIE LEERER L, REORHELE
4 FCHRe X ST REE T AERCHIA Eh B EE &L, WEFR TR =2 -y
~R DA FENDENS A CIEBI D ARE DV, ThIRHLTa~—F V= LD
IR R A1 C RID AL BEHECED S8, TOEIHRBR O, TH -1
B NIEHEE CHRRE~OR D ALY IEMEIERHBE O 120% Licofc, 2 —F ) — LD
HINTEKZIC S35 =3 ¥~ L LTORA (REVALR) & 7Y 2 - X v ~OBRRCIEE
BE 2 o T,

FEEAEBE LB ADREE Y Table 34 1R Lic, B TRIBELOORBT ALK, 71

Table 32. Body conditions of the red sea bream supplied for the experiment (meanxts.d.).

Experiment  Fork length Body weight Liver weight s Hepato-somatic
No. (cn) (8) (2) Condition factor index
I (n=7) 29.3+£3.31 495, 4+ 215.2 10.21£5. 72 1.88+0. 39 2.03+0.71
II (n=7) 30.3+1.40 550. 6+75.0 8.34+2.61 1.98+0. 10 1.53+£0.51
I (n=9) 25.5+1.43 332.04+59.4 3.81£1.39 1.99+£0.12 1.13+0. 31

— 90 —
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Table 33. Effect of cortisol on the utilization of U-14C-glucose in the medium

by isolated tissue samples of the red sea bream (mean(i )s d).
n

UC-incorporation (dpm/mg tissue/h)

Tissue Group .
CO; Tissue incorp. Glycogen Lipid
Control 5.7943.52 206. 23+ 43. 94 2.48+0. 81 1. 667 +0. 525
Liver (7) (8) (7) (7)
Cortisol 5.41+£2.78 203. 34+ 49. 26 2.441+0.63 1.709£0. 537
(7) (6) (7) (7)
Control 2.95+0.63 333.15+30. 04 32,96+ 14. 40 0. 350+0. 068
: (7) (6) (7 (7)
Fin muscle ,
Cortisol 2.81+£0.91 292, 66 + 35. 48* 29.591+13.54 0.330£0. 034
(7) (6) (7) (7)
Control 1.22+£0.97 70.93+55. 76 — 1. 057 £0. 322
Adipose tissue . (7) (6) (7)
Cortisol 2.14+3.96 81.66+102. 80 — 1. 265 +0, 382%*
(7) (6) (7)

*; Significantly different from controls (p<<0.05).
**: Significantly different from controls (p<0.01).

Table 34. Effect of cortisol on the utilization of U-#C-lactic acid in the medium

by isolated tissue samples of the red sea bream (mean(i)s. d).
n

4,

UC-incorporation (dpm/mg tissue/h)

Tissues Group
CO, Tissue incorp. Glycogen Lipid Glucose
Control 43.61+17.40 37.69+£19.80 0.584+0.783 17.31%£18.57 44.061+27.62
Liver (6) (6) (6) (6) (6)
Cortisol 48.25+23.52 37.69+£16.90 0.540+0.755 15.82+16.61 41.58%36.09
(5) (6) ) (6) (6)
Control 9.16+2.86 14.15+3. 84 0.835+0.625 0.740£0. 312 —
Fin muscle . (6) (6) (6) (6)
Cortisol 8.79+3. 80 13.74+2. 53 0.9911+0.757 0.667£0.322 —
(6) (6) (6) (6)
Control 7.40+2.37 7.15+3.00 — 2.919+1. 822 —
Adipose tissue . (5) (5) (5)
Cortisol 7.20£2.93 6.01+£3.09 — 2.386+1. 283 -
(5) (5) (5)

2— 248, BEE~DERIARIIKZVD, 7Y 27 v ~OB Y RLIT DV, BIFE~D
FEEDE b AL BRI D AR B D38% 12 Lic, MEEMA TIXILBC X 5 REE 7 AR EIL
B, ZY 3=y ERIBEAOIR AR, EEAREE AR~ O AR
BRSO REEF AL, REBE~OWVAZBIE ., 2—F V— VORI H
LEAE LAEAG TR WA EEBREEY S 2 ik o 1

Table 35 =7 3 /M (7Y vv) #EBEELLBAOKEREYTR Lic, AERER CILEkE
BKED T, BT 2 Y > v BORBH AERII A Z v, BB~ORIY ALBIRE
WA, TRIZENBEZVa—r v, BIEE, 73— AADOE D ALRTHENEC A h o T,
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Table 35. Effect of cortisol on the utilization of U-1C-glycine in the medium

by isolated tissue samples of the red sea bream (meam(i)s. d.).
n

4C-incorporation (dpm/mg tissue/3h.)

Tissue Group
CO, Tissue incorp.*  Glycogen* Lipid* Glucose*

Control  536. 251 496. 80 1006. 99+206. 55 13.51+17.80 29.40+27.50 91.45+84. 16
(6) (9) (9 (6) (8)

Liver
Cortisol 482, 46 +374. 46 1059.99+248.03 4.58+8.24**F 20.74+16.01 88.75+94.78
(6) (9) (9) (6) (8)
Control 0.69+0. 57 392.10+£25.67 0.014+0.007 0.879+0. 496 —
Fin muscle (4) (6) (6) (6)

Cortisol 0.68+0.60  370.65%29.37**0.017+0.014 0.526=0. 059 -
(2) (6) (6) (6)

Control 2.12+1.59 165. 52 £ 60. 55 — 0.645+0. 183

Adipose tissue R (4) (5) (5)
Cortisol 2.76+1.35 189.30+£72.78 — 0.627+0,119

(4) (5) (5)

*: Data from tissues without fixation by 2N HCI solution.
** - Gisnificantly different from controls (p<<0.05).

KGR CIR R Y AER B TAE 75 v 7 L 0ERRD LRV S0 o1, T
IoHEBTO 7Y 2 - r v RRBE LTOFIB b leh o fee BERBIEK T 7Y v vinb
R@y AERABIEE~OIM Y A2 b hdh ot DX 5 FHBORBER~D2—F V-0
ORINIFEBC SR 7)o v UC D 7Y 2 —Fy~OHBEYIIFL (RBED34%), Fi-
BRI % 7Y v VORI AR B I (HRIEDIS%) .
3. & =

FFig, Befgarm, BEWNEVERCRTS, sra—2, B, 7)Y vE =k F-FY
BoRBBET s BRATOMRI i,

1) Zrna—2off@i=z—5v—n
HErAra—-A0RBCB LT a—3 vV — AR RT3 7 v a— 2D AL O M &
BB RIS S T B IRE~ DR D AZIEME - S BEE R Lice A b VAROREMEDCKHRE
ELT, BRI S 7 a— AR RASMES S DO TRV EG I FERH LTI, 5
EBHTRELRRER T B, Lo L, WHEHRNAKITRL Y 327 = — 7 v ERBED
BUCEBTHY, AL VARG L 3 — AEBERT, AHTO /A2 - ARAYET 2@ E
HTHb0LELNE EAH), ABs L2 -2 R AZBEONHIGBNABRLIIEZL
By, EREML, SGBES V-, SBE2-F Y- AFETTIT-> Tk, ZOMHRAAK
HHEOBELF 5 RE VO TA N VAOREC X - TRV ELIRRTHD, 222, 7
na— ADMIKC BT AWM AR T B2 —F V- A OEBMIEAEELD XD, HENERS
Aa—ADRFCHRTE RN RLELLTNIVTHS S,

B ESI 505 7 4 2 — ADOBRBERA~OR Y ALZMMEED T2 —F 7 = L DR
B BRI COTER Y B AN A b D, MABRTORELILESHED Z DHE
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(FAIN and CzECH 1973) DA+ LV AROEF IOV T 6T Feus, =R 7 Y vOfEH

(ESED) b, 3—F /—ADMEL, WAEO LD LR Tk, AADKARBM L A=
YOBGRICoWTIE, L) —BORREILETHS I,

2) AMoORBE 2 —F V-1

AMEEE DS, WY A BRI > R i i > i IR R DR & 7e b, TRAZE 7Y
Z—X%ED%%&ﬁufﬁéﬁ.ﬁ%ﬁxéﬁmﬂﬁéhé“c@k%ﬁﬁﬁf@ﬁ@ﬁzé
Bz D L HICE L Kk U, MR ORI D A S B b I (3PN > Hafed 177 > s PO
Wk L 7e . EEA~OIR D AR R L REE S AERBEOBATBEL 1 1 TAHY, ek E
hf&,E%mx*w¥—&Lfﬂ%éhb%@&%i%héoit,fu:—fy«@ﬂmﬁ
CHERTRIEE~OIR D AREN S EREIITS 5,

Havasul and OosHIRO (1975 a, b, ¢, 1977, 1979) 13 FLEH:HD A AT, AT A
%ﬁﬁ,HM@f%&fv6ﬁ,@ﬁﬁf®ﬂ@#5®“0fw:-x@i&mﬁ@mfﬁMﬂ
W B %l LT 1B 1 8 MMk B 7 0 5.47% £ 14.3% DfE% 18T\ %, RENAUD and Moon (1980)
13 Anguilla rostrata OWEEEFF#IF % 72 in vitro BT U-MC-HEz 7 v = — A LJRER
Mt 7Y a—rYADRDAIIELD Thlbh ol b LT D, ABIROAR L
BB e, REEAAEE, Zra—A, RE 70 2= YO RAZRIRL > T B,
P e ~DE D ABIP I E S TR LT 5, EREROFILLALRD X5
I E D ALRIZEBEC LD BBIRLTHS S L, RECAORE Auiitaipol, KEik
Hrl o ThRIL->TLDEELBND, WIS LTHAMN DO 74 2 — AEFL~ X4 D
FFRRIC 350 T b 2 ic fibi, TRINELERA 7 2 — R BC IR S h 5 EERE .

RENAUD and MooN (1980) % in vitro SEERTHE» HLOREFERL 2 —-F V- L TR
X BB & R S HRRCRAED bR s LTV 52, 2HEE TRAERELRD T IcV,
C ORERLE AT 2 —F V- AN LT B EARR LTV A A TREETH LY, &
FERER L EX AL E, A VAREEE, A DO LY 2 —F V- AHEE LT
WA EREL DRIV,

3) 7/ BoR#Ez—F -

Holie U7e 3 SRR CULIFRERGC 3513 % 7 ¢ /7 BERGASE R C HBE 1 P = R PO BRI TLa R T
BTHD L SEEAE B Lot NIRRT 7Y v VI REE A AL (=xrF—- o LT
OFI) bR AEEAEECE-ORH LYY 2= v e LTERSADEFIE -, Fg
EEE & Y SRS AL TR AR, 7V 2 — 7 VAR, IREANORD RAREREHHT
Wisi, REEH AL, 70 2—+rv, RE~OWRDAKREE LT, @H~OMYAAEIK
LR sy v AaAF—L LTL Y AEARREOFHARBY L LTHA S SEE
ELCEGCASHETORME A 9,

(1) 7 3/ BOBMIR DAL T 2HR

7 BAREEL LEBOWBERBIL 7Y v rehE¥bTravy, €)Y, T2 VEN I

vivo, in vitro EERTHL BTV %, JACKIM and LAROCHE (1973) % Fundulus heteroclitus
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OEBHARBLE~O U-HC-v A ¥ VORI ARE RN, BECBESEET (2.5ml/1 LIF)
ZTOMOA L VAT, WORAZBIBY L BRTO5N 0B -5V VD AR S
BREREIem ool LTV 5, KRB THIIEEHA Th T I 2ER e A~ DI D AL DK
THER® btz STEELE (1975) 115 » + ORMREFC R IT 57 1 7 B E 0 AZ O =2 — 7
V— ABEEBERLURCES Z L% intact FEIBRREBH CHEANLRELENLTEY, o
OFFIEGE D < &4 1 WEHHTH LR RE-B LTV 5,

(@) 73/ BrboEHE T IR

WALTON and CowEYy (1979b) I =2~ AOPEMHFMAEC kT % U-1C-+ ) v & OB
HEF5.Tpemol/hr/g L SBIEYHE LTV 5, Zhiz17ldpm/ng#l#k/br. YL, &
FHBOZ) VLo THBLRABI ORI REG, 20T Vi LOBEFAILELLE VR
o7 /B (77=v) OFECI>THMTZ L bHEIN T %, 4 WALTON and
Coway (1979a) 1= = AOHMETT 5 = v bOBEHELYTHAB: 508D 1/20 T T
»%BE1LTuwA, HAavasHl and QosuirRo (1977, 1979) i1 +FOERKIF LM 5\ T7
S=virbLOBERERHALT 5, 7Y v OFIHE LT in vivo FRIC X BERIIL,
DEMAEL-SUARD et al. (1974) % Tinca vulgaris 1= 1uCi ©OUC-7') & v X BB FAES L, £
BEOI LI ) 2 — 7Y v/ ra - ANEBRIND Z LR T3, ZThbo#E#RER,
RECERE, BELAST7 I/ BOBELER AR DD, T3 BHLOBEFENES
NfThh A2 ETR—H L%, HFEckF5 7)) a—r v LTOFAPEREORE X
BEHC X > TR - T b, EPRETLIHRC RIS 7Y b 7 a— AERAESL S
THEOBELHBHSE 2 LW Lo o, SHHOERETIOERY 2 —F vV — AR
THC Lk, in vivo EBRK X 5BEEREDR IR - BERE > T3 (INUL and
YOKOTE 1975a, b, DAVE et al. 1979, LIDMAN et al. 1979), =z —F V'~ LD EHBHEHEC X %
AN S & 3, CHAN and Woo (1978b) ® LEACH and TAYLOR (1982) o J 51 1 [El#
S RERMAOIMERMOBRE L —H Litv, in vivo ERTE 2 —F V— 12U OER (=
Ex7) V) TIMEEANEZ Y BV 2E28bED L, a—FV—1Offflickbl, 2
RN ERA N R EHL D L3V DTHS 5,

B 7i/BDS5Y) a~-yy, BE~OBYARCHT R
FYvvor)a-sveREAORYARL Table 35 & Hh b X S CESHIIThA,
COBERFRERSGTE L, 2—F V=Y, FEZ YV 2 -7 v~ORIARERS €
BRBEIR LI, 73/ BNBEOFRK 7Y 2~ r VICERMCE DA TN B = Lk DEMAEL-
SUARD et al. (1974) #% Tinca vulgaris ¢ RENAUD and MooN (1980) #% Anguilla rostrata
T#E LA, LA L in vitro EBBRTa—F V-7 IV BO 7Y a - VADERDARE
HET 252 LT ABEFIIA DR, in vivo EBRRIC BT B 2 —F — L ES EIHE Y
Va2—rvolBrE LT —EoEmMLiEsh Ty, STORER (1967) i3 v 312200
v8/ SHED 3 —F V- kg H 16 4 HEAMA L EFEC DR LEBRES Y L, o
FERITRE 7V = — 7 VB B i e v » 7o & Lic, BUTLER (1968) (XS TFERMABREFH %L L
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?o Anguilla rostrata L IEHBICER Sng/keh B O = — F ' — L JEENIESH 10 A 6T 708,
R EGERO 7Y o — iz L&V 5, INUl and YOKOTE (1975a,b) |3V % An-
guilla japonica i 2ng/kgD = —F /' — LR EHESH LS B L 10B#Hw i, WEEER, K27V
a— 45, GOT, GPT {EHOREMA#E Uiz, R 31t 588 key B £ 0 PFK G
DELCHEMAS S Z LM 7 3V BEROMEMAR SN2 L E2WEL, vrFTinak
EREOSMRLBEICa ~F/ —ARRTHREI A v 2 Y Vg EHBETA-& LT\ 5, CHAN
and Woo (1978b) (% Anguilla japonica ¥ 1mg/kgd = —F vV — A ¥ IEHER L B TREAKRER
C1EREFEHL, TORORBELEAN, =2 -5 V-1 ofFARKENLEORGET, &
KHOS bz 22 &l bnic L, BEHEEENN, BREKT, OE8N 0 a-7 3
7 s, BFBE GOT G, 9RERMIBEOI 7Y 2 — ¥ v 188hn, 24RO RF IR S o 38 hn
BERHEL HRZ7) 2 -y VR MBI B REFHIIHAO I 5 KA b7 3/
BEHEREEC X 5 L HERI L7-, DAVE et al. (1979), LIDMAN et al. (1979) i Anguilla anguilla
i Smg/kg AED 7 —F V'~ U A4 EBEE AT Lot SHBME & H~C ksl & 7B
7)) a—rvEOHMEYEST%, LEACH and TAYLOR (1982) % Fundulus hateroclitus i
5 H 20pe/ 8 D2 —F— %5 AMEH LB E & 1 BESOBAOHENBOFELEAR
AR TERZEL, LEEHOBEC 1 U mERmOSRE L bR D 2 &, RESE
BEOHECHEE ) = —r v EEB A LR DEHMA DB E LT ThH - e WM L

2 —F V= L OHBERBHT AR TIIGESBE b S £ Tk b OREA) B Z &,
WS HRE R DI, 2—-F V- AORERGVDBETCHD L, BMTRAREFMET
ACTH Offfix BREFEAT oA VEXETI®LEAC a—F V-1 2 B 5T 8D TR
EChB b E WL OnDITENE T T3, Zhbit, WEEz —F v — A%2HH L
LeHEma—F - A OHRYBETIHETHEN, SO LiX, 2-F V- AnEETER
BEOHERBEECEE LRI R LTS I Ly ER LEBRRIEOE A 0IEE* R L
Tuwb,

4) AbvAREOMmMBEER L 2 -5V~

BOA L VAROMF = —F V- ARMEMORBEIERRE LG, RTFRARRSREI =
—F S — A REH LBORETIZ/ZL < “intact” HRICEBREL 2 —F V- AR5 LicRE L
b, TORBIFFRIME TS - Lo b, RERIL, Z OREBOWIIARIE O HHE 2 B+
BT ERAME L, EBREERY Fig. 33 WBRCR L, B KRHEVRIL B DT
A THET20RETH L6, BEHOHBEK~OMYALEY 1 & LckDR
TR LI & ZTEAL VARRORBORHTH D MBE LA = — 5/ — A BB S LT
WEEWIRERBE LA TG, ThbOFBIC BT 2BFABREL IET S L X 5
W7l & 2 —F V- ARGV b0 EEL DR, L, FEENSL
BECh, WS 200 AXPEREYNHETAERLRC &0 b, A L VAR, AP
T3 BEOKEEMASSEL, EHRARIEML, MELARO-REkBz LIZFHEINRS,
PHOELERL, Fig 33 WREh 3 IS5CHBRmM YA Ehs &, BRRNCRFE IR 2 =
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Fig. 33. Cortisol action on glucose, lactic acid and glycine metabolism
observed in the red sea bream tissues in vitro. The plus or
minus signs indicate stimulation or inhibition, respectively.
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ChODHRERETHLE, A+ VARRORELAMBE ERRICR 2 —F V- ARFERER
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=, QHBAMHERCHAIWRORIGI & - THNIh 5 IRFRMLARIE, (6) (D@0 RE
ZAMFIEHT LA AKO RPBERE TCHB L 3h Tk, A+ VARRORBELE ch
SCEHBNERARBEC) DE2H-> T BEDTHL H, AETHE 2 FRCHET2HERH I
ote TRICIADKETL, 2—F/—AR=EXT ) YEDOKLE Y ONWREHE L BRINEK
RO bARAE VORI, Zhbhlevofflic k- THERIh AL MBENNSOEEN
RBELEIFEF TR D,

