19} Canary dentex Dentex canaricisis
a} Body length range and mean body length

Table 3.89 (page 3-271) presents the minimum, maximum and mean fork fength obtained for the
Canary dentex.

In the area surveyed by the Amrigue, the fork length varied in the course of the survey between 82
and 270 mm. In each seasoun, the mean fork length was between 139 and 270 mm and was higher in the
cold season than in the warm season. The mean fork length by area was higher iu the Bane d’Arguin
{Phasc 1).

[n the area surveyed by the Al-Awem, the fork length was between 68 and 352 mm. [n each survey
season, the mean fork length by area varied between 154 and 215 mm in the Northern area and between
159 and 242 mm in the Central area. 1t was higher in the cold season in Phase | and in the warm season in
Phase 2. In the Southern arca, the mean fork length by season varicd between 130 and 199 mm, being
higher in the cold season. The mean fork length by stratum in each area increased with depth.

b) Size composition

Figure 3.61 (page 3-268, 3-272 to 3-275) presents the evaluation of the size composition for the
Canary dentex stock. The fork length class is indicated at intervals of tem. To analyze this composition,
four groups were defined: (i} juveniles {fork length iess than 10cm), (ii) smali-size (Jength between 10 and
20cm), (i) medium-size (length between 20 and 30cm), {iv) large-size (length over 30cm}).

No group of newborn juveniles was observed in the cold season, but one such group was especially
conspicuous in the warm season, particularly in Phase 1. For all scasons except in the Phase | cold season,
the total stock size in number of this specics was primarily composed of the small-size group (in the Phase
2 warm season, size gets closer to that of the medium-size group). [n the Phase 1 cold scason, the total
stock size in number of this species mainly comprised the medium-size group (the small-size group was
also very close to the medium-size gioup). Distribution of the modes for those size groups varied with
survey season. The predominant modes classes of the small-size group in the cold season were observed at
the 17-18cin (Phase 2) and [9-20cm (Phase 1) and, in the warm season, at thel2-13em (Phase 1) and
19-20cm (Phase 2: peak is low, but there is another mode at [3-1dem class). The predominant modes of
the medium-size group were salient in Phase | {(at the 24-25¢m class in the cold season and 20-21cin class
in the warin season), but not ¢learly defined in Phase 2. Mode for the large-size group was not determined
because of the poor number of samples of individuals over 30cm.

The study of the distribution of those size groups was done from a size composition analysis at each
stratum in each area. In Phase |, the juveniles group, who only appeared in the warm season, was
distributed all over but mainly at the 30-80 m stratum In the Northern area, while in Phase 2, this group
only showed up at the 3-20 m stratum in the Ceniral area. For all seasons, the small-size group was
distributed over the entire area and concentrated in the Central and Southern areas (except in the Phase 2
warm season, when the focus moved to the 3-20 m stratum in the Northern area). The medium-size group
had a distribution similar {o that of the small-size group, bul centered in the Central area or Southern arca
in Phase 1 and in the Northern area in Phase 2, Finally, the occurrence of the large-size group varied

seasonally and the {requency of individuals was always low,
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Figure 3.61  Size composition for Canary dentex Dentex canariensis,

¢) Length-weight relationship

Figure 3.62 (page 3-269) presents the relationship between the fork length and weight for the Canary
dentex. The length-weight equations were the following:

Phasc 1 cold scason

(BW= 1.771x107%xT[ 7
Phase | warm season

(r=0.9948)
:BW= 2301x IO'?xTLZ.qu

(r=0.9918)
Phase 2 cold season ~ : BW= 2.280x10<TL>*® (r=0.9853)
Phase 2 warm season  : BW= 2.438x10%x711.2"" {r=0.9931)

where, BW : body weight (g), FL : fork length (em) and r : the coefficient of correlation.
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Figure 3.62  Length-weight relationship for Canacy dentex Dentex canariensis,

d) Length and weight by sex

Table 3.90 (page 3-276) summarizes the fork length and body weight observed in each sex for the

Canary dentex,

In the area surveyed by the Admrigue, the fork length varied between 117 and 200 mm for males and
between 141 and 270 mm for females. The mean fork length by sex was between 120 and 194 mm for

males and between 173 and 176 mm for females.

In the area surveyed by the Al-dwam, the fork length varied between 112 and 340 min for males and
between 100 and 352 mm for females. The mean fork length by sex was between 201 and 244 mm for
males and between 203 and 232 mm for females. In the cold season, the mean male size was a little larger

than that of females, but in the warm season, females were in tumn slightly larger than males.

The fork length of individuals with gonads developed enough to allow sex determination by visual
inspection was between 15 and 18cm in the cold season and between 10 and 13cm in the warm season.

Females would mature earlier than males.

¢) Sex ratio and female maturity stage

Table 3.91 (page 3-277) summarizes the sex ratio and the female maturity stage for the Canary dentex.

Figure 3.63 (page 3-278) presents their distribution by fength class.
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Females were targely dominant regardless of scason, the overall sex ratio being between 0.27 and
0.38. Similarly, the sex ratio by area and by stratum (with a few exceptions) showed a clear predominance
of females.

The female maturity ratio in the entire area varied between 14 and 29% in the cold season and
between 1 and 8% in the warm scason. According to the Fish Base the spawning period of the Canary
dentex in the East Atlantic is between July and September. [t is likely that this species grows during the
transitional period between the cold scason (April-May) and the warm season (September-October) before
entering the main spawning period. However, even considering a low number of samples, the fact that one
of the four females captured in the Banc d’Arguin was at a post-spawning stage (while none was found in
the area surveyed by the A/-Awam) supgests that there should be geographical difference in spawning.

The sex ratio by length class did not show the size-dependent change. With a few exceptions, females
are in the majority for all classes, although the ratio undergoes much fluctuation under 100%.

The fork length at first maturity was observed at the 21-22cm class in the cold season and at the
25-26cm class in the warm season.

f) Feeding habits

Table 3.92 (page 3-279) shows the stomach condition and the stomach content composition of the
Canary dentex in each survey season. Figure 3.64 (page 3-280) presents the relationship between the fork

length and SSI and SCW. Those resuits were based on all data collected by both the Amrigue and the
Al-Awam.

The ratio of the empty stomach varied between 52 and 68%. The ratio of the stomach eversion was of
a small percentage according to the survey season. The relationship between the fork length and $S1 and
SCW showed that the largest individuals consume great quantitics of tood, whilc the small-size individuals
are voracious eaters in relation to their body weight.

The Canary dentex is a carnivore feeding mainly on tish (painted eel Echefus myrus, various
carangids, gobies, soles efc.) and crustaccans (crabs, shrimp, gammarids, anomurans etc.). Tt also feeds on
sipunculoids, mollusks (cuttlefish, octopus, efe.) and polychaetes.
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Table 3.89  Body length range and mean body length for Canary dentex Dentex canariensis : FL in mm.

