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(FAO, 1994) » B R BV FIRR BV IR » 43 ffidkd
B[R 40 °N ~ 40 °S (Nishikawa, 1982) » = KFERR
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I (oilfish) - fRHETT S BN E S H MREH At
TH LR IERE ARl fE R, gempylotoxin) »
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(Round weight (Rw), Bifi; : kg) KAJHIRE (We,
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RERUT -

Pj= L
{1 + exp|:— 1n(19)(D"_D5°)}}
(D95 — Ds50)
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Fig. 1 Sampling areas of escolar (L. flavobrunneum) in
the waters off southeastern Taiwan.
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Fig. 2 Relationship between round weight (Rw) and

fork length (FL) of escolar (L. flavobrunneum) collected
from the waters off southeastern Taiwan.
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Fig. 3 Histological sections of escolar (L. flavobrunneum) ovaries illustrating the oocytes at different maturity stages:
(A) primitive oogonia (POG), (B) chromatin nucleolar oocyte (CN), (C) early perinucleolar oocyte (EPN), and (D) late
perinucleolar oocyte (LPN). Scale bar = 50 pm.

Flg 4 Histological sections of escolar (L. flavobrunneum) ovaries |||ustrat|ng the oocytes at different maturity stages:
(A) previtellogenic oocytes, (B) vitellogenic oocytes in the primary phase, (C) vitellogenic oocytes in the secondary

phase, and (D) vitellogenic oocytes in the tertiary phase. Scale bar = 100 pm.
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AR ORI 2 B R W o R /RS B -

(—) 2B I#EE (Chromatin-nucleolar
oocytes, CN) (Fig. 3A)

ZEERH ) Fr AT B B IR (primitive
oogonia, POG) (£ 25 um) » BAZH ] B AL -
ARG 25 S B - PR HEEE Ky 22 ~ 50 pm - BHEHA]
SRR - ML R B - RS Rl
RERRE - HERARE AR (. (Fig. 3B) ©

(2) E2{-IR4ERR (Perinucleolar oocytes,
PN)

AL B ] o3 By B S AL O HITIE (early
perinucleolar oocytes, EPN) (Fig. 3C) EilfiH)H:%
AU (late perinucleolar oocytes, LPN) (Fig.
3D) - FEATEAIEE N Ey 40 ~ 85 pm - IGHADNAHH
g AR TR 70 ~ 120 pm > SRR R R A - ]
MRz AR e LB -

(=) INEERBIINFARE (Previtellogenic
oocytes, PV) (Fig. 4A)

JEBINEL AL (oogenesis) [E: » R BEINEEL
MRIBRAATE R - BRI - MRS MR
HAAReraiIgan sy | - MBI o] R
FERA A NBEIHINE - TSR] 110 ~ 198 pum

(F0) SNESERNIRAERR (Vitellogenic oocytes,
VT)

G w3 — 2 ek o R —fEIRF © 25— JHIEN
TERIIHHAE (primary yolk oocytes) (Fig. 4B) - ififfd
‘B T ONEEEK > DIHHREIRTE - SR IAYRRL
> DEEERECRY - WAER LT rIRs R - MR
W ARLRR 5 28 ZHAON S ERONAIE (secondary
yolk oocytes) (Fig. 4C) - D ehk.Z B BLHGAH Y
- A E AL g - MR 2 AEAGIR
o DN ERGNAIE (tertiary yolk oocytes) » HlVE
ERBCE BRSO B b HAG TR B ERIIER
e - E5RRERR M ORI AR G - il
Nz E ARG > #%HK (Fig. 4D) - th=JH5
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Fig. 5 Histological sections of immature ovaries of escolar (L. flavobrunneum) indicating oocytes in advanced

developmental stages: (A) Stage 1 - immature, only primitive oogonia (POG); (B) Stage 2 - developing, with
perinucleolar oocytes (PN); and (C) Stage 3 - maturing, early vitellogenic oocytes (VT). Scale bar = 100 um.

Table 1
flavobrunneum) (modified from Claereboudt et al., 2005)

Macroscopic and histological criteria for assessing stages of reproductive development in female escolar (L.

