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Ontogenetic Behavior and Phototactic Properties of Interspecific Hybrid
Prolarvae Produced by Crossing Female Siberian Sturgeon Acipenser
baerii and Male Russian Sturgeon Acipenser gueldenstaedtii

Yoon Kwon Nam* and Eun Jeong Kim

Department of Marine Bio-Materials and Aquaculture, Pukyong National University, Busan 48513, Korea

Female Siberian sturgeon Acipenser baerii were crossed with male Russian sturgeon A. gueldenstaedtii and the de-
velopment, ontogenetic behavior, and phototactic characteristics of the resultant hybrid prolarvae were examined.
The fertilization rate of the hybrid group was similar to that of Siberian sturgeon (the maternal species), and the over-
all developmental characteristics of hybrid embryos were not significantly different from those of either parental spe-
cies. The time window from first hatch to the completion of hatching was wider in Russian sturgeon than in Siberian
and hybrid sturgeon groups. The prolarval viability of the hybrid group was similar to that of the maternal species,
and significantly higher than that of the paternal species. Hybrid prolarvae displayed ontogenetic behavioral patterns
that were quite similar to those of Siberian sturgeon. In an illumination preference test, hybrid prolarvae displayed
significant positive phototaxis, similar to the maternal species, and clearly distinct from the negative phototactic
character of the paternal species. Taken together, our data indicate that the prolarval traits of hybrid sturgeon from
this cross more closely resemble those of the maternal than the paternal species.
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HshA EAof wgth ol g At Aubso] it vf §lovf(Park

Aol FHHloKcaviar) o] A EEHN FRAE= Al etal., 2013a, 2013b; Kim and Nam, 2018, Ryu et al., 2018) ¢l
FAbEolAuk Tt Ak A ko] g oz Qlaf AuHlore] A& FE AR Sl A S o4 A FE S P S
7Fs et o8 flsiAE Aol At Aol Aol T8 AR E] FHE o = Folth v, gAJoF FIAFolE Al
A= Qiek 9-2ukete] 7S 1990t Sk oFA] Al S 1 Hl2jo} d7H/golof wlsf Hot 117ko] FfujopS AYAkek 4= Slct
TOR HAPgo7E AL =l o] O] JIFFA A =L ol Wol o]l = E ¢le WK (Kim et al., 2009), 4
9l QFA] 7)ol e At Jro] Ak Sl E|aL 9o, o] F K272 9] 49 7)7ko] AH|2lo} HztatolwTh 7)1, 2} 2] o]

Al gjo} H7tAtol(Acipenser baerii)@} 2lAlo} H7Htol(A.
gueldenstaedtiiy= @A -2 Leol| A FAE AL Ql= A2l
Ao FEo|ch(Park, 2018).
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A A 2 AR o] RIvS] WHE = 5 AR YA 7]
=9 w7t AlHEot FAPAtolof vl iAo B 4l
A o]th(Chebanov and Galich, 2011). 2| A|o} A1PAFo] o] 7 -9-,
T A Flof 2kE] ATARERE, A 9 A Ho] A
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A 2lot Aibgoiet 2l Aok HAl

of T3 A A AufEo] 2F HaLE 7] AJZFskaL QAT
(Kim et al., 2018; Nam et al., 2018; Kim et al., 2019) o}-2] =
WollA] 414 o] QI3EAAAke] kA Sy 4 ol
APl £9e) 2k Aol

oFA] o] 259 fito & 3t E7F FE JE(interspecific
hybridization)= A& t}2 = Fo 2 H e 7} 9] A-9-& 5
A FAAZIAY = TS sk ] 1R 5571 o2
da] AM-E] 3 Qltk(Bartley et al,, 2001). $7H 452
BEOR AU A D) o4 Yaof B chof
H717} o)l Aok AR, o) Bal 27] AlE WAGHE
518 U A o] BEE D) T PR B 7
Ao 2 Jefdfofse M4l X Lo]ti(Chevassus, 1983; Kim
etal, 1995), A0l ] -9 2} w4 71 GAlo] A]7]
(prolarval period)S A X1 71 7|7F F9F 2 Z9] gef Hsle}
1l 9o gjEl o] Mok 2 244 5)2 ey o (Dettlaff
etal., 1993; Gisbert and Nam, 2018), £3] 43 z}o] A|7] 9] &
I (phototaxis) 432 Acipenser <5 015 o] wheha] Ho|

SHAES S ] d& UERHTE o7, AlH| 2]of d 1 /dof £
shrpo] o] 79 735k oA 334 (positive phototaxis)yS LHE]

