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I. Osteological Development of Larvae and Juveniles®
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The osteological development of the larvae and juveniles of Prognichthys agoo was examined on the

laboratory-reared materials of 5.06-20.01 ## in mean total length(MTL). Cranium, vertebrae, caudal

skeleton, shoulder girdle bone, pelvic girdle bone, pterygiophore and jaw bones were described in

detail to examine the sequences of ossification.

Ossification of the cranium took place at ca. 5.06 mm of MTL in exoccipital, basioccipital, paras-

phenoid. Ossification of the visceral skeleton occurred in areas where active movements of bones were

required, notably in the parts for feeding and respiration.

Vertebrae began to develop from the anterior end and to ossify posteriorly.

Neural and haemal

spines of vertebrae ossified always prior to the corresponding centra. Urostyle bone developed as an

elongated bone from the early laryae and ossified prior to the centra caudal part.

In jaw hones, maxillary and a part of dentary appeared first at 5.06 mm of MTL and attained a

fundamental structure at 9.30 mx of MTL.

Ossification of all bones was nearly completed at ca. 20.01 mm of MTL.
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B Re& A &

BEfo] ¥z Zhzxsa glew old W3t L]
AlgE EFE L gled, 58 SEEHY BBRE
& F}o}shol (Suzuki et al., 1973), -&o](Takashima,
1976), % (Takashima, 1978), 5% (Fukuhara et
al., 1980) FolA =+ Yede HBroaq wi
R HPyol Bk #igest A= =l ord [
0

A Pigge X FHEAY REd 32 BRA ER
el BEABS ANrzA SE Y WHERE
e 9 BulohJzl FHRARS R 2HE 4
e EWREE ATstnar el

k% Gk

A EHB AR #HE 19864 7H 14He @M
BT BEAA AT ABEE BEAA A
IREAA BREN A2 -Sisld mE-m5s
o)t

AR FHEEAYE iy 5B 208 5% Wik
FEgel g4 FHEAZ) M 1052F Park and Kim
(1984)9] Hufapho) o8] alcian blue &} alizarin red
SE —EREIT F 100% FelAud fFEsgdo.
RREHRS T2 HEE, WS, THF BY A
e, EREEY] BEREES 47 s~6EEe T3
shel UHEMIIEMES HREERE FR5d #
B, B&Esidt.

B Badl = 2 28 AEE Potthoff
(1975, 1980)¢] wekowl, 7 HArS 0. 1mm 7= J
Zstg et

AR WIRBEE HEF, NRE. TR,
BE, A%, BEEE, REEF 2 28z Eostd
BlEEsted e

Q) EHEE Y ARG EES] BB HEF (cra-
nium)3 PIEEF (visceral skeleton) 2 o] Fo]z] ¢l o
o, K& 38 FEEe g Z(PL ).

25 5.06 mm(IBLEHE)Y FRAA HLo2 F
Y B deived, EHEERS TASe BHH
ol A RFIE SMERTEE (exoccipital), FEEEEH (bas-
ioccipital) B #E-S e} = g2 B (parasphenoid)
o] B{txlt. fH¥E(opercular)e] = EFEEF (oper-
cle)d] &3-3-3 2 olBFe] THEE P (subopercle)

o] Bkstel D% H(palate)ol = FHH (hyomandi-
bular)e] Q85 Bihstz, o oi=ldl BERE
(metapterygoid)o] = uw]$tAl Veludel(PL 1,A).

SE7.23mm(btk 20D Ffd o2 HHER
Hel A AEEHE Q5 LR UEE (supraoccipital),
w4l g (frontal), 515l EF(sphenotic)o]
B Vel BER s £HEEF 4T
RS 25+, o9& RIEE B (preopercle) s}
M§E35F (interoperclede} 3 vlsiAl B~ A&t
vl OERe = THEEol AL BREE 2, B
BB 45 BRE (pterygoid)st B (quadrate)
o] Bibet. FHF(Chyoid arch)e] 1= A F(cerato-
hya)sl 549 BEfeF (branchiostegal)o] & o2
B (Pl 1,B).

