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] (Acipenser sinensis Gray) BITIGEHIEE%E, FEMAGEREESE.
Hifg, HRIAKIT. ROHHEEREN, BERD, ETEL, KIHHKEYE
S, RLARELE . 1981 4 KIT SIMHUKF TI2AG RS T o 437 0Rimis il 18,
A b EMPRRSE R — S, PERMHZERn. SHNTHER
ALERAT 1983 FHRRBEIIHEEES . 1988 FEREREFTNHE—RES
RirEiYr. 1997 EREFHRETHEFUELER, LRI THFETNEE
REMEA. FAMHALY, XTPERERRENMERESN, EHEWEIMT,
T2 = AT 63 7= SO B AR AR R O HE VR TR, IR T EMEE.
EBHEXPHEGRIEAHEARETILE D, RREEENRTRXT ST
ERRME. FREBEPEGREBENRTRENATANRAERIIIE £
EBRIILITER:

1. PESIRIRA 2 A BT, 3 HREAMEE, 40 QBHBEMRRET
. BMEA 3 QRUAEEROREAR, o ARSI aK, Z®UM
BRA+EERRTREE. BHRE, WEAREERSRE, WTaME g e
¥n, #HEVMREEDEEE, SEAMZSEARNEEL (ONC) &
SMZEAREZE AT AR ELE (ON/G) BT A. B/ st 4 H
BB 6427 FRKE 91 HieHy 11.3°. 16 BRH I IMMREZE S KN, 25 A&t
BHRMEE. 0~8 FEREB T EFE 100%%, 9 HEHEREXRTY, 10 A
BEHTECREE 45%, 12 QR XFEREFA, #51%, 17 B XKERT
1005 B U RFAE. 9 H#-17 AERPEGUMRERHIRERE R LT
HHRER TR, XHZESENFaRERSA, RaRENESTIBRER
T AW EATER.

2. PRSI EEAAES. LTE. &, LR, SRR, ZifkEaR
R, BEETHE. LEOHAKY, WIS ENRE. SERENERE, 62
RAWEBRELRD, REERIA. AERRAWEM. ANKEEEEFER
SEYMEE R —0, HEMEBERCESINE . OWERE I IES A
METHEK, SBERAERTERITY, SHREHEAGH. F4E4 9
HENEEE—MIERK, BEETKIEM, 30 ARHMRELRT S, Kb 12~
25 HEhta R . PRGN EEZAYEBETS, RPREXMTESS
REBREETRETAPERTAXA.

3. PRGMERED B LT MRABETRMEF DS, P46 12 ABER
kAL, 18 R TE AR TEBMIZR. 4633 3 A BEM R RIBIRE ¥ WE
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1T, MERRBERAMRESERN. HRNRREERERN, KREZME
BEMITETE, #— 5 HRRETARN. BEMORARNERENRE CE,
ARSI R AL A R A R BRI R . P kB EAMRN A R, &
JERAMHEMEMET R EAE.

4. 83 7 ARHYIEREREITETY, RERSBNER, EEEFEYE
MESE P RAKE. 12 BRNYEEEITEZRSAMEERERE, VSRR
HE PR th IR R R [ 8. PRI AR PRI R SRR EAT A, Xf Bingie
TR 0 FEFEAIEERALERT A, TUAEAESIRERN, EYFER
WEBRFEEHNEDRESETRE.
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Abstract

The Chinese sturgeon (Acipenser sinensis Gray) is among the large anadromous
species that involves riverine spawning migration. It lives mainly in the East China Sea,
Yellow Sea, Pearl River and Yangtze. Spawning timing of the Pearl River population is in
the spring and in the fall of the Yangtze River population. The Pear] River population is
likely extirpated due to overfishing and habitat modification. The spawning run of the
Yangtze River population was blocked and the population greatly reduced by the
construction of Gezhouba Dam in 1981, Because of the overfishing and other
environmental stressor, the Chinese sturgeon has become endangered. The artificial
spawning below the Gezhouba Dam was successed in 1983 for the first time and has been
continued since then. The fish was listed in the National Class I Protected Animals in
1988. In 1997, the aquaculture on large scale began in China and since then the offspring
at different ages have been grown. By the beginning of this century, great progress had
been made in the fields of morphology, reproductive biology and, especially, reproductive
ecology and stock assessment of the spawning population below the Gezhouba Dam.
Knowledge of the early ontogenesis, especially sense organs development and their
behaviour function remains rare yet. The author studied the development of sense organs
and the behaviour functions of Chinese sturgeon. Conclusions from the studies are as
follows:

1. The eyeball of 2 d.p.h. (days post hatch) had iris and vision nerve appeared at 3
d.p.h.. At 40 d.p.h., the eyeball was developed completely. At hatching, larvae exhibited
an undifferentiated retina. The retina of 3 d.p.h. had cones (C) at high density. The rods
appeared at 9 d.p.h., and it is assumed that at this time the visual system was developed
completely. The density of cones (C) and ganglion cells (G) decreased with proceeding
development, while the density of the rods (R) gradually increased. The ratio of nuclei
of the outer nuclear layer to ganglion cells (ON/G) per 100um increased, and so did the
ratio of nuclei of the outer nuclear layer to cones (ON/C). The minimum separable
angle (a) decreased from 64.2° of 4 d.p.h. to 11.3° of 91 d.p.h.. Retinomotor responses
first occurred at 16 d.p.h. and became remarkable at 25 d.p.h.. All of the larvae
preferred illumination from 0 to 8 d.p.h.. The phototactic ratio decreased to 45 percent
at 10 d.p.h.. and began to increase to 51 percent at 12 d.p.h.. Till 17 d.p.h., the ratio
came back to 100 percent and remained it. The investigation showed that the structure
of the retina changes rapidly from 9 to 17 d.p.h., which is a transitional period of the
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development of the visual characteristics. These changes in visual structure of Chinese
sturgeon are adaptive needs to in agreement with the feeding requirements and the
connected ecological shift from surface to benthic habitats.

2. There were taste buds in barbel, upper and lower lips, tongue, palate, gillrakers
and pharynx. Taste buds first occurred in barbel and then in lower lip and upper lip, and
last in pharynx. Number of taste buds in tongue was most and lest in gillrakers and
pharynx and none in esophagus. Taste buds in barbel centralized in one side that not close
to venter of rostral. And the number became less from the basal to the end. Taste buds in
pharynx could distinguish normal feed or not. The first primary olfactory lamellae
developed at 9 d.p.h. and the mumber increased continually. Olfactory sacs were
developed completely at 30 d.p.h.. The developing stage of 12 to 25 d.p.h. was greatly.
Chinese sturgeon didn’t show any tropism to far feed. It showed that olfaction is not so
important in feeding.

3. There were two kind of lateral lin in Chinese sturgeon, one in head and the other
in trunk. Lateral line in head was developed completely at 12 d.p.h., and that in trunk was
at 18 d.p.h.. The response to stimuli of the larvae is to escape not attack. When the
vibrating stimuli was so near to its body, it swam away from the stimuli and escape. Ratio
of response to stimuli increased with developing. The response above the head occurred
firstly and that in other regions of the head and trunk was occurred lastly.

4. The rudiment of pit organ in rostral were developed at 7 d.p.h.. They centralized in
midsection of venter rostral. Several pit organs were collected into cluster in venter rostral
at 12 d.p.h.. Then few pit organ appeared in lateral rostral and around the eyes. It was
obvious response to escape from pontil for Chinese sturgeon. There was no response to
the vitreous. The fish fed live oligochaeta instead the dead. It showed that Chinese
sturgeon depended on pit organ to sense bioelectricity to feed.

Key words: Acipenser sinensis, development, sense organ, behaviour, function, ontogeny
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R R TRE, HAaREMAERE L (early life history of fish, ELHF) B EX,
IR AR B P RSERLME. FARMGBASIREN (RS, 1993),
KRR, 5. TV B ES T ESASHOEE. Rl
E—AERTERLONY, BEEAREHTAE 1%0aNRETX—%, 4
; 2 B I TIOR8 B RV IR ST R P MR B FR T RO L. 20 HHA2
| 60 FEARLUR, BEEREHLEMEFOESETHRIFNTR, TEF LS
1 BEN, RERBRNKFREN—MHTRE. BB (1991) 9HERREX
‘ — S EEFRARS IR, ERERE, EEEAERTA 199 ELUkE
| FEREMRT2NHEAS, RELEANT, .
| 1.1 BREFRRHESS
KM S R A S HE R LR MBA LGSR, FHREQRN. A
KGR M E FARRBEEY. AXRNEEENER— M ERAL -
P s b AR KRR, ERT R AR S EOMBYFE. N
BB A KN ERA (P, MANSARE, DS ALeRERMmE
EEALNE, AT, o
JER? Cembryo) 8] MM TFHENSIIIL, REOSERAAITR, EFREHMENRL
T4, MEIE A RFERTNRTREN, AUSFHIRTY. FERTHIEE
REAKENYE, SREBRAFLETAPERREHANL.
40 (larva) 38 FFREFHLIE, @EHAFAN. VIMFAGEEY, MR
EtE, MEEBIWRIKATR, SHLMER, THE, DRBLERTR
| &, H—KHERIENERE. XAMNE, ST ETNITFE (yolk-sac
| larva), FRAIFR A ATIAFFEL (pre-larva). SEEISEREBER R, {HLARETR B 8L
' AN E. AEBRYTRAGRE, WRENFOTSRERSE T RSE.
| G, WEFOaME—SRY, B, 8, DRSS SR, BRE IS, &
| HRRY, [FATFHEEEN RS, MNFa—RSETHESTR, SEid
' WAEEER—KE, WEALRARE, BNRBRATRELEAUEERNEYCH
E.
A (juvenile) §1 A{FARE I G HEY. MWRTEZRTFIFEMSENK,
BEEAVIE R, BUESKRRTEISE, EREAGAMNEE. BHs
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—BNEFREBHA, HENARRNERFACEAEE R, KSR
B R A LB FRAEECS X,

SHFEHERGARRAAFR LR LS 5, BREALRE JER). ff
fa, HAaZINER, UTEETILNE RS B4 S LR B A A

—HMR AR E A K R AR R, % “FbbB” BHER—EXTE
#, EERATHRENPPBEIMEYT. WAHBHEELRENZER, b
BRAEANEIATARIE, HRERELEANESR, HRELAET ETAMG
. RHRIRAERE ERRESEMRS HiE, EX—FiEZH, FREaEER
RTIBFR A BN Cegg), HHLERAMA (embryo), EH Y & HBILATA D A
SHFIRERG PN S IR RS MO P th A A AU 1 (pre-larva), BREIRAS
# (yolk-sac larva). B 3fFf (early-stage larva), #1MIfF £, o 85fFf DU RS H4F
# (post-larva). BRI{Ff (late-stage larva) FIE A&ff€f (transformation larva).

SGi—HRAUTOEREARYERPFANTR, RBTIFOEAX—~F
T, WATFARBEEMRNEFAERER L P HFRIEENT L, THERLES
—AMEAMAEZENER, AN BENAELEE RISMEHEE R ML RE R
HRFLMEXRER. # “TFOEE” LRRERY “BEKR”, X—FERERLT
&, RRFEAF LA 70 FRLG, REXATRHF L, FHT RS
EHIERS, 12T BB (eleutheroembryo & free living embryo) F9#E2, HN7ER4L
W, JTFORE LAY, X—rRa A EBhE R RERAFR b B R BE.

A SHaInE oA TR S FafiX S ERanE, EFAL
WAFEERN . —RUASHE WHERERMFARERNEEIME, Ham
RABREEERANFE, HUSEFUERLARAKMELRELY, TH,
H. B s EFRERNT “B” FRANARNE, SR eSRESERR
SHEAHNER, X—HNEE—MEENFERRERAENR. 3T
R, TR ERAEHARNINIRE, TUSHEIRFHERT B A2 8.

12 IR ESAERE

BRNRERRMAERNGXEZ—. WHREEHHEHEAER, URM
BURAEE, HEMIREEARASEN KT TR, HRE, RIFENE
8% (Sarcocheilichthys sinensis sinensis Blecker) #7A KRBT AL, WHBGTHE
TEK A BAT =GRl B e A S AP 2, BTN B FIE CRREE, 1996). HE
PEERP=SRHIXMRT B SR, tESIMREISHZ —. SO PSRN —R
BRI F A%, AMNREXD, EERMENAE, EEARRBNEZNRIH
FREZ ERGFENER. BRERRS TERBHMEAR, B E RS
A—MEERS—XAY M, MraRT. TAPETEEEM, St
eSS, FHLEENRE.
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R EHARMZHEEREEITE PR, HIBAE L2, RIEm
AR RARFIESSS, REEYEEERPORT RIS BIFE M,
RERHHAES NN EREEANES), AREBTE “RE—HEER—3BE
Sl XM EANFE. BER, AXUEARARICERTREIRE. BT
1 (2000) ERRAH L8 REME (CID) FBIEm B ARILE 13%-25%; 7ELa’
(BH L) 3HIF (Macrobrachium nipponense) SR-FEHLE 2R KRR+, &
ir La™BMt, SEFHHLRIRET 22.8%27.7%. FERER LiEBLATER K
A, TUERERNET R, BESIE. s, —HSKREEEWMRE.
BE. KEHLSEWEBRRT. XIHE (20000 KH, EXKPRTZEEREE NS
K& (Protosalanx hyalocranius) X598, FESETE 20%LA T LB MK P BT #
wiifra, EREREENART TR, £25%MEETRETERRLIMES
FRTEHL; RHELLEMIEE, BUNFaERUER LA, 20%8E % AR
Eik 100%:; 15% shRE B i fr e M TE R 5 55.5% . K BR A 100 B F th LL /™,
e, EXRAWKERKER, TE, REK. BHGE. AFARATEY
HERGMWEER, THEPFEHEHE L. BABLERE, AR AANES
R8s (BEMR, 2000). Tk (1999) MAERERFE, MERELE KT
OBFYAE L Zn2 H P EBE0E (Eriocher sinensis) =52 FELIR 77 9 B wiid
T THR.
13 FEIETEMYEXRR

IFEFAOSBREPANFA, FURNE, RS HRERAMIET, K HFEA
BEN. FTPAXMFATRBRERERBRCHER, FEEHTEN AR
PEAHERN . A& DN A E BT iE sy CREGHE, 1998; REFEFRBMET, 1995).
AHi R (PNR) SJEAMASZMAE N A A ZNENEED. ATEERfFE
i Z ORI RS A, FFATURERZ AN, RETEFE—BE, ECEHEF
ATtk SR A e (BaFR, 1993), AL, R L B eam 2N EERER.

HFAMREAAMMUEAFEESTRPH— M EEARTZEEN, FRREAT
MNEERHERSEH. KA NEHANESREREAE. BEENAS,
¥ (Siniperca chuatsi Basilewsky) ff 1)Uk HL 8 E RS, Bl 28CE, F
BIIUETN ZH 2B TR, 25 CRX IR 2 0B E (GRBE%E, 2000). FREM
FAEFENRRETHIRERFHIWZ AW RMR L, L (Clupea pallasi)
¥% (Gadus macrocephalus) %7 W5 (Yin & Blaxter, 1987) LI RZEIURIRAT
W5 {F A7 S22 (Ehrdich, 1974; Blaxter & Ehrlich, 1974) ¥HFiliE. #HE
(1997) XEH8] (Pagrosomus major) RMAFAEFLENRTEHE. (Kb H0EF
HRTER ERAME R M AaBEREE -2 EX, ARt THRENTE
wEAREPHFAHEL. BMNERIR, ZRSMEREANMNRENGFA, XN
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FE R TRHIVRF A E TR R, IR R T RR
TR EEE, £ 2 RTERHFALGEENERITE, TRHEEER
BifE, ARESCAMNEVERR R f, ORI MR (B2 TR, 1989).

MBREA—HEFEEERRE, RFRARTEHNEIERRZ —, BREZIA
e, FERVRFRAMREE. T8, &8, EBREYL LR IERNRSE
RIFHEEMAILE, FETHRFREEMRANER, FAFERITFN B R B
RBRAEES B, EFRALER PR AKX E R R AL X PNR
B, MMiEEsHRETEERSER.

14 FREMNRELS

FHREIFOR N B R EWIL R EENXEN Y, X — Bk AR R ER
BARKPURAKF=FHEHETHF RSN E A NELAEY, ELFEHES
DAERALRE, EaieiEdes, HHENHEMTREZEXEE. &
X, ARUAERNENRS. MEEHNESRENATIFGHE, 2308B%
B, MFHAEERAETREFHT SR, a0 A EE T REH,
FHOTRMET &, RARHENHAFETIE. FXUEEHESHRNAR
HHAOHRE (BEH, 20000,

B R T kPR, AIFRSFHETEERIEEG M XER
AR, EERNEAERBFUESR. BREFHETENWRT, Snm
HESFRFRBES XBIER. REFURNF, wEER. #EE. VOTE
FZoh, FEFREMAWRERKH. BEh. Bah. FEH. RETENHR
AER R EE. meEE diRmyEE & C WisRATFY S P MM Z fEN T,
REREIFEREZEE GKE, 199%). EMARFER SR 5N b &0
XXHUF (Penaeus orientalis) HHYLHRE KR (BF3R, 1996). 868 418 I RE:
P=YIE K K £ ( Pseudosciaena crocea) 8584 ( Lateolabrax japonicus)~ B #a ( Trionys
sinensis) 88 (Plotosus anguillaris). B8 (Colossoma brachypomum) MPHEf

(Tilapia mossambica) WIEERMAUER, RIAMBRFE= MR ARG 20EH,
B RA SR IIEE CHKER, 20005 SRFHROILER, 1998). phéh, $xtms
FRPEFYREEAEE, BHNESHS PO ZEH. BHRZmED L
i, AAERBANAEER, HRAEFRET. REDBEKERSER, BETRR
RE. BERNEKEFEPREERRE. BRE, BHHTLRED KB
(Macrobrachium rosenbergii) 7= & (FHA%, 1997). XL (1999) KM, @
BRI eI S HHRE0 (allogynogenetic silver crucian carp) f9i5{LE.
BRARHEER, S4MLTTRHE PR (Pelodiscus sinensis) f/E KA EAF
YERERIIREG . F5b, RN A BRI R RN f (Cyprinus carpio), FHEIEE.
EHHAEE BEEW, M HERENERRERZHEN A KREEE, 2001).
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R A, —HEHS EA T RRaEE A ERRE, BEERKRRN, AaEH
o KEFMEENER, AENRE. ERSEREXNAER, SARREDL
H—EEE (BEFFFNFEERE, 2001).

AT B SIETT &, WIEAIFEE PR MR NZY. EaITEE RN
FEHEADPR, FlIMERIF. R PIEM (Oreochromis niloticus) HE piEmE
ARAFEERERNE (EH10%, 1988; SFHS, 1988). iHifE, FEHfM
(Ctenopharyngodon idellus) &JFBEECRATeRCEHTER EA M LRSS
A58, AIEEENIFHIR RN RERP XD 90-100% (B, 2000).

1.5 £KMA%

HRARNFERAERK, EMREREFRINNETARSS, bR
Me A RIERKE, ARlEER EREr LR FEFEEMR .

HAEMUERERNERKNE, THEaERBEIORE, £ATRIA4E,
EWSFEE TAKREN, NadHEEsakBEken, tE~ LETEF
M. BEHERTAET I, LAETRHERELME, S5 ERTT
Froilte, RBEEFNATFNE. Rl st EfahEa e RE
KEERNTEH, REBRILTHSUHAREMHEKER. UEARMEERRES
MEEKE. RGN EOMEEBRIFERN, HRANE—HRNALE
ARIVERFE RGN, BRITREHREaRNERARI P, HEmKE
MURRAER. T -RERARLRERNaR, JEfNhhEYyPRdatiE
rEinet, MRABHLE, Rz, afAaRESK, WEBRENERNE. TES
AR tbgE s t, LR AL R, WRBFRFEZFIEHE, PTG
BEOAR. B, =R EANFERELIT, B o i B ArAER,
FEAMNARRME, RoaXE, mREVEATEARARAZLE, BEWEHAN
FRAK EHFEZR, Bk, ERARGEENMHENEESEEKIE.

B Pannella (1971) & 1K 31 A .2 A #0912 LUK Brothers %% (1976) &K
RHAEeARNFGBRUK, AXHERHREMNMNE, ORNEECRIfaRE
Ui EBFRAPERBEENFENFR. B CFESEEMEMAERTT
HOBRMMA, FE2¥EEALEEMRETREPAFNEaLXFaRER LR
FDFEET HEMER (EXHMELESR, 1988; Jones, 1986), MiRiEFSARAEM
BREE, RAHRF. HANBRURHHRALRNRG T EABIHIT R
gD, £RHE, FXERXARARBESDRE, EIHKRE (1989) A
aff. . O A ERKRHTHR: BRREE (1990) I REMMARSE
Ki{ETHXIRE;: 5H5b, OfF8hS A AmitE, 8T EMNBagtsE
HARBEENSEME (BHF, 1992). FHES (1993) 45 LRZHIAFER
FFANKEMEH (Liza haematochila) FEKIBRA EURFTHBBHEKS. KD
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BAEKR (1996) FARBEXER (Preumatophorus japonicus) 4ita BRI
THE: MESS (1995; 1999) S3RIRRIT 48 (Aristichthys nobilis) fFRHAN
A& 5E KURMBMERMBEAIBAAREKRNER. THHREKNTA,
AR ERAMIRARN LK, Ear B E SRR MT SRR, Rk
RANAT—EMBEREN, MEWH ZHNNMEMRE.
1.6 =RAIBA

B RRREEEEPEFAEARANEEY, KRETTUS haEHE,
FEtE FE R RBERENAEYHELE, FERFERRR. KERF (2000)
SMEENBHFAELRBRRREET . BEX, MEFANALVANE, X
BAaZHERIIROREGHRS . HEE (2000 X630 (dcipenser) JEFHF LM
TR SRR TR, ENPRATE, 2ZRERNNER LR,
FERALMEARB MR, KARSTHFHAREN EHEMRIIK
Bl R, ENREERAEGZHNMAEYRGHAT, RAKAENEE
%, ANEaLFANARELRE—EMNR, MANEA “E=R" LH—2M
B ACR (ILEE, 1994,

BRENEFLHVARREARLHANEFEY, BFEREATHESH
ERFHT FHAEMENESENTA, BEXEITERRTRE, LEIHMNE
77 I HEIR , JX 2 T RT3 B 9 # R F T LA R RK 1 KR BRI BB R .
HTFEETEMRERIENMATFERRARINES, WEEESSRICRFRTIRKF
FHEREMEFNE, WD RAMEMBIRRE—DHEFNENETWRRE, W
GIRE RS T A B SR TR A R A R K TR IR H S R L = Bk A I8 V) e AR R A 1)
. Bk, FLEREESMXAEHER. AN E, FYEERERLE
KPR, BARGHITRALE ML E RRITH.
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2 BETAFMRER

BT B TR 20 VTR A IRE, BEF 20 tH2FH 45122
BHEN, MACX—HHFEERITENMVBENTE, REVALEHEEX
BT R (RS REEE, 1998). 1957 SETE B EE AN E. 1963 ETE
RERH. 1970 FEKGTITHZ R R RSWEF IR a BT AR
Bk, BEMRI, HRBAHRTANATERARGIOETRKIE. FAO (S
ERRMALD) F 1967 FEEMBR/ARBIT T &FTHNAREIENEFRSI 1977
FEEFAEEYERSL (ICLARM) EERFGIFHSN L ETITR T AETH
URS#E, FEVIARR, BREGEARITAETEKERETHNE SERHL
N AR T RNEEENE. 1992 EEEFHFIEFS (ICES) EMETEIFTM
BRAMERHHE XMaRTHEERSD, SLRATERRYEFESRE. il
BREHE NSRS AR ART N EMBABLEE. B, AXRITHERNRE
DA MR FHaRNEEFSER, ANSRLRENRPIEELEE
EPIRR.

ARTAHZEMFAHF LM ERET EANEINER, ME BRI
RIER, REDGNITAMARIFAEMEEGRNES. AaXTHER—E
ZMERKRE, EiThite ERm A REFYREEER ., EEXM
HEEFRRE., Sl RERIBEERR, BiEHEARONA, HREFFEHER
B b ERT AR, EARAER. RUFEBRKBKSEFES R aRITY
WAL EES, XEESaRITHENHREFEMR, Hit, aBFH20AMAH
BHEEASIFTAGR, B R R R AR 8 B R B A
2.1 BETAZEMRAE

SRR FAZE 22, 000 &7, NPEPENHEHANRIEBOEE:
MR 5000 KU LR E RS REIFEEAEHE: NERE 0CLUF A RKE IR H
FaRMER. ARNTAEENNESHEFRINFEZ IREEEENAE,
TAMTBHRESGERIVEFNXEZ —. NZ—AREUFHEHRARITH
MR ATEE,

BRITAEGEEERE. AREEY, K25 HFETVNRR, HLAKH
RAENZARENT LA K.

2.1.1 8RTAREENH

EEMRERTHOBRERLR, WERENRTBREITRMEW. W
Wit R, MERFETAROER, WEREMBESNENRMZES (XL,
1985; TR FIEEA, 1994; RRFEFAF KL, 1997; Abu-Gideiri, 1966; Champalbert
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et al., 1992a, 1992b; Dale, 1980; Devitsina, 1999; Guthrie, 1986; Hasler & Scholz, 1983;
Kasumyan & Kazhlayev, 1993a, 1993b, 1993¢, 1999; Lythgoe, 1980; Northcote, 1978;
Sillman et al., 1990).

BRAMITHERINRE T BEMASITANEEE, FESKRMERX
EERE—HEEIRT EMTH (Abu-Gideiri, 1966). H7EEMIE TiFEXFHHE
B[ERBESTZDAHGRAT e BAHFEFHSEE Jonsson, 1980). M
Mg ke AT, R, KESEREEE KBNS a4 mam I m a2 A
FRREHRINEFEE, T BRI XENGERNEREREPALLERS
Vs, REEEATRMEBESL (CNS) ME—LMEEESIMILE, A
EREFLEAFLLSS, ARMITHTEEREME (Peter, 1979),

2.1.2 aFHTAHMERSIE

FEAAEME AR E, KTERSTANREZRPKR, TR
MAMBERGT AP ERE. TIRTANEDZE, KT HXHE &R
(Brannon, 1987; Huntingford, 1986; Keenleyside, 197%; Klar et al., 1979; Moser ef al.,
1984; Noakes, 1986; Simon, 1997).

