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Early Osteological Development of the Larvae and Juveniles in Sevenband Grouper, Epinephelus
septemfasciatus (Pisces: Serranidae) by Jong Youn Park, Chang Gi Hong', Jae Kwon Cho, Maeng Hyun Son',
Kyeong Ho Han? and Jae Min Park** (Aquaculture Management Division, Aquaculture Research Institute, NFRDI, Busan
46083, Korea; 'Southwest Sea Fisheries Research Institute, NFRDI, Yeosu 59780, Korea; *Chonnam National University,
Department of Aqualife Science, Yeosu 59626, Korea; *Gyeongsangbuk-do Native Fish Business Center, Uiseong 37366,
Korea)

ABSTRACT This research has been launched in order to observe the osteological development of
sevenband grouper, Epinephelus septemfasciatus larvae and juveniles and will be used for the basic
data of phylogenetically systematics research. We got some samples of larvae and juveniles from a
adult fish which belongs to the sea cage in Geomun-do, Yeosu-si, Jeolla-namdo province, and we
have watched them. The average of breeding water temperature was 21.5~24.5°C (average 23.0+£1.5
°C). In yolk-sac larvae just after hatching, ossification was not observed at all, and when the average
total length reached 2.66 mm, the premaxillary and maxillary forming the upper jaw, dentary forming
the lower jaw, and parasphenoid forming the skull base were ossified. In addition, the preopercle and
opercle forming the opercular region began to be ossified. The caudal skeleton supporting the caudal
fin is built with the caudal complex consisting of the malleus and incus. Until the average total length
reached 2.59 mm, ossification did not occur at all and the urostyle bent at 45-degree angle. As to the
ossification of the pterygiophore, when the average total length was 6.12 mm, the first interhemal
spine began to be ossified in articulation with two spines of the anal fin, and the synapse also began
to be ossified in articulation with two spines of the dorsal fin. When the average total length was 21.9
mm, individuals with completed ossification of the interhemal spines and synaptic clefts began to
appear.
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N = BAE AT /129 $AI 754U WY 3
Ao gt AT EE olfiste Hl =& T3 §lof o] EoF
o] 29| 2R XA QQojA] Rpx|o] AW AL AR 2 9] A= ohoFslith (Mook, 1977; Potthoff et al., 1988; Fuku-

710 &2 oA Elsta, A|ASI= © B45A oy, £ & hara, 1992; Faustino and Power, 1999; Koumoundouros et al.,
AWt ofygl Hojo] ZHAEAE Fa3% 277 E 5+ % 1999; Liu, 2001; Sfakianakis et al., 2004).
ovg Ao AAZAHA AF+7} €235tk (Koumoundou- 54 ) (Epinephelus septemfasciatus)+= &5 (Perciformes)

ros et al., 1997a, b; Park et al., 2014). 3+ §-o]7]9] Jed v}2] 7} (Serranidae)o]] &3t= ol {2 vlejats Sautatol A
124 27%0] HAstT QI1, YEote v 23 ARE, & 1

Hyas o =4
*Corresponding author: Jae Min Park Tel: 82-54-830-8831, ‘6‘;|Loﬂ io]ﬂ_ }AE} (Kim et al., 2005). 01 Oﬂ w3 ‘ﬂ;[_’-
Fax: 82-54-830-8809, E-mail: jm1090@korea kr 2= vE8-= (Kim et al., 1997a), §017]1 9] A&7} &€ (Mi-
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yailara et al., 1989), W A 2 z}x]o] et (Kitajima et
al., 1991), ¥4 71& 71 (Lee and Go, 2003), A A3 3= (Song
et al.,2005a), k2] o] 714 (Nagano et al.,2007) X 27| A}t
(Park er al., 2014) 5| = et HZ T4 TRA4A
71/ At7F Eds] AWEHEA 27] Aol glo] 247
B o]} 7| g HAY o] FAI7F =L it (Nagano er al., 2007).
ojZ3 TAUY oL ofmy BRI AHAQ VP2
Qs 27] #polof AEo]| & FFE WAL Sl ALRE By
A TH(NFRDI, 2014). whebA] 2 AFoA= Apz|oje] S22
2 S BEHsto] 20 He 7 RARE FREEA, AXA
of AI719] F T8 AT £7TH AFAER o] &t

st}

P
u

g
0%
rE

1. XtX|0] Atz

A0l Aol 20124 69 A ol5Al AR 91X/
SHgTFRe oA AgotE oju2RE AT D A4t
ST AL YO R BASYT AH ol 25T ASE
(800 X 800 X 40 cm)ol| A] 23} & 35U7}R] 2|42 0 2 A}S3}
R, ofoldo] o2 oFstA B/ NAFAH, 23t F 359