25 8.30mm(Mbt: 40)8 G 2l H
FEH §igEE (prefrontal)e] 3oz HHE ool
BEE, HEE s Bifsld HE 55549
HE3-88 B BHE 3 BEF(pterotic)
3l EEE(epiotic) = BibEcl. MEHA = MEHET
ol ¢Fo g Z4F AA AEdARA FHo| Bk
o OF = BRE S5 P ERE (meso-
pterygoid)e] -3 o 2 B{talr, vzl BERE
= ¥ BREE 751, FRE ARG
ol ¥t ERNE ATEY 4HFoz TEHEH (hypo-
hyal)s} L5&(epihyal)e] E{k=lol Jvelvi=, g2
HE 247k of BiEEo] TAR s A2 TR B
RRE 23 Zel(PL 1,0).

&5 9. 84mm(P{btk TH)Y FRE RESN H
EHE A A HEY 5L HiF(ethmoid)o] =&
o2 Fbate, FREE 94 BEET (parietal)s}
HEE o olulle] BiF (alisphenoid)o] Bk o] v}
ehdol. fEERl = EHEEFY offN-is THE
F9 d85 AAAN, FRAAE THEEFY 5
WH & (glossohyal), ol Ze] REFH(urohyal)o] F
bsle 24 %E£% BHY RS ZH5A Ad(PL
I,D).

£F 11.97mm({% 10H)Y R ol2x I
B A WEE ot Ed §iE-F(prootic)z} HIE
B G Zo gg(vomer)o] B3l 2] HEBL A
2 Bffe]l AR, NBEFWAAE HEF EEE
(symplectic)o] Bt = 24 A3 BEE 25,
TRAHNE iFe] 82 Hibsld B @3l=
2A o] Bl A TEHE T X2 Bl
SR G (PLLE).

(2) ##B  THF(vertebra)2 HEFI VI W
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G2 FRER T BiR

fach S BEssl e, GEANA Bigss
e % es g B89 HOL LG
(PL D).

5L 5.06mmS) {FHE]As TR HEET ofF
FES A 20 IRRRe Al WRES  BERERHE (uro-
style bone) et ol M7k fF{bs}ls] <12k, 42709 i
fetkst 1248 migske] Bibstd T o)« Mg}
MmFEHe] FHEE obx Mbslx Yeld RFEH
52 BRRGeI=H(PL I, A).

&5 7.23mm?) ﬁﬁtﬂ olzdl Hgom AHws
Fifierre] Rifle] EFA A B{L7F A= 3
o s ’C*ﬁvﬂi WA FRAEH
T AR L7t B A G Rl At BIERE
L oda k=g, 4508 ik 40749 15
A mfFErd oS Bl Fibsted A HhE
BREeH(PL I, B).

25 9.30mm(pb#s 68D Tl 2eba He]
E7E Al sl 33 s BT A
2] o] Folx 7t fRABel, 34wla] el 4 43wi=)

AR = 553 Y FFd A Bl 274
TR sioh. WRAMES 2 HlE A
vel R HERge) o -S-ehi= MR} fu¥Ee] B vb
= e B, ®|reste, B (abdominal verte-
brae)®] KH:EES oFFA ol FHol = R HEE
(parapophysis)7} VEbnva, BEFERES & 1, 8
(2:’5?1‘%’??9] HEEE 7 A SA=HA29(PL T,

Y.

&5 9.84mm8] fFRANAE FHFE die 2
HERES] ol F-E& A st A Fbsigder, @
s} mfFse]l o4& 2 Az fitebd 2t
@5 (neural arch)z M= (hemal arch)L B3+
. EFonNE 3A HiFd A swlAl gl o
670 8] i (rib)e] vehd}(PL I,D).

&2 11.97mme] Fifel o] 2wl 4679 P2 9
A8l FEste, RHEFY 9, ot Fe] ozt o
A Tl e vdehde. BE oFa g W
st MRS oS BEete Fo] Ao IV% A&
L2 %"—]HZH 1’#6}tﬂ THORMES 24 g
e Aol Bo] TH3H, mEMRE ¥t
Al e ]—E— Suia HFel A 14w A HEF AL
AE 1279 shea 7] HJJH’ol WEE 23317 S8
ML, Brgste, R 5 5] MHERIgTsE(neural

zygapophysis)} wll Zo] m%%ﬁﬁ%i@(hemal zyga-
pophysis)zt EpKslel 7 HifFAko) F ZastA] gkek
(PL. I,E).