= BHH Aot FRPdoli= 54 58/ (negative phototaxis)
E= B4 vigko 34 o] Qithal(no clear phototaxis) &e] A
QIth(Dettlaff et al., 1993; Chebanov and Galich, 2011; Kim et
al,, 2019). H7H4po] 2ojo] 74 BYL ARHg 7o) g
7] Yol Ao w =Y A 2 A (Dettlaff et al., 1993),
ANFFAYAL Al SAF AR W F ] 914, F A7 (%), F
o}, 7] St Bele A A AolArg BES et
- 5 QA HtH(Loew and Sillman, 1998; Zaheh et al., 2013).
wah, SR i) 2 Aol 5] o wek e w %
A BAol T AR A A AT ABEAAL 27
2 k5] 93t 7|2 AR 2 A= BrhElolof S S8
3} gl=o]th(Chebanov and Galich, 2011; Kim et al., 2019).
AJl2ol H7Abolel Aok HiAolt £ 7 2H50) 744 A
A 528 ZHera A Slo] Aulol ke Sfat wH) &
Fo A 3 34 23l o4 91 v} 9o Li(Bronzi and
Rosenthal, 2014; Shen et al., 2014), 59 4= a8 2 27|
Aol o] ol Tk opxluho) vl iwel Tk THE AT Ak 2
25 1} gl o]o] 2 Aol Az Al 2lof HTHo] gz
Ao} AZFAYo] AT A A7 MAo] 25 7ol Yslo g &
=27} 0551 @'—6‘—4 7] Aol 9] 3)E HPD]— gl =X EXJS o

O L TT =T =0= ©o

SE7hu]3 9 B71etaA) s

g ol ARgeE o] oF- 4= ol 3t £ 10-11d AP
O NAEEA Hdt AT AAS 19.5£43 kg, 12|l =

o7t HEE BF Aol9 YF 54 275

£ 15.2+3.5kgol 91} Alw|lol Axbako] W Ao} W7h4t
01 ZHE o2 BHsty] QajA AR ES 2R luteiniz-
ing hormone-releasing hormone analogue (LHRH -a; Sigma-
Aldrich, USA)E LA 2] F AAHF kg T 80 pg, A2 4
20 ugS 18 FARE & 422 15-16°C 4229 428519} ¢FA
O RHE 4 ko] 2l = AFH(FAE F- oF 30412l <
ZAEZHE AL AYF] & 314 28l (Park and Chapman,
2005)°] 1:1 3]4fsto] WYAHH 5T o] o] ZF o7 (A =5
B Hijgk 21 AR S5 el s E8f vk el T &9l
AlH|2loh ol 9l 2lAlof Mol F 1 o= 242t 2ute]
O 2 RE G Es S SESto] AHof o] &3k A
©]-§- 1:1 mating®| ©|FO| A =5 A A5

o a1y =
ol 34L& £l AlH|glo} Aol (Acipenser baerii, AB), 2

[e)
Alof %“J@HH (A gueldenstaedtii, AG), A H| 2] o} AiAFo] §
o] 5 7% (ABXAG) S48 (& 37 449
T Iges FAHATHE 1270 =74 15).
=4 —‘F— Fuller s earth (Slgma-Aldrich) S Ea) 44 2]
S

I

T4 A2 2-3A7F A & Av| A B
o] A o2 7| A== vl (embryo) 2] HE-E(%)
= Bkt 7H 54 18 9 110-1207) wj2 39k o
Ap9] Aesto] ZAsgct. A% 1B o WAL
SlahA AAole] 0 WA A5 Eehs AR
A o] FElE AR A £AS 7o R® 2 Aol
A ZAF AR S 2 AASHIRAY THAl = =2 2] S (just fertilized,
JF), 8-cell stage (8C), 21| 7| (blastula, BL), 31l 7] A]&(onset
of gastrulation, on-GA), 3327} 8]2] 70%S @+ Al7](70%
epiboly cover, 70-EP), 41731l A]ZKonset of neurulation, on-
NE), A7 @7 & (neural tube closed, NT-cl), HA17 &
A (pronephric duct collected, PD-co), S-& €} ] 44} 25 A]
Z}(heart beating with S-shaped, HB-s), 72| 7} A4of| =g 7}
5 W ¥ (tail reaching heart, TRHt), Z22]7} o] =&
g uhE Hhe(tail reaching head, TRHd), 12|31 %| = F-3}(the
first advanced hatch, 1st-H) A]7]o]th(Park et al., 2013a, Kim
etal., 2018). Z Wl 7150 2 RE 24719 v & A9 = Ak
sto] 2ARS AASFIAL, 7 1ol A 22 F37t = A
Hol M A4 o2 71 A1 w2 22 A7 W] o o

oF RS = ALlsto] WA v 2] AL (embryonic viability)
= Tkt
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276 ded

) LE 12070 398 Hsto] ) e ALt 3
£ BB20+05C) A wheFsteA T 2 1gel 4 Hat
3t Aolo] 52 Zaheon] Hake Aol S-S WAL 24
2 ok AASLh. kA e 5} 2 o] 3 36411 52 o]
A} 5817} AofLbA] b A9 R8t Aajo] FRE AOR 17
blck. 8t B2 F 2 2FoIA 8k Aole] 4 nhe] 42
Aste] 1] A7I(TRHAO =23t Hle] 25 58t 538
Atk

