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Fig. 1 Catches and values of U. (P.) edulis in Taiwan in 1959-2008 (modified from Wang et al., 2008).
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Table 1 Monthly number of specimens, sex ratio, range of mantle length (ML) and weight (BW) of males and

females U. (P.) edulis in 2003-2008

Number of individuals . ML range (mm) BW range (g)
Month Total Sex ratio
Male Female Unsex (M/F) Males Females Unsex Males Females Unsex
(mean) (mean) (mean) (mean)
2003
January 129 142 271 0.91 46-128 (68) 51-104 (68) 7-55 (18) 7-55(18)
February 251 331 19 601 0.76 41-106 (66) 43-103 (68) 29-42 4-54(17) 4-46 (19) 2-5
March 281 266 9 556 1.06 41-157 (67) 41-156 (68) 36-41 4-133(17)  5-144(19) 3-5
April 183 148 8 339 1.24 44-189 (72) 42-128 (74) 35-41 5-178 (21) 6-89 (22) 3-5
May 248 199 219 666 1.25 47-167 (78) 47-138 (77)  8-59 5-141 (23) 6-79 (23) 0-12
June 463 400 160 1023 1.16 42-194 (85) 42-233(81) 13-57 4-165 (31)  4-332(28) 0-10
July 450 431 154 1035 1.04 43-213 (86) 43-268 (87) 25-58 4-242 (34)  5-389 (36) 1-10
August 462 409 72 943 113 43-273 (111) 41-185 (107) 17-64 5-246 (58)  4-174 (55) 1-14
September 515 510 259 1284 1.01 43-225(93) 49-202 (89) 12-64 4-270 (41)  5-201 37)  0-12
October 183 197 4 384 0.93 56-155(90) 49-138 (82) 47-67 8-120 (37) 6-86 (28) 5-13
November 79 98 15 192 0.81 53-137 (87) 53-117(80) 43-69 7-127 (29) 7-61(23) 4-13
2004

February 58 55 113 1.05 49-91 (63)  50-92 (63) 6-33 (14) 7-34 (14)
March 124 131 255 0.95 47-130 (65) 45-105 (68) 5-72 (14) 5-47 (16)
April 185 107 9 301 1.73 45-138 (71) 43-105(67) 33-47 5-101 (19) 5-53 (16) 2-5
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Table 1  Monthly number of specimens, sex ratio, range of mantle length (ML) and weight (BW) of males and
females U. (P.) edulis in 2003-2008

Number of individuals . ML range (mm) BW range (g)
Sex ratio
Month Total
(M/F) Males Females Males Females
Male Female Unsex Unsex Unsex
(mean) (mean) (mean) (mean)
May 227 184 59 470 1.23 43-188 (84) 48-181 (84) 35-69 5-158 (30)  6-169 (29) 3-16
June 237 187 424 1.27 59-246 (95) 58-273(92) 8-244 (37) 10-342 (36)
July 214 227 43 484 0.94 45-189 (98) 45-170(99) 32-59 5-172 (45)  6-152 (48) 2-10
August 204 208 412 0.98 56-191 (86) 48-217 (89) 8-168 (31)  6-266 (36)

September 242 160 67 469 1.51 51-178 (99) 46-185 (100) 22-62 8-154 (49) 5-164 (51) 1-18

October 80 43 123 1.86  73-181(117) 82-150 (111) 22-157 (63) 26-114(57)
November 52 74 126 0.70  92-176 (126) 90-199 (127) 35-168 (81) 40-246 (89)

2005
April 129 141 23 293 0.91 43-93 (64) 45-98 (65) 16-28 4-31(13) 5-32(14) 1-2
May 112 56 31 199 2.00  49-129(82) 45-174(89) 41-65 6-80 (29) 5-172(38)  4-13
June 40 58 3 101 0.69  62-133(98) 53-138(87) 53-60 12-81(41)  7-81(32) 7-10
July 60 42 3 105 1.43  49-176 (90) 63-199 (96) 43-60 13-193 (43) 15-275(52) 3-13
August 83 67 150 1.24  68-204 (121) 77-180 (116) 19-227 (79) 24-175(75)
September 77 63 140 1.22 69-163 (101) 70-167 (103) 18-130 (48) 17-129 (52)
October 122 90 212 1.36 70-248 (108) 62-249 (118) 16-277 (57) 14-331 (75)
November 224 12 236 18.67 59-250 (119) 76-105 (93) 27-346 (79)  24-58 (40)