{A) Amrigue survey area

Northern Phase 1 Phase 2
coastal area Cold season VWarm season Cold season Warm season
{Straturmy 3-20m)  Specimens Rznge Mean  Sgecimens Range Mean  Specimens Range Mean  Specimens Ranga Mean
Bane d'Arguin 9 142 ~ 270 174.0 10 93~ 123 114.4 0] o4
Other 10 140~ 194 160.5 23 45~ 149 §35.8 2 140 ~ 145 142.5 8 82 ~2l1 138.8
All area 19 140 ~ 270 166.9 33 46 ~ 149 %4.5 2 140~ 145 142.5 8 82-~211 138.8

(B) Al-Awam survey area

] : Phasz | Phase 2
E Stratum Cold season Warm season Cold season Warm season
& Specimens Range Mean  Specimens Range Mean  Specimiens Range Mean  Specimens Ranze Mean
3-20m - - - - - - 98 130 ~ 340 200.6 35 164 ~ 300 2039
20-30m 4 209~ 285 244.0 12 190~ 220 2082 30 138~ 280 181.6 20 130~ 220 202.8
= 30-80m 13 132 ~272 2064 20 75~215 121.1 9 162 ~222 169.8 2 200 ~ 260 223.6
5 80-200m 0 0 0 0
“~  200400m O 0 . - 0
400-600m - - - - - - - - - - - -
3-600m 17 152 ~ 285 2132 32 75 ~220 1541 137 130~ 340 196.4 74 130 ~ 300 207.2
3-20m - - - 9l 68 ~237 1419 39 170 ~ 290 188.9 50 86~ 306 196.3
20-30m 35 181 ~ 303 2127 32 120~ 154 137.1 0 0
= 30-80m 61 182~ 352 238.9 20 180 ~335 273.5 22 180 ~ 252 204.7 3 246~ 336 287.6
£ 80-200m ] 0 0 0
< 200-400m 0 0 ¢ 0
400-600m - - - 0 - - - - - -
3-600m 26 181 ~ 352 242.1 143 48 ~ 333 139,2 61 170~ 290 194.6° 55 86 ~ 336 2051
3-20m - - - 0 4 186 ~ 300 220.5 0
20-30m 16 172 ~ 247 1917 20 109~129 114,0 36 165 ~ 320 202.7 ¢
= 30-80m 7 174252 203.7 20 170 ~ 320 223.0 12 170 ~200 797 20 110~ 142 128.9
= 80-200m 0 0 0 0
“ 200-400m 0 0 0 ¢
40G0-600m - - - - - - - - - - - -
3-600m 23 172 - 252 1853 40 199 ~ 320 169.5 52 165 ~ 320 198.8 20 110~ 142 1299

Remark. - : no trawl.
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Table 3.99

(A} Amrigne survey area

Body length and weight by sex for Canary dentex Dentex canariensis,

Individuals

Fork length in mm

Body weight in g

Phase Season Sex of specimens Range Mean Range Mean
Male 2 188 ~ 200 1940 131.0 ~ 145.0 138.0
Cold Female 9 142 ~- 270 176.0 59.0 ~ 380.0 125.7
indeterminate 8 140 ~ 167 149.9 55.0 ~99.0 69.4
i Total t9 140 ~ 270 166.9 55.0 - 380.0 163.3
Male 2 118 - 121} 1185 30.0 - 32.0 31.0
Female 0
Warm .
Indeterminate 31 46 - 149 929 3.0~ 690 20.%
Total 33 46 ~ 149 94.5 3.0-69.0 21.5
Male 0
Female 0
Cold . -
Indetetrivinate 2 140 ~ 145 425 61.0--68.0 64.5
5 Total 2 40~ 145 1425 610~ 68.0 64.5
Male 2 117~ 194 155.5 37.0 ~ t70.0 103.3
Warm Female 3 141 - 211 173.3 55.0 ~200.0 123.3
Indeterminate 3 82~ 111 93.0 12.0 ~ 55.0 26.7
Total 8 82~ 211 138.8 [2.0 - 200.0 32,1

(B) Al-Awam survey area

Individuals

Fork length in mm

Body weight in g

Phase Scason Sex ol specimens Range Mean Range Mean
Male 30 181 ~ 310 2437 135.0 ~ 685.0 339.2

Cold Female 97 174 ~ 352 2316 115.0 ~ 1,050.0 308.3

Indeterminate 9  i52~200 179.9 85.0 ~ 165.0 130.6

| Total 136 152 ~ 352 230.8 85.0 ~ 1,050.0 3033
Male 22 112 ~ 330 210.8 30.0 ~ 725.0 240.5

Warm Female 62 112 -- 335 2110 25.0 ~ 760.0 244.6
Indeterminate 131 08 -- 280 i27.9 5.0 ~ 450.0 532

‘Tolal 215 68 -- 335 160.4 5.0~ 760.0 127.5

Male 53 160 ~ 340 210.2 100.0 ~ 900.0 234.1

Cold Femalc 141 148 ~ 340 263.4 65.0 ~ 950.0 202.4
_Indeterminate 56 130 ~ 205 1660  450~180.0 1023

9 Total 250 130 ~ 340 196.4 45.0 ~ 950.0 186.7
Male 29 130 ~ 336 201.2 50.0 - 795.0 214.3

Warm Female 107 100 ~ 306 203.4 23.0~605.0 209.8
Indeterminate i3 86 ~ 140 124.0 7.0 ~ 55.0 44 4

Total 149 86~ 336 196.0 17.0 - 795.0 t96.2
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Table 3.91  Sex ratio and female maturity stage for Canary dentex Dentex canariensis.

(A) Amrigue survey area

Northern Phase | cold season Phase i warm season Phase 2 cold season Phase 2 warm season

coastal area  Specimens Sexratie $ : marurity stage’ (%) Specimens Sex ritic § : mawrity staze (%) Specimeéns Sexratio 2 maturitv stage (%) Specimens Sex retiv 2 - maturity siaoce’ (%)