BETHLA VARDO=EX 7 ) VRHAZEHELIE TS 2 & 5 jicB LTt < 2oh
DMEP I BB, NILssoN et al. (1976) X & 5 Gadus morhua ¥V} % in vivo, in vitro
FEET EHBO 7 v — AEFEMES DO =R 7 ) VIIHASBRERC X - CTHAE IS L
%5 -51), HOLMGREN and NitssoN (1982) (BB RITHHEMEDO S BT Vv U fEEikm
DXL MREEMBEL T VL) v THDLILERLEDTVB, FWEhic=2 7Y ik
HIFMEFAFR L s e fRBE LR T,

FoA b VARCRERMFO 2 -5V~ A BN TAZ LRE I BEOERTHLWU LN TH
Bo TORAEVHBTEALLFWMINE ACTH @ L » THIBEG» S W Ih b 2 &,
DoONALDSON (1981) iz R IR T 5,

AR TIRHEIET, AP VARCOEERCSEbbh2EBEOELLE LT~ 27 » HE
Hhn, MBEMEHEM, ME F Y Y ABEHFBEETHLZE0b, ChbLBEAGIA N VARE
OB RLIN, AETE, SO R 2EBELEE Ly, Fig 34 c 204 rR L1,
BRI 743 — AT 5200, IEUA OB LD 72— AR RT S
BEL, BRObO 742 - Z0FRE TR BBEENEL IS, HERBORLEVIZ
I BEMIERIT A F VAR IO ORIEARBRCEZ - TV B2 EERE LT3,

2. 7V a—5 AR LI LR
) W7y =2—»vofE

D 742 — 20T 1 2 JHEFHGIE - HREKTH D, HETD 7)) = — ¥ v gl
THREEREL LTR IV 2=V e 73 A7 3 )T —E L INa2—R6-T 3 A7 7 2 —EHN
B oh, BEOFOH T 2—5 I vHIFET + A7 2V 7 —EEEHMETS 2 &1 UMMINGER
and BENZIGER (1975), UMMINGER et al. (1975) »° Ictalurus nebulosus, Fundulus heteroclitus
T, VERNIER et SIRE (1978a, b) #=U <A THE L, BEHEIALERI SV 2 -¥rv
HEEAREL 7V 2 —AREATL, CORK, AFC=EX7 ) ik, AEFLHOERERIC
AERBE5iC, FAa—AhbLDr Y a—F &k ilEl L, Fig 34 o0 7Y = —» v
LA a— ADRRBREASCALNE ISICHBL LT/ Vs - AEEN L DEEERE, 210D
OB 7Y a3~ v e 7 2 A7 3 Y F—ERRBIARVEIhTVWSAB TR VTY
(MURAT 1976, PICUKANS and UMMINGER 1979) 7 ) a2 — ¥ v i %27 ) VCREZNS
DESHIB B TR,

2) FE»LD 7L = — Al
HB LD 72— ABEER=EX7 ) VIZE - THIEIh S Z L RABEIHOBERE,I LY
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Fig. 34. Actions of catecholamine and cortisol on carbohydrate, lipid
and protein metabolism of the fish. The arrows indicate the

Bonthh,

ZHh TV 5%,

general flow of substrates reported in the fish. The plus or
minus signs indicate stimulation or inhibition, respectively.
The rectangle and the circle indicate catecholamine action and

cortisol action, respectively.

tions according to published reports.

Dotted lines mean the informa-

fliz 4 WA % (HavasHI and QosHIRO 1975a, b, 1977, BIRNBAUM et al.
1976), 7 A =2 — AL, E5HOWRBRCUH L. X o, FEAK coZBELFV- 0T, B
D DA~ OR NI BRI e b D e B L bh B, LD 7 v 2 — ABEYIIET 5
a2—F V- AOIERL, Eo—BEOMEA L L TURAECK - THRD Bh T 5 (FREL976)
2, Bl bbb —F - DfEHE LTI, DUABFAC XS 72 — ADALFEM»E

Lo LEIEHOKE (Fig. 32) KABh3 X5, 2—FV—-AIB Iz
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— AGEEIE OB NS, o 7 v — ABBERET (7Y 2 -y vE) wBEfRRED
EARLIEDT, =37 Y VBEOSGENL, L LT/ - ARERINARZS DL
Exzbhb,
3) BRIV a—ruhbosraa— A E F oK

BRESIEWTL 27 ) VEETFTCHEZ ) 2 — Y07 La — ANOSRIMEEIh
% = &1 WITTENBERGER et al. (1975) O Zbh 52, BI3Mck 3 <41 FER
T OFELED bhic, Thbb, WEHAHNEERL 3mlo 7 U7 AKERMBEHRCA
h30pug D= 479 vREML 1 BROREEEEY T - - REFHRFO /L2 - AR ER LI
e, XFEXO0.67mg/ & 1% LC0.98ng/ 8 DX 1§72,
3. BHE 4L

M8 EF & OBIRT, A b VABOMBEHEROBELE LTHREIR TV % b DOHFREEFHED
HBEAD00% 2 LiniER Lisv, ¥ETT 7B, AR UM, 70t —Anbo
BEE MThh T ki, HETERLL,
1) LM S OREF4

BEOBRC T AMERCE LTI, L<mbhTkh, 8k (K1977), HEE (Danpo,
1969), & #) (Driepzic and HoCHACHKA 1976), BAE(EX FBy (BUurRToN and SPEHAR 1971,
JOHNSTON 1975a, b, DRIEDZIC and HoCHACHKA 1975, THILLART et al. 1976), AR A + v A
: EMBS, B (GroNow 1974) OB AR AR OIBREAMINT S L8 RES R
Tub, OBEROEEINGAD 7)) 2 -7 VORISR L b L Xh, Ab VAKODOH]
BRI TH D E 5 ITEERE LT, A b VARRONKETE Y & RN 28 OB,
=¥k 7 Y VMO M RO MTERD S X 5 RBOERRRREB~OBTHFL AR
DERBRETS EZ2 5h50T, MEFOABIFERIDIENTIIOLELLND,
TR S B o mEh A~ O iz, WARDLE (1978) MEZE LA X5 x7 ) v
CXoTHHEh, BRCARCEEIRDLZ Lcieh, MK pH OSMAELILET b5,
M S ABEEcFR Rz s, RBIEEBD TR, RBAVAL LT=RLF
— R b D, BHERRYR T/ A2 -2k LTHAASh S, FEBEAGRCfOPH
REmE LCREShiz, 7Y a—rrcERShich 88407, ZhZA P VAR
DOREBEREOTEXIET A ER L2z v, BEHORBRERCADhS X5, HE
B, EEARHER TOEFEHNOABOR Y AXLH[CELT, =¥x7 )y, a—-FY
— LOBEBMEL RS bhicuy, AR ALRTGOT, IFCHEMT 20BN O
B EERERENCHETTA30LEL bR, ZhiZ A b VARORMEOERENFKN &
55, BRET z—F VA I3 LOEREROBIESA B >TWHZ L2 EE in
vitro HCIEH L7 & LCik RENAUD and MooN (1980) o#&s b b, A+ VAKO®R (&
REELIRE) omiE R, okt v ORBRESOERELE L bR,
2) 7 i/ ErboERE

7B RECEEEORENKE TH AL (LovE 1980), HIASHMK TOEAESHIC X
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DL T 3 BOBBBEENA N VABRCE I AABEHRDVCTRAETIEHELN TRV,
2V — LB EEBRIC kIt e KB (STORER 1967, CHAN and Woo 1978) iz Z h a3
SHTWB L3 bEL LA INuT and YOKOTE (1975a) O L 5wl 7 « / BOKE ¥ &
BDTNCEREL B D, LALESHO 7Y v v EREOERZERCA OIS X 5 i FkEHH MR
37 I BOBMARIIFII R TR D, 202 LRHRCKT2mEh7 I  BOKR
BRI S E R BRL, RROCIFBCRBIhIREEL LTo7 3/ BerbTHhThR
BN BEEZ RS,

T a7 3/ B boBEECHT5 2 -5V — A 0BEC oW TULIRADES, RIHK
Lz ShP, B in vivo BREERCHETIN TV BRI THS (F5EH), ek T7
IBHLD ) a—F BRI IRS LV OREFS ORI, 2—F V- AERRRC
B 7Y = — 2 v int 5 v 5 in vive DF#4 (LIDMAN et al. 1979, LEACH and TAYLOR
1982) LtMR 5, KISOHEIORELONE S p-HRE Uiz, Fig. 33 il & hRAAX
TIVEBHOEES) 2 — Y v ~ORERI SR TG B, ChBT I ZhieT 10 BOR
FEERD ) 2 —FV~DRODABREL LIt VW52 ETHY, TOROREITHATHDD
T, ThANRED LI RERYECONSEOMBIDBETHS 5,

3) fEREEE - Y kv —Ah LOREA

Ieligri= k7 Y vOBEC X » CREEAG,» bIEFHR IR S Z Lo Tk, #3
ETEE L X 51 in vivo, in vitro EBRER. RN, 55 iEbi LCTHBLRERIIE
Lh Ty, BEMHOBEI v, BHBOREEKRNE 7Y a—rrvRrra—A~A
5o ERTHINSPLTORRIAE TR LA TR,

79 4 r—Ail RENAUD and MooN (1980) o#RIC LIUXEFREOEE & UTRERMH|
FAIhBEETHLNA L VAR Z OS2 EMT 5 = LBl L ToEHILR -,

4. IMEEFIFAEEA~ DI A% - FIR oM

BEmfho 742 — A0 bALLFIHw B LT, Fig 34 ofABAKCLAbNRS Lo,
SEEHIC S — AN Y a =X YAKBCERIN BRI =X 7 ) VIT X - TIHHIZH
7Y a—r AR —BREIRD, Chi3XEE LTEBCRT A RIGHERE TH DA, WITTEN-
BERGER et al. (1975) A EL T3 L 51, BHTO 7 A =2 —2F AR #5 & o kREER
I-THERELTEY, BENSEMESMICEETS & ThiE (Love, 1980), 72— AXBH
TCHBEFE IS L5 A > LABORBIIET L BB, 2O LI, 2—FV
— M L o TR TS 742 — AR RLZIAFINR > TnB & ERXFBE LTS,
FOMHABEINIC E L, REFALERAILCDMORBOXE I B2 &
YEIGbEDLL, AL UVAKRCRCE7 Y VOERBIKRESRETILDLELLR S,
FHCR L 742 — AR KT AE D ARG, SEROCHERLF 74 = — ARRIENX
B¥HEHELILA D,

Lk, ABROEBERS LICEBETHRINAEREL L O T, AL Vv AROMBERENA
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TRV Y, a—=F VA Lo TREZINDZEHEE LI, FTH, AP VA=Y
27V vOHEETO, B, HA»60 7)) 2 —r v kb 72— Ak, RIEDKE
TOWE, AL EVEIAREYROMEZENADLT, ALV, vy—%RFLERIELD
BRI R, 7B 7Y ee — SR DoRIC BT A ERESCHEU OB KT S
MBS b AL IEIZ X 5 MEEO ERU RcEELBERYEEE L DRI, ZOZ &L, AL
U ARG MBS RGN RS S MR N g Y, AEF A TEE LIS, SED 5V IIRBBR O
X3 RAOREBIC L » TAEE SRS LR THIES,

FINE & i

1. AP VARGDES

“R P VAT LG OSERPRAERC I LT, BARLLLEETHAIRSE Z 2%, BT
FHefofsE L v b I h & —B, @B LTV AETHHRTICEDOREL DR E Y, B
BEAICIE, AN VARIERRITER (R vy ¥ -) OFWRTHEDR, B35 Esg,
B, ARBROKG (AP VA) LTV,

BEPFEOSEHTY “A b VA” CRKERBOSAFELR, BAKBENOHREIRL LS
ity HAEYEBEIHALLI Y ET5E0L, SPOHRRER A DERIMEDE X
BRI bh TV 5,

PICKERING (1981) 13 = DRI L, ~BHARSEOELR TS, “A F VA" & “HIE”,
CHERUTRIBREY “AF VARG EPECEEXRIBLTG2,

“A b VAT RIRPNCAER Lic SELYE (1950) (&, [ A b v AEG S LN bh 2 £
ORI BT K LT RSB AT b iR o TAEEMEIE PLRIGERR) | SEFRL T\
Bo L L, “BICIRIOERIC L->T “Ab VA" ABEECEAIR TV b TR S,
“stress” OFEPEN D, [EWEPICAE UEBENELR ], Thbb, r» bz bhl &
DOFBIZIE U TEEOERIC A CicEE L ERIEORI] EBEL LR TV 2BELE . Kin
XThH ORI > TA b VARIEER > T b, & OR, AEOESD B b A b
VARIGER R THEBEORBAE A+ vy — (stressor) LW OBHEHH,

EMRECH S ORI BIDR S h, Thied T REER/ME LEABEFL TR, ORI
BRI oo b AL Ly, BARLIDCIK -1 T3 &, TOFPBICHEIL L X
5L FTARIGHEID , FORBOBEE B L > TIRLCH/ETAZ - bABETH B, SELYE
(1973) 2 oE L HE U T 5 onic, NEGERBEL YT, thfhcEEH (alarm
phase), #E4i#H (resistance phase), J¥##3 (exhaustive phase) &&fHF, A b VARIGDRE
BEFHBL L5 & L, alarm phase TEH LU R 3FCHIGT 20 s e v by &
TRISHEETH 0, RO resistance phase (MEB2EFABEOB I TR LEBHTHD,
exhaustive phase (IASAMAYAEFRSAIER AR D SN B TH B, SELYE D ZDE LD
£ HE, AoBR ARG EWRICER L TR, SEoBSYRECEA TS
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LoD, BEHIRIEAY S THEBBICHA > TV 5 &V O BRIERE B &\ R B D,
HIGE VO BEREL S b LeEZ L LTL, /MR (1981) 2REA b VARKT 544
IS LT, 2GS RSN A EECnb 3R, S-SR TR L o FREIh 3K
R, BHRE (FEERESTCRR R Z 2N BEOEE CMTRA IR ER L ih
EUREBMASRKIG), REAEE GRS RCHEET 3R, APICEEREL L CBRED
LR 5) o 3EHEAMEEICH > THELTE)Y, RTARRSTWELHTHS,
BEAHEONTF L, Blici - TA L VAL T 5%, SELYE OE X Hi Tl
W, CERERRCE - 2GRN RLCED bR TR Y, EENRERENERICERE - 2
HT 2R LTI 5 X510/ o7, MAZEAUD et al. (1977) W hF=2—35 I vRarFa R
Fu4 FombmBo L5 nrr e v BEEOREY—RRE (primary reaction), Zhlisto
MEEE 57 S IE L), Ky oBEO X 5 /ARSI RIG % ~RIKE (secondary reaction)
t+rELHEY 5 b LA, %7, WEDEMEYER and McLEay (1981) i3, Z DE 2 %k
X hic#DT, a) #1 k% (primary alterations), b) % 2 &%k (secondary alterations,
physiological), ¢) # 3 &%k (tertiary effects) &\ 52X HERL T\ 5%, a, b XFhLh
MAZEAUD et al. O 1 kG, F2 RKEGICHY TS, F3IKRELE LTHEEORE,
B, ERCATARHECHE T CTEOLREA2EL TS AL S5, ThboEXTHR
BORCRIGEZETLHE S XY b, AOEEENIG kB IGO0 R BRI X - T
T BRI EOTETH B,

AR cg I BRI Lo, MRERCRDh 3BNELLBEHCBEL, &4 ah
W52 ORICHOBRO YA + VARERIEETSHENTA P VAREOEERAAR
D A+ VARG S W TEF R AL, (OMELEY L X Rich, Rilicbic > THEED
AFRORUGEBYT 5 & &2y, AREFAE (BREYW CKPEFRLY LTV2) b EI#T
CHRETH S0, KEECD -~ REOSECHEIRETHL L, QOFRANCELRY
LT, BACRBREOT=2 4L LTHALXS ET2E 2500, BEOEBENL
EFRHLELS LW OEBXTABZ ETHD,
2. AbVy¥—EAF VARG

BRI KT A A b VARIGO BT HBARITIC /e - THRREDER 2 HEEC L TiThh5 L 5
Wie ot TOMBHMNA P VARIEZ DO DICEREEHLR TR Th, ABENREA
fif % 2 R DAEFEORIG AN ROF N LE OBFREBL L2 TED, ARETHRS
NICAL VYV H—E AN VARIGOFTRLLE VLD, FIETLHLEE: LEBREERY
AL Vy Wb LERORIETH S,

BE L AEHOABENRITCET5HRIRAT 2 L 2B ARER s L CaRERcE
5 BN R BIC G & RICR G 733 bh s,

AP VARIGE LTHREIR T3 o, MEF=—5F Y — L EEm, P 7 v=—
AWM, 7rS54F, 7V U ARSEEBRSOOERICE T S L 0 4 (HoUSTON 1962,

HickMaN et al. 1964, HoUSTON 1968, UMMINGER 1971, ALLANSON et al. 1971, STANLEY and
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CoLBY 1971, WEDEMEYER 1973, FARGHALY et al. 1973, PICKFORD et al. 1974, LA COoMBE and
CREACH 1974, FRYER 1975, MURAT and PARENT 1975, CATLETT and MILLICH 1976, DEMAEL
et GARIN 1978, PERRIER et al. 1979, A4 1980a, PARENT et al. 1981), ZHh HIiT A F VAR
Ok v omdil & RAKEHREE LS JORBERBILOBR AR LTV 5, MEEROE
&) (BALL and SLICHER 1962, HousToN and DEWILDE 1969, FARGHALY et al. 1973, PICKFORD
et al. 1974, CATLETT and MILLICH 1976, SRIVAsTAVA and AGRAWAL 1977) DOEZEHT, -~
<P 27V y Ml ~EZREVEOEBH NS LN, THIBRBERSEIC X - TECKSFD
BBy, MERIBOC X2 MERCIRBIEOMR & A bh 2 MREH BB DR GRIK
ORI EZ bR D, RIEETHIB Y 5 % 7o, PICKFORD et al. 1974 23 Fundulus heterscl-
itus T, BaLL and SLICHER 1962 7 Mollienesia latipinna T, SRIVASTAVA and AGRAWAL
1977 #% Colisa fasciatus THE L\ % AMmMEAMEOHHM O —ROEEIL, DAV
y ¥ =2, FAEvELSLTAOMBARRORIEEFLZ LT3 LEX b3, BHERNE
HORERZB LR T inL,

BREZEHBRCHTLRORKIEE LTI, OMCHBEMREIRETORGILEHBEIhL T
BHo THBITAMVARIEE VS L0 LEMECEC 24ABENAMEM LTV O>BBORIE
TH%5, CAMERON (1976) 3 Thymallus arcticus T10CH H17TC~DRE LABCEIZKIT S
FrUYALZesA4 FORDALEMNEYEHE L, PAayaNn and MaTtY (1975) 1= < R%
17C 2B 7 COKBETREC B8O 55135 7 v % = 7THHHME T 2 #4 Li. MACKAY
(1974) i3 % v F 3 HA10C A HOCHRE LR L - TREV LI LV v 4, 78541 FOF
WIXAMETF L7-& L, BURTON (1979) 1t Trinectes maculatus S DEEKMEKAEHL 5 COKE
FRi X »THRAKEAHEIMI ¢ L L, HEaTH and HUGHES (1973) 2= o= ADRE AR
O, mE, SR ofingy, HucHes and ROBERTS (1970) it = ¥ <= ADRE FRAFFDOMRE
B, DHBOBMERE LT3, ZhBORIGE—BINIRE EF X UTRITERRIE,
BEETCH LTIHERORIE E LTHbh, ZREYOBICHRIELEZ DR D TAL V
AFG & B Lise L%,