&8 20.0lmm({btk 20H)S] Rl 2abd &
ol oS3t WhiSEst mEMeE =ZA Bigstd
Ads) 2o A 3als el A 20 a] REFALRA
18418 slEm 7 Eipel el PERE zbabe.
ARG 2 e oSk miese Al &
el ASE R 4k Hold BEE vehiA,
Mz mgHE oS WA L. oA R
e 39 i Re 46~474 (BEERETI®
Sth(PL [, F).

(3) BE: 9334 BRASAA nedAxedE
F 3L o] A3 B (caudal skeleton)-& w}x]9}
A #efhol WS 2AY BRLz vrdrl
o},

L8 5.06mm 9 el e RHHRES 259 3
A9 TR (hypural bone) % #T R (parhy-
pural)e] Hg o2 FHx(PL I, A).

&2 7.28mm 8] 1ol AE BERBRE] %Al
B 1, 291 RiHEF (uroneural bone)o] 'F{b
Bl Aaste, FHEG st Mol #Efdd
oA A E{ge(PL I, B).

& 9.30mmo] ol 2w FRiFS WL ks

Al&pste], Biligire] vl A= BREE ZF
A slx, ETEEFY EERD BETEMTREE
(Parhypurapophysis)7l Begas}r] 4] &3(PL I, O).

SR 9.84mm & R A BEERE & A
HEES Sel LEEE (epural bone) 1747} FAbsta,
BTEMEFREE Fo] nEsiA s+, migse 3
% zA #HY(PLILD).

&5 11.97mm & ffo ol 2=l A LLBEY 5
A2 LEBEygo) Bibslwl, BRI Heftel Ao B
ibsta, Mm-S Meoke 2 =, MtHes Ex
oFo v FEsggtch. MY FTTol WHSENgIZERLS W
Zo miEMMiREsr BRE #EF Aol & 7 astA
54 (PL. 1, E).

& 15. 0mm(f{LE 14H)S FEMA Zad A3
LBEiEe] FihateaA e Bfe] lEH A2
ASTREEF $3¢st7] A asta BRHERE o 4
WA HeEe] migEre] 79 o] shvi A2 (PL I, F).

2R 20.01mm ] FfadAw A2, ASTEHF
+83td 1Y FHe® s, BTEMFREE
Aexs] G A HFEeh. e AS¥Enoke
2 BashA Bmsld, mMEHS Bzckez WA
wekgheb(PL 1, G).

WD BHF AR e n § sk B (sh-
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OB K& B E

oulder girdle bone)& #{HS KBl
g F] 8 FHFE R st

£E 5.06mm 8] fFfdv #F(clavicle)o] Bk
=57 ALEA(PL N, A).

SR 7.91mm(#{6 SH)Y A #Ed A
898 (supraclavicle)o] o=l B3}
(PL. N, B).

£E 8.30mm 8] Ff#e] o)2ul 5o hifslt
% WA BESH, 2 AZ K% (coracoid)o]
Ago = fpbstsl A12gE(PL W, C).

&R 9.30mm ¢} {Ffae] 2elw LEF S #BH
SH'F (post-temporal)o] F{ksl=, JINE (scapula)z}
2 Hol #B#F(post-clavicle)o] 7FEm AA Bk
¥, 1719 $HF (actinost)e) vehd = (PL WV, D).

&R 11L.97mm 9 FEfd e #ifel <& gA
Bk, ARE 8% Bl AY BE: 3o
A2, A3GHF] Bibeh(PL NV, E).

£ 20.01mm o FEfe] Zald 4009 HlFo]
Bt A R g mokel w4, FWEY
E ke shdel Tole) HAH T, BugEps HE
d¥ 7hem 2353 s=ig(posterior process of cora-

coid)7} Vepdeh(PL IV, F).

