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SUMMARY

Three experiments were performed to study the biological and
physiochemical properties of milt, and the possibility of cold storage
(short-term) and cryopreservation (long-term preservation) of sperm in four
marine fishes, tiger puffer (Takifugu rubripes), river puffer (Takifugu obscurus),

grey mullet (Mugil cephalus) and black seabream (Acanthopagrus schlegeli).

1. Size and structure and of spermatozoa

Spermatozoa of tiger puffer was consisted of head, middle piece and tail.
Head was oval shape and its diameter was 0.51~0.74 ym (mean 0.65*0.10 m).
Head length was 1.16~192 im (mean 135+0.30 gm). Head was full of
chromatin, but didn’'t have acrosome. Mitochondria was 0.17 /m in diameter
and showed a spherical shape and flagellum structure was 9+2.

River puffer spermatozoa as like tiger puffer had an oval head and
consisted of head, middle piece and tail. Head was 056 gm in average
diameter and its length was 1.34 ym in average. Head contained no cytoplasm
and acrosomal structure except chromatin. Mitochondria showed the spherical
shape sticked terminal of head and flagellum was typically 9+2 structure.

Head of speramtozoa in black seabream was full of chromatin with spherical
shape, 1.49+0.07 ym in diameter and 133+0.07 gm in length. Structure of

flagellum was typically 9+2, too.
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2. Physiological property of spermatozoa

In tiger puffer, concentration of spermatozoa was 9.81+0.34%10"/me,
spermatocrit was 97.8+0.8. Osmolality of seminal fluid was 3822 mOsm/kg,
pH was 8.2+0.2. Protein concentration of spermatozoa was higher than that of
seminal fluid while the concentration of lipid in seminal fluid were higher
than that in spermatozoa. Both concentrations of Na and K in seminal fluid
and spermatozoa were similar each other.

Concentration of spermatozoa in river puffer was 1.13%0.27X10"/m¢ and
spermatocrit was 64.8+t1.1. Osmolality of seminal fluid was 266*2 mOsm/kg.
Total protein concentration of spermatozoa was 69.4+584 mg/100mé¢ higher
than that (28.0+14.6 mg/100mé) of seminal fluid. Na and K concentration of
seminal fluid were 126.3+05 mEq/ £ and 144%0.1 mEq/ ¢. In grey mullet
gonadosomatic index was 19.2+3.8 and spermatozoa concentration was 11.1%
0.36 10"/ me and spermatocrit was 96.7 +2.6.

Spermatozoa concentration and spermatocrit of black seabream were 2.87*
0.98x10"°/me and 97.4+2.1, respectively. Osmolality of seminal fluid was 387 %
70 mOsm/kg and total concentration of protein in black seabream spermatozoa
and seminal fluid were 124 g/100m¢ and 089 g/m¢ and total lipid
concentration were 161.9 mg/100mé and 53.9 mg/100mé, respectively. Glucose
concentration of spermatozoa was 4.2 mg/100m¢ lower than that(13.7 mg/100me)
of seminal fluid. Na concentration in seminal fluid was higher than in

spermatozoa, on the contrary K in spermatozoa as higher than in seminal
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fluid. During milt collection, total number of collected spermatozoa were
increase to middle phase and spermatocrit was not especial change as 94.8~

98.2.

3. Physical activity of spermatozoa following environmental condition

To decide suitable diluent in cold storage of spermatozoa in tiger puffer,
diluent of various composition [Alsever's solution, Cortland medium, egg-tris,
05 M fructose, 0.3 M glucose, marine fish ringer solution(MFRS), Mounib's
solution, 1% NaCl, sodium chloride medium, 3.6% sodium citrate and 2.89%
sucrose] were used. Spermatozoa didn’t move in the most diluents except for
fructose and sodium citrate.

To estimate effect diluents and cryoprotectants on spermatozoa activity in
tiger puffer, spermatozoa were preserved with medium in the mixture of in
the same diluents with those used in the experiments of cold storage and four
cryoprotectants[dimethyl sulfoxide (DMSO), ethylene glycol, glycerol, methanol
of 15%] during 1 day. Spermatozoa in the ethylene glycol and methanol were
not active after dilution and sperm activity index (SAI) and survival rate of
spermatozoa were comparatively high after preservation during 1 day.
Activity of spermatozoa was high in Alsever’s solution, Cortland medium,
MFRS, Mounib’s solution, 1% NaCl and sucrose after preservation during 1
day.

When the motility of spermatozoa by different osmolality in grey mullet

was examined, it was very high in 822 mOsm/kg and 983 mOsm/kg which is
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similar to osmolality of seawater, but it decreased with time. While activity of
spermatozoa was maintained highly in 482 mOsm/kg which was a little
higher than osmolality of seminal fluid. In the activity of spermatozoa, the
more dilution rate decreased, the more initial activity increased. While activity
of spermatozoa decreased with time regardless of dilution rate. When the milt
was diluted with Na®, K, Mg® and Ca’-free artificial seawater, motility of
spermatozoa was not begun in only Na'-free artificial seawater. When we
increased osmolality in the Na'-free artificial seawater adding 1 M NaCl,
motility of spermatozoa was low in 1398~1736 mOsm/kg, whereas it was
high in 457~1128 mOsm/kg. As 1 M KCl, 1 M MgCl; and 1 M CaCl, were
added in the K', Mg®" and Ca®-free artificial seawater with the same way of
NaCl addition, motility of spermatozoa was high in the following range,
respectively ; 904~1434 mOsm/kg, 818~1175 mOsm/kg and 956~1343

mOsm/kg.

4. Composition of optimum diluent

In the experiments to find a suitable condition in cold storage of
spermatozoa in tiger puffer, when spermatozoa were preserved with MFRS
and 1% NaCl as diluents during 7 days, SAI and survival rate were very
high with 59.0£1.5% and 56.7+6.2%, respectively.

In the results of cold storage in river puffer, SAI of spermatozoa diluted
immediately was high with 0.9 in the all of the diluents except egg-tris (0.5).

After 8 days of preservation, SAI of spermatozoa preserved in the 0.1, 0.3 and
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05 M glucose was reduced to 0.2. Survival rate of spermatozoa preserved
with 01 M and 0.3 M glucose during 8 days were the highest with 79.4%
and 79.8%, respectively.

Fertilization rate of spermatozoa preserved with medium during 15 days by
diluents was the highest with 72.4+3.3% in the control, but it was very lower
with 0~0.7£08% in egg-tris, 0.1 M, 03 M, 05 M glucose and MFRS than
control.

Preservation of grey mullet spermatozoa was the most effective when it was
stored with serum of the same species at 0C and SAI was similar in egg-tris,
01 M, 03 M, 05 M glucose and MFRS.

In black seabream, as its serum of various diluents was used for cold
storage, SAI and survival rate were the highest with 0.3 and 55.6+4.5% after
10 days storage. When spermatozoa of black seabream was preserved with
medium in various diluents during 7 days, fertilization rate was the highest
with 47.7£73% in the serum of same species and the next is in order of 0.3
M glucose, 0.5 M glucose, egg-tris, 0.1 M glucose. But there were no
significant differences among the diluents. Fertilization rate of spermatozoa

preserved with medium was lower than fresh milt with 783 +8.39%.

5. Suitable condition for cold (short-term) storage
The dilution rate for cold storage of spermatozoa in tiger puffer was
suitable between 3 and 5 times with the 1% NaCl diluent. Repeated slight

agitation process of semen showed to be harmful. The appropriate range of
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temperature for the cold storage showed between 0 and 5C. In order to keep
high SAI and survival rate of spermatozoa antibiotic addition (800 ppm
neomycin) could be suggested.

When spermatozoa of grey mullet was preserved with medium in the
diluents of the various pH, SAI was high in pH 7~9 until 8 days of storage,
but it decreased rapidly until 4 days of storage in pH 6 and was very low on
less than 0.4 immediately after dilution in the pH 5.

In black seabream, suitable range of pH in diluent was pH 7~8. A kind of
antibiotic and its concentration for increasing SAI and survival rate of
spermatozoa showed that 800 ppm neomycin was adequate like cold storage

of tiger puffer spermatozoa.

6. Effect of cryopreservation (long-term preservation) on property of milt

When spermatozoa of tiger puffer was cryopreserved and thawed, it didn’t
show structural difference in comparison with fresh spermatozoa. A few
spermatozoa was found that cell membrane was separated from nucleus. The
structural changes in river puffer spermatozoa cryopreserved equaled those of
tiger puffer.

Compared with fresh spermatozoa, the fine structure of some cryopreserved
spermatozoa changed to granular chromatin and plasma membranes swollen
and ruptured. Size of head enlarged by freezing and thawing in some

spermatozoa.
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7. Cryoprotectant (long-term preservation)

When Alsever's solution as diluent and 15% ethylene glycol as
cryoprotectant was used for cryopreservation of tiger puffer spermatozoa, SAI
and survival rate of spermatozoa were the best with 2.7 and 72.0%+29%,
respectively. In the case of appling DMSO, ethylene glycol, glycerol, methanol
as cryoprotectant, the more equilibration time decreased, the more SAI and
survival rate of spermatozoa increased. Thawing temperature was adequate at
30C and synergistic effect of bovine serum albumin and egg yolk on
cryopreservation differed from diluents.

In the result of cryopreserving river puffer spermatozoa with various
diluents during 15 days, fertilization rate on egg was the highest with 24.6+
3.7% in the MFRS and the next was Alsever’'s solution with 51+2.29. But it
was lower than value of control with 61.7+£3.0%. When glucose as diluent
and various concentration of DMSO and glycerol as cryoprotectant was used
for cryopreservation of river puffer spermatozoa, fertilization rate of 5%
DMSO group was the highest(28.3+3.09%), but it was lower than control. As
the most effective marine fish ringer solution and 5% DMSO in the previous
experiment was used, fertilization rate was with 79.3%£6.5%.

In cryopreservation experiment of grey mullet spermatozoa, SAI in fresh
milt, MFRS, 0.15 M sodium citrate and 0.3 M glucose was 28, 0.6, 0.4
and 0.6, and fertilization rate of those was 65.1+389%, 629+t589%, 49.6*
16.1% and 45.1 :84Y%, respectively. So MFRS was very effective among

diluents.
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Among the various diluents, 5% glucose diluent obtained the maximum
value of fertilization rate in the cryopreservation of black seabream
spermatozoa. Survival rate showed the maximum value (80.6+£1.4%) with the
3% sodium citrate diluent. Glycerol as a cryoprotectant was better than DMSO
in cryopreservation method. Fertilization rate was in a range from 50.1% to
69.49%, when glycerol concentration from 5% to 15% was applied. Fertilization
rate gradually decreased according to increase of glycerol concentration.
Fertilization rate showed the maximum value of 55.0+8.4% within 10 minutes

of equilibration time.
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g 94714 FsAch
AHEEQ] AFE Ao A7 7S 4] 5k, AFES W2 RAA
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Aol He Tg, BRE B
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A2 I FFAAAM AL S A 24T E FH ouE A}
Sst@ e, 2434 o83 AR &2 FA 8u(WF 305~335 cm, AF 510~
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oAz Re g MAst7] Ssto] APoE 200 ppme} MS2220) v} AL
e AAEE EXSD, u=44T FAS A = 2FF MUES ne
A At

Table 1. Measurements of the adult black seabream used for the
experiment

Number of fish Total length (cm) Body weight (g)

Male 60 199+19 146.3£435

Female 3 27125 650.1 +86.2
ol% ol JlolE HuAAT 2AE AR He H, BEE A b
228 ARSAc AAY FAL Agno] Yol YR F A AHgY W7}

A &g A& ice boxol| Al Hast ey, HPF 127 offjoll APl AHEEAH

2. e = % 27

Doz RE AAF2FY A Aate g v 7F2E #2387 st F34
¥ AAE0)ZE AEE Ao A Fdn JYFEREE H4E 01 M
phosphate buffer solution(PBS, pH 7.2)2.2 €347l 25% glutaraldehyde £}
o2 4TeAM 241 F AuAEAG olF PBSE 1083 AlHE F, 1%
osmium tetroxide(OSQOy)E 4ToA 2A17F et APt 2o B¢ A&
= PBSZ A3tz 50~100%2] TAH ethanol Fx=olA 1584 €53y &

7} B¢ A EE propylene oxide$} epon(A+B)2] EgEol Woi 37, 45 € 60T
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AM z+zt 12, 12 R 48X+ FFA1Z) o5, epon 8120 Euj3tct. EujE Y
Z}9] Al 8= ultramicrotome(LKB, Nova, Sweden)ol] 23] =7 0.5 /mZ semithin
sectiondt t}g, toluidine bluez FMsled T 292 AAsIHct BEFEYY}
AR TojAlEE ©iA] 70 mm FAEZ A3 Hr. Ultrathin sectiondt A H-&
uranylacetate®} lead citrate 840 2 o|FFM3l Fg HAEHu]ZH(JEM 1200
E-XI, 60~80 Kv, JEOL, Japan)© & ##stct #AZE Aol distdes Fate

Wgas], slEEEcle A71s A% ¥ BR P2 $2 2ASGTH

3. e 42A SA4

MHE FHY 42 01 m7tA] E50] BAIE AlFHS A&l S5 do
Aate] 5 & 2% eosin §Ho g PAE AT v, FEHUT ot ¥
FALAT g3 AFsIRLn, spermatocrites PurAQl A EA  wbHQl

microhematocrity] & H ¥ sl =23 Fth(Bouck and Jacobson 1976).

HAE AAES(5000 rpm, 10%)3td & AP AEAFE9 pHe 7z}
A5G A 71(The Advanced™ Osmometer)9} pHZA 7| (pH/Ion Meter EP-880)

g Abgdte BAME gt

o} ssta 54

A dAEYsH 22 HA AFY F dWAE, T AH % glucose FHF
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A3t Table 29 22 A9 AFdsol FHTE F7tslq 4FEsE=E ¥
A %, A7)0l AAE EFpele Pake] #4E HrbstAh

slAtolF Aol &4 mjAA AFH59 pHE NaOHet HClIS |83t =4

g 3 HAF Eistd HAe A4S HrbsAS-

g, HAee) ole Ao mE HAe L5
Haloe) olezAe] e £FHL B Astel AL HYAT 150
o ulgz Mol BetdmEA oldold AR £FHE Fhsgn Na', K

Mg® 2 Ca 5 Fol¢ sEW A5A%E e Ao &54L B 9

tilo

st} AFs ol Z+ o] o] A" AejolA 1IMe] NaCl, KCI, MgCl, ¥ CaCl
gAS Hrlsld o]l g 4EASEE GAHoZ M HHAS AHEs)
Aok Azl EFAL 77 g MAE A3t 53 wESAC o) xAE
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Table 2. Mineral composition of artificial seawater

Constituent Concentration
NaCl 270 g
KCl 04 g
MgCl, 46 g
CaCl, 12 g
NaHCO; 05 g
Distilled water 1000 ml

WARZED YR E] A3 FAo Agzxdd e TFHS B 4
dled, A&d Zt 4ES AT Fo FYS AAsF 139 vlEE 42 oE,
Fatdn Aoz Bd LFAFd = HFE FAsAH(Table 3). 183,
Table 39 Zt &5 459 A2 vl gol we} Strussmann et al.(1994)9]
S WHgste] FAGA RS (sperm activity index, SANS AA3IAT. 2 AP o

# AAYAY A5E 2~58 233l BFS FeAch

6. BAre) Mz B}

B 2L YFRE AP AP F A HA R HYAE 5% eosin-10%
nigrosin(Blom 1950; Fribourgh 1966)cll A3t thg, A2te] @4 Aol we} &
Halgon, FatEu]Z(x1,000) ofeflA 338 ZFAstd, DA Aol A

o} Qle AAse vlgz 4E2EL HHIAY.