CHOHBECEBRARCHEKES 2 R, RIDORENRETH D, BECKHT2IHERIEY
LZABEITE A, BHEOBMA, ¥, AP VARIGLEUASKIE, o, B, HAAER
fLefzoTud, £ UT, BHMORMERILFLR O X 5 RARKPmkHERiE R 0% 1L,
HEMREZR TORRIESAE Th, RECIBEOECEED X 5 llay o L, MR, SREEL
BHELLTEER TV D,

BEPAEREKDEDECH LT L 5EARBEMF O D OFHBL(DEADOBE T FA O
FE, QFEFRHBEEIMC LSRR, GHERC ST A RINOFAE, @OFREsT HHtEER
fbic X 235, Gk 2RIN, SEEEREEC X530, 6O)hbx At 5T
|ERELELFC I > UThh TV 5%, ZhBDRITIAH L TABICENE b~ DRIE & IHIE
WA bR, 205 bEE L LT, HLE BREOEKRFIWELOBRLFNEL
EBRE LT L0050, ABRESBEL~ORIED S AP VARIGE LTHREZR TSR
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B | B IH TR - 12 & ) mBEER PR BT 2B ES B e T, TOAL
Vo — KR, WEAMbLT, B RENOBRBEALYERITERTLHHDT, MK
SR (FEEBE) OF VYA, a5 FEOL S KERECREEOE BT HRE
»34\+ (GORDON 1959, PARRY 1961, STANLEY and FLEMING 1965, CHAN et al. 1967, YAMASHITA
1970, iR - BJI1[1972, Davis and Simco 1976, /NEE - k21977, EpDY and BATH 1979, BATH
and EpDY 1979, LoGAN et al. 1980, MACEINA et al. 1980, 4 1980b, Woo and FUNG 1981,
HEeGAB and HANKE 1982, GUPTA and HANKE 1982), % 7c, A /AcBBEL LR EREL
CHRT\ A% 5 (JACKsoN 1981, B « #1972, R « FII1972), X bic & OREEFHEI
CEETLEEhAd R Ty, a—FV—ART R T 7 FVOEHEHLBE LS (NsH-
MURA et al. 1976, HENDERSON et al. 1976, FAGERLUND 1967, SINGLEY and CHAVIN 1975, FORREST
et al. 1973, BALL et al. 1971, HIRANO 1969), = — 5 v — M3 K B X #EKC Ah AR 2B
WMINT2BBEFRE ALY E LTHM B TL S A, FORREST et al. (1973), BALL et al. (1971)
BREIENET TS EMAPBEIETT5E LTED, A VARIGEELTL IV LB L S,
Lo LABRRIC 3135 X 5 e 287ss © R TROZE(IIH byl = — 5 v — L OHn%E
BEfL D b A P VARIGEE X bR, BGHERIGOBE BRI A b VARG E
BEZ BRTWRV WA LT 2h SRS BBERSBAAD =% v ¥ — g O HE
BEFOED HETE LT 5, £ LT, Thb#ERGSRRMENCH - TAhiud, iy, iE, B,
BARAMMEE - TR h, ZhlhBEVCEMEACHE SRS RIGIBIGREE LTHbR T %,

RS E OB LC KT 2 REOAEYHRIGE LT, MEEROEZE TS b OEEK
B\, REECHESIEEHELYERGT, HEIREAFRE L LTHIREOBESER
Fieflf - TR 5EEDHEIRFONELWULHZ L LI ETHRALLEN I T %,
Bz o DAL Uy — OB, HBEDA b VARG U TR 2 5 R ik o ik
FETFIC L OMERS LA LAHTHBID, AL Ly F—RIDHRHREE AL VAR
EOFMET > - LXEBETH S, ROWRD KIETH S KB R R O Md = — 5V — A3
DEMAEL et GARIN (1978), ToMasso et al. (1982), FfE (1982) w X -»T, Fh, 7 FVvFY
v oI Mazeaup and Mazeaup (1981) o#EHEiAbh b,

S DMOLBESHERS A BEOE THE L TAD L MK —FREEROELICE T2 OoM%
Vo KBRS | BB AR~ E s EVE, ~~ b2 )y MESKRMERKOMMOH I
Wk, fEAYEHTE (HALL et al. 1926, HOLETON and RANDALL 1967, PROSSER et
al. 1970, Woop and JOHANSEN 1972, SwIFT and Lroyp 1974, KRk 1974, HATTINGH 1976,
ScoTT and RoGERS 1981, FG[1982), M@ Zh BRSSO HNXEEEA b O MR, mK
KHOBE, MREERENEL LIS, ThbOREREETZ Lo, L=
A7) VI - THRIRTWBEEND Y, hic k- THENDBRRUIEOERLTH
RTWBEEZ bRD, ¥, ZhiBE L TRBEERSBECEL (MKRKFOBE) i
STV A I L MKEREE, KoE, MEFF I YA, 7251 FEDEEHNLLS I AL D
(HaLL et al. 1926, MEYER et al. 1954, HUNN 1969, KIRK 1974, WALKER and JOHANSEN
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1977). S LIcPARBETILME, OECHATAR, FELHR 7Y 2—-45y, CLEvEg,
2 BB EENED 5Tk b (HOLETON and RANDALL 1967, WITTENBERGER 1968,
BURTON and SPEHAR 1971, DEMAEL-SUARD 1972, WooD and JOHANSEN 1972, KIrRx 1974,
Driepzic and HOCHACHKA 1975, JHONSTON 1975a, b, HARDISTY et al. 1976, HATTINGH 1976,
THILLART et al. 1976, DEMAEL et GARIN 1978, WALKER and JOHANSEN 1977, BURTON and
HEATH 1980, ScoTT and ROGERs 1981), i {E s o MBE < R ELEERS i3 3 A5 B & BB
D7V a—-rUSic X b IR TV B,

Bie A b Uy — L LTOMBETF THRIA T2 4013, F1EHSEH, FeHcd
AR D R, X (R 1984b), BRSO R b VARIER S B, LaL, £ 1 ETHNRA X
SICIRDBA L vy b —3EEFWEROEN LA S L, ®H, BIWHRESH-OMmOERD
BERTHY, TOA L VARIGICIIEGAD S DN A B D, MOFVA P VAR LBRIGE L
TRMBEROEICBE T 2HmENE <, BFIRESME6MH TR Lo, a—FV— 1R
=ER7 ) VEMMN, ~7 7Yy ME, ~E 2R C VBN, M8 - MWILEE O, MK
FFEVvLARs eI, Vi REEOEBIEL T2, & OMCPRE, OH%K BEY
B & (LEIVESTAD et al. 1957, RANDALL 1962, HOUSTON et al. 1971) = &k ¥ AZTENL b
T h, TORBILT LI ~EOHAERITAL LV, ¥~ OfECHBC LI R T\ B,

A TALFWHDEMICR T 5B AR5 HNOMEDHT, ThikA b vy h—tExi
BOLIEE, B, HE 7TrvEe=vasty, HE BEEBE s~y v, BRoLTERS
TORENADND, HiEE, W%, EBEC I 55E K pH ETHED X + VARIEOHBEFT 7
Wt MEKpH ETREC kT % Nat & HY, HCO: & Cl- O MIC hhd 5 EEELT v 12
L, BB CRMBEREEFRFABE L & XT3 (MCDONALD et al. 1980, MCWILLIAMS
1980, ULTsCH et al. 1981, McDoNALD and Woop 1981), = ofti, MURTHY et al. (1980) 1.
T4 FET CIABAEERD pHETRCEHO 7Y 2 — » VM LEGOFhAET L5
BEHTED, RKMUHRBOEB Z/RTLDOEE L SR %, MILLIGAN and Woop (1982) (3
=V ATOHBOEMC~ < 7 ) o FEOHEMEY R TED, THADIZA b VARED—E A
BLTVBIDEELDNRD, TV E=TATR ALV y ¥ — & LEREORE D B #4513 TOMASSO
et al. (1980) @ Ictalurus punctatus 25135 MEF bV 9 2 BOETFTIFRIN 2 BEELH
& ARILLO et al. (1981) D= U <RAZ kT 5 v=ViERMINE BRECTHSL, “hiiab LR
RIETHH007 v =71 L5HBRNETH L OnKFIETEV, EROBHICOLTI
% DEALEE HEE T~ % 7 = £ v % methemoglobin IZZF % % 7- BBk DB E /R T 22 = LI
Bie~=1r 270y MEM M A KRS L XT3 (Brock 1977, BUCKLEY 1976) 7%, ZEITOUN .
et al. (1977) MM MEEBE D MBBHOLDWEM LI E L, DAL Uy —h Mgk
CPRECHFBECAELEEY 52 T2 LT3, BELBETIIN, Rl »FIva, 7
R—A, KELECOVCTOBUERERENE L, ThBIIAN vy -k LTHBORIER O
FRILTWDTEN S0P 2B, STRIK et al. (1975) 2647 = — ACBRE X h B, AD
MEF bV T ALAVRINa—2AB, ~ 2 Y, M, ~T e CVENBMLEE L,
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DoNALDsON and DYE (1975) 1110°°M BEOREHBROTORIMFP =L Fa AT A Vi
o LR YR L7 & %G L, SCHRECK and Lorz (1978) LB OB E LS 2 —F V' —
ABIIHINT B, # F 3y AUBOBECIThABIERE T, s = —5 V- AR
Wb bhiehotok LTV 5, WAIwooD (1980) 13 = ¥ < A X FRMEHEKIC Ao~~~ 7 )
y MEO®IM%Y X T H, STAGG and SHUTTLEWORTH (1982) % Platichthys flesus %$f A #+ v
WRER LR, BEBERREE Babh TS Y v A, 7 e 74 FEVEE T2 ERE
Lo cHBR—MIBESBOE~OEEFEMCIBIDEHALREN, AL Ly h—k LTH
HORNWHRDOR GO EBEYHELLBILTWD 2 &2 TR LTS, S HIC ONELLL
(1981)11. Salmo trutta %4, 7 = — 2, =y 7\, BHECERE L ROMBICE LM L
Fro T, {EEWELE LTiEAA <Y v, ERAA T THERSE, RO, EEFHEOK
F, M 2 — 5 — LB, MEBEEENSEORIERE LTV 5 2 &%, WEDEMEYER (1971),
McLEAY (1973b, 1977), McLEay and BrownN (1974, 1975, 1979), McLEAY and GORDON
(1977) DFHECHRHN TV %,

FOMOFEKREA L Uy =k LT, AHFERA L Vo — L IEh2 085D, Bl
i THENADRD Lot BEEMEN “ALVA” LgoTW0H DB LW &L~
BRCEOR TV A, ChAVERERLA L VARIEERI LTWAHZ EAREI AT 5,
WEDEMEYER (1976) 13 ¥ v #r & == ARDWTHAY B L TEEE CHE T & MEHEDH
MBS 1B Eb#E< L& L, BURTON and MURRAY (1979), MURRAY and BURTON
(1979) 1% v ¥ 2 DEBEMBEHFOMBEMERERN, ~Ere VgL~ 27y MEDE
F U, mERCEEEZEMOERCH D, RNHREERREIEA L, Y v R EL2BMBRRA
OEE RN L, FOMEKOKEXZPELgolc b BTV, DI &R E LI Ieralurus
punctatus T % T b7z (MURRAY, 1980), FAGERLUND et al. (1981) (% Oncorhynchus
kisutch DEHEERE OFE, REMH, HKoE#Hm, EYLEQESEOET, HEHEM
BOMROMAEELWE L. ShORENMICHESE A M VARG EATEY, TOEED
RKEIVFERIN D,

o, WREOHE AT, BSOMEEL I KE CRRCHE LckO A b vARIGRBE LT
DEEL L LR D, ERICKSON (1967) % Lepomis gibbosus % 7 A — 7 TCHEL, LOHTO
koM X OIER L HSEGENE OB 4 RICH B 2 L 2#E L, GroNow (1974) 2 “Biolo-
gischen Stress” T¥HHATOAM, YA B, glucose-6-phosphate AN L7z& V5,
Noakgs and LEATHERLAND (1977) i = & < A CHEDOEAEOHBHMOERIIEs L LT
\~ %, EIKE and SCHRECK (1980)i% Oncorhynchus kisutch CT3H\WEFIFE S Y = — Va3
A, miffz—F - A BENREL, EFMROBENANEN-TE LTV %, PETERS et
al.(1980a, b) i3 Anguilla anguilla T\ B TIMAP = —F / — LVBEEHEM L, 05, o
BMEOHMMEFEK 7 ) 2 — Y vEBORIALhIE L, BOREIEMLAZELT0%, 26
i, PETERs (1982) 155\ v+ FOMLEROEBFHIBRELIT, BRHLEOEMALH
BEADTD, “hODHEREL, AECL X5, BOPRTHMCHDEEIEGA L VAR
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Table 36. Stressors and stress responses observed in the fish.

Stressors Stress responses
Temperature Activation of endocrine system
(Release of hormones into the circulatory system and into
Salinity Primary the target tissue)
effect ACTH
Dissolved oxygen Catecholamines
Corticosteroids
Handling
Disturbance of carbohydrate metabolism
Transportation Hyperglycemia
Hyperlactemia
Forced exercise Decrease of liver and muscle glycogen
Anesthesia Disturbance of osmotic regulation
Secondary Change of plasma sodium and chloride levels
Chemical substances effect Change of body weight
NH+ Change of tissue water content
H+

Hematological alterations
Change of hematocrit value
Change of hemoglobin level
Change of leucocyte number

CI-
heavy metals
(Hg, Zn, Cd, Cu)

pulp mill effluent
Change of physiological responses under autonomic

Biological stress nervous system
rearing density Contraction or dilation of vascular system
social stress Change of heart beat

Change of respiration rate
Change of gill blood flow
Melanophore aggregation etc.

Others
electric shock
(Immunosuppression)

L BT LRI TV B SRR LT B,

ThLABETHEINALEAL ANV, —4 A b VARG K F 51 MAZEAUD et al
(1977) OBETHITRIE Table 36 O X 5B, Thbb, BARAIVyF - I>TH
BB RZHONE A P VARG, AFBRORIELE LT IFa—-F iy, asFarRT
B A FOMmM@EH oML, ThUAOEEEHRIGE LT, RKEHRBOLER, REES
iR A, mEHRE(L, BEWMRYE THERIGOEL, %OMofTEELPRERE DL
£ThD,

3. ArvaliEisarev i AL VARG

BT, ~FMCEUTLRE, HY, BRIEOEBMNA v y—Likbi L, 0
BED A b v ARIE A BRI, ~~ 2 Y o MMEHN, mEF Y Y AROEBCEECE bR,
CHLDEDHAE bRIC L - THESCHEEDOLY: > TOIEWA P Vo KB I IZADA T
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VARBOHENTRETH S Z LML Lic, 2D 3K ThEh Table 36 O TILE
TREBEORKCDRBHEE, mEERE(L, BEEHSBREAHERET I IOL A>TV 5,
2T, ChLOBEEEAALEVOERNED LS RBERICH D O EERET L DT OMEY
Fig. 35 iR L7z AT Vo —2R@EICMZ bhick, TOMBIMELRET, 55\ ILKHE
FIME LT iEEI RS, BNTREKTHE»S CRE (242 b r EvikATF) S
W TEEYRBL, Zonb ACTH (EIBRENH A Ley) AoWMENE 2 Li2, FRYER
and PETER (1977a, b, c) 2 X » T+ v ¥ 5 T, ® bhic, ACTH AHEARLERILL =~
FV — LR WEEET S Z L1, OGgUrI (1960a), HIRANO (1969) (= L » TH v ¥ 4 2w + FiZ DL
THEINRT %, IHLCHBHEB C=—F V- ABFHEh 5 Z LT PHILLIPS and MULROW
(1959), SANDOR et al. (1966) = X - T Fundulus heteroclitus, Anguilla anguilla T » v —
—EEC X > TP Sh T %, ¥/ JuRANI et al. (1972) =Y ATA I Uy ¥ —%hx
Thba—FV— A3 E CORE (Fig. 35) 2HELT\5%, —F, =% 7 ) VOLSWUHIE
BRI HB 7w — 2BAEANBTHhD L ICHABRTVLEN, BT a2—-5 3 VAKE
R X ARIBIZ X > THBEI RS & Lk NissoN et al, (1976), ABRAHAMssON (1979) i X
- T, Gadus morhua, Squalus acanthias = D\ THE I Wiz, Th bW Ehirr eVl
£ BERAKTEA KRR ERCT, T T2 —AT7 v, =37 ) VIZLB4EE
DEFEROBE - BB ILEHR TV 5, ThRBROPO=CA7 Y ViR 15 X b 5K
FREBAER G DOMREREWEHT Frvr Y vOfEREEL bR TE Y (Iga 1978), Z Oy
(2 Fig. 35 IR I Tl MRARACHK T2 LT B ®E» &<, 8§, O
B, MEomERTHELALh D, BOMERCHTE7 Vv ) voEL LTE, =<
AEEDOMERBEOBPLEREONI (GIRARD and PAYAN 1976), Ictalurus punctatus OfE
TR AFMEROSAOBE~DIRF X » (HOLBERT et al. 1979), Gadus morhua (=35t 5 1M
BROIEEHE (WAHLQVIST 1980), = o < AfRIMEFEKEFEOHM (PART et al. 1982) &
DML X, LIS RO R Tt Anguilla anguilla W= 31+ % hyperventilation * #hiz
X o3 R MR TR R8> (PEYRAUD-WAITZENEGGER 1977, PEYRAUD-WAITZENEGGER
et al. 1980), = o< ADEHEIRIC BT 2EEREMM (NIKINMAA 1982), Perca fluviatilis &
B A 0HBUET (TIRRI and RIPPATTI 1982) &I T\w-%, F-MEBMEFRE LTt
Anguilla japonica DFFEZ 3 WM EET (HavasHr and OosHIrRo 1977) D& bR 5%,
B OMSEz oV HE= A7 Y vORELHE LA\ 2%, YaMaMoTo et al. (1980)
DA FOEROAICAZ SN D L HCHRIESHCMEE T A P VARCBEIhTW5L 2505
HREhD, chbEBRETR7 VL) VA1 2OBFCERALTY, RIGOFALTHH AR
LhahELdD, ThIIEMBEICEKIT S receptor DL LTHAI W TE D, AETR
KEPFHELOBKRLHY, SECBEIWCMEL - T\ %, 2 TimEERCS Lbh
A2 Yy MEMOEEOERD 1 2L LT, =47 ) VIZ X 5MERDIEILEE &
DlcDOMBORE, CHBEL, BT X 5 iR oS nERGE~OIER D5
ZEEREBERELLV,
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STRESSORS
BRAIN HYPQTHAL AMUS
CRF
PITUITARY
*ACTH
KIDNEY
——]
INTERRENAL CELLS CHROMAFFIN CELLS
AUTONQOMIC
NERVQUS
SYSTEM
CORTICOSTEROIDS CATECHOLAMINES ‘
TARGET ORGAN
o T
VASCULAR REDUCTION OF LEUCOCYTES CARDIOACCELERATION
AND LYMPHOCYTE
SYSTEM 0 at—— SPLENIC CONTRACTION
( IMMUNOSUPPRESSION ) f— YASOCONSTRICTION OR
Y VASODILATION
INHIBITION OF SUBSTRATE
MUSCLE INCORPORATION GLYCOGENOLYSIS ey
(LACTIC ACID PRODUCTION )
EXCRETORY CHANGE OF WATER AND

