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Abstract

In the early stages of fish, ontogeny involves important changes in the function and structure of
larval tissues, organs, and systems, which are essential for larvae to adapt to living environment,
improve the survival rate and ensure optimal growth of larvae. It is necessary to better under-
stand about larval special physiological period, develop feeding protocols, and optimize rearing
conditions and larval-rearing techniques by comprehensive studies of the ontogeny. In this paper,
progress on the study of fish organogenesis has been summarized in detail, which focuses on the
regular pattern of development of larval respiratory organ, visual system, digestive system, and
immune system, which will provide the important theoretical basis for artificial breeding, the effi-
cient and sustainable development of the industry in fish culture. Meanwhile, the result will fur-
ther supplement and perfect the development biology in early life stages.
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1. 5|8

R PR E R AN AB W E AT, CEEERFUT. M. Shfa s KK . — i
=, AREHRE IR B R, ERFEMMEL A EAES . BEMAGRE RGN TG
TEHRKIMZER . IR GO TR E KD A, SRR 25 R E TN A J R AR 4 & 6
B, R AT DA R 2 A s, T EL AR — SR N T RERER, L, AT
FAB IR E RAEHLEN. A, A SCNIEE @R F B % ML SRR G0 %
Fo YRR 2 EI R A R EAR SRR SCGIAT T AG. R, RN T KN R R
WAL RSN R ARG R, BN EE E AR R M IR, i —
AN e 3 1 2 B R B AR R R e S R

2. BNRELRE

RZHAIWATF  f ih = 62z, ANE AV DIRE, G i IFIR AR F 32 AR T8> B 1A 3R 1 4 i 5
B MEREFIRIEThRe F 22 5B ERTTE R[] [2]. REHVIWF AR CBLEE, s, 4 XEEN
8 5 TR, H SR A3 A 1) B 78 G R R A i O 2 R e B R A I b B A i A4k 58 e s A A
WA, e EE L . SR E b, SRS N RMG I RETE R, MAEM R, 85 b 22 4k 25 ) 6
Fs ARG, TR0 B4 s ST [y 0 kR, TR S A PR AN, G LA B 5 BR RS R B3] [4] [5] (& 1)
AL, BRI Th e R B AR, RAE TR, WIRTTHREEIRDER . 2
1M Falk-Petersen 5% K P FEIR 1 Anarhichas lupus W FER B, IREAT #) BE BL 4G 1 IR B 22 H AR T
BMIME, XEH T REFRAATFAEFNGERRS T VIHETRIIGE6]. MEFAMERKEKE, MidE—
WIRKE, SRR SR SR 5 M0 A oy R, 0 5 R T i A s X I A, KB AR S K B
SRR A, SR AR/ e, 8K, BEORE N, S8 A R WK E B, T LY
TR, R aEES DR E 54 mALl, CERERKE T, WHERIBCEEm 7 Y6
PERIARAR, TESRASH T T R PEE FEAEH .

3. LIENEELE

RO T R, ERRTEEC I GEZ), OO — AW R 4EE RS54 . Hall 55
EWREM, KUEESE Gadus morhua 155K 167 /NS G O AF B[ 7] XFLL48 H KZEEE Scophthalmus
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BC, blood cells; CC, chloride cells; DT, digestive tract; GA, gill arches; Ga, gill anlage; YS, yolksac.
BC, M#fl; CC, &4f: DT, Wikid: GA, 85: Ga, #BJF3%; GF, #H%; YS, UPE%E.

