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Artificial seedling propagation and caviar
production in farmed Siberian sturgeon (Acipenser

baerii) and Russian sturgeon (A. gueldenstaedLtii)

Chulhong Park

Department of Fisheries Biology, The Graduate School,
Pukyong National University

Among the sturgeon introduced in Korea in the late 90s
and early 2000, two types of sturgeon, which are emerging as
new fish farming resources in present, Siberian sturgeon
Acipenser baerii and Russian sturgeon Acipenser gueldenstaedtii
were studied to compare their biological characteristics with
particular interests in development, growth and maturation and
caviar production. The experiment were carried out with the
brood stocks of 14-year-old Siberian sturgeons and 15-year-old
Russian sturgeons in Dinoville Aquafarm Inc. located in
Hamyang, Korea. Gamete characteristics (e.g., size, external
shape, color, and maturation degree etc.) were evaluated based
on abdominal micro-incision technique. Eggs and semen were

collected from both sturgeon species for artificial propagations.

_iX_



Conditions for induced hormonal breeding (ie, ovulation and
spermiation) were established for both species by using the
intramuscular  injection of luteinizing  hormone-releasing
hormone analogue (LHRH-a). Artificial fertilization was carried
out by modified wet method, and early embryonic characters
such as fertilization, development and hatching events were
scrutinized. Custom-designed incubator for each species was
developed for optimal nursery of embryos in a large scale.
After hatch-out, early ontogeny and larval performances
including, survival, growth, feeding behavior, swimming ability,
swimming pattern and phototactic responses were compared
between the two sturgeon species. In the seedling propagation
experiment of two species, the removal of the mucosubstances
from the fertilized eggs, which had a great influence on the
survival rate in the spawning event, took a considerable
amount of time due to the strong adhesive property of the
Russian sturgeon egg compared to the Siberian sturgeon's. The
initial swimming ability and survival rate of Russian sturgeon
prolarvae was also lower than those of Siberian sturgeon.
Therefore, it was confirmed that there is a specific period of
occurrence and rearing period in which technical method
improvement is required when attempting to produce seedlings
in a large scale.

Production characteristics of caviar from both Siberian

sturgeon and Russian sturgeon were evaluated based on the



comparative evaluation of factors affecting gonadosomatic index
(GSI) and the caviar yield. Under the same culture conditions
(Dinoville aquafarm), the interrelationship between ovarian GSI
and related parameters (season, fish age, and body weight)
were examined for 6 years (in Siberian sturgeon) and 4 years
(in Russian sturgeon). As a result, there was no significant
differences in the GSI between the two species. However, the
Russian sturgeon displayed the caviar production weighted
double amount of the absolute weight on each individual than
that of the Siberian sturgeon. Absolute caviar production of
Russian sturgeon was also more than twice as much as that of
Siberian sturgeon on each individual. GSI scores of both
species were highly related with season, in which the seasonal
variation of GSI was species-specific. Overall, age factor
influenced GSI and caviar yield than body weight did in both
species. In addition, the recovery of actual caviar from gonadal
tissues was significantly better in Russian sturgeon (about 4%)
than was in Siberian sturgeon. The gap between the two
species seems to be more signified in the commercial
production of caviar, considering the price of caviar in Russian
sturgeon is about 30% higher than that of Siberian sturgeon
in both domestic and overseas caviar markets. A survey on the
preference of the four types of caviar product (two of Siberian
sturgeon and two of Russian sturgeon) was conducted through

questionnaires on the appearance, flavor and general
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preference to the expert group, which could be useful baseline
data to approach Korean market for farmed caviar.

Taken together, data from this study could provide not
only fundamental information to get deeper understanding on
reproductive biology of the two candidate surgeon species but
also useful guideline to improve the practice and efficiency of
caviar production with high market competitiveness in Korean

aquaculture domain.
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Chapter-I1
F22t A glo} HZhAgolel B AloF HZ o] 9
LYY ESHA 54 3 AFFTH A4t

. A &
AA A EAsE S E FF oFF shim met
7] AUEEH d&£stes 1Y YA o7 dA = Edko]
FYUE ol B(f1, oMol BH] §) sAH 7FA, £ v

of £23lH 15 23 26522 &HA At (Cho et al, 2007;
Kim et al, 2009; Akbarzadeh et al, 2011). =24 2] 70% °]/d°]
AEZE o]FoA oyt £/ A=odFE EFHA AoH,
Acipenseridae ZH(FHoll &38t= o|F = Acipenser, Huso < (/&)°]
?19.™, Scaphirhynchinidae ZH#})&| Scaphirhynchus <& (&) %= 2
4ol 2 A 3kt}(Blacklidge and Bidwell, 1993; Bemis et al.,
1997; Webb and Doroshov, 2011).
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o ol nitke] nigolA AUy Y Fi 1 FF
o] 9 4719 FHo®E FIet 2 o FU A¢ o 4
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A "EF Ul s4E  AYH  F(the Convention on
International Trade in Endangered Species of Wild Fauna and
Flora; CITES)el &J3 &&= il AT} (Karpinsky, 2010). o] Al
B2 ARTIRA G oFe] T EF Ho Jhe Ak A
A BEE Y BHoE A 30d ste] #¥, WF, ofAlo}
oF 35/MTel A A%HOE ole) Fo Aot |4 Bl 5
olgtom @Al Hbgol B Aol RAE A%
A7 o8 ML B B ABTA4] Ao o

A 53] T8 A" (Hochleithner and Gessner, 1999; Kim et

il

al, 2005; Vasil‘ev, 2009).

SEyge 19979 3¢, &% AdTaE Tl HAlet
ZRE S92 AWt Ao (Acipenser baerii) X1E A Y
ARERE Aol FA AR A A4 V5o = HarEo] th(Seong

and Baik, 1999). o] ¥ 2% x|uk &z o 7 HAI I



o7 FAI Bujr}t o]FojA g} AFEHE Y T A
Hlgjol ARPgolel gjaol Aol F Folgt & + Utk =
W B ooldet A AA HzPdo] o B gfHlo} AFA R o
T Fo AE HAsxrt & AS & F ded ole w9t
nR7EA R 3ol S B AdEe HF AEFFRRIOh
of AAA 7HAE e A}t B Aol HZP
o (Acipenser baeri)= A AAZRSE 71 g FAHAAE=

¢

B2 o MAVE FAEHIL AT B Aok HIHol (Acipenser
gueldenstaedtin)= 7+2=¥] 38 3t AFF stz d8iA o
‘@ A E2}(Oscietra, Osetra)’ 2}al EHTh Ao F FO=&

A QA AHloke] 80% o e HAoh HPaolel A A4t

@ Ao| e S AHolE T F Fol T & Utk @



A2 Aol Aol Y tha =2 1997 FH el o
wet SACA Azl dA A AAIH R At FinHotE
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H Z7] AojA71Y EdH] HAE AT E oL

oo B AFE HT E° MELR oF ¥4 AdoE A
st e T FY HPold AlMlgol HZFEol Acipenser
baerii®} B Ao} A /do] Acipenser gueldenstaedtii®] V¥ FTEH
A ARE 93 F O "3 YA AAHe ZAE vhdst
Z7] A, Ftxd 9 ARl 3 ddH 7] AFH
o] Fg AlAel ol A= HEA FL& HAR AAFE
Askel WUl 4+, Al 4 Fo EolAQl w4, A 3 %
7] bl mA= &G a]le Aol o} Wl Rt Zt
Zbe] ol A3 g FEAM A" F53 HAY 7|4