(Spamm:3-20m1 2 & (Sv§) 1 i1 1v & g (¥ 1 u n FI ey i iV 2 g dUR) I oIV

LLE-€

Banc d'Argum 4 2 030 756 00 00 250 0 2 E ] 4 E 0 [ E
Other S 0 000 10GO 00 00 0.0 0 0 E 0 0 E 3 2 067 86,7 333 00 0QJ
All area E] 2 0722 88,9 00 00 IL1 1] 2 E B] 0 E 3 1 067 56,7 333 00 00
(B) Al-Awam survey area
P Phase 1 cold season Phase 1 warm season Phase 2 cold season Phasz2 2 warm season
£ Swmaum _Specimens Sexratio 2 :maturity stage” (%) _Specimens Sex ratio 9 : maturity smze’ (%) _Specimens Sexrutio 2 :maturiry stage” (%6) _Specimens Sex ratio 2 : manurity swse” (%)
A g G EvE) T i N iV £ @ (FR 1 T now e P My T n iV 2 (IR 1 I
3-20m - - - - - - - - - - - - - - 52 1o 031 538 250 21.2 00 32 13 04] 469 500 301 00
20-30m 3 1 033 333 00 667 CQ 10 2 020 630 400 00 00 12 § 067 832 83 &3 (0 13 3 035 00 00 00 00
= 30-80m 9 PR ) 778 11 it 40 ] I 1000 1000 0.0 00 0.0 9 0 (.00 885 CO 1Ll 00 5 3 0350 833 157 QO 0O
5 80-200m 0 0 E 0 0 E 0 0 E ¢ 0 E
Z 200.00m O O E 0 0 E - - - - - o 0 E
400-600m - - - - - - - - - - . - . - . - - - - - - - - - - - - -
All stratum 12 3 025 667 83 250 0.0 1] 3 0237 63H 364 00 0.0 73 24 033 630 1972 178 0.0 52 21 0.0 534 327 18 00
3-20m - - B - - - - 16 3 050 3653 438 00 00 18 20 L1} 722 222 36 Q0 45 3 007 800 200 00 00
20-30m I 13 06% §10 93 95 00 g 1 er e8g 00 00 006 [N £ F ] E
s 30-80m 46 14 030 196 326 478 0.0 14 3 036 413 00 385 00 18 2 01l 77.8 00 222 0¢C 3 2067 333 667 GO 00
E  80-200m 0 0 E o 0 £ 0 ¢ E 6 0 E
< 200-400m 0 0 E o 9 E 0 E 0 0 E
400-600m - - - - - - - G 0 E - - - - - . - - - - - - - -
Allstrarum 67 27 040 388 254 358 00 39 14 036 684 184 132 00 36 27 Dol 75.0 11.1 159 00 g 3 0.0 771 226 0.0 00
3-20m - - - - - - - 0 0 E 22 100 1000 00 00 00 R E
20-30m ] 0 000 18 91 91 0O 1 0 00071000 00 00 00 35 023 6356 31.8 43 00 @ 0 E
= 30-80m 7 0 000 837 143 00 00 11 5 Q43 1600 00 00 00 8 0 0.00 ieC.G 00 00 00 7 3 043 1000 00 04 00
T 80-200m c 0 E 0 0 E Y E ¢ 0 E
v 200-400m 0 0 E 0 [t} E 0 o E 0 0 E
409-600m - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Allstraum 18 0 000 €33 111 58 00 12 5 0427 1000 00 00 00 32 7 03 750 219 351 09 7 35 043 1660 00 00 GO
3-20m - - N . - - - 16 85 050 563 338 GO 04 72 38 033 557 256 167 0.0 77 1o U3l 662 323 1.3 00
20-30m 33 14 040 77.1 B6 143 090 20 3 013 80.0 200 00 00 34 13 058 706 235 55 00 14 5 036 1000 00 G 00
30-20m 62 16 026 355 274 370 00 26 11 042 800 0.0 200 00 33 2 006 87 00 143 00 16 8 030 313 182 GO0 00
f:' 80-200m 0 0 E 4] G E 0 0 E ¢ O E
200-400m o ¢ £ [V E 0 ¢ E 60 E
400-600m - - - - - . - 0 0 E - - - - . - - - - - - - - -
Alstatum 97 a0 0.31 3057206 389 00 62 22 (35 73% 180 &2 00 141 33 03§ 688 17.7 133 00 107 29 027 739 262 09 00

Remarks. * I: Immnarare, U Semi-mature, 10: Mature, [V: Speat. - no mawi. E: Error. blank: no data.
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Table 3.92  Stomach content analysis of Canary dentex Denrex canariensis.

(A) Stomach condition

Stomach condition

Stomach content Somatic Index (S8

Phase Season

n* F'}LE:)}/ r;;:)l FC{(‘EI/:;E n* Min. Max. Mean
Cold 155 59.35 3.23 37.42 145 G.00 54.55 5.13
Warm 217 6544  0.00 34.56 217 0.00 $1.82 6.05
Cold 199 68.34 ﬁ"0.0() ) 31.66 192 0.00 76.97 7.04
Warm f44 52.08 0.69 47.22 143 0.00 46.86 7.71
*  number of individuals
(B) Stomach contents
Phase  Season n* Sip%mculo Motlusea Polychaeta Crustaces
-tdea Decapoda  Sepia sp. Octopada Other Gammaridac  Crab
| Cold 58 1.72 L.'J'Z 1.72 10.34 o
Warm 75 G6.67 5.33 8.00 2.67
o _ Cold o 3.7 159 159 159 1.59 o
Warm 63 1.59 4.76 22.22
(Continued)
] Crustacea Fish
Phase Season Anomura Sheimp Other E;:t::f:'::v Car:;;g.‘idac (‘iot‘ali)i'dac Cynos‘i:'-ossus Sol;i-dac Other
l C?ld 41.38 1.72 1.72--_ 22 41
Warm 8.00 4.00 4,00
Cold T 476 - B 31.75
Warm 307 952 Is§7 3.7 300 159 347 30.16
(Continued)
Phase  Scason Unknown
Cold 24.14
Warm 65.33
Cold 52.38
Warm 1270

*  pumber of individuals
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{A) Relationship between fork length and SSi
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L1} Red pandora Pagellus bellottii
a)  Body length range and mean body fength

Table 3.93 (page 3-285) presents the minimum, maximum and mean fork length obtained for the red
pandora.

In the Amrigue survey arca, the fork length of 39 individuals sampled varied betweein 46 and 132 mimn.
In different seasons (no sample was obtained in the Phase 2 cold season), the mean fork length was
between 72 and 113 mm, being targer in the cold scason than in the warm season.

[n the Al-Awam survey arca, the fork lengih varied between 36 and 295 mm throughout the suvey.
The mean fork length by area was within the following ranges: 120 and 166 mm in the Northern avea, 145
and 169 mm in the Centra! arca and 143 and 170 mun in the Southern area. The mean fork length by area
was greater in the warn season in the Northern area and in the cold season in the Central area, but no
seasonal variation was verified in the Southern aren. With a few exceptions, the mean fork length by
stratum in each area increased with depth.

b) Size composition

Figure 3.65 (page 3-282, 3-286 to 3-28Y) prescnts the evaluation of the size composition for the red
pandora. The fork length class is indicated at intervals of lem. For convenience, three groups were
defined: (i) smalti-size (fork fength less than 10em), (i1) medium-size (length between 10 and 20cmy), (iii)
targe-size (length over 20cm).

In the cold season, the fotal stock size in number of this species essentially comprisécl the small-size
group with the predominant mode at the 8-9cm class. However, in the warm season, it was composed of
the small-size group (in Phase I, the group of individuals larger than Scm; in Phase 2, the group with the
predominant mode at the 8-9cm class) and the medium-size group (in Phase 1, the group with the
predominant mode at the |5-16em class; in Phase 2, the group with the modes at the 12-13 and 17-18em
classes, hereinatter referred to as Ms group and M¢ group rospectively). The large-size group appeared in
all seasons, but without a conspicuous mode. The fact that the small-size group was found in both seasons

suggests that the spawning should either take a long period or happen in more than one period.

The distribution of thosc three groups was studied from the size composition by stratum and by arca.
The small-size group was distributed in all areas in each season, mainly in the Northern area in the Phase |
cold season and in the Phase 2. warm season, and in the Central and/or Southern areas in other seasons. It
was concetitrated at the 30-80 m stratum in each of these areas. The medium-size group was zlso
distributed in ail areas in each season, but mainly at the 30-80 m straturn in the Noithern area (Phase 1) or
in the Southern arca (Phasc 2 cold season). The Ms and M¢ groups were widespread over the survey area
in the Phase 2 warm season, both at the 30-8¢ m stratum, the former mainly in the Northern area and the
latter mainly in the Southemn area. The large-size group occwrred in all areas in each season, but without an
area of concentration throughout the survey.
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Figure 3.65  Size composition for red pandora Pagelluy bellotiii,

¢) Length-weight relationship

Figure 3.66 (page 3-283) shows the relationship between the fork length and weight for the red
pandora. The length-weight equations obtained were the following:

Phase 1 cold season  : BW=1.865x102xTL>%? (r=0.9897)
Phasc | warm season  : BW= 2.055x107xTL.2%¢ (r=0.9863)
Phase 2 cold scason  : BW= 2.130x107xTL>" (r=0.9889)
Phase 2 warm season  : BW= [.799x102x 7 (r=0.9890)

where, BW : body weight (g), FL.: {ork length (cm) and r : the coefficient of correlation.
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{A) Phase 1 cold season r1I3) Phase I warm season
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Figure 3.66  Length-weight relationship for red pandora Pagellus bellottii.

d) Lenpgth and weight by sex

Table 3.94 {page 3-290) presents the fork length and body weight observed in each sex lor the red
pandora,

In the Amrigue survey area, the fork length of the four males varied between 105 and 132 mm, and
that of the ten females between 78 and 130 mim.