TAMREERAN RSN, BILFCRERAIYINTHEBREEZREH
RIEMEHFERBFSERTEEN. ——SNKXER (Dawkins, 1982; Thomson,
1984). T AFME NS RRIA. Rk mpfr g msd s, ThEN
N ASERE. hig. MERTAEMSESE (Peter, 1979,

2.1.3 BEITHNHNELE

MRAXREAANGENE-RBETFNRNRE, ERURERSE
FrE, AARNBIPIANERE R BT RV KB MT AR BEN T HEE
FHEE, XMEITANIIHEE (Colgan, 1986; Huntingford, 1986; Konstantinov &
Zdancvich, 1993),

BRATANERERETHNE—XNAED, BFOEG. BEREMER.
WIS BIERE, s, UBMRAAKNERTH. HITARPOITASE, F-1%
HHRKIR, ZIRETHNEE. ARTANRTOMNFEERESEN—H, &
HA B —E (Keenleyside, 1979). 545, EITHRGIRTEBERITHAE
REITA
2.14 BEITHESS

TTHESZER—IITH% (Ethology) F4EA% (Ecology) HIZZX %%, &
RARETLFPOT AN BPTANESEEINELEN, EBRBRFIED
HHEEHWTAEPRRER. BAERA—MIE (NEE, 1999). EFITHE
AFENRE (Behavioral Ecology) WM. AAEAELRMEILTREET AR
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B, RITAZEBRRNAESER, KB EFREXDBNT .
BRITHESFMARALEESRATEFENEHNAENET S (Godin,
1997), BFEERIN, HEHAERE, SUHIThH. EWTAHONEINEE, &
PLEEFE. BBRMBRE., TRITAMEL., POITHISARE (XIEHES, 1993
LR, 1989; Kauffman et al., 1979; McCabe et al., 1993). T HAES%R—ITHY
BI2ERL, T BRI AEYE (sociobiology) —iE, BEEMASIRHLSITH
HALRIE R, I 20 EXRATHEMIIFIEA T U 2 HEME SN (Godin, 1997).

2.15 BEITAMER

W75 B SR FUR A R AT AFIE A F ol e P iR 12, AT MAFIE SHE
- B TARESHELFER. TARTEEFRAEANSUESTEH (MACHER
A, 1994; RJBH %, 1995; Bugrov & Muraviev, 1993; Cushing, 1981; Wardle, 1983).
22 BETAFMRIARRIER

EEREEALAEFNRE R, URAHEEANBERIE, AARASE
MATARET BDATLRIFEN, EXRERTHENTREEHTRER, WFTEH
BRFINATEFLRCENE T KENSR, MERTHERREN—TTFHNG
FRATAMMIRER. BELR, EEEBNTFARTHENARHFARBELX
R WEREEEF A (1985) SHILFSHAREES)REETTHR, &REH:
P S b R B A M PR R R AT T 0. [EF (1999) DA=F 635}
— 483 (Acipenser sinensis) B R8T (Acipenser schrenckii). REZ W83 (Acipenser
gueldenstaedtii) J3tt¥, TEMERPREMEMEY REMXTAHEITTRE
RILKRTR, HAMATERE. SRRBEERE. KENEE. HBMERSIENE
F. REBITAH. @A, BRENVESNVLMIAERLE, BNTHEaEM
RETHFHEE RGMLAIICEA,.  Stephan peake (1998) X —Fribi 63 i ik £
PEEAT T A%, RILXFEENEAEESAHKRA. KWHGE. KEFEREN
KF. Burrows (2001) {77 BREEHE 1 7E A THILAIE b XA R FRAT iR,
» HRRY: BRIEEAQREETERRKLETR LEHFERKE. BRITART—H
| HaRMHRARER, EXHEENETRAMSE. MACHEES (1994) 3
&% (Hypophthalmichthys molitrix). BEfHShEX =HARBRM H € &M #) RN
ETHIA, R, EaMarFdMmEhENESE. AkmEZZNME BE.
AEEEZEMEHREWL. Wardle (1983) i, HMAEERBTHN, M8
HABEIMEEMHRMAEREENES, B, ARG akEn TR
p MR, AR, ARITAZNMASKEFALNRBEEENX R, 1977
: FUEBRFIQFNAEXAEITHENENE, SRGERITHEEKTFREPHIN
t RAEEHGVFONABET AISEENLE. XEEFGL FEF LHRFTEE

13
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E R ORMA FRERATRESES, T1977 5 AEERIKEITRT Z2HEMA
R, EXVESAEMENERAT ™R, AIFBRERER—HEYEER
AT LA it 0E P R R SR AE, RRVKEEd TIRMBEYRH LK R, GRE
Tht a2 E R OHm RS, MRETFRAM A, BERETU—2IRRIsSHH
EATLfafE. EEXRTEHANZENARNBTITARRERER, NkES
(1993) X ERPEFIRAMBATHESLH T TR, HES BB BIkiT A
HIRE 4 A e aXiEal, Breezligsh, K EEs g, &, KA
Tre BRBFR (1989) XA RFAERLMRAHIIRNGKFERLET THR,

—_— ERRAFAREEANRATNZENTSHNRFALEREE. RRENAREC

(19952, 1995b) BAFL T B8 (Sparus macrocephalus) B R T SR AT HANRE,
KBRS AT AMRNBERBF A: W%, Wi, DREESHME. 7
B, M. . Fob, S84 (Ophiocephalus argus Cantor) RIF 58 (Silurus
meridionalis Chen) EARRHBEETHERBERBERIINELFITAMIRE Gf
MFE, 1997; WAFT, 2002). BEEERTHEHAMAEERE, 20 £XR58
BT RE KM EEMEBRMEE. Mostefshy 1978 £ {The behavior of fish and
other aquatic animals) (#KFIILEKEZMHIITH), Keenleyside (1979 FEF LM

{Diversity and adaptation in fish behavior} (& AT AR B HEERMENYE), Hocutt
1980 Ef) {Power plants effects on fish and shellfish behavior} (FBIEX} 2K FIFF7E5)
WAT AW, Laverk (1985)%E#) {Physiological adaptations of marine animals} (#F
KBV BTG RYE ), Pitcher 1986 55— MR 1993 485 AR A { The behavior of
teleost fishes) (FEFH A KITHE) F. HALKNLEFTREN, BN, FELT
1989 SEHIRAT (AEEMITEND, IRE. AT3CH 1984 FiFER (EEMITE),
KA. A 1988 RN (ARITHFE) %, FHMK 1985 FhHER (BRITE
5asR).

23 BETAEHMARAE

AT ATUMNERZE, AR, #BH. A5 OBEE BT
(BFEIREE, 1989; fEAZ, 1992), BUFRJLH BRI IE:
2.3.1 IiAIIM3E

XFHERARBRAMELERMIEA, T h A NN R LBUNFHE.
HFEMBRTARKTEENITR, Bk PIEA, HKE, #KM. KHR
- XM, BFEERN, REGKBURNT., PENRERTHEERYE, #3448
KT ARMKBTFHUNEGEHE, R aRRRXMIER.

2.3.2 BRIk
ERARENARRRE. MikfRIRE SR MR R AT AL, X

14
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HAEETETENA. AnERR—-ARERRNGEY. FE. A, KRS
TR, WATLUHARN AR ER R ITRiREE. MRXMHFER TR
M. ik, RPOFERENG, RENKCE, ol FREas LK.
BHAEGAEFERZ AR ER.

2.3.3 KIS

AELBRFAARTHNERG L BRETEMAANHE TURAR
AMUNAEAETRE. IHRRTERERAS ERNTERE, BLEE—
RIAIREIER, & THEANE e BILE, ARG ER, RARERRE
R MEREWIE. W, WEFBES T NEBE TR T LMz,

234 BEHTAEREE

RHFERUEREGRAKE, MLRBITHTEIEDN, HHRTHNELE
e, BEaRTANEANBANS, AERENARTES, AEFEN
AR FRURA—TRRATIE, MIEMEIXR. HTHRIEYANEETH
Hatt, wands., e, WASFRIEUEE, FTUEEREENR, WHT
ELHEEM.

24 BRITAFEREFEPHERANRE

FHAEFP R T @B T RS MR EER, Fas L EMTmhdiTA
SR, — 7 E T AR AR S SRR R (R L PO, B — S IR 5 e
SREIRP, T BENEN, REARFHAFPREEXEEN. FHENK
IS BB, oTUREFERIRA, RK/EKE R, NIRAFENE. H4EX
Bk RAEA WY AR, EEXAEKEEREZNGR. WEEFOEE. B
JRAM. REGARE. XHEKEaRNZHITHEAHE. SVANSEXR, ¥R
R R A R AR B R AR,

RSB AT ARALEPORE. ATERMNYE, ALRSEH
Wl (BEER. BaN. WX, BR. BiE. IEE. EEEhE
R) AFEAEFGREERELS, EHERFIEE, BEFEL RS HEER K
K, WKL S, Ang & Petrell (1998) BF5L T # M R RIS &5 HExt
EEfKT . KRER AT HMERHRBENI W . Petrell & Ang (2001) BT F
BEX LR AP RN a R E T INEW, ERAFKERERN
MWHEE, RREEHHMENRAEENTSEBAE, BEIRTZEFE AR
BN W Clark er al. (1995) JFEFIZEM AT K65 AR =F A FRE KT A
REGEATTMEE, RUMEEMNFAFEAMEENRNNAREPMTFRER AL
i, R anta bk ERTRATANMOSSG. BERENTE, Ba
IEKPRE, X =HEEERERRIEEN. B ENkEsE (1994) xFH
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R e xS AR AR R RN B WERAEE SO0 T A ERT T
R. HMARSE (1996) WRATREHHMELE., MFtkNsea REARHA
( Epinephelus akaara) fRT AR, Irwin et al. (2002) §F30 T 1ERL Bk AN AD
KR X KEEEP (Scophthalmus maximus) FEE TR 1T HHR L. Brown et al. (1997)
RILBE R AEEN, EKABERNEEES THRZ BN,

fFaRAMEREARAREARPRFEAVEHETHEENY, EiX M
BPATA RARERMREAZIER, FET-RRE. S, HAMEBMITINEE
HEKHBGE, AMTTHS. BAMTAHESENER. FaTT0EAEHIENR
BFERERRPEEENEN, HAFENERITATL A TSRS IERS
ROIF O e, B PR B TFSATEHNEKHNE. ETFHEe
WIS &M (KR, A38) FEEAMERNEE. Gisbert & Williot (1997) ik
THEARIERE (Acipenser baerii) TEAF BN BT DR A EMEET HEN, HR
THRRENEEESARAITA. EK, FEEIESSIEELNOEN, BEH
R W e o i AR RER A At EmKh AU e REE A 4195, &
"R,

BRREIY—HFERP ASHRYAEH, ETHEIRANERMESZ
fh, ERGBEIRAEL, WETIEHEATERNGER, SEFHEFFEN
Bk FBERDHAENERKER. WP EafEKARREREEREMARX, 5§
TEPIHAIT AR 71455 (Robinson & Doyle, 1990). Ross & Watten (1998)
BT AFMFRATTR TR EEIT L At (Salvelinus namaycush) $hfa2ag
TARMEN, L E f (Salvelinus alpinus L.) 7B EBEFH & FTREMEZ F1TH,
{EH BT A (Wallace ef al., 1998). ST PRSURIT AN R EMEREEMR
FEMEL . KREEFHFEEAH X (Cole & Noakes, 1980).

WaEEEMEHERETALEER, REESME, AXBET {FaffiE.
ERAfBfSEELFAS, FEALHR S ERE AN &% (Kubitza & Lovshin,
1999). EFERMEHAMERENEWEERRR S, FROBMEKAD, MER
Z7 PRAMAEKMEBREHNAZEMEOM. FHEE. B, KR, RRENAE
EMERETAMRESRG YW, SR, ZEESSY e, EAMFHE
FELF KRB AT LA D Py B A EL AR A

PBEHRARZEANBERRE, FEA (FEREA. k. B) FHEENA
THEER, SREFALERBEMEPENT — AU E KT BT H
BIFNE. LHEEMBAEANMNE, RAYBAERIMRILNTIRS. XA
BRI AR AT edr=4 r e R TR, RAATIRE (In
K BT, HUE. R BOMMEFEITENRE, REMRA

(BEARSRATL) MUBEHEN—HAEEER. SRYHEED LEAXN—
BEEEFERX. AHRAREREEXN SEXEBERNATH LR AER
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Haes, WANBINEAERIAET, MUEE. 5] RaBHEATE M K
RS BRI RUBS T RRAMPE AR, ol BEait, BEN
ERMNE, NP EAKERTHNA, RAAIEUMRABAENRE, RE
NHREXH “fE" #iTdEMa%, KR ITEEERY FRNH, RRbang
FIR G5 LR P E RN HATE45 A, KA RIMER, RS @Ing, 1F
BEERAMRN, AGHARCRARSMARMEBNNG k. BEERE
BAMABRBRSE— L HRFAT LEAREENTE, TABAEREEAS
FAT—LHRE. RELMBAEREN “X—m—F" Bk, mi
GEE (B BEANN “F-A—W-F" R “FA—d—R" SEHHEAKS
R EEL T A IEE AR .

BE EUORAMISRAEFRAGRMT AN RAE, aXFREARNITY
FFIE, BHik, REMWBHFEEMEZRYE. Rt dTHELORE, XEHTA
X FEBRITAZE IR,

BT AR BEeEEE, UAESHRETRNRE, T ERCbRHE,
MRMNERRNKEMEHELY, Fit, TEESBERTHNERERMIMHIGE.
B2, EREEXRMTAREECARNEE, SR SERRRSFERERA
%,

BH—EHAEN AR BMET R, WEAs. BASESE LN BT
THR GEAENRS, 1989; AR{CHMERA, 1998).

—HERHHNSH, MES. EKRNMAERX SN FRLIHEN SRR E
¥, MXESHEMEREDIFTHFEGHR. ARNESBEERREEN,
FRMERRT SAEREEAXMREREFTRS, FEERMAZETHEART
JH#RMERE (O’Hara, 1986), KTGiEEE (Salmon salar) HIER S TA1EIHH)F a5
FEBEP AR AT % (Harden-Jones, 1968). £ M FTHUEN Ea+ M £
BT THEEN (Hasler ef ol,, 1983), MR EFRERLR S, FEUEER
BREKMETRER, BRENTHFHSH T REENSER, TLlgitk
fRFR L RIER .

EREAXFBEXDIN, —CETHEEETHER., THIEEHITH, &
WaEeHdaRNREMTETREIN RS, SHATEENSR. BT AEN
EHEEE R, MR RAM S EE, LHRSIERIEE, BEX
S VT ERRIAT A I .

TRERENE I, M TR RAEE, RAHERPIEENLEKR, ¥
B O(1992) 5, ICRMBEXM, HETERX LM TITMHER, M—mumz) b
FEHEMBMEERT ENAHEE. DMERILWERMNA, FEEKARTEE
K e R H 11 (Hynes, 1970; Northeote, 1978). {H 2 ZEIT R GRSt F2 6
Ex—IUROBAENEE, VIRERERNREEE R RN SEREE

17
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FEER] (Bowen, 1983),

ALBRETENR—DMEEFRENALRLEE. 88, LHmNEE, N4
BB HAEEE, KERNERAROBEN, SAEBRTARITHENRR. F
w, RARBT a0 SFRELItE, Frilidt iy oKk
MEE#ZAT, U WanX— It BESEMENHN (Hartzler, 1983).

BRPAT AR K E I EE BRF A EZ —, BRI,
AR, R B A ES, BRI RMTAENR. LRAERN
MRS R S B AT BT AR ERRY), B8 TR0 E T
NERLTEMCRT . EERMBILKMISE (Oncorhynchusketa walbaum) FrBEH]
WRIRFE R, EEMREZ — BB AL THH %, BRNOHEALTE
PRENFTHFE, RAERIDEE A% ISEG T EH.

BRITHFNFREL ARE, WaERR, BENETTEEENIESHE
M, ERitaREREANNER, SAETSARNT I,

KR — 5 #1354k, U R KRR Yent #2847 HH 08 £ (A1 5% . Marcuncella
& Abramson (1978) &K {EFA T “17 48 B % "(behavioral toxicology )iX—ii) . O’Hara
(1986) &, FEIFHARINSZ A MUK R AEmE, HITAh%ER
ME—TEERIE.

2.5 BEITHAEMRIZIBMEE

REAFBITHEEI-TIIMNEN ERIMBERNR B, SFTHEN
BTt B TR AL RIS TR R, BT A R R B R T 2,
HEZBHATHRMEER” LAREE, wirRITEMFEAKAITAREEE G,
EHTFMNEENEKERREEEEEEW, UL ERTEEZRTHRIEEN
FBRITARIEMXIEE. Fit, BRFAENMRAEREEFPERERIKDE
["e 55, REGRTHEOAARLESE, NRRFZIBRRASEFEESS
A BwMH, EFREFEHRRLTFREMERONE, BILEARKAKH A,
ELAYMABHFRXEHHNARLE, £5EMRREHHA TR,
BABRRAHET TEEF= LRI,
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3 BXRRFERL

e AT 35 PR L ARG A B B RS R ER S B S ATERR SR B, LUER
mHEHAHRE R, X—HMEThie R dE R e e, BNBEHEIRR
HHBEBRNR, SH2RAHEVNRR. BZRRFREAMRER, B
BRRE. AR, AfE. WERSHEABEMETHHZNE), REELREWELT
frPREMAET. AKELR. B, &, WL, RREHCASRZE>EWE.
WFHE. WA, BREE. BB KRRE, Wi, FRaXCREMENE. &f
ERMARTRZE, B ERREERNGBEETINNA. HEENNE, fEHH
MEIRNATHY, WEE. £, REBEE., WHS. RENRSEDEEREIE
RECH A RERN S RIS, —BERURBENRE, RAEWERNESR
&5,

3.1 MRBE

PIEAS TR RSN, BENIR T B AR T RS M BRI B e L B B3
FELE, EAEMHEANEEENETR, EIARKSETHDBERET.
BROUESREHEIMNEHEET—H, 815 3 B (R, BB MED,
—EWNRA (BB BK. SRR M—iihitE. BhTaRER
ek, TAUEMTHRE, KRN RRREREWER, TE. FTIRBRMBIM,
HRELEZEAARIEHE, ENTEARIHLCRE. ARG TRABENITH R
(1.37) 5K (1.33) f9iEiE, NmaXfRETRLER, Bt fREEK.
Hic Rt R R 2 ARTE, BREXTE, XK.

SUBRERNEFE, EEFROEH, GRONAARSANEM M, B
FRAXFUAEENT, EMHNEE. BELEEEE ALK, ARNNN
ABEWEMADRIER, REER, WAER: AR, BREBS, HABE, K
WARIAKPERE, FEMRBERERT —ESROSHRETNTE.

BREMGREREREREY, XabFykem R egiEs R EinsmeE
BRI HER, REEEENMENNT, UAEERERTINYE. 55, EK
THTZEEY. BRFVRKENEZN, RERHZE, FMREESTRETUE
R, B, AEMANEETERY, Hagiaii.

AEMEABZEGNT LEAKBEATAPEEEE, WH S EENM
REfRUEIELAARERTHE (AR 4, 1980). XTABHEAEH
t EESXMMERMEEANCRITTREMN, —FAARXBELNAELEN
VABARHELRSE,. FRAGAE NEERSE, 1986; HEH, 1977). BRb%
(1994) EHMFAMMMBNFEL—MRBRZRYE, WBHAL TUEELE
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%, EHAMMIERARAN LR, ETHARE. RANENIHEFEER
WESIHERERGENN. KAaBRAERS, ORE/URE, WA HkEs). Ba
FEKSEMERE, MR EYESSTEES KRR, JFhE KX
HIREEREL, MAELEHMRETROEDATE SRR R R N A R (R
fBF, 1995a; 1995b). 5 5b— St U A B & Kt it AL o] AR AR A RBI D Akp = 2
FoAR, 3 BT R PR RGP AT 43 25, T RAK I Y745 89 X/ (Vonder Emde,
2004),

%} 15 FpRZEREL (Apogonichthys) IR ALEMILEERKRY, WEIIEEIR
HARMNEREKR, MAREINAABRGERTE . WEESGSE, KR
Hi2A#KN 12~13%: MAXESINSAEA, HaRER54KEENANAT 10%
(Fishelson ez al., 2004), BRMMMBE— TR RAERANHLEAANFEN—1
HELRER,

K TAENHEMRBEEL N Tapp (1973) XHEEF 4 Eugerres Plumieri 4445
EFAERITTEL RUHMMBETEEE KL K 200, 000 1], LM EBTEREN 0.26~
9.2um. 4 (Carassiusauratus) MWL FH KA 2.05x10° REWW A T 4%
(Murray, 1982), HAR4SH MBI ARMAER (AMHEFHE), s LRGN
BEAFPIHAES (ETF, 1998). FHE&AUHETEERAEHEESRER
— IR, KEERNSAHRAFENTEILGEERNER, BaiEdEE
REEWSENME, XoJiERMHEN—FEN (Matheson & Roots, 1988).

32 MRHE

fBENTERELAE, MEZENRESS SEMBANEHAWREE-]. A5
NHEAE (MRAHBERAES), AELENREA, BFFERAH, &XM
WHSHFEMHECEHARNENER, £ TR BERAEEAMEMERHREE. &
KMAHESEENRZE, LESGRTEHNRET kIR, 2002).

BRPNEEEL, THH? LEEMEER 3 ANMEHE. §MEREN—
M RRE, WHEE, KARFEE L EERKE. R bk aBREEamm
XRFMEAAR, PR EEARNMKRRZAnEAREFEN. AEHTIEAER
%, RERHA—REMMRE, REGRREAREUR. AFHEEXEER
frghby, MRk, HHRVIXEHE S M.

BAMTERE, XNEFHRZERBRER, FIEZHMELEIE. Lowenstein
(1971) RIET — BB FHAEE. X TREFEHEEE S RAENE, &
WA EAFRRERE, BUREFEMBIRBFIFEMMNA, REAIHEN
HESEHHRT T REAMTIA (Fay & Popper, 1983; Popper, 1977; Popper & Platt,
1983). EEHRF (1994 BIARY, PEAARRELEHERAUERANAELY
—H, HREEHAER, WEEAK, HEEESRMHERER. ANTEIRHM
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AaXAOTRSERALEHERUREREENXR, THERIFRA—BFE
ARFETHER, RN BEBAROIMLT, MARBURTERERS
SRR X ARTA N,

Adrian & Craik (1938) MR HIGAF EIENIRRERUZTEBE, Zotterman

(1943) gk B i RRISAE SR MM, X 12 RRREE
BRI 23 B0 AY B, Tavolga & Wodinsky (1963) KR T X FIT AU
HRBER, SIRAMM AL RN NE. R (1981) BAREFRauTEE
KA B (Lateolabrax japonicus) WiELIRE. HEIEREE (1982) MARNH
HREMSRHUNEHNEET HEML. BEFE (199%6) HARETEARR
BT RAMR—ATEE, ARRE—EHERRBTES—, FEARES
RHER#ERER, ZENHASTHM Hihg TN EZW. 55, 548, A88(Channa
asiatica), B, 8, #5. ARSI EIIGEANEBFRNR (AER, 1984;
HERNKT, 1983; HERMELR, 1982).

BENTBRERESATEEERAPEREERTE, AEREAEERER
VA=A tEEs), MIEFR R, RS (Mauthner cell) EFEE ERIEM
W3R, BREFFERMME, KESETS 8 HEHE (THE),
EFRICERIRE, kB AVIHZ RN A B 2 M AR5 R (Furshpan
& Furukawa, 1962).

33 IRERE

BAREREXEH. T R RELEREERRN, SHKAREERTRER
TERPARBRZRYE, ARERELAREAMBRABLESETIRAPERA. R
HEETE-FEESNERZE, SRR, e FaReia, K5, KA.
g RSN FEESEN, AHREREF@, AR MEEETREESR
YRR ESN I8, REGAYT AR EKT, NAABEBREHETS (REK,
1987). FlAtEEMNRE L RARST /Y —FREEIEDERNIER (GEREM
ENEE, 1996).

R BE (olfactory organ) B—3TAMIIRE, HFLUSBILSHRAHE,
—RAEORMEE (MaEFAh). MBRFRREL, GRS d R b A S
M. W EREABR=MM. WEMAM (olfactory cell). ZHAIM (supporting cell)
FSEAM (basal cell). BB AL IR . FIHIAETH FLHBAFRE K
AR, WA LA REE S GEH M E RS, GERELEIEE,
ATRUARR E R IR BRI, MR ME, REBEERE, BRORE; W
wHBNa%, REFLEMHEAR, HEL, FHEIER, ANE84 “RBEe”.

REXEKARNREETHER LSRR CraiEmEgig, 1982), M
R BRR R E PR D (BFHFE, 1999). HEXFAMELFK(1981a, 1981b)
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Xt EE (Shark). #8238 (Rajiformes) FI#EfE H (Tetraodontiformes) 1281 R 4
BE 2B AT T st FsE, UAR EILEE (1988) X} & MR 62 ( Gymnocypris
przewalskii przewalskii Kessler) FUEBEHRBE (Gymnocypris eckloni) "AERISME KA
VLT TIE b, B5h, SENMESEHREIHEIRE (KEHES,. 2003).