& 20g YolnwA S



Tl

[ZH 1211:1

H

O

21. 48 o F

& Aol ARgE Aol AFzIAdelE 2003d olge]otd]
FAle]AHAzienda Agricola V.ILP)oJA U Fo] =g A(dH
&, tttl=)ez 2H HEiR JAlste ALt TiAES A
A5t o 200979 X2-FH AJ4to] o] & Thsgt o]
So] stug)7] A&}, 2jAlop AZPAtol 9] 2002
Ergjoto] AlGIAFQl Azienda Agricola V.I.PRYXE ATt
JAlsto] Hredgojagdlols AR A2|sh Rlo] 1
20150 sUolA A& F8 Ad4to] o]& 7hseth zlo] JiA|
= FE5IH(Fig. 1).

o
r

D:

-

U

_4

o

_>.:

ruln

Acipenser baerii®] 7% AEFETEHE 23l
AHERE Zol= 200390l FE3 A TS skt
A Ak olEst(dF 12°C ~ 20C)°l AE #
3 F 6dA Hd 20099 55 vjA HAE F) A



A. baerii A. gueldenstaedtii

Fig. 1. Photographs of Siberian sturgeon and Russian

sturgeon
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Fig. 2. Gonad biopsy to examine the maturation status of

gametes from broodfish for hormonal induced breeding
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o A= vE At 5°C oo Bastgon FHlE A
NS AFgste] FAHAFSTE 1:20002 M) E Q1F +H
3} tH(Gisbert and Williot, 2002; Park, 2012). =4 % <F 150
F 34 A3 BUE AU 4G A 2
do] HARAAE AAS] A7 S AASAT A=A

AMAE 98l & AA AE<Q Fuller earth (Sigma-Aldrich, St.

ft
3
L

EIR
o

Louis, MO, USA)E 410 A=z E2S AHojUls AL 20&4

1AIZE o) WHESte] do] HAHE S e AVIZMA AL 9
3F A th(Fig. 3).

Aol AAE F8HL AA A& o) &4 F

5

3}
3l

7](gastrula stage) Z=717kA mjAIZE A FskA ol AR HEA 2
AZI7HA = w2413 2E]al BE7F AR EE AR = 0 4
AZEOll A 6AIZE mith wljolE AR S AT ZH2He] vi-A 1Fol
A i3] 2070 vijolE AN F St 4% paraformaldehydel] 3174
3ttt Hwiols ZF dAE 2 YA Au|7(AZ100; Nikon, Tokyo,
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A. baerii

A. gueldenstaedtii

o

Egg collection Sperm collection Artificial insemination

M g
Fig. 3. Gamete collection for artificial insemination
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Japan) .5 W3 7|ZstG on] Zhzke] WA wjoh Weke] ¥

Bz 542 Az100 @v]7ol #2tE NIS-Elements BR image

o

4) =71 wj LA "X = IF A
W Ry Bl 227t wAE F?
SFATH 4714 &% Z71(11°C, 15°C, 19°C, & 23°C)otel] Z+zte]
W OF Ha 330709 FATS AF, vlol BA L= A
g zAEATh A3 25E £05°C oJUE A AFen 2
A7E ARESt FASIA T A 2 Tt 2% 7 4
To WE Y E5E 2AE7] faiAl ZH) 7] (blastula), @l

=
71(gastrula) A&, @ul7] 5, A744A ¥4 7](neurulation), A

rlo

ot

&4 7](heart formation) ¥ FHZx H3o =gsl= AHS A
Z} 25 OFolA HlustRth ol 4 B dAle =
A AoA 2t &5 Bl IFolAY Hjole] AEEES HE
Ao A Wt 257 DA wje AEEC A= P
H7tstazk sATh

o ol ox
Mo o

ot
tlo

—

5) % P38 AT 4D AA 22 2 25z 44
UF 2 A% 24 AL Ad Mg F 54 A b
A AAS N ot Fgole] T ANE HasT



S e AYzAL BT A AA Bad nd A
AAle] AgFt AA NS mASD Aol Hgbgel 1
Aok Aol Fol AR AA AL R ALBE LolrT

ol M2 2AY HE7|d HAHA F=E= §7]9 Addd A

7 283 ¢ Adsisd Bed 87159 A AdauAn.
nals)e] Mulsh AHgol o} Zzhel F@ el S4e wet
MY AHstel 3 AHHE fEstgh A AAE e
5% BE(5W)E ASS 4008HE ST J2he) Szol A
A wBee 97 LEVLE 8 ppm OAS FAT F Ak
27 TEIYT oled MAASE BHE o] g3t nIE
2 AAsAT

T JEA ARE ZABIAT $M 9 a7HA] B WY 2=
(11°C, 15°C, 19°C ¥ 23°C) ZZA HFH o2 nelg 2]
£ @9 13k HA o} 20071 E Adste Rt FRHE
H 288 e 717 WA 2443 A s AT, Add

Hlokembryo) & -3}zl &3t 443 PAOo R F3E Ao
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8 ZAste BYY 23} nlelsE J1SsEA R}
FEAE AW B2E ASSHAT & 2AE 208 158

27838ty sk

23. A-A0l9) W BA 24 9 B 22
1) FHEs 4 ¢
w33} zko] Al7]19} pigment plug (yolk plug)7} ©l€ slal 9
H Hol 47}t 7Hee A2 HEE T F T Aoje ¥
Z ®3tE vHusidrh 9¥ZF FHe WEe FgH
(craniofacial; cranial structure, i=, °}7}®], 771713 5), A&
) W SR v B2]9] FHlE(scute)d] (Aol Tt
= GHT ZHIse Aol o]FolA = A7t BHY AolE
Hla), 9 B Ao Ws}l, 753 (heterocercal) AL2]A]
=gu] PAE ZASIATE ob2d Aol e ddo]
HA AEEE ool HA 9 HE A T wE FF

‘e THE vastinh ool e REo] As #F A AA

A=)
N
ot
o
By
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o,
it
i)
t
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3l pigment plugZ7t o|€dt= WEESS A Wl A4
o AFolA 3evtElE F2H9 AEste zAbsiH

&3 =S =] F3} AZIFE pigment plugZlt ©|Edt= Al
HA7HA Ml A &EH o2 7| F3AT. o] EF 4 2% IFIA

2709 WE 2Fo] AgHU

24. JF FTHE A4t
2013 Alwlglo} HAPdolo] TBEALE AF o] AH|g o}

of Ag2AS thF Aol A3t 24 Fo| YHEL Loln
A R & AL AW ARS APAM et H 1
€ 270 W £AAoR WEE 2ANAA AL o]
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|
TAE, F3E, AEE 4l 2 FA) 5 F I
Fd FrtdA =8 Ho FYF AolE AFsHr] flEA
student t-test ¥ ANOVA 4] (Duncan’s multiple ranged tests®l
©Jgt mean separation) =412 AASFI, TA ZEIHS
SAS (ver. 3.0; SAS Inc, Cary, NC, USA)E o] &3l o H+7t