Reproductive stage Macroscopic characteristics Histological characteristics

Ovary glassy, small with compact  Tunica thin tightly encases ovarian lamellae, small

I Immature wall, eggs invisible, pink similar oocytes imbedded in ovgerous tissue
Il Developing Revascularization, pink Cocytes expand, cytoplasm stongly basophilic
0 Maturin Revascularization, ovary orange Cortical alveoli abundant, coalescing towards the
& compact, milky similar center
N Ovary translucent, ovarian full Rapid increase in size of oocytes, zona radiata thin,
IV Ripening S .
rich in blood vessel, skin color yolk globules abundant
. . mall im in ovgerous ti
V  Resting Ovary opaque, pink Small oocytes imbedded in ovgerous tissue,

cytoplasm more lightly colored,zona radiata thick

ANy 180 ~ 589 pm »

FHA TSR EE AR FE IR R EEIN] (B R
) RIEESEDN GBI AufEfe - A DUARTTFERS
PR RS Y] P B OB A 25 2 s By D 2
BB SHEIAE RO - RINES
B OIS BB - 0 AN R b
Bx (Table 1) » & EZ FFEEFLATT -

(—) RBENEA (Immature stage)

DAPAIHR SR B EII0RL - IR B A -
FHRSEG) PR AT FLONREENE (Fig. SA) 5 DNEEEE
5023 ~47.42 g5 GSI £ 0.029 ~ 1.015 ; JIE AN
522 ~55um °

(Z) B&BHA (Developing stage)

DIA R SR B R BIO0RL - DRSS 2
AR o ARG P o S B B R B A A R R

SUIBIAHAE (Fig. 5B) > JNSLE Ry 9.48 ~ 151.86 ¢ ;
GSI ¥y 0.127 ~ 2.275 3 BIfEA/INEs 40 ~ 138 pm

(=) BRFAHA (Maturing stage)

] FH AR S S NINRL « REAR YT
AT E —LEFR N RS AN 2L
A AT R 3 - EESE— ~ AN =EERON
#iiE (Fig. 5C) ; PEEE R 42 ~ 195 g GSI K
0.711 ~2.441 5 G&A/INEs 111 ~ 280 pm

(79) 5T3RHEA (Ripening stage)

AR R BN EL A IR © AERHRRY) A ml 3
B FRRRF I B R B DN B 2 st e - 28 =0
INEERENAIR L (Fig. 6A) - HYRHARY] Frrh ]
FHLRILAING (atretic oocyte) » #IHER L AR
A 452 PR M B B BR A E » F Fy  atretic U]
ffd (Fig. 6B) » ERFTHINEEINA > AL — {5k
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Fig. 6 Histological sections of mature ovaries of escolar

(L. flavobrunneum) indicating oocytes in advanced

developmental stages: (A) Stage 4 - ripening, potential reproductive with vitellogenic oogonia (VO); (B) Stage 4 -
ripening, with vitellogenic oocytes and a atretic oocytes (u atre); and (C) Stage 4 - ripening, with vitellogenic oocytes

and P atretic oocytes (B atre). Scale bar = 100 um.
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Fig. 7 Histological sections of mature ovaries of escolar (L. flavobrunneum) indicating oocytes in advanced

developmental stages: (A) Stage 7 - resting, with o atretic oocytes (a atre); and (B) Stage 7 - resting, with B atretic

oocytes (B atre). Scale bar = 100 pum.