REE §e02 ARIUT A% F FSUAE 215~
24.5°C (B4t 23.0+£1.5°0)Q 1L, FE2 32.5~33.5psu (B
30psu) WIIE $AAA Felch Holt 23t 3918 35
7R 714y 2 €S (Branchionus rotundiformis)E mL%
10~1570A] F&3kaL, 35458 7087H]+= ZEHeE o
u|o}(Artemia naupliusys mLF 10~2070A1% =3 FF3F%
o, 55 o]&ZofE 7|HIFALR (Love larva, Japan)S 3+
staict.

2. N==te U SASEM

Aol $3k AT Y 109K B Yy
3, 5% FARAxEE2EH| 2 AZ] F Walker and Kimmel (2007)
9] o]FFAH o) HAFIH o™, KOH 0.1%%}+ Glycerol
50%°l REsETH AT A2 oj= AA AR (Nikon JP
SMZ800, Japan) & o] -&-3Fe] THast 27 X|5Hgich. 24| o] 9]
=2 2} 79| ¥A2 Kang er al. (2012)°] w5t

74 EI.

5019 Ao 2ALEL2 FHE (cranium), WAE (vis-

ceral skeleton), 3= (vertebrae), 74t & (pectoral girdle bone),

Fig. 1. Development of the caranium and visceral skeleton in sevenband grouper, Epinephelus septemfasciatus. A: 2.66 mm in TL; B: 4.11 mm in
TL; C: 11.9mm in TL; D: 144 mm in TL; E: 17.9 mm in TL; F: 21.9 mm in TL. al, alisphenoid; an, angular; ar, articular; bac, basioccipital; bas,
basisphenoid; brs, branchiostegal rays; d, dentary; ecp, ectopterygoid; eh, epihyal; ep, epiotic; enp, endopterygoid; exo, exoccipital; fr, frontal; h,
hypohyal; hm, hyomandibular; ih, interhyal; iop, interopercle; le, lateral ethmoid; lu, preorbital = lucrymal; me, mesethmoid; mp, metapterygoid;
mx, maxillary; na, nasal; op, opercle; opi, opisthotic; pa, parasphenoid; pal, palatine; par, parietal; pt, pterotic; pop, preopercle; pr, prootic; pmx,
premaxillary; q, quadrate; soc, supraoccipital; sp, sphenotic; sop, subopercle; sor, suborbital; spm, supramaxillary; sy, sympletic. Scale bars =0.5

mm.
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Table 1. Development process of the cranium and visceral skeleton in sevenband grouper, Epinephelus septemfasciatus

Total length (mm)

Elements
2.66 2.72 4.11 421

6.12 6.31 119 144 179 193 219

Carnium
Parasphenoid

Supraoccipital
Epiotic
Alisphenoid
Parietal
Prootic
Basioccipital
Sphenotic
Pterotic
Frontal
Lateral ethmoid
Nasal
Exoccipital
Opisthotic
Mesethmoid
Basisphenoid
Orbital region
Suborbital
Preorbital

Hyoid arch

Epihyal
Branchiostegal

Hypohyal
Interhyal
Palate
Metapterygoid
Palatine
Ectopterygoid
Sympletic
Endopterygoid

Hyomandibular

Quadrate
Opercular

Opercle

Preopercle

Interopercle

Subopercle
Jaw bone

Maxillary

Premaxillary

Dentary
Supramaxillary

Angular
Articular

u]Z (caudal skeleton), A=

T&5te] TS

o] 9 7] (pterygiophore) 2

5L B Y 260mme] S SIS PN

R

A= X}—‘—(dentary)ol Z3lstgl o, T7H"‘—4 7]

Adl= FAZ (parasphenoid)©] Z35FF T A7 Fl+=

)\H 7H-é—(preopercle)d—]- FANE (opercle) ] E3H7F A1ZFE ST}
(Fig. 1A).

