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Tab. 1 The time and progress of cranium development corresponding
total length (TL) in Hexagrammos otakii

ek 4K Total length (mm)
Skeletal element 5 10 15 20 25 30 35

fiH Cranium

F U Parasphenoid
i #% Ethmoid plate
£ 5 Nasal

1 i i Mesethmoid

g
Lateral ethmoid

e~~~ ~

/N Trabeculae

i 4 Ethmoid
cartilage

%%y Taenia marginalis
T0iH Parietal

% Frontal

#i8_I- - Epibranchial
FLAE % 1Basibranchial
cartilages 1

FL 8 2Basibranchial
cartilages 2

i ##8-F Ceratobranchial

"~ ‘& Hypobranchial ~

i~~~

s~~~ ~

AWlH Jaw bone
- #lH Maxillary
T A Premaxillary

s ~ ~ ~

s~

5 Dentary

W 42 Hyosympletic ——==
[ 77 ‘& Palatoquadrate ===
'8 Angular

150 K I E Meckel’s
cartilage

T ¥ B Hyoid bar
& Hypohyal

3L H Basihyal
2515 Stylohyal
HOIRH Palate

J& ¥ B Metapterygoid
413 & Ectopterygoid
2 Sympletic

PN 3 & Endopterygoid
T il ‘B Hyomandibular
77H Quadrate

il 2% Opercular

~ i~~~

i~~~ i~ ~
e~ s ~ ~ ~

s ~ ~ ~ ~ ~

i % & Opercle

B B Preopercle 0o~

[ 88 35 B Interopercle

8 35 B Subopercle
VE: — %X B Element in cartilaginous; ~fi# ‘& element in ossified
state; =i #f 18 {¥.element degenerated
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53 ZR bk (Salmo trutta fario)' " A K E B (Or-
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B S CARGR B, B R A e T 3
T AT A BE 70 R IR g ) A S AR A D o
TG 5 AR ) T T A R B e A AE I
I 55 B R A A A5 I B T K B 58S T R
YDA I T3k — 20 MG oA £ ey AN 55 1 A R
AU 2 T S W T e A A5 AT £ B AR g
KIEHR T, I AT f NI 28R 40 244 1) e
IRV AR £ P X B DX A R B K R e R A, A
BRE AW IR, K& MRS FR IR A,
RV S £ kN PR A K, xR e g
WAV A5 49—60 DPH, K /N 4R Sk BB 8% b
TR AN A A TE R, TG P 2 DX RN B IX 38 2 B
RAILMSLARRE ) A A R 5 P47 e 1 AW T, T i fi
S e S R R R PR RS A R ) L 2 A
T TAFHER IR S I EE ), I Be Kk
JNER A VAT DR A B gy H B A Y A A RL, %)
fAERKEETRRE . 47 EFTIR, RIS 2 Sk i %
R B N AR5 £ B T 57 5 B Y v R
f 7 A AT
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A [F) 1 AT HE £ K B R B I E AN AR F],
PR E S, RS2 K30 5% K B FERT L
K, R7S 8 Sk 56 K 8 46 T IR, 60 H
WA R 584, KB FE B H A Rl (Inimicus ja-
ponicas)[24]?F[lﬁﬁ@[zs]’%ﬁﬁ’ﬁﬁﬁ, XA[RES K
P S & AR AE KA K.