Table 3. Numerical index for the evaluation of sperm motility

Index  Score Motility characteristics

1 3 Spermatozoa display forward movement rapidly

Spermatozoa display forward movement slowly

Immobile sperm

I 2
m 1 Spermatozoa display vibrating movement moderately
v 0
= score X percentage of motile spermatozoa(%})/100

SAI

A3k 2 3

1. Axe] +x 9 717

2535 Aae v, $8 2 ng2 FAHY J¥d dEe 1 gd¥es
F7AL 116~192(FF 1.35£030) mA 1, VAL 051~0.74(F T 0.65+0.10) um
Aok ALWE A2 FUS oY 2 HAdd HAFRE 7HAA Fskol(Fig.
1A). 5 Jh9] F44AE A8 HZHo QI X AX3H, M2 FJFoz )
250l YR, dFFAAA (distal centriole)r HE 9} AAF Ut mEE
=2ote w9 ofdiFd & 3lovi(Fig 1B), H72AL 02 m AFolxy, I AF
T 7R Bee AYEHA 9+2 TEE dehis 189 FHL8H 939 vla
#oz FAH UAck(Fig. 1B).

. &5
g8 AAx v, 9 9 m2e 3RFez #AHY AT vde 7 g



AT

Fig. 1. Electron micrographs of fresh spermatozoa in tiger puffer. A: Sagittal
section of spermatozoon showing head with compact chromatin,
mitochondria and flagellum. B: Cross section of middle piece showing a

flagellum surrounded by seven mitochondria. Note the 9+2 pattern of
flagellum. f: flagellum, m: mitochondrion, n: nucleus. Bar=0.2 yum.
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Hog AAL 181+028 mPL, 93 062+0.03 mAuct XL HAZ Fqb

# ot O A BATEE 7HAA LATHFig 24). T Aol FALAE o
2 sHze) P Fol ANSW, M2 AFoz WA= YR, AVFALA

A
T Ure dZd50 AN vIEEE=EYote v otdiZFd 23 e, ¥x
?_

z& R (Fig. 2B).

ol Axe 789 A& /HAT AN v AL 1.2610.08 wmA
3, gl Agold Fa 729 Hole 1.06£0.07 mAch wPde HA e
TE7F BEEHA Ften, gAAL FYGolUTH(Fig. 3A). MEZ=ote T
Hoz vizge FutRo) Xdn URE 9+2 FZE Uehls 149 FH4aB

7 989 nagoz T AAcKFig. 3B).

AT e v, 85 3 magzg A Aoy, He 7EL=

N
o
s
ol
NS
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{
—
w
[o0¢]
=
2
of,
=l
[S=1
N
O
I+
o
(e
~
i~
2
38
k1
=2
o
2,
L
4o
2
X
2
rII.
4z
N
R

= O Huo) HATFTZE XA LAH(Fig. 4A). T FAAAE o
Hze 43 Eo AXs0, M2 Jdog wx=Ho U3, T8 F
Adads g2 dZH AMG(Fig. 4A). PlEZ=2ots A3 047 ym

d¥e 7yoz 2707 I, e Fx: AFAY 9+2 FEA
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Fig. 2. Electron micrographs of fresh spermatozoa in river puffer. A: Sagittal
section of spermatozoon showing head with compact chromatin,
mitochondria and flagellum. B: Sagittal section of flagellum with 9+2

pattern. f: flagellum, m: mitochondrion, n: nucleus. Bar=0.2 ym.
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Fig. 3. Electron micrographs of fresh spermatozoa in grey mullet. A: Sagittal
section of spermatozoon showing head with granular chromatin,
mitochondria and flagellum. B: Cross section of flagellum with 9+2

pattern. f: flagellum, m: mitochondrion, n: nucleus. Bar=0.2 ym.



Fig. 4. Electron micrographs of fresh spermatozoa in black seabream. A:
Sagittal section of head showing compact chromatin, the centriole and
flagellum. B: Sagittal section of head showing mitochondria. Note the 9
+2 pattern of flagellum (arrow). C: Cross section of head showing
proximal centriole. d: distal centriole, f: flagellum, m: mitochondrion,
me: plasma membrane, p: proximal centriole. Bar=0.5 m.
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2. 3Ae 4YH 54

FAE2 Yoo YubH A4S Table 4 2ok AYY U mD

o

2}
= 85%10°~101x10°%H7F 981+034x10%0]on, AA7|Zte] Futowg
242 A7 AP oz Al FES B AT Spermatocrit 3 A7)
b B BS P(ET 978108) HAT AFE HAS AN Je I

He) 224 447 HAel pHel HFASEE 27 82502, 38312 mOsm/kgol

Table 4. Properties of milt and seminal fluid in tiger puffer

Properties Milt
Spermatocrit 97.8+0.8
Spermatozoa concentration (x10"/mg) 9.81+0.34
pH 82+02
Osmolality (mOsm/kg) 383+2°

‘seminal fluid

Ax% gAe YRl 2o A L P B8 4L Table 59 2

ot Ad FFE R vl FFAM ¥ %S BAn, T 99A FFe
Ao vla] HAA L S BYth 28y glucoses HEH A &gt Na
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Table 5. Chemical properties of spermatozoa and seminal fluid in
tiger puffer

Properties Spermatozoa Seminal fluid
Total protein (g/100me) 14 0.1~0.2
(1.4) 0.1)
Total lipid (mg/100me) 27~33 82~89
(30.0) (85.5)
Glucose (mg/100mé) ND ND
Na (mEq/ £) 48~49 49-~51
(48.3) (50.0
K (mEq/ ¢£) 47 ~48 50~51
(47.3) (50.3)

( ) : average, ND : not detectable.

AA7IZE T 8 HA gukE EAQLE Table 63 ok Y 1 w3 B
FoE 1.13+0.27%x10"° vla)g o™, spermatocrits 64.8+1.30| Atk A o] 3}8}
A zAe Z 9wa teko] 0.07£0.05 g/100me o, glucoses AFE A 7o

Aol 2ol HAEHA FsrhTable 7).

Table 6. Properties of milt and seminal fluid in river puffer

Properties Milt
Spermatocrit 64.8£1.3
Spermatozoa concentration (X10'/mg) 1.13:£0.27
Osmolality (mOsm/kg) 266+ 2

“seminal fluid
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Table 7. Seminal fluid chemical properties of river puffer

Properties Spermatozoa Seminal fluid

Total protein (g/100me) 1.3~19 0~0.1
(1.6) (0.1)

Total lipid (mg/100me) 23~180 3~40
(69.4) (28.0)

Glucose (mg/100me) ND* ND*

Na (mEq/ £) 41~42 124~146
(42.0) (130.7)

K (mEq/ ¢) 41~455 9.9~145
(44.6) (12.3)

"Not detected

=

P AFo] 7181166 gl T o ¥ wie]d] PAHFL 23~02 mE BT
085+0.80 meBoD, FPe mTF ARE 9 spermatocrits 2zt 1.11£0.36 X
10 o}l o} 67045 cHTable 8). BAtsl Aol & wwa gz 7} 1.7+
0 g/100me¢, o] 0.9+£04 g/100me 1, F AP &TFS A9} 38+3 mg/100me
o uls] AAo] 226495 mg/100me= = ttHTable 9).

Table 8. Properties of milt and seminal fluid in grey mullet

Properties Milt
Spermatocrit 96.7x2.6
Spermatozoa concentration (X 10'/me) 1.11£0.36
Osmolality (mOsm/kg) 3706’

“seminal fluid



Table 9. Chemical properties of spermatozoa and seminal fluid in

grey mullet
Properties Spermatozoa Seminal fluid

Total protein (g/100mé) 1.7 05~15
(1.7) (0.9)

Total lipid (mg/100me) 35~41 123~352
(38.0) (225.7)

Glucose (mg/100me) 1 0~5

(1.0) 2)

Na (mEq/ ¢) 71.4~90.4 93.5~114.6
(82.8) (103.3)

K (mEq/ ¢) - 38.5~76.7

- (58.3)

Ca (mEq/ ¢) 41 22~31
(4.1) (2.7)

Mg (mEq/ £) 12.4~220 8.5~16.5
(17.2) (13.5)

( ) : average, ND : not detectable.

A BHEY AR A5 J1e 7ROIUG AR T AAF 100
by

gd BE AAHZL 0701033 Ao, AMA 7)o Fuiel 59 24 REH 69 4Y7}

A Hud g o Ao AHAJSG A7 T ExE AH FRY
F e AR71Y 271 49 11d0] 1514x10° rlelgod, FHo2 24S 3
7}sted 59 9ol 97.25x10" whal2 7} wtchrl A 219 68 4Yd) 27.18
x10" ol2l2 F23) 28 GrhFig. 5).

G771t Tt AL dAEstd 2 FAEE ARA A FdH 4L

Table 107} 2t} H Az FFo pHE 242t 8310137 73+0.10| A3, H A7
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Fig. 5. Variations of milt volume per 100 g body weight and total spermatozoa production (TSP)
of black seabream during milt stripping period. Vertical bars indicate standard deviations.



4o 4EFAFTE 382170 mOsm/kge 342+77 mOsm/kgl 2 Ao ¥R
of "la] pHe HEAFE 2% oA 5 ¢S Banh

A7 LY 2T AN 1 P ZAFEE BT 28660918 X100 R
tH(Table 10). A} 7] Z%Q 49 180l 3.060+£1.104x 10" vlel& 7}% wkoiz}
F23) Asted 59 2o 2426+0243x10° vlElg ZOlE F gA] Z7tely
t}. 2} spermatocrite G 717E F9F 948~9828 & W3ly} Qllovi(Fig. 6),
3

B 9741210 tHTable 10).

Table 10. Physical properties of milt, seminal fluid and plasma of the
black seabream

Properties Miit Plasma
Spermatozoa concentration (X10'°/mg) 2.87+0.92 —
Spermatocrit 974+21 —
pH 83x0.1 73%0.1
Osmolality (mOsm/kg) 382470 342+77

seminal fluid

24T A4e dARYso d& A 2 B A9 35F 542 Table
117 2o F 993, F A4, glucose @ Na -2 A2 Zge dvis) g3
M EF F& g€ BRYou, K &3 I vla] AU AN =L @
S Btk ZA AR F @, F A F K e ZFo vlg] A

2ol A EQkou, glucose @ Na &eke witl2 AFAo A o @dch
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Fig. 6. Variations of spermatozoa concentration (SC) and spermatocrit of black seabream
during milt stripping period. Vertical bars indicate standard deviations.



Table 11. Chemical properties of spermatozoa, seminal fluid and plasma
of the black seabream

Properties Spermatozoa  Seminal fluid Plasma
Total protein (g/100mt) 06~1.2 03~12 34~38
(1.24) (0.89) (3.67)
Total lipid (mg/100me) 110~214 37~67 489~493
(161.9) (53.9) (491.0)
Glucose (mg/100m¢) 1~10 1~30 99~102
42) (13.7) (101.0)
Na (mEq/ ¢) 33~42 43~73 219~221
(37.6) (56.9) (219.7)
K (mEq/ ¢) 48.1~53.1 33.7~49.8 49~5.1
(49.6) (45.3) 5.0

“average values in parentheses

AA 7179 49RE 69714 A 100 g AR 100 mP F @A, F A4
W glucose el € Wale Fig 73 ok Ao 9 A e 49(1.1+£04
g)oll Hlsh 5¥€(1.3402 g)# 64813202 g)oll Ta ¥ ¢S B2y We

Zo| 2x) AT, FFANE AR B2 BEE PN FsE BFe 8

o

ok Az} A F AAGFS € WHstE RolA fskout, FA Bl
Ao 453 gokth 18y FAet A glucose TFS AFH HAY F &
7} 74 2ord 590 zhzb 42427 pgt 13.7£85 mgl® A A Jelgch
gzt el Na 9 K 38 Fig 8% #Zth AHAoA 9] Nag} K &2& 2z
7} 33.0~39.8 mEq/ £ ¢} 483~51.7 mEq/ { HHE AR/ T 2 #HEst
Atk FAo|ME Narzl 55.8~58.0 mEq/ £ 93, K& 428~49.0 mEq/ £ WHE
fFo3 AolE Holx] Fuchk 69l Ao Na ¥ K &&F2 MG Fo] Ho =

42 7 fAH
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Fig. 7. Variations of total protein, total lipid and glucose concentration of
spermatozoa and seminal fluid in black seabream during milt stripping
period.
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Fig. 8. Variations of Na and K concentration of spermatozoa and seminal fluid

in black seabream during milt stripping period. ND: not detectable.
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A7 T A MHDAEL 7Y, 14Y, 2192 Z4Y] DElste F Y &
AP spermatocrit W A 24& AN A, wiA V]9 2UE AYslne
vt A AHFAE S Aolrb AU WA 7] LA 5YLH 6€x Alo|d
79 WAoo HAS AMHT AFFEdAMe AY AFHFo] FAIFFHoY, 14Y
I 21Y AR FAS AMHAT AFFAAME AV FoH 2L g2 49
Polg AAY F AANHFig. 9).

iR ZIESY F AN AHFS 7Y, 149 H 20 AR AHF AT
A ztz} 3013 ml, 1835 ml, 1349 miZ )3 7HZo] FL42 HA sfHFo] B
kCTH(Fig. 10).

G713 AH AFEA WE spermatocrite] HWste FH AHW o o
grie ME o]zt Ao, 4FF EFoA B sfFHgo] golre A7
o] Futo] A ZAste AFL BYuHFig 11). A & AHA9 Na, K,
Cl g 9wy 33 Fig 12~159 Uhehiich Nash C g3 M2 2o 3F
o2 AARH wetd Aol Wbyt gdon, HA WYNIFAE A I

g #EL FAsIATHFigs. 12, 14). 28y K 332 B4 AHFo] 7Hd Bid

N

w A 719 Zulo)] AFYETr), AN A FH ko] Hx ZASHE wiAR 79 T ot
Al Festdh(Fig. 13). Age] F iz e AqFHIAA weprae o7t Q)

ARG w2 242 Hx gAaste AL B HokFig 15).

3. 3z 1E P AY8A

o] Azt AFse s Mnigo] ©E YAt FAHL MuHlEo] FSFF

FAe £540l Bron, ANF Ao £F ASADE HYugo] RL5E



_89_

= 4

E

a

= 3

=

S 2

-

o

> 1

-

=

E 0 [ i d 1 1 AL 1 1 1
3 7 14 219 28 5 12 19 26 3
Mar. Apr. May Jun.