2006
February 102 103 205 0.99 54-89(64)  53-86(65) 7-28(12) 7-27(13)
March 99 113 212 0.88 59-189(79) 56-181(82) 11-184(27)  9-197(29)
April 131 128 2 261 1.02 45-116(69) 50-134(76) 50-52 5-69(18) 6-90(24) 6-7
May 154 154 2 310 1.00 51-162(84) 42-158(81) 38-39 7-126(29)  5-133(27) 4-4
June 62 61 18 141 1.02 44-107(69) 43-107(64) 37-61 5-45(16) 5-47(14) 3-13
July 236 155 2 393 1.52  46-196(108) 59-205(111) 50-54 7-165(54)  13-177(59) 5-8
August 149 181 330 0.82 60-232(90) 57-167(91) 14-249(38)  12-150(41)
September 241 221 462 1.09  72-173(105) 69-176(105) 20-135(54)  17-155(55)
October 72 49 121 1.47  85-203(111) 78-137(105) 30-252(63)  25-112(56)
November 69 18 87 3.83  71-157(117) 79-130(106) 19-136(74)  28-90(56)
December 146 38 184 3.84  72-227(128) 61-144(106) 22-312(94) 15-119(60)

2007
January 199 156 355 1.28  52-189 (85) 56-152(79) 8-216 (37)  9-145(28)

February 138 204 3 345 0.68 44-99 (69) 46-118(71) 55-69 5-38 (17) 7-66 (18) 9-14

March 115 93 2 210 1.24  49-126 (67) 52-133(70) 55-57 6-85 (16) 8-77.(17) 9
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Table 1 Continued
Number of individuals . ML range (mm) BW range (g)
Month Total Sex ratio
Male Female Unsex (M/F) Males Females Unsex Males Females Unsex
(mean) (mean) (mean) (mean)
April 211 175 8 394 1.21 54-135 (84) 63-133 (86) 56-69 7-82 (28) 13-95(31) 8-14
May 138 80 218 1.73 51-178 (91) 50-198 (97) 9-173(32)  7-243 (44)
June 217 160 43 420 1.36 42-140 (82) 61-141 (84) 42-69 4-92 (24) 10-86 (26)  4-14
July 82 63 75 220 1.30 49-150 (72) 47-146 (67) 42-69 6-103 (20) 6-97 (18) 4-15
August 188 192 30 410 0.98 51-236 (85) 50-183 (84) 55-69 8-292 (32) 10-176 (32) 10-18
September 143 78 9 230 1.83 60-200 (86) 53-133 (85) 58-69 11-153(32) 12-89(32) 10-19
October 169 201 1 371 0.84 60-177 (94) 63-158 (98) 68-68 12-164 (41) 14-138 (46) 16
December 77 16 93 4.81  97-249 (167) 87-203 (134) 34-333 (146) 29-305 (104)
2008

January 87 69 84 240 1.26 41-84(54)  44-70(55) 37-61 2-28(9) 4-18(9) 3-11
April 112 138 15 265 0.81 45-112(61) 46-111(65) 43-64 5-45(11) 6-46(14) 6-11
May 38 92 130 0.41 72-224(116) 86-190(125) 16-229(60)  24-197(71)
June 30 26 49 105 1.15 42-149(65) 58-111(81) 18-69 4-111(14) 9-56(23) 1-13
July 84 77 1 162 1.09  89-294(137) 61-196(123) 62-62 33-389(94) 11-226(76) 10
August 111 115 226 0.97  67-298(120) 62-190(118) 15-351(69)  14-208(69)
September 197 169 366 1.17 62-226(94) 61-192(97) 13-262(44) 14-197(50)
October 205 100 305 2.05 52-182(104) 57-203(104) 9-176(51)  13-176(53)
November 271 162 9 442 1.67  59-222(104) 66-177(101) 17-270(53)  15-174(48)
December 308 137 11 456 2.25 42-217(98) 45-149(93) 34-55 6-309(49) 8-113(42) 4-9
Other 3207 2141 224 5572 1.50 45-405 42-316 15-67 4-819 4-588 0-14
Total 13502 10901 1745 26148 1.24 41-405 (91) 41-316(92) 8-69 4-819 (45) 4-588(44) 0-19

BW: body weight; ML: mantle length. Minimum-maximum values for BW and ML (males and females).