Figure 1. The histological development of the gill in American shad. (a) Gill anlage at hatching; (b) At 1
DAH, yolksac, incipient digestive tract, primordial gill arches; (c) 5 DAH showing primordial gill filaments
and lamellae in the gill arches, cartilaginous frameworks, chloride cells, blood cells in the internal vascular
system

B 1. MR RELE (3], () VIFHFRERELI; (b)1 B, FAImBESEE; (o5 BEFRE/N
MERE. SREF MR

maximus 15 94 h OAEFFAEBEE), WRAGEAH AR HILMmAHR, L8 1 AR A8 2R 3 22 (e 3k ON 3 8 77
VBRI, AN J& AR A (8]0 WIIFAT 20 E AR AL I B IR G A, A TR A, 65T,
B SONE B, 7EELOBRALC IR ] W RO BEEFEEKKE, OIRFES K.
WIS A Thunnus thynnus 7EW-AL)E 2 K, OIEBEC AN S BIKEE. L. OE. Bk,
6 i, 0% 5.0 by EERAL I P B Z 1m0 Ji P 0 B T R 4, 5 IR, 4G A A s, 11 H
BRI O EANE, 17 HRROIER B 4[5 FMNE diosa sapidissima £ 2 HES OIESAE, 54 R8=1
oy O LEMBIKER, 4 HES, FIKSEER, EEOOEALRTFRIK, IO IS A N IS5
DEL OS5 BIKERFIERIKSE, 0% N IVLEF4E L P B4 ) 9 ZEFR R B0 25 /N g8, RS s = e B, T
AR AN, 8 Hi®, OEMIPKELZIEHE AW, 13 Hile, OhHEANNRIER, 22 HEt, Lp M
kS22 [T RS2 s e, O E O3 O s /NI A A 5 B R B3, e O BRI R R, O IER A
5E42[3] (I 2). 25 A Oplegnathus fasciatus TEFALE 1 K, OAE SN = A0 O EMBIHKER),
2 HSE KSR, 3 HISE EM. S HIPE N, 6 HidSEHIACE/NEHI, 27 HES QIR E 749
=KW Pagrus auriga TEWALSS 3 HEE, OIEMME G OEMBIMKSE =AM, AR, 6
HES Q=N 7 HESOHE AN RSy, 15 HR B MR, 20 HEEFEHIE. - H I RL[10].
gi bl ORI R T EEAE TIUNMEEE O SIKERFERIK ) . = ARG k.
2 H e K 5 B T B R e S HEAE NGO = AN /NG E R T B A, Yafera S84 O HER
PRI AR A BN A IR I 13N, SRR LR K AU AT RE A B (5], R, RETR R
O B R E T DUOAAT AR T 2 MR R, CRUE PR ik, R — e R R TR i)

4. BHRERE

e IO R R DR 8%, ERAER BN B AMERKREERCEE, —RiNE, f
RELRIA R G EE A = RBA, BIAEES, DURATE 0. 1| B R E M, 4 HRERE 5 IEIE
B 10 HESAF A 78S, 17 HRR 35S, SRk, KB % 30 HEEH L, &4
W6 7 SR 11] (K 3)o 4l A 8] Dentex dentex L.FIHERS FIEJFILAE 3 HES BN, 7 H WS HE A1 K R HY
B, 10~11 HEEFFEE 78K, 23~46 HEREEELIL[12]). WtEEAnm 1 HEEERIE B, 2 H e 5 1
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A, atrium; BA, bulbus arteriosus; GC, goblet cells; H, heart; OE, oesophagus; PC, pericardial cavity; PS, perivitelline space; Sv,
sinus venosus; Tr, trabeculae; V, ventricle; Va, valve

A, O BA, BkEE; GC, #OR4EM; H, OME; OE, &1&; PC, HEOME; PS, URFERR; Sv, #lksE: Tr, s V,
0% Va, IR

Figure 2. The histological development of the heart in American shad. (a) Heart at hatching. (b) At 2 DAH,
discernible heart differentiated into three compartments. (c) At 4 DAH, buccopharyngeal cavity, four car-
diac cavities, valves between ventricle and atrium and trabecular proliferation visible in the heart, goblet
cells in the oesophagus. (d) At 13 DAH, the trabeculae appeared in the atrium. (e) Heart valves completely
formed, four heart compartments, trabecular proliferation at 22 DAH

2. ENEHOAEREAKR B3], () VIFHFEFATOBES; (b) 2 B, (CHRSMCAREMN=585;
(c) 4 B, WS UANNIEE, BEMWEMA, LENEAR; (d) 13 B, CENREEE; (o) 22
BEe, ([REMREERAR, FTRFARAAEE RIBEAR

gg. gas gland; pd. pneumatic duct; sbe. swim bladder epithelium; sbp, swim bladder primordium; St, stomach; Y, yolk sac;
gg /SR pd BEE; sbe S b 7 ANAL; sbp BEJFEIE; St.H; Y.OIRHHE.