Folah AEE P = 005 FEAA AASAT
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gol 1% olst= F® 7tdsted =l 23 ¥ neutral
formalin®ll A 73t] F2o|A ¢k 24413 &< (dehydration) Sf
ATk o] F ¥ro g Huhdte] wHd Uehe dalo) e}
AAE BRI W& 7Hs AFE Adeidoh AR dds 98
ol AEH G A FEH FEIAAY AYE vFo 9
&2 3k (polarization index; PI =4)3 & PI7} 0.19]35}<!
Ao = #at A th(Fig.
4). 437 Aol HZPde] 15vtE], HAloF g 4uE
et & AAHoE Aty TEES T3 WiEE
I Aol HAPdo] 13nte], B Ao} 3ntE| 2 FE
st FATS GEEATH

o
o
of\
fd
2
.
ofo
L
ol
e
P
o
ftlo
o
M

=3

hs

o 4

i

juy)
e o

l
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Vegetal

Fig. 4. Representative images to show the polarization of
eggs collected from Siberian sturgeon females subjected to

artificial hormonal spawning trials
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2) 3E2F FAM 9T WA

Al glof, B Ao} H3tdol AHOZHE )
= b Age AL ozt ZE2E F
AlZEo W e 52413 o] & wfjgt
T Ayt F T Al 2R & Hided ZEs A
e FoAd ztolE HolA| ghSkTh(Fig. 5). WiTHE o
HA ZE Zpol 7k Ao A 2k 40,0000 41 90,00074 2]
s FHst] s ARESETE @R hAe] ASS 9kgel
A 22kg ollem™ BSd o] e FAO HHSE BAEFS

ta molzl s} gz dHe] WE T WE 5o FF

—_

.y

oft
fu)

al
AEZRE (20173 A%, oJAlF 20kg) 100,000°] 7}7hE s
5 & AATH(Fig. 6).

e Aol HiPgolo e FAES Ad 59 F
12vtg] 25 ZARGE A3 = 90 - 95%F Eom 2zt 3
e ZRE] ZAME 2 AJoF APl ¢ FAHELS 85% - 92%
2 895 th(Fig. 7).
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Females BW

AG-3 19
AG-2 21 - A. gueldenstaedtii
AG-1 24 4
AB-13 21 q
AB-12 10
AB-11 11
AB-10 10
AB-9 9
AB-8 15
AB-7 12 ~ A. baerii
AB-6 19
AB-5 18
AB4 21
AB-3 21
AB-2 19
AB-1 14 _— S - !
0 10 20 30 40 50 60

Hours post LHRH-a injection

Fig. 5. Time (hours) to the first ovulation (egg release)
after second LHRH-analogue injection in Siberian and

Russian sturgeons
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Females
17-F-01
15-F-02

15-F-01 ~ A. gueldenstaedtii

17-F-03
17-F-02
17-F-01
16-F-02
16-F-01
15-F-02
15-F-01
14-F-03
14-F-02
14-F-01
13-F-03
13-F-02
13-F-01

— A. baerii

0 20000 40000 60000 80000 100000 120000

No. of eggs artificially fertilized

Fig. 6. Numbers of ovulated eggs produced from Siberian

sturgeon and Russian sturgeon females
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Fertilization success (%)

100
95
90
85
80
75
70
65
60
55
50

< »
-+ d——=0

A. baerii A. gueldenstaedtii

Fig. 7. Average fertilization rates in the insemination trials

between artificially spawned eggs and collected sperm
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3.2. AlHlg]o} A doigt EV]"P 3ol &
A gAE dHsty A
1) £33 2 27 ¥ 53
SR F RS AAAA T F WY SEE KT Fol B
BolA gkom W Ao glof Sol@ olde HAHA ¢
stom 1 78 @AM Feskd 54 =3 fAstEch 30
)

? A% A2 A 3 u(crescent)’t &= (animal pole
o
=

hemisphere) #9 2 A= AT 123 £ 1A &
AP 4HZ FE Y AEZ vjolrt FAHAUTE
o] F5o| &3l 2] EZ(vegetal pole)EZ7tA] UFolx 3 ¢k
AT dH 2AlE Hl(vegetal hemisphere) Z7FAZ X ZE%
As BFL F A}Th T4 T 4ANA, FERITF FollA 3W

A LS Sl sAlEZ7IZE FAHAT. 2 AlF A=
Lo mes AEHtT AAVE s 471y FLd FEoE U
o] A= & F<(cleavage infiltration)©] °o]FAHT. T& Hb
o 16709 AlZ7F F4E w4 5AZF F 4HA 2, 16

AE7) S FERT FAo e "o AETSS /12 AE



3 (blastomere)®] =719} FH= A3 thE EFoIo. 1
3 A ERO A FAEE F
AT R g2 & AT EFdA #RFHAS

(Fig. 8).

2) =nj7] & Fuj7] 54

o] ALHUA e RIHEES] FERTFOIA ST}
(3]

—H
Lo
r—{n:
]
rit
e
-
=
7
g
3
(¢°]
e
4
rir
in)
o
o
12
+r
i
filo
o

HATH Az £EL FETTAA A& Ar|F 2= 479
A~

2)
B AlZse 782 7 e A== AA TAsNL F

==
ol &% (cleavage cavity; blstocoel)©] A= 7] AlZsFATh
(778 9AZA). HER ] A ERFFA A= & E(equator) Fo

H A 22 &7 A8t A& A stole & &1
AA 3 A= Aol BEFHJT 54 11AA dAHJD BEF
o] At AAI FEWMTFAAE B EHA AT A 2 EW
ToAE e ETE0] ASHA AXERES T3l IPHA
3z 97| (blastula)7} €= A9 Eve= AIA 4 18 ~ 1943

of HEUTE EWE $f W g #ae] xuy] YA w



=]
[ —
< Cleavage
begins in
vegetal
hemisphere

.

4
15t cleava;
begins

Holoblastic,
but uneven

6% cleavage

Irregular
sizes and
shapes of
blastomeres

Fig. 8. Early cleavages of Siberian sturgeon and Russian

sturgeon embryos
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AT

3l 7] (gastrulation) 2] Al2F Aol (4 19 - 20/\]7J)°ﬂ 2
5 B wrt FAHAL, &, A= W Aol T ¥
(dorsal blastopore lip)e] @A HATh o] A A Er++=

A2 7} @71 B BTEL 2T AUET BT ZolA

8ol AAFRRAAE o F2 2719 &7 A
A5t o 4] A G (blastula roof) F=RFAA Ak A&

T2 APt dojugirt. A 254k wjote] °fF 2/3 7}
Eﬂﬂoé(blastoderm)_o.i dygon HE AHAAE ol yAu =E=
o] wiol A HFEIL EH T FHSY AL Hol FAHU
o 77t AlGEEA 3 Z(epiboly)= viotY] 2/3014S ©
oHA AF Wi o] Holgle FHUF AR or ZHAs
Atk A 28A1%%el, ATE yolk plugZt FBHUY F=F F
ol oFA 2ANE T F'o] ZAsgth |25 E e 2
A % yolk plug®] Atolz= A} 7HAsto] djobd Al 27 9
1/5 o2 7FA3% 3 (ie, small yolk plug formation) &=
= 7o A" g9 =3 1 379 FAAHTTL wo A
239} yolk plug?]

271 HA fAaste] He5 5]
o FHoA A2 dAEE B wj7tA] Aolxnh. Wulr| 7 A
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o] BEUZIEA (A 32A1%1), Xl (blastopore)e AFEYFO
Z Yety A4 g A 7] (neurulation) 2] A|2He A3 4= 9l

A tH(Fig. 9).