440, &

el

() BHE MR E ZFsts EAE (pelvic
girdle bone) & A= v % FHsts B s
A B

£ 7.28mm 8] R Lo FyEMmzERE
(anterior pelvic process)7} B{ks}=l, 5749 itz
Yeld (Pl V, A).

EF 8.30mm & R0 A= EREY 3 Yt
ol AAst (PLV,B,BY), £F 9.30mm ] {14
of ol==l Hii¥ii(anterodorsal plate)e) kst
BEERs 2 (posterior pelvic process) R e (PL
V,C,CH.

&5% 11.97mm 9] Fefhel A& B4R okl By
# R (internal dorsal wing)sl W B (ventral wing)o]
Bitstel EHEY MREE 23} 19(PL V,D, D).

£R 20.01mm o] Ffel Zabwd HEIRY wgs
o SAR(external wing)o] #{bab-, W¥E~ R
g dF sPgAE = fh R gete BEREE o
ol ¥ EFe Brss 234 ALY,
E,E’).

(6) BB : Micmt, MG, REEe 22
sl #0EH (pterygiophore)elels she), KAEKES

g

&R 7.23mm 9 fFRA HgoEz MM
(interhemal spine) 5417} oFZF oz R F{L3}7]
A} =g}k (PLL VL A).

25 8.30mm & {F& o] =1 Pk interneu~
ral spine) 1047} ¢FA AR BiLsl, 0EH
BT 8= @matel. o] WiHAY WL <4 o
o 2 okE vebd =H(PL VI, B).

&8 9.30mm 2] FfelAe MEme] 134, It
FiEte] o= e B4R 1 B 23+
A2~ TR S 1R eko 7 &z} FHAH,
MRS EEE/T ot Yol A(PL Y, O).

£ 11.97mm o] el Fabwl Mg R
Be ts QolA 7] AAste, mFRMtEe ERSs
wEr TS A bstAl BEIde(PL VI, D).

2E 15.0mm &) A Mg ¥Rk
o8 TRA BE To| mIESA M, &
A g RS TR F BEFe] T
A FERH(PL VL ED.

£ 20.01mme] HEfel ol 2wl WSS %
oo 7 FHA HRo G F37 FiLsiel
mpabe SAA e, mFERs HEHAdE £
7} vt4 BALEe] HiES =tstetAl E=HCPL VL F).

(D B8 : THS FEs Wiltsld IS HEP
oA vz el Bt

&f 5.06mm 9] fFfe A te ARy EEFF
(maxillary)3} # & (dentary), BHffiHE (articular)$}
a2t BEE s (PL VL A).

&F 7.23mm 8] R o]2® E LB o4 3
Ao olwrg A AY T FILFE (premax-
illary)e] vhebvled, 2709 ol =d vt B
Fol 71 EAQ HREE ZEH(PLLB).

&F 9.30mm 8] fFfol AL BLEE] TR
Fibste] olare) 44 = @mstx, EEFES Y
o] vha ol A(PL L O,

4B 11.97mm 9] FEfe] Db oh4 sbwEdd A/l
LFRs F EBBe TAA CB{Lse, BIEEEe
671, gFel 418 o] o] rgrgeh(PL VL D).

ZE 20.01mm ) Mol 2ok MLBEA 84,

el 5749 olwre] Vetim, RyLWE LR
fast oale, £ REEES F Bol RLWE

AR HEAA A Fregds(PLLE).



=9 1Rl Bl MR

= A T
% ;.13

b el Akl 5.06mm el A o] 7]
°‘1 455 20.0lmm o] o] 2] o] F-do
TPiRel samEler. R I RERe RS AR
o gt il A AL Mgt 51X @kl HEel
Heigsts) 1z o] ARk WX o A ERS Archo-
sargus probatocephalus(Mook, 1977)9} e Foi#l
fUiel ot e A BEREFE el )
Wise e %% (Myoung and Kim, 1984),

s 1w oha] (Yoo and Kim, 1085)%} whials}=] & 3L

I, WY, BUEEEEN, TR, ELTURel A
o GAle) ibEshd, %a] B THSHE HHH B
BEAy- wniiel  fpbatd, ol % HeE Ssted
AR EE FEGE Sl el Mbehe AR
B AQzrslv,
FREES) gr{EMFRL. T3 F] Pellona harreweri(Mat-

