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Fig. 1 Sample localities of U. (P) chinensis, U. (P)
duvauceli and U. (P) edulis in the southern East China
Sea and Taiwan Strait.
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Table 1 Collection information (date, location, sample method and sample size)
Species Date Longitude  Latitude n : fggtzge Sl:;tcee(soj:;ﬂ S;neqtalci)gg

2008/08 119.43 23.70 64 54 84.4 L

2008/08 119.25 23.70 10 10 100.0 P

2008/10 119.45 23.63 84 81 96.4 L

U. (P.) chinensis 2008/10 119.22 23.47 15 9 60.0 P
2008/11 119.15 23.47 15 15 100.0 P

2008/11 119.10 23.43 13 13 100.0 P

2008/12 119.17 23.12 24 18 75.0 P

2012/10 120.43 24.94 35 26 74.3 T

2012/10 120.26 25.12 84 70 83.3 T

2012/10 120.47 25.41 117 103 88.0 T

U. (P.) duvauceli 2012/10 120.60 25.26 6 6 100.0 T
2012/10 120.89 25.40 37 20 54.1 P

2012/10 121.89 25.76 14 10 71.4 T

2012/10 120.09 24.59 11 8 72.7 P

2009/06 121.80 25.51 80 74 92.5 P

2009/07 121.73 25.62 95 66 69.5 P

2009/08 121.95 25.66 90 79 87.8 P

2009/09 122.07 25.90 120 102 85.0 P

2012/04 121.82 25.14 86 74 86.1 L

2012/05 121.78 25.18 84 74 88.1 L

U. (P.) edulis 2012/06 121.78 25.18 88 73 83.0 L
2012/07 121.78 25.15 84 65 77.4 L

2012/08 121.82 25.14 85 80 94.1 L

2012/08 122.08 25.94 35 33 94.3 P

2012/09 121.78 25.18 84 80 95.2 L

2012/10 121.89 25.76 127 112 88.2 T

2012/10 121.62 25.99 12 11 91.7 P

Total 1599 1366 85.4

Note: L, torch-light boat; P, pole-and-line boat; T, bottom traw! net
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Gompertz A1 logistic f R AFER » DIHEEHAY)
ML RS - BRI ERBNT ¢
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Power model: ML, = at’
Exponential model: ML, = ae”

Von Bertalanffy model: ML, = ML, [1 —e *(~ ]
Gompertz model: ML, = MLwe'”E'bt
Logistic model: ML, = ML,/ 1—e*@~"
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OEHE - o REERRAEEEZS (F =
51.04, P < 0.05) #: [« # R RS ERBALR =0 I -
TR By - BW = 0.0002ML*Y7 (R* = 0.90, n=129) ;
BW = 0.0009ML**' (R* = 0.90, n=110) (Fig. 2)
ANCOVA faiElf ~ e feRisERA A =
5 (F=3.95,P<0.05) - gllSctaE  fe e EHid
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Je F=25.63 ~ P<0.001) - @St S W i fEE
FEF(F = 0.09 ~ P = 0.77) (Table 4) - JL ANCOVA
R E = RS M R R 2 B R AR 22 52
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A28 (Table 4) -
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Fig. 2 Relationships between mantle length and body weight for male and female U. (P.) chinensis, U. (P.) duvauceli
and U. (P.) edulis in the southern East China Sea and Taiwan Strait.
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Fig. 3 Relationships between mantle length and age in days for (a) male and (b) female U. (P.) chinensis, U. (P.)
duvauceli and U. (P.) edulis in the southern East China Sea and Taiwan Strait.
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Table 2 Samples of squid caught in the southern East China Sea and Taiwan Strait

Number of

individuals ML range (mm) Age range (days)

Species
F M U F (mean) M (mean) U (mean) F (mean) M (mean) U (mean)

U. (P.) chinensis 69 113 18 63-276 (134) 54-441 (196) 46-82 (63) 68-150 (100) 63-151(108) 58-87 (71)
U. (P) duvauceli 129 110 4 80-134 (106) 67-115 (90) 64-72 (68) 56-97 (77) 58-99 (73) 68-79 (74)

U. (P.) edulis 416 507 46-305 (142) 45-433 (156) 111-239 (170) 118-247 (175)

F: Female; M: Male; U: Unsex

Table 3 Parameter estimation of the general growth models for U. (P.) chinensis, U. (P.) duvauceli and U. (P.) edulis in
the southern East China Sea and Taiwan Strait. The best fitted models are shown in bold

