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H R 2R RS EIRIR Z 25K B  SER A EAGEN 2 HAR - % 2020 4 1 528 2020 4
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TR Ry ezg » B AR/KIANEE(ERA 25°C (Collette and
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EEMFCRH - BRI BT ey
M43 S 2 By o B - B a0 b i B A
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JERRJ T T e ke 88/)N (Grift et al., 2003) 5 Rk
i (Clupeaharengus) 50% It EGEGE R RIRE » 50%
M EiEE 7+ (Engelhard and Heino, 2004) 5 K
AE#d (Priacanthus macracanthus) F4 £ E =R 1
TR - 50%E AR TIE » S0% MR R BTt
SR AR RS2 SRR J 7 s 28 M B B
ZIBEDL (., 2008) o fEAfT AR 56 AR V)2 R Ok B0
FOE IR BENTRE T B fe B R KA A FH o2 B i
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length, FL ; B&{\} : cm) ~ #8EE (round weight, RW ;
B ke) BRI (gonad weight, GW 5 B
g) * WAREEA JA IR AT [P B B == S TR B - 2R 0K
BASEE T RFEREE. (FETEE 0.01 g) & YIHUERY
Sem ZAEFER - BA SO ml BEAHEAH - LA 10% Hh
Vi ST TIEE MBS IR 17 (Cuellar et al.,
1996) » DARFRHARER R EE BL 34T -

TELE (sex ratio) DAMEFAAGREREA (I o Bl it
FaERD) WYERBIRIR - AT -RTRE R (Chi-
square test) AR # H 1) S H 9l TE MR A 1 EE 2
5 Ey 10 1 (B[ sex ratio By 0.5) (Schaefer, 1987 ) -

A FH IR PR (gonadosomatic index, GSI)
HEAFLUTT (Stéquert et al., 2001; Armas et al.,
2006) :

GSI=GW/RWx100

A - GW RAJEIRE (BAL  g) 5 RW Ryfl
B (Bt ke) -
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] E % 2 A2 FE AR AH A > 22%% Bancroft and

Stevens (1996) Z fHARZRFEERR 7 » A6 DAFRAKS
(hematoxylin) Eil f# %[ (eosin) 3 1T % [b % 11
(counterstaining) » BUE A TE PR AR Y Fr - 235
Farley et al. (2013) Jz Scheafer (1987) gf¥fEEEHF
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Fig. 1 Sampling areas (gray area) of skipjack tuna
(Katsuwonus pelamis) populations off the coast of
eastern Taiwan (Triangles: location of FADs). Mean
monthly sea surface temperature (SST, in °C) for eastern
Taiwan waters during the study period of June 2020.
(Data sourced from apdrc.soest.hawaii.edu/data/
data.php, accessed 24 December 2020).
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FGRAL (atretic) TETE » KON EL A EAE S - ERON
SHRYI B IR B R - WBERIANT
%% (Hunter et al., 1992; Schaefer, 1998; Timohina
and Romanov, 1996) #fjRIN RS H AR EH
HFINEL BT S Rl B TR B © (1) AR
Hi (immature stage) ; (2) # H HY (developing
stage) 5 (3) A EAHA (mature stage) 5 (4) ZEUEHA
(spawning stage) ; (5) {RI1FHH (resting stage) - HNEL
P BN A AR IR DL o2 M - AE”
PEREY (mature) ZARA 3 BEARRBEELESS (4)
SRR FEDNTEENIY] (spawning active) ; ARWFFEE £
ERAEBRINES (3) BL (4) BB RS ENI
HA (reproductively active) ; FEEEEREE (1) B (2)
W ks (5) WA B R A FE Rk R B
(reproductively inactive) °