In the Afl-Awam survey area, the fork length varied between 82 and 292 mun for males and between 36
and 310 mm for females. In each survey season, the mean fork length of males varied between 164 and
180 um, and that of females between 150 and [79 mm. The average males were larger than females in all
seasons.

The fork length of females with gonads developed enocugh to ullow sex determination by visual
inspection was approximately dem for the earlier individuals and 10cm for the late cnes; in males, the tork
length was 8cin for the early individuals. According to the Fish Base the red pandora is a protogynic
hermaphrodite. The results showed that fernales developed their gonads at smaller sizes than males and
verified those observations.

¢) Sex ratio and female matuarity stage

Table 3.95 (page 3-291) summarizes the sex ratio and the female malurity stage for the red pandora.
Figure 3.67 (page 3-292) presents their distribution by length class.

The overall sex ratio was, in survey order, 1.13, .43, 1.22 and 0.92, meaning that the male population
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was Inore numerous or equivalent to that of females. As for the sex ratio by stratum and by area, no
peographic- and depth-dependent change was obscrved.

The temale maturity ratio over the entive area varied between 7 and 11% in the cold season and
between |1 and 31% in the warm season; it increased in the more recent scasons. The female maturity
rafio by area was belween 15 and 17% in the Central area in the cold season and between 14 and 53% in
the Northern area in the warin scason {in Phase 2, the ratio in the Southern area was also high: 47%). n
cach season, the depth-dependent change of the maturity ratio ditfered according to the area. These results
suggest that: (Dthe spawning of the red pandora took place at least near both the cold and the warmn
seasons,  @the main spawning period happened before the warm season (one could also infer that from
the fact the population of small-size group described above is much more significant then than in the cold
season), Sthe main spawning grounds were the Central area in the cold season and the Northern and
Southern arcas in the warm scason, and @the spawning didn’t take place all at once, but there arc
geographical and vertical differences.

The size-dependent change of the sex ratio was acute in the Phase 2 warm season. There were no
males in size classes smaller than 80 i, but between 80 and 250 inm, the ratio increased progressively,
with some intermediate fluctuations, to tucn from ¢ to 300%; beyond 250 mm, the ratio decreased to 50%.
It is conceivabte that this resulf indicates sex reversal, as the red pandora is a protogynic hermaphrodite, as
mentioned above. But it should also be noted that in the three other seasons, the size-dependent aspect is
not the same. In both scasons of Phasc [, the ratio apparently tended to depend on length, but that was not
very clear; in the Phase 2 cold season, the state of male/female equilibrium was more or less maintained in
all length elasses.

The fork fength at first maturity in the cold season was observed at the 19-20cm class, and in the
warm season at the 11-12cm class. According to Franqueville (1979), the length at firtst maturity would
vary between 10 and 17cm. The results obtained were not in contradiction with those findings.

f) Feeding habiis

Table 3.96 (page 3-293) presents the stomach condition and the stomach content composition of the
red pandora in each survey season. Figure 3.68 (page 3-294) presents the relationship between the tork

length and S5 and SCW. Those results were based on all data collected by both the Amrigue and the
Al-Awam.

The ratio of the empty stomach was comparatively high, varying between 56 and 88%. Throughout
the survey, two individuals with the everted stomach were observed. The relationship between the fork
length and S5I and SCW showed that the largest individuals consume great quantities of food, while the
small-size individuals arc voracious eaters in relation to their body weight. Particularly, the SSI of
individuals with a fork length of less than 100 mm increased abruptly near 60-70 mm.

The red pandora is an omnivorous species. It fed mainly on polychaetes, crustaceans (shrimp, crabs,
anomurans, isopods, efc.) and fish. In Phase 2, sceweed and echinoderms were also found in the stomach
of this specics.
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Table 3.93

(A) Amrigue survey area

Body length range and mean body length for red pandera Pagellus bellottii : FL in mm.

Northern Phase | Phase 2
coastal area Cold season Warm season Coid season Warm season
(Swratum; 3-20m) Specimens Range Mean  Speamens Range Mean  Specimens Ranee Mean  Specimens Range Mean
Banc d'Arguin 18 72~132 112.3 6 39~85 74.5 0 ) 46~ 88 718
Other 0 7 66 ~ 94 773 0 0
All area 18 72~ 132 1123 13 59~ 04 76.0 0 8 46 ~ 83 7.9
(B) Al-Awam survey area
b Phase 1 Phase 2
_E Stratum Cold season Warm season Cold season Warm season
@ Speciniens Range Mean Specumens Ranga Mean Specimens Rangs Meen Specamens Range Mean
3-20m - - - - - - 41 75 ~ 290 1379 33 83 ~ 223 i84.1
20-30m 5G 61~218 104,1 37 62 ~ 230 134.0 40 70 -~ 250 1443 40 77~ 295 1468
= 30-80m 120 89 ~ 246 127.0 50 142 ~ 266 164.8 49 65 ~275 160.4 30 76 ~ 260 168.2
5 80-200m 0 o 0 0
< 200400m 0 0 - - - 0
400-600m - - - - - - - - - - - -
3-600m 180 64 ~ 246 119.8 117 62 ~ 266 183.1 126 65 ~290 148.4 153 75 ~ 263 166.0
3-20m - - 73 86 ~ 236 132.4 80 45~ 250 147.8 69 76 ~ 160 125.1
20-30m 40 36~ 246 1481 40 74 ~ 236 143.4 &0 43 ~243 128.2 75 69 ~ 230 1488
= 30-80m 69 63~ 271 7.9 200 55270 154.6 100 65~ 270 14€.2 130 6% ~-282 132.8
E 30-200m 14 202 ~ 238 2342 40 104 ~ 220 142.6 20 155~ 275 1926 H
O 200-400m G ¢ 0 o
400-600m - - - o - - - - - -
3-600m 123 36~ 271 169.3 358 35270 147 4 260 35273 146.1 284 65 ~ 282 143.0
3-20m - - - G 0 0
20-30m 37 130~ 240 181.6 20 116 ~150 1331 57 40~ 230 1 40 105~ 220 133.2
= 30-80m 60 0277 113.4 169 57 ~ 260 161.7 100 70~310 175.7 160 71 ~3202 167.2
g 30-200m 0 0 0 ¢
“ 200-400m 0 0 0 0
400-600m - - - - - - - - - - -
3-500m 97 56277 143.3 189 7~ 2560 158.6 157 40~ 310 170.1 200 71 ~ 202 164.4

Remark. - : ne trawl.
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Flgure.65 () continued.
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Figured 65 (C) continued,
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Fable 3.94

(A) Amiripue survey ares

Body length and weight by sex for red pandora Pagellus bellottii.