Figure 3. The histological development of the swim bladder in Oplegnathus fasciatus. (a) One day after hatch-
ing. The cavity of swim bladder primordium (arrowhead) was visible; (b) Eight DAH %400, Bar = 50 pm; (c)
Twenty DAH. The pneumatic duct continued to degenerate (arrow), x100, Bar = 200 pm

3. FAMEFEHALE(11]. (2) | BitfF&. BEMTARRE, SEMRAGRRESE; (b) 8 BT
B, x400, #RR=50 um; (c) 20 HE&fF&. SikARARUAIERE, <100, AR =200 um

B, 2~3 HERT] WEERRAIRKR K, 6~7 HIATTIA7E S, 10~11 HEMEES5E K, SRR AL 11~28 Hid
[5]o I, PSSRt 208 F R B RO EE FEIE R B, 78R, AR AL TN SR B R . B R
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KA EEE, FENEY H REEE H @2, m3Eni 2 i aig iR B, 3 B IEAW K,
FRT G AT Yk, FIIEs—ANE, SR, 8w A ity , SRR, 6 H
BRI, B 9 HiEdHFMR, B, 20 HREERA AW IMAEE, EEAWEE. FEAN
Wiy 3, BEEFENAEKKE, EHIEE M, SERALEER] (B 4). MaaENRE Piaractus bra-
chypomum £ 1 FHESSEJFIE NI, 2 HESEE LR R, 4~5 HIRREETFaR S, 11 HRRASEN, H 13
e FFah, SRR 45 W K B 538 [13]. PIIL, BRI N kB U R B 5 78S
M, R EEE. BRI, TEONSIYH MK, WORSEEPEREEL 2 HRHIl, 5 HiRERE
HILHETF M7, 19 HIRER S 5Em, S, 25 HESEEarm <R b 240G, 31 HigiE
AR B ARk, 47 HESSIRTE TR, 63 HEREENK[14]. 24F Scophthalmus rhombus L #£ 2 H
WAL I, 6 HRSERNR IR PITE i, 8 HRREEE HI, 19~21 HEEE R W, 23~38 HRMIELZMW 2
AEWHI[4]. FEWIN/KER Solea senegalensis £ 3 HESHZJRFE I, 4.5 HEEZE LRI, 7.7 HIREER
A HEEE R EESE N, 15.2 HIREES B IR 1k, 30.9 HIEREH R[] (K] 5). 0L, JoHES i B A
REBAONE R IETE R 7R LRI R K. g b, AR R B R Ak B AR £ 5+
P, X WRES fRAMA R B RIS SRR IR G, X PR e I B A AE T R B B RIS TR R AR
ERA—EMAESE . RMEARERIEA Frif—PIRE .

5. BIMRAZRERE

WA R MR, (E IR, PBIREE, BECH . SRR 3l i R AR AR
BRROEFILLS] [16], T AR B SIS B O RAER &, 3 T MIESES . EERE, fF
A FF TR 1] 35 LR ] PO R L F R L

5.1. FEBR % BRTHA

PRI AN SRR AE R AR T R A A, (EARSE R AE R B I R R s B RN . A
5245 10.5 h GG R & Z R e, IRFEEIEH L, 2 155 h JGRRas B a4k, JRARAL I & 5
RABTE R, 245 22 hJa, MIGRE BRI, A RRAE ks B AT [ 1710 /N i 56 Xof 56 i (%) B 7
KW, K521 h 13 min, R 90%, RIEFIEHI, 28 35h44 min J5, #EHHME, FEHEFAIMN
P JEE AT R G, 32K 60 h 15 min, A7 H AT, AR A 18]. 45 £15548 H ORSE 6T 7E 58 h 30 min,

100um

gg, gas gland; Pd, pneumatic duct; SB, swim bladder;

gg, SI#; Pd, fE4; SB, fE.