BRI AE REY, REEANABE LR, XdEsHERY
WAk, EEEGEREAM, MAEREDN. HRAM. FEam, SMaM
AN, EREXMA TR RGNS, BXFAR, R R S
R (EEZENKFF, 1994). F8E (Paralichthys olivaceus) "R b [ B3 X T 5
RHEHS BRIAL (EEES, 1995). a0 gy AENRRIR
HISh R, 2R R 5 BRI L. (BRI RIE, MR HFIFRETF G M (5
HFE 1999),

REEAXBRM—HEEMLFRE., BHENRETMNE, BEENED
RERRL, EXBEAGTHEEROIE CRREFAKA, 1995b). Hiba%E
A R R BRI PR ERE, R RA R, AR
'EFIAT A Moore & Waring (1995) #1 Irvine & Sorensen (1993) BF L KB AT,
SRR E AN EM BB SR BRI B AR, PR A b b 6
(Bostrichthys sinensis Lacepede) M bR/ E BN HEES TIERR BN
.

s R AR AR P, ARERENAEF LSRN, 5 e
MBESREE-BRRAWEAME R, SCRERIERESHEEARBY (F
P, 1997). FORBEAMKMRRE, BEESRRNREaXERSEERR,
RFF T R B AR M E TR tE GERERUI A £, 2002), W56 BB {4
B, MRS AN AREBUEGENBEFESIPH (Murphy e dl,
2004). RIERAHLTERRRMM LD R H SN RMEEAL (EPSP) (3
oA Figkite, 1989). 7EHIE (Carassius auratus) TR NEERMA S NESTH
SHETR KA MR IE R MR RAR S GRIEAE, 1997,

34 MRRE

BRCERT A I REEMERSS, TRANEEFEHASFHTEERERY
Jii (Finger, 1983). S GEWREHEEMAR, EaREEER, M MERP LA
HEEENEX.

MBS —PE, ARARESTRKE (Taste buds). TR 2 HkAH
REFHEMAAR. REDRERY, ARBHEBREE, NETILME s, &
MAREHSAMO M. IRARLERE, BREK, TEESE, 5WEH
fEsl. SMEANMAFNR, ALNREETHTREBE. MM FhREGHRE,
HAANTA BRI E T OB S ARE, RAENTE S kErH R
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(Little, 1983). _LibpiA TR SEE B8 2 BITY LA K T (b ek B R KE MBI A

RRERGE (EIRE, 1961 EEIL, 1988), i FHZRMAAMAM LI, AKER
HASREREMREBEERS, 2 NELABEEALRR, B4 HIEL,

KRB (1994) HREATEE (Clarias lareza) UG OREHERHIR IR T R
HENTBE TR EREER GREMTEMN®RERLE) MHRRET, HBEZRA
MARMESEHRERENAR, TERJEHFRTELRL G/ AEM, L
RELETRGGRA. SO E P HREHLAM, MEmmufnian, 2
KHAERESE (1981) BFFTIAK, XHRMAMEARBEAR, FHEARERES
WAEMB AN, HARREPALEMRTEREAR, THRANE SRS
MM GRS, 1994). B f)nkF o] WL =FpR R HT40 A« 222008 (light
cell). BE40M (dark cell) FIZEAIM (basal cell). T EEAIW%ER LHRILTER
—. Reutter (1978) MiFRiAK, BRKEREN LEX, EEMBET LR A®IL,
A5 B H LR EFEEM T AL LR L EH TN, Caprio (1982) Ak, AR
R —RRZRIL, RE—RGRESRE.

EHARMREEESATOR. Wi, 825, A, LZghRm, £HT
s LR LA T R . Atema (1971) HI8 M ARBS b SiAbZREI8REE H 25 N/mm?,
Kiyohara et al. (1981) Ji#5#fa 1 MOSRE R 130 Amm? LA L. $IFRHISRE
HERD, patbFHERE. £ ORI L EARE > 4E%E, RER
£, MEUBR, wERENEDEARDY. E50LEARES 4F >REE
%, MAZTETHIRM CGRRX%, 2003). Hf (Mylopharyngodon piceus) 1%
LERGAELE. TE. DA, & EERRASLH ERARE, 54502, 5@
ERGMUNhEEEXR. FREREEFTRMEEN 46 CERXE, 1997).
L%, BiRaE ERERET MR CEEMMEIR, 1996), tHEKEEEEE
rpfELE, RS saEERA GEESFENENZ, 1994). #HO. W
B 3 FREARE, 3 BERAREEOMESRZ o4, UEBRRTASI
RE, ASRBHM 70.52%; {f. HAKEUBPHRERS, 95%E LHK 35.14
%~46.27% (BBHTFE, 1996).

ERTOEREHEG N4, EIRRET 4 KR R R SHIF S/
. SR E N AR, BARREESRSHAEKYZ MEEKENRE M,
TR Z BRPHRAME S LA RGBT (KIS, 1996). BRIk Y
H 3 BEBRE, . NERETEBEBERBEFERR, BTIHEBRZHER
b, AR EEMHURERBIREZEG: IERETAMREESREBL
FRLE, SHERERMNGBHERR, TEMEEEZE (ZETFE, 1997).

BRMRIEZTRMAERES, EEHRIE. 8. EEEETFRALEKEEY
BEM. SEMRREEIME, aFEXELETEDANES. FiRE, T8
(Oncorhynchus mykiss), Fi% (Coregonus). &Ff1 (Plecoglossus altivelis). KFai¥
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&k, Xt (Adcanthogobio guentheri) FHMELREEFH. K. WRKEF., A5%
K5 A AR RIPET A GUER, 1990). EXE (1994) FIREHESH
FhkBEmesin s, T EEIEAKE Y DDT. B4, £8). LAS SRILRE
fTh, fAAafESREIRE, FE RN TEE.

3.5 Mk RS

Mk R4 WK EFES YR, GERDK. A%, FREXPHRSELE.
HEHRERBRKEMEMSFHE. WA RERIETRINEZREZE, hak
KPR TSR . MRk 4 AR, EXHmtELESFREN,
—H ke MR — %, EEFRERTELHTKESRS X, b2 F0E
%M. BTHEURERLEINAR, MRESRaANFEEALRIRN. &
TR AN MR AR, R—FMENFE, dkBEMRER, BHihs%m
PAES S HEFORIAE S . A& L RM ML PR TR ERTRIBAXTEFEX,
ke REAHAHMEE, HERBETIN—RIIMEANSAHE. THE
EEaEHTEEFRNE, KEEMESEERL. HE, RZUFRNEE;
hE—afWERESMN, NENEHREREERFR, WEHE (Exocoetus
volitans), LR FIEAHEH M MRIEML RN K&, 55, KEHR
IS AM PR (wbule) BMAERIRREN, ZsNERBRE. mLEmEE
MR (visicles of Savi) R HZERE), FREEBMLE P HFR
REY. WERARBERE: VMHMEBZEE (mechanoreceptive organ) BIFH4: 8%
HRMEBE, BEKANEENTR: ABRZHE (electroreceptor) B THER,
KB PR,

MELEENTAPEEENER, ERAEGLEN “T8". WERNIGEER
KERRZ 8. TR LN Z o S0 o6 B R HUK B ¥R 3h  (Bleckmann, 1986,
1988; Coombs & Janssen, 1989, 1990; Saunders, 1985; Schellart ef al., 1998) FE L]
§% 5l(Bleckmann, 1986). PRitZSMULERA K ENTHEE, WMEGARENTHDE
RAEBAEEIE (Patridge, 1982), i & (Montgomery & Sanunders, 1985;
Montgomery, 1989; Enger et al., 1989) E¥EEE#H, FMIFATH (Bleckmann, 1986).
Lighthill (1995)7E#% 72 fF €6 B iE B3 W4 76 £ Y 75 3l BB WD S (oK SRR A B9 1R
PHUE RIMME T A M R RS, T EEFHRIFEP
M REAE AR, BTUEZFRAMES, MEEHAFEIFEERARK
WI{ER CRIBX, 1996). B4, BMAFIEMf (Neoceratodus forsteri) R [H K
MR BERERR (BLF, 191; HEES, 2000, BAXAMEREEED
H—Y3RIE (Blaxter JHS, 1987; Stone L S, 1993).
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PEHBERENERRER LT IENR

4 REBRRRIHRE

4.1 RIESE TR

W EE] (Acipenser sinensis Gray) RE %P MEBKR, Ny, H—
THE=ROMRE. PESAKLKKRE, BBAEHAK. LBE=MF, By
ke KEEHAMEAFEGERNBIL, FES. ST L2/, FrK
LI FEEa by, 2EHA%. BTHLSTER, B8R 11T WERAS
11T HBRAERE 117T. AirENE N 1 X, GEHAME 15, BEEE
AHIE 11, REER. @0, FEkER, H5RG. AEEMERULES
B KRB KRG, UEFRUTHRKSERAG, 8EKA, PEFERE,
WEERERE, LBFEE, PHERAERHNBESR. URRYH, §4 59
M, B =" FRHF. OfFMEE, OBEXE GhERRN). MEE 4502
WA, AUV SLE TR IRHHE . 1B RELE, Maset ()
HRIDKFEREHEH, 1988).

PEFEIENMMGERERE. T, ZOAKITH. RIHREESENL
HEWD, EPET, KITHEKE%E, REatgs, heiqE asai-mm
@K, §F 7-8 A AT QR ATE £ H IS, BE 10-11 HEKIT LT
59, PERERRERTRRIEGE. 50 SMIBEREN L, HET B I uT oy
i, XtR A HHIRAEEH AT L 2 APNRE— R (REH,
2003). ZAEEREFGIHLE, HEMTHNT, BTFE=FE4 AFHZE 10 BEY
HIERILOREENGE, SHERBEFEI>50,

HERGEEECRIUH Y. BEMOREK, B SRR
. BTSRRI R A M atak. TERDI—RERAE, b
BEHEYREMEHA R, aYARMEAIBRATRGRANER, MMERTD
PBATERYRIEGNRNAKTERE (Cnoglossus). §§E(plalycephalus). W4
SFRMRRSE, WH—RRLZEMKESETREY. 5 aERKPHBEAEE T,
7, BENE.

rp R KRR, RS aLPAREKERBRNME, AHHEN
BRI ATFHEZFTHPEGERRATHAE, F77 | £ 3kg LU L.
HIERRFINFERRFEREWS T, BEREZENMOELLE 12215 8, B
hR 8 & BRAMEN 26 8 MEPEEHCH 1725 8, BAMER 138, BAAME
2328 (Rlfh, 2003). 1996 FEHEBZRKEEYTIRARESHN FEAETER
hmzbeeg 76 B. KPR MELK 456.0cm, BAMEBE 316.5kg: H
R MEEK 230.0cm, BN MEKE 40.5kg. MIFIGI P AR KES K 34 B
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Wei et al. (1997) 7£ 1981 FE & 1993 f¢fa), F] 384 & B REAEL, HpiE
SR 17 8 CHEYE 1480, MEYE 207 &%), IEMEERME 827 8, £ 1018 BN A
90.2%; MEYEERTE 13-34 83, 7E 1627 B2H 4 86.4%.

g B AR K LR IR, (B RPE AR AR . MR P 4R P AR ) TR AR B E
14-26 % CE3 18 #), HE—ME 150kg A b, BEVEEBRYIRR A 8-18 8 (F
12 8), hE—MTE SOkg b, PEEET—X=IEA (monospawing type),
e EIZIEE 4 UL, BERRAARFHERED 5-7 £, BE 78 AR, &
HEh . BISHE R RESIAKIIO, AL, FREKEN 10-11 AH
A SHMT 5 ETERTFREHE (R ST FIAKIT BT ED, £%
AL AR A L B Ay, RSP RRIIR GLIZ BB A B e A AR I RS A

(REEE, 1986). PHREF=HEN, ZHBELRMERLSE, FAERITIKT
T, TEZE4 BHRE 10 BERRARKIO, WA REehiFEKss 7-38cm,
ERITOdm— e E B, TRAER NG R EREEE, B~y
HAMGEE (REMH%, 1998).

4.2 RESHBFFERR

4.2.1 ANIEERRURZEFEHENSEY

BT RITEMIUKHENERE, ST P EQOEREE, B EANNLE
WE, PERRAREIIENRN, WS T e aih i EREE
Y, YREIERAE. h3 P RELETRIP, W EHA 50 EATTHREP EE304EE
RAEWZ TR THA. 70 ERJFEATEHERRTE, BilDRLERMENE
MEELE, BERE— 2 MR,

1972-1980 “ERZEHERY, KT 2R EFRAMIRE N 394-636 B CEHRE
517 ). 1982 EKIT SMMBAE P ERERMTILERRE, K 113 B (8
FEI L 161 B 4RI 1983 £ 70 1984 £ VTR BT MR EE R R 45 B 247,
GEM IR R RIEREN 2176 B. B 1983 £LLKR, SERTHUFRBSHEBURER
FFFIRARTE 50-120 B2 [6], KICPES=REFNNRENHEHRDOER. 199
FEORKIT P63 = B sy R 2L T84k IR AMNIRD, Biaibpign,
GLRAF= N BEA P AN FE B AR D T o AN 1994 SELLK, T rh #6377 SR ETE M (10-11
HED, EHERERERBOERT, ENTESEFHILE, BT HIRAE P
B “BIEM” KL 1520 R, ERMOTE. BAREMTE, HRENTE, 2
MARBREETHK 5 Bk, XEESMNNGRESH LIEER.

WITEBSF (1992) RAMERREAFIE, 55 1984 Erp R KR BHAN SR
#2176 B. EHHET 80 EMRAT. PHIMAH KIAARY, BFAMRERITPEMHE
R R R LB b W R IER (OBP#E%, 1985 Dengeral, 1991),
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RIS FEMERERFTHRR (AERRPIEE, 1985) FAREH (HAEE
BE, 1985, £EHE, 1985; 1986; Dengeral, 1991). HEMLEFESE (1997) &
IS 1981-1993 FHERMAIIFEEEEH, RIUEA LA 90 S48, PEEE
SABEABREWL. BLAh, 70 FRAR 80 ERMMAT R, B ERM LB T
PRIy AR R T A SRR B A RAMABE ORP#%, 1985 WNEKIT
KRR RE A, 1988; BX#ESE, 1986), B (1986) EIRIMEMINERAEHN
WERAD, PEGENBAERRTRBMEANEESEL, URREEFERE
FAMBRNXR, ATHBRRTRARAAN EEEFAKILY, MHBERETR
BRI AHREERERIAKILY: PEFmEEAKILERNE —FEEHERA R
HSM, FREKETNE, REFAAE. X, NWRELHZEY, TREG
FUEEIEAMRE R, DRERZ P EEE AN KT REXBE 1S,
NP ERNHRAR R AR C. SMNBEE, LHa o0 ERZ 4, Hsh
PRATATEROPESFEaERD, BRRTRANMHLRENEE LT, 75
ik 86.52% (HE, 1998). XAREESREHAKIL BT PEGMATERFER D,

422 FEHREMTIREMES

MEEAE (1985, 1992) RAEFICHIREFRT 1983-1984 EREG MR E,
W EHIT R ERMERD, M AKITHRAFEERRGEN. §
P TFERAREENEHEGH, ERRARAEL. AFES (1985 WikA,
WM TR aftRER LEREERTHET=H, RG08 MRER
FRIBILARZ.

Kynard % (1995) RUBS BB A F AR T P AesdR AL mHiR AE s ER,
FFFIWreh SR R P IR 7 BT R SR FRTE S5 R 41 8 2 [R14) 3km HTEE N .

B4, Dengeral (1991). REHS (1986) 0 Weietal (1997) #FxfehHedd
FERSAE AR SCIR AT T8, KRR = mE — 2RI ER, /8
BRATHERRE =K ST AL R TR,

AR LR R, MEYE. BYERRRBEES 1 1 FIHGM 1. 3L, B
HEETCAHER, PEEFRRARBEH—P TR,

WHEE (1999) {5, 7E 1981-1990 EHAE, T EGEHBEENEESN
822-1650 B; T RK/K kA i 1998 SEE P £ AR EMATKITEMNTES
LY 20km {LELP, FPHESFEARRERR 1028 B, W1, PEEGoERHATER
EHNMBTRETEETRET 50%.

423 KINPESHEFERR
PERME AR, BEN 59 ARERKIIOMNEASKRERIET. N
RAH R et Bl ES T, RAAK EEEESMn—4, Lt 80
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FRZAET, FFEEHBRNTNH 69 A, 1982 FFLUE, JHAHIME RIERTR]
S HLE. oty (B4R, 1999), 60 E4R, SEESA SRR MHIRERKR. B
EHTFEHER, HRFERFLETHRE, 1982-1983 £ (SHMERE) BERFEK
. 1983 G, FERERAREESRPKETENY, Edfmtelzyl, K
HSHERHBEE RS ARG EREE. B8, HUES%M (1999) 35
B 8 R R B K R R TR AR eI AT A B BT R, ETLARBUHINT 1982-1996 fE42E0
b g 4h £ VT IR RLSEFRBIROAE RIS Y. 1982-1989 4F, SR8 B K 450 &M
Mz ERER P LA 1989-1993 £, MMHEARETEE: 1993 FUETGE
BHEMATFE, T 19956 EXHEAMNLES. 1997 FLUE, REUHFSRETH
ok, BT HEEMEERE RS 1996 ELRTHARE S, FkREEHEEE
fAREiE s CE R, 1999),

4.3 FEESSRIRIK

4.3.1 SMMBGTATRIFEBIFR

1971 ATRIFESTTR T E_— 2L, 2K, MANEFEIENHTERH,
CHARGMH. LR, FENARIHHARETNENREL. MKILPES
BATRARERNTA, JHHT 1972 6 “KIHAEEAE", R dKITK~5%
AT WA KIAS REREAXRANTHEERE, FNZF, BATKI=
Fi3a (hee3, BREMALT) MSTEENARNEY, 1L ARKT b e
S ARRIREME B Lk, WA T PERMAREHATRTAT), HTIRRREK
WE N (RILEARRTIIY, ENESRER. BRIOUNEKIIK>HRAEART —
MBI, 8N (KILGEREYERATEHEMAY, T 1988 F£IRAHK
(MBI PR AL, 1988). WHBRIEA N 1IEE——F X FRE S AR
HHRRTE,

432 EMMEGRR NP ESHR

1981 4 SMANEA BRI, & TEMNWR LM PIKITE] AKHERE, 19824
ERZE KL RARAREY, PR AR G227 5 5 R L,
ERE “FAENYRIE" M4 (1988) )5, F46H% 3 HEdaLBRIIAER—
ZEARTIY (PEARMEAEYHELOERHAE, 1996). 1982 F1E
EHIT 5K B RP=WIRAIS, 1983 £/ 1984 FERITA=HIAHNE
MM T4 (P& A £ 2 B R R FUHT) 7EM T e EIA S
AT RIS, PTG, FEEES (2002 FRKRER),
B R BTN . WAL HR LN AT 1996 5£F0 2002 FEHMEREKITH
EERTERBREFX (B4 AKIOPEa46 AR EPR (F5). 2003 4,
f2F &HIM LR 4Tkm SEEIZWERIIFREEK, SRS T A EFHTEL,
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o EHE BTN R R T RIAT HHLETT

AR R ) B B I T B R EE .

HieRet, M 1980 ELUR, B4 EHMKR TENEKITHEXREN
ZwmgaeE, RE¥XENET —RIINATHEIRRENESNATHR, 5
IR L ¥ 2 KITKEH R BT E AR R YRR . 3R
1995 LUK, KIDK™HRFTSXEE R Kynard G416, SIBARENEGE
SEMLRL. FRAMAS, FRPEFOEHAEERE, EadshtalrEmbEE
A, P ERATRANE, WETEEOMTHEE. #I1E3202003 5, SHMT
PSRRI SEMAS—BE, AR SEE. BESHER
B, PRSP RFTER RS, R0 A0 Lkt AR B 18], 259 AR
B, pEREF RN ARER, SEMRRERREEATEHKITO5FR
RSN E, BT REMESEEE (e, 1999; Bh#%%, 1985; HEE,
1999; FIHEE%, 1992; faiEfh, 2003; EEAES, 1998; KEES, 1986; Deng
et al., 1991; Deng X et al., 1991; Kynard et al., 1995; Wei et al., 1997) . (B = kA9 2
SRR S~ DA ARKNIEW, EHEFTHENEHR.

g5k, AR FHEEREYE. BRAGRTEAR. TRAMEYE. B
BRLE. ERANITEDEFEERRR (AEA%, 2002; M5%, 1999
BRHEF, 1998; VFRERIAEATK, 1990; FKPYEA, 1998: KIUBASE, 1999; ZhuBer
al,, 2002,

1997 SELLCR, KIDKFEHRMRASEMERHIE, BRAFRGZEHTREK
FEE C(110km) HiiE%, FLAFIMN, FEFEFATERMOHETHER LIRS
R,

HITALRENFENGERAET, #NEAPEELATER, Bydsg
BEENAT SR, REFPEQRYMNIS—RE. 1997 F£TFE, KIIKEHAHA
FINHEIT eI E T ISR, E50E8IL. 'R, 2% (ExHE
WIFES) BT HFEETNPEEGATR&FEAK, L 1997 ERHLETR 2
EHiRERAEMER K. SESKRHPESGA TR

433 REEHMLBHRIK

A3 F P RS BT I A S E RS EMAT &, PERMN
BRI e R LB 55

1988 FE ARG (KITAEREMERATEEAAY — 5, SALEHEMTE
830cha. fFen. BLEAFNRTMBET TAMESHEEIEMNE. S
T PEGATERREBRING, BXHEF (1986) WET PEEHERET LR,
Aot FEBURRENRATRHLERE FHE, 2004),
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5 AFRMER. BEX

P AEETL6F fa K P bER b B ME—TRCESEE (KT8 M,
R ATt iR K, AR X, SIEE KT Z—. 1996
FHER B ARPEE (TUCN) FIALEF, MARMES%, hREBMEREF
A—RERRPRVHNRERARZ . F5, EKI=H8E (A8, EKH.)
4, HEME—HPERMAEFTUBRMERNEHE, FCERTATEHT R
ML TR R . B ET (REEEREE) Mk, PEGEHRE R EEY
MLHRRRBEA T EARKRIEF.

B L2 HERUR, SERE=ZRANS S, EEE~mEAMRELE
EERANERERRFFTE, B THEMSERE, BaixEHnfEER
SPEAR., ESFRPERETN, FWNRTTEMRERED. KR
FIREFERZERNITHERN B A EIR, BSPERRESEHNRT RANINEIT A
AERITTE, EQBTMTHA:

(D) PEHUEEERMRT RATHIGEMNR: ERAREMERIFANEHE
KIEBWEATH, RARAPEERREAMNBRT IR, BrPeaqiiss Rk
R R e T AR

(2) PRI ER R T RIR T RIT ARSI ERANSHME AR
HARBRETH, ZEMATEEARE. wE (B, OE. W, 2 818 REd
B, BRSO ERESERNATNAERRE, WENTRARUNERR
RIAT A o

(3) PEBMERMRARITHIEAA: BRAARBRUBANARILHRXE
BATA, RATATEGLBMAMBTHMRR TR, BrbheimERgs
SRFT (AT U B FER oK vk e B AR IR G B (9% 3 R B SRR

(4) PR EMA T RIT AV R EBRHALEME RS IR
MRBREATH, RAFRTEFLEEBRTLE, BrhERnE2mganm
R AR RN,
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SRR BT R R A EEETR

FoE PESRBHLE

e,

1 By

VR E. £B. B, EEBIREGBSEIFREEENERAE
fEM, BEATRARHWESEE, SEAKTANE, TRAEEWERRLZHN
MEAEEENEREEEEY. WRELWKERE, SHAUENT LS AR S,
EMME LR, MPMBERZESERARANGEREAS, SidaxhiarsE
Wik, aEmEeaRD, B, T E. BE%ET. AXAENITHER (137D
5K (1.33) 4k, AfaEARERELER, BresdfRikeR. Biks
KM FLARMAETHE, REKTE, BXEHIEK. EFaXNSRENER
FLEIMETIEN, MRAREREARZE, My RREABE (LEK=KE,
1979). #LREE (retina) RIREKEEMIBMNE, REEMLBIMEAL, LoHHE2.
JE A NEBRTERK R LA D, FBREES, MMM, B —RLTRREO . A1
SR G EAL BRI ARG I T, 4 RRVLF BT AR A I B R R 58, TRROLRE S,
HEERAAPMEER. IS5 EETALEEGR, FENZ. HMNEHSEAL,
UEBSEAKKEEEELRE. MEARE. URARERTARE (T4,
2004), HEiEeRIBEMALEFTIRE (A. Rodriguez & E. Gisbert, 2001). A3k}
PR AR RTINS H., SRAREETE. B3oA. AMEES)
R R EAR R AR T TR, AP Eaa it psmr s il
AR AR,

i}

2 HRS A

2.1 MEBRIESE

2004 5 10 A A AKITH BITBE R 8356, BEEKILKFEHRTKE
FEYETRP P ORIT AL EE, THMERLEAFL, 10 B 19 8%
B, BERAAN 0 B, WEE S BRASE 12br BM—K, 6 ARE 30
RE#ANE 48hr WM —IK, WES 5 HRM—K, HE 180 A%, SHERH 10
B, BR#tHHSREA (84 5 B), 45T AR T HEN AT RIEN
thr B\ EfS{ER Bouin RiEF & (BEARZE, 1996), 2KF 50.0mm f/hHERAE
FEBA LA, KESaRERIIIREE. AeES2=828S, 8L
B _BXEY, Bo0ERDANaE, EESKE (BE 5~7um), HE
RrEEHE (EF%, 2004).
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22 ME
22.1 REMERIEEE ‘
[ 5 3 A4 B B F Olympus XUSHFHIBLT, HUBMRMERMER, 10 HE

EHaREHEFERIE. BEEfnaRBiisins ke, GURREE
HEfE.

222 R if
RAEEIIR RN B a (5) BRILREARMTIHE (Blaxter and Janes,
1967):

sing = (1//)[0.1(1+0.25)x2/"?], f=2.55r
Ad, f: @REMEEKE (mm)
r: REMER (mm)
n: PMABEAMTR (0.01mm?) EWHERNLE

223 MPREREREE

EUMBESSKN S BN ERGPIEALICE (100pm) A2 EAR
B, MEABRBEAMESTMREE (Trowell & Westgarth, 1959).
2.2.4 LM BRI EH KR

EMRE EAYSEE 5S A, ARMEHENNEEN THEXEEE (P)
FMAMEEL V), P P AMRENZB EEENEINEEY B2 RAER;
V LR R RIS R RIAIRR BT, AR B E TR BRI K R A MR P E 5l R
MG, BERE (PD &K PI=P/V it E (RITE%, 2001).