Group Growth model n Lmax K to a b AIC

U. (P.) chinensis

All data
Linear model (2) 200 3.449 -1.878 x 10? 1529.5
Power model (2) 200 7.274x 1073 2.156 1527.4
Exponential model (2) 200 2170 x 10 1.906 x 10 1547.7
Logistic model (3) 200 373.5 4.421x 102 1.190 x 10? 1517.2
Gompertz model (3) 200 149.6 -4.303 1.568 x 10° 1941.2
von Bertalanffy model (3) 200 149.6 -4.298 1.565 x 10° 1941.2

Female (+ unsexed)
Linear model (2) 87 2.420 -1.078 x 10 539.0
Power model (2) 87 2.637 x 102 1.845 535.8
Exponential model (2) 87 2.264 x 10" 1.099 x 10% 546.8
Logistic model (3) 87 3629  3.086x 102 1.190 x 10? 536.2
Gompertz model (3) 87 119.3 -4.303 1.568 x 10° 707.9
von Bertalanffy model (3) 87 119.3 -4.298 1.565 x 10° 707.9

Male (+ unsexed)
Linear model (2) 131 3.792 -2.109 x 10* 1009.9
Power model (2) 131 4.532x103 2.271 1008.4
Exponential model (2) 131 2.046 x 10 2.021 x 10% 1022.0
Logistic model (3) 131 403.5 4.613x 102 1.093 x 10° 999.5
Gompertz model (3) 131 177.6 -5.257 1.993 x 10° 1204.9
von Bertalanffy model (3) 131 177.6 -5.251 1.990 x 10° 1204.9

U. (P.) duvauceli

All data
Linear model (2) 243 5.719 x 107 5.553 x 10" 1231.5
Power model (2) 243 2.300 x 10’ 3.118 x 10" 1231.3
Exponential model (2) 243 6.396 x 10" 5.733x10°% 1231.7
Logistic model (3) 243 1245  2.838x10? 2.773 x 10 1233.1
Gompertz model (3) 243 98.5 -3.310 1.363 x10° 1263.1
von Bertalanffy model (3) 243 98.5 -3.305 1.360 x 10° 1263.1

Female (+ unsexed)
Linear model (2) 133 4.187 x 107 7.311 x 10" 675.4
Power model (2) 133 2.845 x 10’ 3.016 x 10" 675.1
Exponential model (2) 133 7.756 x 10 3.971x10% 675.5
Logistic model (3) 133 138.6 1.653 x 102 6.987 677.4
Gompertz model (3) 133 105.1 -3.481 1.172x10° 685.7

von Bertalanffy model (3) 133 105.1 -3.475 1.168 x 10° 685.7
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Table 3 Continued

Group Growth model n Lmax K to a b AIC

U. (P.) duvauceli

Male (+ unsexed)
Linear model (2) 114 3.847 x 10" 6.137 x 10"  498.3
Power model (2) 114 1.501 x 10 4.360x 10" 498.5
Exponential model (2) 114 6.540 x 10’ 4.280 x 10° 498.1
Logistic model (3) 114 1147.0  4.650x 107 6.045x 10? 500.3
Gompertz model (3) 114 122.9 -1.685 -1.594 x 10* 1032.1
von Bertalanffy model (3) 114 89.6 -3.245 1.562 x 10° 513.0

U. (P.) edulis

All data
Linear model (2) 923 2.106E+00 -2.135 x 10? 6939.4
Power model (2) 923 3.071 x 10* 2.533 6881.2
Exponential model (2) 923 1.364 x 102 1.326 x 10" 6886.7
Logistic model (3) 923 858.7 1.739 x 102 2.662 x 10? 6882.9
Gompertz model (3) 923 156.2  -2.771x 10" 6.799 x 10? 7539.5
von Bertalanffy model (3) 923 156.2  -2.771x 10" 6.809 x 10? 7539.5

Female (+ unsexed)
Linear model (2) 416 1.923 -1.848 x 10% 2914.7
Power model (2) 416 8.514x 10* 2.334 2897.2
Exponential model (2) 416 1.282x 102 1.514x 10" 2925.6
Logistic model (3) 416 347.0 2.508 x 102 1.862 x 10? 2899.8
Gompertz model (3) 416 141.5 -4.398x 10" 2.523 x 10* 3454.8
von Bertalanffy model (3) 416 141.5 -4.397 x 10" 2.523 x 10* 3454.8