Figure 4. The histological development of the swim bladder in American shad. (a) The primordial swim bladder at
2 DAH; (b) The gas gland and the pneumatic duct anlage at 3 DAH; (c) The gas gland increased considerably in
size and gas chamber constantly expanded at 20 DAH

4. EMMEZRHALE(3]. (2)2 Bk, FAIRERE; (b)3 A, BSBRMEBEREHI; (o 20 HRFAR
AL N A0SR
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gc, gas chamber; i, intestine; rm, rete mirabile;

go, % i, W m, KM

Figure 5. The histological development of the swim bladder in Solea senegalen-
sis. (a) Early development of the swimbladder at 3 dph (—) scale bar = 50 um. (b)
The gas chamber and rete mirabile formed at 4.5 dph, scale bar = 50 pm. (c¢) The
gas chamber significantly increased in size and notice the presence of the rete mi-
rabile at 7.7 dph, (—) scale bar = 50 um. (d) The gas chamber decreased at 15.2
dph, scale bar = 50 pm

5. ZERMARBERALB(1]. (a) 3 B FHLBFHE()IRR = 50 pm;
(b) 4.5 BUSHEEE MR, #RR =50 um; (c) 7.7 HidEE= R =180, *
PUEMAT L, ()RR =50 um; (d) 15.2 B#SEEFFIRIBL, #RR =50 um

AT 90%, MEEFEITZM, KEE 69 h AT W, PR LER AR I, 94 h BRI A
JEFERR[19]. RPGFEESH B A R R BHRE (7). AT, K2 B0l £ 28 1) IR 38 JR 58 78 TR R i 1
TEZ B I TF A6 73 AT R 6 AR IR S AN iR AA, RO R I L bR AR B A FE A 1 1 A0 i A 8 8
JRUEHIME R BE . SRTAE] )1 VPIEEE Odontobutis potamophila WIRF T K I, SZ2k5J5E 141 h, JRUGHT M K
ecRIE I 213 h, SRERTFAR 0, MR - UBEEH S, LR L2346 h 6 J2: 376 h, WMEAREE IRk
B, AESAN S 2, NIES N 10 2, BTHE - BRESEBIR . wTA, 3] )10 YE S8 7E 5 A0 i IR &N 41
LG BITHIR K E , VI CE B T BN B E I R GE[20]. XK B U Re 5 1280 AR TS
PREE R o 1) 1) 22 S A K

5.2. Ela% BHEHA

P RS PO AR B FAKR B EREE, AT DAY R IIT O R AG 5R Ge i dr fe it
I, T HONAF T DS iRt T L AL 3l . 2 H & S NIt VBT 1, 3 H W& fr 00 I i g 4
b, HEMINKIERE. WEARE. AR, AMEZE . SNEZE . WEZZE. IRBEE. s
YIMLZE . ALY E AN T 10 28, SRk AT H IR 18] (WL 6): Z& AR 1 WS40 I st 12
PTG 4k, 2 HESTRUBEFIRKES B, 3 HIRHLE I, 6 HISMM b5 4x[17]; m A7tk Silurus
meridionalis 11 1 HEERL K FOR R a6 010, 2 RS A4k, Bk I, 7 HRS IR fif21].
AT, R ZHAT AR DR ERT, MRS NHLNAREEAR LIGEKEE, YIHPIGR RIS R ST O

DOI: 10.12677/0jfr.2018.52008 56 KPR AL


https://doi.org/10.12677/ojfr.2018.52008

/NGRS

o

1 A
A ‘ky
~5\ i

AC, amacrine cell layer; Ar, argenteum; BC, bipolar cell layer; Cen, corneal endothelium; Cep, corneal epithelium; Ch, choroid; Chg,
choroid gland; Co, cornea; G, ganglion cell layer; HC, horizontal cell layer; IP, inner plexiform layer; Ip, iris pigment; Ir, iris; Ira, iris
anterior; Ire, iris endothelium; Irp, iris posterior; Irs, iris stroma; Lea, lamina elastica anterior; Lep, lamina elastica posterior; MF,
muscle fibre; Olm, outer limiting membrane; ON, outer unclear layer; OP, outer plexiform layer; P, pigment; R, retina; Ste, stratified
squamous epithelium;