B AZ 4.11 mmol] 281 ol g o) TEZ (articular)T+

Z+E (angulan)©] T3+E 1, g o= A4 E (epihyal) Tt 4
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7l 9] AJZZ (branchiostegal rays)©] Z3}5lH0H, LI o=
et (hyomandibular)©] Z=3}3} % th(Fig. 1B).

BF AZ 11.9mmo] Z3HE EAZo= 9] 9Zof AT
(frontal), o} & QFelH o= ¢FA - (preorbital = lucrymal)©]
23}t H AL, 7| AT FF (basioccipital)o] 233t Aot
92 o] = A o] (sphenotic) T} 2] 0] (pterotic)©] F3}a} L,
T = 9 AFE (ectopterygoid), 7N Z (palatine) B
(quadrate) S H<&-& (sympletic)o] =3tskth. A7l Fofl= 3t
M 7HZ (interopercle) @t 3FA 7§Z (subopercle)©] Z3}3 Tk
(Fig. 1C).

BF AF 144mmol 2oh TAZANL B2 (nasal), Z4}
= (lateral ethmoid), ]4d& (alisphenoid), *=% & (parietal), A
o] F (prootic), A0| & (epiotic) Y AFEFZ (supraoccipital)©]
=3ts17] AAsHR AL, 7Rl = W9 /3= (endopterygoid) R
FodE (metapterygoid)©] T3t oH, dgFol= shdZ
(hypohyal) @ ZHdZ (interhyal)©] =3}l th(Fig. 1D).

B A% 179 mmeol| G5t FrHZol= T 5 (exocci-
pital), | & (opisthotic) ¥ FAFZ (mesethmoid)©] 3}k
Rom, oFZof= AFAFE (supramaxillary)o] Z3}sF% T
(Fig. 1E). B4t A% 21.9mmeol| &3l Il 7| 44F
(basisphenoid), ¢F}R o= ¢V} (suborbital)o] Z3}5}H A
459 37t 4EE U (Fig. 1F).

2.01=

YA =Bu|E A A|}= v]E (caudal skeleton)S =1}

A

ZHOoZ o]Fo% n|FEFAZ FAET}H(Fig. 2, Table 2).
B AR 259 mm7tA = A 23 oy ¢ora, n| R
BT (urostyle)©] 45°2 30| A 9ISt} (Fig. 2A).

B A 411 mmE AASHAA n]BEEAZo dHT Z
ssha, 570 512 (hypural bone)o] E3F3H5itk (Fig.
2B). Wt A% 6.12 mmofl= A7 = (neural spine)d} W=
(hemal spine)©] Z3}sIR L, 17]9] &3lu|&F
bone)o| E3}5}7] Al &3t Th (Fig. 2C).

e A% 11.9mmolE R WA A2 (epural bone)}
0] & (caudal bony plate)d] =317} AlZHE it (Fig. 2D). |
@ A% 144 mmol= F WA FujSzo] F3HEHL, v
&L 5HA st Atololl= 417 & (uroneural)o] =3t
3} th (Fig. 2E). B¢ A% 21.9mmoll= A3HA Au]|&Zo]
=3E o] o] AJ7]o| BE ZHEY I3 YA H ol
FHE 254 = ok (Fig. 2F).

(parhypural

3. AtfZ

7he A =2u|E X A|eh= AE (pectoral girdle bone) 4=
7h9] vhZo] B&EH, S5 (posttemporal)oll 23 FHE

o] T = I} (Fig. 3, Table 2). B A4 2.59 mmol Al 2
(cleithrum)o] Z3}5}7] A8 (Fig. 3A), B A% 4.11
mmof| A= HZo] SIFE A (supracleithrum)o] Z3}3}
o TE2=23 AAEJI, SHF (ventral post cleithrum)O]
=35}t (Fig. 3B). Bt A% 6.12mmolA = 1719 T4=
o] Z3}st7] AlZFshglal (Fig. 3C), Bat A% 11.9 mmo A=

Fig. 2. Development of the caudal skeleton in sevenband grouper, Epinephelus septemfasciatus. A: 2.59 mm in TL; B: 4.11 mm in TL; C: 6.12
mm in TL; D: 11.9 mm in TL; E: 144 mm in TL; F: 21.9 mm in TL. cbp, caudal bony plate; ep 1~3, epural 1~3; hs, hemal spine; hy 1~5, hypural
1~5; ns, neural spine; ph, parhypural; uro, uroneural; us, urostyle. Scale bars =0.5 mm.
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Table 2. Development process of the pectoral girdle bone, caudal skeleton in sevenband grouper, Epinephelus septemfasciatus