TR L] 20 R Ao PR EE - AEAR A Rt
FRIR > FE IR R R 2R BERRINAE
VISR Fed T 2 2 i IERERARRIR - FIFR+
A i (spermatogenesis) [z faifg % (vas deferens)
BEHERE EIMNEIPRE » R B @ 53
R T PUMERE B (1) AR (immature stage) ;
(2) BRI (early maturing stage) © (3) FR Y]
(late maturing stage) ; (4) 2 (mature stage) °
AHTEE FRE SIS BGES (3) B (4) HAZ M
B BHSE AN B H R A FEE BRI 5
2 (1) Bl (2) HARBH AT IR (R -

=~ 50% MRS R

AR EE A L B A 7] P o) B A A 2 A 5 M
o AL E M RAE RS AT (G 5 20 PR S R < BT -
Rz I8 0] (binomial distribution) » FI|F
B ARG R R AL 28 @i A=
(Norman and Stevens, 2007; Sun et al., 2009) :

1

FLj — FL
{1 + exp [—1n (19) ﬁ]}

Pj =

KA > Pj Rt

FLj : BB § R FL (om)
FLso © By 50%M: s 8 E: FL (cm, Lmso)
FLos By 95 %244 & FL (cm, Lmys)

R

— ~ BRANEREE

AR FEERAT A AR ER YT o2 A T AR AN T
358 B (MfEfR 183 B2~ HEfR 175 ) » B R Hifg
HAAE S AlE Fig. 2 fir 0 e FL /oA 31.0 -
74.5 cm BEEE AL 0.6 - 8.7 kg IEFA FL /1A 32.5 -
73.5 cm > $EESTHR 0.6 - 8.5 kg

=~ Hilz s b

H 3 Ees LA Table 1 F #8PEEE R 0.51¢
DIRTitesE 2020 4 1- 12 HZHBIMEHE SR
0.5 » FERBURFTE H I LLE e E e =
(p > 0.05) - HH R Ee e M b th e RE = MR Y
725 (p>0.05) -

=~ AEBE R AR Rl A FE R R B
(—) R
A FAH RS Y] Fr B2 OV LN RERT I R 25

CETTAN A
1. 48 % { UY #l ig  (chromatin-nucleolar
oocytes, CN) (Fig. 3A)

REHERSR G Fr 2% n B BIONAIAE - DNARHEE Ty
39 - 85 um > G A IR AT AT > i
B RyrRrgimlt - SRR T

2. FEEZ{UNHIME (perinucleolar oocytes, PN)
(Fig. 3A)

IS BN R RS R A - MR AL - Al
HOAZ ARSI LB - BRARE Gk R - O
REIE 72 - 166 pm -

3. UPEARRHTIPHANMD (previtellogenic oocytes, PV)
(Fig. 3B)

JBINEERL (oogenesis) FEEL » RAFE BLAHIE
IBHARTE NS - B - A S MR B
HEA g - MBS T R R
WeEAZ A N > OPTEERIE 207 - 273 pm
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Table 1 Numbers of male and female skipjack tuna (Katsuwonus pelamis), grouped by monthly intervals, with Chi-
square values assuming a 1:1 sex ratio for each interval

Month Female Male Sex ratio Chi-square value P value df
January 18 10 0.64 2.285 0.13 1
February 17 14 0.55 0.290 0.59 1
March 14 22 0.39 1.778 0.18 1
April 21 16 0.57 0.676 0.41 1
May 19 24 0.44 0.581 0.45 1
June 13 5 0.72 3.556 0.06 1
July 15 14 0.52 0.035 0.85 1
August 14 16 0.47 0.133 0.72 1
September 20 16 0.56 0.444 0.5 1
October 10 12 0.45 0.182 0.67 1
November 6 9 0.40 0.600 0.44 1
December 16 17 0.48 0.030 0.86 1
Total 183 175 0.51 0.178 0.67 1
Among intervals 10.870 0.45 11