REGULATION AT GILL AT GILL

s

ol
CHANGE OF ELECTROLYTE =

L w— REGULATION AT EXCRETORY
SYSTEM /\
DIGESTIVE

LIVER GLUCONEOGENESIS ——Jf

Py

LIVER GLYCOGENOLYSIS ]

N\

SYSTEM
CHANGE OF WATER AND CHANGE
ELECTROLYTE REGULATION ——r OF DRINKING RATE
AT INTESTINE
CHANGE OF BLOOD INCREASED »
ELECTROLYTE BALANCE HEMATOCRIT HYPERGLYCEMIA

Fig. 35. Proposed sequence of events through which stressors may exert their
hematological effects (hyperglycemia, increased hematocrit value and
change of blood electrolyte balance).
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BB T EE N CER L3 7V s — ¥ v oMRC LB 7 a — ADE
B & BRARIARENC L 2 A MOy, FiBHRERBRACA - TREIFE CESIERE LR T,
FrEmEoRER Lo Twb, ¥, =EX7) VHEickiFaK, FrYV YA, 75 fF
OEBNAYEEMCELTAER %> Lt Pic et al. (1974), Pic et al. (1975), GIRARD
and Pavan (1980) o#E L bhb, thbit, ~= b+ 2 ), FMEBMOERE v & HiE
b F Y v AR e S FEAEETAERE LA 5,

G, FIBETEELLIOIRER7 ) L7 ) a—F o R@eEE L, G2
F+az bic k- TRKEHRBC K E R EEBY 5L, FRO 7Y 2 -7y Y3 L, £o#E
LLCEmMEYRITo L Eeh, F, BERATRT Frvr Y Vil KoBE T ER L 32
5L Xh (Pic et al. 1974, 1975) Zhb~<+ 27 Y o MEEM, Mk v ) v 28EEHO KA
Ll b 5,

—FoarFarFeL F (FLELTa—FV—1) 3 FRFROENEK TR ELELLE
LT3, BRAKE LT, BIIRPLY vAROoBL N -5V -2t i - TR B &
#% Oncorhynchus kisutch - MCLEAY (1973a) 7%, Anguilla anguilla T JOHANSSON-SIOBECK
et al. (1978) 2E LTV 3, RECEOETRELTIEA b LABROREMERERROL R
HHERBRSBTRBIE TR TV AERTH LTI 1L LT LOBEIEAIh TELY, =
—F V= ADRTHREOVTHBREI L BRI,

BRI STE, BIETHLAZ L L SR, BPRATIHRCERTS 7ra — AR
7 3/ BORDAXLSLFHOMHSERC mERNOZERE fes T B, BT -5V -1
ABEEASCEET L LTy TLHB T LRI MbhTEY, RAMEE, B Mt
HTH LY v AORI, BHECBESE LTS D Lo To#ERS - (FFFL976), hbit
MEFOBBEBOEBNHERL T BIDEEZ LR D,

FiCks W Ta—+ YV —ARBIETCER L 5 RUMC I IE 73/ B boERE
HREL, BEL#EIE5,

2=V AD RSO MEERN, ~~< 7Yy MERR, @ES Y v ARERE=
A7V v ERUEAR DL 510k 250, FIROERERD, = —5 V- ERcBET5
HERER LD ERIGHERBEMAR > TV B AICEE B D, 2D LI, ALV H—%50F
TRt = R 7 U VIERIC X AR Y, ChEF[ERV-Ta—F /-2 kD
ERPRZ O AP VARIESRFR Eh D L E LTI OO TRV KA 5Dy

WTRIZLTHE I BECHERALLA F VARBOFME, ~~ 2V o HEEHN W+
ABOEBFL, £HNCRIEOREMRETHS Z LRI 1% b,

4. BWEEROA v, v—HE L EFRAME

<AL A L VAREEREZTRE, S, BRSWENCHETES A bV y ¥ — OMED,
wEADEFLESTEDBEDLDTH LN TE L Thily,

BEMEIEGERE IEREOHASLRIC L s TRLZEZICHBR TV %, v X1 T
iz Woo and FUNG (1980) #HREEMtERBA T\, £ XA v 7 7 ki Lic. BERHICIR
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IR DRCRECHE Lo, 481H LT, #BHLL 0 THS, 9C, 14C, 20C, 28
C i S X 2 B0 B ES LTs (2 7R Fh25C, 27.2C, 30.5C, 31.6CTH- ok VKR
LTy 126.5, 7.5, 11.5, 15.5CTH 5 & Ltz MABIEKEIL32C, 5.5CTH-To H1HS
9 B DB TIE Table 1 @& b b L 5 IRGRERX17C ~24.5C T Woo and FunG (1980)
DEA XI5 ADS 5 ERLESOERYED S Liclch, HRREED, BEEANG, B
HEF AR & E5 | OB A %ER\T, =0 “Tolerance polygon” % b¥hmicitht L-#ricd
Do FEB | D&M T RPN ORI BT B S b, OBEIL L DR O
MR S A b L ARIEAR LT, AP VARIGERC LTV 5 RBRKOREZL7.4C
P ETH oo CHHDI ERFERIC T X e TA N VAR EZ TIRRERLD 3 H
# (EEAEE BEX FERE) 05 bIEEREIEHCE TV bDEEL DAL,

+ & 4 OB 5 EREEF NI S O L bhisy, Woo and FUNG (1981) (23
R D YLK & TORREEKF T~ £ 4 OI0H HHEHERBR LT\, 170mOsm/kg (¥}5¥
&) Tiz 3 HUAPHCBIE L, AR LMk R A 2 DR RIES (2 250mOsm/kg (#}4#88K) TH
% L HEH Lico X BHic Woo and MURAT (1981) (3K, 2§ #7K, 3§ MARKICFEACHEIG Lc~
£ 4 CERERONMARR A L, S EACHE L £ 1 0HREFRESRr- L LT
WB, B (1972) 1w £ 1 2 A ERRIEK CL 15.64%, 10.78%, 5.35%, 0.17%Kth¥
FULZE L7285 TR % 2T CL 5.35% T b AHBLERBRBD bhigh oo v 5o FEFRIEO <
£ 4 OEBTIIIEL.025 (Sal. 33.7%) 751,010 (Sal. 14.13%) OMTHIIZOEILHK
¥ <GB 2 L B bhuish o fo b S (BRI - PEf1930), APOSTOLOPOULOS (1976)
1127.03% 5> 534.80% (Sal.) THIUFIEHE e 7 {LEME bhiess, 19.02% T CRIEF iciEkE
BETL 7 LREEs - b\ 5, SEOEROFFEESTER L, 1, V, T THEREORR
BEAYELTED, for0EHEREL ChARHETHS, 2L, Woo and FUNG (1981)
D 3BRES Q4K Wiy E Z AORART, KR E ERV O X 5 FEERE > ELE
S TWTh, EBITIEA N VARIGAED ShTwiew 2 &k, FIEES & AR BEoEE
AR TS E LEEED A b VARIER BRI TERER-> T 5 EEL bR D,

FEEASED < £ 1 kT A BAEEE I (1933) A 1ml/1§iETHLHT L& RL T2
BH 9751t < &£ A fEfar AV TSR BE F CORMENBEYH, 0.74ml/1 5 51.64ml/ 1
PIEZBT Do chHORIE L SHOERTHVGLIERERLILD &, FEOMLVKR
I,HﬁQMMM,13mM1T:@ﬁﬁﬁmﬁbﬁ%%bfb6ﬁ,%%m,Nf@,:hﬂ
Bpde DI TFRT VB, FRCh b bT, FOERRTH A b VARIER & TR RD
BTV 5,

CDOEBIA N VARIEREL LTW &ML, BEDT — 20 b - LREEROAFRA
HEDOHBERYZRD L, ALy — 0L L > TIEFE) R ESERLMEHEC KT HA b
VARIEORAMENKEZ S BRASDZ Ehbrb, Thbb, RE, BEohAbvyF—Lied
O BII LB & CAHDDILHNT, BESENA L V¥ — L BEE, EHE
EWTF OB D, Table 36 ITRLAA LNV, F—%AhBE, MoH, Bk, WHE, &
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HERF IO THENBEBE T2EI IRIEEL2EATED, ThHIXMBRL A
VARIGERRZ LTV %, COfMICHEERCER Y 2 » 7 Tk, MBLHRF O MG
o d 5, AROBINRBEERE-ILTVW51L, ESBTE#HI A+ v OB8IL, ThH
BEKCBEY S, FOLDEBMERZELRLLTVWITEE I ELLRS, 2hbDZ i
EChTHBROBERZERICT IO NREFHLZICA L Vo ¥~ XEAHRE TR I 57 A v
ARGERB LBV EELZTIVTHS 5,

AHRL TR HABROBERMRNC K ELELEDA PV 4 —3ZFBORA b VAR B - 7,
FEEL, 5%, BEER - T 5Dk Table 36 DB TRICLZDhIEFLES, HAMWA L L
v =T AROEREOME, £HEMA L VAR THSL S, ThHLDOMERLER S TR
FHEOMBELEDH LVHALLORBBLETHA 5, AFRNTO—BE L RNTETH 5,

2 S|

I, BHAEERIEEL, ~SFM1IELEHAL LTASAEIRD I IRt <&
A DEERBTET A4 LA P VALKER, BEAH, FRCLIAABEEL 2B LU TERE
PETIREZ L2k nh EPFH, FERPFRORBCHTE <41 OFIEHE(A b v ARIE)
OB BCAEEEFNEALLOA TR EAETEEMA LoDt b LB L Eh T3,
AR TIIELLA N VABDO = £ 4 DA+ VARIEY MR OTLE LTRIEL, h
LOFREIY AP VARIGORBOBEOSEERLI, Fh, AL VAREOEEYMB D
A+ VABOHERP AL EVIR I T EO L IR 5 0% BEEERGEAYE G in
vitto FBRBIZ I > THLMAT L LS & LT
MAP Ve — ¢ LTHBEKOREECFH L E L FO < £ OMBEROBEB X AE L,

LB ERREE ST~ 2 ), M, ~ESREVE, NEz-F V- 1B,
M7/ a2 —ABOHWEMER L, ABAREETHABE~~ 2V y MEEFE~ESrEY
BEORA, M-V —-18 MEI/ A2 —-2AEOHNMYOEE L, REEHEEZT 7
BORA L VARBESET S0, RONFEEOBEO~< 7Y 5 MHE, MmF 7L - RE,
MEF LYY 2BOFRBELHCTa~2 ) FEBYEHRLZ A~ WETo7, £D
HBELMEOMBHEIRIZA F VAR EZ ToeCBEOREE GHEM) §TA F v AR GIRIEAH)
A b v RIREE (BIGH) EEORE (BEHE) O Ao ET S &3 Tk, BIREHTTILmE
FE Y T ARSRLTMUETL, RiSHTRmE 72 —A2BL~~ 129 » MEOHEMMEE
Th ot BHEATIMBSF PV 7 2BOE LG EEN TH - 1o,

@A P vy ¥ — & LTESERIEE S 2 RO~ &1 O MR OB & /7,

SRAES ERPBCH LT, ME/rva2—AF, OFE—FV—18, FLrIVAEE 7=
4 FEODEENBED LA, JIMAESETHRCH LT, &Ik =—F/—1rBHmn &
~=F2Z Yy b, MEF LY VAR, 7r51 FEOEBALNED BRI,
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ChLMEEROBEOEY Jinsh, BERDA P VARBOSER 7 5 A% - X o T

Ad, M RICH, SRS EIR, RIBHETE 7 v 2 — AE LR 2 BRE TR T,
F U Y ARSARBEREKCK X EELYTT TV IREBIR I,
CREBERKOBEMRELYRL SO~ £ OMEHEREYBIE L, 24, Batokfns
BBAE~=P 270y ME ~E/eCyBOHMEE LGB, 0E -5 - AB0RMN
OERE Lic, 4BRcl.72ml/1, 1,92ml/ 1 OBEEBEERL OO~ £ 1 Tizb T
BEOMMAED NIKET ThHoto ~<F 2V o Mi, MFIrrv2—AE, MEF LY VA
BEHACTT o707 7 A4 = TiL, BREETRHOAF VARBIXIBECSFTSZ &80
TEf, KIEHTREMBELE~~ 27 ) » MEXBBWTH Y, TRI3EROMHBELE
—HLSE IR,
@) “BUh P 2 “BREE fr & OBE ORI B BIESR < £ 1 oMtk 5 2 5 BERY M
fediz, R le “RH " (y P TREFDL BT C-oMehickEB), By “Io Huv
(BB Y LTREY LEPIC Y 7 — 7 A CER & AT 5), MS222 (50ppm, 100ppm) = X %
FRBEOKBREITI, ~T/e v i, ~< 270y M, MBI/ ra— 28, + Y vag,
HEHERE )9 ABZAHE L,

Bonle “Rh - BEOMBHRTIE, » )Y AROHEBERETALZLRI S DDOMDRK
DRAEE AR DR - o BV “HD BV OB G, By HGESS SO, m
B v ABOHMELTD bR,

MS222 = X BB T 2 ~ 3 R E THRABEE T 5BE 100ppm ORI M MR 12
Elix L bhigwa, 15450 kb 5B (S0ppm) TX—Bs~% 27 = € VB OB, Mk
fEoBiin, MmE v v 2 BOMMENED Hhi,

Chb= XM Tt bRER L MoBETCH AT A mBEHERE(LCE T2 M 05, “H
D" RO A b v ARIE DR R IR Ul
B)= £ MR EDBRED A b VARIGAR - T2 0% M5 72010, MERRKR®E,
Ty 2 VT FEERT > MABEOBE&TIE, 1 X1 x 1moERgCAYINEA LS.
kn/h CET L, BKIME SOMAREC 2 RETH R, = v F FREOB ST,
RBEBEF = —-A402201 DfgKEAR, ZHICBES A Z0BHK XA%, FOBEHRL TR
A= AFCPBEL L 7 » Z7IZHERRLER L, Bikh, MXHoBUSBEMcRLRD LT,
FE=HKEIOERML, ~~ b2, MERXAIEL, S LOBCOWTS A —REF b
V7 ABEERRIE LI,

ML ORE, MXEMCALERECHA LB XEEMBEED ERENED bh, %
o, ~= 20y M, OEF Y Y ABOHMBRDLREFHE LD ot Lo L, 241
CRZNA L TR LEELMEEO ERIZED Ohiehotc, 2O, “Bh & of
EHBEH TR I ERERL TV,

3V T FRREOBEE, RERMOMMZ b, EEMEEmAREDbh, ~< 2
y MEXEBHFREOFEBC LHETARD LR,
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BOBEEC, AMVARIGHE-TWAHZ QLA THS, FORIGORDY HiEgEC

Bich, BEOXIMBEENRA NV v - OBBITARIGIELT L —E Tl L HE
iz,
EHEF I BT 5 KR~ £ 1 oMmMEHRRERA N, 890 EF 810U Ec8m L, ~
<=F2 V., ME MEISA=z—AR, EFFY 748 OF» ) PARSXHE L, ~7
FZ Yoy MEL34.844.87%, (FHEMELERERZE, n=31) MF 7+ —- A81163.5£25.14
mg/dl, n=47), miEF + Y 7 A 8i2181.74£20.00mEq (n =71) Thot, MEFF Y VA
BIFEMHC L0 KEREH LR LI,
(DA F Vo —DOBEOCH LCRIERL, BHEL BHEBRRERTRO L1 omEERE
=1 B AP VARBCH 2G0T 5 o0 HBIEB T &2Tico e TR ERD
FEALEER T oM, RICHE UM Shic?2 SAZ—CEThBEBEHED 10X (~= 2 ) 5 b
), 100xlog (i 7/ v a—AE), MEF V)V Y ABOSERYAVTERLFRDO IA - T
ERUTco BWKEFE Y 2 —OBEREMIT 7 = 7 7 2 & - THEE LIcHFIEERR

Z =19.268—0.004X; —0.029X; —0.027 X,

Z : ThZhosar—7nboiERE, X, @ 10x(~<bh 270y HE)

X, 100xlog(iE 7 ra2a—2E), X:: MBEFrV VAR
ThH T,

b &y, MS222 i X HWREE, #ixS, 90 ETRO < XA @k~~~ 2 Y M, ME 7S
Aa—AR, MEF LYY ABOMEBY HFHHERCHEA LA P VARRBICS 508D ¥ 7
{71
@A VARD =3 AF —RBE O THLDICTEE LTHUC AV V= —KB2{T
Teotoo MBEALIRE, RS BEENEHESYRV, FREKEIA2 T+ -V 7AR
T4y —AVENRE L, AR IREET ARG L, BEAEEE& 200
EoMYIR L LT in vitro EBTH: L7,
OEERSEEA OV T 7 v 7 ARBERBEERT O U-4C-7v a2 - 20RFcE 2 2880
EELBIE L.

E, 27 AMOKAIEHE, FFERILOE LVEY & Lz, in vitro RERTIER 7 v
2 — ARHRMCFA I, BCHSE TAFRCERENETER CIBER S ORBRI A
AR ELIMA L, L L, S~ DEGAZRR 7Y a2 — 5 v ADERICIEELIZD L
hotee Zba—ADREES AER E LTOFIAEAS, KEHEOEI L, SO MmEKS
BHERICZ BB A VARIGOBEH EFERLIRE - bDORTETHSL S LHERAI I,
(0~ &1 D272 LICHTBESER, WS EHBGA S X OEENBHEGER 2 Ay 72in
vitto EBT, &k v AFEAR) DO 72— A, ROFE, R, BHagk» >
DRI S 2 BB T,

FAEVERERMUDORA—BEOSBR L OB T, =CX7Y vE7Ah T VIIFE»LO
Fa— AWHRREL, 2—F VA VvAY VIIHFE»BD SN — AT IIE L,
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7 U7 ABEEIBE R C A AR OREISE Y 3BT i o ok, HRLBER Y Dole D
CIRBME L, Trout D HEC LD IEHBOERY Tl =X 7V Y, b=y, 1V
AY VL, EORBIZ OV TLEEDORHRERE RS ol T —F ¥ — MICIEFFIE D B HERR B R
ARMI R LEASNRAD LRI TORBIAEL L, §BOEHILELE L b,
OEEAGER KT  7 a2 — A FM 525 =37 ) v A U-HC- 7L a - AR L
DI, 2HDERRITR -, 7 V7 ARERGEE R OEBESERXIERE 1 a— A
PRI D ALK, REA AERL 7Y 32— F VEROOIFIA L, FCBEHReRG % 7
A — AFIBIRK E D o,

2R 7Y Vit 2 BOHERCRESRCETS 7)) - vyERYMEIL, 1 20ERTIEN
Bz ki s 270 2 — 7 v SR OMH & RNIEREMC B0 5 RE» AEROEME R L1,
O EHSEER IS U-C-7 12— A, U-MC-#E, U-“C-7Vvrvofiflictr sz
— V- A DKL in vitro ERFBTHRNI, ThLEBORBoOBHTEKEBCR L -,
sra— Ak, B E BRI TR IR (REED AR L 7Y 2 - v ERIZE CFIA R
FLEA LT CIR IR & BERS AR & TR IR TR AR S h, 7Y =2 — 7 Y B
R SR AEE IR ot ZY v, B CIRFREE L 2o — AERFIH S,
7Y a—ryRRBCFIA SR L EER VL, WEHASCEENENAK CITRER 7Y
a-—5yv, JBHiE LToRBARD -1,

2 F - AV ERERRICENT S &, F A3 — ADKEEFPIE D A & EE IR IR

BB 75— AnLOBBEROREE A BRI, i, R -T7Y yvnbo s ) =
— 5 R & RS R A 2 ) > v ASIEN R Bk, R SRR T
BoRBCH LTz —5 V- L DEEBIRS b,
(A b VARG MEPICHEMT A =27V v, 2~F V- LOPERBWcEL EEL AV
AR IR OB A £ 22 L7z, in vitro BBIOHREN BT LB A VARIHOMmEE E A
ik, FRPHRCRT S 7)) a—r YRR X B 72— AER, RIBERCKT 72— A
FIH O, FECRT2HBL7 IV BENLOBFASOHANBERTHB LE LRI,
BB, A v ARBTEY BUCEBEROBREL I K, FRTOIEBACKETShD Z
Ll SWREVE, BERE, BEX LTRBMIKhB LV OEMNSDEREAEEL LT, BEETHHLE
z bhic,

RIEDAKEZPHEINS A+ VAKROGHORBE LY ET AL evREC=ERT7 ) /T
HbEEZ bhl,

E *

APRAIT 51 bl b, FUERKAFRFREE, GEHERL o RUKEXRFERMEYR
i, BBARE-C, #b BRELABEEEYBEDLY, ¥, ARXOEEME VAL EEL
foo WA THLP LEF £,

— 115 —




B B

AT L BIA LT 5B E 2 5 2 bh T BRXKEBEDN, Baalt G EAERK
ERFIR), TEAGKKERRRN, KoEgEL (BEEFRIRERTR) <3
LET, BEMEFHESHERESER wHEXEL, ARO—Fc>wTRVWRRY S5
AbhicZ E R LET, Tk SEERMTEITOLHI-T, FAZ by Favida—
#— YHP30, YHP4S TD 7 5 A2 -2, HIEBSHOT v 75 AOFERYH I IEAE
WXKERERN, AREERE, AERETCHLVBORTE, ERENY B LICRERE,
IFEERFRTCEHFH L ETS

X ik

ABRAHAMSON, T., 1979: Phenylethanolamine-N-methyl transferase (PNMT) activity and catecholamine
storage and release from chromaffin tissue of the spiny dogfish, Squalus acanthias. Comp. Biochem.
Physiol., 64C, 169-172.