suura, 1974),
wa, 1973), Pollichthys mauli(Ozawa, 1976)$} %to]
gl A8 o, ez e RE g
=)= A48 (Ttazawa, 1963), 3re}ate] ) Thunnus
atlanticus(Potthoff, 1975), wukj7](Potthoff, 1980),
3} 21 2] (Potthoff and Kelley, 1982), ¥} (Yoo et al.,
1985)%5-3) PR tA 2 k] /‘i AZozm ot
719, BIRY HEiish dpbElsl Rl Rkt el
mA ARbgeh. RS %ﬁﬂlﬁirc’ﬂ AAAE FH=
YA E-F4 Archosargus prodatocephalus(Mook, 1977),
52N F} Ascelichthys rhoderus(Matarese and Mrali-
ave, 1982), F%x](Myoung and Kim, 1984)8 7+
o] ALl A S Ko w FEE=H v 1
ol R} Leiostomus zanthurus(Powell and Gordy, 1980),
% (Matsuoka, 1082)¢ll A= A2%E:E%7 L RwE
B AL A Al FERElgl e, o
(Itazawa, 1963), -&o](Takashima, 1976), Pollich-
thys mauli(Ozawa, 1976),
1985) Gof A E edulg o w
PEES

Aoz ATHew Afsl (ke KRRk
vla Areks] B2 BIERTe vehdelzt dlAbEe
w, A R AT et WA A

ol o7} Vianciguerrie nimbaria(Oza-~

) w] 22}x] (Yoo and Kim,

=T Y =4 #

% i/d‘o‘tﬁ! "l_.al ﬁf :%FP 7}78_ = I (£) 'ﬂ:%}“":' }%
AR whR okl g8 ARk A FRFA T A
F Jerytes, ool gt ki oo (Itazawa, 1963),

2% (Takashima, 1978), &% (Fukuhara e al.,

1980) A= B 4+ dodch. Itazawa(i963)= i
§a7b o] 2%t 7 [AIITO Hible] #Mfil=le] w2
RSl e Ziagtin slglew, Matsuoka
(1982) % 1EE Q] ikl FERER &4
Bao] WIS MBI A
AAste] MRS BITA] glelAw el
g 5ol A4 wpkErke]l doba @iskgle
rERgSl MR, MAYHERES] THERRS 2 A
X mEolfl Pneumatophorus diego(Kramer, 1959),
ul2f 7] (Potthoff, 1980), 23] (Potthoff and Kelley,
1982), % (Matsuoka, 1982, Kohno ¢t al., 1983),
H (Yoo et al., 1985)%} 7ro] Mhfliis} Hufffio]
pepg v o} WA Petg = kst SEOR Asce-
lichthys rhodorus(Matarese and Marliave, 1982)&
EAS LG e, oel(tazawa, 1963), -20}
(Takashima, 1976), probatocephalis
(Mook, 1977), Fw|x2lx](Yoo and Kim, 1985)%
PhRLE, MR HEF A MbslmEA R

Archosargus

7+ 92=3, Mook(1977)+= fa%i®l Frieel k7t =

=9 Pk éf_i'az;la‘oﬂ A8 A=A, o] Hitd

seEe PR 12T 28 AEITY  {rfel
siiek 8L % i‘FAlE st

A v F FHsle WP ode], JHER (Ita-
zawa, 1963), 35 (Kohno et el., 1983) o A X
+ %ol R 3 TA Hbslged, Bk
o Fignt BB AEUT Haksted #EE S0t
A7)},

FRefY BEEDIRE MEwY Bl ohish
Bfel ol Al PRREAMY fEvES] R BEE vA
22 gz Yo FRIffe] Sl o=l fafiEe] &l
AX Be MEst RN eE o] Folxokiirra 4
Zr e,

o

19865F 74 148 PN 45k W k04 M
FAGRE MLl A ALZHAA YSEE st
o GMb-fTFEl AFRERS Biidel WE HETEBA
RERES Wse SR BERed g 2o

1. GHE® A SEEE, FEEEEF, Wil
£E 5.06mm ol &) &0z fp{hilet.

2. fFHEGe &FdA F= et #ETEHE, W
kst AP kS BEESHe H#Efa obAA B L.