3) A7 %, %4 (pronephros) 97 R FH F47] £F
A7 A7 Ae Bl AAFe] EulE
(blastopore) ol Al - e A AlZFE LT, o] % A7 Fo] wE
ol H Fxo A 5 FHo FAHJUMTE F 33
AIZE). Hijo} Hhdo] A& dstHEA me R AABES §
oA HEZF Al (neural folds)S E5F &9} T4 Fth

& (neural groove)e U5 WE3fA| 1l HjAd7]

ol
Az
)
3
fx,
o
Kl

Hez Ao £H)e AATFo2RE IvisA B

rudiment)> & © AW ez W] AAF agelA 3
qstA Wolzt Ao FHE EATH(FTAE F 4041, ABAH
< FEYHAA &g %

HE H2HAT I FH, dAe AF -] &gsd A o F

AYALL AR HIF opd dHo iy EYHAE B3



Early blastula Blastula
d —
a

Epiboly cover Small yolk plug formed

D

Onset gastrulation

_-Dorsal

£ lip

Gastrulation complete

i

Fig. 9. Embryonic development from blastula to complete

gastrulation in Siberian sturgeon and Russian sturgeon
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ARE meE] BE2 ) EEe] JIFHAA ALSHA FEH A

A9 Atk ol
Shla AA e

4) A% 347 2 73
3}

DA A A Ao AABTH FHow 9K

A HHA=H A (A F 464X (Fig. 10).

2]
FA 3 55474, =W A (prosencephalon) 2} &g

ot o] GA A F
HE Hojm A

Foe 223t Adyg A GRS ¥
Z419] 7Y (primary pronephros-wings)7} &

ZEAT vF vEgs obd ZEEA AR wjobelA A%
e E4°] Uegt(sd F 59413, AE BN gt

A ATk ol

FHT2E ASHL dFHo=RE FEH7]

AL HBA(FAH F 60-70A13), HE FH=

SAYAT GFIATEY Bew7] AR mes A% 4

A e

Aol A 23S

73/\121_01] /1\:!;8,% «_n

2 ] A7l

ARe okl B AN BEH R of
wabE @ A A4 GAv) BRHAY. 54
FHE o] TAL WE3s] A3k,

O ==gbd XY oH(Fig. 11).

>

S
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Head

Neurulation rudiment Sl
N,

= Tail

Appearance »
of rudiment

Mouth

Fig. 10. Embryonic development of Siberian sturgeon and
Russian sturgeon from neurulation to the formation of

excretory rudiment and anterior head
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Rudimentary heart formation stage

Head Dorsal

_~Pronephros
P

L]

Tail bud

B b
% . Heart
% &
rudiment

Pre-hatching stage

Heart beating stage

Fig. 11. Development of Siberian sturgeon and Russian
sturgeon embryos from heart formation to pre-hatching

stage
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5) %51 9 %3 Aojo 4

A F oA, $23 otrimere melzt HAm An
Hul wg Exo] mel F9lolq BEHUT o] WANA B
Ax g2 PHd 54 dgvtonnE vy Fio 4ol

ot o] &8st Aol 4A BEHI F77

Ho] BAHJT. e ALHA AoAHAA HEZtA oo
B A meA=gue FEo] 4A T2

| @AY Hjote AUl Zhsstdth A 11941
TRE 29 HA AP wjote FSstr] ARG on ik 2
T F 130412 A FE FZEHAJC §HE AFS Tz
T F3E&2 805% AT WA FId AAES TF TF
23 s Btk Wkl tiF FIEAT]Y diRiEe] %27A

oi(ie, yolk-bearing) 5 FHE EFo|Att FEAHANA =7]
H
Ao o] i F 2 EAQ pigment plugE 7HA I AATH F3A 7

of o= el Wxtaolsh Amelol Aoz} H8 F=
A ARe Azl T oA tha AolE RYTh AWelo}
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Z7] F3F ANHFEE 95%°1d S=7FA of 39 A

]_
T 2953 ¢ TR 449AHE L85 vE Ao &

o
oy
2
L

N

4% 95% HF-3lol oF 5UAE AaFHM &#AI FTH
He o 749 Alzte]l &8 % ATH(Fig. 12).

6) A2 & =49 F3 54

Aol HPdole] A9 AR 4] &5 =71 F 23°C
e Lol E7kA WAHA Fsta GHlr] DA A Be
H ARG Aol friEol ARAA A 7] 9A oo EE
o o] de] Aol WAHA HstAnh waka AlWlelol 14
o]l A WA s 257} 23°C "R Ao E Uehgth o
SFA = B o] RS7tA] JPHEY 25

o A £=7) wkele st AFS Btk 53] 11°C w2
Aores A A AHAA Fdo] =2 v S BHY
o2 15°Ce 19°ColAe] B &5 Hpolrth 11°CF 15°C
b Zpol7t B AA vehgth ] 5 R A1 small

yolk plug formation (SYP) @AIZIAE 7|Eo = HI7IE ¢

kel
oy

19°C+ 25A17F 15°CE 33A17FS YERA L 11°Coll A+ 504
kol 4 7= AoE AFAFHJY. o]F ox FIHE A
£xo] zole Btp A HolHA 11°CAAE wl§ =2 7]
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Rudimentary

Fig. 12. Hatch-out of Siberian sturgeon and Russian

sturgeon embryo
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S el o] Hx F87) 270413 ool A AHe #EE
3 15°CollAl= 170A41%F, ¥EH 19°Coll A= 90AIZ e H= H3)
7} o] Fo A o} (Fig. 13).

g Alob HRPgol GA] Aol H3Hdol o] Aet FARH
WS JEMQ D, Autd o g Hx RBlo7tx] mgeteE Azt
o] AWlglo} ARG tda AA BEHJG HAoF 3t
o= 23°CollAe TAo] RE7HA AP HA Eatal By F
Zroll HEA=d Adlglol Pl nth B} o]& AH< SYP

dAlA B o] TR BN HAof HPgol Lol L
o} N3 Aoz AGEHJY 23°CAM = BAor 3ot
Fal7] GAE SAsA Bots FoE YENTh UHA 2=
HeolA= kAo Alulg ol HZPde] Aaol FAFsle =9k
A AQ7|Ze WY AEE Bom, 94 AAE ¥4 F
7] @A o]Fol| 2Eo mE LA &5 oy} B& HoX
T FEE HERIT gAlol 3ol e A9 11°Col A 330
AIZE ool A Hzx Ryt BEEHAL 19°ColAE AlwE o}
Aol ek niRZEAI R oF 9043 WelellA Hx F3vt #F
= A TH(Fig. 13).

27 B £ AF OFoERE A 0o 2SS I

74 A3t 2ol wel Ao AEEo] RAHUS A A

HJ
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A. baerii
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A. gueldenstaedtii
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Developmental stage

13. Effects of incubation temperature on development

speed of Siberian and Russian sturgeon embryos
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ANMAY 23°CE WG A Aol HPdols A4d 3
4 %7] S@A(late neuluration)oll A, Il Ao} HIPol=
SYP TAlOI A HAS O AHAFNA Estal BT FH AT
Uz 25 A 11°C 8l 2FolA fFoFez v
AEESS HYon 15°C 2 19°C 189 AS AEEAE Ao
7F ek ol A Aol Hibgde] B HAlol HY
o} REolA TEAHOZ BHE AREA, 15C 2 19°C 15
Me Az F37A oF 80% W9l vl AESS HQ R, 1
1'C ZFolX = Aol 2ol A5 of 60%, 183 &
Ao} H3tgolo] A9 oF 50%S] AEES UENo] UmA F
2% OF HE foHer 2 FXE Bt Y &=
2 AEES T o] Aol Aluigo} Aol &
Aob Aol BE 11°C ~ 19°C &% Y olA A 23y
o] o]FojHor 2o ME AN £To] ol ANAFH FA4

r\r

o
o
abad
o
i)
rlr
pau)
o
ull
7,
Rul
3L
H
L]
o
Y
m:]o
‘o
3
%,
)
o
.