5w [ A B ) % £ 1 #8251 Sk 5 (Megalo-
brama amblycephala)” " FH EL, fhs A £ 1 (R R0 S 2%
5 LB KRB B2 ANFE L, B89 AT
W & B HATEE, HH EATE FEE 5B e S

4—5 DPHEPA] Ak, PRk ] Sk 75 ) 155 Rl
PRty S 5 B R O T O FE N S e T 4
WA B X R B BONIRSE . TAE KIS0 Sk
HRE LR, WP H & AH 5 1 Sk B s s 5
RE, KNG ARG MR FIE g 3 2
49 DPHA H, X505 B AT 2 R i N
fr a8 22 ¥ B it T AR R AR, PRE T AT i Ik
W EHE L BOE . EOR RECE R
R, HHEEMEEFEFE4—9DPHKE, X5
HH S HEOEOE R HNSHEENRE, WF
W R B 2 B SRR P R B O SR, X5
B0 R B N R AT R A R B TE B B
TE T MRS, H R YRS R AR AL 2 W R e K
B E BRI . AR . B NS, X
HorEwEERSREX KT, FEEHRBELK
SRR LIRS E B IR G, TS 2 i
WRAMNEE FR 068 77, B AT DAHED, & T ik fa
2, WELHELE P PR I /N 26 0 5 4 A F ke )
HEAER. SRR, 80 g s g BT K
B MR T EX . M5/ S HREREE, KN
2 B XORV L [X ) 8 & A, W . THE AR
B R K E BB R20—25 DPHA RS TG, X Fh
KRB BT BT BE 2 BT KN 2 idt b )7
i, A TR R A%, BRERFEML
i 1 PR . i FIE M EE 1 AR H IR &R, 1M
IR T DA S s IR A IR R .

ARSI KU NSk R B IR T
MEL 5001, B T KIS o R B i &
FHIE, AP —0 TR HR EM B shaeam .
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OBSERVATION ON THE DEVELOPMENT OF THE HEAD BONES OF THE
LARVAE AND JUVENILES OF HEXAGRAMMOS OTAKII

ZHANG Wei, LIU Ying, GUAN Shu-Guang, YU Chao-Yong, ZHAO Wen-Xi, SONG Ai-Huan and LI Shao-Bin

(Shandong Key Laboratory of Disease Control in Mariculture, Healthy Mariculture Engineering Research Center of Shandong
Province, Marine Biology Institute of Shandong Province, Qingdao 266000, China)

Abstract: The fat greenling (Hexagrammos otakii) is a commercially important fish in North China. It is not only an
ideal species for cage culture, but also optimal for expanding reef bays and developing recreational fishing. Scholars
have carried out research on the fat greenling’s embryonic development, early morphology development, as well as
spine and appendicular bone development. However, there is a lack of studies on its skull development. This study in-
tends to show the skeletal framework of the fat greenling’s head. It also aims to determine the key processes of bone os-
sification and timing of development to understand the close relationship between its skull growth and functional deve-
lopment such as feeding and breathing. Samples of the fat greenling larvae were taken once every day and once every
5 days for 0—31 DPH and 35—60 DPH, respectively. The double staining of cartilage and bone procedure was used to
analyze the skeletal development of newly hatched fat greenling larvae. The results showed that there were many
skeletal elements in the head of the newly hatched fat greenling larvae, including Meckel’s cartilage, palatoquadrate,
Hyoidbar and Basibranchial 1. At 4 DPH, the Basibranchial 2 appeared at the posterior end of the Basibranchiall, and
the marginal zone extended backwards. The cartilage bridge then emerged, and the skull was divided into anterior and
posterior fontanels. At 9 DPH, 3 pairs of Hypobranchial bones and the fifth pair of Ceraobranchial were visible. At
13 DPH, the Meckelian cartilage protruded on the middorsal part, and four pairs of Epibranchial, nasal bone, Lateral
Ethmoid and Ehmoidplate appeared successively. At 16—21 DPH, the Basihyal appeared in front of the
Basibranchiall. At 23 DPH, the dentary bone began to ossify while the premaxillary and superior maxillary bones
started to ossify at 26 DPH, and the ossification process completed at 35 DPH. The ossification of parasphenoid bone,
preoperculum, Taenia marginalis, metapterygoid bone, nasal bone and symplectic bone was completed at 50 DPH. At
60 DPH, except the Hyoidbar bone, the skeletal framework of the fat greenling’s head was completely ossified. The
results showed that it takes a long time for the development of the fat greenling’s skeletal framework, and the early
growth of its skull is closely related to the enhancement of the feeding and respiratory capacity of the larvae. The
results of this study not only explain the growth and development process of the fat greenling’s skull, but also provide
scientific basis for early functional development research and identification of skull deformities.