AC, TTRKRUMZE; Ar, R BC, WHRANNEZ; Cen, MENEL Cep, MR LI Ch, Bk&4HE: Chg, BKZEBEHR: Cue,
g7 BB Co, Ml G, MANTHE; HC, AKPAHREZ; 1P, WMEE; Ip, TIEERE; I, M Ia, TERTZE;
Ire, YIRS )Z; Irp, MLAKJGZ)E; Irs, MLRHIETRJZE; Lea, AUTAMERE; Lep, JEofMERE; MF, WLAL4E; Olm, 4ME;
ON, 4MZ4HfuZE: OP, SMMIESE: P, 32 R, MMIE: Ste, HERF K

i

Figure 6. The histological development of eye in American shad. (a) Larvae showing prominent lens, the gan-
glion cell layer was clearly distinguished in developing retina at hatching; (b) Larvae at 1 DAH showing the
differentiated retinal layers; (c) Larvae at 2 DAH showing a clearly differentiation of retina; (d) Larvae at 3
DAH showing the single annular iris; (¢) Larvae at 14 DAH showing the fully development of the cornea; (f)
Larvae at 22 DAH showing the clear choroid gland and linear argenteum; (g) Fry at 26 DAH showing the com-
plete development of the iris

Bl 6. EMMIRFEMLE[18]. (2) ¥MFFEARNMENERE, SULLOMETHERE; Ob) 1 BRFE
RIRS A ERFAREE; (o2 BIRFaME; (d)3 BRfFarRaRRMEIIRE; (o) 14 HiK
FaRRTEMME; (D22 BRFERIKEERIFRZARIRER; (920 BR#EMTINTE A BRITR

B, WRBHRCHESRL TR . BB OIS TR, (FAREAKER, REHE—Dok, FN
i 14 HEE e, AR NEZ R B mTsE 2 ERE . R RN RE S ER,
26 FE IR I ML 52 4, HIAMNAI PR OREREE . & EMG RS, HLEWRE 40, hahm AmRRh
RN E WEE R FGEMORZE[18]: A5 13 HRARSLTEE, 21 HERIKER. 4T
MR B 5E35[17] (ILIE 6); a5 il A L. TS B ik 28 B 23 I E 40 31 A1 50 HS R B 5epk[21]. MM, 4L
LN fik 2% ML 1 5 7 s et A f L 4% T ORI DB RE 1) AN S | e RTTTRE ), SR, RO R 2R
AR RGeS .

6. HURGHREXRH

FERRPHIR T B, K2 HAF AR R an, HRGIFARMA, FEEN - RIIMKEE
WP BA R & 5 B I TRE[22] (23] AUk, fEAFfB B, Emit i REHESRML. KB
RIRAI R AR T ARAT SR BRIV A D R AN E SR A B B 2, YL RGO ORI R B A A f H %48
B THAIRIS I RE ), A AR R AP B T EEARIIE[24].
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T REZHEEH AR E, HIHWRENRERE —REL A=A HEHB25] [26] [27], BI: ]
WA MR E TRV EE — R BB BN B e e R SR SR s A BR Th S R AR KR E
I B AT fiE A TE A — 2R TR R AL IR GEA, AL T ON S50, AT THRT80, H b 52
RS RRRANM L A, H T A T, DRIALT TR S5 4 AR 28] [29]; 7571 A0 Ao 5 3¢ 5 340
AL TR B AR VBB R MR, Rk oAb R B RO AT BRAE[30] [31].