#°l 11°C OFHEY 4573

Ay vl HEE
T oAgsgel ofF W e e tE] fsAE 19°C
Welel By e Mol MY AT AH oE 2AYL @
S Atk FA BASAM UH T Fo B4 FEE 1
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1°CollA 16°C H¥7
FaAA AEEo FAAFQA FF glo] B a4 o= Tr|gt
of S F=T Z
Bt AdEoh(Fig. 14).
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jutnd
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et

33. 4T 3= AE
1) AYd AA =4
FATR] A AAE 98] Fuller's earthE AF-&3}%th

A Hgd do] Bojgle ARl Bl 20012 345}
M2 =< F794 AAAA

el ol dxHdoie] 49 w

-0,
1
=3
)
=]
wn
(¢}
[«5)
=
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o} (Fig. 15).
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Developmental stage
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Fig. 14. Effects of incubation temperature on the survival

rates of Siberian and Russian sturgeon embryos
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Treatment time required Amount of reagent required

(for 10,000 eggs) (for 10,000 eggs)
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£ I 1
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g £
-
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E 2 200
=
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=]
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A. baerii A. gueldenstaedtii

Fig. 15. Treatment conditions of anti-adhesive reagent

(Fuller's Earth) for Siberian and Russian sturgeon fertilized

eggs
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Fig. 17. Recommended hatching incubator for Russian

sturgeon fertilized eggs
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Fig. 18. Effects of incubation temperature on the lag time to

hatching of Siberian and Russian sturgeon embryos
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A. baerii

2 mm

. gueldenstaedtii

Fig. 19a. Larval development and morphology of Siberian
sturgeon and Russian sturgeon (0 DPH; just hatched)

A. baerii

2 mm

A. gueldenstaedtii

Fig. 19b. Larval development and morphology of Siberian
sturgeon and Russian sturgeon (1 DPH)
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A. baerii

Onset condensation

3mm of PP

T
Still yet cond

A. gueldenstaedtii

Fig. 19c. Larval development and morphology of Siberian

sturgeon and Russian sturgeon (2 DPH)

A. baerii

i
A. gueldenstaedtii -
Fig. 19d. Larval development and morphology of Siberian

sturgeon and Russian sturgeon (3 DPH)
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A. baerii

A. gueldenstaedtii

Fig. 19e. Larval development and morphology of Siberian

sturgeon and Russian sturgeon (4 DPH)

A. baerii
DF

e I

PelF AF

DF

o

Lt L
Pel-F AF
5mm

A. gueldenstaedtii

Fig. 19f. Larval development and morphology of Siberian

sturgeon and Russian sturgeon (5 DPH)
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A. baerii

DF

wnldp x 1
Pec-F pel.F AF  CF

5mm

,1:'3«*‘._'

A. gueldenstaedtii —

Fig. 19g. Larval development and morphology of Siberian

sturgeon and Russian sturgeon (6 DPH)

A. baerii A. gueldenstaedtii

Fig. 19h. Larval development and morphology of Siberian

sturgeon and Russian sturgeon (7 DPH)
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A. baerii A. gueldenstaedtii

Fig. 19i. Larval development and morphology of Siberian

sturgeon and Russian sturgeon
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A, baerii

A-gueldenstaedtii-

Total length (mm)

Do D1 D2 D3 D4 D5 D6 D7 D8 D9

Age (days after hatching)

Fig. 20. Daily change of total length for Siberian sturgeon

and Russian sturgeon prolarvae (up to 9 days post hatch)
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: Phototactic response
Neg?tlv_e
axis e

A. baerii

i
A. gueldenstaedtii A. baerii

Fig. 21. Time course patterns for phototactic responses of

Siberian sturgeon and Russian sturgeon fry
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A. baerii

A. gueldenstaedtii

Weak Strong
Loose | O rutense

Fig. 22a. Rheotaxis and clumping behavior of Siberian and
Russian sturgeon fry during the period from 0 DPH to 5
DPH
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toose . D e
Loose Intense

Fig. 22b. Rheotaxis and clumping behavior of Siberian and
Russian sturgeon fry during the period from 5 DPH to 10
DPH
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A. baerii A. gueldenstaedtii
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] o o
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o 0+ o 07
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Fig. 23. Effects of incubation temperature on the lag time to
pigment plug evacuation of Siberian and Russian sturgeon

prolarvae
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HA A FE Bl Al 13} HAF 3] 23 HA ARG H
B2 sog #FHAT 23 peak ©]Foll= FAF(1~27]) B

g Fo FHAE 23 971A FUtE BEEHJ O Z A EHO
A% TE AZA G ot HA MAlE BEE A st

Ao} Aol #po} HAl 12 HAF F3Ho] 9 A ~12 ¥
o Al peak® TZEJI HAFEO]l TAEHUTHIE 23 peak”t
21-22 A FIbollA TEF ] ZREH e Aol H3P
of 9} FALElATE SHARE AW gol HZHFojet Hla Al peak]
Fol7t ®A(F, T FHA HARE o] HUHoz ¢ Fi),
22k peak® 7% peak® #o] B HW(F, #HAF A =3l &
oz o 2 7|7k Bt #EE) AFS Yehgo] Aluo}
Agole] e zolE B AdHow FIREH 30 ¢
7HA Y] A AEEES BUISIAE AT, 239 ¥HE AF A
AldlE]o} HZHgozt giAol HPdol R 953 5L AES
AL Ueldfo] Aulglel Aol IS 92~94% ©]’F
AEEE T 7IZTA BFARL HAlo} Fd3Fgole] A4 87
~88%° WHEE&S e ATH(Fig. 24, 25).

o

2) 7] AEE € AR
dol] AAe AF F T 3% Ao @A oA H3) 4 LA

_74_



No. dead individuals

A. baerii

16 Twu

14 B

12 =

E

10 =

g

8 =

6 g

4 e

)

2 Zz
0

135 7 9 1113151719 21 23 2527 29
Days post hatching

25 -
20 1
15 ]

10

A. gueldenstaedtii

e

13 5 7 9 11131517 19 21 23 25 27 29
Days post hatching

Fig. 24. Early mortality patterns of Siberian and Russian

sturgeon larvae and fry raised in independent tanks
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Fig. 25. Survival rates of Siberian and Russian sturgeons
larvae and fry up to 30 days after hatching under separate,

independent rearing conditions
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e HolZl AZFESIAT. olF I Aole HA AstHd
prelarval stage’t TEEH T AFoA FAF Ao]E Holr] Al
At al F3h 27 A thah F3E Apol7h EAEJAR Z THA
Az7b HojA = Fe| Aol Aol AstHe AEFE UEY
o] 29 dAM M Z AAZF UERRAL o] F 3294 1 Aol
7 o4& gEtEE AEFS Bt

FA AR A Aol AAol nlslA tha Fuk A H A
T Zpol7b AR A 7] Al &S, Al elob ol 2

Agolet Hla A F3 F 179 AFHANA frelHe=
< o AT e Holr] AFSAL F FHY Ael=
AL AAErE AstHe AFS UEdol 73k 2994 7t
d F AelE BRATE 3294 thA O Aol EolEE

< YEHA A (Fig. 26).