HEixtol7 |0 MES 2 RF THE XA}

g 23k AlRollAl ZF wHl TEe R E Ikl 2loj5S
G7lete] 0] 2 mx E 12 mx 424 0.25 me] 420 il
W Sz o 24000]% 3912 R elickE 7] 42, 7t 4
Z= A A2 200 L -§-F0] Refl-AHA] of wpx7) A2k
£2 5j0] 5% %% BEE ol§3}0] § Limin®] 55-80] 5
=8 2otk 22 48 6410 T §9E 54 okt B
2 719 MAE= A vhe] 5 S35 Al AR o,
olu} %oz W AT 7|9 vhels v Y BAk Aol EE B
ST BE £20] 222 20£05C, $F A4S 78 ppm
o] H=E 2Asto] I5tAAL Wi 10%8] AN SHo)
ek, % 2710] A9 WIOIE S 9] B ZES 450 Ix,
o7 o412 Wit 2 1017} HE2algon 7] 91|
A7 16A17E : 8AIZEO. = A AI5EoI T, HAF 7)A| 71 ek
nhth A 2 A AL o uff HALHA| 5 57 sHl Tt W
AFo|A| 717} Fm = R 9LDA7HA] 7] 2708 o] &-5to] A
Ste] shH A ZF wel Z1E0) A AL A - E 5751
T Aol7| 9] AEES MRS = ARSI £33} 2ol 7o &
Ao ® WAE= G dH Y] Wste] AR el “Hakato]
9] Ay A9l F73Y5(swimming-up and drifting behavior)2]
H57, “FRA(rheotaxis)”, “T4d(schooling)”, “T5 Al 0] %
2] A7l (post-schooling dispersed stay)” 2 “AHA~3Z vl Z(pig-
ment plug evacuation)’2 5= T2 tjAake 2 A5kt st
Rof7] 2k 12407 HA 0.2 A 9 AR 2L XY
o] 57§ sfeie] T Alalol B4l 9 efxjo} 3
ool s A A= 9] 7]zol| ket 4=3Y 5+ th(Gisbert and
Solovyev, 2018; Kim et al., 2019).

xolol FY S Tt

ol

rC o A

4l A% = ZAN(illumination preference test)S ¢l 4] 28
Z(Z 09 mxZo] 1.8 mx4] 025 m)e = HiEHS

£09mx0.6m)0R |0 7} 78 W A e X
Algakict. g 27 7 (bright section; BR)S] 72
30 cm 9191 23 W LED (#8) 5-& 47/5}0] +-51 919] B3t
ZEE900-1,000 Ix7} E] =2 519t} vhH BR 1Y Hitjj 2o
¢} F-9(dark section, DK)S AA435}7] Qa4 et AHE 5=
Z9)o] Fot rH| Ht 2271 10-20 Ix7} EHEZ 5H% )
o2 BR2] 20| DK -9 ¢] 3 2o daF& nlA|

bl

ol 4>

o
'71:1t

o

A ¢F=E BR 97} DK 9 Alo] 9] F¢F -9 (central zone,
Cz)9] o ZHel FHtol& HAsH3let. CZ 919 Hat 2=
L90-100 Ix7} =2 A 2= 2 24519t BR 23S 2
AFejo]| A Z}o] 3001 S CZ S0l Eo] &1 Zo|o] BR -
o] 27 A5ttt A% 105 5 500 pm =4 2715 2=
Ak g 7t o o) Zg Aol AX|Eke] 2t Aol 9l Aol <]
Mo ZAR= ol 158HE 3
Z7JA] miek A5t 3001 AR &

SUIRSE

FAE, W T S 9 AEE, 735 49 77 d 244
A A AR 15 A4 A 52 ANO-
VA 4 Duncan’s multiple range testsS ©]-8-5}o] AA|5}G L
P=0.05 434 0142 TR,