ALprIN, J. F., J. L. MEssaGcer et M. MEvEL, 1979: Essai sur le stress de transport chez le saumon
coho juvenile (Oncorhynchus kisutch). Aquaculture, 17, 279-289.

ALLANsON, B. R, A. Bok and N. L. van Wyk, 1971: The influence of exposure to low temperature
on Tilapia mossambica PeTers (cichlidae) II. Changes in serum osmolarity, sodium and chloride
ion concentrations. J. Fish Biol.,, 3, 181-185.

AFPOSTOROPOULOS, J. S., 1976 : Combined effect of temperature and salinity of the hatching rate, hatching
time and total body length of the newly hatched larvae of the Japanese red sea bream, Pagrus
major. La Mer, 14, 23-30.

ARILLO, A., B. Uva and M. VaLLarINO, 1981: In activity in rainbow trout (Salme gairdneri RicH.)
and effects of environmental ammonia. Comp. Biochem. Physiol., 68A, 307-311.

REEE, 1964 : = o <= 20K TLEAEoV-T (1), AL, 15 8-13

RSN - BE R, 1973 : RILERREHEE, BRI, 337338, hl#EE, Wit

BaLr, J. N. and A. M. SLICHER, 1962 : Influence of hypophysectomy and of an adrenocortical inhibitor
(SU-4885) on the stress response of the white blood cells in the teleost fish, Mollienesia latipinna
Le Sugur. Nature, 196, 1331-1332.

BaLL, J. N, C. Jonss, M. E. Forster, G. Hargreaves, E. F. Hawkins and K. P. Milne, 1971 : Measure-
ment of plasma cortisol levels in the eel, Anguilla anguilla in relation to osmotic adjustments. J.
Endocr., 50, 75-96.

BartoN, B. A, R. E. PeTer and C. R. PauLeNcu, 1980: Plasma cortisol levels of fingerling rainbow
trout (Salmo gairdneri) at rest and subjected to handling, confinement, transport and stocking.
Can. J. Fish. Aquat. Sci.,, 37, 850-811.

BatH, R. N. and F. B. Eppy, 1979: Salt and water balance in rainbow trout (Salmo gairdneri) rapidly
transferred from freshwater to sea water. J. Exp. Biol., 83, 193-202.

Beaas, G. L., G. F. HorLeroN and E. J. CrossmaN, 1980: Some physiological consequences of angling
stress in muskellungs, Esox masquinongy MircHiLL. J. Fish Biol, 17, 649-659.

BENTLEY, P. J. and B. K. FoLLETT, 1965 : The effects of hormones on the carbohydrate metabolism of the
lamprey, Lampetra fluviatilis. J. Endocr., 31, 127-137.

BirnBauM, M. J,, J. ScuuLTZ and J. N. FaIN, 1976 : Hormone-stimulated glycogenolysis in isolated goldfish
hepatocytes. Am. J. Physiol., 231, 191-197.

—116 —



24 DR M VARG

Brock, R. M., 1977: Physiological responses of estuarine organisms to chlorine. Chesapeak Science,
18(1), 158-160.

BocpaN, E. and D. WaLuca, 1980: The effect of transport on the quality of eel stocking material.
Aquaculture, 20, 139-146.

Bouck, G. R. and R. C. Batrr, 1966 : Influence of capture methods on blood characteristics and mortality
in the rainbow trout (Salmo gairdneri). Trans. Am. Fish. Soc., 95, 170-176.

Bouck, G. R, M. A. Cairns and A. R. CaristiaN, 1978: Effect of capture stress on plasma enzyme
activities in rainbow trout (Salmo gairdneri). J. Fish. Res. Board Can., 35, 1485-1488.

BuckLEY, J. A., 1976: Heinz body hemolytic anemia in coho salmon (Oncorhynchus kisutch) exposed
to chlorinated waste water. J. Fish. Res. Board Can., 34, 215-224.

BurtoN, D. T. and A. M. SPEHAR, 1971: A re-evaluation of the anaerobic endproducts of fresh-water
fish exposed to environmental hypoxia. Comp. Biochem. Physiol., 40A, 945-954.

Burton, D. T., 1979 : Ventilation frequency compensation responses of three eurythermal estuarine fish
exposed to moderate temperature increases. J. Fish. Biol,, 15, 589-600.

Burton, D. T. and A. G. Heath, 1980: Ambient oxygen tension (Po,) and transition to anaerobic
metabolism in three species of fresh water fish. Can. J. Fish. Aquat. Sci,, 37, 1216-1224.

BurtoN, C. B. and S. A. MURRAY, 1979: Effects of density on goldfish blood-I. Haematology. Comp.
Biochem. Physiol,, 62A, 555-558.

BuTLER, D. G., 1968 : Hormonal control of gluconeogenesis in the North American eel (Anguilla rostrata).
Gen. Comp. Endocr., 10, 85-91.

CAMERON, J. N., 1970 The influence of environmental variables on the hematology of pinfish(Lagodon
rhomboides) and striped mullet (Mugil cephalus). Comp. Biochem. Physiol., 32, 175-192.

CarNEIRO, N. M. and A. D. AmaralL, 1983: Effects of insulin and glucagon on plasma glucose levels
and glycogen content in organs of the fresh water teleost, Pimelodus maculatus. Gen. Comp.
Endocr., 49, 115-121.

CasiLLas, E. and L. S. Smrrh, 1977 Effect of stress on blood coagulation and haematology in rainbow
trout (Salmo gairdneri). J. Fish Biol., 10, 481-491.

CatLETT, R. H. and D. R. MiLLicH, 1976 Intracellular and extracellular osmoregulation of temperature
acclimated goldfish, Carassius auratus L. Comp. Biochem. Physiol., 55A, 261-269.

Cuan, D. K. O,, 1. C. Jones, I. W. HenpersoN and J. C. RaNkiN, 1967: Studies on the experimen-
tal alteration of water and electrolyte composition of the eel (Anguilla anguillaL.). J. Endocr., 37,
297-317.

Cuan, D. K. O. and N. Y. S. Woo, 1978a: Effect of glucagon on the metabolism of the eel, Anguilla
japonica. Gen. Comp. Endocr., 35, 216-225.

Cuan, D. K. O. and N. Y. S. Woo, 1978b: Effect of cortisol on the metabolism of the eel, Anguilla
Jjaponica. Gen. Comp. Endocr., 35, 205-215.

CHAVIN, W. and J. E. YouNg, 1970: Factors in the determination of normal serum glucose levels of
goldfish, Carassius auratus L. Comp. Biochem. Physiol., 33, 629-653.

Danpo, P. R., 1969 : Lactate metabolism in fish. J. mar. biol. Ass. U. K., 49, 209-223. ,

Dave, G., M.-L. JoHANssoN-SioBECK, A. LarssoN, K. Lewanper and U. Lipman, 1979: Effects of
cortisol on the fatty acid composition of the total blood plasma lipids in the European eel, Anguilla
anguilla L. Comp. Biochem. Physiol., 64A, 37-40.

Davis, K. B. and B. A. SiMco, 1976 : Salinity effects on plasma electrolytes of channel catfish, Ictalurus
punctatus. J. Fish. Res. Board Can., 33, 741-746.

Hindng, 1982: 1. #ptho4mE, 2. BHf, KE¥o) - XY, mRE% BAKEFSE pps 137,
EEHEAEN, W

— 117 —



B @

DEMAEL-SUARD, A., 1972 : Influence d’une anoxie brutale sur la regulation endocrinienne du metabolisme
glucidique d’un poisson Cyprinide, Tinca vulgaris L. Societe de Biologie de Lyon. 24, 394-398.
DEeMAEL, A. et D. GariN, 1974: Etude in vitro du metabolisme hydrocarbone du poisson au cours

du choc thermique. Cahiers du Laboratoire de Montereau. (1), 27-32.

DEMEAL-SUARD, A., D. GariN, G. BricuonN, M. MURE et G. PErEs, 1974: Neoglycogenese a partir de la
glycine “C chez la tanche (Tinca vulgaris L.) au cours de 'asphyxie. Comp. Biochem. Physiol.,
47A, 1023-1033.

DeMAEL, A. et D. Garin, 1978 : Effets d'un choc thermique de 10C° (15-25C°) sur certains parametres
metaboliques de la tanche adaptee ades eaux diversement oxygenees. Cahiers du Laboratoire de
Montereau, (7), 15-25.

Deroos, R. and C. C. Deroos, 1978: Elevation of plasma glucose levels by catecholamines in elasmo-
branch fish. Gen. Comp. Endocr., 34, 447-452.

DonaLpson, E. M. and H. M. Dyg, 1975: Corticosteroid concentrations in sockeye salmon (Oncorhy-
nchus nerka) exposed to low concentrations of copper. J. Fish. Res. Board Can., 32, 533-589.
Donarpson, E. M., 1981: The pituitary-interrenal axis as an indicator of stress in fish. Stress and
Fish (edited by Pickering), 11-47., Academic Press, London, New-York, Toronto, Sydney, San-

Francisco.

Driepzic, W. R. and P. W. HocHacHkA, 1975: The unanswered question of high anaerobic capabilities
of carp white muscle. Can. J. Zool., 53, 706-712.

Driepzic, W. R. and P. W. HocuacHka, 1976: Control of energy metabolism in fish white muscle.
Am. J. Physiol., 230, 579-582.

Eppy, F. B. and R. N. BatH, 1979: Ionic regulation in rainbow trout (Salmo gairdneri) adapted to
fresh water and dilute sea water. J. Exp. Biol., 83, 181-192.

Esike, C. and C. B. ScHreck, 1980: Stress and social hierarchy rank in coho salmon. Trans. Am.
Fish. Soc., 109, 423-426.

ErpLE, A, 1969: The endocrine pancreas. Fish Physiology (edited by Hoar and Randall), Vol. 2, 275-319.

ErrLe, A. and T. L. Lews, 1977: Metabolic effects of pancreatectomy and hypophysectomy in the
yellow American eel, Anguilla rostrata LeSuer. Gen. Comp. Endocr., 32, 294-315.

EricksoN, J. G., 1967 : Social hierarchy, territoriality and stress reactions in sunfish. Physiol. Zool., 40,
40-48.

Faceriunp, U. H. M., 1967: Plasma cortisol concentration in relation to stress in adult sockeye
salmon during the freshwater stage of their life cycle. Gen. Comp. Endocr., 8, 197-207.

FagerLunp, U. H. M,, J. R. McBripE and E. T. Stong, 1981: Stress-related effects of hatchery
rearing density on coho salmon. Trans. Am. Fish. Soc., 110, 644-649.

Fam, J. N. and M. P. CzecH, 1975: Glucocorticoid effects on lipid mobilization and adipose tissue
metabolism. Handbook of Physiology, Section 7, Endocrinology, Vol. VI. Adrenal gland, 169-
178, American Physiological Society, Washington.

FarRGHALY, A. M., A. A, Ezzat and M. B. Suasana, 1973: Effect of temperature and salinity changes
on the blood characteristics of Tilapia zilli G. in Egyptian littoral lakes. Comp. Biochem. Physiol,,
46A, 183-193.

Farkas, T., 1967: The effect of catecholamines and adrenocorticotropnic hormone on blood and adipose
tissue FFA levels in the fish, Cyprinus carpio L. Progr. Biochem. Pharmacol,, 3, 314-319.

FERREIRA, J. T., G. L. Smit and H. J. ScHoowsee, 1981 : Haematological evaluation of the anaesthetic
benzocaine hydrochloride in the fresh water fish, Cyprinus carpio L. J. Fish Biol., 18, 291-297.

FLETCHER, G. L., 1975: The effects of capture “stress” and storage of whole blood on the red blood

cells, plasma proteins, glucose and electrolytes of the winter flounder (Pseudopleuronectes americanus).

—118—



2 HADA VARG

Can. J. Zool., 53, 197-206.

FoLch, J., M. Lees and G. H. S. STaNLEY, 1957: A simple method for the isolation and purification of
total lipides from animal tissue. J. Biol. Chem., 226, 497-500.

Forrest, J. N. Jr.,, W. C. Mackay, B. GarLLagHEr and F. H. EpsTEIN, 1973 : Plasma cortisol response
to saltwater adaptation in the American eel, Auguilla rostrata. Am. J. Physiol., 224, 714-717.

FRYER, J. N., 1975 : Stress and adrenocorticosteroid dynamics in the goldfish, Carassius auratus. Can. J.
Zool., 53, 1012-1020,

FrYErR, J. N. and R. E. Perer. 1977a: Hypothalamic control of ACTH secretion in goldfish L
Corticotrophin-releasing factor activity in teleost brain tissue extracts. Gen. Comp. Endocr., 33,
196-201.

FryER, J. N. and R. E. PETER, 1977b: Hypothalamic control of ACTH secretion in goldfish IL Hy-
pothalamic lesioning studies. Gen. Comp. Endocr., 33, 202-214.

FryeRr, J. N. and R. E. PETER, 1977c: Hypothalamic control of ACTH secretion in goldfish III. Hy-
pothalamic cortisol implant studies. Gen. Comp. Endocr., 33, 215-225.

B B-0HEET-BE 5 1972 RigEsic ki) 5 MBRERSOMBCET AR AR (HEEETER
B, 1. 7a==¥Y ALEHEOEBARBCE T L%, WBIA6EEIIGFARE, 10-15,

#r - BEET, 1969 RREHOWE—BVIESNSACE bR ICER, EEEKKERERPRERS,
(1), 63-69.

HHTRE - MEEBA -k Bk, 1971a @ = #{ ORBERKETHIME—V. SERKCHOIREM.
Rep. Fish. Lab. Kyushu Univ., (1), 75-81.

HHRE - UREBA - Kk BEX 1971b @ = £ ORBEERCHET OV, RKIPDOHERE. Rep.
Fish. Res. Lab. Kyushu Univ., (1), 91-100.

HHHE -k HEX 197lc : = XA ORBERCHATIHE-V. Fr2—2BI0AM vva ) vAWRR
= X AEEFIAEEO#EE, Rep. Fish. Res. Lab. Kyushu Univ., (1), 101-106.

RE # 1975: 1. WEGLRE, 4. 88, KE¥>) -X8, #HADERELRET, HAKEFELHE,
67-83, EEMEAEM, FHil

GIRARD, J. P. and P. PavaN, 1976 : Effect of epinephrine on vascular space of gills and head of rainbow
trout. Am. J. Physiol, 230(6), 1555-1560.

GIRARD, J. P. and P. Payan, 1980: Ion exchanges through respiratory and chloride cells in frashwater-
and seawater-adapted teleosteans. Am. J. Physiol., 238, R260-R268.

GorDON, M. 8., 1959: Ionic regulation in the brown trout (Salmo trutza L.). J. Exp. Biol., 36, 227-252.

GroNow, G., 1974: Nukleinsiure und Substratgehalite in der dorsalen Rumpfmuskulatur von Tele-
osteern wahrend eines “biologischen Stress”. Mar. Biol., 24, 313-327.

Gurta, O. P. and W. Hanke, 1982: The effects of osmotic stressors on the euryhaline tilapia (Saroth-
erodon mossambicus). Comp. Biochem. Physiol., 73A(3), 405-411.

FERE, 1972: =~ S RBORNGAR. MAIVEE=EREEKERBRGERRE, 8491

Harr, F. G, 1. E. Cray and S. Lerkovsky, 1926: The influence of asphyxiation on the blood con-
stituents of marine fishes. J. Biol. Chem., 67, 549-554.

HaNE, S., O. H. Rogerrson, B. C. WEXLER and M. A. Krupp, 1966: Adrenocortical response to stress
and ACTH in Pacific salmon and steelhead trout at successive stages in the sexual cycle. En-
docrinology, 78, 791-800.

Harpisty, M. W,, P. R. Zewnik and V. C. WrigHT, 1976 : The effects of hypoxia on blood sugar levels
and on the endocrine pancreas, interrenal and chromaffin tissues of the lamprey, Lampetra fluviatilis
(L.). Gen. comp. Endocr., 28, 184-204.

HarMmAN, B. J. and D. L. Jounson, 1980: Physiological responses of Lake Erie freshwater drum to
capture by commercial shore seine. Trans. Am. Fish. Soc., 109, 544-551.

— 119 —




" B

EA G 1982 v BAOERBEHCHELBREHECOWT, tEEXT - ¥ TS LBHRRS,
(36), 71-73.

HaTTiNGH, J. and A. J. J. Van PrerzEN, 1974: The influence of capture and transportation on some
blood parameters of fresh water fish. Comp. Biochem. Physiol,, 49A, 607-609.

HATTINGH, J., 1976 Blood sugar as an indicator of stress in the freshwater fish, Labeo capensis
(SmrTh). J. Fish Biol., 10, 191-195.

HartTiNeH, J., 1977: The effect of tricane methanesulphonate (MS222) on the microhaematocrit of fish
blood. J. Fish Biol,, 10, 453-455.

FOETHES, 1977: 14, ISR, BREAEY (IAEZR), 306-317, ERMEAR, H

Havasar, K., N. W. Green and E. C. BLack, 1964: Carbohydrate metabolism during transportation of
live rainbow trout, Salmo gairdneri, Rep. Fac. Fish., Pref. Univ. Mie, 5(1), 51-125.