DATE

—o—7 days —w—14 days -»—21 days

Fig. 9. Variations of milt product by stripping interval during spermiation period.
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Fig. 10. Total milt product by stripping interval during spermiation period.
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Fig. 11. Variations of spermatocrit by stripping interval during spermiation period.
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Fig. 12. Variations of Na concentration in seminal fluid by stripping interval during
spermiation period.
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Fig. 13. Variations of K concentration in seminal fluid by stripping interval during

spermiation period.
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Fig. 14. Variations of Cl concentration in seminal fluid by stripping interval during
spermiation period.
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Fig. 15. Variations of total protein concentration in seminal fluid by stripping interval during

spermiation period.



ZAthFig. 16). AFslFol SFHTE M7l 4FAF=E 2sie o, &
Al $EAL ABHF ROk FFABES}F FF 9L 882 mOsm/kgol X3l
482 mOsm/kg7tA] & AEAJSD. FEAFE7E £& 4 YodMe 27 &
Aol & W FEFAE AIZbo] A, v AFAFEIL Fe 3
Ax e 7] BAEAC] & W EFAL A3te] ZUTH(Fig. 17).
AFshe] pHE Z7] 2elstd Azt S840 &5 ALANS ZAG 2
7, pH 63 9ol M= ALY 27] &FAol WE wRoY, &F ASAIHES #HL
o 238y 27 ¥4l RUY pH 73 8dlAe A &F A&FAILo] &
A¥ o uls) o 2 chFig. 18)
A a9} Na', K, Ca”', 2 Mg”7} Aejd AZ 5ol gXs)

N

P

2T AAE

Ae e 54 Fig 199 o] Z 0|29 Fxo] & H4FFAFEd ot 3
+EHAG Na' Ao AFais(158 mOsm/kg)oll & M A& Az &5
e A BAHZA Gk FA 199 o] AFHFANME EFA 0]
Aedon K 2o AEF#H4(904 mOsm/kg)ol A SAIE 1.19, Mg Ao AF 3|

[¢]

o

4=(818 mOsm/kg)oll A 1.08, Ca®" ZAdAFa4(956 mOsm/kg)ol A 1.038] &¢o
2 899 £5o BFHAUY. 2 BE o] xAo] Mg AF#4(1055
mOsm/kg)oll 4 3|4 A F o] SAle 0742 2siot.

3h9, Na® 2o AFs5el 1 M NaCle H7tsle] AEASTEE Z7HAHS o
©] SAIE Fig. 20A%} o] AEF¥E 457~1128 mOsm/kg HHolHE 113~
1252 AHzle] ¥4l stod, 4FAFErt 1398 mOsm/kgZ oA S o
540 FA%A "olzlen, 45AFE 1736 mOsm/kgoll A< 0128 =%
otz EFAE AP E SADE 543 Z42d 4FHAFT 1398 mOsm/kg ©]
Aol M 508 otz Ao, Na' 2o AFs|4(158 mOsm/kg)S A3 4
=A% % 1128 mOsm/kg ©l&to = 80~140% 202 AU}
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Fig. 16. Variations of sperm activity index (SAI) in artificial seawater by different

dilution rates.
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Fig. 17. Variations of sperm activity index (SAI) in artificial seawater by different
osmolalities.
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Fig. 18. Variations of sperm activity index (SAI) in artificial seawater by different
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Fig. 19. Time courses of sperm activity index (SAI) of the black seabream at several
osmolalities by artificial seawater (ASW, ), NaCl free ASW (@), KCl free
ASW (O), MgCl; free ASW (A) and CaCl; free ASW (A).
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Fig. 20. Time courses of sperm activity index (SAI) of the black seabream at several
osmolalities by addition of Na* (A), K, (B), Mg"* (C) and Ca** (D) in

each ion free artificial seawater (ASW).



K" 24 QdZs4ol IM KCE B2 H7lslod 45ASEE F5AA
< w9 SAl= Fig. 20B9} 2o] A5 AFE 904~1434 mOsm/kg M A =
0.73~1.192 AFzle} $FAe] vHinEy A degwdt. 244 4FFAsE 1613
mOsm/kg olgolMe 030 olgtz Wolx1, EFAH£AILE 508 o3tz Yet
U, 45 A% T 904 mOsm/kgollA12] 10084 Hl3ld 1/254F9 #&e SFAL
AZHe B

Mg @ Ca?7} Zod® A2sfo] 1 M MgCl, 9 1M CaChbs UH Hl&=2
Vel AEAFEE ASAAS o, Mg™9 A$ 818, 1175 mOsm/kgoll A} SAI
T 7tz 1.08, 1.000.2 Yetstoul, 1 o4 4EAFZAME FAHA 2ol
o Wl G 3E7t oE AFsFANE AFAFE7E 956 mOsm/kgoll A
2307 mOsm/kg7} x| Z71& ol wat SAlE 1.03014 01322 Walstgch A z}e
LEAE Are Mg” =7t g2 AFs5e B, 45AFE 818 mOsm/kg
ol A 12080 o, I ol AEAEENE 608 o3tz FolHUh Ca &
o AZFHFANME HEASE 956 mOsm/kgt 1158 mOsm/kgoll X 524
AlZEE 908 o]deol o, 1343 mOsm/kg o]/de HEAFEAXE 50 |3t

2 #olz th(Fig. 20C, D).

A4d 3 F

olF Aol Ead, Bty AL Htate AL AR AYYH A7
W o ojuel, PAe BE golM AP N9 gz A%
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o2 HY 1 mF HAY 5 AFste BT} spermatocritE: St F7HA
= Yy

= A=53 QrhCiereszko and Dabrowski 1993). o] QoA 7AALE-E o]

wo] AMRE T Qo m(Aas et al. 1991), HZole EJFTAZE o] &3

b ad

&3ted A AFEI JE, Fo] @ BAEFE Y 1 P AT 47 981+
034x10", 1.13+0.27.x10, 1.10+03.6x10" 2@ 287+092x10°, zAFHo| o}
& A o= nvs) ol wA dElRT. o] 3 FE+ bluefin tuna, Thunnus
thynnuse] 5.94+0.72x10°(Doi et al. 1982), turbot, Scophthalmus maximus] 3.83
+0.59x10™°(Suquet et al. 1993), tiA¥A o], Salmo salare) 95+3.2x10"(Aas et
al. 191y BlsiME €T3 & FEHH o] AFAM AFEH, v R BAF
o] spermatocritt= 25 90 ©o]Ato 2 64.8+130|QW & B3t gkt oA
& 29| spermatocrit7} & AL ATAZ|7F HE nioe A spHo g Stk

gepol Ardsls 4 Wi BAFY AFAsrd S wds Aoz 47
gk AAE GFo]F 59 whitefish, Coregonus clupeaformis$}  yellow perch,
Perca flavescens, A M4, Onchohynchus mykiss(Ciereszko and Dabrowski
1993) 2 muskellunge, Esox masguinongy(Lin et al 1996)¢] spermatocrit7t 7z}
266, 647, 258 2 3572 WA udeiwth a2y olFd UM Habsxg
spermatocrit= o] &7t Byl olye}l FF WolME oA d¥H, Axk, A7 %
A&7 Sl wet Aols Yeynz 7t A7AEY SAA7|A " A72
Hrtoz Mz vadrle olgo. o] ATl AFEFH v R FHE B

pHE ztzh 8202, 78101, 831012, turbot 7.3 (Suquet et al. 1993)3} 5o,

oX

Mugil cephalus 7.4(Chao et al. 1975) Bt} £¢t1, A gdo] 83(Hwang and
Idler 1969), 7144 o152 pejerrey, Odontesthes borarrensis®] 8.3(Strussmann et

al. 1994) @ o]zt o] F 9| 8.1~85(Lahnsteiner et al. 1994)9} Bl FFo 2
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o ¢l A S YEld Y. a8y Chao et al.(1987)& "&}s o} Oreochromis aureus,
O. mossambicus, O. niloticus 2 Tilapia zilli®] pH7} 62~828 o|Zd] uwjg} gt
g g JHgx st oA E Aol AL pHe ofFd wet thgsin,
AA ol 2e oFdAd: Al met Aol Sl Rusn otk sfitol
7o A AFA¥vze gvtdez gFoi B go FAMSY AF 4
FAFEE 297 mOsm/kgelil, g5 o] Carassius auratus®} Yoy Cyprinus carpio
= z}z} 317, 302 mOsm/kgo|QtHMorisawa 1985). 121} sjato]Eel BA,
Fugu niphobles®}t 7}7/35, Acanthopagrus schlegeliol A= Z+2} 342, 359 mOsm/kg
o2 "golFol vld] 40 mOsm/kg A= FrH(Morisawa 1985). o] AFo|A =}
F8Y $o] 2 #AAEF FAY AFAF=E 38312 37012 P 382+70 mOsm/kg
2 2 Morisawa(1985)9] A7 Zae} v £E5& BAG T2y G5 A
ste BEe] ¢ 26612 mOsm/kge g HolF M w3t

o]F Ao HAel REA(Cruea 1969)2 dte ALEZ FHFE £ oY
A FEe AFRNA Az 14 g/100me, B 013 g/100mLE A turbot &9
0.88 g/100me(Suquet et al. 1993)9} Hlx=8l 21}, Kruger et al.(1984)0] R 313t
¥ol9] 013 mg/100me B} w9 EUch FE, vo] 2 AAF FA% IFY
F ed = AFEFH v FEUG ARG FFY A 2A4F A
FEI FERAME glucose7t AL HEHZA] %7 & oz Ho FF
AX F71E iAol #F AAF A7 278

ol AT QT AFE AHate] # FHL 1352030 m=, 1.6 m 5,
Aristichthys nobilis, 0], Ctenopharingodon idella, rose bitterling, Rhodeus ocellatus 2
WA, Hypophthalmichthys molitrix®] A ztet vl£3 37192 Y Emeljanova and

Makeeva 1985), 19 o}F S v+ Zgtil(Linhart et al. 1991), Bol{F A=}
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ZoME 2 HolYtH(Miyaki et al. 1993). AFE Hzle] FHR | E)ste
rEZ=got & 7HE2AM 7~90A Yol HEH} BKd FEIUJL, T4, rose
bitterling, stone moroko, Pseudorasbora parva (Linhart et al. 1991)9l] B]3jA] 2k

o AF2e Wael Pol 2 BB oldF 41 FE BAe Tre BHol
1814028 mg AFBo) His) tha A Jojo TR A7|(1.8~22 m) ¥
FZOIUTHGwWO et al. 1993). $09% ZHES AAe Zolgste 2o V¥

He g 7HA dNen, FH9 P32 o] 1262008 m, ZAHE 149%£0.07 /m

o
Yy
r

[0

2 Atlantic croaker(Gwo and Arnold 1992)4} turbot(Suquet et al. 1993)9} H| ==

of

3 FEolAch o] AFoAM ZAIE 4 ofF BF FhHo HAE 7HAZ YA &
gon, AvE AFAHQA 9+27TXE BYTh

o] AFAA Folgt ZAFE AHze AIFMF(1055 mOsm/kg)ed (382
mOsm/kg) Aol AFE AT EFAol Ekeu, 1200 mOsm/kg o]/l A
T AFATE Z7tel wdse 840l Zaddd 18y 45 FAFt 158
mOsm/kgo] e Na® Ao} AFs|FolMe Hxte) $540] A3 BAHA ¥
th. Morisawa et al.(1992)2 #Holo] A7t A} SHA &HANME § 2ol
FAR, nZAe] JMHA FS AT SRt E Morisawa and Suzuki
(1980)= B, W7, 7hAulFe FHoA &d HAZt sy et T A
FAFEE 71 £90M &5 & AAFTD 3o, o]E9 dFH B 79 2
He Ao $5A4E FWAAY dAZE 2o BAF AFAF=YIL
Btk g4olfdMe sidtolfel wdlz FFET R AFEAFT=ANN 52
Azte] 540 BRHG), AFAFE A5y A FFAHC) Pade Ao
&2}# Qlth(Morisawa et al. 1983 ; Strussmann et al. 1994).

H4A% K 559 2taE Ao olFe A5 S AT Morisawa
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(1985)9) ArZAaete 2 FAEF AR T IS AA ot o
AL #dolF FFo K 57 Aoy do] B @Fe wa, 835 59
K' 55€ 238 2l v £7] d&oleln Agec. dE&deos AHE A
2ke] &4 ¥Wde dole9 Fxd 7UdEHI] En ol Fxd wE 87

7o 45ASE Wil APHA FL BE Aoz By



H3& JE(EI]) HE

A1d A A

ol fF BAY WAH(D/HEES ¥4 dA ofFo FEANA ol W
WA Al7Ie dulg Aeld @2 FAME FHE & dASH, AR F
Folv =& F o} ole} o] ofF o HARE Vgl TR
Akl 9ol #e FHE AT oy, $EuFoME ofF o &ol

28 71z A7 vFF AAold. 1HER fuolF AARES A

o
Fli

-
%

A @

R

Aol Zlx g4 o B deh FA LA FRAAL BACAAM
9 anHo R &8Y & e WARE Ve FHIF FAHFHojop &
Aolth.

Ag7A dFolA olF AL YARE B A7E HHY e B

—

Z @ 3} (Chao et al. 1975; Hara et al. 1982; McNiven et al. 1993), At4&F F
g Fzte] £A%52 A (Stoss and Holtz 1983), a4 A Al&d] W& BE
717y @A (Chao et al. 1992; Saad et al. 1987; Stoss et al. 1978) % 3] A oj 9]
5o g £#AH§9 7 E(Erdahl and Graham 1987) $& %3&tof, A3

BAe] HA PARE 218 Htdr] A WFeg 77 AFHS #U

o] ATCNNE Bols, o] X AAES Ao HNAT G4 Mol wet
Este], ojFe FRAN 3
Qoll ol g 7h5# AARE WAL AFHnA AR

BAE @71 HEY £ s YHRE teAs

oY



A28 A=z R CH

o] REATHE doter] 8 HE W AR £54, HEFY 2 uE
Fo BAPAY 2 £48e FrARAL Fig. 2159 2ok

153 gHge) 24

7} ApFE

MRz 2 AYZANN AABHS Hotalr) Aste] A LA 4
£ge zAEHTh

faole] z4o) wE Axe) WHRE ERE Wetelr] sl Alsever's
solution, Cortland medium, egg-tris, 0.5 M fructose, 0.3 M glucose, Mounib's
solution, marine fish ringer solution(MFRS), 1% NaCl, sodium chloride
medium, 3.6% sodium citrate 2 2.89% sucrose 52 1171x] 34 HB-& Yz
319 Hlg2 HL F, FHAHYHEE AFHA(411 cm)9l 3 cme] FAV} HEE
stk £33 928 3AAHFYPL 0+05CE FAF incubatoro| A 74
A, 19 tZH 22 01 meo] AAHYE dojlio] FABEE AL A
Zt s| Mg ol A4S Table 129

. gu

slaele 240 me AR YFRE ERE sostr] Astel eggtis, 01,
0.3, 0.5 M glucose ¥ MFRSE Z}z} 2:19] v]&2 i3} A3 F 1.5 me vial
of Fstgth BE7F By viale 0£1CY YRmIA 169 $F REsEA 1
d Aoz BAY LFAR HEEL ZASAL
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COLD STORAGE MILT COLLECTION CRYOPRESERVATION

1
| 1

ACTIVITY EVALUATION ACTIVITY EVALUATION

]
MILT COOLED TO 0TC

]
MILT+DILUENT+CRYOPROTECTANT

DILUTION

STRAW METHOD
REPARTITION INTO STRAW

FREEZING BY
LN2 VAPOUR

COLD STORAGE

STRAGE IN LN;

STRAW THAWED IN
WATER BATH

ACTIVITY EVALUATION ACTIVITY EVALUATION

| ]
]

ARTIFICIAL INSEMINATION

Fig. 21. Procedures of the experiments for cold storage and cryopreservation of

fishes spermatozoa.