NHFH Aelel Bigolst HAol dgbaol Bk we A

3.6. I TH A4t

Al Elol F3Fdoier BAlol HRPole] diFF TR AL A
d AR 24 F 27 A4F $F012 m x 2 m x 0.2 m)olA
o dxo wE HEES Hwg A Aol H3Hdolet

Aob Aol BY Wxe| 7] AEEL Aol By
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Fig. 26. Early growth of Siberian and Russian sturgeon fry
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N

o7 A =2 ZoZ UeWth AF S7F A Agel A
Adei7t Aol Hipdoldl wlE 2T E WEAIE g
370¢] A& (800, 1,500, 3,000) EFolA EL FIE HY

o sxg ATl mE AES D AT TUES F F EF

g we dxe] £zel £2Y 800vH oA Be AEE o
A% Z7h8 Bgou Aol ggole] A% Ak A
A

7ol wla) Mad WEe] mE MEET AFZ/e 2ol
b HA dehten gAol Aol A9 WEe| Aweo}
Aggolel AR e NREA WLt Ao et
Qg 89 £ ol%, A% 219 B¢ Aol Fiabolo|

QB0 Adelol Agole ARRY Egovw AZ 349
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Viability Growth
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Fig. 27. Effects of rearing density on viability and growth of

Siberian and Russian sturgeon fingerlings
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Fig. 28. Scale-up fingerling production of Siberian sturgeon

with an optimized protocol
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Fig. 29. Scale-up fingerling production of Russian sturgeon

with a semi-optimized protocol

_82_
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x2x0.2m)] m)] 1 m depth]

N

Fig. 30. Seed production of farmed Siberian and Russian

sturgeons in a pilot scale
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Iv. 1 &

&= W7 (animal hemisphere)?] #HjRkoA| T BRESTS 3}
= B2 08 AdIo7Y votsdes 2 ol A
&S HFETH(Conte et al, 1988; Kunz et al, 2009). ¥Rk O
2 B AT HzE A Y g HE& & Acipenseriform
o oFE AW oA WLEH LA &K Dettlaff and
Vassetzky, 1991; Dettlaff et al, 1993). AlHl2]¢t Hztatol 9}
Aot HFdo] BT A ES RholA A7 EIAEAV &

3 E4EslA ¢gE EF S HET(uneven holoblastic) IE-S

Mo

fe
+

0,
A
rlr
i)
2
2
u
|
i
)
o
2

i
_ﬂ
)

i
N
5
oo

.

o] #&

rd

HAth H3Hgol wiotol A olH HIIA A B
7 oHfotellA o] e &3 tEgFe HoED o Aol B
o] Hjote] FEWToF AEutALolo G FAH=A ] A7}t
7584 SolA 7]egtkal Rojm A ERko] Wk 57 o]
O @Wol x3tEo] lo] £&Eo] oAl A& Hole Aotk
(Colombo et al, 2007). |13 & H&9 d&e Zujr] A
Holl A sERbel Aeukgre] 7o) 2ok =277 g2
He AAE VAT ojzler Zujr)e g A F

3
A=Hkg Abolo] FA Wt I3 2719 Ut dAE e

el
i

L

i)
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Aol o] A Yol A Hi=(dorsal lips)o]l A7 do] mjole] Fuj
71 N2 w402 yehte Zolgt HoXItH(Bolker, 1993).
FHolo] ¢tog Wy YA+ Z7| internalization Hl o] &
ZHAN 7o TRV} GH7let T2 He AAZA AY
o] FHEo Xtt o] AZlele BHEF AEAAEY] FHefFHE
2 53 T3 GFAE, agz ¥ wjol Fo Hxd

M EZo] #H3T(Cooper and Virta, 2007; Shook and Keller,

7] Fol FERTS ZH A F(blastula roof)> HzZlH o
2 WjolE YETh(epiboly formation). B wiof= A7
4719 Aoz AFERE 0] I A 22 AP TEE B

AF7] AFFA olhe E me RN AAFSINY

A TEHA ABAY FHo= oot AAWFEAY] 27
AP A wHeEgrt He 799 JA3H AAEA7| e AUA
T2 BWo] Hie FEoA m TG AAT|He FA o
FE FEo|th. Z4l(pronephros)e ZHFFE9 WA A
o2 FAE Aot AR E ETe)oly oA TF &
ARU oAFolA 271 dde] A3kl AFEdEHd FaAHA
gss K3l Al7] Aoir]el A <43 (Drummond et al, 1998;

Ichimura et al, 2012). thF&9] o]F<o %7] A & 7ls=
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oo
rlr
>
>
o}
o
i3
Y
i)
A
rlj
m
2
oy

o 2
e
rlo
oM,
e

2

(M g
1o
=

o
)
-
>

% 02 AZojRd Hg He Fhdow

ol WAolth 4lg Exe Aol Aol wjol

T AL Aozt FnlE BEE S Hole AR g
43 gJeE HAu(Park et al, 2013ab). Colombo et al
(2007)2> ol#3 A3 FEpst= Aojo A AR o
(shovelnose sturgeon)oll Al P2l F¢ 2Ao] FojQla] &
A4e Holal pigment plugZ7t E¢HdstA FH4E AS B
3 BASAT 28y B AP A Y AR F2 yolk

pluge] Aol REL WARA ZHAL o o] F F Fo I



Aol o] mjol dEIAoA MAAE] 3 FEe] AR T
= AT St B AFodAE BAAEQ bjo A &
A g Ao g oW A MEE st on E3h of
o} A AlmlElt H3pdole] 300A LA @Al wjo} dEs
AL 71estdt o] A9 AAE VxR 27 AAE EL
A 27 AN o ko] HRPo o g 713 RES
F35 AFsor & Fort g Bk o] AT Aips AW
glo} Hztaolol FH A AoE YT &

o2 Holm WA dAE {AR @Y AT rIxrt 2
Ao 2 AyZtEAt}(Park et al, 2013a,b).

i

3 A=7 8 A

Aol FARS WARoRA £4 F 4 ARG L 2

T2  fuller's earth 2 YZE  bentonite (aluminium
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phyllosilicate clay) A& HEZE Ar&ste FPst=d], £ A
gl AAo] g F3 A #A o AEES AAd= T8
A F stz EeA dow, e Fuitk AT A7)
2 Ade wep AR A7 gRe] gEkxol @k oo B AT
© Aol #iRdolel gAajel AP FATS o R
HAo AY =& AYstr]l $1siA 10,0007 FAHHTE 7]
o2 A Azt gAYy &FL FUleAh

st 87] wtog2 4 glo] &2 & JEF sliding framed] A

shoh Rlztole] welo] maHo Bed & 9
Job wztabolel A9 A woA7E AP AA

ﬁ
N
k)
o
1

L

>~
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ol AR AL F T %¥ Ao (prelarval stage)oll Al
3l 4 A AIFFE Aulglol HIRAorl Aot HZHdo
Hop wE S Hol7]l AT, olF 11 Aol HH A
3} o] prelarval stage7t TEE+ AFHAA FAZ AolE B
ol7] AZetH F3t 258 ta T AoV £l EUA
= Ol AR Holx 7 F3re] Aol Aole AFEE A
= YERo] 29 LolA 71 & AXVE UES AL o] % 32U A
zho] 7 tha etEE A BT FA e A 4
of A&l Bl tha FRE A4 FZE zpo]”