Zn 9 D3
4359 +8E H i

ZARRE Al F7 ael “LE (Al 2] oF HRdo], e Alof A
o] W HF A7) BFolA 8 AFEH NAIKE 11 5
7 Ae) oAl EEY] Apo|7h o, Aol A3t
gol % 2lAlo} dtel o] =4 TEEolA 242t 95.7-100%
9 85.1-90.1%%] A& e, 5 159 B¢ =
Al E AR 7 E(94.3-100%)& UEFH $Th(Fig. 1A). 3f
T rAEARE W Y 15 Bt e R ALK ¢
A 1E(98.0£2.5%)2 AlHE|ol H1HE01(97.9 £2.1%)%}
AL Ho|7} gl SHES WO u(P>005), il 2]
Aok HILAFOI(88.5£2.4%) 0|5 = 1550 ]3| fol4]
0% e S4B UehHITHP<0.05). whebd B Aike ol
B4 A2 oA Aol Brbatol Vit 2Alof Ak
o] Ax}7E A of| o)t 2}tk 7] 2K fertilization barrier)©] $1-2-2
ofmlat, T wlA| S 7H Acipenser & FE3t =2
AERE TP 1% 94 7Rt 8 A AR E 35
A& FA o] It S o) HlEd g eth(Ludwig,
2006; Teskov et al., 2008; Schrey et al., 2011). Acipenser <
o] 5+2] A Feflol] Tt 7] A-SolA BAlof Hi/oe]
o] AA7} Allefol Hxbgo] Aol vlsl iAoz 2 o
2] Z]&(diameter of sperm head)S- 2=t} B 1% o QJZ|qt
(Psenicka et al., 2007; Hatef et al., 2012), & &1 A3} = F7F
AR} A719] Zpol 7k 4 A O 2 AGSIR|= G A o= T
cHETh Bh 2 Aol A S Ugt eAlof HPFo] HHZ o] &
sho] AARSE 3E 9 2jAlo} Ao TEE vl oA 23]
A& AEolA o w2 s TEEET, o= 7 A9
T AE Y] A e A Bops G o] gL o B2
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Fig. 1. Fertilization rates (A), developmental speed (B) and embryonic viability (C) of Siberian sturgeon Acipenser baerii (AB), Russian
sturgeon A. gueldenstaedtii (AG) and their hybrid offspring (AB @xAG &). For each genotype, four fertilization groups were produced by
1:1 individual mating using two females and two males. Abbreviations of developmental stages are just fertilization (JF), eight-cell stage
(8C), blastula (BL), onset of gastrulation (on-GA), 70% epiboly cover (70-EP), onset of neurulation (on-NE), neural tube closed (NT-cl),
pronephric duct collected (PD-co), heat beating with s-shaped heart (HB-s), tail reaching heart (TRHt), tail reaching head (TRHd), and the
first advanced hatching (1st-H). Data from fertilization batches (A and C) were averaged within a genotype (D). Mean+SDs with different
letters are significantly different (P<0.05) based on ANOVA followed by Duncan’s multiple range tests.

2 7)37) o Bk

ol A e o] -, 2] AV (TRHE THA)7kA o] A -
bl M= Al 2lof d o] Bl 2jalof dahAare] oFxlef &
Y &% AA7E 2 Aok glglom, SEE v oA oF
A7} SR A S22 LR QTP>0.05). SRAIEE E] Al
A7) ol% 22 FoP) dojurs AIRZIA 9] 7172 A2k
A7) gAjof A Ato BTl §-9]A © & Z9F31(P<0.05),
%) 79 AR Ald|elo} ATkArol o} ARHITHP>0.05)

(Fig. 1B). 322] A7) o] & x| & F3tA o] Ao} Hi/to]

ol A Allefol HRHgo] & FE ol Blsl A AE= Hegt
fRlof| tsfjrl= 5 A5t7F et Aefolw 3} M (hatch-
ing gland)©] Wk 9l X3} § 4~(hatching enzyme)2] 24 Z}o]
ol Tt AsFsA xAEo] e g Zlojtk(Nagasawa et al.,
2015, 2016). gHH, 2Alo} AZPdo] v o] 95 Ae] F(outer
jelly coat)o] AlH|2]o} Mool Hal| o FHaL fAJo] Kt
rhs 2 2o) B E| gl =d|(Park, 2018), o] ¢JA] #A|o} H7t
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Fig. 2. Temporal patterns of hatching event in Siberian sturgeon Acipenser baerii (AB), Russian sturgeon Acipenser gueldenstaedtii (AG)
and their hybrid offspring (AB $*AG &). Mean+SDs with different letters are significantly different (P<0.05) based on ANOVA followed

by Duncan’s multiple range tests.

gofollAe] |z HaPrt A o8 A Ax = 2 Ao
Ao} Yol A5 3hrkar Az

A w o] FefehA S0 A, 2 dAtoll A 2ARRE 37 1
vl T1F Bl A A A gkl AR F Zpol 7t glleh S
A3 ZE oA Ao o o A |, 7] 5o Fofl whet
S-0F T2 A th2hal 7|4 % vl QLo L(Dettlaff et al., 1993),
2 A0 - Ao} Mol 9 gjAjof ARPFo] miRo
A A HZF7E Qo] R T S-S FE A o' A6
TES 4 e S0 W 2o AL BT sk 3t
Apol o] A el A - E S HF FARSHth(Park et
al., 2013b, Kim et al., 2018).