Total length (mm)
Elements
2.66 2.72 4.11 421 6.12 6.31 119 144 179 193 219
Pectoral girdle
Cleithrum

Dosal post leithrum
Ventral post leithrum

Supracleithrum
Posttemporal

Supraposttemporal

Coracoid

Scapula

Actinost (radial)
Caudal skeleton

Urostyle

Hypural 1~5th
Parhypural

Epural Ist
2nd
3nd
4nd

Uroneural

Caudal bony plate

A B

pt

scl

cl

Fig. 3. Development of the pectoral girdle bone in sevenband grouper, Epinephelus septemfasciatus. A: 2.59 mm in TL; B: 4.11 mm in TL; C:
6.12mm in TL; D: 11.9mm in TL; E: 14.4mm in TL; F: 21.9 mm in TL. cl, cleithrum; cr, coracoid; dpcl, dosal post cleithrum; pt, porttemporal; r,
radial; sc, scapula; scl, supracleithrum; spt, supraposttemporal; vpcl, ventral post cleithrum. Scale bars =0.5 mm.

2 3 (coracoid), AZZ (scapula), AFEZ (actinost =radial)
o] Z3lstglaL, 7kE A =2n] £7|7t £33 5kich (Fig. 3D). B

& A% 14.4 mmof| A= AFSFE (supraposttemporal)©] =3

A, AT ALY R T2 U BFoE I3t
Y= At} (Fig. 3E). B AF 21.9 mmoAE= AEF
Zo] MEA A AR, FaZ2 Zo|7t oA
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Fig. 4. Development of the vertebrae, spinous and soft fin in seven-
band grouper, Epinephelus septemfasciatus. A. 2.66 mm in TL; B:
4.11mm in TL; C: 6.12mm in TL; D: 11.9 mm in TL; E: 21.9 mm in
TL. as, anal spine; dp, dorsal spine; hs, hemal spine; ihs, interhemal
spine; ins, interneural; ns, neural spine; pp, parapophysis; 1, rib; v,
vertebrae column. Scale bars =0.5 mm.

2o YA BE o] S UT(Fig. 3F).

29 532 o2k 4339 TRAAL BeT Tt
(Fig. 4, Table 3). B A& 2.66 mmo|| A+ £-3Z (abdominal
vertebrae)o| A 1~2WHA A (centrum)2 =371 AAZ
(neural spine)¥} T7A| AJZHE Utk (Fig. 4A). o] % Hat 3%
411mm2 YASEA 2R FAl% AAFe] BE T3t
=931, ¥ (hemal spine)¥} A4 F9] Tt maE) oz
Z18Y = ATk (Fig. 4B).

BF A 6.12 mmoAE 749 B2 1379 n]&
(caudal vertebrae)©] &334, F HA %_’ﬁ—é—qvq_,_a Yl
g&o 2 5719 ZE7] (paraphophysis)7} &A= Tt (Fig.
40). B+t A% 11.9mmolA &= 8719 EF&o] =36k, 6
M} 5E717F A FAE AL, 5 (1rib)o] Z2A /= o
157)9] w|F&o] F3}sttt. o] Al7lol= AA =3 Ed=9

41738 (neural arch)¥} B E34 (hemal arch)©] Z3H=HA]

£ FA|9 3} == AT (Fig. 4D).

Bt A% 21.9mmol| 25t | EE9 F Hof AREE
(prezygapophysis)$} F34E7] (postzygapophysis)7} W&t
A HE AFES FAste T4 0] 9H AT (Fig. 4B).