Individuals

Fork length in mm

Body weight ing

Phase Scason Sex .
of specimens Range Mean Range Mean
Male 4 105 ~ 132 120.3 25.0~48.0 36.3
Cold Fomale 8 100 ~ 130 117.5 19,0 -- 45.0 33.8
Indeterminate 6 T2~ 121 100.7 7.0~ 36.0 21 .O__
i Tofal I8 72~ 132 1i2.5 7.0 ~48.0 30.1
Male 0
Female 2 78 ~ 94 86.0 9.0--15.0 2.0
Warm )
Indelerminate i1 50~ 85 74.2 4.0--12.0 1.7
Total 13 50 ~ 94 76.0 4.0-15.0 8.4
Male 0
Cold Femai.e 0
Indeterminate 4] B o
5 lotal 0
Male 0
Warm l*emz\l'e 0
Indeterminate 8 46~ 88 71.9 2.0~ 13.0 8.0
Total 8 46 ~ 88 7.9 20~13.0 8.0

(B) Al-Awam survey area

Individuals

Tork length in mm

Body weight ing

Phase Season Sex .
of specimens Range Mean Range Mean
Male 104 85 - 263 164.3 10.0 ~- 425.0 116.4
Cold Female 145 36~ 277 149.6 5.0~505.0 102.2
_Indeterminate 91 56~ 230 84.0 4.0 ~235.0 17.4
: Total 400 36 ~ 277 140.7 4.0 ~ 505.0 88.7
Male 268 92 ~ 266 171.0 10.0 ~375.0 L10.1
Warm Female 188 57 ~- 270 168.6 6.0 ~3450 1071
[ndeterminate 208 55 ~ 260 112.4 4.0~ 3450 35.5
Total 664 55~ 270 152.0 4.0~ 3750 85.9
Male 204 97 ~ 290 180.1 15.0 ~455.0 128.9
Cold Female 167 100 - 3E0 178.8 23.0 ~580.0 127.8
[ndeterminate 175 40~ 188 98.4 2.8~ 135.0 24.0
9 Total 546 ~ 40~310 153.5 2.8 - 580.0 94.9
Male 260 82 ~292 [78.0 12.0 ~ 520.0 128.0
Warm Female 282 60 ~ 205 153.2 8.G--49510 94.9
Indeterminate 93 65 ~ 183 97.6 5.0~1100 9.5
Total 615 05 -- 295 156.1 5.0-~520.0 97.4
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Table 3.95  Sex ratioc and female maturity stage for red pandora Pagelfus hellottii.

(A) Amrigue survey area

Northern Phase | cold season Phase | warm season Phase 2 cold season Phase 2 warm season

coastalarea  Specimens Sexratio  © : maturity saze’ (%) Specimens Sex ratio § . mawrity stage’ (%) Specimens Sexratio @ : mawritvstage (%) Sputimens Sexratio @ - maturity stage’ (%)
(Strztum: 3-20my & & (Y 1 oI 2 & VR IV & & &M% 1 v 2 (g¥R) ] 0o 1

Banc d'Arguin 8 4 Q50 0w 0o L0 0 ¢ U E 0 0 E ¢y E
Other 0 4] E 2 0 000 o 0 E 0 0 E
All ared § 4 05 1000 ©¢0 00 GO0 2 0 009 g 0 E U G E
(B) Al-Awam survey arga
b Phase | cold season Phase 1 warm szason Phase 2 coid season Phase 2 wirm season
£ Srwmm _Specimens Sexratio 2 : mawripy stage’ (%) Specimens Sexratio 2 matwruy stage’ (%) _Specimens Sexratio 9 @ maturity stee’ (%) Specimens Sexratio 2 manrity saze’ (%)
2 e (] 1 I v £ g (N l R & 2 dv®y 1 woumIv GO oo v
3-20m - - - - - - - - - - - - . - 17 o U7l 324 176 0O 0U 1S~ 17 112 00 667 333 00
20-30m 24 17 071 Gl7 32 42 00 12 10 083 250 417 333 0.0 12 16 .33 SL.7T 83 Q.0 00 i3 21 162 462 251 3038 00
= 30-80m 39 66 1.69 639 31l 0.0 00 23 37 248 217 739 43 00 23 20 087 365 30+ 130 00 2% 33 127 241 34 724 00
E  $0-200m 0o E o 0 E G 0 E 0 ¢ E
Z200400m 0 O E ¢ 0 E - - - - - - - 09 E
400-600m - - - - - - - - - - - - B - - - - - - - - - - - - - -
All'straum 63 83 [32 957 48 16 0 35 67 191 229 629 143 00 3248 092 731 12 5% 00 57 73 128 208 246 326 09
3-20m - - - - - - - & A 144 R 313 00 090 20 31 105 350 300 330 00 3% 19 045 974 26 00 00
20-30m 13 T 114 14 2la 71 00 [N 57082 0.0 345 155 0D 127715 135 es7 230 &3 04 40 26 065 535 225 230 00
= 30-8m 3202 038 750 2% 31 00 42074 176 2035 476 119 00 25 3% 14 200 720 80 GO 70 51 073 537 270 171 00
E 80-200m 7 7 1.60 00 00 1000 00 19 19 1.00 526 421 33 Q0 12 8 067 687 333 00 00 0 0 E
O 200-400m 0 0 E 0 o] E 0 0 E 0 0 E
300-600m - - - - - - - 0 Q E - - - - - - - - - - - - - -
Allstraum 33 49 597 642 189 170 00 88 125 143 432 43 1325 00 6 30 116 30€ 445 135 00 149 98 064 658 195 148 00
3-20m " - - - - - - 0 0 E 0 Q E 0 [ E
20-30m 12 22 1.83 333 687 o0 0o ] 3 038 w00 90 00 0.0 327 2.08 154 462 335 00 15 20 133 800 A7 533 00
- 30-80m 17 10 059 824 176 00 00 773 [ 298 614 88 00 33 45 148 727 273 0o Qo ol 1 116 295 246 459 00
£ 50-200m 9 0 E ¢ 0 E 0 0 E 0 o E
¥T200-400m [0} ] E 0 b} E 0 Q E 0 0 L
400-600m - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Allstatum 29 32 110 620 378 0.0 €D 85 76 117 38.5 538 77 GO0 46 76 165 3635 326 105 00 76 61 120 31,6 211 474 00
3-20m - - - - - - - 16 23 1.HA 8§E 313 0.0 00 37 33 089 363 253 188 0C 34 36 (067 704 304 93 0O
20-30m 3055 110 720 248 40 00 it 22 uTl 355 335 350 0.0 37 38 137 7 ses 270 162 00 &8 67 095 485 193 324 GO0
30-80m 88 102 116 35.2 136 1.1 0.0 122 204 1.67 32.0 550 50 00 8l 103 130 519 €0 62 00 160 157 {098 400 219 381 00
3 30-200m 7 7100 0.0 0.0 1000 00 19 13 LOO 526 421 53 0.0 12 § 067 667 133 0.0 00 0 0 E
200-400m o] g E 0 g E 0 0 E o] 0 E
400-500m - - - - - - - 0 0 E - - - - - - - - - - - - - -
Allstratum 195 164 113 766 166 69 00 198 268 143 37.8 SI.1 112 G0 167 204 122 551 341 i0.8 0.0 287 260 062 479 209 312 0.0

Remarks, 1 immarure, 0. Seini-maure, 10 Mature, [V: Spent. - no wawl, E: Error. blank: no data
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Figure 3.07 Sex ratio and female maturity stage by length class for ved pandora Pagelius bellottii .
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Table 3.96  Stomach content analysis of ved pandora Pagellus bellottii,

(A) Stomach condition

Stomach condition Stomach content Somatic Index (S51)

Phase  Scason e &z:[/:l)y Eg;:)t Fe?g:)lg o Min. Max. Mean
¢ Colc!” o ﬂﬁ_“ 56.46 0.24 43.30 o 397 0.00 218.18 12.96 B
Warm 627 87.48 0.00 12.12 625 0.00 52.50 1.23
Cold 389 8175 0.00 1825 368 0.00 19070 5.0
Warm 584 73.80 0.17 26.03 570 0.00 50.00 242
{B) Stomach confents
Mollusca
Phase  Season n¥ Algae Polychacta
Gastropoda  Bivalvia  Decapoda  Other
| Cold 181 0.55 2.21 25.97
Warm 76 1.32 3.95 2.63
Cold 71 141 1.41 L.l
Warm 152 132 0.66 7.24 .32 0.66 13.16
{Continued)
Crustacea
Phase  Season Echinodermata Fish Unknown
Isopoda  Crab  Anomura  Shrimp  Other
L Cult_i__ 0.55 1.E0 2.21 16.57 14.36 38.07
Warm 13.16 2.63 76.32
"~ Cold 141 rar L4 1268 7887
" wam 1.32 592 1645 0.66 329 5197

Remark. * : Individuals of specimens.
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{A) Relationship between fork length and SSI
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12) Narrowhead grey mullet Mugil capurrii

Ouly two individuals of the narrowhead grey mullet were subjected to the multi-item biological
measurement: onc captured at the 3-20 m stratum in the Southern arca in the Phase 2 cold season (referred
to below as A7), and another caught at the 80-200 m stratum in the same arca and scason (342).