2.3 TEENLHIINER

@it Olympus Y% EHARE, EREMTKAMERINEERALGREREF
HITRE. WA RTHBREMERKFERZ T,

2.4 TAHMEERLE
2.4.1 KIZRESE

B K ARG R 150 x 80 x 60cm’, BRALFUHMEES, A= HEpianae iy IsE
i, BIEARERNRS. BERT REIKIRESEE, BH—8KRE5E
EX DL B ATIEAE . TEREIR DL R PERR IS, HF 36X (1200-15001x) R4 i R o KR 30cm.
FRAAFRAFR, BTRERESHTRERETMRGARNKELERE, LtE
(9 B L BT ST-80C (AL i K Ay 38/ 27 )y ¥R TRIEH I E ([EF,
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1999).
2.42 TRt

LR APENMEF b PhE 10 Bfa, P MA—MEHEAEN 10min FER
BRI, WLRKERBAPREABN. LB aEKEBAEN 2min, REESL
FHIEEAR KRR, BRAESEMNE Smin. KRFZEEE, HlbLRAREEE
Hit, BMEEAEFNT—R, METERMRE, Bl afREX pEgen
BER S LR EEESt, EAEEERER (EF, 1999).

3 %R

3.1 PAESRIKESENE

B 2.1 B EadRRaiaiiNE. D eamaRinpski, gmmERy, 40|
HREENIRER N EVAET L. RRASYMARIE SRR ELEE.

IREREE By 40 ) AR IR AL, MERAERE=2.

AR (tunica fibrosa) HRRIREMRINE, BEEH, BERRISIE. 4
ERAT S ABEE S, BT 1/6 RIBMIATRABLL, J5 5/6 BRI, GEERRA
MEKME. AP (comea) AXBERMEE, BEHRY, bR, A
HRR. ARNAAEHUATIRT YA EE:

SERTLE BEEEABRSRE, REOMHAKILEEHE.

Rt A—E@ERBANE, ERXTHNARRTEAE.

ABRERE HERE, hREGEMSOEBEAERAR.

BRRE h—EYRR, dRERSHR.

NEARE A—ERTAK, BELEEABRKNEE.

HEE (Sclera) R Hfh, MEELGHALHIR, "CAAEH, WEEKEIHRE
PrER. EREEABRTRL, REERAFERE, FAHRKE.

MEEE (Membrana vasculosa) XHEERE, HESOLENGEAMBGRL
GO NIRR. BRI S S AMLE, SRR EE =82, GO Ciris) AIFFEHIE,
PrFAlEY, PR_2mEL, AgERRERE. AXZHEFAL—F, PEH
LA RedE R K. @RERFNMARENS, BRIUME SR SRS
M. SLEEABERNSREZRGOES AREMNRGEE, —&MEELAE. ERE
(ciliary body) RIMEFEREM—B, 7EBKEEBERMEERAIZE R LM ST BEE
R, FAEESG. ERBRBUVIO ERE=AK, EHETE, BEFERE, kit
KR, BKEERL (choroid) RMEEMIE 23 B, HTFNEEMMEZR, F460E
AR,
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HEAtk

b= 391523

AL

B 2.1 FpEadiRERE HtE
Fig. 2.1 Pattern of eyeball structure of Chinese sturgeon

PIRNE (retina) RIRIREEMIRAE, REEMUBIMEAL, KW d. &
MR RE, FELEES, RPN, BRI,
FRETELL AR R AN, R R R 5, ERREsE N,
BEEBAUMEES. MRS ERTRALEEER, KiEk%. AMBEAHEAL,
NBWEaSMARKKEARE LERE. NEARE. WRARENTARE.

IR A RREAKRE AREMBIE .

KR (Aqueous humor) AL EFEMIRIMAE, HEERAFMM KR HER S WT
i MANRERE. BEE—NRERRRER, IR, &RE. SRARBEE &
Fral. KREHEEEFEANGE, KBS HHE b LR A R ISR ARG
k.

fR1E (lens) SRER—AHEHMERZRAREEE CTRANES. €
EEREAMNBARETEBTRRRL, ARFER/ME, FREPW, &
THERRMI MG, S5 thtlm BRiE, TMEESRENERLE. RRESSEEE
~RBEVMARENEE. SRETHERRZTE -2RTLEaR, HEHR
hiin%g, SARIEIIZERR A KA SR TEA R,

IR (Vitreous body) R—FECIREBRMYE, ESREHBERMEKIE T,
SRR S Y. — 80, BEANREE SN AR M.
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R R E SR E R h LA

3.2 hESIRKNENEE

RAEEIRIR TR T AR T .

nEfFa () BIMRERAHRG, SREEKR X6. ARLEEN, B
Po BERMEEHRIEMARE, KA RE. MBI EE ML, SERANE
S —H.

¥ 24br fFAL (D) BRUTTHRLE, AEEHHEEEATRAAE. HH
I, RREGG. UNBERTEUREEARE, ReX2—8RN5M . i#
RALEERARE

3 BRfFA (¢, & MREAREG, SREMK, KHE. ABEYE NEE
Ko ABERHR. WARASRSELRAERMM, RESLIHEE. WML
¥, HRAMZ.

9 BRRfFfa (e, f) MBEEEHK. RREFEBUMK, HAELETR. WHER
AR , RREHESH. ERIVZH. dIREeRNE, 2EREFA. W
ZZH.

17 H&FA (g h) AMEMAEHEX, XM, ARORHES, TEW. 4R56
BEMER.

25 HiRfrfa G, ) DRARMRERERE. SRERETE, ZRER, ATEN
MARE. IRRATE TARZELH. MHEANEERETE. d#ME
b il o

40 H&%haE (O (RRECHE) RREMWSBERXTELRLE, PRME
AHBE.

60 HERhA (1) (RRACHE) HMBAMRIRRTEE, LR, HED
2, TFHLLELH. ARETEVMEE. MREREFA. IRERP RLEIFH
W, YFSHEKHR,
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% 2.1 PHERFRR T BRSEE LR (n=10)

Tab. 2.1 Morphological characters in different stages of Chinese sturgeon

B 4= KJ/mm % K/mm B sk F E A2/ pm
Day Total length Body length Eye diameter Lens diameter
0 13.3 89 1379.6um 119.5
1 15.6 11.8 1804.3pm 143.6
2 16.6 12.4 1928.4pum 168.9
3 18.3 13.9 2258.1pm 190.7
4 20.5 14.4 2346.7um 217.8
5 222 15.6 2628.7um 2457
6 238 16,7 2709.8pm 274.1
7 252 17.4 2797.5pm 3074
8 26.7 18.0 2845.6pm 342.1
9 28.4 19.6 3026.7um 365.9
10 29.3 20.5 3321.8um 389.4
11 314 23.1 3.4mm 424.1
13 323 24.1 3.7mm 464.2
16 343 25.0 3.8mm 546.8
28 40.5 28.1 4.0mm 620.7
30 41.4 304 4.2mm 7189
40 478 34.5 5.3mm 849.4
55 59.9 43.8 6.5mm 1086.9
70 76.3 55.8 8.6mm 1241.2
100 108.7 81.8 15.1mm 1330.1
110 119.3 90.8 16.9mm 1407.4
120 148.6 111.6 20.9mm 1494.8
140 187.5 143.3 25.6mm 1612.4
160 235.1 1754 33.1mm 1679.6
180 301.6 224.8 45.5mm 1756.8

£ 21 P ERARAREMEESK. K, BRRARBARNRL, dE&
K, PEFERKAELKE 66.9%~764%, MiHIKTTERE, 40 HREEK. 5K
MCGEBEN . PRI KD, SHKILER 149%~1.64%, BEE
HRH, 40 HREHBEMER BRI, SRESIRRZH 543%~16.67%, X%
K, BMIREER, 10 HRUGHHKEERAR,
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P EREREN L PRRE R HHETR

PRV, B 22 B, SRR AR, BSEAKEKAE
ALEE. UEARE. SR SRR SSRRE. AKE. AFRE. #42%
MEE. AHEFERERAN. X TEHNEARTHR, AMEIRKKS: &
RLEERE. NEARE. MRAREOHETARE. REZELEEZS, KR=
PSR LA — 2 A K. X Fig2.2a BUMBENSHTER
(E¥, 2004),

g LA L L1
e gt

L Yl BT

SR

40T €6 - wans

F K — WFRE
A ‘Dl ap 0a0
KEAR 0.0 0040 0,0
pdals 0% 0008 HEE
1015 0004000,
f
L= AERE
WHAR
§¢
MR ’:i%: t';'! :;é' 0 s
. ' I l
ZRY .....”' ..‘i i .é %.
g. : "y yt‘ﬁﬂﬁ
5% ol
ot - memme

Tah! g . : IR
BRI —td e S 27 _"‘é;""fei{‘g:'"'*;}‘*{'@"“‘;'— EBELEEE

a b

2.2 PR MREEEAR

Fig.2.2 Pattern of retina structure of Chinese sturgeon

fiZ LR (pigment epithelium) 7 FHRMEKERIE, HHERER L,
HEHBENERSEL. AR PEARRARREATTE BOEETA, LAY
AT R, SRR ERN, BARREBAABREN, RS
ek, RS2 BN RN, RAETRBREA MR,
R MR R I e M RIRL, DUENESYL. AR LR T WA, WL

k)



e Rl K2 2006 RS HBIE SR X

HIRREAY, EEEEWE. MALUUTAMRGE MBS, FRETFEER A, 5UEL
Jifin e o

MAAKE FEFITAREA AR . WATAH (rod cell), REIKT
R, HAfEERTA. MRS, SMUKEZMCATRIDT, 2R, 5.
FLKTA0 LR S2 59 BRI e TUMEZRIR Ccone cell) &5 K SARFTARMUAIML, SMTBERILFT
MAFH . AMURREREMR, FAWNE. MEARNEE ERENEaE. mBsh
Sk S FR R NN K, MRESAINRENEE. RS2 R gE .,
P RMAFWEAN, TN A RMEa% TG B AT aR, Hask,
VATA R AT 2, PLHEA MOE AR D

SARANKIE (bipolar cell) REXEHEMM, EEWEMMRMMHEITAMAH
BT, HAREETRAKE. SURMBAHRS B S50E. TUTARAHE
HAABR, ARSFMRE.

HETHMKE (ganglion cell) I TFHMBRMEANE, HERHET. HWR
EXURAM SRR AL, HHMRAAREP, AL, ki, EAREA
EHREREHEZTT, BEMEATER. ERARNFT - RAAKS, RARHK
(macula lutea). HPEPRFEM, FprM. XA MMEEE, SANHEARMNGE
AEEAf. fFRMOWHBEE. BEH. WE (optic disc) NFRMHHLE LK
HA, RUMBE2EALSTARRKYAMRERRERETHERL, ALK, #
REFHABTER, WANHE. UPED RS, Rkt kil . AT
i

34 pESMMENEHEZS (REAKID

3.4.1 MEREHHE

M BNAMBEEAE ML, SEAREGHHS—3 (). 2 AN ERE
FAME (1I-b), BARE—-BEANS G, ARLEARKERD, #HRH,
HRPRAAN, RERR. 3 DRRNUTAERRENNMETFERE, BEN
PR LT LRI BB EHFIMLEAR (o). 4 HENERHETHRE
(1I-d), SEEPEAMMMBIEHMLR 4 B, TUIHARARE. RARE. 5
BERHETARE. o HRRINELE—PRT L (-6, SFREL. AR
BRURAREDOTER, KostRERE, RERE, AMRERE, RELK.
Tk, HPBIEBZMOEE, HEFINFFR—RIE R A2aL, MMBEEHA KL
RAKDETAL, B30 BRMEMIMBERRTRE (14,

342 BRABETREENIH

EFHLIE 2-9 BRPRFalELENMME L, B R a A7k
RS, BRMEREEMME, HYEHMHE AL RBESMIBFEF, RYt
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PHHBERTORARE RILT AT

HERAHEHURBEFIRE. 3 ARTERIERIMEL (<), REER
¥ysI o A AEARME ST U R M AR PR A BB S S B, B AR AI L R
MREHIThEE. 16 HEHEN UM L, Mo RAREMTNERARE, RHLN
BEANATHRBRENRE (1I-f, g). WK 25 ARG, BENERERERET
WEIFHERAKE, kB AERERS, WY RRRE RN E2R
HE (II-h),

3.4.3 AREEZMBAINEMNS S

3 HEHEEfFanRME LR EEREREAR (SC) (-, 2EMM
REHF, REER. o RN EBFMAR (M-, MHERRS KRBT,
REVEMME. A D EELE KR, SHEARE LD, HFE SR,
TOAAT AR R R W £, B2 e Ll A e 2D . B TSRS I HUAT 4 A B o
bR RN RN E T B e

344 SMNZB

SEEASVEMVAT MM RN A e, 3 ARG EEHREEHRARE
(Il-c), R, MMZHFIRE, H2BLNEANnME, BREHE, RE
R, BEVATARRE L, SMZE P IR T AT AR L, TRt 2R,
HECEA D, RERK. BIEK, NEAREEZA G, AR
BEEANEK, M EECETRR, BEREEGHINM, ZRAE 30 HRE -,
i) SMEREBEEKEE, EAMREEERTARE, HIEE.

345 ALE

9 BN AEZEHIEAERL (o), BAMEE 12 BAATEIEN
KPR, EKAR, REBRK.

3.4.6 MATHRE

RAMBGHETHARERE, AREE, H#IAAN, FEKEE, RER
®. MEEKRH, ENEEHEH, ARSI, ROTE BREEERE, Y&
39 HEN (Il-e), WAWHRBELHAITA—IHE.

39



B A ¥ 2006 Rt WA ESRR X

3.5 MMM, HETHARERMEBABZNSHBERELE!

100 r
: DHHEARC.)

g0 - WSHHE MM (0. V) |

quantity
(per 100u m)
(=23
[—3

-
=3

[a-]
[=]

S E (100w m) Distributive

0 L. —L L —— —— —d ——— e — —_ )

9d Id 11 12d 15d 17d 30d 454 69d 91d 122d 180d
Fl&: (&)

B 2.3 s MBAELT A b 100pm AR (C.).
MAMZEM T (ON.) Hi%E
Fig.2.3 The distributive quantity of cones (C.) and nuclei of the outernuclear layer (O.N.)

per 100um unit length in the retinal cross section of Chinese sturgeon

HE 23 Wi, BMETESHRTE, AR (C) FREEHETROES,
17 &L, PBEEREERE, DUERRBERHW,, BRETHAIESTEAH
MEAREFERMCHIKT. SHAARME, MEARE (ON) HEELELY
iEYy, dTHMEEEE T MM AR NN, ZRTH REBITE,
WAFIRE R B EM N, BT H 17 08, SARESRENEIEE MRS,
SERTRRLME A MRS TR, WP ARSR B FRE. REBhRN: &
FREUMBEMR TR, SN EREEHED, WATA RS,
b o HESE 17 B R A 40 R 3 AT 0B A B BUME , BUAT A o S BB i e i
MEEIFT Y B T ba .

HE 24 7T, HEVER (G) EEEATESMANRAETRES. N4
ARUAIGERBETREY, HE 9 AR, KENTRIBEEHELTE B
AMETARBBRRBERENKT, &H4ART 9 AREMETARTELMN
e BIRET B B Ak 1.
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p S 60
g
| 3 Z
L
we8
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| 22 o
| B
| a8
0 e L — —
i 4d 6d 9d 104 15d 30d 45d 69d 91d 122d
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]

; B 2.4 MY E 100um AHEFAR (G) iR
. Fig.2.4 The distributive quantity of ganglion cells (G) per 100pm unit length
l

in the retinal cross section of Chinese sturgeon

0 mowe)
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&
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e 2
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|
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t Fl & (d)

»

[ B 2.5 PR LM B (ON) SRR (CO

| RAp2ATAM (G MERL

L Fig.2.5 The quantitative ratio of nuclei of the outer nuclear layer (O.N.) to cones (C.) and

r to ganglion cells (G.) in the retina of Chinese sturgeon

| 2.5 A R S AN (ONIC). SHEURMME 5 M WM
(ON/G) HEILHEHLES. ONC. 71 ONG BbEPESRNEKETRIMLH

' flryigigtash. 9 HER ON/CA 1.2, WM ARELIE Sk, EHEE

| SZHRUAEAK A . o HE-17 BRI ONC.EREMKEY, KRR

" ST ERCARFF AN A E, dEtiE (94 £2-17d 8 BRI A s B e —
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PP RAKE 2006 fi il FIFREEREX

AN TR . ON/GIREFHE IR T VM BRI 48 4 4 & AR R B A 2k s
B (BT, 2001), fh 2.5 EeT40, BMKBRMLEEE, L 9 HE-17
A& KB,

3.6 RS HA ()

VRE—RLBRDSRART, SHABD, EESR. EEmsk S
RBE KDV E S g, SPIRE 43 0 BT Y04 i A 2 R LA B A2
Mz R AR R RIERRE . MREGRDIETEENKE. B 26 firhsse
BIRMERTI RN HANZN. MM MERTTRS, BRERE
Z18, BG4 B 6427 /MR 91d B39 11.3°, b od #3-17d B EIMEME
EREE.

L=

5 80 " |Uﬂﬂlﬁlﬁ
g 2 | masEm
20 [ T T £ 0.8 H
5 460 | -

— <
::' w0 a 0.6 |
T4 X
o 240 o 0.4 |
g2 F -2
& by 2
R g W 0.2 |
0.0.4. @
E 0 L A P 1 0 - L L ——

4d 9d 124 17d 454 91d 10d 12d 16d 25d
Fl& (d) H# @

B 2.6 PRI/ D HHREZL Bl 2.7 B, BUER &M TR RANER

Fig.2.6 Changes in the minimum Fig.2.7 Changes in the pigment indices
separable angles (a) of for light and dark adapted retina of
Chinese sturgeon eyes Chinese sturgeon

3.7 ARG NMAES

B 27 RIBBRFARAEA LGN, BENAHTRERRNEK.
12 HREM e @ N AEER THARBEERTK, WENTH PI HELE
0.502-0.597 z.[a), BEIERITHY PI{HEILTE 0.498-0.579 Z &), BMLAHT 8 A B3
HENMMBEZEHRN. URE 16 HRE, &N PIEN 0625, TEER
PLERE WD F) 0480, XHFIELEETHENE RIS, 25 SR IN
MBEH RN EMEE, PIMEERERNE 0.712 FEARHERE) 0.437.

3.8 {TAMAERE
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PERIRE R BN R RE KT

1P 2.8 FT40, HEEMNMBE 8 FEA, 39856 (12001x-15001x) RILHEIE
MEERE, 100%EX%. B 9 OB AGERrabtRE, BEREREY
76%, HEGLBIFETR. 5 10 HEEEERMLERK, FHHA45%. h12
A% THEH S ik et BCRFHRNTT, FHER 51%. 2 13 BRESE
12 A#4eg 4 b, bR REE LT, 16 AR D243 89%. £ 17 HEUS,
HREAFAKER T SRR £, 100% 1558, UEREEnaetEE TRE,
BH WM.

80
60
40
2t I
0 -

174 30d o60d 90d

§§

3% ® Phototactic ratio (%)

A# Age(d)

Bl 2.8 HEEREAKTIM BT LG

Fig.2.8 Daily means percent of Chinese sturgeon preferring illumination

4 1t
4,1 hIESIRKNES

RIRRALI D MR IR SE, ShRML. 9 IBMIMEE T =
%, BUR-HELH, 25 HRMIMARARE, 40 ARHRRET RS, —A
WA RENE, BYanSRERRE, £5E. EEAEARK, REESLE
SEERR AR SR A, HaXNERAMBEL, BHEE, TRSCEBR,
Fi oL IR AT R R SR A S WML RS . BE AR R RIS
WG, ERREEE, SRR SRR GER. RERnRRAHEEAR

R (HIRRHT 5.43%-16.67%), EERUITE D, HWRREEE DB, HikmT
CAHE N P AR B30 A R g

42 MHEABERNIRATARNIARE
RU%E L (P AT AL M A AL R B RS S I, R G SRR
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— SRR 2K MR AT 5 SR R — B ( Baburina, 1956; Boglione ef af, 1997; Hocutt, 1980;
Wahl and Mills, 1993). W15 3 B HIEE A REA R, 9 AR HIITH
M, SERfeP RS F A EAATE N IRTEE SR M SMETEE SR AR (9d #-11d 8),
SR EMABER, S FACLITREIUINAEY. —HMARH, FEMHAay
B ANV R A A R, RA SRR RS R R A AT
PR (Blaxter, 1970), TUXE{AF EFHARPRI, REEMFE (5 Q#-6 B
) UREEBEEZMLESE, REARMMITARBEHM, PrayRigasy
BV R FEAE P A R 2 M (Rodriguez and Gisbert, 2002). & o 463176 35 %
et MR SRAF EEA0. FFSETHEE—R (RITEmnkgn,
1996: BEFIRE, 1997), HEEFALRZMMEERTTIEMM, R AT H
ffa (9 HED, 0 &9 H&H, FalT RHFKMBRFKPIRKNER, HEKRE
B R, SEETROCRZ A S E AR, ETRZRL. WRENAERE
HARAAERE, e IR, ST, ke B, WA R
fie B BRI LR R a3 BB B K TRk R A RN EERS
YERMERS (MEKIDKFERREEA, 1988), HFTLUARIX Z A A EER
BB A . Blaxter (1986) A Yo ¥ MTIE 3l & Y R £ b 3 MLAT 40 Fi ) 1 BT
AR, REXNETRENFRPITAR, FErRarammBel, Bk
BAFIAL (1988) X RENNLEMAAEMNTRATERMNTALNER. B
FERMETL, 9 ARMMEREMLEEE, REARMRH, THEEE,
HEFE SR E, SFTARNMAEHK, BEEK, HNEE, HR21ITHREZ&%
BRFFEMIEE. M Eed RN E S pEm R Rfra RS 4 uRRETL
PEfLLRI, EAKES EEREEEENERES, 9 Hi-17 A8 EMMEERA B
BEKA—E .
43 TRIRHRHA AR

PREFAER TR, RESREEENENR. 0 B3 ARHLTER
FEKEYEL, FEEIRGHIZEhR, S EARKE, REXEILES, BHEART
B, FEBRMEANSLE, EUMBRFaNEEERR, BNARKARIMLEHE
Wk (EF, 1999), X5EAF TEF 2L (A. Rodriguez and E. Gisbert, 2002).
5 BE-9 AREIENKTHRNE, kE{fagdCiRErE, TR
HEKERBEKEH mEEs), rRFaPREERRNE . HiE3 9 B
HEARARER, OB REY, TFEUIBEITY, 17THBREXIKRZES H
B UARTEEEE, HEPEFHBEE—ERERE, PEGRIENERE S
PESHMMEANRHTR—EM. 3 BSHAUMNREISERNSERR, HE 9
FBRATARER, XAMMRNEIERHE, ETEZRE, BNBEEH TS
YNRUKESIEREIR A, BHAME, oTSRMR T I &R &L D TE R



PEEIRGE R T (LA AT LR R

RWMA. 9 AREHTAR LR AKERN, REARiENKEERE, Wit
MRERAREEFRE, REUBIEEE, BPEHBTHEMNRE, £ITALREH
BB B AT B R EVE SR LI UKBY BL A TR (G, Xt B AR SRR R R E P18
A
44 MERIEBIRANXR
UERAXRBOMNEEREZ—, TABEE (199) AAMBEEALZERITH
FEMER X ERME=NAE: FRAOKRN, BHARERE, BeNFRABEEHHNNAE
B RREATRI (19958 19956) HBHEHHAPHER T XN FEHER. F
e 9 AR EHNEEEEITSEIU R &Y, REARMTARYER
7, Bz Efsheed, MENRERESERNARRERE, FURITTLLAL
RIJFOMFAEERENERERN, KEAUMEEERRSbEE, BERE
heeCte g E, XHRkE T heatatnda iR, 4B HFaEE IR
BhE, REGRY. ERCRERNERZ G, P EEEFEEEREY,. TR
BERY, MEFAYEARORERET, RFEa B EviR K
OFRfx. ’

4.5 MYE

FERIREOEZRE MR TR, B/rHifAh 4 BRI 64.2708h
Bl 91 HERTRY 113", R BRI RMEREETRKT, BRREERAS
Iz T AL HEE BT BRI oY RE S AR BT ML R BE R T RE, AT 6E IR R B 443
MABE KABEN MR AR, 9 B-17 HROBEASHATRERILRE
& MEGETTFE RUABEEHFARFONNEERGTEEEEMFEA.
4.6 MRERTPHER

FKFERE (1980) REHFEHENWERFATORRAE—FBRE, ALE
KAlLAEH, WABSLRE, FHACSTFGEIRARYE, HESEMRRH
s, ATRFHEFHESRENTS LR “UREFATFORENES —HBRIE”
RItSOL. SRS P EEAMART, MRBIEERT 9 A#-17 H# XA At i
MMNRERTE, ASEEMRATIRMEEESE, BEMBRHEF0ER
KEdKES EREIKE, RERBEZTE. BHAN, RERETETE,
A BRBFERRNANE, RERTRE, HARRHEENRUERT-HEDL
EAEYHE RERBNALRORE LT HBEIM, URPEFHERAEKIBE
TR TIRBAM KGR, XERRY, EPERZRT EMNFARGRERT
. AREENTBRET AL S2RRHER.

4.7 RESHGGEINR
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XU BEOC RSB E O ERNBEA TS HE, ZAEERESTEAN
Fr kA (iR, 1996). MM LA =FARMIEA R, HLETHEHL. &,
BRBEH =M RBEEHR, EE O ME LA LR 5N S
K3 A R A M AT, RES BIHER B TR A (F BAR S B
B BT 3 AN FARRKEBEARR, F2tRse, 8
RINARE AR, XFENEBAEETIR, SdG6ERGENE. MERER
{02 B HE AN R SR HE A AT (R RO Th e, Bk P A S0 200 PR XS 40 o v 0 %6 L BB o8
AOETRRRER, TEREHANRE. REAE (1994) fEHHaUMRREER—
FIREZRR, MRURE, TUERBREE, BHaMMEATREANEESM,
ETFEANKE. PEGUMEANR AT RN TR, B B gLy
B, THACREIAER EE TR —L T A2 ERIER.