Key words: Hexagrammos otakii; Head bones; Developmental characteristics; The clearing and staining technique of
cartilage and bone; Ossification
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Plate I Time and developmental process of the skeleton in head of larva and juvenile H. otakii

1. A7 1845 K:(6.00£0.31) mm (FIFHAT-fi1); 2. /741 42 1:(6.7120.27) mm (4 DPH); 3. 1-f81451:(8.5240.16) mm (9 DPH); 4. {714 K:(10.12£0.31) mm
(13 DPH); 5. /71 4:14:(12.22+0.42) mm (16 DPH); 6. 11445 K:(16.17+0.40) mm (21 DPH); 7. /71 4:1:(18.02+£1.27) mm (23 DPH); 8. 11-
41 4:K:(25.16£1.36) mm (35 DPH); 9. 1714 K:(31.43+1.54 mm) (50 DPH); 10. /7 4= K:(35.38+2.79) mm(60 DPH); An: ffi; Bb.1. %
— BRI Bb.2. 5 B AL Bh. 205 Br. 884 Cb. MM De. U EP. 58 EC. i 8 #CH; Eb. 88 - Fr. §i#; HB. &
FEH Hb. 88 N Hh, FEE; Hs, W 80H; Hm, 58 To. [SE 5 LE. fUFiH; MC. 1G58 /R RECE; Ma. L&TH; ME. H1ifi#; MPT.
Ja HE s MP. T RS Na. 5 Op. B836; Pal. E55; Pm. ATARE; Pp. 3H 5, Pq. $5H; Pa. TH; Po. AT H; Ps. BIWRE; Qu. J5
‘B Sy. 428 So. FHETEH; Tr. H/NE; TM. i, Uh. B &-H; la—10a Al M (Side view), 1b—10b A7 H M (Back view), 1c—10cy
RETE WL (Ventral view), LR : 1 mm (1—10)

1. at (6.00+0.31) mm TL (0 DPH); 2. at (6.71+0.27) mm TL (4 DPH); 3. at (8.52+0.16) mm TL (9 DPH); 4. at (10.12+0.31) mm TL (13 DPH);
5. at (12.2240.42) mm TL (16 DPH); 6. at (16.17+0.40) mm TL (21 DPH); 7. at (18.02+1.27) mm TL (23 DPH); 8. at (25.16+1.36) mm TL (35 DPH);
9. at (31.43+£1.54) mm TL (50 DPH);10. at (35.38+2.79) mm TL (60 DPH); An. Angular; Bb.1. Basibranchiall; Bb.2. Basibranchial2; Bh.
Basihyal; Br. Branchiostegal; Cb. Ceraobranchial; De. Dentary; EP. Ehmoidplate; EC. Ethmoidcartilage; Eb. Epibranchial; Fr. Frontal; HB.
Hyoidbar; Hb. Hypobranchial; Hh. Hypohyal; Hs. Hyosympletic; Hm. Hyomandibular; lo. Interopercle; LE. Lateral Ethmoid; MC. Meckel’s
cartilage; Ma. Maxillary; ME. Mesethmoid; MPT. Metaoterygoid; MP. Mediodorsalprocess; Na. Nasal; Op. Opercle; Pal. Palatine; Pm.
Premaxillary; Pp. Pterygoidprocess; Pq. Palatoquadrate; Pa. Patietal; Po. Preopercle; Ps. Parasphenoid; Qu. Quadrate; Sy. Sympletic; So.
Subopercle; Tr. Trabeculae; TM. Taenia marginalis; Uh. Urohyal bone; Scale bar: 1 mm (1—10)