Table 2 Scale used to assign sexual maturity stages for males and females of U. (P.) edulis (followed Macy, 1982)

Stage Female Male
Stage 0 These juvenile squid lack visible gonads
Stage | Nidamental glands appear as thin white streaks Testis appears as a pale oval body
Stage Il Accessory and oviducal glands become evident Spermatophorlc organ/Needham’s sac complex
become evident
Stage Il Translucent white immature ova give the ovary a Immature spermatophores was visible as small
& distinctly granular appearance white specks in Needham's sac
Stage IV Ripe eggs fill the oviduct Elongate mature spermatophores are visible both

in Needham’s sac and in the penis
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Fig. 2 Schematic diagram depicting the coastal, upwelling, and frontal areas of U. (P.) edulis in the waters off north
Taiwan. Dots indicate sampling sites. (Image source: Department of Environmental Biology and Fisheries Science,

National Taiwan Ocean University).
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Fig. 3 Relationships of mantle length (ML) and body weight (BW) for male (a) and female (b) U. (P.) edulis.
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Fig. 4 Monthly mantle length variation of U. (P.) edulis in the waters off north Taiwan in 2003-2008. Vertical bars
represent one standard deviation.
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Fig. 6 Monthly composition of sexual maturity stages of (a) males and (b) females U. (P.) edulis in the waters off

north Taiwan.
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Fig. 7 Composition of mantle length by sex of U. (P.) edulis caught in the coastal area (a) ~ (f), upwelling area (g) ~
(I), and frontal area (m) ~ (o) during January to June.
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Fig. 8 Composition of mantle length by sex of U. (P.) edulis caught in the coastal area (a) ~ (f), upwelling area (g) ~
(I), and frontal area (m) ~ (o) during July to December.



24 THIEKR - R - FEIR - BIEE

Table 3 Monthly mean mantle length, as shown by three hydrographic area, of the female and male U. (P.) edulis
in the waters off north Taiwan