Havasag, S. and Z. Ooshiro, 1975a: Glycogenolysis and gluconeogenesis by eel liver slices. Mem. Fac.
Fish., Kagoshima Univ., 24, 119-122.

HayasHi, S. and Z. OosHiro, 1975b: Gluconeogenesis and glycolysis in isolated perfused liver of the eel.
Bull. Japan. Soc. Sci. Fish., 41, 201-208.

Havashr, S. and Z. Oosuiro, 1975¢: Incorporation of 14C-lactate into glucose by perfused eel liver.
Bull. Japan. Soc. Sci. Fish., 41(7), 791-796.

Havasar, S. and Z. OosHiro, 1977: Gluconeogenesis in perfused eel liver—Effect of starvation, amino-
oxyacetate, D-malate and hormones. Mem. Fac. Fish.,, Kagoshima Univ., 26, 89-95.

Havasui, S. and Z. OosHiRo, 1979: Gluconeogenesis in isolated liver cells of the eel, Anguilla
japonica. J. Comp. Physiol,, 132, 343-350.

Haywoop, G. P., 1975 : Indications of sodium, chioride and water exchange across the gills of the striped
dogfish, Poroderma africanum. Mar. Biol,, 29, 267-276.

Heatd, A. G. and G. M. HugHEs, 1973: Cardiovascular and respiratory changes during heat stress
in rainbow trout (Salmo gairdneri). J. Exp. Biol, 59, 323-338.

Heaag, S. A. and W. Hanke, 1982: Electrolyte changes and volume regulatory processes in the carp
(Cyprinus carpio) during osmotic stress. Comp. Biochem. Physiol,, 71A, 157-164.

HeNicke, E. A. and A. H. HousToN, 1965: A note on water balance in the goldfish, Carassius auratus
L., during lethal heat shock. Can. J. Zool.,, 43, 847-852.

HenpersoN, I W., V. Jorisankasa, W. MosLey and M. Ocuri, 1976: Endocrine and environmental
influences upon plasma cortisol concentrations and plasma renin activity of the eel, Anguilla anguilla
L. J. Endocr., 70, 81-95.

HickMaN, C. P. Jr, R. A. McNass, J. S. NeusoN, E. D. VAN BreeMEN and D. ComrorT, 1964 :
Effect of cold acclimation on electrolyte distribution in rainbow trout (Salmo gairdneri). Can. J.
Zool., 42, 577-597.

HiLL, C. W. and P. O. FroMM, 1968: Response of interrenal gland of rainbow trout (Salmo gairdneri)
to stress. Gen. Comp. Endocr., 11, 69-77.

Hiravo, T., 1969: Effects of hypophyssctomy and salinity change on plasma cortisol concentration in
the Japanese eel, Anguilla japonica. Endocrinol. Japon., 16(5), 557-560.

Hirano, T. and S. Utipa, 1971 ; Plasma cortisol concentration and rate of intestinal water absorption in
the eel, Anguilla japonica. Endocrinol. Japon., 18(1), 47-52.

EE, 1976: 7 r 7 7 F AFRAORECOWTORBRMWFENT 7o —F. K- BRERBEHLEL
T kA vOAEMEE LEEBPSTREFS, (BARSWEAR), 157-179, BIURFEHRE, HA.

KB BAERRS - (U0 PIEKERRS - BFRIKERRS - SORKERRS - ASRKERRS - BHE
KBRS, 1982 : BIASCAEEEEE SE AR ER AR FE WEABETBRESREE FER,
1-34,




2 L4 DAL VARG

HoLperT, P. W, E. J. BoLanp and K. R. Orson, 1979 : The effect of epinephrine and acetylcholine on the
distribution of red cells within the gills of the channel catfish (Ictalurus punctatus). J. Exp. Biol,
79, 135-146.

HoretoN, G. F. and D. J. RaNpaLL, 1967: The effect of hypoxia upon the partial pressure of gasses
in the blood and water afferent and efferent to the gills of rainbow trout. J. Exp. Biol, 46, 317-
327.

HoLMGREN, S. and S. NiLssoN, 1982 : Neuropharmacology of adrenergic neurons in teleost fish. Comp.
Biochem. Physiol., 72C, 289-302.

HAEE - OTAREE, 1971 C. BBE bV 5EREL. A7 M AOEMFELFELIbVWAFER B’
SRR 2 KA R X UEERD, 243-250, FIUEE, HiE.

HousTton, A. H., 1962 : Some observations on water balance in the goldfish, Carassius auratus L., during
cold death. Can. J. Zool., 40, 1169-1174.

Houston, A. H. and J. A. MapDEN, 1968 : Environmental temperature and plasma electrolyte regulation
in the carp, Cyprinus carpio. Nature, 217, 969-970.

Housrton, A. H. and M. A, DEWILDE, 1969 : Environmental temperature and the body fluid system of the
freshwater teleost-III. Haematology and blood volume of thermally acclimated brook trout, Salvelinus
fontinalis. Comp. Biochem. Physiol., 28, 877-885.

HoustoNn, A. H., J. A. Mapbpen,R. J. Woops and H. M. MiLes, 1971 : Some physiological effects of han-
dling and tricaine methanesulphonate anesthetization upon the brook trout, Salvelinus fontinalis. J.
Fish. Res. Board Can., 28, 625-633.

Houston, A. H,, C. L. Czerwinskl and R. J. Woops, 1973 : Cardiovascular-respiratory activity during
recovery from anesthesia and surgery in brook trout (Salvelinus fontinalis) and carp (Cyprinus
carpio). J. Fish. Res. Board Can., 30(11), 1705-1712.

Housrton, A. H. and D. Cyr, 1974 : Thermoacclimatory variation in the haemoglobin systems of goldfish
(Carassius auratus) and rainbow trout (Salmo gairdneri). J. Exp. Biol, 61, 455-461,

HucHgs, G. M. and J. L. RoBerTs, 1970: A study of the effect of temperature changes on the respirat-
ory pumps of the rainbow trout. J. Exp. Biol,, 52, 177-192.

Hunn, J. B, 1969 : Chemical composition of rainbow trout urine following acute hypoxic stress. Trans.
Am. Fish. Soc., 98, 20-22.

IDLER, D. R. and B. Truscort, 1972 : Corticosteroids in fish. Steroids in Nonmammalian Vertebrates
(edited by D. R. Idler), 127-252, Academic Press, New York and London.

Iga, T., 1978: The mode of action of potassium ions on the leukophores of the fresh water teleost,
OrYzias latipes. Y. Exp. Zool., 205, 413-422,

MEERE 1977: 6. MH{LEER. AE4EHE, 140159, EEHEAM, HE

ihH#E, 1979 BEROBENH. EOH - 5 - R, 2403, 292-136.

HERA, 1976 : P~ ~ 7O MBS CE T2 ZIROR, T C¥R¥REMHRT 1-91,

Ince, B. W. and A. THorpe, 1975: Hormonal and metabolite effects on plasma free fatty acids in the
northern pike, Esox lucius L. Gen. Comp. Endocr., 27, 144-152.

INce, B. W. and A. THoreg, 1976: The in vivo metabolism of “C-glucose and *C-glycine in insulin-
treated northern pike (Esox lucius L.). Gen. Comp. Endocr., 28, 481-486.

INce, B. W. and A. THorpg, 1977: Plasma insulin and glucose responses to glucagon and catecholami-
nes in the European silver eel (Anguilla anguilla L.). Gen. Comp. Endocr., 33, 453-459.

Inur, Y. and Y. OnsHiMA, 1966: Effect of starvation on metabolism and chemical composition of eels.
Bull. Japan. Soc. Sci. Fish., 32, 492-501.

Inui, Y. and S. Ecusa, 1967 : Histological changes observed in glass eel liver during starvation. Bull
Japan. Soc. Sci. Fish., 33(3), 181-189.

—121 —



s @

Invi, Y. and M. Yoxkote, 1974 : Gluconeogenesis in the eel-I. Gluconeogenesis in the fasted eel. Bull.
Freshwater Fish. Res. Lab., 24(1), 33-46.

Inui, Y. and M. YokoTE, 1975a: Gluconeogenesis in the eel-IIL Effects of mammalian insulin on the
carbohydrate metabolism of the eel. Bull. Japan. Soc. Sci. Fish., 41, 965-972.

Inui, Y. and M. YokoTg, 1975b: Gluconeogenesis in the eel-IV. Gluconeogenesis in the hydrocortisone
administrated eel. Bull. Japan. Soc. Sci. Fish., 41, 973-981.

Inut, Y. and M. YoKoTE, 1975¢c: Gluconeogenesis in the eel-V. Effects of alloxan and hydrocortisone
administraeion on amino acid mobilization in the hepatectomized eel. Bull. Japan. Soc. Sci. Fish.,
41, 1101-1104.

Inui, Y. and M. YokotE, 1977: Effects of glucagon on amino acid metabolism in Japanese eels, Anguilla
japonica. Gen. comp. Endocr., 33, 167-173.

Inul, Y. and H. Ismioka, 1983a: Effects of insulin and glucagon on the incorporation of MC-glycine
into the protein of the liver and opercular muscle of the eel in vitro. Gen. Comp. Endocr., 51,
208-212.

Inus, Y. and H. Isuroka, 1982b: Effects of insulin and glucagon on amino acid transport into the liver
and opercular muscle of the eel in vitro. Gen. Comp. Endocr., 51, 213-218.

HEE - EEERE 1979 EABRXTO KU RGICRIETHE L ARPHE ERAEO R 2T,
Rep. Fish. Res. Lab., Kyushu Univ., (4), 79-114.

FREL - GRET, 1978: a—F V=V FSH4 677 » A OEREMBED HTLDRBITHHE. AR
KK EFRZEAT#RE, W), 6574

HR%REF - BT—E, 1979 : B~ £ 1 L RR< X1 OHBOLE. (RRH).

BRET & ik 1980 : BHAK ST HREO THZETHPI%EE), BRKREDOCDOEEME. REKE
Bl SHpremE, 128, 74-82,

GRET, 1980a : WHEAO A b UAKGCET AR 1. BEELC IS A P vARIG. HAKE 460)
523-531.

BRET, 1980b : ApcEnBtri< £ 4 omgkkic & L T8 BkEE 4600, 1323-1331.

GRET, 1982 : i KOBEAEE T X5~ £ 4 oMk EL. Bk 48(2), 165-170

GREZET, 1983 : In vitro RBFFFRO DD < & 4 OFHBRESR. AKEE 4900, 1523-1526,

LT, 1984a : BEE:s LORD B\ 2 b v 2RO MK RE L. FRERKKERENHE, (9, 53-62.

RRET, 19840 @ BXRO < £ DM RES OXS). ArEREREFT#RE, 4, 63-TL

BEET, 1984c @ ~ # A FEHEREACET S 7 v a2 — 26 LR BERECS 2 % &t v ORE
ErEG K KEFENERE, (0, 73-84,

BEFRS - hAPURR, 1929 « A ARREREPIRICOWT. KERIREE 25(7), 163-168.

RRES - Bl 18, 1972 : iRk A0 BELAMCE T+ 5—FR. BREAPCEsT s~ 44 DB EEFE.
Skt 26, 197-202.

WRSE, 1982: [, @Xrbo4m, 1, Wk, KEFs ) — <39, FAER 921, EELFEMN HR

HEEK, 1976: 8, BIBEE S Y. FSWE, 138-161, BTHH, HE

Jackiv, E. and G. LaRocHE, 1973 : Protein synthesis in Fundulus heteroclitus muscle. Comp. Biochem.
Physiol., 44A, 851-866.

JacksoN, A. J., 1981: Osmotic regulation in rainbow trout (Salmo gairdneri) following transfer to sea
water. Aquaculture, 24, 143-151.

JoHANSON-SIOBECK, M.-L., G. Dave, A. Larsson, K. LEwanper and U. LipMan, 1978: Haematological
effects of cortisol in the European eel, Anguilla anguilla L. Comp. Biochem. Physiol., 60A, 165-168.

JonnstoN, I A. and G. GOLDSPINK, 1973 : Some effects of prolonged starvation on the metabolism of the
red and white myotomal muscles of the plaice, Pleuronectes platessa. Mar. Biol,, 19, 348-353.

Jounston, I. A., 1975a: Studies on the swimming musculature of the rainbow trout II. Muscle metabo-

=122 =~




< BADA VAR

lism during severe hypoxia. J. Fish Biol., 7, 459-467.

Jounston, 1. A., 1975b: Anaerobic metabolism in the carp (Carassius carassius L.). Comp. Biochem.
Physiol., 51, 235-241.

Jones, I. C,, D. BELLaMy, D. K. O. Cuan, B. K. FoLLerr, I. M. HEnDERsON, L. G. PHirLips and R.
S. SnarT, 1972: Biological actions of steroid hormones in nonmammalian vertebrates. Steroids in
Nonmammlian vertebrates (edited by Idler), 415-480, Academic Press, New York and London.

Jozuxka, K., 1966 : Chloride-excreting and mucus-secreting cells in the gills of the Japanese common eel,
Anguilla japonica. Annot. Zool. Japon., 39, 202-210. .

Jurani, M., L. Mikurar and K. Murcas, 1972: Phylogenetic aspects of adrenocortical activity during
the process of adaptation. Advan. Exp. Med. Biol., 33, 619-629.

HIUZED, 1928: H 7 LRUEFC RS TKERCLHEOFECH T, R 40, 521-522,

RIIRT - wRE=, 1930: 8 75— MEFERcs T, KERRE 25 35-40,

RILES, 1933 : PEOMENBERCIFRE LR sBESERCRITTKE BMERVAEA A+ v
Eogg HXEE 2(), 8-12

AR, 1975 DL 5 L 1 #+ v OREESE—EEAC 5115 Na-K ATPase ofF%l. (b2l 44, 13
155-157.

STRAR - TRERE - B - £ FHik - HR, 1966 1 RRERIC KT 5 REORECET 5515
—N. #ERD = o< AW ARBHBREROLEL. AAkZE 330), 56-58

FaAT, 1950 @EOKMMEM N OWT, F1H, PRESEREBOROKMIKIENL D, B 25
728-734,

N, 1980 : BIERUC KIT 2 IRED THICET 5%, BHKERTSHREBRWERE, 128,17-20,

Kirk, W. L, 1974: The effects of hypoxia on certain blood and tissue electrolytes of channel catfish,
Ictalurus punctatus (RAFINESQUE). Trans. Am. Fish. Soc, 103(3), 593-600.

8 7, 1978 : < &£ 4 DRI L AOBEICHET IR BOKEARBRBRCE. H5HE 1-92

Konagaya, T., 1977: Change of body temperature of tuna dunng hauling operation. - Byll. Japan. Soc.
Sci. Fish., 43, 1351,

MRS, 1981 B, RAERE (PIUEHER), 483-488, BT ¥H, HuL

SN lin 7 e, 7 KERBRE~ F 1 EBHEERRS, 1977 ~ S BHEEOENKORR EMES. HAK
EERRER S, 1-179.

LaComse, C. et Y. CreacH, 1974: Influence d’une elevation de temperature sur quelques parametres
physiologiques en relation avec le metabolisme azote et hydromineral de la carpe (Cyprinus c.
L.). Cahiers du Laboratoire de Montereau, (1), 71-84.

LarssoN, A, and K. LEWANDER, 1972 : Effects of glucagon administration to eels (Anguilla anguilla L.).
Comp. Biochem. Physiol., 43A, 831-836. :

Larsson, A. L., 1973 : Metabolic effects of epinephrine and norepinephrine in the eel, Anguilla anguilla
L. Gen. Comp. Endocr., 20, 155-167.

LeacH, G. J. and M. H. Tavror, 1980: The role of cortisol in stress-induced metabolic changes in
Fundulus heteroclitus. Gen. Comp. Endocr., 42, 219-227.

Leach, G. L. and M. H. TavLor, 1982: The effects of cortisol treatment on carbohydrate and protein
metabolism in Fundulus heteroclitus. Gen. Comp. Endocr., 48, 76-83.

LessoN, L. and E. M. PLisETSKAYA, 1968 : Effect of insulin on blood sugar level and glycogen content
in organs of some cyclostomes and fish. Gen. Comp. Endocr., 11, 381-392.

Leivestap, H, H. ANDERsON and P. F. ScHoLANDER, 1957: Physiological response to air exposure in
codfish. Science, 134, 505.

LewaNDER, K., G. DAVE, JoHANsSON-S16BECK, M.-L., A. Larsson and U. Lipman, 1976: Metabolic
effects of insulin in the European eel, Anguilla anguilla L. Gen. Comp. Endocr., 29, 455-467.

— 123 —




a @

LipMmaN, U., G. Davg, M. -L. JoHANssoN-S10BECK, A. LarssoN and K. LEWANDER, 1979 : Metabolic effect
of cortisol in the European eel, Anguilla anguilla L. Comp. Biochem. Physiol., 63A, 339-344.
Lroyp, R. and W. R. Wuirg, 1967: Effect of high concentration of carbon dioxide on the ionic

composition of rainbow trout blood. Nature, 216, 1341-1342,

Locan, A. G, R. Morris and J. C. Rankin, 1980: A micropuncture study of kidney function in the
river lamprey, Lampetra fluviatilis adapted to sea water. J. Exp. Biol.,, 88, 239-247.

Love, R. M., 1970 : The Chemical Biology of Fishes vol. I. 541 pps, Academic Press, London and New
York.

Love, R. M., 1980: The Chemical Biology of Fishes vol. II. 943 pps, Academic Press, London, New
York, Toronto, Sydney, San Francisco.

MaceiNa, M. J, F. G. NorpLie and J. V. SHIREMAN, 1980: The influence of salinity on oxygen
consumption and plasma electrolytes in grass carp, Ctenopharyngodon idella Val. J. Fish Biol,
16, 613-619.

MacKay, W. C., 1974: Effect of temperature on osmotic and ionic regulation in goldfish, Carassius
auratus L. J. Comp. Physiol., 88, 1-19.

MEHRE - A8 EfE-ra B 1982 : HEEE AVCIASHRBIC L5 KRB~ ¥ 1 SRR LA
THREROFHZF. BAGTERE I RKELEHFASRBERHE, 302

WMBREFE ke 5 1972: fiRzHo o omEaFRERESRO LK, KERE, 19, 121-127,

MAzZEAUD, F., 1964: Vitesse de production de I'hyperglycemie en fonction de la temperature chez la
Carpe. Intensite de la reponse en fonction de la dose d’hormone. C. R. Soc. Biol., 158, 36-40.
Mazeaup, M., F. Mazeaup and E. M. DoNALDsON, 1977: Primary and secondary effects of stress in

fish: Some new data with a general review. Trans. Am. Fish. Soc., 106(3), 201-218.

Mazeaup, M. M. and F. Mazeaup, 1981: 3. Adrenergic responses to stress in fish. Stress and Fish
(edited by Pickering), Academic Press, London, New York, Toronto, Sydney, San Francisco.
MCcFARLAND, W. N., 1960 : The use of anesthetics for the handling and the transport of fishes. California

Fish and Game, 46(4), 407-431,

McDonaLp, D. G., H. Hope and C. M. Woop, 1980: The influence of calcium on the physiological
responses of the rainbow trout, Salmo gairdneri, to low environmental pH. J. Exp. Biol, 88,
109-131.

McDonaLp, D. G. and C. M. Woop, 1981 : Branchial and renal acid and ion fluxes in the rainbow trout,
Salmo gairdneri, at low environmental pH. J. Exp. Biol., 93, 101-118.

McLeay, D. J.,, 1973a: Effects of cortisol and Dexamethasone on the pituitary-interrenal axis and
abundance of white blood cell types in juvenile coho salmon, Oncorhynchus kisutch. Gen. Comp.
Endocr., 21, 441-450.