]_
AAsh T, AWelol Aol g Aol Axhaolel Mlm A

=

&



17 & AAHAA FYHom & H AT s Holr] A

Aaga T Fhe] Aols YAt ANBEE ABHE BF

& I A7 EEE S YR
B AT 27] AEEt g dExte] 9z

A 2y WEE 7Estga, 27 oA Lxxe o3
o thall PP AANAOE B AFoA #F 72H Ao
o] Fepz Tde] tid W& Rud FIFNAMY A A=
I ohE] A 7S XS & 7 AJAH(Gisbert, 1999;
Gisbert et al, 2000). ¥ A3o|A] 18°C =9 A& 75L& %
S FTOoE 178ColA 3 old A5 ZH(Gisbert, 1999;
Gisbert et al, 1999)°lA finfold ¥, A&y A4, +3 FF,
nE A=Y A5 AN AR T4 dBEES BAFA
old AFE AR sk= AVI7F HIAUTE Ty 4, R =
=5 opbr Y opriml FAol &3 d3 A9 dph in the

o2

Rl

F

previous description vs. 20 dph in the present study)¥ 52
Hl=9] AAAH(9 dph vs. 13-14 dph)5< o)A Ael vlw
% w AT HolE HAFATE ofrtu] FAe| o olri]

HE A4S ARSI FAA oPFEFoE HASEE A
Hkel= o2 48 d th(Dettlaff et al. 1993; Ostos-Carrido
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et al, 2009). BIS o] @A3 otrin|] €3 AIH zto]of W3
ol-frE el XtAAT g 7HA AFsHA XS TP
T AR e &&4HA g9 xbolH (former study 8.5 ppm
vs. present study 6.3 ppm)< = T Utk old AT A
ol ¥ E&2 4kA o] 3§ AES ¢ 4 AE T

T Ut do 2 HgE 44 oA olrim €3

Aol Folot TFE =ole FB HAEA(TAAS WHolA
w7)4o] "ztatolel
2uls G40 88 QTAAGE Ao EYA wolSelxw

X2
N

| oj&o]th(Khajepour and Hosseini, 2010). Z2j4 ©] 7}4
w3 AF5A #Fo] Hasitty ARG kE B AFE FEl
el Adlg ol AZPdo] Aol FE LA A AAF
Aofe] Ao ik At BRE AFSAh dA7EA HIY
dolel Aol A GANA ool A Z I IHS ZWA
Zled Hies e B dAFelA Aol Ao deE TA o
A zlote] AAF AP WEt AAZH A FHAH 5 T
AMEA 71Estd Aldlgob Hiddo]l Apojef ol S22 wh
29 73} 54 FE AlAste] 9dRE 109 Atololl E7tE &
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olo} e ol WS Moty A Halste] 219% A3
2R Aole] F& A ol B
olml ol A ol Ho} mFo| AgHTE BE YA
olo] glel YAE Xoke] WA Esje] Tefsti w7
QA3 o|aEH EIAAT, o= RZHE Ho|(olutE 7]
A BHFYE 2L Ho)E AHT W BIL A2 A B

7} Qdokar Az o(Gisbert, 1999; Ostos-Garrido et al, 2009;

>
I
X
rlr
PO
o
fl
rJ

Kirschbaum and Williot, 2011). £ A doA FFdH ojwo] w
o] Hazxol Dot AFQd 73k 993 1192 yolk plugZt
W FAlo] 2158 HolE Hojok st AN AT &=
g ol olx AYeA RiE Aol HIPde] zo wd
HA A cardiac stomach®] AT E3lo} AU Adas
52| =7} (Gisbert et al, 1999)7} o] Fo A= A= X3
ok v ojubo] B sl AR Aol AEFH 43 7T W
spte] A= £ o ATsior & Bavt dvia A
25 21 AFdd doAA FA8E AulEof HRPdo] Hjole]
AL Al &% FZ(11°C, 15°C, and 19°C)ollA AJZ o= A
FE RO 23°Coll widE wjol= Gui7lolA =5 HARSHA
ol 23°Col Higd HiotEol Hox =27 BEAE H43H

o2 s oy A3 HAR A7 A ZAAE(SH,

ek

_92_



WM E A7) Z2)ol &S HHS Aolztal Bzt o]
g A= ofF/oll Ao 71 AP Tees ZEIYY e
8% TAZ <HA Ath(Bolker, 2004; Cooper and Virta,
2007). 23°CollA] vjFd o} 5 o
Ao Azl Ao AFE L X (Dettlaff et al, 1993;

[r

A= Aol A

O

Park et al, 2013) A9 A4} H4l(pronephros)e] A4S K
oA 32 Zatdnh o] A@NA #FEHE ol2gh 23°CAlA Y X
B2 AR & o] £ Acipenser gueldenstaedtii
Aol AeA BHiH A FASIH(Wang et al, 1985).
e g7 M 529 wiof B AR Ao} A
Agole] BAAAE g2 re} FAELS Ntd AAE B
=k 19°CollA A F3loll 742 Al AR 11°CollA o AIZE
o 35%EolH 15°ColA A F3 =LAt A= A
= Zog HFHUT a8y B3t $ Aol AAe Aole
T 25 ZAOFMA gk Aole RolA &= LUt Al

g ot mote] mi<kol UM 20°Cell T REE B2 259
=1]



Hj ke 2] A2l 3Y ojujol] g3 Wk, 15°CoAE 59, 11°C
ANAE 9del 4E3ASTS B, Aty ¥3k& 9A o

3k A 73} Aol FUhE
ol FEHAA =A UelTH(Park et al, 2013b). 19°Cll A 2]
e FE FE /0oE Q3 RE FAE A FAAA |

A o Ao WEzst=dH, oz A HA R AR Fo

AR Qo] AT Aol Hel WA B3 Aolst R
5 Aol mEAA YA A AR FHE B A

Ge Aole] ANE AT & 7] Wl SAH 9%
AE Aol THs Aol HA e Aol AoldA A=

fo

-0,
o
(i,
iy
rr
>
>
rlo
i
ich
a3

(0]
o
il
2
D
hass
E
)
wn
lon
(¢}
=
Q
=
Q.

=
oS
PN
A
=2
=
o
oft
ol
52
rlo
L
&
>
(i,
X
2

rlr
ol
fu}
o
o

_94_



ZA AR 9FS mA AoE AyztdE. Gt
pigment plug®] ®iZEol o] HL& W=t U AAVE
ATt HolE=d], 19°Coll A pigment plugZt Bl &= = 7]3te] o
2 S92 Mg E ARG @S] HAATh 9F Holg
HA ANHFA Fe] F4 F pigment plugd HlE AL =
| & HoAF=o Ao AEE&F} dEo] pigment plug

T 2Rl e Hol FF AR Aol FFs] W

flo o

™
Yol
2
o)
X,

=
st #AVE Jdoha I A At (Conte et al, 1988; Gisbert

and Ruban, 2003). o] &gt o]-follA G4 F Holz o]

F Tl WL AVIZ ABHEH o] BYT AWE M
Aole] s Aol Mol P Agel glo] 4II R
Roletm AztETh 2eEE B A7 Ay AAFE 2

2, 19°C Wi 274 Auelol Hdel v Aolg Asal

of #e woh AR U 2o AolE Fustu o= o)

% & lojeks oItk

wref o] g Amsk 4FFelst drhE B A7 HolH:
i

F8E 7147

£

?