25 -
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Number of fish
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Fig. 2 The size—frequency distributions by 2-cm intervals (above) and 0.5-kg intervals (below) for skipjack tuna
(Katsuwonus pelamis) collected off the coast of eastern Taiwan from January to December 2020. [] Female (n=183);
W Male (n=175).
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Fig. 3 Histological sections of skipjack tuna (Katsuwonus pelamis) ovaries, illustrating oocytes at different maturity
stages. (A) Immature stage; CN: chromatin nucleolar oocytes, PN: perinucleolar oocytes. (B) Developing
stage/redeveloping stage; PV: previtellogenic oocytes. (C) Mature stage; VT: vitellogenic oocytes. (D & E) Spawning
stage, HY: hydrated oocytes, POF: postovulatory follicle. (F) Resting stage, a stage: alpha stage atresia, B stage: beta

stage atresia.

4. PNEARRINAINE (vitellogenic oocytes, VT) (Fig.
30)

AR AT 2 W o3 Ry = (R - 2530100
BERONAIIE (primary yolk oocytes) - AH/If/E I 78 i
TUNEERR > GRS - LG > ONEE
ERECEDITRY - WAL LT RSB MR A
HIFAR 5 25 —HHUN = BR UNAM g (secondary yolk
oocytes) » JIETEK. Bl BLBSRE RS - I (FofEAZ
g > MR EAHIRIR 5 25 =HATN BRI
(tertiary yolk oocytes) » JNwfk i Bl R R iy
FLAE TS E iR - A aias o EoargRerE
PRSIt > MR 2AHRIR - Bk
(Fig. 3C) » BE=HNR R/ By 360 - 520 pum ©

5. 7KPPHA (hydrated oocytes, HY) (Fig. 3D)

PUEERB ARG E LR - I (lipid droplet)
AL RS ATHER (oil droplet, OD) > B
NIV SRS R tive. b NI ol B
AR BRI EE - BVEERV/INKT 740 pm o

AHAR O] Fr B2 DN SO R 3 A > A4
HF RO NSRS B By 5 191 (Table 2) » #50]

=

1. KRk (immature stage) (Fig. 3A)

% AR TR I M R R AR VMR ~ DNELE
BLERR Rt ~ DANIRIEBIZE S IPRL » IR e R
FIBRHELE - FERHARER B IHIIREL - 52 ER s
REHHNE (oogonia) ~ Het/E AL IUHHHE (chromatin
nucleus oocyte) JzEER{IIHIM (perinucleolus
oocyte) FrHEL - JNELE )y 0.7 - 34.0 g » GSI ky
0.04 - 1.05 -

2. #HH] (developing stage) (Fig. 3B)

BEEAR MR B A E A - B R
B o AR R ] IV A AN A
AT DN B DT B D B DI (5 0 o 58 R
it - R EEERE T WA > INEERER
3.1-67.2¢g> GSI B 0.55-2.92 -

3. kM (mature stage) (Fig. 3C)

ASERRIMEE RS R A BRI R 0 &
A HBNIRE L > AT B BRI A - 1
WREEIEE T LD T R ek e - SR
& OB A 2R B R BN RL RS B (migratory
nucleus oocyte) ~ #R7IEE A SHIIHINEFTRERL -
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Table 2 Maturity classification for female skipjack tuna (Katsuwonus pelamis) collected from the waters off the coast

of eastern Taiwan. Maturity stages were based on the criteria established by Schaefer (1998)

Maturity

Activity

class classification classification Oocyte condition Atresia Category
1 Immature Inactive  No vitellogenesis, few atretic oocytes present. Absent Immature
Vitellogenesis begins, previtellogenic oocytes
2 Maturing Inactive  present, some vitellogenic oocytes and early Absent Immature
yolked.
. Advanced vitellogenic oocytes with migrator <509
3 Mature Active & Y & Y >0 (o oand B Mature
nucleus and some early yolked. atresia present
Vitellogenesis ceasing, migratory nucleus
. . 5 . ng 5 Y ! <50% a and B
4 Spawning Active  advanced vitellogenic oocytes, postovulatory . Mature
- atresia present
follicles present, some early yolked.
. . i i i =50% a and
5  Regenerating Inactive No advanced vitellogenic oocytes, residual — =50% B Mature

vitellogenic oocytes present.