Table 12. Constituents of diluents used in the experiment of tiger puffer
sperm preservation

Diluents

Constituent

Alsever’s solution

Cortland medium

Egg-tris

Mounib’ s solution

MERS

Sodium chloride
medium

Fructose (0.5 M)

Glucose (0.3 M)

NaCl (1%)

2.05 g glucose, 0.4 g sodium chloride, 0.8 g sodium
citrate/D.W. 100 m¢

0.23 g CaCl;-H2O, 1.0 g glucose, 038 g KCl, 0.23 g
MgSO,-7HO, 7.25 g NaCl, 1.0 g NaHCO;, 041 g
NaHPO4-H,O/D.W. 1000 mé

1424 g citric acid, 20 m¢ hen's egg yolk, 048 g
fructose, 400 ppm gentamicin, 2422 g tris/D.W. 80
mé

6.5 mM glutathione, 100 mM KHCO; 125 mM

sucrose

0346 g CaCl, 0597 g KCI, 0.017 g MgCl,, 135 g
NaCl, 0.025 g NaHCO3;/D.W. 1000 m¢

0.4 M NaCl-0.1 M glycine 40 parts, 1.3 % NaHCO3
8 parts

90 g fructose/D.W. 1000 me
543 g glucose/D.W. 1000 m¢

1 g NaCl/D.W. 100 m¢

Sodium citrate (3.6%) 3.6 g sodium citrate/D.W. 100 mé

Sucrose (2.8%)

2.8 g sucrose/D.W. 100 m¢

MFRS : marine fish ringer solution. D.W. : distilled water.



o} %ol
gadel zgol we Fxke WARE EBE Bostr] Askel, Alsever's
solution, egg-tris, 5°°] &7, MFRS, lactose, 0.1 M, 0.3 M, 0.5 M glucose % 0.1
M, 02 M, 0.3 M sodium citrate 59} 117}#] 3 A RS AHAn 2:12] H| &2 A
2 5 HMAHAHEZ 6 ml vial(g1.1 cm)ol] EF34ct EF7 459 AN
v Aoz FABHE =

S 4F1TCE FAT YALAA 109 BEFEA, 19 ¢

sl

gaoo] Ao wE e WHRE AHE FEr] 5, egg-tris, 0.1
M, 03 M, 05 M glucose & ZAAF S Zzt 219 vlg2 HYH FNF £
1.5 me vialol] EF3 Gt BF7F £ vial2 0£1T9 YA 1A 10d F< B

BEUA 19 A0 AR SEAH 4222 2ASAT

A

1) &AL

WAREA] 27t BREARY v FEFE BrHstr] Ysted, 1% NaCl 34
Ng Pz 519 HEZ THS F, HEHAY T 3 cm, agitation 2HO 2
ztzb 0, 5, 10, 20T 9 £xolA 20947t BE3IHT. BE 747tAe 19 Ao

2, 0% 0UAAE 39 BHo2 FABHS BASHAC



2) YAREANM FAA L 4T

YABEA FAA Y Hoto] & BEAAE HIH7] 93, 1% NaCl 34
AL HAF} 519 HIEZ e F, BEHAY HF 3 om, agitation ZHA
neomycin®} gentamicing #H3¥ %7} 2}z 200, 400, 600, 800, 1000 ppm HEE
A7tstAch. ZF AEolA E5d A8 ¢11 cam)EL2 0205T 9 incubatorel] 20
G BESEA 7Y FUL 1A TAHLE, o|FREE 3Y PHoE FAEAS
H7tat ot

3) 8 Aul gl W BEED

BAREN Ao HF H4uee AP Asked, 1% NaCle s4oz A}
gajol Wlg 22t 3, 5,7, 10, 15, 20, 25, 0M2 B4 ¥, HyPAdz Ny
(611 cm)oll 3 cm FAE 3 t}g, 0+05CY incubatoroA] 2047+ RE=3}ct

A 74 FUL 19 Ao R T o|RFE 3Y AR HARAS HristAoh

4) REH2e] T/ HE F agitation®] A}

BEHZ O FAY agitation T wWE WHRE AHRE Hrisltr] ¢std,
1% NaCl gAe§g A3} 519 v &2 T3 F, AFH(F11 cm)dl 22} 3,
5 7 cme FA2 ¥33d agitation? non-agitation 2H 02 2047 BESY
T BELTE 0X05CHEH BE 797X+ 19 HFH o2, ol 20¢71A & 3
d Aoz 7t AF e A 3Fd de FAY A4S HristRd.

Y. 5o
1) 3] o] pHell W& YARE A7
sl ol HA pHE A7) 93t 0.3 M glucosed] HCl3 NaOHE H7}3t



of pH S5, 6 7, 8 2 92 2H3AUY. o|F AP HA9 v]&E 21F Ao
15 m¢ vialo] EF3{tt. EF8H 429 vialEL 01T JAdA BastaA

4109 519 (A0 R PR LFHTH 2L ZASYT

o B8E
1) g9} pHel me YZRE a3}
Aol HA pHE ZASH7] Y8t Al A 2 YARE AP A

e AxHS el 245 P HC NaOHE 713l pH 5, 6,

N

b

oif

7,8 2 92 ARG o|F AR AAY HEL 212 FHste] 15 nt vial
of #2sgch 239 229 vialSe 041Ce WHmAM moshEA 10

o 1Y Aoz Hae LAY &L FAEAL

2) WAHREAAN FAA ] IF
WARZEA GAA ] Hrto @ REaYNE Hr1E 7] Y3t 03 M glucose

219 ¥j-& 2 AHA1 e &, neomycin, gentamicin Y chlortetracyclineo}

]

Z3¥ %7} 400, 600, 800, 1000 ppmo] HEE H7lstHet olF 0+£1TCe IAT
oA 10¢ T RusEM 1Y tFez P9 54 HEESE ZABIA
=3

3. AAY

Zt A8 A3E 9Q9 EAEX T Tukey test (Zar 1984)2 AA I
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A3 A 7
R EEEIES

7). AT

WARE AHFAS MAS AASI] A, AFHAAM AT HYE O
& A TG O-F 0X05ColAM 79 BESIHA SAIS HEES A
Zy= Fig. 22~233 o 84259 3|MA¥ SAl=  fructose®} sodium
chloride mediumoll A ztz} 0.6 092 7} ¥tm, 19 971 Addo A=
24~29=2 v AH Fkt}h HE 2Y A= fructose, glucose Y sodium chloride
medium®| SAIZ} FZ3] A &std A2 09 ol2xt. H&E 7dR ] MFRS2}
1% NaCl9] SAlE 242} 173 1622 the g4 us) 713 EkchFig 22).

Mg Hzleo] AESEE SAISH w3 AEE Ho, MFRS$ 1% NaClg 3
Moz 3AE W BE 7R AR AEEL 247 59.0+15%, 56.7+62% =2,
& Ao Hla fostA E:hoh(P<0.05), F 3AH AloldlE Fxtr} 2

= 2] % skch(Fig. 23).

. g

fe Yate] YHRE APlM H4 FF Hae) SAlE eggtris (05)F A9
3 g2 sladeM 092 vlny Ftoy, BE 8Y ¥ 01, 0.3, 0.5 M glucose
o st BEI AL SAIE 02742 A4S (Fig. 24).

WARE AFA Ay P=LLe 01 M, 0.3 M glucosert 71 Eola B
E 8UA7IRA 7 7949 79.8% <2 HEEES Hon uUniA A4 Age
oA F2 sk
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Fig. 22. Variations of sperm activity index (SAI) in tiger puffer spermatozoa stored
at 0C for 7 days with 11 diluents. MFRS: marine fish ringer solution, SCM:

sodium chloride medium.
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Fig. 22. Continued.
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Fig. 23. Variations of survival rate in tiger puffer spermatozoa stored at 0°C for 7
days with 11 diluents. MFRS: marine fish ringer solution, SCM: sodium
chloride medium.
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Fig. 23. Continued.
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SAIl
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~e—Et —#—MFRS —4—0.1 M glu. ——0.3 M glu. = 0.5 M glu.

Fig. 24. Variations of sperm activity index (SAI) in river puffer spermatozoa stored at
0C for 10 days with 5 diluents. Et: egg-tris, G: glucose, MFRS: marine fish

ringer solution.



slMadz 15¢ B BARES Yo Lo i} +=HEL Fig. 259 e
Aot FHELS AT FAS AFRF diz2FoA 724+33% 2 71 Eghon,
egg-tris, 0.1 M, 0.3 M, 05 M glucose ¥ MFRSE AHE319¢ e 0~0.7+£0.8%

2 dz7o vs) uj¢ 2.

o 4ol

ANH AF Fol FAE FAYHEE T3 4TE F A b, BEIZ
42 Az EFALS ZAE ZF= Fig 263 2o A9 BE 14F 9] SAI
= dA A Alservers solutiono] 259 228 HlmF &3 2XAL RYW,
03 M glucosedl & 142 £FA0] 7 Az 1% BE 39 A7A =
< 3o A SAIZ} 23] HolA A MFRS#} Alservers solutiono] 1.291, ¢
Yol M= 072 7HE Ut BE 49 AFEE SADE 4utstA ZA4std BE

104 A= ZE 44X 05 AFEAot.

gt AT

HH AT AL FHAEZ EFetd 0C2 FAT dg, BE 7] o
2 SAISt Az AEEES ZAIE A3 Fig 279 Zoh A gy 34 259
SAI= egg-tris®} 0.5 M glucosedl X 198 7}4 E3%4x, 0.1 M glucosed A& 1.5
2 b gt a2y BE 1989 SAIE egg-trisol A F23] "ol Wiy, §
HAME AMA3E] Rl HA HE 10YAZAE 0322 vlad gA FRH
EEEA7L 7B 3G FHAE BAY] YEEoME BREZIPE SAIS vl
T AYFE B, BE 10UA FAe] AL AN S56%2 M ey

egg-trisdl M= 25.5% 2 2%}
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Fig. 25. Fertilization rate in river puffer spermatozoa stored at 0C during 16 days
with five diluents. CON: control, Et: egg-tris, G: glucose, MFRS: marine fish
ringer solution.
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Fig. 26. Variations of survival rate in grey mullet spermatozoa stored at 0C for 7
days with 9 diluents. Et: egg-tris, G: glucose, L: lactose, MFRS: marine fish
ringer solution, SC: sodium citrate.
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Fig. 26. Continued.
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Fig. 27. Variation of sperm activity index (SAI) and survival rate in black seabream
spermatozoa stored at 0C with five diluents. Serum is originated from black
seabream. Et: egg-tris, FM: fresh milt, G: glucose.



ANAEZ 79 I RRESG A ZAHE Dol W FHEL Table 13
o 2ol 8¥e NN AgEAE W 7173%2 g ®t:, I thgol
03 M glucose, 0.5 M glucose, egg-tris, 0.1 M glucose #o] o}t A2 3tol] §
A% zpole UM WAEEY A 7 FHELS AHAF HAdoz FHAH

S wo} 783+83% Ko} folahAl RTHP<0.05).

Table 13. Effects of diluents on fertilization rate of black seabream

spermatozoa
Diluent Is)te:));sa g(;f SAI Fertiliz(:;i)c;n rate
Fresh milt 0 2.40 78.3+8.3
Serum 7 0.87 47.7+7.3°
Egg-tris 7 0.25 37.7+7.6°
0.1 M glucose 7 0.32 35.8+8.4°
0.3 M glucose 7 0.35 443+53°
0.5 M glucose 7 0.32 39.6+59°

‘values within the same column with different letters are significantly
different (P<0.01).

2. YRREG I3 HAHzA
7} B
117}2] 8l M o) F Aol SAIS A& go] EUW 1% NaClg 4o g sl

ool gqulgg dejsted 0£05CaAAM 20U7 BEZ A}, HHG 208 o]
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o BlgE AT Z 20w vigte 2 FAste HEGH o] Hla] BE 1UA
SAIZY F23] ZAdARN, ZE MU A BE 20dR SAlE 022 el
thFig. 28). 28y} BE 20U o] Hze WELS HA 128%IN H1 467%
2 Jehd, %34 oe AHzle Xz 4Esn US F AAHFig.
29). o8} 7tA FHanlg F 7Y FL& REZAMYE B AL 1% Nadlg AHgs}
o Mg 3uje} SuE FME AoT HE NUAY WELL Zh7} 46.712.7%
o} 452+29%2 THE FHAu|go) uls] folstA EFYOLHP<0.05), T 3 Aug
Abololl e o)zt 1A = 2] ekkrt.

1% NaClg gMdoz st FAS 5u) 4% F, Ao SAZ 72
3,5 7 cm7} §5 2 3ln BENAH F agitation ¥ non-agitation @02 209

P BES Z3e Figs. 30, 313 2ozt AgdAM AFNAIAY SAlE 2602

FUshAY, BEIIG] Lol Aol whe} SAF WA RolE ARe nAD, BE
20U e} SAIE tiREs AYTelA 002tk b T& REANE B AL

agitation 3t2] ROHA 3 cm FA 9 34 A JFRo REH YY1, BE
204 R o] SAIS &=L ztzh 01400, 538*41%2, ch& APTo ula] §9
s FXTH(P<0.05)(Figs. 30, 31). &3 E& HEFAA non-agitation Z o]
T HENT AEZHY A7) agitation 2@ BHrh o] 2 oz UElgt.