>
>
Ho
=2
s/
2
o
oft
ol
Jo
AC)
r
k)
o
ft
&
op

ol

7ol =8 I3 Aolgta AZrEth(Park et al, 2013b).
AP dol= F3ao] ©HA|(prelarval stage)oll A 344 S U

H
B 5 Aoa LA Qou off FRYe FFHA Bt
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O
Za® el eclolth mepq E AToAE T Aol Hol
FHH 5 D ol B 3FH B ARE FRFoA

H7}3o] AFo]= pigment plug (yolk plug)E R 3l A=
prelarval stagecllA Z=7] T 9 Ast7|#e] #3171 o] FoiA]
I, ARAQD 3F F57F ol FolAHE &F Hol HFH AA=
71 ¥ (transition to exogenous feeding)stAl = =¢Hl, ol¢} #2 4
> FHF AAL A3 71 pigment plug HIES AT E 9]
Foxt}, webA] pigment plug WIE HIPdo|7} prelarval
stage©l| A larval stage=¢] &S vttt gA AFS vie}
2ol AP g F3 Aol FE7HAS time window”} 4
< 219 pigment plug HiE JA YL LAt 733 Ao =
o]gt% pigment plug W&ol ZE ZMAIEo] FAA Lo}
Zom o] =3 time window’} S ¥Ho|th Pigment plug Hl

2 AF Aojo] AR AELL AN AT Ho|E Tu=

Ll
Il
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FFaloF atA T Ao 1F W pigment plug Bl E0] o}& do

7] Al Aol SollA HolE Fudte 2 £ FAEAI I3
n it oo AFANESY %7] #E ZFHA = pigment

plug Hl&o] #o]e] ¥ v}o|(days after hatching)e] o]& AlH
o dojus ARY ¢ FaeAH= Aol AdTW pigment
plug WlE2] 7HAIFE T8 AFHZe TS F3l= Aotk ol
o A7+ AFelA Aol FHgo] Aozt g Ao} HZHAdo
Zfojoll Hls|A & FHol| 9% pigment plug HIE9 F713}
F7F B Eon, AuFoR QlF Hol AAR M3,
Hzx "ol 3w Af)S ZAst=d ¥ FasAn. Aol #
4ol 9] pigment plug Hi=ol ¥ time window”} AlH| g o}
Aol v H W& olfr= glAlol Baiolet AHlE
of o] Aol & (FEA) Aol7F 83 acle=w #
&3t= Ao = ATHT(Park et al, 2013b).

MAS el g 2 A FEI peak 7O FHHA

=

T+ % I transient teeth®] W
o BAVE A2 Aos AddAn. gl Ae x7 2=
HA F Aot A FAHAR o]F Z HIHE EAS U
Bl =, Aldlglol H33do] 9 gAo} HIFFo e Ao} we
2 53 5-64 Aol AFE 11-12¢A Hu x| 3t AL
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2 248 WL 13 peake] F4) €@ AL Xob WYt A
#ol 9lge HelFm gk Aol Aggolol A ©A

of ARgols o} Wo] FEHAL BF JNE FrHO
2 2 vergon, o2 <s) Al FEst B A B3

At AR WhH 23F peak®] A HAIY vlo] WA}

o

°l st A HolAAoel AMAL MAS F 27 o7}
e, A JAANA FHAHRA AL HAE dojd Ao

Z AdHY. F FolA 22 peak =3 FF A|FH L transient
teeth®] E|3l7} A9 FEH= Al7|eF dX|sta, hxs] X o}rt
B3l o]F o= AEE0] MR FHE Bt HENAII
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Chapter-II
&2 AW ol 3ol el A o}
Aol = RE 9 slnlo Ytk 7 FI}

L A &
7 e o} (caviar) 2t ¥ Moo &L 7tE AHsAY &
A3 &g AshedH, 2 A4Ye HEA M FEd Aoz
‘W& Kk khaya'St oS HSE dar7t FAT HelA
Hl 25 Zola E7]o] ‘}H|ok(haviar) A FElsted 2/lE &
o2 484 Juk(Boeckmann and Nielsen, 1999). 12403 t] %
39 A7 23k £ upEZRe] AT Eo Afulolrt FAEh
o Z7] 443 AMEe 1800dt) HAZEE Ao} A9
202 fFyol MHEA AFFHATRE AEA Atk
(Ramade, 1999). A&Z o2 Jlnjote} & 7h2=y] e} Z3)
SAONA EHJ AAL HiFEol &S I, 1980
o & (F)aEe] 53 o]F AEF| H7bEe] HiPdort B
A

How AHWA, olF mF, ZFs olHe] 5 FrIEOIA
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A Aol =Y o} ALko]l AZFE A FA A N
=) At} (Saffron, 2002; Pikitch et al, 2005). &
b Adol Akl F7 52 Jd 1998 =AH HE 97

in Endangered Species of Wild Fauna and Flora; CITES)ll &%t
ol A Fol BEFSV] B EF ¥ ToE SAHUA FA
o 9% sinjol B @V A&HH o2 A Frlsta U=
Aol th(Hochleithner and Gessner, 1999; Williot et al., 2011).

U A9, 1990 T AP AS A TR
o2 AJ)H S (Seong and Baik, 1999) 7livlo} A4t 7hE
NZI7HA 717k Abgo] a7 ETE A, Y AFFHQ 4
Aol 4L A4 AAA = A ToE <A g FfHlo}
174 2zF W 7] @A HEL AU THY FH Y
A4E FRRlote] e vt SUbetal Iy HZHAel FAo] At
St = 7] AR A Sl kA FRPolERE fHlof A4t
g 77 AA S ok 53] I oF4 AN E
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Fig. 31. Experimental facilities used for the comparative

examination of GSIs from Siberian and Russian sturgeon

females
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Fig. 32. Seasonal variations of gonadosomatic index (GSI) in

Siberian sturgeon females for caviar production
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Fig. 33. Representative photograph to show a typical
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Siberian sturgeon female with high GSI value (> over 15%)
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Fig. 34. Seasonal variations of gonadosomatic index (GSI) in

Russian sturgeon females for caviar production
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Fig. 35. Representative photograph to show a typical

Russian sturgeon female with high GSI value (> over 16%)
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Fig. 36. Gonadosomatic index (GSI) scores in different size

or age groups of Siberian sturgeon females
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Fig. 37. Gonadosomatic index (GSI) scores of differently

sized Siberian sturgeon females within a given age group
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Fig. 38. Gonadosomatic index (GSI) scores of differently

aged Siberian sturgeon females within a given size group
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Fig. 39. Gonadosomatic index (GSI) scores in different size

or age groups of Russian sturgeon females
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Fig. 40. Gonadosomatic index (GSI) scores of differently

sized Russian sturgeon females within a given age group
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Fig. 41. Gonadosomatic index (GSI) scores of differently

aged Russian sturgeon females within a given size group
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Fig. 42. Overall recovery efficiency (%) from ovary to caviar

in Siberian and Russian sturgeons
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Fig. 43. Effects of GSI levels on the recovery efficiency (%)

from ovary to caviar in Siberian and Russian sturgeons
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Fig. 44. Relationship of fish size (body weight) with the
recovery efficiency (%) from ovary to caviar in Siberian and

Russian sturgeons
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