The biological findings on M/ and M2 were the following:

M1 tork length 462 mm, weight 1,215 g; immature female, stomach empty.
Af2: fork length 550 mm, weight 2,150 g; mature temale, stomach empty.

13) Flathead mullet Mugil cephalus

Only fifteen individuals of the fathead mullel were obtained in Af-Awam survey area in Phase 2 and
measured as to their biological characteristics.

The biological findings obtained on those individuals are presented below for each season:

a} Fourieen samples in the cold season: thirteen at the 3-20 m stratum in the Central area and
one at the 3-20 m stratum in the Southern area

fork length : between 118 and 650 mm (mean 404 mm)

weight : between 110 and 3,395 g (mean 1,058 g)

fork length of males : between 118 and 520 mm (mean 358 mmn)

tork length of females : between 340 and 650 mm (mean 453 mm)

length-weight relationship s BW=0.3247xFL>'Y (1=:0.9348), BW in g and FL in cm
sex rafio : 043

female maturity ratio :29% () mature female in the Southern arca)

length at first maturity 1590 nun

rate of empty stomachs :93%

feeding habits : not determined

b) Onesample in the warm season at the 30-80 m stratam in the Northern arca

fork length 57 1mn
weight 2,365 ¢
mature female

stomach cmpty
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14) Sencgalese sole Solea senegalensis

The forty individuals the Sencgalese sole obtained in the Al-Awam survey area and the further forly
individuals obtained by the Amrigue survey area were subjected to the multi-item biological measurement,

a) Body length range and mean body length

Table 3.97 (page 3-300) shows the minimum, maximum and mean total length for the Senegalesc
sole.

In the Amrigne survey arca, the tofal length varied between 208 and 370 mm, while the mean total
length varicd between 302 and 331 mm. The mean tofal length was larger in the cold season than in the
warm season. Also, the mean total length by area was smaller in the Bance ’ Arguin,

In the Al-Awam survey area, the total length varied between 197 and 458 mm. The mean total length
by area varied between 230 and 390 mm and seemed larger in the Northern area,

b) Size composition

Figure 3.69 (page 3-297, 3-301 to 3-303) shows the evaluation of the size composition for the
Senegalese sole stock. The size composition in the Amrigue survey arca is only presented for the total
stock size in number, The total length class is indicated at intervals of [cm. For convenicnee, three groups
were defined: (i) small-size (total length less than 20cm), (ii) medium-size (length between 20 and 40cm),
(iii} large-size (length over 40cm).

In the Amrigue survey area, the total stock size in number comprised oniy the medium-size group. In
the Al-Awam sutvey avea, the size groups that imake up the stock dilfered according to the seasote. In
survey order after the Phase | warm season, the groups that constituted the stock were suceessively formed
by individuals that werc: (D medium- and large-sizes; @ small-, medium- and large- sizes; (3
medium-size. The small-size group was distributed at the 3-20 m stratum in the Cenfral area and the
large-size group in the Northern and/or Central areas.

The medium-size group mainly formed the stock size in number in the two arcas surveyed by the
Al-Awam and the Asrigue. It was not possible to determine the classes corresponding to the modes of
those three groups due fo the scarcity of available data.
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Figure 3.69
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¢) Length-weight relationship

Figure 3.70 presents the relationship between the total length and weight for the Senegalese sole. The
length-weight equations ahlained were the following:

Phase | cold season  : BW= 4.673x107 71" (1=0.9897)
Phase | warm scason  : BW=2.887x107*xTL**" (r=0.9863)
Phasc 2 cold season (BW= 5.492x 107 xTLM {r=0.9889)
Phase 2 warm season  : BW= 1.062x10%xL*™ (r=0.9890)

whete, BW : body weight (g), TL : total length {(cm) and r : the coefficient of correlation

According to the Fish Base, the relation between body length and weight is given by the equation:
BW = 0.0051=xTL’ '™ (N=173, TL: 26.5-50.0cm, Portugal, 1992-94), This equation is very close to that
obtained in the Phasc 2 cold season, in which data were relatively numerous (N=40).

(A) Phase I cold season (B) Phase | warm season
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Figure 3.70  Length-weight relationship for Senegalese sole Solea senegalensis.

d) Length and weight by sex

Table 3.98 (page 3-304) presents the total length and body weight observed in each sex for the
Sencgalese sole.

I the Amrigue survey area, the total length varied between 250 and 350 mm for males and between
210 and 371 mm for females. The mean total length varied between 300 and 314 mm for males and
between 300 and 331 mm for females.
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In the Al-Awam survey area, the total lenpth varied between 197 and 370 inm for males and between
210 and 458 mm {or females.

[n both areas, the mean female size was larger than that of males. The minimum length of individuals
with gonads enough developed to allow for sex determination by visual inspection was 2 lem for females

and 20cm for males.
¢) Scx ratio and female maturity stage

Table 3.99 (page 3-305) summarizes the sex ratio and the female maturity stage lor the Senegalese
sole. Figure 3.71 (page 3-306) presents their distribution by length class.

In the Amrigue survey area, the sex ratio of this specics was between 0.15 and 0.50 (only females in
the Phase | cold scason). In the Ai-Adwam survey area, it was 0.43 (only females in the warm season of
both Phases). The amount of data was insufficient to allow for definitive conclusions to be drawn on the

sex ratio, but it scems that females were clearly in the majority.

The mature females were observed in both arecas surveyed (Amrigue and Al-Aweam). It seems that the
maturity ratio was higher in the warm season overall, [n the area surveyed by the Al-Awam, apparently the
female maturity ratio was high in the Northern area. These results suggest there would be at least two
spawning periods for the Senegalese sole, and that the main one should be in the warm season.

No size-dependent change of the sex ratio was observed. In all length classes, the sex ratio was less
than 100%, indicanting a predominance of females. The fength at first maturity for femaie was observed at
the 27-28cm class in the cold season and at the 28-29cm class in the warm season.

f) Feeding habits

Table 3.100 (page 3-307) presents the siotnach condition and the stomach content composition of the
Senegalese sole in each survey scason. Figure 3.72 (pgae 3-308) shows the relationship between body
length and SS8tand SCW.

The ratie of the empty stomach varied between 33 and 84%. The relationship between the fork length
and S$81 and SCW showed that the largest individuals consume great quantitics of food, while the
small-size individuals are voracious eaters in relation to their body weight. The 581 of the Senegalese sole

was higher in the cold season, suggesting that they eat more in the cold season than in the warm season.