1% NaClg slddoz ale HAg 5u) M3 &, g4 HAe FAE 3 cm

2 33, HELTE gty 2047t BE3 A= Figs. 32, 333 2o BE 6

—

Ao} SAIE 0T 5ColM BESH H2be 29 42 09, 118 B v, 10T
oldell M BEF A& 03 ozt FA3] RolAUTHFig. 32). 0TS 5TAM BEF
Bzke] BE 20dA AEELE 77 45%33%, 28717%2 GE A7 B3

folatAdl Eron(P<0.05), €& Atolole oAtz QA =] ekqkth(Fig. 33).
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Fig. 28. Variations of sperm activity index (SAI) in tiger puffer spermatozoa stored at
0°C during 20 days with different dilution rates in 1% NaCl diluent.
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Fig. 28. Continued.
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Fig. 29. Variations of survival rate in tiger puffer spermatozoa stored at 0C during
20 days with different dilution rates in 1% NaCl diluent.
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Fig. 30. Variations of sperm activity index (SAI) in spermatozoa stored at 0C during
20 days at 3, 5 and 7cm depth. A: 3cm, B: 5 cm, C: 7em. AG: agitation,
NAGT: no agitation (Top), NAGB: no agitation (Bottom).
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Fig. 30. Continued.
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Fig. 30. Continued.
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Fig. 31. Variations of survival rate in spermatozoa stored at 0°C during 20 days at 3, 5
and 7cm depth. A: 3cm, B: 5 cm, C: 7em. AG: agitation, NAGT: no agitation
(Top), NAGB: no agitation (Bottom).
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Fig. 31. Continued.
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Fig. 32. Variations of sperm activity index (SAI) in spermatozoa stored during 20 days
with different storage temperature.
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Fig. 33. Variations of survival rate in spermatozoa stored during 20 days with different
storage temperature.



a3 10T e 20Tl BRES Yo BE 20UA AELL 27 05+08%,
0+00% 2 REAFH7} ) 2ich

1% NaClg A Qo2 st of7]o] NS 50 343 F, sjaigeo] S
g 3 emZ 3l FAAQl neomycin®} gentamicing FEHE H7HE g, 20
ZF 0L05TCAM HESIHS e Zie Figs. 34, 359 2t} Neomycin 200~
1000 ppme] H7tsx SAlc MZ & zo] glo] BlLslY oY, gentamicinol] A
© 800 ppm o]FellA HE 1URFEH SADL G243 RolAe AEFS el
(Figs. 34). 7} 4% REFIANE HA AL neomycin 800 ppmFEA, HE
20 ®j o] SAIS} AJ&ELL Zbzb 02400, 48.7+£1.6% 2 b2 AEFo H)s| 82
stAl = QkTH(P<0.05)(Fig. 35). FAAE HrishA]l FUAW thzxF9 SAI9} HEE

2 800 ppm2] neomycing 713 Aol wls] F& A3E BT

. %ol

Aol EFAl 7 FXE ol S FgHAoF sl FAYe] pHE @
2]t & BEFHS o] SAIE Fig. 367 Zrh BE ¥ 1Y ool pH 6ol &
SAIZ} §43] wobxla, pH 5olMe AT wie Aol &Ao] vig 2Fgith
pH 7~99l e BZE 10940 747 SAIZ} 082 fAgoa® Aol pHS &
Abgh oF @gte} SoelA FABAol 28 FAHAUT

o BAE

Yatel WE2E7 FAEC 7MY BN BAE WAL IMYoz s, Ay
g} pHE g F HEHAS W SAle RE 8UAZAE pH 73 8ol A
E%th £3] pH 7~90lME RZE 9UA o) SAIZ} 002 ol utd, pH 59 6
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Fig. 34. Variations of sperm activity index (SAI) in tiger puffer spermatozoa stored at
0C during 20 days with two antibiotic of different concentrations. A: neomycin

B: gentamicin.
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Fig. 34. Continued.
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Fig. 35. Variations of survival rate in tiger puffer spermatozoa stored at 0°C during 20
days with two antibiotic of different concentrations. A: neomycin, B: gentamicin.
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Fig. 36. Variation of sperm activity index (SAI) in grey mullet sperm stored at 0'C with
several pH conditions. FM: fresh milt.



o] g A ME Y BT FAl SAlZF F43] At BE 3Y o]
ol 0o gezx, FFoMt 22 pH FFAA B2} F3& ¢ F 3
A tHFig. 37).

T, 5% glucoseE 42 FA Yol 3F9 IYHAE FEHRE Hristed 0TAA
BE39E o, RE770] & SAIE ZAM AFE Fig 387 2ol BE 595
7hA1 9] SAle FAAE Hrislr @AD dxTdA FHYAE H7isE Y
Boh ok a2y FAAE J0Me AP FAME BE AF 4L 194 Alole
52438 2olAY SADL 1 ol¥F 08 MFZ FAEH 9YAA ooz o, 5Y
o] L RE| = X T Bls] & SAIE YErW

149 27M 359 FAAE TxEHZ 108 5T HEJULS o FAo HE

O

€2 neomycin 800 ppm H]FolA 65.6%2 7+ =3kow, gentamicind}
chlorotetracyclineo| = 800 ppm A2l F#7} z+2} 624%, 51.8% 82 A&E&o| 7%
it FAAEZE neomycino] 71 AEEo] Fon], o] gentamicin®

chlorotetracycline < ¢} 1 thFig. 39).

A4 3 F

o fF A WAHETA FEFE nxe FL QQo=E Mo, 34u)g,
agitation, A R BRELE Fo] Qloh o] 7h&dl HA3 MAL FHse A
< YREEY i?%% Eo]7] s HA=olof & gzoln}. o]Fo uwa}t theFdt
FT5o gAYo] o]&Hojx Q=d|(Chao et al. 1975; Hara et al. 1982; Scott

and Baynes 1980; Truscott et al. 1968), Zt&-9] A So] oo} & 717 £33
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Fig. 37. Variation of sperm activity index (SAI) in black seabream spermatozoa stored
at 0C with several pH conditions. FM: fresh milt.
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Fig. 38. Variation of sperm activity index (SAI) in black seabream spermatozoa
stored at 0C with three antibiotic. FM: fresh milt. A: neomycin, B:
gentamicin, C: chlorotetracycline.
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Fig. 39. Variation of survival rate in black seabream spermatozoa stored at 0T
with three antibiotic. A: neomycin, B: gentamicin, C: chlorotetracycline.
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8L 34 Fx HArt SFEHA BEE st T BAF oAt AnE
T AL afgxyoz AJA A7) "o JAHOhta and Izawa 1996). 2B Az}
BARES A% FAA FHHA S dHYse LPAM= MFRSY 1% NaClo] A4
gl Aoz Yl FBoMe 03 M glucose7t E37} ARoH, Foigf
ZATAME A4 5Y % S LS o, YHRE "yt Fodoh
Hara et al.(1982)-& milkfish, Chanos chanos®] HAE 0~4ToA RESHHS o,
529 ¥yol 02 f4dE ur} FHold REZEN}E RYGT HYT

Chao et al(1975)& Fol¢ *F4HE FAS= dol Sl 6, 10 R 12% 9]
sodium citrate7} F-& 3|MHfojgtu BT o] MY FFHREA o] HA
3 glaolol FHE ojFo mie} zo|rt oz F, Ao TFE AN F
AR AFAFTY ol2xAo] AT FAE FHHYS AYstd AEFoEH
HEEAE ¥Y + UAS 2o Ay4do.

A5 A2 WAAREANA HA FMH&S 3~58 24 bluefin tunag] Gz}

i

2o B &Eu)E HANTFE 54 £ E°] o= Doi et al(1982)9] 2
79} gx)gt}t. Erdahl and Graham(1987)2 3Anjgo] oW Azt £ 5ol
AAEH REEH7F o]t dilution effectd A A3 R

WAAREA FYE agitation 312 ¥v Aol HAe] TFAHo HEEE I
Al 7]% dol 8371 Ae RAeZ LA A (Stoss et al. 1978; Stoss and Holtz
1983a; Stoss et al. 1987). Stoss et al.(1978)2 Al&H o2 vIE-H agitatione A A}
NAl sHFh 3P Lom, Stoss et al.(1987)2 F& EARHo g HAZS T
HEY o, agitationo] 93] AF o HAIF JFEFHCRZ Y E AL ©E A
k9 A4S AsjAYd Busfoh AFEe] WHAHEAML agitationd

82 e Aol & Ao 2 e} Stoss et al.(1987)2] AR E T YAsAct o
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%ol AFe YAREN 43Tl PEatel M2 W £+ A: AASS HE
of HEY gapol vsl 2540 ok SHUTHStoss et al. 1987). T FAAE

ol ME mF AT B AEGX10°~20%10%)9] AAE REY o, FAHF

& WA, BREFAE ol shd, A9 HEol A HaE FLEA UALE

fl

AL AvlE Wgug HEVo] Folxdyn FYth AFEGME BFAR EA
AR BEXste A7) &5 B¥slE Az B £330 AELo] =9

o getd med AR £t Be 2FE(85%10°~10.1x10" sperm) Hzpe]
FHEANANE A BEFAANN B Ho] FL AEl2 agitationd}x] tomHA
HEsts Aol F& ZeE Agdg

WAEEA] A4 FHPAE Hrtsle A APA] Edd Aoy AFE o
| A} 7 (Stoss and Refstie 1983), =] g-FAolvt &L ¥t ollel F+HES
Fole "o =&o] FtiChao et al. 1992; Saad et al. 1988; Stoss et al. 1978).
22y Stoss et al.(1978)2 HA Fxo FAA H/A FR BEVS A%
AI71ZARE e We damyrt veldda sk =3 Chao et al.(1992)2
grouper, Epinephelus malabaricus®] AR EA] penicilline]y neomycinol] )3
500 ppm¢] streptomycing A}83AE W FAHECl FolFo2H, FAAY F
7 2% otvzt FAA Y Fxol M BREATC o7t YSS HFRIA
t}. o] AFME gentamicinol Hl&] neomycino] A z}e] SAI} Hzle] AWE&
= = dFTh ol ol HAto| YAHREA ofFdd W AT FAYA 9 £
b FE7 d2eg ol§ F83] nsled JAAE Hdedte o] Fadth
o] @7olX neomycin 800 ppmo] AFE7} 7t FS] YHREA] HAY JES
< dFA717] A48 AdE w2 FAAASG

Stoss and Holtz(1983a)= A-(0T)o] AFAle tAlE ZAAA HEVE
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AA71E vl 83 98-S dgn o AFHAME 0~5Td H2AE B

E[E W FAY FHol viuA 2 AHHAG
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M4z dsS(EI)) BE

A1 A 4

ol F ALY BEL FA A AR W WAHA Y BEUA] g 2=
A dulo) Aol mtE MBI AAYY oS MEAT + UA I 1
3 FR Fole ApSEEe] Bad A ¢ =¥ HAAE 5 QA G oty
g, +2F A uulg 75 st FFoly AT BREEL Lol
gtk olgt o] olf 9 AHARE rizo] FAYAA AP B FHEL Az
AL, JAHe2: Be YA 7lgqdd FHen dsodx BT, ¢
Uetell e o}Z o] Fofe] #AF 7|2 AFEA o]FojAA Fx Ut agE=R
olu] 2J3toju} A3t Rolol M BEHT Ju AHY Hato]{o HABRES
3 Fze] 7l AEA Qe A A7 AA FEALMA] ARHoR B8
& 5 dE 7INried R/ FAFHo o & Aol

17zl WE(FA7)EE B AFE Blaxter(1953)2) AFE AAIZ 3o
742 @S AFE AUL, olAE A7z} 23 AYHT Aok 2y
YEREo B3 XFZAY AF= HEE E5FoAF(BE 1984, Kurokura et al.
1984)¢} <3 o] F(Baynes and Scott 1987, Ott and Horton 1971; Stoss and Holtz
1983b; Yamamoto 1976)F 9152 sl Ao 443 FPFRE WYL 79T
Atelg o™, 2 AFHE A ofFE T O olFd S8F BudTE =
Eo.

watr o] FAME AFHeZ FE8F AFU BAReY o

%2
oy
o
afl
o
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ez BAE A7 BEF F e YFEE HHS MLsld, olFfe AF

FE AN BARE Jlgol B8 J12ARE ATALA A

A2d As 2 LY

1. Azte] WEa sisgd

oSl Z AYelA HAE WYFAIIIZ A, FAHFHo] FUP 05 me
£ F9 straws HAFA F71(-76TC)oll Y&l HH3] 13 Y53 v, 2453
HADA(-196C)oA M gol 2x WFSHATHEN - FEH 1991). 59 & APA
WEE Fate QAL B30 14 AFE F 3021TY FeFzdA 102

ool sfEAA AL AEE&S HristA-

2 YEArt g3l nAe 9%

7t $ERES AR 3333 AW HES
WEHE 39d A4S 5 & st 42 HAY HA F o
4, F AF 92 glucose FFS 2}7}t biuret §H-§H, BIAYFYH, §4HO 2, Na

2K Fee 22 E33cyoz BEA3QTHE 1984).

. Batel g2ld &4

YFRE F T AR nATxE B3] Azt A Hid o
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S}y AAAEZ NEE AR B4 TR AP ATRE FHoz B
Aot BA7} FeE wEA GRE golaAn

3. FEHAA

7} AFE

1) A7 H497 Aol B}

BAel WERE AP HNAL AN FALAAY FABAO) wlHE
FES Hrkstr] 93k, Alsever's solution, Cortland medium, egg-tris, 0.5 M
fructose, 0.3 M glucose, Mounib’s solution, MFRS, 1% NaCl, sodium chloride
medium, 3.69% sodium citrate ¥ 2.89% sucrose 5] 117}%] 3]AN-S Aoz} 5:1
o "lE&Z2 41L& ¥, o7]d DMSO, ethylene glycol, glycerol ¥ methanol % 2]
4717 EHA FHFAAE HAFErt 15%2 HEE AT EFAE
kel EFMA AR A2 A HAY FFAHE ZAMEIAT

I3 o] AL 0£05CE F A=+ incubatorol A 193 BE3SI HAJ A
HS metstn FFAA I A vAe dFE FUisAT YEFRE

Agel AFEF sHele zHe WRREd ALEF AT BUD 24U

(Table 12).