Male (+ unsexed)
Linear model (2) 507 2.242 -2.351 x 10? 3948.9
Power model (2) 507 1.640 x 10 2.656 3908.1
Exponential model (2) 507 1.241 x 10" 1.407 x 102 3905.5
Logistic model (3) 507 1884.0 1.572x10? 1.241x10' 3906.9
Gompertz model (3) 507 162.6 -5.764 1.944 x 10° 4074.4
von Bertalanffy model (3) 507 162.6 -5.757 1.941 x 10° 4074.4

VY~ =REBE R H B NE R ST A AR E RS - ThEIR

I AN [E B 2 A B H B - TP
B RN HRAE 84 ~ 151 Rz - Rt
HEAE 110 ~ 150 RiZfH] - #1 RESEE BN H G
1E 58 ~ 99 KZIH > AMENE H A 56 ~ 94 Rz
[ BB EE M H B AE 126 ~ 247 RZ[H
FRAMENE H BRAE 156 ~239 RiZfH] - —HlEHE ik
FflE S H e DLsl g S SR R BE v )
EIEEE RN —F ZH (Tables) -

SE I ESNERAE 99.15 ~ 441 mm 2 - BY
PUEMHESNERAE 195.1 ~276.1 mm Z [ - 1 GEHAE
A EINERAE 74.9 ~ 114.5 mm 2] - B
MEAMERLE 81.9 ~ 133.5 mm 2l - GIRIEEHERK
PEHESNERTE 60.8 ~433.35 mm Z [ > B2
YIVEREAE 112.8 ~ 305.12 mm Z [ - =FEELEHE -
IR AE RS 2 AVER - LIPS A
e 1 DA S 85 B oK > T AL IR B e i/
(Table 6) °
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ST ISR M ~ 2 RAE RSN SR AU (R OHE ~ o A A 1 e S — e B I
RGBS RIS ME SR R T (8 e S D R 1 Al B O Yl B ST ity b IR H e
R A ML REFEHEME(EBEECA (Table 6) - £ 70 RELE < MEVE(EBE TR (Fig. 4) -

Table 4 Comparison of the slopes and intercepts of the growth models fitted to ML at age data for U. (P.) chinensis,
U. (P.) duvauceli and U. (P.) edulis in the southern East China Sea and Taiwan Strait

Test equal slopes Test equal intercepts
Data Comparison
F - value p - value F - value p - value

U. (P.) chinensis Female VS Male 14.46 0.0002 25.63 < 0.0001
U. (P.) duvauceli Female VS Male 25.63 < 0.0001 0.01 09115
U. (P.) edulis Female VS Male 0.09 0.7694 1.08 0.2995
All data

U. (P.) chinensis

VS U. (P) edulis 2394 < 0.0001 375.24 < 0.0001

U. (P.) duvauceli

VS U. (P) edulis 7.40 0.0066 4.60 0.0322

U. (P.) chinensis

VS U. (P) duvauceli 108.35 < 0.0001 40.94 < 0.0001
Female

U. (P.) chinensis

VS U. (P) edulis 15.56 < 0.0001 558.75 < 0.0001

U. (P.) duvaucelii

VS U. (P) edulis 16.05 < 0.0001 682.52 < 0.0001

U. (P.) chinensis

VS U. (P) duvaucelii 68.25 < 0.0001 95.57 < 0.0001
Male

U. (P.) chinensis

VS U. (P.) edulis 83.78 < 0.0001 934.77 < 0.0001

U. (P.) duvauceli

VS U. (P.) edulis 11.12 0.0009 430.04 < 0.0001

U. (P.) chinensis 78.10 < 0.0001 11.54 0.0008

VS U. (P.) duvauceli

Table 5 Ranges of days in maturity stage by sex of U. (P.) chinensis, U. (P.) duvauceli and U. (P.) edulis in the
southern East China Sea and Taiwan Strait

U. (P.) chinensis U. (P.) duvauceli U. (P.) edulis
Number of i t ,d
Maturity umber of increments (age, days)
stage
Male Female Male Female Male Female
No.  Range No.  Range No.  Range No. Range No. Range No. Range
Stage IV 5 84-117 1 110 2 73-74 15 66-88 33 135-224 23 157-220

Stage V 49 96-151 10 121-150 106  58-99 67 56-94 239 126-247 119 156-239
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Fig. 4 Age distributions of U. (P.) chinensis, U. (P.) duvauceli and U. (P.) edulis by sex and maturity stage in the
southern East China Sea and Taiwan Strait.