The Senegalese sole fed mainly on mollusks (bivalves, efe.), but somctimes also on polychaetes and

crustaceans.
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Table 3.97

(A) Amrigue survey area

Body length range and mean body length for Senegalese sole Soleq senegalensis : TL in mm.

Northern Phase 1 Phase 2
coastal area Cold sesson Warm season Cold season Warm season
{Stratum: 3-20m)  3Spzeimens Range Mean  Specimens Range Mean  Specimens Range Mean  Specimens Ranoe Mean
Banc d'Arguin 1 293 293.0 g 223~371 301.7 7 250 ~330 307.1 13 208 ~ 346 2949
Other 2 346~ 354 3300 4 136~ 348 3418 0 2 333~ 370 331.3
All area 3 293 ~ 354 3310 13 223~ 371 314.0 7 250 ~ 350 307.1 i 208 ~ 370 301.%
(B) Al-Awarm survey area
5 Phase | Phase 2
E Stratum Cold season Warm season Cold season Warm season
@ Speaimens Range Mean  Specimens Runge Mear  Specimens Ranee Mean  Specmens Range Mean
3-20m - - - - - - 2 370 ~423 397.0 0
20-30m 0 3 126~ 373 3503 1 373 3750 [ 332 332.0
= 30-80m 0 1 438 38.0 0 i 330 380.0
5 80-200m 0 ¢ ¢ 0
Z 200400m 0 0 - ; - 0
430-600m - - - - - - - - - - -
3-600m 0 4 326~ 458 3773 3 3T~ 424 389.7 2 372~ 380 366.0
3-20m - - - 0 27 197 ~ 300 2635.9 0
20-30m 0 0 3 210~ 273 236.0 ]
g 30-80m 0 0 0 ]
E  80-200m 0 0 0 ¢
o 200-400m 0 0 ¢ 4]
400-600m - - - 0 - - - - - -
3-600m 0 0 30 197 ~ 400 262.9 0
3-20m - - - 1 230 230.0 0 0
20-30m 0 0 0 0 -
= 30-80m 0 0 0 ¢
2 80-200m 0 0 ¢ 0
S 200-400m 0 0 0 0
400-5600m - - - - - - - - - - - -
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Table 3

98 Body length and weight by sex for Senegalese sole Sofea senegalensiy,

{A) Amrigue survey arca

Individuals

Fotal length in nun

Body weight in g

} ) "
Phase  Season Sex of specimens Range Mean Range Mean
Male 0
Cold Female 3 293 ~ 354 331.0 210.0 ~ 415.0 313.3
Indeteriminate 0 -
l T Total 3 293 ~ 354 330 2100-~4150 3133
Male 3 284 ~ 336 303.3 210.0 ~ 345.0 256.7
) Female 10 223~ 371 317.2 105.0 ~ 480.0 313.5
Warm . )
Indeterminate 0
Total 13 223 ~ 371 314.0 1053 ~ 480.0 300.4
Male 2 250 ~ 350 300.0 135.0 ~ 390.0 262.5
Cold Female 4 270 ~ 340 300.0 195.0 ~ 380.0 260.0
Indeterminate | B 350 350.0 380.0 380.0
5 Total 7 250~ 350 307.1 135.0~390.0  277.9
Male 2 295 ~ 333 314.0 210.0 ~ 300.0 255.0
Warm Female 13 210~ 370 306.2 95.0 ~ 465.0 277.7
Indeterminate 2 208 ~ 310 259.0 75.0 ~245.0 160.0
Tuotal 17 208 ~ 170 3016 750~ 465.0 20612

(B) Al-Awgm survey area

Individuals

Total fength in nun

Body weight ing

Phase Season Sex X
of specimens Range Mean Range Mean
Male 0
Cold FGIIIH!C 0
_ndeterminate 0 | .
i Total 0
Male 0
_ Female 5 230 ~ 458 347.8 150~ 1,450.0 559.0
Warm .
Indetcrminate 0
Total 5 230 - 438 347.8 115.0 ~ 1,450.0 559.0
Male 9 197 - 370 236.2 70.0 ~ 470.0 136.1
Cold Female 21 210 ~ 424 298.6 95.0 ~ 680.0 299.8
~ Indeterminate 3 205~245 2200 750~ 1100 867
2 _ Total 33 197 ~ 424 274.5 70.0 -- 680.0 2358
Male t]
Warm Fema!e 2 352 --380 366.0 355.0 - 580.0 467.5
Indeterminaie 0
Total 2 332 - 330 366.0 355.0 - 5800 467.5
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Table 3.99

{A) Amriguz survey area

Sex ratio and female maturity stage for Senegalese sole Solea senegalensis.

Northemn Phase | coid season Phase T warm season Phase 2 cold season Phase 2 warm s2ason
coastal area  Specimens Sexratio § : maturitv stage” (%) Specimens Sexratic £ : matunw stage (%) Specimens Sexratio £ : maturiry stage (%) fpecimens Senrano 2 mereriny stage (%
(Seratum: 3-20m) & ENCAE 1 i1 1] v $ & (FYR) 1 11 111 v £ () [ il i) v 2 & (dVR) I il 11l 1V
Banc d'Arguin i [V 0.0G 0O 1000 v 2028 143 429y 426 00 E] 2030 300 230 230 00 12 ] ovg 300 00 30 o
Qrhar 2 0 000 00 00 500 500 3 1 (.33 0.0 867 333 00 0 Y] E 0.0 0.0 0.0 0.0 1 ! 1.00 0.0 0.0 1009 0.0
All area 3 0 0.00 00 00 667 333 19 35 030 0.6 360 400 @0 4 2 030 300 230 250 00 13 2015 u2 006 338 0D
(B) Al-Awarn survey area
g Phase 1 cold season Phase | warm sezson Phase 2 cold season Phase 2 warm season
£ Svarm _Specimens Sexratio £ @ maturity stape (%) Specimens Sexratto @ :maruritystage (%) Specmens Sexratio P : mamrity smae (%) Specimens Sex remic £ manriny staze (%5
b o2 Q¥R 1 mnm W g @ (R 1 I e @ ¥ 1 i IV & & (dvE)y ] 1L ur
__3=20m - - - - - - - - - - - - - - ] L0 g0 00 Jul 00 0 U E
20-30m 0 ¢ E 3 0000 00 00 335 667 ] 0 Q.00 0.0 100.0 0.0 0.0 i 0 000 0.0 1000 00 00
= 30-80m 0 o] E I 0 000 00 0.0 000 00 Q 4] E 1 0 000 0.0 o0 1000 Q0
E 80200m 0 0 E ¢ 0 E 0 o E ¢ o E
= 200-400m 0 0 E [ R - - - - - 00 E
100-600m - - - - - - - - - - - - - - - - - - - - - - - - - - -
All stratum 0 0 E q 0 0.00 0.0 0.0 300 300 2 1 0.50 00 300 300 00 2 0.00 500 s0.0
3-20m - - - - - - - Y] 0 E 17 § 047 235 529 118 11§ "] 0 E
20-30m 0 0 E 0 i} E 2 0 040 0.0 300 0 00 [ [} E
B 30-80m 0 0 E 0 0 E 0 0 E G 0 E
E §0-200m 0 0 E 0 G E 0 0 E g ¢} E
O 200-400m ¢ 0 E 0 ¢ E 0 ¢ E 0 0 E
200-600m - - - - - - - 0 0 E - - - - - - - - - - - - -
All stratum 0 [§ E 0 [ E 19 § 042 211 336 158 1023 0 )] E
3-20m - - - - - - - i 0 Q00 1000 00 00 00 Q 0 E U U E
20-30m [ £ 0t E g 0 £ 00 E
= 30-80m ¢ 8 E 0 0 E 0 o E 0 0 E
£ 80-200m 00 E 0 ¢ E e 9 E 0 0 E
“ 200-400m 0 0 E 0 0 E o Q E 0 ] E
A00-600m - - - - - - - - - - - - - - - - - - - - - - - - - - -
All stratum 0 ) E ] 0 000 1000 00 0.0 0.0 [ i E [ i E
3-20m - - - - - - - ! ¢ 000 2006 0.0 400 300 13 9 050 222 500 o7 JL1 4 J c
20-30m G 4] E 3 0 000 0.0 00 333 667 3 0 000 00 657 333 00 1 ¢ 000 0.0 1600 0.0 00
_ 50-80m G ¢ E I 0 0.00 0.0 9.0 000 00 0 0 E 1 O 000 0.0 00 1000 00
Z  80-2060m g o E 0 o E o 0 E ¢ ¢ E
200-400m 0 G E 0 [l E 0 0 E ¢ vy E
400-500m - - - - - - 0 0 E - - - - - - - - - - - - - -
All stratum 0 0 E E d  0.00 200 00 400 400 21 9 043 180 324 190 953 2 0 aco 2.0 3.0 30 00