46



FHEER ST HRMEHE LT RHLERE

HoE hESHSBTEENEE

by

1 By

CREAAE SR EEEBENRTEEL, AN UERIARBZRTINE
BZRE, AXEHIRYNLET, REREZHHFHEEENTFANSZEE,
hrBREEEAXEA, £, ¥, EEUHRMESFENPEEEENGER
fOBIER (BHRERITZA, 1999; R4EfF, 1992). B EESHRIY—F, HK
R BRKYE. BERREOSAEHERST, EOE. &, B, 5. W, 7E, &
REREGADI i, EURZUR (EHF, 1993; BB THE, 1996). REMN MK
BlERTR. ARMAREZTRE-MABHRE, REA—-LSEARE LA
B, LASHBILESRAE. KEAFENBILITOTYIRIREE, EEAKTATYN
HH. KAEABTRRKER EERMTENEINELRA HHES). KEH
ARBIEFEORAFTRE AL AL AWAKILNEHAL, BAED
A (BRI, 1999). XMERWIUTNEMTIFR, EARANLR, Hlf
FEAP LBAFRERNE L WARRGRMEEBZHE, M ERILT R,
TR FBRESHETRRKTNINNESENE R AR EER L CGRRE, 1987).

i}

2 5%
2.1 MEERIES LR

2004 4 10 A ERAAKITH ST ERHHFPREEM, BREHETATES R
¥, REBESUEARL, 10 A 19 BAHEEER, c8H%B85 0 &, Hi
J& 5 HAS 12hr BUM—K, 6 AZE 30 B84 48hr B —IR, WE% 5 BB — &,
HZE 180 HE:. SHBEG 10 B, 2K/AT 50.0mm FIfF2 Bouin KHREE S,
BaLUTE=RZBES, RANAENERBTERGET . KRRANT
LEE, MBBILELBOLEMIE. ¥ Bouin KEMBILWERIRER REHH
€ 0.5hr, BT HAZERENALHBBRABEHFPEE 24hr U LG HEEHDUER
EAR. RAEWEBAOR. Z0EEEE. BEfNas8=4I85S, Fiz
ERANZREEH, BoERIAIalE, EELEME (B 5~7um), HE
REEHE (E¥%, 2004).

2.2 TEEMLHIIES
it Olympus X2 BHBME, REFNMRTNBEREN AL HIRERH
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HITEE. RSP AHEEDERRERZ R, @i Olympus EREHHEEA
R ARSI LWL ERERE.
23 MESHE

REMNNRETH EESUAFPIEEERE A — kS S ENE HEE
MR,

ok R EE ERAE ERERE LR REEEBAEE, B AR LR
BE.
MEBRREAEERE EREMLIE LG &K E e 83 R RE
AR TV 2= R B A Y B R A, 2 T E D R B B . R BBl R e meR
FIFHREERE.
24 {TAHVgERE

AMAER-EThEE AT T o2 LR E & TE . ARG RIS 60 B EEFXT
MR L, BABREME. KEVH A A IHEA WS WREFWT A BB EET 10
RAMBRHE, 10 KIBAT AP EREFETAK LR A FRIT A HINE, 345 3 4,
4 10 BFZET 150 x 80 x 60cm’ fBEKIEAE S, K 18~22C, iRk 1 X5,
SRHeWEENE 15K, HilesE R R #4 .

3 BR

3.1 REBRENEE

A 3.1 fiah PR EHRFEAE. RENKFTIAEEEREANER
wast, EEE, BEAlAZaRAERELEER S, MEAREARESR
WO IR, TMREEREHEER. REERERAEE, EREBHEN
B RACERWE R0RER, EENERENLRBERR L, TERH %R (Taste
pore) ATHNUEERAER. WERBEARMZHFEARER. BEARE KL,
Afpkihs LR RAOMEER. ARZSHEY, RFESK, CTARGPE, T
HAREBGMNREERE. SHRNEDBARENZAKNS 6. XHEARFER
&, MEeHEEER, REZKR, AREREIURRE. XFARNEERE, §
R AT,
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BB

XFan

gkl
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XA

A

|
]
| B30 sk R

Fig.3.1 Pattern of development of Chinese sturgeon’s taste bud

. Kt R, BEETE. LERLBRE, WERRE HIEE.
LR ETEERERA, SENWERTES. SHRERERS, HKEL
. 4. EEANTE. @Eggatrng. FettEg, wEAFTZEL. W
ook thiRD, HIERLAWE 240,

i
i & 3.1, 3.2 T4, PEEREEIEMGES. LTE. & LB, 8Enm
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F 3.1 PEGEHERENRDEL (n=10)

Fig.3.1 Size changes of taste bud in different regions of Chinese sturgeon

H & HEBRASML (um)s BARE (um)
(d) The largest height and width of taste bud
Days 5 & i) tE Fig 2 |
Barbel Tongue Palate Upper lip Lowerlip  Gillrakers  Pharynx
12 207 59 * * * * * * *» s . * * *
14 258 71 ¢ * * * * * 204 51 * * *
16 314 94 * * * 213 52 264 92 ¢ * * *
18 368 127 168 68 241 64 324 118 306 164 172 48 * *
20 471 194 20,7 124 328 122 389 207 378 227 234 6.2 * .
25 585 302 293 191 435 21,7 547 344 461 308 315 108 ¢ *
30 708 461 408 302 517 345 704 4834 58.7 445 397 152 258 6.4
35 864 584 534 417 768 561 768 543 708 594 504 228 417 148
40 942 692 628 518 928 742 842 671 886 786 576 310 582 354
50 975 726 854 703 123.8 975 1056 973 118.6 954 743 685 824 68.!
#32 PREAZERTHHREL (0=10)
Fig.3.2 Number changes of taste bud in different regions of Chinese sturgeon
H & WEXE (n)
(@ The number of taste bud
Days A & stz i TE g L
Barbel Tongue  ° Palate Upperlip Lowerlip Gillrakers  Pharynx
12 6 * * * * * *
14 9 » * . 7 . *
16 14 * * 4 10 * *
18 20 8 6 8 14 4 *
20 26 15 11 13 19 5 *
25 43 34 28 22 24 12 *
30 58 53 41 31 38 19 6
35 67 78 54 39 40 21 10
40 75 86 68 47 49 25 14
50 82 104 84 56 67 28 17
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3.1.1 PEBHPRENEE (REKID

:
i 5 BRIFA ) JUTBRAENK, #E% TOEW. SREAKTE B
¢l DB RRERLE.
i 7 BRFE (0) BIMRRHRE, MSMERTS AN RE. T A
R . Hh RGBS, kRS
| 10 BRFEL (c,d) REBHE, EREEQRBHIKEORGAME, B
[ BRI, HHAE SR ERT AN R,
| 12 BRFE (o, REBMEME, WERGARAKENEE, AWHR L
. RIERMER. BANARKRIEE, RERETHE.
, 15 BRfFA (g h) WRELER B, TUREBEEMHRIL, FHAMK
| ERUEE. BREHE, OETHE, XEMPEERLANT. EEHBE
, M. XBERAEARGN. BEARE KRY, ARERETRREHRR, X
' FARBERTE, RERR. BEBKEAVERK,
20 HFA () REEFE, WENENE, BEARMENS, ROER.
; BRI, SLE e,
. 30 HidfFfa (D) RESHEHE. KERAZUAK, REBEHE, £E
| RPETEEVBOABIM. BEBMREK, TEBIREHEN 13,

| 312 BESERRENLE (RERNV)

| SHBFA () PEEMFEORRER, HIEE., TRLESHR.

| 9 BRMTA (b) EORLERSN, EFEPEYE LN TR EAARE,
| BEEE, P DR TR A4 .

| 12 AR (o) BORESAERE, TEIWSRBANELENS, LE
. P TFEEREELL, RRBERTIE.

| 14 HidfFfa () FTERERENE, TosaBEEmbokLl, ki TEE%
| HRURE. RHER. BE KRN,

| 16 BRITFE (o, ) BRESEHE, hERINE, LBIRERTE,
| WEE, MERNE. TERELENELTLE,

| 30 BRfFfE (g h) EREEETARA. WEREREZ, SEROOBEH
| REFHF. OANENERBE P, TR, Bkt
| #H, REERNA.

. 313 ABEMNRELE (RERV)

I 5 HRfF& (a) LSRERAREFIES, FRHRMK, kRE®RE. B
BERERERERE.
8 HfFfa (b) EREEVHISBILASERGARE. FTRREZNE,

51




fErp R ALK E 2006 KR i) FRRSUERALE X

HEERE. RERBHAREORGARE, ERAY, HBREEE, ATERR
HEFMBREARAEAR, REFTELA.

13 HEFE (e, d) BEME Y, HBRE, BEH. TRHIMRE
FamiliiEss, RAEMEE, RERENHE. Rind i ek
MZF RS, ROTR. REWENERERY, KESRAEREEHES,
RAAFRE .

18 HEfFfa (e, ©) WRTAREEN B, TORABEEMLRL, ORAKE
KHsEE. A, REEERNE. REARMXTARNEERS, REER.
AEBKEHERRK.

30 HifFf (g h) WEHESS, HANBEARGRYES, wENHE,
SRR I, AR KA, TEEIMREEEN 1/3. KAk
Bkik, Eaiih. TRABARMER, FEANETHRENER.

40 HRYE (G, ) FRAREE, ROSEE, FREBEARD 4. WRED
MESH LM, BHEEE.

45 Qights (k1) SEERSHORAATERELN, WEE, REEER
AE.

314 SSERELE (RERVD

8 HRfrfa (2) HRENMSER, EE5 EHARRERE, XHEL, 8
HIERVEER R R TE AR

12 Higfrfa (b) SERSTER, EERERME, WS RGAHRE, BERE,
b, B aRAS AR RER D,

18 HEfFfa (c,d) BREGEER EIEE, TUREBREEM LRI, 5Tk
ERTxE. REQR BREVE.

30 HiRfF& (e, ) WEHRME, BEMEED. WEMMTHEY, FEETD
TEEBRL TR, B REEMIRK.

32 hESEBEENAS

3 2 l :I:l—l‘gﬁ'l'uii%ﬁ;ru —Fl*a

PIREFREL T LTI REITT, BASL 2 MREAR(LE 3.2-A, B). B4
IREF TUTEN 2 A RATATREES . RN EHINFERFEE.
ArALBFATLAEAN, BHNETRIOZLE, WEE, LERh, EFREA
Ly 12, BRI TLRHEHMY, ERER, LLREK. PEEMMKTRIRHTIKA
AiEgtst (180°20), 2EE (LA 3.2-C).
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R REORARE LT ARETR

(A) LKEEmA (B) LERM A (C) MEEFIHS
(A) Front view of head (B) Lateral view of head (C) olfactory lamellae arragenment pattern

P 3.2 PSR ALE LR RS E
Fig.3.2 Pattern of regions of olfactory sacs in head and olfactory lamellae arrangement

pattern of Chinese sturgeon

Bl 3.3 s b el E
Fig.3.3 Pattern of olfactory epithelium of Chinese sturgeon
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B 3.3 ApesiR it bR AEAR. R L LB REMAR. X
AR, WA AEXFARE B, HHERY, GRIMRE, £—
FBNEZ A, BRZ2AE, CTARBANDST. mEmmur— N RiEMH
ELERE, A-AMREMABEHER, EREERE, REOAFLE, RIRE.
AR RN AR, FARALTE, BT ERTEGLTE, i)
CEEFBRARESTEARME, BERWNRA. SFARETRAKZE, R
R, HWGIKL L RRE, MEUBHERE, SAKROEAEZHIITR—KFE. X
FERNHERRES. RAKRGT EROER. ARIEKTRERE, WRIES.
MR, REER. RAROESHSMR, BRTRMLZS, EF nEH
B4, MERSELMEH ARBMRARIR, SRS, REmMBIRA, REFER
.

3.3 PHERGE EEHERRERIRBEAEREL (1=10)
Tab.3.3 Changes of thickness of olfactory epithelium and thickness and number of
primary olfactory lamellae of Chinese sturgeon (n=10)

HE& () MREELEFE (um) WHERERERSNL (um) IR R ¥ E (o)

Days Thickness of olfactory Thickness of primary olfactory ~ The number of primary
epithelium (pum) lamellae (um) olfactory lamelilae (n)

6 3257 0 0
9 33.01 67.51 1

12 34.84 72.38 2

15 35.29 79.52 4
18 37.84 8749 8

20 4125 98.57 12
25 44.87 130.54 16
30 45.10 198.46 18
35 45.74 274.84 19
40 46.21 346.52 21
50 46.97 389.74 23
60 47.27 428.69 24
90 47.88 754.87 26
120 48.57 1157.05 27
150 51.13 1687.24 28
180 54.26 2157.28 28

ANEVRTT I 300 AR B ORBE b 7 T FE R B R O PR A R FE R R LR 3.3 TT
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A, BILRH, FEORELRFEME AR MTERSm. he
BRI ER B ERRT EEM, o0 EaREE EE AR F
ERKTIRERN, AMEREK SR BERSSN, K 12~25 BRIMBOARIER
B,

322 hAERBBRENLZE (REREVID

4 Higfra (2> BILA—MRFA, Bk, WERRE, REWHRREE
R LR RIFHIE,

6 HiRfFfa (b, ¢) RWEZLHM, HRE—NH=. RELERBLAEA
A, HYEE, QASERELIE.

9 HRfra () 6. BRAELRHEE. WALBHOETREZ L,
i, LB, REREALK 12, BRILEKEE, JLEEA. S bR R
T B AR B E TR M LR RS — 1 915 AR

12 Biefrfa (e, D MARREBEHNL, BRESHTRA . RELER
AR

15 HifFfa (g, h) HEFAREK, PARENRBREESEHEHEM.
WARY KR T A B AT I, BHFIEEH .

20 BEfFAL (4, ) MEEEME, HIEE, BEREZHAIENA, WL
BIARRELHE.

30 HEfFf (k1) MERFEARXE, REHERT, H#7EE, BERS.

323 pERRE ERMAE (RERX)

6 HEdrfa (a, b) WU EREMBARARMAM, HFET. TR LEHR
i, MR,

9 HRfFA (c, d) WL EAEHRARMREENRA LEER RS
~MIGRR . BEARNZHARAAE, RER. FOEFRBBGERES.

12 HRfFE (e, D VIHRBYBEHNE, BEERELR,. CEARSY
£, REME. FRAHEE.

15 BiRfrfa (g, h) HEFANER, VMEARROKEREREEHESM,
BREAMERY, ROBE, XHERERHEE, REREK. RIVIGLET AL
FATHES, BRI,

20 Biffrfa () MIREEWS, H5IRE, BEREHARYK. BEAR
MIFHRBERE.

25 H&fFf () WRER&EEMA, RENE, BTTH. RERE.

28 HRHFEA (6D M EERAESRE. RREERS, RS, 6%
AL,
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30 HEFA (mn) WRKHERS, HHEE, BERE. RESMRE LR
EHEEEREFAFHE, ThanrBaE. REBREEEE, ELEPREE
SARER. AR TEEMRZ N, HREREAMD. SR TREL
B BT, /MBS A, RBBHR, (FEMMBAL TR LR,

3.3 fTAHlaEE

£34 BPESGHBADRERFRRENKEETYNERTAHLAE
Tab.3.4 Frequency of occurrence of swallowing behaviour in blinded Chinese sturgeon to

foods of different taste and texture ingested in the oropharyngeal cavity

w9 EFBEE  2TREENE  KERE PRBER  FREKERZNR
(Foods) (normal Ytk b €2 b B
pelleted feed ) (pelleted feed (Soft-pelle  (Paste feed  (plasticine balls

dipped inquina) ted feed) ball) of different
texture)
A RIT A
(%)
(Frequency 100 0 84.67 0 0
of occurrence

of swallowing

behaviour/% )

5t 60 HE R ZMERPREFHT I FBIEATHIRELR, S, PRHELHE
RIMLREIF OBMA TR FE, HEMSEMREHERTESR. PEEHE
ADMEAFRENKERRDEFRIT A ERROLRER LR 34, 1KY, P
EHRBAFEERR AL, MRAETRE AR ERE Y. HYhEgOmn
2 HORAE BB A IR SR SRE A B T R 3 T8 R A 2 s SR R OBk
FHABREHE, PRI RI FIET A, EX#REEANE
ABXml. RHRT Rt Rsh, SYMRERET EEEWEN P R
BHRSELEER . PR OREA TR AR SRR T FRAT R, ¥
MU & E R YRR T G (R 2 T AL S R Bt N E 5 3 op 463 0 T S R

4 1+ie

41 PEERENLS
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’ HEEBERENE PR ERILT AR

BAMRE E4ATODEAWN TS, MEMESnLEE P, EE8EE, A
FREAS AR L WE 6, HENTOARKEUNLKERZHG6THRE, £EX
(EBE A (R b I K BBRE . PHEREAM. DB, F. LTE. 8, |
L¥E M. HPATRERRRT, HEKKETE. LB, & LEAW. X
hEBREEGREHERS, LE. TERAMKENRER D, WHARSEDE
HEWESIPNEAATEAESIFNER CRUERELFE, 2005 RELF,
1997).

} HORURE M A L A R RIS — B P 28 0 DA 0 ol ST R A0 B AR B A R AL R s

AHEAN AN . B AR R A AR (R Ak, 1981). E Klause Reutter (1982)

B IR R AT R M FUE L, REAERERENARBREAR LR —HH:

YHMRLANANR, FER, CTUAREES. REAyiRan, E65K,
» SRS b g, RAMAEREAT. EETHRATE | #3E: BIRER
f B EFARAB AR ARAR. REEH EEMETRNEESEE, Ak
| Y54k, FMRFBENZFER. BERASEREER, B—FRMuTHAR,
j ERFAWLTARGEST, WeERA ST MMoci: Eamiarlyi
r

RETREAR, CHRERSIFTOARMS. LN ks bl mm—
R ARk, BEREANSLER, WENERS L —HAERE,
; 42 WEMAHREE
i EFEEN LR, TH. Of. . LR W, SEseogwsnsf. %
ENYRMAR SR TATEREN. §ERELRES, KRR LA,
| BARBRE SN RBIMAER, LR FRKERD, REFRIA. ST
L FEEPEREEHEEA—N, SHRRENERLERNE. K5 HEA
| HRANAEBETUREY. PEFEUIEAY A ENAAHE%, TEAY
L H—BEAER, WEKTOEER. SR, BHE. WK%, ERKPHEEAY
| RAF. 15, 23K, DRMEYRAWHHRL, WELENAEREREY. e
? B A X EREARHEN SR T A8 &R LAY, A LA RS
i FoR. tEETREAER, SRANRNELE, GELES, REEXERK,
l i R KL R, EREAE R RENhEE CREXE, 2003).
43 PEEBRENAE
} ipEd 9 FRRET, B LR RE A AR R AR LR RS —
| MV, WE, SERERY, HE 30 HRETEE, i 12~25 ARER
3% F AR NUR SR MR R T .
MALHETEE I (DM2%, 2005; BAEFE, 1999; KRS, 2003;
TP, 1982, LKES, 1987), PHEENE—MEERAH AL
|
|
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AfEEA R, WEEAEKIL, BEONEKL. REPESHAILK. B
AERTRK. BEEALRARBIEIIF AL 4 0=0 #5708, EEH (90
° R foigstst (180° R, hESINUR R A FESR (180° ). Hm
HERBERGHS-REFAREL, BNARRKIRLRE, B AHEER.
DA ukeh 463 B BB I TR AR (R, 4 S 18 IR AR 0 2R S v R AR
% ER M RAPREREEKMERA S EERIE . HREARRATHRE, T
LLA A3 IR SR BE KBRS, #4855,
44 PEBLUEERERESERNXR

P ERBEET ARNERY: PEENHYREE T ROESN AR
RR, $LEBMHaUERN, MESaPIERIE, BXEEE s EEE
TR, ERARERIIEIE SRR EEPEREETAPERSTK.

EHREERETEHE AV BN N “we” REER. BEEN
MR, LTERTHENS, WRTFaRR, AR ayngh. TR
JEEBk & e PRSI IR A I P AT EAEA MY EE. DB PRIk sE A WRE KRt
AOf Yk, PHEGEHEDNERBLNRTHERE, EUEMEAOBPH
BUHMNEEN R, BRETERAFHEY, Eautil, XETAHNEELR P IAHRIE
W, AEEEWEEGE, TUMBRLREREFWES, PEFEERRLA®RE
e
4.5 i b F R AT IEE AL PRI A

SR LL A BT A MLRE L IR R AT, R ET DA S uR A 3 fr Ykl R AR BE AT 1Y
FERR, NEGFASAT—EWENKEENAY. EPEEATRESR, TR
EHEAESESREN TR ERERNERE, URAREE, WP R%. B
FOREMRR AR, EUE TSRS, FUEESFPEEAR
H, BiLSHRREEEUA A AR, KER.
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FHHBER SO IRE R ANETT

FOE PESMENEE

i

|l BIE

ek Z K ER SRR, BEROX, A6, Wak, BEEPR
SERH. FRERTEBMKEREMEHEE . REHMEBERE DS
AH, HMBETFAR, XEREERNAYS ERAUE, BERMERESER
AT, FAkEE: #MUutaEnE, BEREAnKE. FeeS5EKRG I, €
=AM LES R, BEARNMEEEER. LBHMEHTREENER,
HEEERENEN. BE, MZETSHAY, MEEESs Ll 55 R aE.
RHMEEHNARNS R RO WA, UET ML HES, SE52XREX.

MEEBMTATEEENER, Bk bl “FE". MEHVEEER
KERBEE . PRI TRk B B SK B #93R 3 (Bleckmann, 1986,
1988; Coombs & Janssen, 1989, 1990; Saunders, 1985; Schellart ef al., 1998) FlE A
i< Z)(Bleckmann, 1986). BRSLZSMUEEAF L EHINGE, WEAKEHTHRE
GNP A4 LAY (Patridge, 1982), # £t (Montgomery et al., 1985, 1989; Enger etal,
1989) ERIkBFE, FEEZHM (Bleckmann, 1986). Lighthill (1995)7ERT 7T & fa b {iF
RMEEARMENT RERD>EAKEEAER. ARERRMLET B
BECERYANE. N T-SFBESEAEPHaEINERMNESE, 4T
WAEZBRARY, WERERREDNDEERARKIER (BEF, 199).

Harx ik MK D EMALE S HHNARE R HE. ZFEORARENT
FitaANE T 5 ERHEREBSIHEN AR, FNTAMAMER RSN
EE Mt — L EE AR

1;

2 M5 REE

2.1 ¥EkiFESLIE

2004 5 10 A LWAKITH BILBHS K 6356 fa, EMAT A Tt =42
¥, ZHOMESMEARL, 10 A 19 BALEmEEN, CE4AN 0 HE, g
J& 5 HA® 12he AE—IX, 6 HBRZE 30 B 48hr UM —IR, HEH 5 AR —
K, HE 180 HEE:. SRYEHGHM 10 B, 2K /T 50.0mm ({F £ F Bouin K1
#FEE. KIREESGBTRDRSITRE. BEFNA2S=HZB5E, 0
ZERK. —HEXEHAREEME, FELHN (B 5~Tum), HE LEEHA
CEF%, 2004),

% T AL VRO ALK A Jakubowski (1967) B2 ML, B/R ORI
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e Ak K% 2006 MGG -BESTE 4R &

WRAH H0, 805, #f Delafield RIF AR AELIHEAN. UfFFEHHERAR
AKepigfe, A ERHORLEAMEILESR, THAARERIU S AR,
R MKE SEEHAKELRENE, BESHIERE TUR. HLRERKEER
AREhE, WHERBREMAENEE. ARTESRPEREANETSE B
LM EsaE, EIEREME, R e AR ST BT 0L,

22 FEELTINER

it Olympus 2 BIERE, EREEZIMREMBAERREEALERER
HTEE. ARSI HESYERKERZ ® . @it Olympus Y #3165 R B
IR X2k H R I EE I I 2 AR .
2.3 fTAHHBESIE

MR RN TEAT 2 R 2% 15 Coombs (1989). FIAE WM BARGE P&
BINREE L, BATHERTLREXM MERAT AR R W, s REt 85 mah PLagLs & IKE)
FIAELNERF=E, NRELR lem, SARTEEN 0~10Hz. %3 E Skl fAsH
FEFTIEENPERAE LT % KE) . LIRTE 150 x80 x60cm’ BeHK KA AT

3 &R

3.1 RS MRS

BB 4.1 AN, EBMEREN 5K BUNEMBTRMER AT L
MRS R MERTAEALES, EESMRIE LY., ELEYE, BTE. e85 TMm
B, RESIHENET 6 X, U EERS . MATHEINEMT S5
M. MEPEFHREST PIXBADRI, FXNEBE R b AZH, W
Bk (E4.1-B,C, D). BFHMEERNE, SELEFT, £93K BANFRS
(A 4.1-A),

HE EEOCTIRBEF T, B diBE T 2010 RE W A E M 2 R g Wi, By AR 2 F
BRABE. EARNKNE LEEE 2 MiEELEPREE FELEY. ELE
EEEP RIS ERNNNLERER I — N TUEN B, EETR 4~5 MUL /D
H, KiJrdl. ELEMHERIERDS, BAFHL S,

IET BN TR EEMEE, REFRGYWERLT . EFEH 10~124
ek M. METARRA, THEETEASTP.

A E THETERAMNEAE— 1Y, EoX. ANBEETSALIE AH 8~
0AMME, BEREA, 2BEAFTEST,

AR5 HEE B8 AHE TR IC & b1 5 MR EU R R 88, Sl S i
FEMEEME. dRBEEERTEREDE R AY EMEROEEREET, B
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PHHERRTHEPRET R ARGEIIR

FTEETET, HXER. BEEARHEERRD, KETHALT. BT
kLB —AE, BUERPFLESAER. FTENEEERRD, HE
BT HERT.