Kolmogorov-

Kolmogorov-

Mean + SD ) Mean + SD ) Bartlett’s test Difference between sexes
Month Area — 7Sm|rnov . = ?mlrnovf — : — — h
Female value vglue Male value vglue square vglue value  value vglue
January
coastal water 63.7 £10.9 0.0635 0.038 62.3+12.8 0.067 0.012 5.27 0.022 1.671 0.095
upwelling area  78.7 £17.8 0.1645 < 0.001 85.0 = 26.4 0.167 < 0.001 25.28 < 0.001 1.411 0.158
February
coastal water 69.8 +10.3 0.0772 < 0.001 67.5+9.7 0.1 <0.001 0.72 0.397 2.485 0.013
upwelling area  66.6 + 14.9 0.0635 <0.001 64.3 +13.2 0.066 < 0.001 5.75 0.016 1.84 0.066
March
coastal water 76.7 £18.4 0.1244 < 0.001 75.6 £ 20.0 0.151 < 0.001 1.12 0.289 0.548 0.584
upwelling area  68.7 £17.8 0.0835 < 0.001 68.6 = 20.6 0.154 <0.001 9.68 0.002 1.308 0.191
April
coastal water 65.9+11.6 0.0483 0.5 69.2 +14.3 0.055 0.5 6.23 0.013 1.902 0.057
upwelling area  70.5 £ 15.1 0.0706 < 0.001 68.5 +15.7 0.093 <0.001 1.14 0.285 3.193 0.002
frontal area 83.6 +16.3 0.0966 < 0.001 83.2+15.1 0.078 0.004 1.13 0.288 0.182 0.856
May
coastal water 107.0 £19.2 0.134 0.5 95.1+11.9 0.11  0.0757 8.01 0.005 2.627 0.009
upwelling area  87.2 +20.2 0.1045 < 0.001 91.7 +18.1 0.058 < 0.001 5.53 0.019 4.737 < 0.001
frontal area 81.4+25.8 0.1513 < 0.001 78.8 £24.7 0.114 < 0.001 1.72 0.189 2.01 0.045
June
coastal water 84.4+ 189 0.0471 0.5 86.1 +24.5 0.058 0.0559 13.4  <0.001 0.423 0.672
upwelling area  85.3 + 23.7 0.1841 < 0.001 89.8 + 23.1 0.168 < 0.001 0.19 0.659 3.354 < 0.001
frontal area 82.4 +24.1 0.0729 < 0.001 83.6 +25.8 0.067 < 0.001 3.39 0.066 0.866 0.387
July
coastal water 103.9 £ 30.5 0.1315 < 0.001 107.4 £ 34.1 0.121 < 0.001 2.85 0.091 1.572 0.116
upwelling area  96.3 +33.8 0.0847 < 0.001 99.3 +37.8 0.11 <0.001 7.31 0.007 1.031 0.303
frontal area 85.3 +24.0 0.0608 < 0.001 84.1 +24.7 0.068 < 0.001 0.61 0.435 1.223 0.221
August
coastal water 98.0 +23.9 0.0899 < 0.001 98.5 +26.0 0.051 0.0646 2.01 0.157 0.137 0.891
upwelling area  98.4 £ 27.7 0.0684 < 0.001 100.0 £ 32.0 0.09 <0.001 20 < 0.001 0.013 0.99
frontal area 96.7 + 25.3 0.0873 < 0.001 101.2 £ 31.1 0.07 < 0.001 13.39 <0.001 1.4 0.162
September
coastal water 90.4 + 24.6 0.109 < 0.001 87.2+25.4 0.098 < 0.001 0.46 0.498 1.862 0.063
upwelling area  95.9 + 26.9 0.0799 <0.001 98.5 +28.4 0.112 < 0.001 2.66 0.103 1.189 0.235
frontal area 98.2 + 34.5 0.1443 < 0.001 93.7 £27.6 0.13 < 0.001 37.83 < 0.001 2.466 0.014
October
coastal water 111.4+£16.4 0.1012 0.5 117.1 £21.3 0.097 0.0583 3.48 0.062 1.518 0.132
upwelling area  98.5 + 25.8 0.0894 < 0.001 102.9 +34.3 0.155 <0.001 110.82 < 0.001 1.125 0.22
frontal area 91.9+21.0 0.1204 < 0.001 94.7 +27.3 0.134 <0.001 18.19 < 0.001 0.02 0.984
November
upwelling area  98.7 + 23.1 0.0376  0.044 109.0 £ 28.3 0.103 <0.001 28.11 < 0.001 6.742 < 0.001
frontal area 84.2 +10.6 0.1431  0.011 82.9+10.9 0.123 0.063 0.02 0.887 0.255 0.799
December
coastal water 79.4 £ 24.6 0.2189 < 0.001 86.9 +32.2 0.181 <0.001 5.99 0.014 1.009 0.313
upwelling area  104.3 £18.5 0.0831 < 0.001 116.8 £29.8 0.153 < 0.001 85.61 < 0.001 5.488 < 0.001

Z - value : Mann-Whitney test, t - value : Student’s t — test
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Fig. 10 Composition of maturity stages by sex of U. (P.) edulis caught in the coastal area (a) ~ (f), upwelling area (g)
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Table 4 The comparison of mean mantle length at the coastal, upwelling, and frontal areas of the female and male
U. (P.) edulis in the waters off north Taiwan