FFEMREEFRIINE - RKENER, WMBfFaEtRZRACEHHMMORE, B& THIHRNEE.
AL U I BE /7. Hachero-Cruzado S8 X SE 6B ALK B, TEIRA S IR B, 2647 7E 2 HiIES, 1M
ATITFEE, JHAIE CAE ooy DR s . S A igE =35, 3 HIREEFEEMITE, J )50 H IR
WA, 4 HE& BRI, 7 HEe B EETE RN, 8 HE Tk FImA oG Bl . HAEABRIELE 2 H i
I TE R GRS A R D0 B S P 1005 B SR s s v, JER A R A A K B T S R, R & HA 3[4 Pradhan
SR, XIEAEE Ompok bimaculatus 1 EAETRGE F= WA AIHALTELE 2 HRFFIE 208 =340 (D WA
f. iEAgIE), H O RS N RE . WS B, SRR AR, IR R, 1E 3~4 HidZ (A
PIMRAR L B IRAE R TH WL, 7E 4 HES gt — e g th, a4 o] W B e iR . 78 2 H i
JEWEFAREIE 73 AL, JRIEE TR, 1E 3~4 HES, HMEPHER . AN HIL[32]. WEEEHm R,
ERHLSE 2 R, AFAORALTIJRE, DMk, SEfMEat, 2~3 BiEd, Birssi, ek, &
B NRT A G I, RS DR s A EE B, 3~4 HE, A0S B BURS AN A . BT AN B
£ 2 HEETE R 3 H IR A BUbE S 2 USRI AN G 107 20576, TR PR30 2 K2 R g TR 12 11 1 5
EA, BBHIS]. BoMBEAECRGRECET MUK E, BE& 7Y AR, H2H)
BEAKIHAR S5, A £ PR v A i 3 A S M AR FH RO 240 P P Y A I ML 56 BSOS TR0 I3 (RN [27] [33]

HMETEE TR BN =R BB, BB IR 1 R BTG 73 WA 1, AT s R P v A A )
TG, DB B R BRI . U ORI AAOIR AR R B, &IE. A E PuET & B k&
LR 2 B 5, B IRER S In;  FFRRAE 32 BRI /N B RRSE N, SRS B R KR
AR B4R 1] [4] [5] [10] [24] [32] [34]. ML B R RIEDhRE O AR, MU LB hyfm
R KA R, ERSMAR EEg B & 7 AN Tl AT RRFE

7. RERENXELRE
7.1. BERHRELE

16 i 2 ISR L A R G T A ) 2 B P, R SR PR AR, A A R BRI 0 SE R M S5 A
RL T2 3 MEE 4 SRR EE U7, BRARTS PR o iR A TR IR T 5. ER A E LT, @M K
ERE R=AB B WIS, A— B B A 2 s A [ B KR E , ke B4R
MOF a6 tHIE, HAUMBR, A ORIR, ARG L G T R, IR, Ik & BRI 46 5046
DUk A, R N AR B IR — B R E . PRSI E R 4 ) B J AN
BRI, PRI RE T, RIS B NI R, RN BI BRI, R IR R B e A R R AR
B I 75 A E P Fh 2 AR RN 2 55 . AR A HIRE 16 HEGHIL, 36 HEEFFUE MM IR4H I
GRWRERAK[12]; SEUNE 12 HEE, BofREEEl, 18 HES, eI, 22 B, MMEMHTFE, 45
HESH R R B 584, 43 R RFABER 314 7): A BaIRAE 10 HEeHIL, 7£ 11 HE& H I S B4,
15 HESWRELAHM I, 23 HES IR R ARE R R, 49 HESHIR /NGB, i IRk & 52 [35]. B
JRIF) G B DR R R B R R R R E EE WA TER, (HERS S EREKImEPEL,
A FEE 240 . IR [36]. Wi/ S E Scyliorhinus canicula FRRIFALIG 3 JEETF4A B BLEL[37); &
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Co, cortex; Me, medulla; Ly, lymphocyte; Lyb, lymphoblasts; T, thymus; Tr, trabeculae
Co, Jii; Me, Hfi; Ly, #REU4NMD; Lyb, WREREGUM; T, BAR; Tr, DG

Figure 7. The histological development of thymus in American shad. (a) Thymus anlage at 12 DAH; (b) At 18
DAH, the lymphoblasts and reticular cells were present in thymus; (c) A completely development thymus at 45
DAH