Table 6 Size range in mantle length (mm) in maturity stage by sex of U. (P.) chinensis, U. (P.) duvauceli and U. (P.)
edulis in the southern East China Sea and Taiwan Strait

U. (P.) chinensis U. (P.) duvauceli U. (P.) edulis
Maturity Mantle length (mm)
stage Male Female Male Female Male Female
No. Range No. Range No. Range No. Range No. Range No. Range
gl S gy, 1 2572 Tgal 1S s 3 gy B )
ogev 49 i 10 Dt 10 s O Ty 29 G M9 ey
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RN R AR IR i b (SR U AR EE et i =
B hEeEE ~ ALIREE KRR BE Rl
BHRR - A SREER M I - AR iR
HEARICE R 2R o 2 BB M A
(sexual dimorphism) o fEEESRE T - =fEiHE
IR TTEA LR EA SOV WAFA RS
FEFET B A 5 Hoh b e S R T » &
SABEE R » MR 8 - SRS ELT S
F e b B B ] S AR B R SRR -
TEPEE RS VMR T]5E 400 mm DL | ik S &
A e e | OB BB A EREAE 130 mm /A5 -

SHEBE LM~ MEE G 2 BRI
HUME > A SR B L A 3 & o2 BfF SR AHIE] (Jackson,
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BUE RN R AN ENY) - HESE D B A
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TRERRERY] - RILEHETEM S - PRE R
RIBK A G m B JE Tt & - AN
g Ele SE B E St B 1 R Bt 2
T P A S P I 1 A P P A R B AN &
£ o tHEMS - MM ERE I E R AT TR R
& AR FRAMIERECAMERE - B
SRR JRECER N o 59— T 0 BER
FEIREHE TNE ERE B > SRS e 2 b
BERKE AU E R A A M E e - Bl
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7= BfFE—FHE -

ARWFFERUR =B M M6 88 A R T RE
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BRI RERERIE D logistic i@ HER, > 2RI
ARWFE R SR B R LR R Rt S W 5T
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K72 (Miyahara et al., 2006; F4, 2011) o
HERNASRE » [RKTREZ IR /KIRE A AT
R o ARBFEZ RIS BE TR P ERIEERTS - BnE
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Age and Growth of Uroteuthis (Photololigo) chinensis, U. (P.) duvauceli
and U. (P.) edulis from the Waters Around Taiwan

Ke-Yang Chang', Cheng-Hsin Liao®, Hsiao-Ting Huang®, Chi-Lun Wu' and Kae-Yih Wang'"

'"Marine Fisheries Division, Fisheries Research Institute

*Department of Environmental Biology and Fishery Science, National Taiwan Ocean University

ABSTRACT

In the past, the highest landings of the Loligo fishery in Taiwan reached 30,000 tons and the value of
production reached 2.3 billion NT dollars in one year. However, the production has decreased dramatically in
recent years, averaging less than one-third the catch of earlier years. This study focused on the age and growth of
Uroteuthis (Photololigo) chinensis, U. (P.) duvauceli and U. (P.) edulis, which are the three major Loligo
species in the waters around Taiwan. We hope the biological characteristics observed in this study will be
helpful for the stock assessment of these resources. The results showed that the length-weight relationships
differed between sexes for each species, and that such sexual dimorphism was significant for each species. The
growth of the three species was fitted with power models and exponential models and the differences in slope
and intercept among species were significant. The fastest growth was observed in U. (P.) chinensis, followed by
U. (P.) edulis and U. (P.) duvauceli. The mantle length of mature individuals of U. (P.) chinensis and U. (P.)
edulis were similar and were larger than 400 mm for males. The mantle lengths of U. (P.) duvauceli were

smaller and the largest observed mantle length was 133 mm for females.

Key words: Uroteuthis (Photololigo) chinensis, Uroteuthis (Photololigo) duvauceli, Uroteuthis

(Photololigo) edulis, age, growth
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