atresia present

TR ELR AN - DS R R AR A - O
HE R 25.0- 198.0 g » GSI By 1.32-337 ¢

4. FENNHA (spawning stage) (Fig. 3D, 3E)

AP By AT 43 B 58 A A (ripe) B 4E 3 OF
(spawned) WIER53 - KIELON SRS LK - 7658
ZRENRE - DN ELSME IR S 1 R T K
i o ASHHARERER S R B LIUKEN ~ HEINER IR
(postovulatory follicle, POFs ) {£1E & INZFEEIER ~
B EEAEA T IR - FRAMU AT
RISV TN - BURZ RN s e T
INES IR S - DNEEEE SR 9.5 - 224.0 g GSI
5 0.50-3.86 -

5. RIEHH (resting stage) (Fig. 3F)

IS ME R R B SRR HGIR - BRE R B L -
HHARER 5 2 BRSO BB LA - T B
= (yolk globule stage) Dl 7 #EREERA
BIAFONEL A - OB AR A RS (R ROTE DL H B - DN EL
HEE 9.0-620g > GSI K 0.56-1.69 -

(D) ER
RS P RS SRS I 2 P B e e
1. FEEHHME (spermatogonia, SG) (Fig. 4A)

FFAGAE SIS A M HE K > RATE

BEEBR AR RE - 28RS
A v 4 e N

2. FERHE (spermatocytes, SC) (Fig. 4B)

FEA BRI RS A ko AT ol - B AR [
- HZ D — s U REIN - Bt
otk A —

3. FEHHME (spermatids, ST) (Fig. 4B)

FAE REHIIEACEE 2 ZOsB s Rmpa > Hag
TG BRI ELRRGRRE IR Hede PR (- It
BEER LU R R REAR -

4. ¥§71 (spermatozoa, SZ) (Fig. 4C, 4D)

AR EB BRI - IR B
THAGRE - RFTA RS EdetR NE  eatm
B -

R S B S By 4 4] (Table 3) » #5412

1. KA (immature stage) (Fig. 4A)

ARSI MNE BRI R N a8 B - BH
LEHRE AT MA A AIREIE FITHELE - B
B A EURE IR ARSIV E AT - AN
FekE ISR B 0.3 -43.0 g GSI B 0.02 -
1.19 -
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Table 3 Maturity classification for male skipjack tuna (Katsuwonus pelamis) collected from the waters off the coast
of eastern Taiwan. Maturity stages were based on the criteria established by DeMartini et al. (2000)

Maturity Activity

class classification  classification Oocyte condition Category

1 Immature Inactive No spermatogenesis, only spermatogonia Immature
Spermatogenesis begins, spermatids and

2 Early maturing Inactive  spermatocytes in the cysts with a small number of Maturing
spermatogonia and primary spermatocytes

. . ermatogenesis ongoing, mainly spermatozoa and .

3 Late maturing Active Sp 08 §0INg, Y sp Maturing
spermatids present

4 Mature Active Spermatozoa are plentiful in vas deferens Mature

Fig. 4 Histological sections of skipjack tuna (Katsuwonus pelamis) testes at different maturity stages. (A) Immature
stage; SG: spermatogonia, SC: spermatocytes. (B) Early maturing stage; ST: spermatids. (C) Late maturing stage; SZ:

spermatozoa. (D & E) Mature stage; SZ: spermatozoa.