2) A FaHAAY FHA v
WERE HA3 FAAAAY FHS F=E A7) Hslo, HA sl
S AR APAAM F& ZAE HYd Alsever's solution®} MFRSE 3] A )

o2 o AR 519 vlgZ L F Ard FHA FMEAAQA DMSO,
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ethylene glycol, glycerol ¥ methanol2 &E&3¥ct ol & FaAAl= HF
FE7F 742} 5, 10, 15, 20% 2 HEE 209 IAAqq Eeaidon 20% o9

YAz e PEERE ANRS Yolrs] sl FHYozE Alsever's
solutiong AMg3te] 43} 519 vl&E & F, o7l FaHA A DMSO,
ethylene glycol, glycerol 2@ methanol2 &E33lgtt ol Faix|Aly HEEx
= Ztz} 5, 10, 15, 20% 2 HA dFH. HIAIML 24z 0, 1, 5, 10, 20, 40, 60%

o2 dAstod FaE JFstAe

4) Bovine serum albumin(BSA)} Alehdate] ¥r}a s

H S FaEAAR] BSAsH Add&o] R FHLAA AFAE FSA
F|eX gotR7] H3le, PO F Alsever's solutiong, FaHHWAAE 15%
ethylene glycolg A}8-3g1on, BSAS AddFe] HFFEE 5%7F H=8 3
o dgstact. PR3 A FY A BSA Tt AFIES 0.14:0.69:0.12:0.059]

Bl &2 E83T 202 oW HPARS T F YA

. &=
1) 24 5Af

oo me FAte] PFRE ARE RALET] AT APAME egg-tris,
5% glucose, Alserver’s solution @ MFRSE 3Mdoz Al43idm, Faid

A2 DMSOE A&t 342 A N34 4:DMSO7F 0.2:0.65:0.152]
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Bl go] HE % stfen HPAIZL 1% W= stk

2) HA FaRAAY FHY v
A A e 279 w2 A= 5% glucosed] DMSO9} glycerol
S Zt7t HFE Fx71 5 10, 15 2 20% =2 HESE Tx& XH-3tod AHEIA

on], BRI 12 olW2 STk

. %]

WEEIEEE

Ao 2 o] YFRE AFHE A7 AT AFA = MFRS, 015
M sodium citrate, 0.3 M glucoseE 3|ABozg AL3HL, FTHMYAAZE
DMSOE AMg3tgth A o34 DMSOE 0.2:07:019] ®l&2 E§sges 3

HAzre 1% oz sch

o). 4%

NEEFIERE

Ao o2 Ao YFEHE EHE XA A ABAAME 5% glucose,
39% sodium citrate, 2.89% sucrose, Alserver's solution & MFRSE 3AjH o7 AL
31, SLAAZE DMSOE ALE3l9 Tt A Y3814 4. DMSO+ 0.2:0.65:0.15¢]

g2 Egstdon] HFALL 18 o= st

2) AA FAAAAY FHY ¥=
SR Al EH9 w58 AYdAME 5% glucosed] DMSO$} glycerol-& zt
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2t HF ¥x7F 5 10, 15 20, 25 R 0% HEE stPon, FHARLS 18 oy

2 3o

3) BYAZ e REED
HBYPAIZe] E YETHE BHE golB7] 93 AFoM 3APozrx 5%
glucoseE, F3HAAZ = DMSOE AlL3 ) A l:8 4 4:DMSO= 0.2:0.65:0.15

o] vl &2 TSI, HYPAIZFL 5,10, 20, 40 2 80® o2 3 YTt

4 HERXE

AEF2E7t s = AFE A 4o viXe JTFS A Adtd, A
HOo=F Alsever's solutiong, F3|WAAZ ethylene glycol& A3t A3
Ao S A E 0150720132 B2 EFsIET, 20% o9 HHANL =

F YEsAth ¥Ed FAL 19 Foll &2z 10, 20, 30, 40, 50ClA siFA1Z T

5. FAAY

A3 Tukey test (Zar 1984)2 ZAstH ).

o
Ae
X
He

7 A 2de o

A3d 2 #

L ¥Ex7t AAQAFG vlale I

BER AFHFS AXNEA A8 7R FHA3 FHLANE AHESIA7] o
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Zoll AAtel gstd 2A4& Fetarlde ofggol AMT 2 FA YER
e ARl Mg e S vlAe A YA &4 fF ¥AEn

A& ol g3t A3 FHotstRo

|
a3

7} AAFEB
WERZES T 3 P dBREL AMF Ao 7R HUE xolE

Bolx ¥gto, BE de YR FAAME BE(Fig 20A)%} Sl Sel

A3 91E ATl o2He} UIthFig. 40B).
e
FEAYAE PEREG F TP P49 PR AU YA} e} wo

g Aolg HolA Aoy, FAE e U¥e) FAAAE AFE AN
2ol WR(Fig. 41A)9 ©l2E TeAm Yt MEPo] ojgsol ULUTHFs.

41B).

W5 f5HAGA T3 479 Fof e BojF AA Hy g2 FH
E4E 0okt 98 92 iR olgHo AMen, B Rgx AHE A
e B #Eold oy WEEEEUY HAe A2HA UMTHFig. 42A). =9
71FoA v EZ=golrt olg® AL BEHIUL, v|EEE=g ol oYk o]

2EAAY 24 =] AATHFig. 42A).

o

FTERE X HET FAdME WEFA B2 A2 22 +x2& YEde
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Fig. 40. Electron micrographs of cryopreserved spermatozoa in tiger puffer. A:
Sagittal section of a spermatozoon. B: Cross and sagittal section of
spermatozoa head. me: plasma membrane, n: nucleus. Arrows: damaged

plasma membranes. Bar=0.5 ym.
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Fig. 41. Electron micrographs of cryopreserved spermatozoa in river puffer. A:
Sagittal section of a spermatozoon and cross section of flagellum
surrounded mitochondria. B: Sagittal section of spermatozoa head. f:
flagellum, m: mitochondrion, n: nucleus. Arrow: damaged plasma
membrane. Bar=0.2 gm.
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Fig. 42. Electron micrographs of cryopreserved spermatozoa in grey mullet. A:
Sagittal section of a spermatozoon showing head with granular
chromatin, mitochondria and flagellum. B: Cross section of middle
piece showing a flagéllum with the 9+2 pattern. f: flagellum, m:
mitochondrion, n: nucleus. Bar=0.2 /m.
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NHE, 48 ARl e dado] HfPLoz WHIAY, FA3ER gghoh(Fig
43A). 9 AVIE W5 A Az vind o A FAFon, AEae Hziel
He 2 HE olgHo y, TR HE L <7t MWy 5 o] S (Fig. 43B).

2. E3lA A

A

F2te] YR E AEE HAAS A3t FHAAAN YFH AL
|2 FEE Brislr] fsle, 11714 g4 471A] FHLAAE A A
< O, MY, ANT VIR B45AZ AF R 14 YARET T
o] AP E Hrhe Ade Table 140 Yehlidct 15% 2 DMSO¢} glycerol
S HA7te MR o R HAS FAG AHETY Fae BT FUAFAE B
T3 dfF29 FgMAM &F4E UdEtlE Aol EIHUG. &H, IMF
7tz &3 A2 A2 SAle AR R FLAARE FYE NS AAF
o] Az SAI} 4T BAE EA FHHAANE F7Mg P Y& 0+£05C
NA 197 YHEES AANME glycerol S H7Hg A ZE 33X Bo)x SAl
7} 0082 uehd, Y ZA3E Bt 3 DMSO9} glycerolS 2tz @] 71
slMolo g AFoAg 3|Msle 1Y YFBRE A o] A 4EEL 747} 21.0~
47.2%, 23.8~54.0%2, 3MAZ o] 435~76.0%, 45.8~753%° BIs] ZA ZFolA
t}. o]eoll uvl&} ethylene glycole]u} methanol& F3W A A2 H7HgE 11711 34
S AR A, FAHFd AT FFE JHAT EH AL ethylene glycol
of o]e} fructose, glucose, sodium cholride medium, sodium citrate, methanol

o A1 fructose, glucose, sodium cholride mediume] ot} ol &S
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Fig. 43. Electron micrographs of cryopreserved spermatozoa in black seabream.
A: Sagittal section of head showing granular chromatin, the centriole,
mitochondrion and flagellum. B: Cross section of head showing
proximal centriole. Note the modified flagellum (arrow). d: distal
centriole, f: flagellum, m: mitochondrion, me: plasma membrane, p:

proximal centriole. Bar=0.5 m.
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Table 14. Sperm vitality after dilution with various media, activation with seawater and 1 day cold storage

in various media

SAI after Survival rate (%) after
Cryoprotectant Diluent o o Storage o Storage
Dilution  Activation ) Dilution .
during 1 day during 1 day
DMSO(15%) Alsever's solution 0.2 1.9 1.7 66.5+34  472+23°
Cortland medium 0.1 2.1 2.1 76.0+39  458+29°
Egg-tris 24 14 0.3 678+28  315+33°
Fructose 2.7 2.6 0.0 48736 21.0+21f
Glucose 2.7 14 0.0 435+31 46.2+2.8°
MFRS 0.0 24 2.0 702+17  46.8+34°
Mounib’s solution 24 16 24 687124  422+28
NaCl 24 1.3 2.0 55.7+34 37.8+3.7°
Sodium chloride medium 0.2 0.9 0.0 575+29  273+*26°
Sodium citrate 2.7 24 0.9 608+32  322+26"
Sucrose 0.0 2.2 1.8 727+18  378*3.0°

Values within the same column with different letters are significantly different (P<0.05). MFRS : marine fish

ringer solution, SAI : sperm activity index.



Table 14. Continued

- Ov1 -

SAI after Survival rate (%) after
Cryoprotectant Diluent o o Storage o Storage
Dilution  Activation i Dilution
during 1 day during 1 day
Ethylene glycol Alsever's solution 0.0 24 2.6 753129  643%25
(15%) Cortland medium 0.0 28 2.6 733+21 585+21°
Egg-tris 0.0 23 0.1 523+31 47.8+18%
Fructose 3.0 24 1.0 553+3.6  51.8%=20°
Glucose 2.7 27 0.8 628+21 528+16"
MEFRS 0.0 24 24 70.5x35 60.0£2.0°
Mounib’s solution 0.0 24 24 745+33  59.2%3.6
NaCl 0.2 24 22 727437  57.2+29%
Sodium chloride medium 2.7 2.2 0.0 420%+32  462%218
Sodium citrate 2.7 2.7 21 627+34  50.0+22%
Sucrose 0.0 22 2.0 67.8+3.2  552+3.3¢

Values within the same column with different letters are significantly different (P<0.05). MFRS : marine fish

ringer solution, SAI : sperm activity index.
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Table 14. Continued

SAI after Survival rate (%) after
Cryoprotectant Diluents o o Storage o Storage
Dilution  Activation ] Dilution ]
during 1 day during 1 day
Glycerol(15%) Alsever’s solution 27 0.8 0.0 71826 433127
Cortland medium 27 0.7 0.0 753+34  44.7%37%
Egg-tris 0.0 15 0.0 54.0+30  287%21
Fructose 29 24 0.0 603+24  238+31°%
Glucose 29 11 0.0 458+23  363+33°
MFRS 2.7 0.7 0.0 69.8+38  46.7+3.3°
Mounib’s solution 29 1.0 0.1 59.7+42 332+3.4°
NaCl 28 1.2 0.0 682+21 54.0£3.5°
Sodium chloride medium 0.2 22 0.0 685+27  343+32%
Sodium citrate 0.0 29 0.0 543+27 282+35"
Sucrose 2.7 1.2 0.0 66.8+32  42.7+34°

Values within the same column with different letters are significantly different (P<0.05). MFRS : marine fish

ringer solution, SAI : sperm activity index.
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Table 14. Continue

SAI after Survival rate (%) after
Cryoprotectant Diluents o o Storage o Storage
Dilution  Activation i Dilution ]
during 1 day during 1 day
Methanol(15%) Alsever’s solution 0.0 1.7 24 722+41  60.0+24°
Cortland medium 0.0 28 24 658122  427+31°
Egg-tris 0.0 25 0.3 578123  328+25
Fructose 29 21 12 680+21  31.0%+3.1
Glucose 27 25 1.2 725*19 420+25°
MFRS 0.0 20 23 673+32  595+34%
Mounib’s solution 0.1 2.6 24 757+20  482+34
NaCl 0.0 24 2.6 66.0x24 56.7+3.4°
Sodium chloride medium 29 0.0 0.0 502+2.6  273+3.78
Sodium citrate 0.0 2.7 16 738+39  333+22
Sucrose 0.0 2.3 2.0 705+1.6  53.3+3.4°

Values within the same column with different letters are significantly different (P<0.05). MFRS : marine fish

ringer solution, SAI : sperm activity index.



At A gHRore FA2F H7L EF5E MAEA Fgd,
A2 BAAZAS W PR of S A EF3e Aol FFHAGD
20| ethylene glycol 7} methanol 37} AN A& 197 YARE
& Fo A AEEE 47 462~64.3%, 273~600% =2 JEY, A2 F 9
420~753%, 502~738%0) Bls] 1chx] Rolx|x] eigtom, DMSO H7b o
glycerol 7} M AH} HEFo] 3ot

3 A8 Alsever's solution®} MFRSE 3gE& o, S3¢xAQ1 DMSO,
ethylene glycol, glycerol @ methanol-S Zz}Z} &g H7)sted 143 0:20.5Coll A
WARZES Fo| SAIS YEEL 7z 0~26, 433~643% 2 UEIY, T2 34
Aol Hlaf HlwH FL AAE B 53] M ¢ AHE B AL Y
HO 2 Alsever's solutions FHHWAAZ 15% ethylene glycol& A3 Aoz
A, 197 BRAERES F9 SAIY Az HESS 727 26, 64.3+25%20 Ro=
vHEbst -

o2 7HA M fFH FIAPAAE Est 14 YFRE AP ) 49
o] AE EUEZ, M N Alsever's solution®} MFRSZ 31, FaiAA 2=
DMSO, ethylene glycol, glycerol ¥ methanol-2 A}83&}5 zZ1ztel & <3t
o FA7 TdF F AAFALZ YFF ZAE Table 159 2o} FHMJozg
Alsever's solutionS A}831-2 wo] SAIS} A} HEEL 2}z MFRS| Hi &)
AAHor & AFJE HYtl E3] Alsever's solutiong Aoz 31
ethylene glycol®] #HFF =7} 15%7F H&=S st YEFIHJES o, SAISt A
A AEEO] Zbzh 20, 720£29% 2 UEhY, O FIYA A Hls] REATLI}
FoEA FRTHP<0.05). o] AL SAlIe} AWEgo] Zzh 27, 83.7+3.2%<U AlX%H

Ao vlsfME g Fe AolAwt, FHEAAE HretA ¥n YFAAES o
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Table 15. SAI and survival rate of tiger puffer spermatozoa in two
diluents and different concentrations of four cryoprotectants
on post-thawing

Diluent Cryoprotectant Conce(zg/ot)ration SAI Survi(\;; rate
Alsever's DMSO 5 0.2 19.8+2.2"
solution 10 0.2 19.8+3.1"
15 0.2 36.5+2.98
20 0.8 52.7+2.7%
Ethylene glycol 5 0.4 39.3+1.6%
10 05 423+2.0%
15 2.0 720+2.9°
20 15 543+33° .
Glycerol 5 0.2 36.7 +3.48
10 0.2 36.8+2.58
15 0.2 405+1.9%
20 0.7 51.2+21°
Methanol 5 0.6 427+31%
10 0.6 445+2.4
15 1.4 448+28°
20 1.5 53.7+£3.7%

Values within the same column with different letters are significantly
different (P<0.05). SAI : sperm activity index.
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Table 15. Continued

Diluent Cryoprotectant Cona(e;ot)ratlon SAI S‘"Vi(‘% rate

MFRS DMSO 5 0.0 6.5+2.38
10 0.0 6.3+2.28

15 0.0 222429
20 0.0 22.3+3.6%

Ethylene glycol 5 0.0 52+28%

10 0.0 524298

15 0.0 50+1.18

20 0.0 6.7 +2.38

Glycerol 5 0.2 165+39'