McLEay, D. J, 1973b: Effects of a 12-hour and 25-day exposure to kraftpulp mill effluent on the
blood and tissues of juvenile coho salmon (Oncorhynchus kisutch). J. Fish. Res. Board Can., 30,
395-400.

McLeay, D. J. and D. A. BrowN, 1974: Growth stimulation and biochemical changes in juvenile coho
salmon (Oncorhynchus kisutch) exposed to bleached kraft pulpmill effluent for 200 days. J. Fish.
Res. Board Can., 31, 1043-1049.

McLEeay, D. J. and D. A. BrowN, 1975: Effects of acute exposure to bleached kraft pulpmill effluent
on carbohydrate metabolism of juvenile coho salmon (Oncorhynchus kisutch) during rest and exercise.
J. Fish. Res. Board Can., 32, 753-760.

McLEeay, D. J,, 1977: Development of a blood sugar bioassay for rapidly measuring stressful levels
of pulpmill effluent to salmonid fish. J. Fish. Res. Board Can., 34, 477-485.

McLEaY, D. J. and M. R. Gorpon, 1977: Leucocrit: A simple hematological technique for measuring

—124 —



<= HADA VAR

acute stress in salmonid fish, including stressful concentrations of pulpmill effluent. J. Fish. Res.
Board Can., 34, 2164-2175.

McLEeay, D. J. and D. A. Brown, 1979 : Stress and chronic effects of untreated and treated bleached kraft
pulpmill effluent on the biochemistry and stamina of juvenile coho salmon (Oncorhynchus kisutch).
J. Fish. Res. Board Can., 36, 1049-1059.

McWILLIAMS, P. G., 1980 : Acclimation to an acid medium in the brown trout, Salmo trutta. J. Exp.
Biol., 88, 269-280.

Mever, D. K., B. A. WEsTFaLL and W. S. PLATNER, 1954: Water and electrolyte balance of goldfish
under conditions of anoxia, cold and inanition. Am. J. Physiol., 184, 553-556.

MiLLIGAN, C. L. and C. M. Woop, 1982: Disturbances in hematology, fluid volume distribution and
circulatory function associated with low environmental pH in the rainbow trout, Salmo gairdneri.
J. Exp. Biol., 99, 397-415.

MiNick, M. C. and W. CHaVIN, 1972: Effects of vertebrate insulins upon serum FFA and phospholipid
levels in the goldfish, Carassius auratus L., Comp. Biochem. Physiol., 41A, 791-804.

Minick, M. C. and W. CHavIN, 1973 : Effects of catecholamines upon serum FFA levels in normal and
diabetic goldfish, Carassius auratus L. Comp. Biochem. Physiol., 44A, 1003-1008.

MORATA, P., A. M. VarGas, M. L. PiTa and F. Sancuez-MEDINA, 1982a: Hormonal effects on the liver
glucose metabolism in rainbow trout, Salmo gairdneri. Comp. Biochem. Physiol, 72B, 543-545.
MORATA, P., A. M. VarGas, M. L. Pita and F. SanNcHEz-MEDINA, 1982b: Involvement of gluconeo-
genesis in the hyperglycemia induced by glucagon, adrenalin and cyclic-:AMP in rainbow trout

(Salmo gairdneriy. Comp. Biochem. Physiol., 73A, 379-38L.

s, 1967 FmEAERCEIT AR, RMEOKEARBBHRCE (), 1-5.

R B - FAEET - TRAIK, 19821 < & 1 SFHEIPO 46REHIEMRAERIC OV T, KBNS, 30, 43-47.
MuraT, J. C. et A. SErFaTY, 1975: Effets de 'adrenaline du glucagon et de I'insuline sur le meta-
bolisme glucidique de la Carpe: influence de la temperature. C. R. Soc. Biol., 169, 228-232.
Mugart, J. C. et J. P. Parent, 1975: Effet de Pacclimatation thermique sur la croissance et le meta-
bolisme glucidique chez la Carpe. Donnees preliminaires. Cahiers du Laboratoire de Montreau,

(2), 23-34.

Murar, J. C., 1976 : Studies on glycogenolysis in the carp liver: Evidence for an amylase pathway for
glycogen breakdown. Comp. Biochem. Physiol., 35B, 461-465.

Murat, J. C., 1976 : Recherches sur la mobilisation des glucides tissulaires chez la Carpe. These presentee
a I'Universite Paul Sabatier de Toulouse, 1-164.

MuRraT, J. C. et E. M. PLISETsKAYA, 1977: Effets du glucagon sur la glycemie, le glycogene et la
glycogene-synthetase hepatique chez la Carpe et la Lamproie. C. R. Soc. Biol.,, 171, 1302-1305.

MURRAY, S. A. and C. B. BurTon, 1979: Effects of density on goldfish blood-IL Celi morphology. Comp.
Biochem. Physiol., 62A, 559-562.

MURRAY, S. A., 1980: Effects of loading density on catfish blood. Experientia 36, 205-206.

MurTHY, V. K., P. REDDANNA, M. BHAsKAR and S. GoviNDAPPA, 1981: Muscle metabolism of freshwater
fish, Tilapia mossambica (PETERs) during acute exposure and acclimation to sublethal acidic water.
Can. J. Zool., 59, 1909-1915.

Nacg, P. F. and J. E. Scuus, 1961 : Environmental temperature change and blood sugar change in the
toadfish, Opsanus tau. Biol. Bull., 121, 401.

NaGa1i, M. and S. Ixepa, 1971a: Carbohydrate metabolism in Fish-I. Effects of starvation and dietary
composition on the blood glucose level and the hepatopancreatic glycogen and lipid contents in carp.
Bull. Japan. Soc. Sci. Fish., 37, 404-409.

NaGaL M. and S. IkeDaA, 1971b: Carbohydrate metabolism in fish-II. Effect of dietary composition on

—125—




A H

metabolism of glucose-6-14C in carp. Bull. Japan. Soc. Sci. Fish., 37, 410-414.

Nacal, M. and S. Ikepa, 1972: Carbohydrate metabolism in fish-III. Effect of dietary composition on
metabolism of glucose-U-1“C and glutamate-U-1C in carp. Bull. Japan. Soc. Sci. Fish., 38, 137-143.

FJIES - REEHE—RR - U8R A - SEHARS « SRERRS, 1982 B ~~FCRIFT 7 v U5 =+ AFHMEA
BOBRE—1. RER LOMEERCRETHE, KERME, 30 (2), 67-75.

FRIPEAY - BRI K - AR - SFUEFER, 1982 : M~ <+ RIFET 27 v v 7 =F 2ARMEROHE—1.
MR DR IAH (ERPHE) BERI~OBE. KEWHEHE, 30 (2), 76-83.

F)IPER - GRIEARR - FEHHR - AREEE - BEASH, 1983 F@E 7 =om&ER, tRSCkET 7o
Vo= ARG OBE. KERME, 30 4), 192-201.

Nakano, T. and N. TomrinsoN, 1967 : Catecholamine and carbohydrate concentrations in rainbow trout
(Salmo gairdneri) in relation to physical disturbance. J. Fish. Res. Board Can., 24(8), 1701-1715.

BEEX 7 e 7 2RARERRLSEUR, 1980 : @EEBAROFRENROTR L MBESA—EAEEX 7 =
7 EBRRBIOEDHEZ—, 7-14, AXKEEREERS HI

NeaLg, N. L, K. V. Honn and W. CHAvIN, 1977 : Haematological responses to thermal acclimation in
a cold water squaliform (Heterodontus francisci Girarp). J. Comp. Physiol., B, 115, 215-222,

NIKINMAA, M., 1982: The effects of adrenaline on the oxygen transport properties of Salmo gairdneri
blood. Comp. Biochem. Physiol., 71A, 353-356.

NiLsson, S., T. AsrraHaMsoN and D. J. Grove, 1976 : Sympathetic nervous control of adrenaline release
from the head kidney of the cod, Gadus morhua. Comp. Biochem. Physiol., 55C, 123-127.

NisHiMURA, H.,, W. H. SawyEr and R. F. NiGreLLI, 1976 : Renin, cortisol and plasma volume in marine
teleost fishes adapted to dilute media. J. Endocr., 70, 47-59.

FHRTER - LASnek - FWRIEST (), 1966: 18 mbs. FERACESTL, WX IURE— (HAL%ES
), a1 779—3, 1-24 WRMLFRA, Hit

Noaks, D. L. G. and J. F. LEATHERLAND, 1977: Social dominance and interrenal cell activity in rainbow
trout, Salmo gairdneri (Pisces, Salmonidae). Env. Biol. Fish., 2(2), 131-136.

BE R 1975 [—4. AREAR REAREGEEEEAMAEREREE WARER (226), 26-29,

O1pE, M. and S. Utipa, 1967: Changes in water and ion transport in isolated intestine of the eel dur-
ing salt adaptation and migration. Mar. Biol., 1, 102-106.

Ogurl, M,, 1960a: Studies on the adrenal glands of teleosts-V. Experimentally induced histological
alterations in the interrenal cells of fishes. Bull. Japan. Soc. Sci. Fish., 26, 476-480.

Ocurl, M., 1960b : Studies on the adrenal glands of teleost-VI. On the interrenal tissues of chum salmon,
Oncorhynchus keta (WALBAUM), migrating up river to spawn. Bull. Jap. Soc. Sci. Fish., 26, 981-984.

Ocurl, M. and Y. OosHiMa, 1977 : Early changes in the plasma osmolality and ionic concentrations of
rainbow trout and goldfish following direct transfer from fresh water to sea water. Bull. Japan. Soc.
Sci. Fish., 43, 1253-1257.

BEPE—  HEBEE - AKX . HE OIE, 1972 SEEMETY, 393-400, ARMEEESE, B

HEFR— « HEHPE - REBZ - RETET - BAER - #BF, 1977 : 2 EEMTE, 77-114, AR
A, H

O’NELLL, J. G., 1981 : The humoral immune response of Salmo trutta L. and Cyprinus carpio L. exposed
to heavy metals. J. Fish Biol,, 19, 297-306.

REEH - FH &« PRETH 1983 BEE LOCXKAR~ 1 OFER S DILE. RASSEE B AKEFLE
FRSHEHERHE, 19%.

OtroLeNGHI, C., C. Puviani, A. BARUFFALDI and L. BLIGHENTI, 1982: “in vivo” effects of insulin on
carbohydrate metabolism of catfish (Ictalurus melas). Comp. Biochem. Physiol,, 72A, 35-41.

R ARE, 1968 : [, mEo4&E, SUEAEYEE], 1-99, 83FH, #Hil

R AHE - FRE, 1972 HREAFD 2 1 DA E. J. Tokyo Univ. Fish, 59(1), 27-31.

— 126 —



< FADA L VARG

PaRenT, J. P. et F. VELLAs, 1981 : Effets de variations thermiques chez la truite arc-en-ciel (Salmo gaird-
neri Ricu.). Cahiers Du Laboratoire de Montereau, (11), 29-40.

PaRrry, G., 1961 : Osmotic and ionic changes in blood and muscle of migrating Salmonids. J. Exp. Biol.,
38, 411-427.

PirT, P., A. KiessLing and O. RiNg, 1982 : Adrenaline increases vascular resistance in perfused rainbow
trout (Salmo gairdneri Ricu.) gills. Comp. Biochem. Physiol., 72C, r107-108.

PASANEN, S., M. ViLjaneN and E. PULKKINEN, 1979: Stress caused by the mark-recapture method to
Coregonus albula (L.). J. Fish Biol., 14, 597-605.

PATTERSON, S., I. A. JounsToN and G. GOLDSPINK, 1974 : The effect of starvation on the chemical com-
position of red and white muscles in the plaice (Pleuronectes platessa). Experientia, 30(8), 892-
894,

Pavan, P. and A. J. MaTry, 1975: The characteristics of ammonia excretion by a perfused isolated
head of trout (Salmo gairdneri) : Effect of temperature and CO.-free ringer. J. Comp. Physiol., 96,
167-184.

PrrRIER, H., C. PERRIER et J. GRas, 1971: Etude de L’hyperglycemie adrenalinique chez la truite arc-en-
ciel d’elevage (Salmo gairdneri RICHARDSON) : Action des substances adrenolytiques. C. R. Soc.
Biol., 165, 2141-2144.

PeRrIER, H., C. PERrIER, G. PERES et J. Gras, 1979 : Effets immediats de chocs thermiques sur la taux
de certains constituants du plasma de la truite arc-en-ciel d’elevage: Composes temoins du
stress et fractions proteique. Rev. Can. Biol., 38, 37-41.

PETERS, G., H. DELVENTHAL and H. KLINGER, 1980a: Stress diagnosis for fish in intensive culture system.
Symposium on new developments in the utilization of heated-effluents and of re-circulation systems
for intensive aquaculture. European Inland Fisheries Advisory Commission, Norway, 28-30.

PeTERS, G., H. DELVENTHAL and H. KLINGER, 1980b: Physiological and morphological effects of social
stress in the eel, (Anguilla anguilla L.). Arc. Fisch Wiss., 30, (2/3), 157-180.

PETERS, G., 1982: The effect of stress on the stomach of the European eel, Anguilla anguilla L. J. Fish
Biol., 21, 497-512.

PrYRAUD-WAITZENEGGER, M., 1979: Simultaneous modifications of ventilation and arterial Po, by cate-
cholamines in the eel, Anguilla anguilla L. Participation of « and 8 effects. J. Comp. Physiol., B,
129, 343-354.

PEYRAUD-WAITZENEGGER, M., L. BarTHELEMY and C. PEYRAUD, 1980 : Cardiovascular and ventilatory effects
of catecholamines in unrestrained eels (Anguilla anguilla L.). A study of seasonal changes in
reactivity. J. Comp. Physiol., B, 138, 367-375.

Paruies, J. G. and P. J. Murrow, 1959 : Corticosteroid production in vitro by the interrenal tissue of
killifish, Fundulus heteroclitus (Lmw.). Proc. Soc. Expl. Biol. Med., 101, 262-264.

Pic, P., N. MaYEr-GosTaN and J. Magrz, 1974: Branchial effects of epinephrine in the seawater-adapted
mullet 1. Water permeability. Am. J. Physiol, 226(3), 698-702.

Pic, P., N. Maver-GostaN and J. Magrz, 1975 Branchial effects of epinephrine in the seawater-adapted
mullet II. Na* and ClI- extrusion. Am. J. Physiol, 228(2), 441-447.

PIcKERING, A. D. and D. J. Macey, 1977: Structure, histochemistry and the effect of handling on the
mucous cells of the epidermis of the char, Salvelinus alpinus (L.). J. Fish Biol., 10, 505-512.

PICKERING, A. D., 1981: 1, Introduction: The concept of biological stress. Stress and fish (edited by A.
D. Pickering), Academic Press, London, Now York, Toronto, Sydney, San Francisco.

PiCKERING, A. D., T. G. PortiNger and P. CHRISTIE, 1982: Recovery of the brown trout, Salmo trutta
L., from acute handling stress: A time-course study. J. Fish Biol., 20, 229-244.
PickrorD, G. E., A. K. Srivastava, A. M. SLicHER and P. K. T. Pang, 1974 : The stress response in the

— 127 —




M

abundance of circulating leucocytes in the killifish, Fundulus heteroclitus. 1. The cold-shock sequ-
ence and the effects of hypophysectomy. J. Exp. Zool,, 177, 89-96.

Picukans, I. and B. L. UMMINGER, 1979 : Comparative activities of glycogen phosphorylase and v-amylase
in livers of carp (Cyprinus carpio) and goldfish (Carassius auratus). Comp. Biochem. Physiol.,
62B, 455-457.

Potts, W. T. W,, M. A. FosTeR, P. P. RupYy and G. P. HoweLLs, 1967: Sodium and water balance in the
cichlid teleost, Tilapia mossambica. J. Exp. Biol,, 47, 461-470.

Prosser, C. L., L. M. Barr, R. D. Pinc and C. Y. Lauer, 1957: Acclimation of goldfish to low con-
centrations of oxygen. Physiol. Zool., 30, 137-141.

Prosser, C. L., W. Mackay and K. Karo, 1970 : Osmotic and ionic concentrations in some Alaskan fish
and goldfish from different temperatures. Physiol. Zool., 43, 81-89.

RAFFY, A., 1952 Influence des variations de la temperature sur 'osmoregulation de petites carpes en eau
douce et en eau salee. C. R. Soc. Biol., CXLVI, 908-910.

RaNDALL, D. J,, 1962: Effect of an anesthetic on the heart and respiration of teleost fish. Nature, 195,
506.

RapxIN, E., 1961 : Hydroxide of Hyamine 10X. Packard Technical Bulletin, 1-6.

RENAUD, J. M. and T. W. Moon, 1980: Characterization of gluconeogenesis in hepatocytes isolated from
the American eel, Anguilla rostrata LESueur. J. Comp. Physiol., 135, 115-125.

Ruber, H.J,, R. L. Guy and M. B. LipserT, 1972: A Radioimmunoassay for cortisol in plasma and urine.
J. Clin. Endocrinol. & Metab., 35, 219-224.

Wz, 1976 1 AR BT 5 <7 O MK - FFTVEBOLERS I Lo oWT, BAE 42 @),
1267-1272,

WoZER- - Ko, 1979: 8~ 5 A OLBFHOHRE V. LHOMREEC X5RFEOIE & mEEER,
HAkgk, 45 1371-1373.

WogEeE - -wn E, 1981 : B~ £ ORARC ST 5 MEFTWEBRS St sz 5 kBOME. HAKE,
47 (1), 27-33.

SaxaMorto, S. and Y. Yong, 1978: Effect of starvation on hematological characteristics and the contents
of chemical components and activities of enzymes in blood serum of red sea bream. J. Fac. Agr.
Kyushu Univ., 23, 63-69.

Sakamoro, S., M. FuruicH! and Y. YonE, 1978 : Effect of starvation on organ weight and chemical com-
ponent of red sea bream. J. Fac. Agr. Kyushu Univ.,, 23, 71-77.

SaNDOR, G., P. ViNsoN, 1. Cuester-Jones, I. W. HEnDERsON and B. J. WarTeHOUsE, 1966 : Biogenesis of
corticosteroids in the European eel, Anguilla anguilla L. J. Endocr., 34, 105-115.

Sano, T., 1962: Haematological studies of the culture fishes in Japan. 6. Variation in blood constitu-
ents of Japanese eel, Anguilla japonica during starvation. J. Tokyo Univ. Fish., 48, 105-109.

SaUNDERS, R. L., 1963 : Respiration of the Atlantic cod. J. Fish. Res. Board Can., 20 (2), 373-386.

Schreck, C. B. and H. W. Lorz, 1978: Stress responses of coho salmon (Oncorhynchus kisutch) elicited
by cadmium and copper and potential use of cortisol as an indicator of stress. J. Fish. Res. Board
Can.,, 35, 1124-1129.

Scort, A. L. and W. A. RogEers, 1981 : Hematological effects of prolonged sublethal hypoxia on channel
catfish, Ictalurus punctatus (RarinesQue). J. Fish Biol,, 18, 591-601.

BIIRFEE, 1978 : MG L B RBEAI 2Pl & LC—. £R{b%, 1 (1), 13-28

SeLye, H., 1950 : Stress and the general adaptation syndrome. Brit. Med. J., (June 17), 1383-1392.

SeLyE, H., 1973 : The evolution of the stress concept. American Scientist, 61 (6), 692-699.