2. REEETHA (early maturing stage) (Fig. 4B)

ASERRSMEIIIRENY R - BR R FLE € - FIRER
RS AR R E R IERRAG - R RN BH ] %
SR R RETI ~ SRR EL D 8 717 A
FEELA - IR A E N 1.0 - 153.0 g
GSI ks 0.10-2.28 »

3. kP HA (late maturing stage) (Fig. 4C )

R BB AR RO R ZLE T - FRFHRRER
RIS AR R T T o AR BRI R
LR > TR UG ~ A R ~ A B 1
TAAERG R - AEINELNS TR 2 - FR R

1.8-160.0 g 2 » GSI }% 0.12-3.83 -
4. R (ature stage, Fig. 4D, 4E)

i B EHCREHIRRERE - MR 2L T HEY)
R EH B ORI - RSB RN
TAAERFE BRI - (4 T BRI EY 50%
BRI R Pl - Hais & A e ials 1 - 18
HESER7.6-185g > GSI By 046 -3.25 -

AW FEARIBHHRRY) Fr s MR RS B
IEERAZ VLIS TE - WTFEhs REURIE
FOEMERA W B/ MER Ty 42.5 om > HERGETERRE
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Fig. 5 Relationship between percent maturity and fork length for female skipjack tuna (Katsuwonus pelamis) off the

coast of eastern Taiwan.

100% - ®
e 1
> P=
w 1+ exp[80.32 x (L — 53.35)]
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=
©
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<
O}
=
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o
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Fig. 6 Relationship between percent maturity and fork length for male skipjack tuna (Katsuwonus pelamis) off the

coast of eastern Taiwan.

CE/NEERE 40.0 cm o 37 DL RIS B A
(maximum likelihood method) ZE R AR - K15
e A LR (P) BEIE X R (FL) BIfR=L > 4
RATH:
fifEfe - P

1
" 1+exp[65.61x(L—51.45)]

1
1+exp[80.32x(L—53.35)]

IffR P =

W5 S0% MR R (Lmso) By 51.5 cm
7 90% MERGAEER (Lmeo) Ky 65.6 cm (Fig. 5) ;
T Lmso By 53.4 cm 5 Lmyo J% 80.3 cm (Fig. 6) ©

o~ PERGENESH

Tkt At £ GSI #EE Ry 0.50 - 2.46 - 4 -

6 H GSI SE¥IHEBHEE LTSS > 5 AR
B 3T 6 H#% GSI {EHFEREITE - 27 11 AR
12 A 2HEB{RIREE (Fig. 7) - HEfa GSI R Ly
0.12-2.28 > 4-5 H GSI VE{EAAZE LRI
B 6 FERIREE 228 8T 7 A%EEEITE -
11 - 12 H#g{E (Fig. 8) °

FE 2R FE IR AP B H A LR » PR
FItERAAE 1 - 10 HREEEHE (Fig.9)-3 -8 Hi}
TR OIRs By DL S5 -7 HRE Sl 137 %
10~ 11 J¢ 12 A8 BUR IR RS B fa e R Ao
WREEH 3 ARG - 8 AMEARRE - FEIEIVERA
Ry 6 H o REGEAIHBILE 1 -5 AR 7 - 12 AR
AR - DL 12 A% - R ESHRR YT it AR B H)
AR THERE PR AAE 3-8 H 10
AEEHE - BEHALLS - 7 H Ryl (Fig. 10)
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ST W% + B RETTHE R A N 2 -
— AR A 22

A5 HH 2 1 BRE Vi ek P R AR TE RS R Ty
31.0 - 74.5cm (F8EJ 0.6 - 8.7 kg) » T BaAliEy
VRTINS R g A i S P i g - A%
AHGRINE /N (2004) 1228 RIS IR R
IHE B AERE P IRIE 2 IE AR A g R Ry 30-80
cm (BEE R 0.5 - 12.5 kg) - Hartaty et al. (2020) i
SRENJEVFRIRG ~ [RIE e T8y T e e MY e [