10 0.3 29.0+3.3°

15 0.3 35.5+3.6°

20 0.3 36.7+35°

Methanol 5 0.0 18.8+3.8%

10 0.0 193+2.8°

15 0.0 19.5+3.6°

20 0.2 24.8+34°

Values within the same column with different letters are significantly
different (P <0.05). MFRS : marine fish ringer solution, SAI : sperm activity
index.
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o] SAI®} AMEgol Ztzt 0, 16.7£21%Q Ao vlsld FE3 & $£Fo|Yr}.
Methanol2 15% ethylene glycoldlA Yetd Aatdle vlx]e £33, DMSO
1} glycerolol] BlgjA & vlud BEFD}I} Foith

sl o2 Alsever's solutiong, &2 AZ DMSO, ethylene glycol, glycerol,
methanol& Z}z} A}&3lE o, HIAEE HAE P53 OS5, 145 &)
BA1Z] SAIS} HALel MESL Table 163 2t} SAI9} AEEL & FajwA
AolM BFANE sE€FF HA oo MR F2 HAAE BA AL 15
ethylene glycol& F3HAAE 3t BIFADE HA=2 HA YFAIZ Heg,

SAIe}l Hzle] MEELS 24z} 1.5, 69.8+3.7% AT}

N

38 Alsever’'s solution, Cortland medium, Mounib's solution 2 sucrose
2, SR AE 15% ethylene glycol2 3led BSAU Al@ 3o HEX 57} 5%
2 952 YAg SNzt WEAZ O, SIEAA SAlS Y] 4ELe =
AHgE A= Table 179 YeRH AT BSAY AR T3] BE FFade 349
2 2 Cortland medium& A}&3F AL A9 e}t o, Mounib’'s solutioni’—]—
sucroseol] A= BSAYU A@dd& e Hrlo 3 AsFaE AAHATE £ gAch
BSAY} Al&d3+-S Alsever's solutiono] H7}3t 739 SAIS} Y& §o] ooz

A o3y REAANE Hojxge Aoz YHREG

Jkr

U, 3
gEgRe] WERES A8 NN Mooz AN} A% FAW
MFRSE SlM9loz A183l1 FaA42 DMSOS SE¥2 Egstd WEa
g Wel +3FL Fig. 4o Btk SHLAANA DMSOY SEE HA 3|
ZHNR5E $RFL A gastgon £H80 M3 EXW 5% DMSOS) A

T 793X65% 2 279 825£21%9 & zkol7t Ao
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Table 16. SAI and survival rate of tiger puffer spermatozoa in different
equilibration time on post-thawing

Equilibration Survival rate
Cryoprotectant . ) SAl
time (min) (%)

DMSO (20%) 0 0.8 457 +2.9°
1 0.1 40.0+2.2°

5 0.0 34.7+29°

10 0.0 332+31°

20 0.0 33339

40 0.0 282+32¢

60 0.0 223+27°

Ethylene glycol (15%) 0 15 69.8+3.7°
1 0.9 455+31°

0.6 43.7+33°

10 0.5 34.0+33°

20 05 32.9+23%

40 03 32.0+3.7¢

60 0.3 30.0+2.8¢

Glycerol (20%) 0 0.1 475+26°
0.1 398+3.7°

0.1 403+2.8°

10 0.1 413+38°

20 0.1 403+33°

40 0.0 403+29°

60 0.0 402+23°

Methanol (20%) 0 15 523+3.2°
0.8 455+31°

5 0.6 46.0+2.4%

10 0.6 46.5+2.7%

20 0.6 440+2.8>

40 0.4 423+37%

60 05 43.0+35°

Values within the same column with different letters are significantly different
(P<0.05). SAI : sperm activity index.
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Table 17. Effect of BSA or egg yolk on post-thawing vitality of spermatozoa

Addition of

Diluent BSA or egg yolk SAI Survival rate (%)
Alsever’s solution Control 2.0 69.8+3.7°
BSA 18 54.2+2.8°
Egg yolk 19 62.0£25°
Cortland medium Control 14 54026
BSA 18 63.7+£2.7°
Egg yolk 1.9 63.8+38°
Mounib’s solution Control 1.5 53.0+2.4°
BSA 1.8 54.8+2.4°
Egg yolk 1.8 55.3+3.6
Sucrose Control 18 50.7+25°
BSA 18 528+23°
Egg yolk 1.8 535+3.2°

Values within the same column with different letters are significantly
different (P <0.05). BSA : bovine serum albumin, SAI : sperm activity
index.

o Fof

ol A YFRES 3td drtA A e 10% DMSOE s
AAZ Mgt EFT FG S A A2 59 F¢ YERES 53
9o SAISt 3 EE ZAIS A& Fig 459 2o 27U A3 Ao
SAlE 28oldou WERZESHIYW A= SAIZF Yol MFRS, 015 M
sodium citrate 3 0.3 M glucosed| A Ztzt 0.6, 04, 0.60|Yth. +HEL Y=

T AME Yo =HEo] HF 65.7£24% Y, MFRS, 0.15 M sodium

_.148_.



- 6l -

100

FERTILIZATION RATE (%)
N H 122/ (o]
S © o o

o

Fig. 44. Fertilization rate of eggs in river puffer by cryopreserved spermatozoa with
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different concentration of DMSO (dimethyl sulfoxide). CON: control.
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Fig. 45. Fertilization rate of eggs in grey mullet by cryopreserved spermatozoa with
different diluent. CON: control, G: glucose, MFRS: marine fish ringer solution,
SC: sodium citrate.



citrate ¥ 03 M glucose= Z}7ZF 60.2+£4.3%, 552*+6.8%, 44.8+42% =2 10%

DMSOE FaAAZ AL o M40 F= MFRS7} 718 &7t gt
WEEESRE AR ANE FAZ FHANAS o, o ARG A Aol

£ ZobE  gllen, YR ENND AR PN delA 717D AAE &

2= 2] eFstch(Figs. 46A, B).

o AHE
o2 74x HAge] T A4S AAA2oNA 20U FF WEREHN] o5
HEol SAL el 4EE B WAE Lol F FHEL A AHE Table

ok

187} )t 3% 2 ZF o SAIE 3% sodium citrated] A 1.072 714 %3, o
©. 2 MFRSOA = 0929}, Alserver's solutionoA] SAIE 0.222 7}&F wgich
Ao MEEL 3% sodium citrateE AIEEE-S W 80.6+14% 2 M =%,

Table 18. Effects of various diluents for the cryopreservation of black
seabream sperm

Diluent Dsetl())lfa ;; SAI Survi(\;/aél)lrate Fe:ati:eiz?%c))zrx
Fresh milt 0 2.40 95.5+2.2° 78.3+8.3°
03 M glucose 20 0.28 46.4+7.4° 63.4+44°
MFRS’ 20 0.92 54.4+52° 45.9+85°
39% sodium citrate 20 1.07 80.6+1.4° 50.6+4.8°
2.8% sucrose 20 0.25 54.7+11.6° 244+7.74
Alserver’s solution 20 0.22 464+10.7° 16.7+£6.0°

“marine fish ringer solution. SAI : sperm activity index.
" ?values within the same column with different letters are significantly
different (P <0.01).
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Fig. 46. Embryos of grey mullet fertilized with fresh (A) and cryopreserved (B) sperm



0.3 M glucose®} Alserver’s solutionol| A Zz}z} 464+74%9} 464+107% 2 713
2otk ey £HEL 03 M glucosedl| A 634+44%2 713 =43, theo]
3% sodium citrate2 50.6+t48% %t} FAAZFE £HFo| 7} I AL SAI
o} AEgo] b 2 Alserver's solution® 2 16.7+6.0% 9 o}.

5% glucose® B4 fo 2 AbRale] 200 T YEREINYS u, FaiLA A
QA glycerolz} DMSO9] wx®¥ WYEHEZE F i Table 199 2ol =z A2
5% glycerol A}E31G-S o, 54 Fo0] 694+74%2 A Mg Folo] 783+83%
Hoe g2 $3A FLAAE HristA #de we 386143% Rue
453 =AU AEET FHEC] /I FdY 5% glycerolol A 593+82% =
M ERoy, FHEAMY 2e ZHgo g glycerold FE ZE7lol uhvl# s
AT SAl= 5~15% glycerolol A 1.16~1.732.8 vlmd Egton, glycerol

FE 20% REle FASA 7AsET DMSO 58 9d8le uw s =)o

=]
o

HEL 15% DMSONA 634+44%2 78 =43, SAISF AWELS 20%

DMSOo| A 0.673 56.0£6.7% 2 7}& &%ttt SAIL At &S U 53

o

s
ZAHZ FwA A glycerol#t DMSOE A2 vlwstd, ZAE HAzte WE

"

£E& A% SHYRAANZE glycerole] DMSO Kt} £ ZAnE R
HMelog 5% glucosest DMSOE FalAAZ ALL3lHS =, BFPA2HE
iE A& SAISL ZAE ¢oll digh 3 ES Table 205 2o} SAl: HEFAZ 5
olA 0458% Zlo] HIANNE 585 FH Z4adtd 808A 0357 I
o Hzre] MEES HA 559+50%, HI 63.1+£55%F HFAIZPHE 8ol
Aol AT & JAJTHP>001). FHES HHAIZE 1082004 55.0+84% = 7}

=%, ol 5E2F 47.9£35% A
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Table 19. Effects of concentration of the cryoprotectant on fertilization rate of
of black seabream spermatozoa

Concentration Days of Survival Fertilization
Cryoprotectant SAI 1 2
(%) storage rate (%) rate (%)
Fresh milt 0 240 955%272° 78.3+8.3°
None 0 20 020 3.0+24 38.6+4.3%
5 20 0 181%29% 29.8+6.3°
10 20 0 450%73F 353+9.1%
15 20 028 464+7.4" 63.4+ 4.4
DMSO bc cde
20 20 067 56.0%6.7 458493
25 20 017 47.0+12% 35.1+ 4.4%
30 20 0 17.7%x25% 40.0+3.0%
5 20 116 59.3+82° 69.4 +7.4%°
10 20 168 575%+107°  50.1%6.4%
15 20 1.73 441%4.9 57.0+7.7%
Glycerol d cde
20 20 043 187146 468+6.3
25 20 005 08%0.3 32.5+4.0%
30 20 005 42+1.0¢ 36.1+5.1%
1, 2

values within the same column with different letters are significantly
different (P<0.01). SAI : sperm activity index.

Table 20. Effects of various equilibration time for the cryopreservation of
black seabream sperm

Eguilibra.tion Days of SAI Survival1 Fertilizaticgn
time (min.) storage rate (%) rate (%)
5 20 0.45 61.7+8.5 47.9+35%
10 20 0.42 58.2+119 55.0+8.4°
20 20 0.42 55.9+5.0 403 +6.4%
40 20 0.37 59.3+7.0 39.2+1.6°
80 20 0.35 63.1+55 441+73%

'values within the same column with different letters are not significantly
different (P>0.01).
values within the same column with different letters are significantly
different (P <0.01).

SAI : sperm activity index.
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3. 35 ex

s|Mofo 2 Alsever's solutiong, Sa|dAl#A2 15% ethylene glycols A}-£-3}
o BEADE HAZ AA YA AFE FAY AT SAle HEEL
Table 213 2t} LT/t ¥&45 SAISE Azte] $£HEo] F715ted 30T
M ztzb 15, 71.7+£35% 2 o2 L% vla] FoshAl E3ton(P<0.05), 30T o]
dellXe SAlSH FAe] AT Lol tA] FAstATh welA strawg oz YEdh
A5 AZAE EAIe dede 30T AT 2z @ sFAIE RO
a7 o] Y.

Table 21. SAI and survival rate of tiger puffer spermatozoa
thawed with various temperature

Temperature (C) SAI Survival rate (%)
10 0.3 325+29°
20 0.5 43.8+25°
30 1.5 71.7+35°
40 0.7 57.7+3.6"
50 0.6 33.7+3.3¢

Values within the same column with different letters are
significantly different(P<0.05). SAI : sperm activity index.

A4A 3 F

BAe WERE A IS viAe 583 9oz E MY, TP A,
BEANL R FLE Fol At FAES WFREINV] AT A AHL AA 3
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Mool Medolet & # Utk AF7HA AFYAY WFEHELS A3 B2 FF7Y
3 A lol o]&x 1 glti(Babiak et al. 1995; Bolla et al. 1987; Chao et al. 1975;
Gwo 1994; Gwo et al. 1991; Piironen 1993). o] {FAx}9] B E| glo] sjMHog
T 344 A7 AR AFS ztolo ©E S o BAstHe RS WAS
F(Jamieson 1991), A9 HFEAFE9 {FAIF /7] SFEolY IFE AL}
o, 2 24L& e gt o] AFelAM AFE HAE YFHESI] Hso
gAdn He AF A7t FEE AT FHAo g 14 PFEE RS 4
2, aEanrt ojxe Aol BAHJUC. Gwo et al.(1991)2 Atlantic croaker,
Micropogonias  undulatus A9} Y5 EEA sodium chloride, glucose %
sucrose®} & 743l z Ao 3Adjo] Fdtctr ¥ 13¢ 1, Atlantic halibut,
Hippoglossus hippoglossusoll A= Mounib’s solution®} MFRSE A& H-& wf X
ZEH} £ Ao 2 YEsti(Bolla et al. 1987). o]¢} Zo] ofFo] @& HFY
oo 28 Z£Eo|FQ AL Ho|n, AFHAX = Alsever's solution, &
21 £oldlAE MFRS 22l ZAEAME 03 M glucosert H3g Aoz
gyttt dutr oz sjatolFe AAE RESE die 19T 2AHY FHAHYLS
F2 Zo] o]&3ty, dojH AF Hze FAAY x4 tha) ¢ WA

125l o2 gelA v (Kurokura and Hirano 1980). 33 (glucose, sucrose)

T

& 33 A YL Atlantic croaker(Gwo et al. 1991), B/J(Gwo et al. 1993) %
doj#} ofF(Piironen 1993) FolM 4% REIAE Yehdo. dubHo=
sucrosel} trehalosedt & FHE A WERAF T AXRY AAAS ¢H
AN7le Aoz delA UtHGwo 1994). o] AFolA AFBa HdE9 3¢ 03
M glucose®} glucoseE E g3+ Alsever's solutiono] @FTH 7} MFRS]| H]3j

BEaar & Aeq ey, 509 3AE L Atlantic halibut, Hippoglossus
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hippoglossus(Bolla et al. 1987)0ll A9} Zo] MFRSE A&3l¥E o) BEAHRI} F

YERES A8 2% o7 1A 2 F 7P T AL ZAU FAE
de A& WAN Fe FHLAAL & F Aok oA FAWAAE AFA

ofop star M X ol] thE FHAo] Folok dkn, A diF FAdo] Hojo &

L

g_l‘

THJamieson 1991). A F7}X] DMSO, ethylene glycol, glycerol ¥ methanole]
2 AREEHS dod, FIHAAE F501HA Aol A Ay Wil =
T ool gdzer ARE & Ue AL obF 7 dE vk oH(Table 22). %
FEANME MR og Alsever's solutiong ARSI FaE XA Z 15% ethylene
glycol& AM&3t& w, SAISL Bzte] A& &o] Z42zF 20, 720£29% 2 7} F
gt FEIZ FoldlXe MFRSE Aoz Atgstn F3dAAZ ZH2 5%
10% DMSOE AH&3ide W 7Hd F& A34E HYUL, FAFAAM= 5%
glucose®} 5% glycerol& AE-RES of 718 EHHoIAULh AFE FAje] YR
&) A& ethylene glycol® DMSOY glycerololl vls] EaizAlz da A&
Hi dAle o, Atlantic croakerdl A= ThE FalWA| Ao vl&] HEFEI}