SEHER - RBBE - T B, 19 BE-C v X0oMmfEr Y SV £ ) Ve a3 vRT DV HEIRTE - 2
Aa—2ZAB LU AISESR. FEKHH, $£775, 77-87

—128 —



<= HADA N VARG

REHE, 1974 EORKEHRBCET AR SRR KEERIHARSE (), 1-107.

TP BR « A B SEEER, 1976 BRI LA = v~ ARRDEEOE L. HAKE 42 (1), 83-89.

SINGLEY, J. A. and W. CHAvIN, 1975: The adrenocortical-hypophyseal response to saline stress in the
goldfish, Carassius auratus L. Comp. Biochem. Physiol., 51A, 749-756.

SLICHER, A. M., G. E. Pickrorp and J. N. Barr, 1962: Effects of ACTH and cold shock on the white
cell count of fishes. Annat. Rec.,, 142, 327.

Smit, G. L., J. HaTTingH and A. P. BURGER, 1979a: Haematological assessment of the effects of the
anesthetic MS222 in natural and neutralized form in three freshwater fish species: Interspecies differ-
ences. J. Fish Biol., 15, 633-643.

SmiT, G. L., J. HaTTiNGH and A. P. BURGER, 1979b: Haematological assessment of the effects of the
anesthetic MS222 in natural and neutralized form in three freshwater fish species: Intraspecies differ-
ences. J. Fish Biol., 15, 645-653.

SmiT, G. L., J. HaTTINGH and A. P. BURGER, 1979¢c: Haematological assessment of the effects of the
anesthetic MS222 in natural and neutralized form in three freshwater fish species: Haemoglobin
electrophoresis, ATP levels and corpuscular fragility curve. J. Fish Biol., 15, 655-663.

SmitH, A. C., 1976 : Occult haemoglobin in fish skin mucus as an indicator of early stress. J. Fish Biol.,
9, 537-341.

Smiti, A. C. and F. Ramos, 1980: Automated chemical analysis in fiish health assessment. J. Fish
Biol., 17, 445-450.

Sowvio, A., K. WestMaN and K. NysorM, 1974: The influence of changes in oxygen tension on the
haematocrit value of blood samples from asphyxic rainbow trout (Salmo gairdneri). Aquaculture,
3, 395-401.

Sorvio, A., M. MALKONEN and O. TUURALA, 1974: Effects of asphyxia and MS222 anaesthesia on the
circulation of the kidney in Salmo gairdneri RicHARDSON, A microscopical study. Ann. Zool
Fennici, 11, 271-275.

Soivio, A. and A. OIkaRrl, 1976 : Haematological effects of stress on a teleost, Esox lucius L. J. Fish
Biol., 8, 397-411.

Sorvio, A., K. Nynoum and M. Hurrr, 1977 : Effects of anaesthesia with MS222, neutralized MS222 and
benzocaine on the blood constituents of rainbow trout, Salmo gairdneri. J. Fish Biol., 10, 91-101.

Sorvio, A. and G. M. HugHes, 1978 : Circulatory changes in secondary lamellae of Salmo gairdneri gills
in hypoxia and anaesthesia. Ann. Zool. Fennici., 15, 221-225.

SPECKER, J. L. and C. B. SCHRECK, 1980 : Stress responses to transportation and fitness for marine survival
in coho salmon ( Oncorhynchus kisutch) smolts. Can. J. Fish. Aquat. Sci, 37, 765-769.

SpieLER, R. E., 1974: Short-term serum cortisol concentrations in goldfish (Carassius auratus) subjected
to serial sampling and restraint. J. Fish. Res. Board Can., 31, 1240-1242.

SrivasTAVA, A. K. and U. AGRaWAL, 1977: Involvment of pituitary-interrenal axis and cholinergic me-
chanisms during the coldshock leucocyte sequence in a fresh water tropical teleost, Colisa fasclatus.
Archives Anatomie Microscopique, 66(2), 97-108.

Staca, R. M. and T. J. SuuTTLEWORTH, 1982 : The accumulation of copper in Platichthys flesus L. and
its effects on plasma electrolyte concentrations. J. Fish Biol., 20, 491-500.

StanLEY, J. G. and W. R, FLEMING, 1965: Sodium metabolism in Fundulus kansae in fresh water and
during adaptation to sea water. American Zoologist, 5, 688.

STaNLEY, J. G. and P. J. CoLsy, 1971 : Effects of temperature on electrolyte balance and osmoregulation
in the alewife (Alosa pseudoharengus) in fresh and sea water. Trans. Am. Fish. Soc,, 100(4), 624—
638.

SteeLe, R., 1975 Influences of corticosteroids on protein and carbohydrate metabolism. Handbook of

— 129 —




A M

Physiology Section 7: Endocrinology vol. VI, Adrenal gland, 135-167, American Physiological Society,
Washington.

Stevens, E. D., 1972: Change in body weight caused by handling and exercise in fish. J. Fish. Res.
Board Can., 29, 202-203.

STORER, J. H., 1967 : Starvation and the effects of cortisol in the goldfish (Carassius auratus L.). Comp.
Biochem. Physiol., 20, 939-948.

StrANGE, R.J. and C. B. ScHreck, 1978: Anesthetic and handling stress on survival and cortisol
concentration in yearling chinook salmon (Oncorhynchus tshawytscha). J. Fish. Res. Board Can,,
35, 345-349.

STRANGE, E. D., 1980 : Acclimation temperature influences cortisol and glucose concentrations in stressed
channel catfish. Trans. Am. Fish. Soc., 109, 298-303.

Strix, J.J. T. W. A, H. H. pe IoxgH, J. W. A. vaN RuN vaN ArkaMape and T. P. Wuite, 1975:
Toxicity of chromium (VI) in fish, with special refernce to organoweights, liver and plasma enzyme
activities, blood parameters and histological alterations. Sublethal Effects of Toxic Chemicals on
Aquatic Animals (edited by Strik), 31-41, Elsevier Scientific Publishing Company, Amsterdam,
Oxford, New York.

Swirt, D. J. and R. Lroyp, 1974: Changes in urine flow rate and haematocrit value of rainbow trout,
Salmo gairdneri (RicHARDSON) exposed to hypoxia. J. Fish Biol., 6, 379-387.

PrEEA -k R, 197 < A1 OFBCETIME—1. FHAT CEARABNDS VIIFF R~ ¥
ADE s 3 v Be ExREDOH#. Rep. Fish. Res. Lab. Kyushu Univ, (1), 37-47.

RAEK - BE F-TB 8 192 <A M OZHNE LU 7LFR0%E B o T RIBRERINE
Rk, 1(1), 21-23.

Rt 8, 1950 : rAKRGERD Cl {4+ YREOCE(IETHHE. KEKFEFHME, 3, 329-333.

VIR ERR - WIS - 4 KRG - & TR - AR, 1969a : KM 317 5B = 1 DAE(LFEWHHE—
|. BEHEEORE LA AELRAOER, B KF#H 69, 1-17

M EMHE - G2, 1969 : KB 3F 5 =2 1 OA&(LSRHPiR—1. Hils X OO RImMEAR & 7Y
2 —r vEBROEL. AR 69, 19-27.

HH 45 - GRS - A - T 8 1967 RGBT BRI R 1. REHE L ER O RE%
EHBBCRETEE RERSRKEFTORESRS, 0, 57-67.

Hi 1E, 1950 : ABOF I BECRIETHE KERFEHERHSE, 112, 1-35

Fr Tk, 1965 @ dppE RO LY HiY &+ 5 W fE B4 5 EBEAmE (FH). BM3oEERENA
BEE, BERBGEEATR IERKEARSES @ 14-20

Tanpon, R. S. and B. D. Josmi, 1973: Blood glucose and lactic acid levels in the freshwater fish,
Heteropneustes fossilis, following stress. Z. Tierphysiol., Tiererndhrg. u. Futtermittelkde., 31, 210-
216.

TasHIMA, L. and G. F. CaniLL Jr., 1964: Role of glucagon and insulin in the carbohydrate metabolism
of the toadfish. Excerpta Medica, International Congress Series, 74, 140.

TasHIMA, L. and G.F. CaniLL JRr., 1968 : Effects of insulin in the toadfish, Opsanus tau. Gen. Comp.
Endocr., 11, 262-271.

VaN DeN TuiLLarT, G., F. KesBexe and A. VAN WAARDE, 1976 : Influence of anoxia on the energy
metabolism of goldfish, Carassius auratus (L.). Comp. Biochem. Physiol., 55A, 329-336.

THoRPE, A. and B. W. INcg, 1974 : The effects of pancreatic hormones, catecholamines and glucose loading
on blood metabolites in the northern pike (Esox lucius L.). Gen. comp. Endocr., 23, 29-44.

TirrI, R. and P. RipaTri, 1982: Inhibitory adrenergic control of heart rate of perch (Perca fluviatilis)
in vitro. Comp. Biochem. Physiol., 73C, 399-401.
Tomasso, J. R., C. A. Goubig, B. A. SiMco and K. B. Davis, 1980: Effects of environmental pH and

—130—



< FADA L VARG

calcium on ammonia toxicity in chanhel catfish. Trans. Am. Fish. Soc., 109, 229-234.

Tomasso J. R., K. B. Davis and N. C. Parker, 1982: Plasma corticosteroid dynamics in channel catfish,
Ictalurus punctatus (RAFINESQUE), during and after oxygen depletion. J. Fish Biol., 18, 519-526.
Trout, D. L., E. H. Estes, Jr. and J. S. FRIEDBERG, 1960: Titration of free fatty acids of plasma: A

study of current methods and a new modification. J. Lipid Research, 1(3), 199-202.

NEFE—E, 1974 : BRBYEORE. (AASWESE), 2, 53-82, HEAFHME Hitl

ULtscH, G. R., M. E. Orr and N. HeisLer, 1981: Acid-base and electrolyte status in carp (Cyprinus
carpio) exposed to low environmental pH. J. Exp. Biol., 93, 65-80.

UMMINGER, B. L., 1969a : Physiological studies on supercooled killifish 1. Serum inorganic constituents
in relation to osmotic and ionic regulation at subzero temperatures. J. Exp. Zool,, 172, 283-302.
UMMINGER, B. L., 1969b : Physiological studies on supercooled killifish II. Serum organic constituents

and problem of supercooling. J. Exp. Zool, 172, 409-424.

UMMINGER, B. L., 1970 : Effects of subzero temperatures and trawling stress on serum osmolality in the
winter flounder, Pseudopreuronectes americanus. Biol. Bull,, 139, 574-579.

UMMINGER, B. L., 1971: Patterns of osmoregulation in freshwater fishes at temperature near freezing.
Physiol. Zool., 44, 20-27.

UMMINGER, B. L., 1973 : Death induced by injection stress in cold-acclimated goldfish, Carassius auratus.
Comp. Biochem. Physiol., 45A, 883-887.

UMMINGER, B. L. and D. H. Gist, 1973: Effects of thermal acclimation on physiological responses to
handling stress, cortisol and aldosterone injections in the goldfish, Carassius auratus. Comp. Biochem.
Physiol., 44A, 967-977.

UMMINGER, B. L. and D. BENzIGER, 1975: In vitro stimulation of hepatic glycogen phosphorylase activity
by epinephrine and glucagon in the brown bullhead, Ictalurus nebulosus. Gen. Comp. Endocr.,
25, 96-104.

UMMINGER, B. L., D. Benziger and S. LEvy, 1975: In vitro stimulation of hepatic glycogen phosphorylase
activity by epinéphrine and glucagon in the killifish, Fundulus heteroclitus. Comp. Biochem. Physiol.,
51C, 111-115.

VERNIER, J. M. et M. F. Sirg, 1978a: Etude “in vitro” de la glycogene phosphorylase hepatique de la
truite arc-en-ciel, son controle par le glucose, les corticoides, I' adrenaline et le glucagon. Gen. Comp.
Endocr., 34, 360-369.

VERNIER, J. M. et M. F. Sirg, 1978b: Etude “in vitro” des effets de ladrenaline, des glucorticoides
et du jeune sur les activites de la glycogene phosphorylase, de la glucose-6-phosphatase et sur la
teneur en glycogene du foie de la truite arc-en-ciel. Gen. Comp. Endocr., 34, 370-376.

Dt VLaMING, V. L. and R. J. Parpo, 1975: In vitro effects of insulin on liver lipid and carbohydrate
metabolism in the teleost Notemigonus crysoleucas. Comp. Biochem. Physiol., 51B, 489-497.

WanLQvisT, L, 1980: Effects of catecholamines on isolated systemic and branchial vascular beds of the
cod, Gadus morhua. J. Comp. Physiol., 137, 139-143.

Waiwoop, K. G., 1980: Changes in haematocrit of rainbow trout exposed to various combinations of
water hardness, pH and copper. Trans. Am. Fish. Soc., 109, 461-463.

WALKER, R. M. and P. H. Jonansen, 1977: Anaerobic metabolism in goldfish (Carassius auratus). Can.
J. Zool., 55(8), 1304-1311.

WaLToN, M. J. and C. B. Cowey, 1979a: Gluconeogenesis by isolated hepatocytes from rainbow trout,
Salmo gairdneri. Comp. Biochem. Physiol., 62B, 75-79.

WartoN, M. J. and C. B. Cowgy, 1979b: Gluconeogenesis from serine in rainbow trout, Salmo gairdneri
liver. Comp. Biochem. Physiol.,, 62B, 497-499.

WARDLE, C. S., 1972: The changes in blood glucose in Pleuronectes platessa following capture from the

— 131 —




" M

wild: A stress reaction. J. Mar. Biol. Ass. U. K., 52, 6338-651.

WARDLE, C. S., 1978 : Non-release of lactic acid from anaerobic swimming muscle of plaice, Pleuronectes
platessa L. : A stress reaction. J. Exp. Biol,, 77, 141-155.

WEBER, R. E,, S. C. Woop and B. J. Davis, 1979: Acclimation to hypoxic water in facultative air-
breathing fish : Blood oxygen affinity and allosteric effectors. Comp. Biochem. Physiol., 62A, 125-
129.

WEDEMEYER, G., 1970: Stress of anaesthesia with MS222 and benzocaine in rainbow trout (Salmo
gairdneri). J. Fish. Res. Board Can., 27, 909-914.

WEDEMEYER, G., 1971 : The stress of formalin treatment in rainbow trout (Salmo gairdneri) and coho
salmon (Oncorhynchus kisutch). J. Fish. Res. Board Can., 28, 1899-1904.

WEDEMEYER, G., 1972: Some physiological consequences of handling stress in the juvenile coho salmon
(Oncorhynchus kisutch) and steelhead trout (Salmo gairdneri). J. Fish. Res. Board Can., 29, 1780~
1783.

WEDEMEYER, G., 1973 : Some physiological aspects of sublethal heat stress in the juvenile steelhead trout
(Salmo gairdneri) and coho salmon (Oncorhynchus kisutch). J. Fish. Res. Board Can., 30, 831-834.

WEDEMEYER, G. A, 1976: Physiological response of juvenile coho salmon (Oncorhynchus kisutch) and

rainbow trout (Salmo gairdneri) to handling and crowding stress in intensive fish culture. J. Fish.
Res. Board Can., 33, 2699-2702.

WEDEMEYER, G. A. and W. T. Yasutakg, 1977: Clinical methods for the assessment of the effects of
environmental stress on fish health. Technical Papers of the U. S. Fish and Wildlife Service, 89,
1-19.

WEDEMEYER, G. A, R. L. SAunDeRs and W. C. CLARK, 1980: Environmental factors affecting smoltifica-
tion and early marine survival of anadromous salmonids. Marine Fisheries Review, 42, 1-14.

WEDEMEYER, G. A. and D. J. McLsay, 1981 : Methods for determining the tolerance of fishes to environ-
mental stressors. Stress and Fish (ed. A. D. Pickering), 247-275, Academic Press, London.

WITTENBERGER, C. and 1. V. Diaciuc, 1965 Effort metabolism of lateral muscles in carp. J. Fish. Res.
Board Can., 22(6), 1397-1406.

WITTENBERGER, C., 1968 : Alterations of the carbohydrate metabolism in trout, induced by effort and
hypoxia. Rev. Roum. Biol.,-Zoologie, Tome., 13(2), 131-137.

WITTENBERGER, C., 1972: The glycogen turnover rate in mackerel muscles. Mar. Biol., 16, 279-280.

WITTENBERGER, C., D. CoprEAN and L. MorAR, 1975: Studies on the carbohydrate metabolism of the
lateral muscles in carp (Influence of phloridzin, insulin and adrenaline). J. Comp. Physiol., 101,
161-172.

Woo, N. Y. S. and S. I. CHEUNG, 1980: Metabolic effects of starvation in the snakehead, Ophiocephalus
maculatus. Comp. Biochem. Physiol., 67A, 623-627.

Woo, N. Y. 8. and A. C. Y. Fung, 1980: Studies on the biology of the red sea bream, Chrysophrys
major, I. Temperature tolerance. Mar. Ecol. Prog. Ser., 3, 121-124.

Woo, N. Y. S. and A. C. Y. Fung, 1981: Studies on the biology of the red sea bream, Chrysophrys
major II. Salinity adaptation. Comp. Biochem. Physiol., 69A, 237-242.

Woo, N. Y. S. and J. C. MurAT, 1981 : Studies on the biology of the red sea bream, Chrysophrys major
ITII. Metabolic response to starvation in different salinities. Mar. Biol., 61, 255-260.

Woop, S. C. and K. Jouansen, 1972: Adaptation to hypoxia by increased HbO, affinity and decreased
red cell ATP concentration. Nature New Biology, 237, 278-279.

IWOIES, 1978 : » f BFEOEDE - FEE, 247-250, ERMEAMN, HE.

Yamamoto, K., Y. Itazawa and H. KosavasHi, 1980 : Supply of erythrocytes into the circulating blood
from the spleen of exercised fish. Comp. Biochem. Physiol., 65A, 5-11.

—132 —



< FADAR L VARG

TR, 1967 : »+ =OMBHFHARFE— 1. BEKOERE L N AR HE OFEOER I OKOER
K EoHEERE RKEE 33(2), 81-90,

YaMasHiTA, H., 1970 : Blood characteristics of marine fish in relation to the change of osmotic pressure
of sea water-II. Change of osmotic pressure of serum and the electrophoretic pattern of the
serum protein of young yellowtail. Bull. Japan. Soc. Sci. Fish., 36(5), 450-454.

X OBER - WDERE - UEABA, 1971a i v F oy s vERCETARE—. 1/ v —AEREE
Bih vz — gL oBAR. HAEE 37, 149-155,

k OFER - HHEE - EES—, 1971b : v £ A OFRECETAPE—. AEmIEOREM - THEHE.
Rep. Fish. Res. Lab., Kyushu Univ., (1), 49-60.

Yong, Y. and M. Fur, 1975a: Studies on nutrition of red sea bream-XI. Effect of w; fatty acid
supplement in a corn oil diet on growth ratio and feed efficiency. Bull. Japan. Soc. Sci. Fish., 41,
73-77.

Yong, Y. and M. Fum, 1975b: Studies on nutrition of red sea bream-XII Effect of ws fatty acid
supplement in a corn oil diet on fatty acid composition of fish. Bull. Japan. Soc. Sci. Fish., 41,
79-86.

Zgerroun, 1. H,, L. D. HucHEs and D. E. ULLrEY, 1977: Effect of shock exposures of chlorine on the
plasma electrolyte concentrations of adult rainbow trout (Salmo gairdneri). J. Fish. Res. Board
Can., 34, 1034-1039.

— 133 —