HEAY Hlf o] AYE-E(embryonic viability)S 53} 24 A7 of A
ST A}, Aok Aol o] 4 1552 68.0-88.5%
O HEES, BINoF APl Y] 4 1552 23.7-58.5%%F,
)3 0] S IEES 64.5-89.0%0] AEEE UEh
AUrh(Fig. 10). 2} wuft WollA =4 159 F-9221 dxt
7F QAN et Fak SRt HlaL Al AlH 2o} A
0](78.0+ 10.7%)2} E(77.2 + 13.2%)0] A& GARsH 5220]
AZ2-0 RN QL T(P0.05) A of B7HAFO](41.1+ 19.3%)
7H AR o2 W S-S B ok(P<0.05) (Fig. 1D). whaf
A 2 At Aif=s B E Aol Aot np7 A 2 v 250
735 ARERE FA O] Al of ok A A Q] kS S AlAL
ShaL glom, i Aol A f-=3k E9 -4 % AHA 7 el o] A

[e]

&0l FEAY e 7IAA W= & Sk

B3l Z= AT™MX|Q AL AlZt

_|

|z H3p7| Hzhe 2| SR E HSl(hatching event)7} F= &
= A7 9] AZKtime window)2] 73-5- AH|2lof Z1bge]
7k e Afot M3 dolof vls X A vrebut 7]E0] B ek &
U 25} o (Park et al., 2013b, Kim et al., 2018), <& 115
O] 739 &AL Al efol HR o] 15} frAkskATHFig. 2).
Al efol L olet F T1E0 4% A Falrh ke Al

ol A 3 ofiff AL hAFE] = 7} Fatol AE ekl al(HE
H3-8=100%) th-22] vii= 194 9 24 4] o5 F-3H(mass
hatching)7} Qojih= 2 0= THFE QITh. hA|TE g AJo} A3t
golo] - vlE T A T 1A 2UA 7Y e HIE R
Fo7E S = QAT O A = 74 E LEeat 2] 3UA o]
o= A vl viEol A Farh A el on =20 6
Ay o] ol = Y Fo}ehA] o= w7t 2hEsH T FF 73}
£=87.5+3.9%). Acipenser 52 5 A Aol $=A= v J
tHembryonic batch) U A 2} e 2317} oji= A|F o] Hijo} F
2 2 HAE o], A A RFRE 2F £33 FRA7A
4= o o] Aol A 7ko] AQ E]= A 0 & o)A Qlrh(Dettlaff et
al., 1993; Chebanov and Galich, 2011). wfj&of F31e k=)
o]} oA] KLolohA| oF-2 vl 7} 5 ol A Bl A A&
Aotz QIF-EAMY AL SHOA BljE 28] 4 e W H
shrto o] he]of| EHehE 2afish, B3 23}t T2 Al A
A& Aol Hhd A E 2t F-3} 2o Hdo] F4dE 4= Q)
o] ®ag v} Jtk(Park et al., 2013b). o] &5t EA AL =5
pigment vjEo] T2 A 2l Ho| 3 Alde AsHA
517] of 2] ¢] Zpol o A& W ] Aot o7 e = e A
A9l A o7 Al A 4= QlokaL oA] Bare v} Qlek(Gisbert
and Williot, 1997; Gisbert et al., 2003). T Zof| 2| Qo] 2]
off 3} 2 wfobo] v =5 2 AT OB T 1E F
3} % 7] 3Ksynchronized hatching event)E -3 %= 3517] 9|3t o1+
S0l Y vl Lo, gAJol Aol o] -9 Al |of Azt
Zgofol vlsf| L Ak} A o = Wrhal Harg v glo] 2 4
9] At} A ]3I th(Park et al., 2013b; Kim et al., 2018).
2 Aol A, HFY] R} 5713 sl A QL Ao At
Folet FAFSHA Urehst=tl, o= $HAT 2% F3F AR of] Bt
Ao} niz7A| &= Aol vio] o} s o] o] E41 I
HotA dtE]o] Yl HolEth uheba] 5 2 AtollAl=
AAYSEA] o2 AdRtael (reciprocal) £E(S, 2fAloF H1dol
AT Al o} AP At A )e fFrieshe] Adrtuny



27} 27} o = o] FE E X

Al ol Aol et glAlob o7t f = AE Aol g5 54 279
2 o
= . B 2 o
2o “’g-o 24 foC) ° L= E;
58 g2 S¢ 3% w @ 556 =
Q2 ng =] cc o 2 c c
e S5 9 2 E T8 @ 8 7 9]
g0 ge 8 g = cS 279 B3 £
& a 8@0 gm o® g a S 2
0 o 2o 0 2 E S o T O 55 a5
Qs c o9 C 5 ‘5 E = @ 9 52
aQc T n T 3 = a 8 279 ¢ ©
T S 585 52 %9 a8 o E g ® 3

Siberian sturgeon & B8 259 28 2c 38 %8 Z 2g
i€ = o ca o€ 698 o s

hybrid sturgeon

o

Swimming -up & drifting behavior

]

_________________________________ >
Pelagic swimming ------------------------ >
e >
in upper water Transition to benthic swimming & schooling behavior ~ — oo ______
column Inactive post-schooling behavior