%THGwo et al. 1991). Ethylene glycole ¥x}2ko] 2o} MEWe] 7} ZZE|

t

3 E =

rl

v 57t S w2eg Hzd uEe 54L 438 5 A, a2 2

—

of

=
Bz HAr ve A5 FEAE #2228 F UHGwo 1994). AFFE AHzle] Y

ol

H&Eo| A methanol& ethylene glycold] vldiA= BEH 27} Eteut DMSO
L} glycerolol] Hl&] wWAIHogE F& ANE e E3| zebra fish,
Brachydanio rerio®} Betnjo}, O. mossambicus| M= Tz ax7F 928 F3i%

Ao vls] 23t Aoz ¥ A i (Chao et al. 1987, Harvey 1983; Rana
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Table 22. Effects of diluent and cryoprotectant in cryopreservation of fish sperm

Fertilization

Species Diluent Cryoprotectant rate (%) Reference
Atlantic cod Sodium chloride  Glycerol 36 Mounib et al. 1968
Atlantic croaker 1% NaCl 15% DMSO ca. 57 Gwo et al. 1991
Atlantic halibut NaCl Glycerol 86 Bolla et al. 1987
Puffer 5.6% glucose 12% DMSO 47 Gwo et al. 1993
Rainbow trout V2 7.5% DMSO 82 Stein and Bayrle 1978
Coho salmon Extender 141 6.4% DMSO 77 Ott and Horton 1971
Arctic charr 0.3 M glucose 20% glycerol  ca. 75° Piironen 1993
Whitefish 0.3 M glucose 20% glycerol 85.9 Piironen 1987
Tilapia Fish ringer 59% methanol 93.4 Chao et al. 1987
Sharptooth catfish Extender 4 11% glycerol 51.2 Steyn and Van Vuren 1987
Carp Fish ringer 15% DMSO 68.6 Kurokura et al. 1984

“expression as percentages of the control.



and McAndrew 1989). Glycerol& #oj3 o] {9} grouper A Alo] A& viehl
= Aoz ddHAA JEu(Chao et al. 1992; Ott and Horton 1971; Scott and
Baynes 1980; Stoss and Holtz 1983b), ZAtF8 Azl ME AFEH 471A] T3]3
Al F glycerole] 7} @& ZAAE R AFE HaME F4E YEhE A
22 AztEg. a2y o] 439 BAF AAdME AHA7t Fon, yellowfin
seabream, Acanthopagurus australis(Thorogood and Blackshaw 1992), Atlantic
halibut(Bolla et al. 1987) % sharptooth catfish, Clarias gariepinus(Steyn and Van
Vuren 1987), 224 & (Chao et al. 1986) 59 oJFdMe AEEFHU FaHNLA A
Ao 2 HuEle] Qt} Erdahl et al.(1984)2 glycerol 7t ols} Hz}7l we
FEY F4E Hastea AEES S7HA717] Hal, ALY glycerol] 7}
g AAsAS o9k FE A AHERS W, & FHES EAY DMSO=
AFEe] Aede A7t AzxEAey, R ido|RAM 7 Ey ol &
51 Qe FsigAAlol7|x &t} (Chao et al. 1975; Gwo et al. 1991; Stoss and
Holtz 1983c; Erdahl et al. 1984; Gwo et al. 1993; E£& 1984, Gwo 1994). 12}
253 2oy HAE YFEREY ¢ DMSO= FH Az FHTE A

2 g8A Uch(Harvey 1983). AFE AHate] WEFHEA F3HAAZ DMSO,
ethylene glycol, glycerol, methanol& A}-83S o, P Ao #HSFF 5
T SAI9} A& go] U ol 22 AFRE FAAHF BAY B-$, DMSOE A}
e wolxz HIPAZe] BRSFE AesF A2 Aol wUH oA
yellowfin seabreamollr F &}z Al2 DMSO, glycerol, prophylene glycerol,
ethylene glycol, methanol2 A}83t1 HYPAIZEE 223 AS Z-F, HE A3

ZoldFE kA9 FHLAA EFA FFAl EobHTE Gwo(1994)e] <
T A3l BgH) ofFo AAE A7V g Form g ZR| AL A XU
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2 waA JFI(Morisawa 1985). wehA FLAA Y 548 HAs87] 9
& HFALE 7133 BA 3te Aol dtsis o] AtHGwo 1994). Harvey(1983)
E BEPAZY Aol AANA ANFEAHJ FFE D, HEINRE Fol7
Aaire AR YL EFS FA dEAIIE Zo| AAsidn Basiot

o] AFolA AFES YFAHAE 30TAHA dlE30e o SAIS} #=go] 7}
4 ¥ Ao 2 e, cobia, Rachycentron canadum (Caylor et al. 1994)¢] ¥ %
AAE 28~37ColA alF5eAS o 71 F2 AxE Bivde A IXF}A
th qELEr UFE Ee AL, XU recrystallizationo] gojutm, w2 Y
F 8 Aeode Axrt d5E 85 AXSTT F A AE FE3] 2x 2
oz A& FAE PA Huy, old wat MFF FAGHol i
(Jamieson 1991). BSA, lecithin, @9 d 2 AJ3E Fo| {78 T3 4 Y
S WEREAN AFAo2RE AHAES Busle Aoz gy gon, dojn
olF Fate] WEEE Qi ol&=HI ArhGwo et al. 1991). T EAAZ A 9
EME Yeldls Adddle lipoprotein® A& Aol MEuo] duslA At
st WEHRY Foll wABe AR AHE WAse ez gEAd U
(Baynes and Scott 1987; Babiak et al. 1995). 12ju} o]&| g A& d3}ou} BSAS
TR AT oF, A L HHY A wet g2 A YebdiPiironen
1993). Atlantic croakero] A& sodium chlorideo] BSAU} skim milk powderZ 3
7HlR o FAHEL 452714 ZHI(Gwo et al. 1991), Adde] e =
Azt AAE JHo we} 9 Aoz vehgoi(Baynes and Scott 1987). E 3§
Babiak(1995)-2 northern pike, Esox lucius A2} WS B Eo|A Stoss and Holtz
o] 34§35} Erdahl and Graham$] 3|4 o] ARG H718tA S ®, 2t 4
RiE e 237 Yegda Busdo AFEdME Z7] o 4713 34
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BSA2} AddsS #7184 S ul, Cortland mediumolME £& #3r} AR
Ao} Alsever's solutionol| A& d & 77 Vebgtch.

YEEEI} OF FFT FEY AFEH FE Y AWM =] 7z
Hla] T zolE HolAe FAAT, dFE9 oA MEute ojgg #i
& IR s FAE FAAAME BoFe visl F o & HA &
Ae B gden &AHE Fele AELY ojgon) JaAe Wil To| o
BRItk Gwo et al.(1992)2 Azto] sfEA] MR L& 9+2 FLFo ZAlm

Y, EZELol R AEY B3 FL HTE TFHE A2 FAAel

Iy
0%
o
i1
fr
o
=
=
3
b\
o
oft
)
ok
X
2
L

I oRE W o8 g 2oy

37 2 55 US5% 2 HELE 5o o8 Fe wioh mepy doze

77} Awsolol & Rl

- 161 -






Hs&a & B

Aol f B A F DRI B AFARE oj2HI 2§ A
g3t oS 2ot

AT AL 4F oFol UM HAeET FEA AF sl Gl A
e GEAAM T F oJFe vla] Bten, 2AF2oA 7} =9tk Spermatocrit
T 5o 7HF gol g5 Addsle oF EAL Ko, 45 AEE
ME A BRo] 7 Wit FF e pHE 4 o/F 25 pH 8 H¥9 o ds}

2]4d€ YeElWltH(Table 23).

Table 23. Properties of milt or seminal fluid in tiger puffer, river puffer, grey
mullet, black seabream

Properties Tiger puffer River puffer Grey mullet Black seabream

Sperm concentration
9.811+0.34 1.13+0.27 1.11%0.36 2.88+0.92

(x10™/ml)
Spermatocrit 97.8+0.8 648t13 96.7%26 97.4+21
pH* 82%0.2 - - 83%0.1
Osmolality*

383.4+21 266.0+2.0 - 382.0£70.0
(mOsm/kg)

seminal fluid

gepd BARES A8 H49) AxA pH 2 455 ge 298 o
4 olFe BT WE® £EL FASE Yol WEHolPn 4zt Hate)

B4 AP E BT Bxd HMdo FREAFTAAM AR 27 FFAHL
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|+

il

sl el ety AL st WY, 4% ZTolM F wwa gIe

§ Aol  vud Pl o B HA
o £ Aa e AN wA dehen, FRANE Fol7t w4 YEhy
. gAs Aol Hoty z4F 5o AL AFEN PR s Fu
B ME glucosert A AEHA Wcre Holth mepq ozt Bojg
st ARl EARE GFR AR BAF A Frhrlel BE AU
A77} R 7B Na #3e ARolAe $ol7l, Faele B2o] %A Yehn
T, K $2e AL AT $8 2 ATl HMLAAT, FRANE @

Hol g4 tti(Tables 24, 25).

ol

Table 24. Chemical properties of spermatozoa in tiger puffer,
river puffer, grey mullet and black seabream

Properties Tiger River Grey Black
P puffer puffer mullet seabream
Total protein 14 13~19 1.7 0.6~1.2
(g/100mL) (1.4) (1.6) (1.7) (1.2)
Total lipid 27-33  23~77  35~41  110~214
(mg/ 100me) (30.0) (41.8) (38) (161.9)
Glucose 1 1~10
ND ND
(mg/100me) 1) (4.2)
48~49  41-44 714~904  33~42
Na (mEq/ &) 453 (42) (82.8) (37.6)
47-48 438~455 481~531
K (mEq/ £) (47.3) (44.6) - (49.6)
0~04 41
Ca (mEq/ £) ) (0.08) (4.1) -
55~17 124~220
Mg (mEq/ £) - (10.6) (17.2)

ND : not detectable
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Table 25. Chemical properties of seminal fluid in tiger puffer,
river puffer, grey mullet and black seabream

p i Tiger River Grey Black
roperties puffer puffer mullet seabream
Total protein 01~0.2 0.1 0.5~15 03~1.2
(g/100me) ©0.1) 0.1) (0.9) (0.89)
Total lipid 82~89 13~40 123 ~352 37 ~67
(mg/100me) (85.5) (322) (225.7) (53.9)
Glucose ND 0~2 0~5 1~30
(mg/100me) (0.4) ) (13.7)
49~57 124~146 93.5~114.6 43~73
Na (mEq/ £) 500 (1307)  (103.3) (56.9)
50~51 99~145 385-~76.7 33.7~498
KmEq/ £)  “503 (12.3) (58.3) (45.3)
05-42 8.5~16.5
Ca (mEq/ £) ] 2.9) (13.5)
21~50 22~31
Mg (mEq/ £) B (3.2) 2.7)

ND : not detectable

WR(RI)RE APAFlNE oF8 FHF 4] 247] t2A wEHo
24 FE0l42 Uehdth Bolfe A9 MFRS7 AHHo|Ron, $ojst 7t
HES AAZY PHol YRRES AW Moz o AT BYT. ol
3 ABe HHdoz ALgE MFRSY @Hol Fae 45A5sy} pHeh Bl
7l Wgoletn 49 & g4 F A3Y wiy A5AEEy

pHOl ols] Ax7h 48 92 @gton, REFIE AHEdol pH #old

o
r
AN
L
8

o3 AW E HRAFU7] HFESZ Bt (Table 26).
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Table 26. Results of cold storage in tiger puffer, river puffer, grey mullet, black

seabream
. . Storing Survival Fertilization
Species Diluent condition SAl rate (%) rate (%)
Tiger puffer MFRS 0*057C, 7 days 1.7 59.0*15 -
River puffer MFRS 0%*1.0C, 16 days 0.1 - 0.7%£0.8
Grey mullet Serum 0*107C, 10 days 0.9 - -

Black seabream Serum 04+10TC, 7 days 09 59.0+09 477183

MFRS : marine fish ringer solution. SAI : sperm activity index.

WEEINEE A, AFEAMEs R0 Z Alsever's solutiong A&3sls1
SR A 2 15% ethylene glycolg Al8& of HE#Ho|omn, FEa Fojd
Me gAadoZ MFRSE AM&3tn F3l A48 DMSOE AHEE o HE 43
ol Fgith w0l AL WFRET FAE olfstd AFFAHAY F wf WYL
FAHHNE o, A Hpel] & £HE 4o wf GAFAY A Aol YehRA
ot ZAFANXME BAPog 5% glucoseE AMS-3ln FaIAAZ 5% glycerol
d&<S E A (Table 27).

o] Aty ARl AAATC] oY EFANAM A= ofp] oFelAM
Bhs gzt Aule] Baye e A2 AHY oS IFEIxn, Ad-w
A3 A7I7E M2 SR e 9 H2E FHe AFFAH AL /A e
do) FH& FAH

o] AlolA Poiz AFANRE FEIY, F - FHUFITRUIET AHFR
i gl A Adxdo] ol BoF, g0 E FAHFY FEAMA Bo A5F
Hd AFFAol 7hssl A Aotk o2 gE £& FUTE FANA PR

o
>
oo
s
2
Hir
flo
+

5
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Z o] gPETd, 5% FAL 71 o9 HAE dF RES FQ
2 3t FA7HA Bl & 5 de AERE 75 5 U

ol A7 ZAIAE EdE JA AFHIA FH, Fo], F4E, T4 2 °A
T 6% olfo AL Huso YF(F7)RESL 3Uth(Table 28).

Table 27. Desirable method in sperm of cryopreservation of tiger puffer, river
puffer, grey mullet and black seabream

. . Survival Fertilization
Species Diluent Cryoprotectant  SAI rate (%) rate (%)

Alsever’s 15% ehtylene

Ti ff 2.7 59.0*x09 -
BT puer solution glycol

River puffer MEFRS 5% DMSO - - 79.3+6.5

Grey mullet MEFRS 10% DMSO - - 60.2+43

Black seabream 5% glucose 5% glycerol 1.2 593%82 694x74

MFRS : marine fish ringer solution. SAI : sperm activity index.

Table 28. Cryopreserved milt volumes in six marine fishes

Tiger River  Grey Black

Fish puffer  puffer mullet seabream Grouper  Flounder
/ 0
. Diuent 25VS NpRs Mprs 5% MFRS  MERS
reezing solution glucose
method 0 9 9 9 9 9
Cryopro-  15% 5% 109% 5% 109% 109%
tectant EG DMSO DMSO glycerol DMSO  DMSO
Milt volume (mf) 25 70 185 70 4 8
Pseudo-

Origin breeder  Cultured Natural Natural Cultured Cultured male

MFRS : marine fish ringer solution, EG : ethylene glycol, DMSO : dimethyl
sulfoxide
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