% Rl N LSRR /2 et BB By B atretic BTN
(Fig. 6C) ; JNEL RN KB & B 202 ~ 3,800 g5 GSI
B 1.804 ~ 12.950 5 BIEEA/INE 210 ~ 589 pm «

(fr) {RLEEA (Resting stage)

AR FHREL R BT P A R G O R R B A
(zona radiata) 345 - S5 DN EEERONMIIELL B 3%
HREE: > S E A AAERLRSRY - DR
SR (Fig. 7A, 7B)  JREEE Ry 44.6 ~ 395.5
g5 GSI J50.41~2.12 5 JIEA/N 21 ~163 um -

= VP B AR
A8 FERH AR B2 58 S I B 25 T S B R

LONE o RpEI > DNAIIEER T O EEIIE S MEH
HEEFF AR VB R DU (Fig. 8A) : #H

W PR B OIS A A RSO
i s A IR (E (Fig. 8B) 3 &
P > BV AR AT DA - Hrh R B
AN ~ RS IONRINE S 3 (Fig. 8C) 5 hk
Y] > R O e 2R DN - HH R DA
PR B A B FH 22 DN B 26 R NI 0 B
B BURONEGEASHTREIIIE T - BRI
ViFFESEE (Fig. 8D) o BEATERGGEA TR
ZYNE (OD) s A Ry -

P= 1

1+exp| —In(19) (Dj—225.5141)
(259.9151-225.5141)

K3 o AN R S pm ; 0 JIAN
K15 50% RREINIR By 225.5 95% JiEh
IRy 259.9 pum o
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Fig. 8 Frequency distributions of oocyte diameters for
the six maturation stages of escolar (L. flavobrunneum)
in the waters off southeastern Taiwan (n = the number
of oocytes measured).
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Fig. 9 Relationship between mature percentage and
fork length of female escolar (L. flavobrunneum) in the
waters off southeastern Taiwan.
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Fig. 10 Monthly  variations in  mean (+SE)

gonadosomatic index values of the escolar (L.
flavobrunneum) in the waters off southeastern Taiwan.
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PIELAREER (Fig. 11) » MEFUR 12 HE2E4 4
HE R 7 HEAERARIBRA I - Hr L2 Ak 3
FI RO A EER iy > Ro ZEDNREI 5 7 H v



20 FFRLATSE
1007 mm H —
SRR EREERNNGE
80 -
3 70 4 . = Resting
< 001 m Ripening
o
S 50 1 = Maturing
S 40 = .
s = Developing
£ 307 = Immature
20 A
10 - I I
o H N = B B B " B 8 B = B
Feb  Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
Fig. 11 Monthly changes in the proportion of ovarian maturing stages of escolar (L. flavobrunneum) in the waters off

southeastern Taiwan.
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FIZARIFSERTERTG 299 IRONEL - AHHARY) 8l
SORIINE BRI IN R A S 20 i (k%
AKX Ry 74 ~ 155 cm ; ‘&ﬂé 5 ~45kg) » i EHEAA
DN Y 1,231 & ~ 1.2 {BRLZiH - PR
RGNSk 4,679 + 3103 (S.E.) HERIIE -

HEZAGN BB e S RSBER BRSNS (Fig.
12) : F = 3 x 10° FL**® (n = 20, p < 0.05, R*=
0.8735) » BE/RAEZAIN By b= A8 =g i 2 58
AU -
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- 120 TF =3 x 105 FL3-046 ™
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Fig. 12 Relationship between total fecundity and

fork length for the escolar (L. flavobrunneum) in the
waters off southeastern Taiwan.
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Nishikawa and Warashina (1988) fg5H > 1978 ~
1980 4 - HAEREAR IR g AR5 i e
Z BERURHB Ry 46 ~ 157 cm FL » #EEEAHR Fy 2 ~ 48
kg » Hrr 80 ~ 100 cm FL £AE 50% DL_E » AHF
FEH 2009 ~ 2011 FEEiig 7 s < BRI

41 ~ 155 cm FL » #8EAHACR 0.8 ~ 45 kg » HAR
LL80 ~ 100 em BEARR % » BH/REREHET I E

s G TR BRI 2 H AN SRR RHEARSE
TR ISR /MR 6 kg T RS fR -

PUFA AR PEPEAEATET I SER 1981 ~ 1996 R
S s SER RS E R, 14.1 ~ 23.2 kg (Milessi
and Defeo, 2002) - i AR 5E i iy 5 28 B
Ry 7.4 kg o $ERUAU/ NI LSRRG IERR AV -
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JEREEARA -