Mean = SD Bartlett’s test Difference between areas Sort ML by areas
Month coastal upwelling frontal chi- p- H - Z- p- coastal upwelling frontal
water area area square value value value value  water  area area
Female
January 63.7+10.9 78.7+17.8 42.82 < 0.001 9.651 < 0.001 b a
February 69.8 +10.3 66.6 +14.9 39.81 < 0.001 2.4854 <0.02 a b
March 76.7 +18.4 68.7+17.8 0.33 0.563 5.857 < 0.001 a b
April 659+11.6 70.5+15.1 83.6+16.3 16.35 <0.001 120.579 < 0.001 [¢ b a
May 107.0 £19.2 87.2+20.2 81.4+2538 29.42 <0.001 66.491 < 0.001 a b [¢
June 84.4+18.9 85.3+23.7 824=+x24.1 15.41 <0.001 5.419 0.14 a a a
July 103.9 £30.5 96.3 £33.8 85.3 +24.0 78.52 <0.001 97.205 < 0.001 a b [¢
August 98.0£23.9 98.4+27.7 96.7+253 9.87  0.007 1.156 0.561 a a a
September 90.4 £24.6 959+26.9 98.2+345 71.51 <0.001 18.309 < 0.001 b a a
October 111.4+£16.4 98.5+25.8 91.9+21.0 27.11 <0.001 40.67 < 0.001 a b [¢
November 98.7 £23.1 84.2+10.6 36.78 < 0.001 5.212 < 0.001 a b
December 79.4 +24.6 1043 +18.5 9.65 0.002 6.546 < 0.001 b a
Male
January 62.3+12.8 85.0+26.4 100.98 < 0.001 11.214 < 0.001 b a
February 67.5+9.7 64.3+13.2 22.89 <0.001 3.369 < 0.001 a b
March 75.6 +20.0 68.6 = 20.6 0.16  0.683 6.135 < 0.001 a b
April 69.2+14.3 68.5+157 83.2+15.1 2.65 0.265 146.944 < 0.001 a a b
May 951119 91.7+18.1 78.8+24.7 92.13 <0.001 213.432 < 0.001 a a b
June 86.1 +24.5 89.8+23.1 83.6+25.8 5.62 0.06 15.079 < 0.001 b a b
July 107.4 £34.1 99.3+£37.8 84.1 +24.7 148.62 <0.001 132.932 < 0.001 a b [¢
August 98.5 £26.0 100.0 +32.0 101.2 +£31.1 17.81 < 0.001 0.755 0.686 a a a
September 87.2+254 985+284 93.7+27.6 6.65 0.036 60.556 < 0.001 [¢ a b
October 1171 £21.3 102.9 £ 34.3 94.7 +27.3 47.41 <0.001 69.319 < 0.001 a b [¢
November 109.0 £ 28.3 829 +10.9 49.74 < 0.001 8.182 < 0.001 a b
December 86.9+32.2 116.8+29.8 1.52 0.217 8.639 < 0.001 b a

H - value : Kruskal-Wallis test, Z - value : Mann-Whitney test
ML:a>b>c
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Fig. 11 Schematic diagram depicting the feeding, spawning, and nursery grounds of the U. (P.) edulis and oceanic

currents in the shelf waters off northeastern Taiwan (modified from Wang et al., 2008).
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Spatial and Temporal Variations in the Length Structure and
Reproductive Condition of the Uroteuthis (Photololigo) edulis
in the Southern East China Sea

Kae-Yih Wang', Ke-Yang Chang*, Kuo-Tien Lee?and Cheng-Hsin Liao**

"Marine Fisheries Division, Fisheries Research Institute
“Department of Environmental Biology and Fishery Science, National Taiwan Ocean University

ABSTRACT

Uroteuthis (Photololigo) edulis is one of the main target species of the torch-light fishery in Taiwan. The
samples of U. (P.) edulis were collected from the southern East China Sea between 2003 and 2008. The monthly
variations of Gonadosomatic index (GSI) and percentage of mature squid indicated that U. (P.) edulis spawned
in spring (March - May) and autumn (October - December). According to hydrological characteristic of southern
East China Sea (waters off north Taiwan), U. (P.) edulis mainly distributed in three areas: coastal, upwelling,
and frontal areas. The composition of mantle length (ML) and sexual maturity stages showed that most mature
individuals occurred in the coastal and upwelling areas during spring and autumn spawning period. It indicated
that the coastal and upwelling areas were the spawning grounds. During Janruary to March, U. (P.) edulis only
occurred in the coastal and upwelling areas and the mean ML was smaller than other months. This suggested that
the two areas became the nursery grounds. Most of the U. (P.) edulis caught in the frontal area was small and
immature U. (P.) edulis and it showed that it was a feeding ground.
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