Russian sturgeon

A + * o A h *

Benthic movement & early corner-gathering
Inactive post-schooling behavior

Fig. 3. Schematic summary of the behavioral modifications of Siberian sturgeon Acipenser baerii, Russian sturgeon Acipenser guelden-
staedtii and their hybrid offspring during prolarval period (Day 0 to Day 9). Time points of characteristic behavioral appearances of Siberian
sturgeon, hybrid and Russian sturgeon are indicated by open, grey and black markers, respectively. Behavioral criteria assessed in this study
can be referred to Gisbert and Solovyev (2018) and Kim et al. (2019).
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Fig. 4. Phototactic characteristics of Siberian sturgeon Acipenser baerii (AB), Russian sturgeon Acipenser gueldenstaedtii (AG) and their
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are significantly different (P<0.05) based on ANOVA followed by Duncan’s multiple range tests.

Fo] Hnbel
L oh A AAT 5 9otk 2

G WEU sfelo] RARTE BAS o g
= QAo A o8t B 24
3 o2 heFe A E 2 MaS(Role] W, 479 A7,
27, £ 5)8 1elg 7P 24} oA £ A7 A 3

wrgal] 9ls) Was Aot

a2 44 EY

9 4B 24} AT 55} 1207)9] Alsjzlol H1take] 2ol
£9] {3 Al A Hrtghe do] w]3ol x| oo w of
37] ASI A, 105 3t 3 i A G 24l B
3548 0%)~°l BR -ojol4] mE2] 99ich. BR -9 2]

l-o
:T':oh,_l>4
_=|~1

429 7jAqto] CZ F+(H 4t 3.8£0.4%) 1= DK
12740 4%)0ll4 TSI 53] BR 708 o
E fREL 5 mHo R Suke} el Zof ¢ &
fi 3-5(scooting behavior)S X ol&= 5 AP A OF

(

O
-
)

AN ox ot < i X8 ol fr
Ik 1

24 54 2 wegslglon 5 Adlelol 254l
Tslxg 5101 of Tt A H 19} & U 2|5 tH(Gisbert et al.,

—
Ne)
Ne

\.@

m and Nam, 2018). HFH 23} 14#| Q] gAjo} At
o E 2 ﬂ T mo A = QIAIRE DK ol A (Bt
474£6.1%) 7P =2 RIE 2 PR QI 71 ohg CZ 9o
A(H 32.1+3.6%), 12|31 BR Fol|Al= Algjd oz 7}
% A& vhe] rto] T o (Fat 20.5+1.9%) AlHl2lok H
Wdoieh= B S e ITHP<0.05). &2 7%
HA Hrbs 2A 9] Aot F o fARE RIEE UrEHH
o] BR, CZ 9 DK 904 27} 90.0 +9.4%, 7.5+0.8% 9
2.5+0.4%2] WIS Vel i Th(Fig. 4).

H3} 3R O] Aol S5t/ WhE 2ARS AR AT A
Hlgjol Aidol 2 4 152 B3t 1972 Sk 2k
LEFH S, BR 9ol 4 9] Alue]o} HiH4to](94.8 £8.5%)

W THO3.1£9.1%)E 7213 2ol A A 9k
CHP>0.05). SFARE Ao} HiHgol o] A5 73t 1U4] Het
BR, CZ 9 DK 93t Ao HI&of o] 7} B 4 3he o] 75} 3
AA| DK Lo A 4] Q] AFo] HI%(73.5 +6.3%)7} 53} 144
(47.4%6.1%)8} v| 1. A] 34| S7FFATHP<0.05) (Fig. 4). Tk
2ha] B A Ak Alulelol AEbipe] 23iat ejAloh A
of 77 G FE-L Aol whet 27)of mA|Ql Aluelo} B
Aol oF kA 2 A EE oA Z23A] EAS /1AL of 4
Si5ich. eI} ot 190 5 30 el CZ 7900 ol
HF #pof 2] Rl=7} AjH2]of Hipgofol wsl =7 W=
S B Z2(P<0.05) #==1F B A 150 58t 7548 AEE 7
<A oS A8 W] flsiM e 5 A ACEE A7,
FA7A ] 0|5 A e, B A7 50 A5 2 HIL B+
7k2 B Aolct 3 el Bakage] Aole] 49 5}
A B Fzfot Yk ASHE G, ol Aol Azt
Aol zpole] e FE(A=2u] we 5) R 9 7] FE (=)
I:H—EJ—)E o8] 5540l H 3|1 5Yo| Zr}elg7] YlEo=
7|, Ao} BTkAge] Ahole] A mefu] 9 4|2} dhgto] 1
3} 34207 Frs] YR Feel 9 WS A 4E
Stk (Dettlaff et al., 1993; Kim et al., 2019).

o] Ako] ﬂﬂ]-oﬂ/ﬂ A glo} A7l e Th 2lA| o} A 7FAro]