3. BRI b s FE ol FoxH,
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B BR& F B

me 20 HEu e wlA B{Liet.

4. Bge Axsn & ZFElE BhaA b
T2 &R 7.23mmd ol Loz Bt

5. HFe BWue mwste] IHEY Brhdd Al g
iy =] Bbste 5 7.23mme] o2 EHAEQ
#REE FEct.

6. wlBng NEEBHRS £E 20.01mmd ] B
7t A9 TS

X =N
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Explanation of Plates

Plate 1

Development of the cranium and visceral skeleton in Prognichthys agoo.

A. 5.06mm A, 7.23mm C. 8.30mm D. 9.84mm E.11.97mm in total length. ar, articular; as,
alisphenoid; bo, basioccipital; br, branchiostegals; ch, ceratohyal; dt, dentary; eh, epihyal; em,
ethmoid; et, epiotic; exo, exoccipital; f, frontal; gh, glossohyal; hh, hypohyal; hm, hyomandibular;
io, interopercle; ms, mesopterygoid; mt, metapterygoid; mx, maxillary; op. opercle; pa, parietal;
pf, prefrontal; pg, pterygoid; pmx, premaxillary; po, preopercle; pr, preotic; ps, parasphenoid; pt.
pterotic; q, quadrate; s, sphenotic; so, subopercle; spo, supraoccipital; sy, symplectic; uh, urohyal;
v, vomer. Scale bars: 0.5 mm.

Plate 1

Development of the vertebrae in Prognichthys agoo,
A. 5.06mm B, 7.23mm C. 9.30mm D. 9.84mm E. 11.97mm F. 20.01mm in total length. hs,
haemal spine; ns, neural spine; PP, parapophysis; r, rib, Scale bars; 1mm,

Plate 1

Development of the caudal skeleton in Prognichthys agoo.
A. 5.06mm B, 7.23mm C. 9.30mm D. 9.84mm E. 11.97 mm F. 15.0mm G. 20.01 mm in total length.
ep, epural; hs, haemal spine; hy, hypural bone; nc, notochord; ns, neural spine; ph, parhypural;
phyp, parhypurapophysis; pu, preneural centrum;un, uroneural; ur, urostyle bone. Scale bars: 0.5mm

Plate

Development of the shoulder girdle in Prognichthys agoo.
A. 5.06mm B, 7.91mm C. 8.30mm D. 9.30mm E. 11.97mm F. 20.01mm in total length. at,
actinost; cl,cleithrum; co, coracoid; fr, fin ray; pcl, post-cleithrum; pcor, posterior process of
Bogacoid; pt, post-temporal; sca, scapula; scf, scapular foramen; scl, supra-cleithrum. Scale bars:
5 mm

Plate V

Development of the pelvic girdle in Prognichthys agoo.
A. 7.23mm B,B. 8.30mm C,C. 9.30mm D,D. 11.97mm E,E. 20.01 mm in total length. A-E, ventral
aspect of the pelvic girdle; B-E, lateral aspect of the pelvic girdle. adp, anterodorsal plate; ap,
anterior pelvic process; ew, external wing; idw, internal dorso-lateral wing; PP, posterior pelvic
process; vw, ventral wing. Scale bars: 0.5 mm.

Plate VI

Development of the pterygiophore in Prognichthys agoo,
A. 7.23mm B, 8.30mm C, 9.30mm D. 11.97 mm E. 15.0mm F. 20.01mm in total length. ihs,
interhemal spine; ins, interneural spine. Scale bars: 1mm.

Plate VI

Development of the jaws in Prognichthys agoo.
A. 5.06mm B. 7.23mm C, 9.30mm D, 11.97mm E. 20.01mm in total length.ar, articular; dt,
dentary; mx, maxillary; pmx, premaxillary. Scale bars: 0.5 mm.
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