7]

5. X|l=2{0| & E7|Z

ZF Aegu)et FAL=u)E AR she A= HA=
u g A= W T S, H7 1*(pteryg10ph0re)—4 =3
4E Fig. 40 Uetdth A= F mex=2jnd £7]
FE 73 331974 ¥ AR 11.9mmo] oju] Fgef &
skl FotEQlon, Wt A 179 mmeo] BotH meEjx =g

alo] R427]9 Bopt $ruo] §i%o] 5~67), olehZol 7
~s7hel ate] ok grEgich SRR A £ W

Table 3. Development process of the vertebrae in sevenband grouper, Epinephelus septemfasciatus

Total length (mm)

Elements
2.66 2.72 4.11 421

6.12 6.31 11.9 14.4 179 193 219

Vertebrae
Neural spine

Vertebral column

Abdominal vertebra
Hemal spine

Interhemal spine

Interneural spine
Dorsal spine

Anal spine
Caudal vertebra
Paraphophysis
Rib
Prezygapophysis
Postzygapophysis




A FA=2u] 7HA 8] o] A WA ET Lo o] it A
ZF 411 mmo|A eI, thA] Zo] ZolSo] Aol e
ST FHE 24+ A2 B AR 219 mmo|A YEST

Hﬂxl—ﬂul—l:— B AA 411 mmo] =2 1749 &7)7F =
S, 2% A HA iR =] 7kA] Q] Fo] AojFth B
o+ zd’é} 21.0mmol A= R A 71X ] Fo] FolEHA A
oo} Zre r‘ngﬂg 22 AR Lu= B =gu|et 2

> mo A E3p7 AP FAl 1 7t
ol %‘ﬂ‘ﬂt} %MJ‘J Z3= F7 A% 6.12mmollA A
bl 2u] 2709] 7hA1eF B E o] 7Y |
A =37t Al&ﬂi, AR B3 SA=gn] 2789 7pA ¢}
o fow, =S AR ¥
& A% 21 9mm01] +§}7} S=HE= AN 2@sa).

i

QAo FBo|RE FABIY Aejn]e] wiro] ¥
ol 3o WAL At $o} olH] B2 ko] WY
O pirojAith, 22 Qolat o} Fk 23} ol o] B
Yot Ao2 FeiA 9, FolB ofFi ¥t o] 27
o] wrerslo] 4ol o] FAWEL FAbo] 43heichMatsuoka,

1985; Koumoundouros et al., 1997b; Faustion and Power, 1999;
Sfakianakis et al., 2004).

SAole Hx AYEY A= FAZY 7IAE A=
B Zo] 238ttt M50l Lateolabrax maculatus (Kang et
al..2012)= HZo] 7 WA BeHAT, oloiA] FAZS
fsﬂxﬂ—s].h AArorZ 2= 9 _1?1_/\4194 :v_§]_7]_ ;(]sgﬂoqq_ 2
o] Sebastiscus marmoratus (Kim et al., 1997b)2} H-244)
o] Sebastiscus tertius (Han et al.,2001)+ 2|=3} ofx 2 24
Zo] A Z3elF L, F-HESZ Sebastes oblongus (Byun
et al.,2012) #Zo] WA Z3et F AAtE E =4 Z0|
3ttt AW =82 Entomacrodus stellifer (Kim et al.,
1992a)= &1 FEZo] WA Z3E o oF&0] E3k4
3, &8 Takifugu pardalis (Han et al., 2005) &3 24F
4 ofZo] FA|9 E3}sto] 01 HE ZolE Yehf it

R oFELS 23} £ 7Y WA BE A4S o=l
=35t= §4S UEtl=d ol A2 dol¢t 35 fls ¢4
Aoz Z3l7l doju= H o) (Vandewalle et al., 1997),
o] T2 Aol 7]l sternohyoideus mescle2 A A| &=
HZo] 2% J8g 3}7] wjEo|th(Wagemans and Vande-
walle, 1999; Kang et al., 2012).

SAlE TGRS AN B & St AUE
o 2 719 7ol YHHALT olelt FHE ol B ojpeo
Ag Al d2A=2 42 A At (Koumoundouros et al., 2001).

l

il
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AZrZo|| o] FAEE FOo2E ZE Pagrus major Matsu-
oka, 1987), 35 Dentex dentex (Koumoundouros et al., 2001),
A5°] (Kang et al., 2012), A2 &5 (Emery, 1973) 59 5=
ofFE H|ZE5t £HolE o7 £Ho] (Kim er al., 1997b),
B0 20| (Han ef al., 2001), 27) 2
and Han, 1991), 32 X529 AHLR| Cheilopogon heterurus
doederleini (Dasilao and Yamaoka, 1998), E0]& o]|& 9] Bal-
istes capriscus (Matsuura and Katsuragawa, 1984) 5 o= 72
FoollAE FAAE= AL Hol Fol& ojfoA & 5 3l
= AFA F4o] ofd Aoz wkHT