R A A2 A 5 ol ] el T
s, 48 45 vlolo] ) 9 e EAE 0] 4 o

SeAoR L}E}”E‘r 13} ol & {3y %“a‘éf e U g4
574 & Akol Al7](prolarval stage)©| £-52] 27] 4= A4
AR 2A| 9] FAut o] fAfskGIT) wheba] & At A at
£ AB £ XAG § {5 44FS o= QAFTAF AL A]
Apo] Aol A Al efol HRHgol o] Zpo] AAL Hl whe] 27-E
F8 4 USS HAFI gt & A E EY & Afol7] o] ¢



Aol A o B o] 25 WA oFe] A4 B viak HA]
o 95t 34 W71 Hiefeto} & o,

Ab AL
o] AT ¥

olaA 42459}
241 T ool

Ariot A8 3elo 12017 A2l
QT obed Pl AlR Bhuo] EgS
2P lol] A= o,

References

Bartley DM, Rana K and Immink AJ. 2001. The use of inter-spe-
cific hybrids in aquaculture and fisheries. Rev Fish Biol Fish
10, 325-337. https://doi.org/10.1023/A:1016691725361.

Bronzi P and Rosenthal H. 2014. Present and future sturgeon and
caviar production and marketing: a global market overview.
J Appl Ichthyol 30, 1536-1546. https://doi.org/10.1111/
jai.12628.

Chebanov MS and Galich EV. 2011. Sturgeon hatchery manual.
FAO Fisheries and Aquaculture Technical Paper 558, Rome,
Italy.

Chevassus B. 1983. Hybridization in fish. Aquaculture 33, 245-
262. https://doi.org/10.1016/0044-8486(83)90405-2.

Dettlaff TA, Ginsburg AS and Schmalhausen OI. 1993. Sturgeon
fishes - developmental biology and aquaculture. Springer-
Verlag, Berlin Heidelberg, Germany. 1-300.

Gisbert E and Nam YK. 2018. Early ontogeny in the Sibe-
rian sturgeon. In: The Siberian sturgeon (Acipenser baerii,
Brandt, 1869) Vol. 1 - biology. Williot P, Nonnotte G, Viz-
ziano-Cantonnet D and Chebanov M, eds. Springer Interna-
tional Publishing, Cham, Switzerland, 131-157.

Gisbert E and Ruban GI. 2003. Ontogenic behavior of Siberian
sturgeon, Acipenser baerii: a synthesis between laboratory
tests and field data. Environ Biol Fishes 67, 311-319. https://
doi.org/10.1023/A:1025851502232.

Gisbert E and Solovyev M. 2018. Behaviour of early life stages
in the Siberian sturgeon. In: The Siberian sturgeon (Acipens-
er baerii, Brandt, 1869) Vol. 1 - biology. Williot P, Nonnotte
G, Vizziano-Cantonnet D and Chebanov M, eds. Springer
International Publishing, Cham, Switzerland, 159-172.

Gisbert E and Williot P. 1997. Larval behaviour and effect of
the timing of initial feeding on growth and survival of Si-
berian sturgeon (Acipenser baerii) larvae under small scale
hatchery production. Aquaculture 156, 63-76. https://doi.
org/10.1016/S0044-8486(97)00086-0.

Gisbert E, Williot P and Castell6-Orvay F. 1999. Behavioural
modifications in the early life stages of Siberian sturgeon
(Acipenser baerii, Brandt). J Appl Ichthyol 15, 237-242.
https://doi.org/10.1111/j.1439-0426.1999.tb00242 x.

Hatef A, Alavi SMH, Rodina M and Linhart O. 2012. Morphol-
ogy and fine structure of the Russian sturgeon, Acipenser
gueldenstaedtii (Acipenseridae, Chondrostei) spermato-

o7t frEH HE Aold] AF EA 281

zoa. J Appl Ichthyol 28, 978-983. https://doi.org/10.1111/
jai.12056.

Kim DS, Nam YK and Park IS. 1995. Survival and kayologi-
cal analysis of reciprocal diploid and triploid hybrids be-
tween mud loach (Misgurnus mizolepis) and cyprinid loach
(Misgurnus anguillicaudatus). Aquaculture 135, 257-265.
https://doi.org/10.1016/0044-8486(95)01031-9.

Kim EJ and Nam YK. 2018. Anesthetic protocol for microinjec-
tion-related handling of Siberian sturgeon (Acipenser bae-
rii; Acipenseriformes) prolarvae. PLoS One 13, €0209928.
https://doi.org/10.1371/journal.pone.0209928.

Kim EJ, Park CH and Nam YK. 2018. Effects of incubation
temperature on the embryonic viability and hatching time
in Russian sturgeon (Acipenser gueldenstaedtii). Fish Aquat
Sci 21, 23. https://doi.org/10.1186/s41240-018-0101-4.