FEBMNERSEH LT, dfimfE, WEEHREHEDN, WRE ;A
L HIRD .

(A)  PEFRTHNE

{A) Lateral line in trunk of Chinese sturgeon

(B) MM (C) HHEM (D) fmR
(B) ventral view of head (C) rear view of head (D) Lateral view of head

Bl 4.1 sPEGFHMERS

Fig.4.1 Lateral line system of Chinese sturgeon
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b o=
A
. b A
- ‘;?JWWWN LNRE
: TN
Ny o SIS

4.2 pEBRMALERMmAHRERE

Fig.4.2 Pattern of lateral line canal section structure of Chinese sturgeon

A 42 FR, PEGMEREREATR, dBEARISTRAREN. B
RAREE, R, REEES. HEREAE, A nEHET8RR, £%
A R A AR A A, MRRSEARLY. BES LEES AH R
AR L.

g ML A \

| <

- £ o R
» . []

s g dn mu sf*:, u-m y-w ﬁ%.

Bl 4.3 P eiug g4 K E

Fig.4.3 Pattern of lateral line and neuromast of Chinese sturgeon

WA 43 B, PHEEHSEEMNRERARERE—CRES 4. T 6
SZEH—ERRNBEAN. THARNEHRAR. BEMRETEERE, XK
FE 4 Chair cell), 8 S5 — R KA E (Kinocilium) IR EH T £ (stereocilia),
BEBERIEERTT (cupula), KEIEEHEETTAIZENT R £/ B~

62



fHESR R TR PR E R LA

Zrn). WAELRNSEKRKNNERZEE, RREEY, TMEERE. &
Mgk pEzE., e KBEMEETRMAR, KEKEYNEEN 2 4, 5R
KEERLE R EA T KD,

3.2 PEGIMMEHMET (LEKX)

5 HRfF& () MKETHEZXEM, LERE, O RAMM . &
A R A2 T Ao

8 HEtfF& (b) MAFHENN, RERARAEI AERLKE, LM
SRR R mARE.

12 B (o, d) ABUNXERACKRER. BEAWRE, 23K £=F
ARG ARE RO AR. 8 EEMEEATREBE—EER I 4.
B H2Ed—EREABEARMIFARBAR. BEARREFTRE, XIF
BN, REBE-RKMUNTEMMRFLTE, B5HHTRIETHTT.

20 HEfFA (o) BEMRMZHERNEES, RARK. EEEAGE,
AR Hadksb

25 QilkfFfs (f, ) WMAFRETEA S, EEE, LREHE.

30 i (b HEFEfER, NEEESAREAR, BN A
HEEERTHE,

40 HEF& G, ) MEETHREA, BERRAXRANSERS, 24T
12 BEE, REBR, EREH.

3.3 RESETHRNLHAEAE (REMRXID

5 HEMra (2 MBMEREERE, EREANER. ERRE, HOR%E
ficke 2K Ny 7 KT

8 H&fFa (b) MERERSE, EHTAERER. LERUGHH#. 26
FEEBRARS i

12 HiRfFfa (o) MEBIMINME, ERDMLBEZR.

15 HEfrfa () MARGLEME, WRMEBEINREARE. BOEN
HLIK.

18 HRfFfa () TTHMLRM. BREARRE, B3P, EREMHEA
BEERERE T FaR. BREARTHFaRRERD.

25 HRMFE (D WBRASMKG, BEARMSIHAREE,

30 Hifrfa (g) MARETFUEIRA, LREE.

35 HEfFAL () IRERMA, RERE.

40 H&fF4 G, ) MEREERER, BREMRAIHARNERRS, 26T
12 8, REARHE, LERHE,
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3.4 1THHRERE
& 4.1 HEERE B R R SR BT e AN R AT b SR R
Tab.4.1 Behavioural response of Chinese sturgeon to vibrating stimuli

in different regions near its body

B& @ 8 10 12 20 30 40 50 60 90 120 150 180
Days
LETE  fTALERE (%) 2~4 59 11~ 13~ 17~ 2l~ 28~ 33~ 43~ 53~ 60~ 68~
¥ Percent of occurrence 14 16 21 26 32 39 51 59 67 74
Above (%)

and RWEEH (ecm) <2 <2 K2 <2 <3 <3 <3 <3 <3 <5 <5 <5

front  Distance to response

the {cm)

head

LB fTALBRE(%) 0 0 0 2~5 8~ 5~ 21~ 27~ 3l~ 36~ 42~ Si~
T Percent of occurrence 12 19 24 30 37 40 48 57
Other (%)

position  RREEE (em) <2 <2 <2 <2 <3 <3 <3 <3 <3 <§ <5 <5

ofthe  Distance to response

head (cm)

RTHE  TALEE (%) 0 0 46 12~ 26~ 40~ 49~ 64~ T3~ B84~ 92~ 100
#B  Percent of occurrence 15 32 47 61 70 79 91 97
Two (%)

sidesof  RMIEH (em) LS EE S ERS BRSNS IR Y T T S S
the Distance to response 10 10 t0o 10 10 15 20 20
trunk {cm)

WFH TARRE (%) 0 0 0 3~7 10~ 22~ 31~ 40~ 57~ 64~ 61~ 76~
EfrE Percent of occurrence 14 25 34 46 62 69 65 81
Other (%)

position  RFFEEY (cm) <5 <5 <5 <5 € <€ € €< o< o< <
ofthe  Distance to response 10 10 10 10 10 15 20 20
trunk (cm)

HENRAWERENRE NP EFRHTRRBLNRD R, HTHRMME
RERNE 4.1 LREFRY, PEEX S A B ORDRMDEE L0 HETH,
R R F R DR I R AT A —RRABENRILIZE, HiREh
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FISEE R EUERT, FAfHNEENERTT, H—0 HWIRRTARM. BT
RELRERY, PESNFBM RSN RNFERKER, 1ThREY
BB BARAR. EEMMERTRMERANRATE, PEREMARAR
RBE R EEHIRA. RPkB LR O, HEEBTHAN, &
FRAMBREMBENRETRREME. BHRE, LB LEFHRMEREKE TR,
WF AN REEMKREE. A% 180 A&, RFHFHNX 20cm AR
R RIET] 100%.

4 iFig
4.1 PEBEMENRE

IR R R TR ETRMRE, 8 AR HMRRERe RahdaaE,
12 HEEMEERT e, WFHMEL 15 HEed B gm Rea A,
18 HE&RMRER AR E. SbE, KBUKENRTRTE ETHEMNRERFTR
SHUE . kIR PR 3 0T 54 RARE, e AL tniRAE A 1
EREN. BTFHURETREFLSSHFE. SHRPERIEFAREN—7
BR. 12 AR EEfFa g NRBERR BT DRI R e, et
LEMABERCERT Y, AEBRZIUTRKERMhE. s HEhake
EHL. WPBRIEE RS, PEFHUEEZHEYRERARE, KEBMES X
g, BTFHMEEAT—%. BEHAERIBMER, PEFERIELRS, Hhs
18, ZAKERIEED.
4.2 B 3 R A0 R

FITAHLREY, PEEHRAMENRNSRE EshXGETA, TARRE
BRI ERAERBRN. ST —ERAAEEORAES, SRBEER
Eet, frafe AIRSIERNEERET, #—L BRBITARN. —8iA, RIS
Rt & B RBGET A MRS R B, EaXEahRBRAER, mMALN
Wit X, REWE R RNAMLERMAMEERBYE, SIEGBERPEER
(Disler & Smimov, 1977; Partridge, 1982). {H_EIRNL A 45 H BT I LRE
EMLEL. M EFAFRBEMETTHRNALRE REYE, METS554FH
BRERSX, BEHNTFREMETHRERE: UL X MEKERFILK
AR E R BRI, NHEEE—IWRIEE.

43 PEGMEREXRR I EMER

PAERIEERE RS, ZHRMEEMR, EEEHAKE. AR EREAER
FERMM BT, (MESREME. e SRR A BT/,
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B MR A RE . PN RAEH M EEAINREEE
Piffle TREEIOT AL, FEKIEEF IR AR M7 Rt BIE7EA TSR EHC I 8
AARERN ERTEAETERRY. HBMIRREN A R B EME LM
¥, TEemBh e YT IRA . L A RE M= EB AT H . IR
BEVE GG AT A R, SX T RIE P R 37 e R SRS /K I 55 5 B Ay I AN A Bl
&R, TEEAMTITH, FFHRNRGFYHAMNBRARETSNMEE, XIF
N AR FEAT A P IR B AR LR —FF (Partidge, 1982),
44 PEBMERGES TR

w67 e SR RO - TR £ 2K, R 7-8 AR O RHT WIS, 2
F10-11 AEKIT EFHLERM&, m/ElEmEREE. ZREBEFNIRLE,
REWNILTT, TR -FE4 AFHE 10 A EHHRAERIOREHNGE, Fit
FRAAJE BB, Tk Ot RE R A BE K e AL M R S R RHE
TR T 20 2 50 FR. BEAMX—HHELERITATRAEN RLERE, H—
REKM. A%, R EEBESE: KIREBKR. KEAKLESHFERE.
HREMHFRELIRBBNEERTNTRHILEA, TG BMTER
ST (BLBTR, 1993). ARMNBRZRNRFENTPNBRET. BATRNE
R, NEEMUNNRBERSE, WRATBEMNMSAERRRNB LA,
A, BAKEARKEA R ENT SRR R E M. SEGNRS
RARFIEA AR, @RBEARKRRRA. EPEFHMETIE, WERER
BILETOBRERE, FUITERERRRI A MAEMKR.
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FLE PEBIBENKE

—td

1 B

FARIESESS (Hillock) HYBEMRIET HIUAM MM, R rMEdER
Hig. BERER, BVMFRFRTE BRAREREFRAMER, XHRKES
(Pit organ) (LMK K%, 1987). BEBTEREARNEGAXRLEN. HURY
BT EEELE. 6. RENETEAGHEKSE. MBROHTIRR GEH
EKiust. MENARSHEHSEEL, BHAEH—. D KRS IETIH
W, BEEMKOELZS, kG HE ERN. HENERBT R KRUKE, B
BV, BIXXEHEN AL MBRHARRREREMBRERY, HALBE
HENRKERABENIE, MUBEA R PRI AT TR SRR KIE,
AT LUt f R R AR M A M ERT R LR TR (MU KIDK P SR A & 4.
1988).

il

2 M5

2.1 BHkESRE

2004 £ 10 A LA MKITH BB HIRP R EA, ERRIGHTA TR
¥5. LHMEBEAREL, 10 A 19 BAYUBRSEE, L8400 0 B8, #5
J& 5 BN 12br BH—IR, 6 HIRZE 30 HEE 48he M —R, WIESH 5 BEGH—
&, HZE 180 HE. HHEIH 10 B, 2K /T 50.0mm {f4f Bouin B
FE. KigAagkSum i aslEle. AEFMASL=2ZRES, ER2
BK. HEZNRAEaY, EEER (BE S~Tum), HE REEHE (F
EZE, 2004).

22 ME

FAREMBREGPEGMEI 10 MK, MELSK, K, wE., BvE.
M. OfYK. AKERAZSH, FRUSTFURARY L, SAELY
Fea B s BRERAN 10 M6E, AHIMRIELBEXTEREATHE
Z. SARTMERE BB AMEEI 10 MEA, RS TSR, 0 RERE
BB AT T
2.3 TEERMLHIEY

i Olympus % BMBMNE, ERFIMRTNEARE I AL RERE
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HTEB. P RTH A SRR EHZ RH. Wi Olympus £ HHBLRA
B § 6 B SNSRI 2 B R R,
2.4 {TANAEERN

LR 150 x80 x60cm’ PIAKIEMPUAT, SRR (=2em, L=30cm). %
$HHE (c=20m, L=30cm) . #/K4E 81 WA R SRR IR oF ESTRAT RN, B — I RS 48
2min, WUEEFH TR P EEIMATHEL. TFIRIBFRER % 5~20min, RIEFHE
R E—H RSB SRSIE, TR SR A W E R PRGN R RT.

3 BR592H

SRR WL S it Eo g ar

Fig.5.1 Pattern of pit organ structure of Chinese sturgeon

B 5.1 e PeamasasiE. MaTrIL2REE, FTHRERMUER, & |
BNEriE. HERMEER, OEW, BRMMESE RS M. THRRABE |
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AR R MR T R LT LA

!
|
:
| ARSI, BICAMREEIR. 68X 4 Ep EavIN I RN, X
HAGUREE E TR TEN i, REAANLEEMBHSE. EVERNKE, \
25 MBBIR—1E, S8 IEMBE MR REE—E, HEXESERYEN
i TORSTEARIR, PRIRENET BT i ZEVARM SRR A, 2-5 AN 38
BB, A EREIG, RS, RASEEM, HIER B
REEAWR. LMORIERRSL g RS 4, HRUVBHE YRS, £y
| METEFRARARE, AMES BEENEBLEN .
{ 32 PESHBNTHRE (REEXNV)
| 5 HEFE (ab) BRI, WAL EE LE — R,
| FRAMEET, HWRRE. BEEEHT EEETH,
6 HRFE (o) HBETHRABBNEAMRE, 45 RSHEmnRmTH
M, BRTMN, RE8R.
‘ 7 BRfFE (O REIHER TN, REWRNSE. BRABELY, B
| B8R, THRABGE, BRTAN, ZX0HEABEE, RERR. KHES
| E B ATEVIREINTE, P TERE T R
| 0 HBfFE (o) IABMIMMSEINIE, G2 A R R T B TF SR T,
[ PR L. SN s B T, RS, HATRE R
| W,
f 10 B#F (D BRARATEEm SR, BEAnsIT X
| GIILE. IR MR T TR AR, MR, BEE T a0
| B WIREH RN AMIGE.
[ 12 AR () BHYBIEIFAE IS 2 A RR RN, WA “Hfihe”
| AR, BEAEBNEEATREETRA . MRS K SHENSHE, 8
| URESHERE .
15 H@fFf (h) BBMTRAT RN, MiaEEREr X, &
rHEIRAE A A TR M S L,
20 BBfFA () BRABOZHARNKENES, RERK. BEXFHE
HHTH.
25 BRfFE () KBRAsn U, BEANMESTHaRE, HIIES.
30 BRfFA (D BAMBMKEER, BEARAKEARLERS, &
EEAMGRMEN 12 Uk, BRARERRE, ROBE.
35 ARFA (mn) SMBERERS, REH RN, BRERR
MU, PO BT R L
40 BRF (o,p) MIEMIGE “NILH” REE—E, MiRE. REHD
EAFRA .
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% 5.1 B ERH BTN (n=10)

Tab.5.1 Changes of pit organ number of Chinese sturgeon

A& 4¥mm) LK(mm) HpK(mm) FiR¥HE(n)
(@ Total Head Rostral WrER L W ) B B 2
Days length length length Ventral region of Two sides of rostral
rostral and region around
the eyepit

5 2225 3.95 1.26 * *

7 2523 4.46 1.61 17 *

9 2849 5.79 2.04 36 *

10 29.32 5.94 2.20 68 *

12 31.74 6.62 2.49 128 26

15 33.30 7.24 2.84 167 43

25 40.08 8.93 3.28 248 84

30 42.42 10.04 4.16 351 102

40 47.85 9.32 3.58 406 127

55 59.94 13.51 6.62 487 159

70 76.32 18.57 7.09 721 197

100 85.63 23.47 10.84 968 253

110 94.16 29.42 14.38 1042 284

120 148.68 41.25 23.14 1263 321

140 187.59 68.94 21 1597 357

R 5.0 W5, PG KHKRRE, KK 5 BEdi 17.75% 1
KE 140 HERHY 36.75% ., PEEVEK, 140 HBNYKIALKN 46.58%. Y]
R B AR, BB EIKHEA R, YrEnmi i R R AE B [ 6 a3
B HEBRD,

HE 52 o4, EEAMOERY, BRONE. TREEH2HEEKER.
KPR LA KR TS, TRAEERTINAT RE A KER HEE,
12 A Ee~40 B SR KA EL, 15 ABTHRITHaT RE.
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PHEHBEREORNRE R AL

52 THHEEREETHREEHZL (h=10)
Tab.5.2 Changes in width and depth of pit organ of Chinese sturgeon

H#&(d) 2K (mm) BRAXEE (pm) BK FREZE (pm)

Days Total length The largest width The largest height |
5 2225 . . ‘
7 25.23 233 2.1 |
9 28.49 346 30.4

10 29.32 433 418 \
12 3174 547 52.1

15 33.30 71.4 86.8

25 40.08 92.4 122.8

30 4242 100.8 1572

40 47.85 108.2 168.8

55 59.94 119.4 179.2

70 76.32 128.8 201.1

100 85.63 1302 2149

110 94,16 144.6 243.1

120 148.68 159.4 2754

140 187.59 171.1 341.7

3.3 iTAN

AREREN RGN KETAAMYHRELRERLE 3. 7 HRE,
ARSI OKR SR EIT h, BRMT2EE. RRERER, drioEE
BARIAR, Mgy Er e, AN EZENKE. 2RELERRGEHE
RPN, TR MIRBEURAET R, 9 AREFHEAEK
385, IR R, WL B R .
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# 5.3 s LA RERE R

Tab.5.3 Response of Chinese sturgeon to several kinds of stimuli

B () #:65 (pontil) i KIG 3] live oligochaeta)  BEEEME W K2
Days RGN ENEE RN RAES (vitreous (dead
reaction (cm) reaction (cm) stick) oligochacta)
Distance to Distance to
respond respond
(cm) (em)
J x * x * x x
7 boi3 <1 x * x x
9 b <1 x * x x
10 il <1 739 * x x
12 o5 <1 7329 <1 x x
15 iy <1 e <t X x
25 g <2 7:3-9 <1 x x
30 21 53 <2 74 <1 x x
40 ki <2 e <1 x x
60 2133 <2 7:9:4 <1 x x
%0 Hb i <5 4 <2 x x
120 b:13 <$ i3 <2 x x
150 2135 <10 744 <2 x Xx
180 p-i3 4 <10 RE <2 x x
4 it

4.1 REBRBRHEE

KRPRMEERORAHEROT: 7 AR AEBEEE, 10 ABEARETE
B RAFES, 12 ARNYRIEmEN S MR RERK. £ 10 A#-15 A&ME
Fade B BRRTEURBEKTRARYHSKAER. D446 9 AR AN EEY
FERSNEE R, FREEUMREY. MBEASREEDMAXNBEST, R
EERTHEMRE, UAFHanis.

42 lRERANKE
RN ET MRS BT T AR, ROP LR X E T
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o ER AR T O R IR R ILIT HHLETI A

BEESM YA A RN, dLBHANARYNERE, BERYIERERIR,
IR Y X IET . KRR RTINS R R R AT
BNy, M. UESTESBER2TEHEPERTR, K5 Ei N
ARIEEADEN . FF, Btk R I L8/ B Rl E v s Rk & A,
T EEVEY (FlnEEEE. BXS) HoiELrr-ABBntsRrEEYaEs,
EEBHEM R CRIEH, 1996), SESPEREERGRM, tkikhs
ERAFAFMNBERTHAEEREREERS. THNELRD RAPEEXTEK
EEIERARN, &, HHEAEE BN EEYRES, FEEsEPET
FRR A ERESRE. SEAPRERE ARSI, PG ARSERER, Al
BTN, TREBENARGEERR, AP et TRN. BEEESMATY
MEEEERFN, LMORELTELAFTTELIM4, GYRBHENBEEEL4
KEH. KEFEAOEMERREBEEARENAX. 8AN 10~15 ARG, Ak
KR TRENBMERTE, EPEEGNERTHHER T REEER.
43 PEBBBRESRBELTHEMTRERZMILE

BESTREMPRERGHBRAXN—FEENBR ST, FHEMNAHH
RLEamThEe. A LRSS mOMR, ARELED, AR EAFXREN
MIhEEHEIT THER CRIEH, 1996), HEZEAXBENZRENDPRERENMR
SHIRE, BENFLERTRERGEEALN, BREEREAXGATAFY
LEMTPTRANILL, EPEFGEFOEREE, —ENEREERILUTIL
WAE

e REARNEENBREE, AHREAS, HBBETRIE LFAHET
BASLE (T KITKFERFRAH, 1988). B5h, REEARME, S8R
Bk LB AR, m-CEE R H AR B L A A I R W BT HEF f B g,
BATEEGE. TPLENPLERANAKEALNEE (M IESAKWE
BN RA) (LKA, 1987).

HRS5PHanERERANEHE AL, BRITILRMEE, ILBE
60-150pm FRITFAANT LIBCRYF. FALATHFESARER, HENEHE, &
100-300pm. FiEEEELER, WEIFH, HBE 70-130pm, EENWEHEALF
£ (RIEH, 1996). BRENFLERAM T LBERARE, SR TH=89
HR: aSRENEREANE, AHSAHM, SARHELGE; b.2eTR
HMEPLERNNEE, KER—, MM, —RESRE: FlLAPRETD
FREBAENEL. SNERABEHBSUNOEE, SAXFETE. BEfRFERX
FER, BSEIA—HMEME, ITRERNTRERED, BHEERREH &
HEAEH CRITBALEKE, 1979).

Bas2BVE R RSN, KEU RS2, ALBiirma kSRR
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R, THERORATRAEENEA. MBEZE HXRENBITEDIM.
MR EMPRERERZE- LR HBHZH LA, Dotterweich (1932) ift
T%, NP BRAKESZE, Sand (1938) RHMEH T EBEESILY B
RL, KEFERRZ RS . Murray (1982) AT REIE ATVIRSZIEL, BRI 15
Mg A ER FRERAE L, Waltmann (1966 F1 Kalmijin (1971) %50 u8iF il 4 ik
ZARE, BERNBIEEE 0.01uviem KHIE,

44 PEERBHEFEESPHER

FEE . B DRETRMETNE, RETRANERL., LA, KPifa
TP BAETT B LR EE. PERRERE, FRIFTERPY
EEKIEY 18~22C, MM EESE, KRTEMFEAAGHTIE. BT A
WS, DR IRE TR It L AT MR BN . e — 5 S s
RBIEMAERR, T Pegn &R, PERBTR, nREARN
AEHLETERFEHRREARETS, ERLETRERER, BASEAM
IR, RXELMEEFE RS AR ARRER.
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1. PEEERERBENRERF

S R R E R TR IR, BE, B2, RERNZ, 3 A
B LR T AR, BBk, 9 ARNFARRTZE. 40 ARERE
GHRTRE. 12 AR TR EEABHIKE, SEEETE (4AH) 5t
B (16 A&), 18 AREE. L. SEayDmn. B85 20RE G0 A). £
hE LRERREE, RKELE. 4. TE. LENE, SELekERRRD,
ZRJA. PEE 9 HRBBIFHLET, 30 ARRTRE. T4 12 ARHAL
ML, 18 AR RETHEME. 10 AR EFHRR T REN LGS, N6
VST, 12 ARYEHETFEERE A MEERERE, HBRS AR RTXE
N 5 E.
2. PSRN EENIERMAL

shiedd 9 AR LB AEY, KNUREESRTTE RUEFHRE
5, HEBRBEBIRERY. TRREETEHTOEENE B, b
AT IMEEY: PR BEET A REESN eSS EARMN, it
B AT AIEAT N, X RIS T I B S T 7 MR AT P
Tke HIEEERA LIEAGERRRE, MEADEPHEYERROATGES.
AR I RAARR R R RS, LBME S 8D, KT BMETAE—4%.
FEHE BT BYBRAT IR SEA L KT TGH T . R R a7 h
RN EEORERE, BTN TRERPEE AR RNET, e
Y NEEK. BRT) HERIELETENBNEREEDRES, 25Sd
U IR, DAY MRERDEGRENEESRY, ERRTAPRET
B tEREA.,
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PENBEREHENR T RETINERA

J \ ) u

BRI PERRREHRE
Plate 1 Development of eyeball during Chinese sturgeon ontogeny

a: V¥ HESIEIREH eyeball structure of 0 d.p.h. Chinese sturgeon x400

b: 2 &P HEEIRIREH eyeball structure of 2 d.p.h. Chinese sturgeon X400

¢, d: 3 B&FEFREREH eyeball structure of 3 d.p.h. Chinese sturgeon x400

e, £ 9 B P4EERIRE M eyeball structure of 9 d.p.h. Chinese sturgeon 400

g h: 17 HBRPEGIRIREH eyeball structure of 17 d.p.h. Chinese sturgeon x400

i,j: 25 HB P EEIRIRE R eyeball structure of 25 d.p.h. Chinese sturgeon %400

k: 40 H#hEFRREH (RRECHE)  eyeball structure of 40 d.p.h. Chinese sturgeon x400
1: 60 B 4EEIRREH (RRECHAE)  eyeball structure of 60 d.p.h. Chinese sturgeon x400

C: comnea ( £jfit); L: lens (24R4K); PE: pigment epithelium (% £ ); I: iris (X[ ); VN: vision
nerve (BLHIZ8); R: retina (BLFRE); S: sclera (UE); CH: choroids (B8 /& ): CC: center concavity
(P dm)



: jt :

w
\

L

. o R <
-" . t" 1_ﬁ“ ‘hf
g
’é.: g0 5:.‘? Rty

-

73



iR ER TN R E RIAT AR

BRI PEEUNENRIRE
Plate II Development of retina during Chinese sturgeon ontogeny

a: WM MIEZHS retina structure of 0 d.p.h. Chinese sturgeon x400

b: 2 H & E8F P M B 25 # retina structure of 2 d.p.h. Chinese sturgeon x400

c: 3 B8 4eed VLR i 454 retina structure of 3 d.p.h. Chinese sturgeon x1000

d: 4 AP M LS H retina structure of 4 d.p.h. Chinese sturgeon x1000

e: 9 H & h Hebg VL P45 4 retina structure of 9 d.p.h. Chinese sturgeon %400

£, g: 16 BEh 4853 ¥ P45 H9 retina structure of 10 d.p.h. Chinese sturgeon x1000

h: 25 B 447 1R B 45 HI retina structure of 19 d.p.h. Chinese sturgeon x1000

i, j: 30 B3R BE 45 K retina structure of 30 d.p.h. Chinese sturgeon i: x1000; j: %400