E 7. EMHBRRERE ). () 12 B, BRFEELI; (b) 18 B, MR hiKkE SRR
HI; (o) 45 HIRFTRTT 2 & BHIBAR

il Oryzias latims 7£ 12 J BB i 58 4 1R A0 R [38]: HLEEAE 15 FWe it i BT 43R A6 [39]. kT 2K iR
A A B R SR itk — B i T

7.2. BREHARELE

RN B NS AL E S A D Re EAEER IR K 22 7. BRI B IR 3 20 Sk B AR T
PRIy, Sk A4 B A EEOR AT, 0 WPUiE BB T RGeS E, AR R AER
WEAE I3 T, TEREThee RIES R REEMIEM, ThEeL T eiE, miks £ 22T
HElt[40] [41]. fERAEFIAIREERES, KEEEENRSEAE, ZEMEFENERKE, KEE
W R AR B AL OIS AN, BONIRGR AR e . fR S IR T IRIR R, S — X E B RGR S
E, AT HERTIT. EXSEMEMTRE, 5 08, REMTTE MBI, NS S N R,
BNk A R EMBME RS, BNEHRZERF LR, 9 HE, B/NERriE 2 2% 14
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Bc, blood cells; dpt, degenerating pronephric tubules; Gl, glomerulus; HS, hematopoietic stem cells; Ly, lymphocytes; Mn,
mesonephros; OE, oesophagus; Pn, pronephros; RC, reticular cells; Rc, renal pronephros; RT, renal tubules; Si, sinusoids
Be, [MAHM; dpt, BALHIFTE/NE; Gl B/hER; HS, EMTF40M; Ly, #ME400; Mn, $'5; OE, fIil; Pn,
Hi'%: Re, HI'E: RC, PUIRAM: RT, 'B/ME: Si, M3

Figure 8. The histological development of kidney in American shad. (a) primordial renal pronephros
evident at 5 DAH; (b) At 9 DAH showing the developing renal pronephros, mass of hematopoietic
stem cells and blood cells were visible; (c) At 18 DAH, increase of kidney size; convolution and proli-
feration of renal tubules and abundant lymphocytes and sinusoid; (d) At 22 DAH, the pronephric tu-
bules were degenerated; (e) Pronephric and mesonephric kidney at 28 DAH

8. EMMEERIR B [42]. (2) BHAEAME S BRI )9 B, BMERE,
AR A EREMALMMERE; (o) 18 BIRFIRABBI, XEMNE/NE. MBFHETLHA;
()22 B, BIB/NEFIRRL, REEKBHEE; (o) 28 BIRFIRKBMPE

ExP, exocrine pancreas; HS, hematopoietic stem cells; IL, islet of Langerhans; Ly, |
phages; RC, renal capsule; RP, red pulp; S, spleen; SE, splenic ellipsoids; WP, white pulp

ExP, AhopulbfkfiE; HS, IEM-F400; IL, S Ly, WO Lyb, #MEEYH; Mac, EWEAIM; RC, MARANM;
RP, Z#fi; S, MME; SE, il WP, Al

Figure 9. The histological development of spleen in American shad. (a) 8 DAH showing the spleen anlage,
exocrine pancreas and islet of Langerhans; (b) 11 DAH exhibiting islet of Langerhans and exocrine pancreas,
spleen surrounded by exocrine pancreas; (c) The lymphoblasts and macrophages were seen in spleen at 20
DAH,; (d) Spleen with the white pulp and the red pulp at 42 DAH

E 9. MR RHALE 3], (2) 8 BIRFIRMRATEE . SMMBRBERERS; (b) 11 B, MRATEEAM
BiE; (c) 20 B, HESMEMMERMABAMATTHIN; (d)42 Bk, MAESAMERS: BREFLIEE

fif—Ae e, PR — ERE AE RRAL I EK[44]; 7Rk Sparus aurata F, PRAFAETL)G 5 RHBL, TAE 77
KIG A KB f[45]. 7E85 A Dicentrarchus labrax "HBFIFE KB, MRAEEIEAE 17 HESHIL, (HETE
| 2 Ja A M A 23 ) Bl A AR EX 4 P [46 ]
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