Kim EJ, Park CH and Nam YK. 2019. Ontogenetic behavior
of farm-bred Russian sturgeon (Acipenser gueldenstaedtii)
prelarvae in a diel photoperiodic cycle: behavioral modifi-
cations in response to light intensity. Fish Aquat Sci 22, 4.
https://doi.org/10.1186/s41240-019-0118-3.

Kim KY; Lee SY, Song HY, Park CH and Nam YK. 2009. Com-
plete mitogenome of the Russian sturgeon Acipenser guel-
denstaedtii (Acipenseriformes; Acipenseridae). Korean Fish
Aquat Sci 12, 35-43. https://doi.org/10.5657/fas.2009.12.1.035.

Loew ER and Sillman AJ. 1998. An action spectrum for the
light-dependent inhibition of swimming behavior in newly
hatched white sturgeon, Acipenser transmontanus. Vis Res
38, 111-114. https://doi.org/10.1016/S0042-6989(97)00163-
6.

Ludwig A. 2006. A sturgeon view on conservation genetics. Eur
J Wildl Res 52, 3-8. https://doi.org/10.1007/s10344-005-
0006-2.

Nagasawa T, Kawaguchi M, Sano K and Yasumasu S. 2015.
Sturgeon hatching enzyme and the mechanism of egg en-
velope digestion: insight into changes in the mechanism of
egg envelope digestion during the evolution of ray-finned
fish. J Exp Zool B Mol Dev Evol 324, 720-732. https://doi.
org/10.1002/jez.b.22660.

Nagasawa T, Kawaguchi M, Yano T, Sano K, Okabe M and Ya-
sumasu S. 2016. Evolutionary changes in the developmental
origin of hatching gland cells in basal ray finned fishes. Zool
Sci 33, 272-281. https://doi.org/10.2108/zs150183.

Nam YK, Lee SY and Kim EJ. 2018. Evaluation of candidate
housekeeping genes for the normalization of RT-qPCR
analysis using developing embryos and prolarvae in Russian
sturgeon Acipenser gueldenstaedtii. Korean J Fish Aquat Sci
51, 95-106. https://doi.org/10.5657/KFAS.2018.0095.

Park CH and Chapman FA. 2005. An extender solution for the
short-term storage of sturgeon semen. North Am J Aquacult
67, 52-57. https://doi.org/10.1577/FA03-068.1.

Park CH, Lee SY, Kim DS and Nam YK. 2013a. Embryonic
development of Siberian sturgeon Acipenser baerii under



282

ot
Mo
)

hatchery conditions: an image guide with embryological
descriptions. Korean Fish Aquat Sci 16, 15-23. https://doi.
org/10.5657/FAS.2013.0015.

Park CH, Lee SY, Kim DS and Nam YK. 2013b. Effects of
incubation temperature on egg development, hatching
and pigment plug evacuation in farmed Siberian sturgeon
Acipenser baerii. Korean Fish Aquat Sci 16, 25-34. https://
doi.org/10.5657/FAS.2013.0025.

Park CH. 2018. Artificial seedling propagation and caviar pro-
duction in farmed Siberian sturgeon (Acipenser baerii) and
Russian sturgeon (4. gueldenstaedtii). Ph.D. Dissertation,
Pukyong National University, Busan, Korea.

Psenicka M, Alavi SMH, Rodina M, Gela D, Nebesarova J and
Linhart O. 2007. Morphology and ultrastructure of Siberian
sturgeon (Acipenser baerii) spermatozoa using scanning
and transmission electron microscopy. Biol Cell 99, 103-
115. https://doi.org/10.1042/BC20060060.

Ryu JH, Kim MS, Kang JH, Kim DH, Nam YK and Gong SP.
2018. Derivation of the clonal-cell lines from Siberian stur-
geon (Acipenser baerii) head-kidney cell lines and its appli-
cability to foreign gene expression and virus culture. J Fish
Biol 92, 1273-1289. https://doi.org/10.1111/jfb.13585.

Schrey AW, Boley R and Heist EJ. 2011. Hybridization between
pallid sturgeon Scaphirhynchus albus and shovelnose stur-
geon Scaphirhynchus platorynchus. J Fish Biol 79, 1828-
1850. https://doi.org/10.1111/1.1095-8649.2011.03123 x.

Shen L, Shi'Y, Zou YC, Zhou XH and Wei QW. 2014. Sturgeon
aquaculture in China: status, challenge and proposals based
on nation-wide surveys of 2010-2012. J Appl Ichthyol 30,
1547-1551. https://doi.org/10.1111/jai.12618.

Tsekov A, Ivanova P, Angelov M, Atanasova S and Bloesch J.
2008. Natural sturgeon hybrids along Bulgarian Black Sea
coast and in Danube River. Acta Zool Bulg 60, 311-316.

Zadeh HE, Rafiee G, Eagderi S, Kazemi R and Poorbagher H.
2013. Effects of different photoperiods on the survival and
growth of beluga sturgeon (Huso huso) larvae. Intl J Aquat
Biol 1, 36-41.

oy
flo

o