Rirodcell (FAF40H2); PE: pigment epithelium (8% EfE): SC:single cone (BHEHM):

G: ganglion (HZ¥#); IN: inter nuclear layer (342 ); P: pigment (4,3 )ON: outer nuclear
layer (SMEE)
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BRI Rk ENERET
Plate III Development of taste bud in barbel during Chinese sturgeon ontogeny

a: 5 BRI E%% taste bud in barbell of 5 d.p.h. Chinese sturgeon x100
b: 7 BRI Mk taste bud in barbell of 7 d.p.h. Chinese sturgeon x400

¢, d: 10 IR AEA3 ALK taste bud in barbell of 10 d.p.h. Chinese sturgeon x400

e, f: 12 ARG E% 4 taste bud in barbell of 12 d.p.h, Chinese sturgeon x400

g h: 15 A& eI 0% # taste bud in barbell of 15 d.p.h. Chinese sturgeon g: x400; h: x1000
i,j: 20 A#SPEEIZ L taste bud in barbell of 20 d.p.h. Chinese sturgeon i: x1000; j: x400

k, I: 30 B&h £85I 50% taste bud in barbell of 30 d.p.h. Chinese sturgeon x400

E: epithelium (% J); CA: cartilage (3% ); HY: hypoderm E); M: musculature (ALEAR):

TB: taste bud (5% ); TC: taste cilia CEHEE)D: RC: receptor cell (EZ4K); SC: supporting cell
(ZEER)
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BRIV FEGERRENENRYE
Plate [V Development of taste bud in lips during Chinese sturgeon ontogeny

a:5 BB 4ESIBELRE taste bud in lips of 5 d.p.h. Chinese sturgeon x100

b: 9 H#hEEEEKE taste bud in lips of 9 d.p.h. Chinese sturgeon x400

c: 12 H#g 63 EEEE taste bud in lips of 12 d.p.h. Chinese sturgeon %400

d: 14 HBEPHEEBEE%E taste bud in lips of 14 d.p.h. Chinese sturgeon x400

e, £ 16 HE P43 B 5K taste bud in lips of 16 d.p.h. Chinese sturgeon e: x400; f: x1000
g h: 30 B LG ET%E taste bud in lips of 30 d.p.h. Chinese sturgeon x1000

TB: taste bud (%% ): CR: cutaneous receptor ( FZAKS5EE)
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RV FEGOERENTHRE
Plate V Development of taste bud in oropharyngeal cavity during Chinese sturgeon

a:5 ABPEROBEKT taste bud in oropharyngeal cavity of 5 d.p.h Chinese sturgeon x100

b: 8 Q&4 OEEBKE taste bud in oropharyngeal cavity of 8 d.p.h Chinese sturgeon x400

c,d: 13 BRSP4 OREKE taste bud in oropharyngeal cavity of 13 d.p.h Chinese sturgeon %400

e, 18 H&FEFOEIKE taste bud in oropharyngeal cavity of 18 d.p.h Chinese sturgeon x100

g h: 30 AR OM%% taste bud in oropharyngeal cavity of 30 d.p.h Chinese sturgeon x1000

i, j: 40 HE¥p 447 ORBTE# taste bud in oropharyngeal cavity of 40 d.p.h Chinese sturgeon  i: x100;
J: %400

k, 1: 45 B 483 OF %% taste bud in oropharyngeal cavity of 45 d.p.h Chinese sturgeon k: x100;
1; x400

TB: taste bud (B%); TC: taste cilia (BEE)
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Plate 4.5 Development of taste bud in gillrakers during Chinese sturgeon ontogeny
a: 8 Fl & PREFaEHI0E taste bud in gillrakers of 8 d.p.h. Chinese sturgeon x100
b: 12 B& P EEIEERE taste bud in gillrakers of 12 d.p.h. Chinese sturgeon x100
¢, d: 18 HEE P EEIBE KT taste bud in gillrakers of 18 d.p.h. Chinese sturgeon ¢; x100; d: x400
e, f: 30 B E P 480K E taste bud in gillrakers of 30 d.p.h. Chinese sturgeon x400
TB: taste bud (%)
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Plate VI Retina structure of Chinese sturgeon

a:30 HA LG RIS light-adapted retina of 30 d.p.h of Chinese sturgeon x400
b: 180 H et as BN FIRE dark-adapted retina of 180 d.p.h of Chinese sturgeon x1000

PE: pigment epithelium (5% LH2): SC:singlecone (BEHEAIHI); ON: outer nuclear layer (4h
¥ 2) IN:inter nuclear layer (PI#JE): G: ganglion cell layer (HEFWARE): Rirodcell (I
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Plate VIl Development of olfactory sacs during Chinese sturgeon ontogeny

a: 4 HEPHERE olfactory sac of 4 d.p.h. Chinese sturgeon x100

b, c: 6 BEFHESRE olfactory sac of 6 d.p.h. Chinese sturgeon b: x400; c: x100
d: 9 Hid 4R olfactory sac of 9 dp.h. Chinese sturgeon x100

e, £ 12 AR EERE olfactory sac of 12 d.p.h. Chinese sturgeon %100

g, h: 15 Bt PRI olfactory sac of 15 d.p.h. Chinese sturgeon x100

i,j: 20 H#H 472 olfactory sac of 20 d.p.h. Chinese sturgeon %100

k, 1: 30 B#E67R % olfactory sac of 30 d.p.h. Chinese sturgeon x100

P: pigment (53 ): OL: olfactory lamellae (TR1R); OE: olfactory epithelium (MR%E LF7)
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Plate IX Development of olfactory epithelium during Chinese sturgeon ontogeny

a,b: 6 H&HEEIRAE LAY olfactory epithelium of 6 d.p.h. Chinese sturgeon a: x1000, b: x400
¢, d: 9 A# b4t LR olfactory epithelium of 9 d.p.h. Chinese sturgeon *400

e, £ 12 BRPEEBA ERE olfactory epithelium of 12 d.p.h. Chinese sturgeon x400

g h: 15 A#hEe3met R olfactory epithelium of 15d.p.h. Chinese sturgeon g: x400, h: x1000
i: 20 B#h 44338 A7 olfactory epithelium of 20 d.p.h. Chinese sturgeon x400

§:25 A&t B olfactory epithelium of 25 d.p.h. Chinese sturgeon x400

k, 1:28 A4 L Fe olfactory epithelium of 28 d.p.h. Chinese sturgeon k: x1000; I: x400
m, n: 30 H# 4633 L olfactory epithelium of 30 d.p.h. Chinese sturgeon x1000

P: pigment (f5%); OE: olfactory epithelium (T3 LFZ); OL: olfactory lamellae (W#2); CT:

connective tissue (ZEFASY); SC: supporting cell GZFFAIM); RC: receptor cell (B3Z4M);
BC: basal cell (E41R); CC: calathiform cell (FFRZWM); CL: cilia layer (FEE)

971



ek K 2006 G RFUE SR




hEHBERTNEMRTRRTINEAR

BEX PEGLBNENENRE
Plate X Development of lateral line in head during Chinese sturgeon ontogeny

a: 5 ARSI LML lateral line in head of § d.p.h. Chinese sturgeon x400

b: 8 A4 M4E lateral line in head of 8 d.p.h. Chinese sturgeon x400

c, d: 12 AP EE3 L MR lateral line in head of 12 d.p.h, Chinese sturgeon c: %400, d: x1000
e: 20 B 834 5MEE lateral line in head of 20 d.p.h. Chinese sturgeon x400

f,g:25 A% P LS LML lateral line in head of 25 d.p.h. Chinese sturgeon f: x100; g: x400
h: 30 HiS 48 L30MLE lateral line in head of 30 d.p.h. Chinese sturgeon x400

i, j: 40 A% rh 443 LML lateral line in head of 40 d.p.h. Chinese sturgeon i: *100; j: x400

CC:; calathiform cel! (FFRAARL): P: pigment (FLE); C:cilia (KFF); SC: supporting cell (3T
#0R); RC: receptor cell (BZ4MM); E: epithelium (_EJZ); LLC: lateral line canal ( RIZZHF)
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Plate XI Serial section of lateral line in rostral of Chinese sturgeon

30 H# ST ML lateral line in rostral of 30 d.p.h Chinese sturgeon x100
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Plate XIl Serial section of lateral line in trunk of Chinese sturgeon

30 Hig P AR T ML lateral line in trunk of 30 d.p.h Chinese sturgeon x100
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Plate X III Development of lateral line in trunk during Chinese sturgeon ontogeny

a: 5 BB PERBT ML lateral line in trunk of 5 d.p.h. Chinese sturgeon x400

b: 8 B#h 4R TETMEL lateral line in trunk of 8 d.p.h. Chinese sturgeon x400

c: 12 Bt W E MR lateral line in trunk of 12 d.p.h. Chinese sturgeon x100

d: 15 ARSI RTAMEE lateral line in trunk of 15 d.p.h, Chinese sturgeon %400

e: 18 AR BT HEMZ lateral line in trunk of 18 d.p.h. Chinese sturgeon *400

£ 25 B LS ET ML lateral line in trunk of 25 d.p.h. Chinese sturgeon %400

g: 30 B AEAF T #5M 4% lateral fine in trunk of 30 d.p.h. Chinese sturgeon %400

h: 35 HES s T E M4 lateral line in trunk of 35 d.p.h. Chinese sturgeon x40

i, j: 40 H#A D443 K TS MEE lateral line in trunk of 40 d.p.h. Chinese sturgeon i: x100; j: x1000

P: pigment (2% ); CC: calathiform cell (FFIRZAHHE); LL: lateral line (f)2%); LLC: lateral line canal
(MERE)
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Plate X IV Development of pit organ during Chinese sturgeon ontogeny

a,b:5 A& EEIM3 pit organ of § d.p.h. Chinese sturgeon a: x400; b: x1000
c: 6 AR5 pit organ of 6 d.p.h. Chinese sturgeon x1000

d: 7 B#P4e63RE58 pit organ of 7 d.p.h. Chinese sturgeon x1000

e: 9 B P4EEIRARS pit organ of 9 d.p.h. Chinese sturgeon x1000

f:10 A#h463M38 pit organ of 10 d.ph. Chinese sturgeon %1000

g 12 BRSPS pit organ of 12 d.p.h. Chinese sturgeon x1000

h: 15 B+ 46355828 pit organ of 15 d.p.h. Chinese sturgeon x1000

i: 20 O3 4pa3F38 pit organ of 20 d.p.h. Chinese sturgeon x400

j:25 BRP 4R pit organ of 25 d.p.h. Chinese sturgeon *400

k, 1: 30 &R E4K58 pit organ of 30 d.p.h. Chinese sturgeon k: x400; I x1000
m, n: 35 H#P4E#%% pit organ of 35 d.p.h. Chinese sturgeon m: x1000; n: x400
o, p: 40 B& &K pit organ of 40 dp.h. Chinese sturgeon o: x400; p: x100

P: pigment (£53%); CC: calathiform cell (FF4R4EMH3); RC: receptor cell (22 41M); SC: supporting
cell CEHr4I/L): PT: pitorgan (PE3Y)



LR KF 2006 G HRAREELR X

10.

1L,
12.

13.
14.

15.

16.
17.

18.

BE

Kynard B., fE2f5, #1488, MAEFREMEAEMEPEFERRE, FHrE
R, 1995, 40 (2): 172-174

ARA, HFiEE, HE, FHE, PR, EHEEREREABENEIHRS
fk cDNA [I5Efe 54047, ShP%R, 2002, 48 (4): 570-573

MR, MRS TEATFAEEMRAGER. KEMNIMES. EEAFX
¥R, 1997, 6 (2): 90-95

X HE. ARRHEAORYE. L. X@E GBEEIS PERBKEXEFHE,
BERR. AbE: BEHRE, 1992, 66-64

SelE, . BEER (Cu+, In+) XMPEaRERRNAEN. &I
KREZR (BRBIZERRD, 1996, 1, 35 (1): 94-99

WA KPP ERERBREHRTRRETHBRAR. (BLEM0ie ). R
N FEBHERKEEVFRE, 1999

Frag. ATEAHERHFMNASAFEFERMIFARR. FEAR 199, (16):
31-32

BHIE, FKia. theadaTRHRONIRNBEMR. KP=¥MR, 1996, 20
(2): 139-143

RIS, AMARRERr& AR SEKMOMA. PEKEHERTRER, 1990,
3 (1): 49-56

Praite, hEGREBRFIHRENRETOR. (B2 . "M $
K%, 2004

BrEidl. B EWEEEHMEEETR. BIEKFETR, 1981, (2): 69-76
P24, RE.,Barwick BAFI TR ML REMBEHRARKEER (BRBIE
F2), 1991, 27 (2): 248-256

BEE. KFaiEEH O REE. T, 2000, (7): 14-16
BRSE, MIXEC. BRBERTESESTANKER. N OXEXEH, A%
WXE (BAB), dbx: BEmmi, 1997, 112-119

SR, X, BHRAEBZRENRETLR. BIIREER (ARBZR),
1995a, 9, 34 (5): 835-839

BARGE, fIRE. BRUERT SEEMXR. G, 1995b, 14(2): 169-173
Meds, b, VWA, FHOEREINMFR AL HIR. KEEY
EHR, 1985, 9 (2): 99-109

EXR, EER, FE5H, 08 Al HANHARNHER AR
PR, KRIEKEERZEM, 1989, 4 (1): 58-61

100



TR R R R E R AR

19.

20.

21.

22,
23.

24.

25.
26.

27.

28,

29,

30.

3L

32

33.
34.

35.

36.

37.
38.

EXbk, EER. BSMNARERHRERNIR. KEKERFR, 1988,
4 (1): 54-61

Ao, KEXR MEPHGRETIONSNE. Aflk, 199, 69 (1):
12-14

fRE, &EA. 6, EHadARBRMERMARE. BNAEER (
SREIERR), 1994, 33 (3): 369-374

X, B, ARITAH%E. Bl BIIKEUMAE, 1998, 388

Xz, Po. XU ERLEERER. El: HIIKZHM, 1980,
83

k. FRABETHAaRERERNY. L. MEFEER, BX%R
XHE (B=4H), dbsi: ®FEHRYE, 1983, 21-27

AL, WHsamEEsi RNFR. KEEYER, 1985, 9 (4): 365-373
BiEE, ER. SHMTPEE-RENREERR. Rkl 1992, (5):
6-10

HmE, WHEE, SHI TR s iR, mokiak, 1985, (3):
22-24

MR, AR RS S M T e SR A B AR KRk, 1992, (5):
6-10

SR, HAE B ST PRI IR IR A K Bk, 1985, (3):
22-24

Hum. K sE AR A BRI W, FILKEER (BAEERD,
1990, 9 (2): 156-160

BEZ, TERK, TR, PEAGATRSEWHR. KEEPER, 1994,
18 (3): 215222

BER, TH& TR, PEaEERERERA. 4EEHK, 199, 6,
15 (2): 182-190

BER, KF. ANANRN. A1, 1983, 2 (1): 119-125

EER, FAtA. FEipesak s RESEE. BiIAEER (BARE
B, 1982, 21 (4): 491-495

BER. WF-g SR 6 SRR, BT EER(BRRERD, 1984,
22 (4): 103-110

B4, 2385, ATEAHEBTRMEEGXEENET. /&, 2001,
(5): 27

LRE. MAZERNEAZHINMRERCR. AR, 1994, (1): 32-33
MmER, 53, SEH, @8, SF—0aEaHR54E RS, HEK™
¥, 1995, 2 (2): 34-42

101



R ALK 2006 R+ BHRE LS

39.

40,

41.
42,

43.

44,

45.

46.

47.
48.

49.

50.

1.
52.

53.

54.

55.
56.

57.

58.
59.

BES, =8, URMAENEFAER RO ERNEN,. KOGk
BR29H 1999, 14 (3): 1-6

R, fmEfh, KER, SER, FRIE TEE. IEeedr itk
MPEEEHATR. PoKfok, 1992, 4: 7-11

TEA. wrheiRnRPSIFR. Kk, 1999, 29 (9); 4-7

BETF, BHL, RIE, BEFF, E00TF. BH%RERS AL LHTR. &
R KRR, 1997, 6, 16 (3): 296-298

T, BES, QK. SRR RRMOEA. SWETR, 1992, 13 (3):
201-207

T, ¥, U8, BAR, BHR. HafaTaRREREBRE
HEBEE. BHFESHN, 1993, 24 (4): 345-349

FTRE, KL, xEFE. EEMEEF. . HREa0EW. 85,
1994, 13 (1); 26-31

TG, BEXUK. B, MENREEUSIRENTTA. 2iEiR, 1996, 3, 42
(1): 10-15

FLHE, ROV, WIYEARENRET. Lol R, 2005, 9 (2): 4549
P, LR, BKE. BARENAES KEITFETHNRRE. AR
#lv, 1997, (3): 21-23

T, BEH, X, FER. WatBaXnnmsEma. Nz,
1997, 16 €3): 109-112

AR, BR1ESE. ShEITETRE B R ABME T, 3R, 1981, 27 (3):
228-231

AR, 6F & R A R BB RS TR 9T Bh2EIR, 1981, 27 (3): 218-230
Ry, Buzm, TEE. BaEt R aItHENoHR, 1. W
MR E S BB RE AR, AEEYEIR, 1994, 18 (3): 247-253
R, U4, RE%. PeasaBatYENATERAE. dEARR
%, 19952, 2 (5): 107-111

R, Battt kIR ESItEENAT, L WERHEEs R
M. KEEYEI], 19956, 19 (1): 70-75

R8T, FHETHOTR. BEEHMENTL 1995, 26 (5): 119-125
Riak. wesviiEm P RRELHSENTR. 58K, 199%6a, 27
(1: 1-5

RIBTT. BMREAHSITH RN R e ISR, WS,
1996b, 27 (5): 457-462

WIEIR. AR, M. [TRBSHE LR, 2002, 267

HHR, Fira, gEE. ASARARSENYEE RSN, FI1A

102



RN TO R R E R AR

60.

61.

62.
63.

64.

65.

66.

67.
68.

69.

70.

71.

72.

73.

74
75.

76.

77.
78.

FEEBEAR, 1996, 17 (1): 17220

MEFR, R, XKz, SEEANSHENESEARERERA. HITKE
FIR (BREER), 1986, 25: 227

XYSCRR. b R A S B RN RS EA RN, AR KEER,
1999, 22 (3): 57-60

XA, X KRAZEEHICENER. Faifllk, 2000, 17 (4): 34-35
X, MR, FXB. ARENRTMBAT A ESETIR. HiFiEE, 1993,
12 (3): 17-23

Mg, Rt BXHE. PESBTRRAFNMEXET. KiE¥ER, 1999,
23 (3EF)): 86-89

HRE, HE. KSR A TR ETIRE M. FERLRE%R,
1994, 6, 16 (3): 229-232

HRE. EHTEMFANOEHRARESRE. AEFERFER (ARRE
f), 1994, 4, 19 (2): 175-180

X, MY, ks, PERERETHITIR. Rkfuk, 1986, (4): 2-5
BRH, W, HEY, EE2. PEGEEOEDEFEMRERNEERNK
2. wk#lk, 1998, 28 (6): 18-20

RS, XeH, BEEE, HEE, UALEE, MR, HARESBERSASI
ReZ MIREMBIR. ASEKFER (BARFEFER), 1997, 28 (6): 825-829
ERESC, X, Bmtt. HFRmRESENIMSIRZMXREMR. AR
HRFER (BRBIEER), 1997, 11, 28 (6): 825-829

TR, MEH, X, kB, PR, ©BXE. AFURESTFHRE.
FAEEEZ X AN, AR HRXEER (BRI, 2003, 7, 34 (4):
432-435

I, MAKN, XM, kIl Rk, 8%, HTRkiER TR,
FAEIhEEZ BXREMR. ARHRNEER (BREZER), 2003, 34 (4):
432-435

o, ok, Ik, MERE, BRAE. PESEERESENEAS
¥3. 2005, 12 (5); 525-532

LKE, HEHE, Shiss. aREmE. Jbol: R, 1987, 327-334
TKE, AR, BARESTOTR. L. AXFeXE (BT8®), ki
Bl himiat, 1981a, 1-24

EKE, B, BEXTREERIIEEEHE. A&=¥MR, 19816, 5 (3):
209-227

LK. k%, dbst. R, 1961, 221222
HE, B, BAREHS AR EEREENTIEHRE. ity iE, 1994,

103

-



R E 2006 I FRRFUE RS

79.
80.

81.
82.

83.
84.
85.
86.
87.

88.
89.
90.
91.
92.

93.
94,

95.

96.

97.

98.
99.

100.

101.

29 (5): 13-16

g, BANRTEUSHNMR. SMpERE, 1997, 32 (3): 11-13
WEER, i FONBEARRESMANSEHR. WINRLKESR, 2002,
6, 20 (2): 144-147

BEE. FESAEFERRRISE SR %K, 2000, 30 (6): 36-38
B, R RACERHURE AN IR AR R, Kk, 2000,
30 (8): 30-31

EAL. FRARTAHMBENSIE. B, 1992, 14 (5): 221-224
LigARPERE, BEE. BB REHEHEARMKRL. 1987, 147-148
LigAkERE, AERKRE. bt R HRME, 1979, 183-194

MES. TAHESE. st dbstkFEdmt, 1999, 421

HE, KRB, ARAHRREUSSAECME. EMEM, 1982, 34 (1)
131-133

PINERITAKP=RIRAAA. KILHAREMERANT AR, & W)
FE AN, 1988, 32-173

RRE. BEMEZER. KF=#H, 1987, 11 (4): 359-371

RREF, ERATEHABEHRTOWAR. BiEkE, 19%, 8 (3): 31-37
REH., BRYURMAIUR,. siip%dd, 1998, 33 (1): 48-52

SERVE, k. PEEYHARWREEZERBNTR. MFEIR, 1982, 28
(4): 389-398

EEI, BB, dbst. BEEHARAL, 1988, 114-116

THBE. TENMEMRTER MR O IEEL. 2MREER (BHIR,
1988, 24 (2): 88-94

EH, BFE AL, PEN. R, BadeBTEwRENmR. 4
RALKZEW, 1993, 12 (1): 64-68

V. oh, BEN, BoRd, B RESESMMASSERKRY. kR dt
HRZE R, 2004, 62-67

AL, REKTMNSREaHNEDPEASAERNZHNILHE. BiA~
B, 1988, 10 (2): 1-6

FZE, KFFE. BERELFBEEH. 75, 1994, 6, 13 (2): 130-133
EZ2E, Bz, KFE. ForR LEHEUEWR. AEigEE, 1995, 2, 14
(1): 77-81

Ezl. KIOBATRFYRLES Zn2+x P EREERNR R TN
ml, o EKERLE, 1999, 6 (5): 55-59

EFC. ARBHEAMAUNSHEAMENTER. MEdeiE, 1998,
20 (4): 165-169

104




r—————*-

P IR R B 0 SR E R LT A LEEEL T

: 102. faitth, HiEE, fiaHE, Boyd Kynard, Micah Kieffer. KIT A HENHA. K
PR, 1998, 22 (3): 2112217
. 103. faits, wEE, HER. KIEERMFPRIE, 21 HA KT ARKRTE
r P ESRERY . kol PEAERFZHRE, 1998, 208-216
104, fERfE. FHREERTMESEEREHME. Moty . R pEHE
EBRKEEYHALR, 2003
105. BITE, WAE, BE AW EEFLHMENNREEENVL TR eTR
ARSI, 1997, (5): 408-412
106. FRITEE, TRHER, KEBW. HOERFEKRRDERSEMRD). SRl
KZEZR, 2001, 20 (2): 164—168
| 107. BRIFE, KiFH HAMNMER T HALVET R EP R K EHEM, 1996, 15(3):
263-269
’ 108. HE. SHINAKFBRASEREXRPHELER. 2 HEKITRBARIERSH
ESERZRY. LE: FEREHZNRE. 1998, 199207
109. WAME, HAEE, R, % 8. FTRAREETSENENEARE
Rahh%. KEEWZEMR, 1997, 21 (3): 213217
110. #WAMHT. FRAAEETEFSHAaNERRERERNE. NASHEEEY
2238, 2002, 8 (3): 267-269
1. FREEE, AR, BEPNFAETERBRELSINEL. EPRIEKEER,
1995, 14 (2): 11-17
112, HRFHE. LRERFF P EMIFE KRR, BRI, 1988, (5): 35-38
113, ki, A, RERLEMahaiMBEsRNYISHR. BiEEH
., 1988, 19 (2): 109-115
114, VFE, FER3E. PEGZRAREAR. ¥R, 1990, 36 (3): 275278
115, H&iE, Ba. L Rmee. L. JbsikEmmit. 1999, 266-285
116. BHEMR. AU KB ABAER GBI, KFlHh, 2000, 20 (5):

i
|
|
|
|
|
|
|
E 17 BE%, B4, 52, LR, Ak hERENEZ 2EuEsm.Y
|

38-39 .
3R, 2001, 47 (5): 587-592

118. HiER. WKEEIEEARAREIN, 1. KHS. smaiMEaEn—g
Tk, AV SEYMBEER, 1977, 9: 25

119. HER. MEHWSHE. EE. LERSEERBRME, 199%. 30-35

120. #FF, AR, KW, ¢RT, B%. B0, RRRERSAHENY
WERF. EPRAKEZEMR, 1996, 15 (4): 365-371

121. %FHF, BAY, TA¥E. BRIRMALETHR. EhRILKEFER, 1999,

18 (2): 169-172

105



FpR AL KE 2006 fii il ERFTUEER R L

122.
123.
124,
125.
126.
127.
128.
129.

130.

131
132

133,

134.

135.

136.

137.

138.

139.

140.

141.