Nishikawa (1982) $EH{ » A S BRSPS
e i R B S R AR B - b=
B R =PRI e A R R T BEK
SV i A T o A o PR AR UK B B 1 A0 AT I e AR
20 BEZnnENE/KIRE R 40 BEIRAT/KE -
B S P R 5 B SR A g SR A U B 1 B S ne
EGp =R INEe VST E oy NS DE N ZiLY = %N
Z LS AR SRR AR A o T BN PRy
BEARG3 BISE E RE F S B BAE K 8 e e 30
40 FERTRTE KIS KRS R iR 2 B
W53 A7 o BESRARPEFERBR AR SRt 2 43 1 43
S B B B K Ik, - (H S R RS I A e )
ETEE (BB, 2011) » [ H A SRAS RS e
& B A e 2 2% (Nishikawa and Warashina,
1988) » [KI[H Higel P 22 i BEER AR SE I 22 52 - IR
B EG RA A R R  JHA] -

Levesque (2010) 5 » M G /o254 5
TSR ARPRREAE 2,109 m -+ (iR B N iR K
RIS Ry 1,962 m - fER il 3t 2 R I R A
BN > {E 22 PG S AT i SR ) S e R A K - T
T BRI 2 F B e BRI R R - R
fis 10 2R W) R M B OB R BRI K IE ) R B
(continental slope) » =& P8 & T Ry vy R K e fE
B8+ 1Tl LS N BRI R 3 I A [ AR S R
/N BRI AR ~ AESRREIR AT REE R
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DIYEREFIETRA T - AR IER 1| Bl
PEARA > HERTy 76 om ~ #8E Ty 49 kg > FEEHHEH
B HE (Maturing stage) ° Lorenzo and Pajuelo
(1999) 5 H » T BRI & A (Promethichthys
prometheus) WEMELL Ry 1.74 1 1 - [fEfABEE/AE L
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R AR - DUt RO % - PeILRPETE
TERES I ERT i - MEMEEE S 1.86 0 12 IR
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8 SR AT Y P S ORI 2145 30 ~ 80 m » 3f2
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A e B R AR T IR o 38 5 5 Ry AR M
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IR s BN EL A A [F) 38 5 s B O SRR - A0
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P bt iz J73E 4058 i/ M G R By 78.5 emi Wifz
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Fy 106.5 cm - ) 8 5% (BB, 2011) » SPEINAE
2 250 pm DL B R E: (B AR R - H il
BT Bt A FE Y ERAH BRI S 2 TR -
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Reproductive Biology of the Escolar (Lepidocybium flavobrunneum)
in the Southeastern Waters off Taiwan
Hung-Hung Hsu', Sheng-Ping Wang?, Wei-Chuan Chiang'  and Wen-Yie Chen'

'Eastern Marine Biology Research Center, Fisheries Research Institute

Department of Environmental Biology and Fisheries Science, National Taiwan Ocean University

ABSTRACT

The reproductive biology of the escolar (Lepidocybium flavobrunneum) was examined through monthly
samples collected from the Shinkang fish market of Taitung county from March 2009 to March 2011. A total of
299 length-weight measurements were collected (fork lengths ranged from 40-155 cm and round weights ranged
from 0.8-4.5 kg), and gonads were sampled. The gonadosomatic index (GSI) ranged from 0.028-12.95, with
monthly changes in the GSI indicating that the mature stage peaked from February to March. Observations of the
histology of the monthly variation in gonads also indicated that the greatest proportion of mature females
occurred from February to March. Based on the variation in the diameters of the oocytes, the spawning pattern of
the escolar is considered asynchronous. The estimated 50% length-at-maturity (Lso) was 106.5 cm and the 95%
length-at-maturity (Los) was 129.5 cm. In the total sample, 87% of the oocytes were immature, 7% were mature,
and 6% were spent or at the rest stage. As concluded from the absence of hydrated oocytes in the samples, no
spawning or recently spawned specimens were observed. The estimated total fecundity was 46+31 (S.D.) million

eggs, and the relative fecundity was 2,604 + 700 (S.D.) eggs/g.
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