019 AREE NS FANEC] SAlOl =3tst
RIL, o] F TAANET st EC] S8t ol Eol
5 o]F9 &) (Kim et al., 1997b), FHH o] (Han et al.,
2001), 232 (Kim and Han, 1991) ¥ &2 (Kim et al., 1993)
53 dA3t¥ e, A | (Dasilao and Yamaoka, 1998), &+
E (Matsuoka, 1987), U|&WE Luciogobius guttatus (Kim et
al., 1992b), AHoy Seriola dumerili (L1u 2001) 5= e 7H
TS Hof Toh AL T2 olFF BB Aol g Holx] ¢
£ Ao gren.

S0l B A 2.66 mmY © HFZO 1~2¥14 A
7k Bstalr] Aslel BA UlRE Ho® AEgen, ol
3t A2 FR| Cololabis saira (Fujita and Oozeki, 1994), &4
Takifugu niphobles (Fujita, 1992), 3HE2 (Byun et al., 2012),
29 0] (Kim ef al., 1997b), B-&280] (Han et al., 2001), 23]
£2(Kim and Han, 1991) ¥ %59} (Kang et al., 2012) 5ol A]
ekt 249 BILTS olFd] BE o7t gt AL
aoE

Aol AL BE BT § v)RgarTe) B3I
U 3PdEe Byun er al., 2012), 24 (Fujita, 1992), 23] (Fujita
and Oozeki, 1994) ¥ %50} (Kang et al., 2012) 52 A7}

2% 23u7] Aol uRRAEel Bsish AzEo} s4ole)
Rolg otk Aol FA B HA AFZ0| W
31, o]ojA] o) ‘g‘go}‘ﬁt}, A (Fujita and Oozeki,
1994), &4 (Fujita, 1992) ¥ HE2H(Byun er al., 2012)
A7F A5 Z3E7] Aol AF S Eo=o] F3}ste] 2ol
£ 24

501% o5l X
H7] o]de] T FAL=u|et AR
st7] AlZFshe Aol dubE ot (J
Power, 1999). 5/d0l= SA=2n|et SR =] 9| Wgo]
YRk Fol & o] Fel T2 AFS BN, @& A=
n] 9] Z37 AR EHA gt on, Z3ko] A A
Hro| A THro g ZdE]= EAXL H Kt} Park ef al. (2014)9]
Huo] @2 s4ols 73 F 9~12% Atolo] A =]
of wjA| =eju] o] 27} P A&t o] F FA=d

2k Sebastes schlegeli (Kim

Lejn] weke Ao SAajn] Wl
o7t WA wg

ohnson, 1984; Faustino and
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n] & WA Sxot v =2jn] A WA 29 do|7t & =
2o} dAzxof vl 2A s, 73} & 5047 FH oA 2
ol7} Bolct. o] et BAHL wl2lT} ofFol UehtE EHe
2 HHY}e] Epinephelus akaara (Fukuhara and Fushimi, 1988),
AH8HE] Epinephelus bruneus (Song et al., 2005b) & 7}A|$-&
Liopropoma japonicum (Kim et al., 2004) 5ol A & 4= 1t}

SAel9) SAsAtlE AP oz edes 3
371 AP, Aol (Kang er al., 2012)= A, TH0] 53|
Eplat SARE 5 Btk 30lsf Aol

o YrIBE AN ez U] AHHo] 2L 7

7501'-—5 YWeMW ST}, Diplodus puntazzo (Sfakianakis et al., 2005)
¢} Diplodus sargus (Komoundouros et al., 2001)&= A3 =X
=9 37 A, oA A9 FAlol o] R R AL, Pagel-
lus erythrinus (Sfakianakis et al., 2004)= X173 =9] ZHlof A
=37F AZtE o] o]F A, oA A= =37t FAll
o] £o] Fth. A& (Matsuoka, 1985)& A4 F3} @¢=o] 23}
7F A0l AFEY S A A, o] Z3F A
o|% T Zor I3 APH | ofFEHE Tkt 23
= YERiTh

BEOFY mYA=YuE AA st vEE FEY =W
oz o|Roy nE&E{A = -_IL“QCﬂ Utk 4= F
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