142.
143.

wEE. R EalTFELrEn. B, 2000, 21 (3): 73-78

BEE. B HIF-Fr i Mt YR, KFEFRE, 2000, (6): 31-32
SR, WILP R RBHA SRR YL BT, KEEWHFR, 1999, 23
(6): 555-560

RRBR. WA RfFAERMATMIUREOKIEERS. BESHE, 1989,
20 (1): 1-8

RRAEFF. ARER%E. ksl FERLMARM, 1993, 132-145

BAATR. BRESY. b FERVMBMKE. 1993, 171-185

RYATR. BRRMLELMAEHHRE. A%, 1991, 15 (4): 348-358
R, FER, B, BEE, AR SMHNTRMKA TR EE%EH
EENR. BRE0E (BHE). Jbsi: FEHRE. 1986, 1-14
REHE. KILENIUKFRANZ G RRTRERTHTRN. AR TE 8
Pe4E). 1985, 193-196

. RIMERREEE CHBEMAEY. FEMAH, 1996, (13): 26-27
RER, TE, KB, XAV aERIERRERMT. KR RIENR,
2000, 27 (2): 77-78

REER, HITR, MRAE. SHERERTRENALETAR. BaRilb ks
1 (BABERD, 2003, 12, 25 (6): 542-545

SkPUBR, B4R, et ERE, RET. PESRKABEEARKERES
PUEBRZ IR, V%, 1999, 20 (2): 93-98

S, PGS FRARAZUREEBETHENERN S 7L
. (e Rl PEBERKEEDIRAT, 1998

RIEE, BRESEFAIERDRIXE. QREURLEKEFR, 2000, 27 (4):
391-393

SRER, PIEEZF, YEa. BEWTRA. H. S1AaNTARE. B,
1980, 26 (4): 331-336

N, BN, BEF, BREC. FRESERURENBMENTE. &
PRI KZEER, 1996, 2, 15 (1): 57-59

SRIEA, i, BE, EEL, FHL K. REHSNEHANEDE
Mauthner 48/l ERYERL. HHERKXZER, 1997, 12, 18 (4): 301-304
SRIEA, KA. PP NAYEM A TESI A Mauthner 2008 F #9547, AR,
1989 37, 151

SEM, B8, BRET. BENTE. BIIR. b5 R, 1989
BERE. BREAYE, b BHHTHRLE. 1992

Hokhw. 868 HR B fE RS IR MFIN Y5 R5. AT deesen
24%, 2000, 20 (1): 60-61




FEHRE R T NSRBI AR

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

FHEARKNEHEYHEEOTHAAE. PEHERHEHY. LiE. L

H#EH AR, 1996

R, TEF. KEBHRESEEEPETRMENR. W f, 2001,
(12): 24-25

KJTT, {TECR. 868 B {F € 1B RLAE nsrixd 1 PR MW, R REIBRFER, 1998,
13 (1): 49-51

RICH, RIKE. THEKFERNNAETRERPRANFRERENTAA. L

#j: ElERPEHARMMAL, 1979

[EE. SHARNMMETITHERAERLSERENEXL. [HLEaR

X7 . 1999

Abu-Gideiri Y B. The behaviour and neouroanatomy of same developing teleost

fishes. J Zoo, 1996, 149: 215-241

Adrian E D, Craik K J W, Sturdy R S. The electrical response of the auditory

mechanism in cold-blooded vertebrates. Proc R Soc Ser P, 1938, 125: 435-455

{Abstract) .

Ang K P, Petrell R J. Wastage and subsurface and surface feeding behaviour

associated with different feeding systems in sea cage farming of salmonids, Aqua

Eng, 1998,18: 95115

Atema J. Structures and functions of the sense of taste in the catfish. Brain Behav

Evol, 1971,4 (4) :273-294 (Abstract)

Baburina, Development of the eye and its function in sturgeon and stellate. Proc

USSR Acad Sci, 1956, 106: 359-361 (Abstract)

Blaxter J H S, K F Ehrlich. Changes in behaviour during starvation of herring and

plaice larvae. Berlin: Blaxter JH S, 1974, 575-588

Blaxter J H S, Staines M. Pure-cone retinae and retinomotor respones in larval

teleosts. J MarBiol Ass U K, 1970, 50: 449-460 (Abstract)

Blaxter J H S. Development of sense organs and behaviour of teleost larvae with

special reference to feeding and predator avoidance, Trars Ame Fish Soc, 1986, 115:

98-114

Blaxter J H S. Structure and development of the lateral line. Biol Rev,1987, 62:

471-514

Bleckmann H. Prey identification and prey localization in surface-feeding fish and

fishing spiders. In: Atema J, Fay R R, Popper A N, Tavolga W N eds., Sens biol aqu

anim. Springer-Verlag, 1988, 619-641

Bleckmann H. Role of the lateral line in fish behaviour. In: Pitcher T J ed., the Johns

Hopkins University Press, 1986, 177-202

107



Fep ek KF 2006 iiMHBESAE R (T i &

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172,

173.

174.

Boglione C, Bronzi P, Cataldi E, Serra 8, Gagliardi F, Cataudella S. Aspects of early
development in the Adriatic sturgeon Acipenser nacarii. J Appl Ichthyol, 1997, 15:
207-213

Bowen S H. Detritivory in neotropical fish communities, Environ Biol Fish, 1983, 9:
137-144

Brannon E A Setter, M Miller, S Brewer, G Winans. Columbia River white sturgeon
(Acipenser transmontanus): Population genetics and early life history study. Rep US
Dep Energy, 1987, 63

Brothers E B. Daily growth increments in oroliths for larval and adult fishes. Fish
Bull, 1976, 74: 1-8 (Abstract)

Brown J A, Wiseman D, Kean P. The use of behavioural observations in the
larviculture of cold-water marine fish. Aqua, 1997, 155: 297-306

Bugrov L, Muraviev W. Study of cultured fish behaviour: Methodologic approach for
offshore areas. Spec Publ Eur Aquacul. Soc, 1993, (19)

Burrows M T. Depth selection behavior during activity cycles of juvenile plaice on
stimulated beach solpe. J Fish Biol, 2001, 29: 116-125

Caprio J. High sensitivity and specificity of olfactory and gustatory receptors of
catfish to amino acids. In: Chemoreception in Fishes. Elsev Amster, 1982, 109-113
{Abstract)

Champalbert G, C MacQuart-Moulin, G Patriti, L Direach-Boursier. Ontogenic
fluctuations of geotaxis in larvae and juvenile sole (Solea solea L). Mar Behav
Physiol, 1992, 9(4): 251-261

Champalbert G, C MacQuart-Moulin, G. Patriti, L Direach-Boursier. Light control of
vertical movements of larvae and juvenile sole (Solea solea L). Mar Behav Physiol,
1992, 19(4): 263-283

Clark D S, Brown J A, Goddard $ J. Activity and feeding behaviour of Atlantic cod
(Gadus morhua) in sea pens. Aquaculture, 1995, 131: 49-57

Cole K 8, Noakes D L G Development of early social behaviour of rainbow trout,
Salmo Gairdneri (Pisces, Salmonidae). Behav Proc, 1980, 5 (2): 97-112

Colgan P. The motivational basis of fish behaviour. In: Picher, T J ed., The behaviour
of teleost fishes. London & Sydney: Croom Helm, 1986, 23-46

Coombs S, Janssen J. Behaviour and neurophysiological assessment of lateral line
sensitivity in the mottles sculpin, Cottus bairdi. J Comp Physiol, 1990, 167A:
557-567

Coombs 8, Janssen J, In: Coombs S, Gorner P, Munz H, eds., The mechanosensory
lateral line. Springer-Verlag, 1989, 299-319

108




PRI E IR T RIUT A ALRERTA

175.

176.

177.

178.

179.

180.

181.

182.

183.

184,

185.

186.

187.

188.

Cushing D H. Fisheries Biology, Second edition. Madison: The University of
Wisconsin Press, 1981, 295

Dale T. Surface morphology of the acoustic-lateralis sensory organs in teleosts:
functional and evolutionary aspects. In: Ali M A ed., Environmental Physiology of
Fishes, New York: Plenum Press, 1980, 387-402 (Abstract)

Deng X, Deng Z L, Cai M Y. In: P Willot ed., Spawning population characteristics of
Acipenser sinensis in Yangtze River just below Gezhouba dam. Acipenser, Cemagref
Publ, 1991, 235-242

Deng ZL, Xu Y, Zhao Y. In: P Williot ed., Analysis on Acipenser sinensis spawning
ground and spawning scales below Gezhouba hydro-electric dam by the means of
examining the digestive contents of benthic fishes. Acipenser, Cemagref Publ, 1991,
243-250

Devitsina G, A Gadzhieva. Development of taste in sturgeons. J Appl Ichthyol, 1999,
15 (4-5): 337

Disler N N, Smirnov § A. Sensory organs of the lateral line system in two percids
and their importance in behaviour. J Fish Res Board Can, 1977, 34: 1492-1503
Dotterweich H, Bauund. Function of Lorenzinischen Ampullen, Zool Jahrb Abt Zool,
1932, 50: 347-418 (Abstract)

Ehrich K F. Chemical changes during growth and starvation of herring larvae. Berlin:
Blaxter JH S, 1974, 301-323

Enger P 8, Kalmijn A, Sand O. Behavioural investigations on the functions of the
lateral line and inner ear in predation. In: Coombs S, Gorner P, Munz H eds., The
mechanosensory lateral line. Springer-Verlag, 1989, 575-587

Fay R R, Popper A N. In: Fay R R, Gourevitch G eds., Hearing and other senses,
New York: The Amphora Press, 1983; 123-148

Finger T E. The gustatory system in teleost fish. In: Northcutt R G Davis R E eds.,
Michgan Fish Neurobilolgy, Michgan: University of Michigan Press, 1983, (1)
Fishelson L, Ayalon G Zverdling A, Holzman R. Comparative morphology of the
eye (with particular attention to the retina) in various species of cardinal fish
(Apogonidae, Teleostei). Anat Reca Discov Mol Cell Evol Biol, 2004, 4, 277 (2):
249-261

Furshpan E J, Furukawa T. Intracelluler and extracellular responses of the several
regions of the mauthner cell of the gold fish. J Neurophysiol, 1962, 25: 732-771
(Abstract)

Gisbert E, Williot P. Larval behaviour and effect of the timing of initial feeding on
growth and survival of Siberian sturgeon (Acipenser heri) larvae under small scale

109



R AL X E 2006 R t RFUEE® X

189.

190.

191.

192,

193.

194.

195.

196.

197.

198.

199.

200.

201,

202.

203,

204.

hatchery production. Aquaculture, 1997, 156: 63-76

Gordin J G J. Behvioural ecology of teleost fishes, In: Oxford. New York, Tokyo:
Oxford University Press, 1997, 384

Guthrie D M. Role of vision in fish behaviour. In: Pitcher T J ed., The behaviour of
teleost fishes. London & Sydney: Croom Helm Ltd. 1986, 75-113

Harden-Jones F R. Fish migration. London; Edward Amnold, 1968 (Abstract)
Hartzler J R. The effects of half-log covers on angler harvest and standing crop of
brown trout in McMichaels Creek, Pennsylvania. N Amer J Fish Manage, 1983, 31:
228-238

Hasler A D, Scholz A T. Olfactory imprinting and homing in salmon. Berlin;
Springer-Verlag, 1983

Hocutt C, Power plants. Effects on fish and shellfish behaviour. New York:
Academic Press, 1980

Huntingford F A. Development of behaviour in fishes. In: Pitcher T J ed., The
behaviour of teleost fishes. London & Sydney: Croom Helm Ltd. First edition, 1986,
47-60

Hynes H B N. The ecology of running waters. Liverpool: Liverpool University Press,
1970 (Abstract)

Irine I S A, Sorensen P W. Acute olfactory sensitivity of wild common carp,
Cyprinus Carpio, to goldfish hormonal sexpheromones is influenced by gonadal
maturity. Can J Zool, 1993, 71: 1999-2100

Irwin 8, O’Halloran J, FitzGerald R D. Mouth morphology and behavioural
responses of cultured turbot towards food pellets of different sizes and moisture
content. Aquaculture, 2002, 205: 77-88

Jakubowski M. Acta Biologica Cracoviensia, Cop eia, 1967, 1: 234-235 (Abstract)
Jones C, Deterning age of larval fish with the otolith increment technique. Fish Bull,
1986, 84 (1): 91-103

Jonsson L. Chemical stimuli; role in the behaviour of fishes. In: Ali M A ed,,
Environmental Physiology of Fishes. New York: Plenum Press, 1980, 353-368
Kalmijin A J. The Electric Sense of Sharks and Rays. J Exp Biol, 1971, 55(2): 371
Kasumyan A O, A A Kazhlayev. Behavioural responses of Siberian sturgeon,
Acipenser baeri. and stellate sturgeon, A. stellatus, larvae and fry to substances
producing the main types of taste sensation. J Ichthyol, 1993a, 33(3): 427-436
Kasumyan A O, A Kazhlayev. Behavioural responses of early juveniles of Siberian
sturgeon, Acipenser baeri and stellate sturgeon, A, stellatus (Acipenseridae) to
gustatory stimulating substances. J Ichthyol, 1993c¢, 33 (9): 85-97

110



R R TN LR E RILT A HLREIS

205.

206.

207.

208.

209.

210.

211.

212,

213,

214,

215.

216.

217.

218.

219.

Kasumyan A O, A Kazhlayev. Formation of searching behavioural reaction and
olfactory sensitivity to food chemical signals during ontogeny of sturgeons
(Acipenseridae). J Ichthyol, 1993b, 33 (8): 51-65

Kasumyan A O. Olfaction and taste senses in sturgeon behaviour. J Appl Ichthyol,
1999, 15 (4-5): 228-232

Kauffman A, Lindsay J, Leithiser R, Vertical distribution and food selection of larval
Atherinids. The early life history of fish: recent studies, Proceedings of the Second
ICES Symposium, 1979, 342-343 (Abstract)

Keenleyside M H A. Diversity and adaptation in fish behaviour. Berlin, Heidelberg,
New York: Springer-Verlay, 1979, 208 (Abstract)

Kiyohara S, Yamashita S, Harada S. High sensitivity of minnow gustatory receptors
to amino acids, Physiol Behav, 1981, 1,26 (6: 1103-1108

Klar G T, C B Stalnaker, T M Farley. Comparative physical and physiological
performance of rainbow trout, Salmo gairdneri, of distinct lactate dehydrogenase B2
phenotypes. Comp. Biochem. Physiol, 1979, 63A:229-235 (Abstract)

Klause Retter. Taste organ in the barbell of the Bullhead. In: Toshiari J ed.,
Chemoreceptor in fishes. New York: Hara Elsevien Scientific Publishing Company,
1982, 7791

Konstantinov A S, Zdanovich V V. Some characteristics of young fish behaviour in a
thermogradient field. Vestn Mosk Univ Biol, 1993, (1): 32—38

Kubitza F, Lovshin L L. Formulated diets, feeding strategies and cannibalism control
during intensive culture of juvenile carnivorous fishes, Rev Fish Sci, 1999, 7 (1):
1-22

Lighthill J. The role of the lateral line in active drag reduction by clupeoid fishes.
Symp Soc Exp Biol, 1995, 49: 35-48

Little E E. Behavioural function of olfaction and taste in fish. In: Northcutt R G
Davis R E eds., Fish Neurobiology. Mich: University of Michigan Press, 1983, (1)

Lowenstein O. The labyrinth. In: Hoar W S, Randall D J eds., Fish Physiology, Vol. 5.

New York: Academic Press, 1971, 207-240

Lythgoe J N. Vision in fishes: ecological adaptations. In: Ali M A ed., Environmental
Physiology of Fishes. New York: Plenum Press, 1980, 431-446

Marcucella H, Abramson C I. Behavioural toxicology and teleost fish. In: Mostoksky
D I ed., The behaviour of fish and other aquatic animals. New York: Academic Press,
INC, 1978, 33-78 (Abstract)

Matheson D F, Roots B I. Effect of acclimation temperature on the axon and fiber
diameter spectra and thickness of myelin of fibers of the optic nerve of goldfish. Exp

11



el KF 2006 fnitl FRRTUEE R X

220,

221.

222.

223.

224,

225.

226.

227.

228.

229.

230.

231,

232.

233,

234,

235.

Neurol, 1988, 7,101 (1) :29-40

McCabe G T, Emmett R L, Hinton 8 A. Feeding ecology of juvenile white sturgeon
(Acipenser transmontanus) in the lower Columbia River. Northwest Sci, 1993, 67

(3): 170-180

Montgomery J C, Sanunders A J. Functional morphology of the piper

Hyporhamphusihi with reference to the role of the lateral line in feeding. Proc R Soc

Lond, 1985, 224B: 197-208

Montgomery J C, Lateral line detection of planktonic prey. In: Coombs S, Gorner P,

Munz H eds., The mechanosensory lateral line. Springer-Verlag, 1989, 561-574

Moore A, Waring C P. Seasonal changes in olfactory sensitivity of mature male

Atlantic salmon (salmo salar L) parr to prostaglandings. Proceedings of the 5th

International Symposium on Reproductive Physiology of Fish, 1995

Moser H G, W J Richards, D M Cohen, M P Faahay, A W Kendall, S L Richardson.

Ontogeny and systematics of fishes. Lawrence: Allen Press, 1984, 760

Murphy G J, Glickfeld L L, Balsen Z. Sensory neuron signaling to the brain:

properties of transmitter release from olfactory nerve terminals, J Neurosci, 2004, 3,

24 (12) :3023-3030

Murray M A. Quantitative study of regenerative sprouting by optic axons in goldfish.

J Comp Newrol, 1982, 209: 352-362

Murray R W. The Response of the Ampullae of Lorenzini of Elasmobranchs to

Electrical Stimulation. J Exper Biol, 1962, 39 (Abstract)

Noakes D L G. The genetic basis of fish behaviour. In: Pitcher T J ed., The behaviour

of teleost fishes. London & Sydney: Croom Helm Ltd, 1986, 3-22

Northcote T G. Migration strategies and production in freshwater fishes. In: Gerking

S D ed., Ecology of freshwater fish production, Oxford: Blackwell, 1978, 326-359

O’Hara K. Fish behaviour and the management of freshwater fisheries. In: Pitcher T

J ed., The behaviour of teleost fishes. London & Sydney: Croom Helm Ltd. First

edition, 1986, 496-522

Pannella G. Daily growth layers and periodic patterns. Sei, 1971, 173: 1124-1127

Patridge B L. The structure and function of fish schools. Sci Am, 1982, 246 (6) :

114-123

Peter R E. The brain and feeding behaviour. In: Hoar W S, Randall D J, Brett J R eds.,

Fish physiology Vol. VIII. New York: Academic Press Inc, 1979, 121-161 (Abstract)

Petrell R J, Ang K P. Effects of pellet contrast and light intensity on salmonid feeding

behaviours. 4qua Eng, 2001, 25 (3): 175-186

Popper A N, Platt C. Sensory surface of the saccule and lagena in the ears of

112




h BT NRINRER LT A HLEER T

236.

237.

238.

239.

240.

241.

242,

243,

244,

245,

246.

247,

248.

249.

250.

Ostariophysan fishes. J Morphol, 1983, 176: 121-129
Popper A N. A scanning electron microscopic study of the sacculus and lagena in the
ear of fifteen species of teleost fishes. J Morphol, 1997, 153: 396-417
Reutter K. Taste organ in the bullhead teleostei. Adv Anat Embryol Cell Biol, 1978,
55 (1) :3-94 (Abstract)
Robinson B W, Doyle R W. Phenotypic correlations among behaviour and growth
variable in tilapia: Implications for domestication selection. Aquaculture, 1990, 835
(1-4): 177-186
Rodriguez A, Gisbert E. Eye development and the role of vision during Siberian
sturgeon early ontogeny. J Appl Ichthyol, 2002, 18: 280-285
Rodriguez A, Gisbert E. Eye development and the role of vision during Siberian
sturgeon early ontogeny. J Appl Ichthyol, 2002, 18: 280-285
Rodriguez, Gisbert. Morphogenesis of the eye of Siberian sturgeon. J Fish Bio, 2001,
59: 1427-1429
Ross R M, Watten B J. Importance of rearing-unit design and stocking density to the
behaviour, growth and metabolism of lake trout (Salvelinus namaycush). Aqua Eng,
1998, 19: 41-56
Sand A. The function of the ampullae of lorenzini with some observations on the
effect of temperature on sensory rhythmus. Proc Roy Soc London, 1938, 125
(Abstract)
Saunders A J, Montgomery J. Field and laboratory studies of the feeding behaviour
of the piper Hyporhamphusihi with reference to the role of the lateral line in feeding.
Proc R Soc Lond, 1985, 224B: 209-221
Schellart N A M, Wubberls R J. The auditory and mechanosensory lateral line system.
In: Evans D H ed., The physiology of fishes. CRC Press. 1998, 283-312
Sillman A J, M D Spanfelner, E R Loew. The photoreceptors and visual pigments in
the retina of the white sturgeon, Acipenser transmontanus. Carn J Zool, 1990, 68(7):
1544-1551
Simon T P. Ontogeny of the darter subgenus Doration with comments on
intrasubgenetic relationships. Copeia, 1997, (1): 60-69
Stephan Peake. Substrate preference of juvenile hatchery-reared lake sturgeon. Env
biol Fish, 1999, 56: 367-374

Stone L S. The development of lateral line sense organs in amphibians observed in
living and vital stained preparations. J Comp Neurol, 1993, 57: 507-540
Tapp R L. Axon number and distribution, myelin thickness and the reconstruction of
the compound action potential in the optic nerve of the teleost: eugerres plumieri. J

113



ek K% 2006 W BERE F e

251.

252.

253.

254.

253.

256.

257.

258.

259,

260.

261.

Comp Neurol, 1973, 153: 267-274 (Abstract)
Tavolga W N, Wodinsky J. Auditory capacities in fishes: pure tone thresholds in nine
species of marine telecosts. Bull Am Mus Nat Hist, 1963, 126; 177-240 (Abstract)

Trowell O A, Westgarth D R. A method for differential ceil counting in certain organs,

Anat Rec, 1959, 134(3):  463-471 (Abstract)

Vonder Emde G Distance and shape: perception of the 3-dimensional world by
weakly electric fish. J Physiol Paris, 2004, 1-6,98 (1-3) :67-80

Wahl C, Mills E. Ontogenetic changes in prey selection and visual acuity of the
yellow perch, Perca flavescens. Can J Fish Aqua Sci, 1993, 50: 743-749

Wallace J C, Kolbeinshavn A G, Reinsnes T G. The effects of stocking density on
early growth in Arctic charr, Salvelinus alpinus (L.). Aquaculture, 1998, 73 (1-4):
101-110

Waltmann B. Electrical properties and fine structure of the ampullary canals of
lorenzini. Acta Physiol Scand Suppl, 1966, 264 (Abstract)

Wardle C S. Fish reactions to tower fishing gears. In; Macdonald A, I G Priede ed.,
Experimental biology at sea. New York: Academic Press, 1983, 167-195

Wei Q W, Ke F E, Zhang J M. Biology, fisheries and conservation of sturgeons and
paddlefish in China. Env Bio of Fish, 1997, 48: 241 —255

Yin M C, Blaxter J H S, Temperature, salinity tolerance and buoyancy during early
development and starvation of Clyde and North Sea herring, cod and flounder larvae.
J Exp Biol, 1987, 107: 279-290

Zhu B, Zhou F, Cao H. Analysis of genetic variation in the Chinese sturgeon,
Acipenser sinensis: estimating the contribution of artificially produced larvae in a
wild population. J Appl Ichthyol, 2002, 18: 301-306

Zotterman L. The microphonic effect of teleost labyrinths and biological significance.

J Physiolo, 1943, 102: 313-318 (Abstract)

114



|
}
]
P

R B R T MR T R ILTT SHAERIT

B

AR RES IR HRNERFHARN RO 5RERIFT 52k,
HEMWL, e P, BURBIT™ENBESE. SROTENME. BALE
BT AEREBERZHAER! MMARDET — P RIGOEINHAFE, HEU
BRI LERET - M HINRRETYE. BMMULAITHRSMIE, HE RS2
THARRH EE B EH K&, BEFTREMADER, HHX—HEFERE
£S5 I, ERIRREW PSR!

KB CHINF IS BRI TVr S EMARIEM TR, BiKEEZIMEES,
THEREE LA FRIMIER L. il Harvald Rosenthal {+75 8%, 30EHK
RS TR . BIHCIIBRAEEIm. HEEEM, KAhkAEZM. NERE
SRR IR IIR . RiFRFE, XisHE, Faa. ik, EEE. XxEEE.
XHGF, WEE, ZHR REFELRPETHED. KFEKE,. R M
MESMTHBILRTE —HEREH. TERIFRAOFAEFLHEE. 5. X
. FHEZEEEINEE L ROSEMMTR, RMMNATRERMAN, R
FEL T BRI A ZE I 3K

BB E, AT ERAROET RITFHAERRS, FERAKAE
ARFHFMOLTIES. FRRGNAEAROSRN, ERZIA—E! BEZATE
FEHX RV, @R, £TTREFE LA,

BT RO, L. BHROA!

AMFRRER[E T EHESERL S AMRAEFN (2004DIB3J099) KITEE).

S 44

2006 ¢E 6 A 10 HF R K%

115



oAk K E 2006 WGt WFFUEF A T

T, )

YUk i 22 A IR R R IR 3L

1. Chai yi, Xie Cong-xin, Wei Qi-wei, Chen Xi-hua, Liu Jian-yi. Development of retina
during Chinese sturgeon (Acipenser sinensis) early ontogeny. Journal of Applied |
Ichthyology, 2006, (4) in press. (SCI W%) ‘

2. SRR WM, EE, A, XER. PREURBAENRERETS
PLEERRFL. AKEAYER (2&ED

3. KR BAE, REIE. BXTREMRER. Ak, 2006, (3) (BER) 1

116



	封面
	华中农业大学学位论文独创性声明及使用授权书
	摘要
	英文摘要
	第一章文献综述
	第二章中华鲟眼睛的发育
	第三章中华鲟化学感觉器官的发育
	第四章中华鲟侧线的发育
	第五章中华鲟陷器的发育
	小结
	图版
	参考文献
	致谢
	附录