ARl e R IR A R PR A2 5 - b -
Wild and Hampton (1994) J Matsumoto et al.
(1984) 5 H AN [R] 5 2 A i 3l L g o B B R0 4 I
B~ B S RS IR ML ~ PRUURAR BT R AR

ARG RS U] Fr 8 S B SR SRR ME FRUBRAS
B R e fR - AEREPEEE Ry 0.51 > BERTTHUERS R
BURRERE 25 > H IRV LR A2 5 -
(2004) HfEFE H P PY AT IR I8 ) Bk Le Rz
0.5 - FERERAIME Lok E LR ia RAE 32.0 -
33.9cm JEZ% - fERENEHSIERB MBS - #E%
LeffEd 0.5 FERE R AR HAER R LRIiR
TE 32.0 - 33.9 em RERARA 72.0 cm > DIREMERE
A2 o FHIIFR L > ARFFERR AR SR B H FlE
PIfEpT TR e B e/ NEREOR R > R 2
R IE BT A Rl A -
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OImmature stage

B Spawning stage
100% A

80% 4

Frequency
=)}
3
=S
L
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0% o i ”:”: . . e ;
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B Developing stage
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Fig. 9 Monthly variations in the proportions of ovarian maturation stages for female skipjack tuna, Katsuwonus

pelamis, in the waters off the coast of Taiwan.

OImmature stage

100% -

80% -

60% -

Frequency

40% A

20% -

0% B : . . o
Jan. Feb. Mar.

SEarly maturing stage

B Late maturing stage 8 Mature stage

Fig. 10 Monthly variations in the proportions of testicular maturation stages for male skipjack tuna, Katsuwonus

pelamis, in the waters off the coast of Taiwan.

=~ MEpEE R

A FEAM AN A B o 38 P Ry S A 1 2 5
e AR B AN AR BB —E R
TEHAETE RS B A e HERE B 1) - HRER 1Rl
AL Z SMEIRUREEE (macromorphology) J5ik#
SESD » RN G R TR fa e B S

PERCER - FEEF R R INEE G A R 2 B R By o
BN - FEZE S ETANBE Y R e B e AR 1k
B BGIRRE N A IRt e i e e e g U BT HE - 8K
e B DU ER A T A B DN N DN RET 3
TBIE > (KON REMIIE AR R YRR A B A SR R e
PEHREE

A BT 5% A 550 1 S E £ M B B ViR R Ty
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42.5 cm ~ iR 40.0 cm o JERE Lmso 43515 51.5 ~
53.4cm - {& (2004) F5HIZERIRIEEMELE Lmso
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Sex Ratio and Sexual Maturity of Skipjack Tuna (Katsuwonus pelamis)
off the Coast of Eastern Taiwan

Hung-Hung Hsu', Yun-Chen Chang?, Wei-Chuan Chiang!”, Fu-Yuan Tsai',
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!Eastern Marine Biology Research Center, Fisheries Research Institute
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ABSTRACT

Skipjack tuna (Katsuwonus pelamis) is a tropical species that has been historically exploited off the coast of
Taitung (eastern Taiwan). The objective of this study will be used as biological input parameters for stock
assessment and management strategy evaluation, furthermore to sustainable resource utilization. Samples were
collected monthly from the Shinkang fish market of Taitung from January to December 2020. A total of 358
individual samples were collected (fork length ranged between 31.0 and 74.5 cm, and round weights ranged from
0.5 to 8.7 kg). The sex ratio for monthly and total samples was generally 1:1. The monthly female gonadosomatic
index ranged from 0.50 to 2.46 and peaked from April to June, whereas the monthly male GSI ranged from 0.12
to 2.28 and peaked from May to July. According to histological observations of gonad variations, the greatest
proportion of mature females was collected from March to August and peaked from April to July. The estimated

50% length-at-maturity (Lmso) was 51.5 cm for females and 53.4 cm for males.

Key words: histological analysis, maturity stage, reproductive cycle, spawning season, Katsuwonus pelamis
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