Remarks. * I: Immarure, It Serai-mature, T Manwe, TV:

Spent. -inotrawl. O; nodata. E: Error.



{A) Phase 1 cald season
2) Indrierralng.

(13} Phase 1 warm s¢ason
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Figure 3.71 Sex ratio and female maturity stage by length class
for Senegalese sole Soleq senegalensis .
3-300



Table 3.100

{A} Stomach candition

Stomach content analysis of Senegalese sole Solea senegalensis.

Stomach condition

Stomach content Somatic index (S51)

Phase Scason

n* En;[%l)y EE’;:)[ """Eﬁ'/l‘)‘g n* Min. Max. Mean
| Cold 3 3333 0.00 66.67 3 0.00 14.46 6.94
Warm 17 70.59 .00 29.41 7 0.00 6.56 0.01
Cold 34 70.59 0.00 29.41 34 0.00 22,22 3.85
2 Warm {9 84.21 0.00 15.79 18 0.00 (.95 0.08
(B) Stomach contents
Motlusca
Phase  Season n¥ Polychacta  Crustacea Unknown
Bivalvia Other
| Cold 2 100.00 o
Warm 5 40.00 60.00
Cold 10 70.00 10.00 1000 10.00
’ Warm 3 33.33 3333 33.33

Remark. * : Individuals of specimens.
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(A) Relationship bctW;:cn total length and SSI

for Senegalese sole Solea senega!en.s:s
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(2) Cephalepods
Presented betow are the biologica! lindings obtlained for the three species targeted in this survey.
1) European squid Lolige vilgaris
a} Body length range and mean bady length

Table 3.101 (page 3-313) presents the minimum, maximum and mean mantle length obtained for the
Furopean sequid,

Inn the Amrigue survey area, the number of individuals of specimens was only six: one in the Phase |
cold season and five in the Phase 2 warm season, The mantle length of the individual in the cold scason was
460 mm and those of the specimens in the warm season varied between 22 and 168 mim, the mean mantle
tength being 62 mm.

[n the Al-Awenn survey arca, the mantle tength of this species was between 28 and 540 mm. In the
Phase 1 cold season, the mean mantle length by area was high in the Central area, while in the warm season
of the same Phase it was high in the Northern area and low in the Southern area. In Phase 2, regardless of
season, the mean length was high in the Southern area and decreased northwards. The mean mantle length
by stratum in the Phase 2 cold season was very high at the 3-20 m stratum of alf areas. This could suggest a
migration of the European squid along the coast until reaching maturation, This possibility of migration will
be focused further below.

b) Size composition

Figure 3.73 (page 3-310, 3-3 14 to 3-317) presents the evaluation of size composition for the Furopean
squid stock. The mantle length class is indicated at intervals of lem. For convenience of considering the
size composition, three groups were defined: (i) small-size (inantle length less than 10cin), (if) medium-size
(length between 10 and 20cm), (iii) large-size (Iength over 20cm).

The size composition of the total stock size in number presented many modes, but the more
predominant modes existed at the mantle length classes of less than 10cm throughout the survey. The mode
for the small-size group, which was the majority of the stock size in number, was located within the two
classes between 6 and 8cm. This strongly suggests that spawning of the European squid takes place over a
long period. The main mode of the medium-size group was not salient, except in the Phase | cold season
(mode within 15-17¢m classes). The large-size group also displayed a certain number of modes, but always
with low peaks (low frequency of individuals).

The distribution of those three size groups was examined based on the size composition by stratum
and by arca. The small-size group was distributed over different areas in all seasous, particularly at the
30-80 m stratum {at the 20-30 m stratum in the Phase 2 cold season) in the Northern area. In the Phase |
cold season, only the small-size group was distributed at the 20-30 m stratum in the Southern arca. The
mediwm-size group exhibited a distribution paitern identical to that of the small-size group. The strala
where only the medium-size group was distributed were the 30-80 m stratum in the Southern area in the
Phasc 1 cold season and the 3-20 m and 80-200 m strata in the Northern area in the Phase 2 warim season.
'The large-size group had also an identical distribution pattern. In the Phase 2 cold season, the frequency of
occurrence of the large-size individuals was prominent at the 3-20 m stratum 1in each area, strongly
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suggesting a migration displacement atong the coastline for reproduction, as atready meniioned.
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Figure 3.73  Size composition for Eurepean squid Loligo vulgaris.

¢} Length-weight relationship

Figure 3.74 (page 3-311) presents the relationship between the manile length and weight in the
European squid. The length-weight equations obtained were the following:

Phase 1 cold season  : BW=0.1366xML>*"* (=0.9913)
-Phase | warm scason  : BW=0.1890xML>% (r=0.9776)
Phase 2 cold season ~ : BW= 0.1905xM[>** (r=0.9871)
Phase 2 warm season  : BW= 0.1670xML*"”* {r—=0.9849)

where, BW : body weight (g), ML : mantle length (cm) and r : the coefticient of correlation.
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{A) Phase | cold season (B} Phase T warm season
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Figure 3.74  Length-weight relationship for European squid Lofige vulgaris.

d)} Length and weight by sex

Table 3.102 (page 3-318) presents the mantle length and body weight observed in each sex for the
European squid.

Among all specimens in the Amrigue survey arca, the only two individuals for which sex
determination was possible were a male {mantle length 460 inmn) and a female {mantle length 168 wun).

The mantle length of the individuals of specimens in the Ai-Awam survey area varied between 51 and
530 mm for males and between 47 and 540 mm for females. The weight varicd between 5 and 1,900 g for
males and between 5 and 2,100 g for females. The mean male size was slightly larger than that of females
in all seasons except in the Phase | cold season, in which males and females were of the same size. The
mantle length of individuals with enough developed gonads to allow sex determination by visual inspection
was at least Sem for both males and femaies.

¢) Sex ratio and female maturify stage

Table 3.103 {page 3-319) summarizes the sex ratio and the female maturity stage in the European
squid. Figure 3.75 (page 3-320) presents their distribution by length class. The mantle length class is
indicated at intervals of lcm. The maturation state of males is also indicated.

The individual in the Amrigue survey area was a mature female,

The overall sex ratio in the Al-Awam survey area varied between £.03 and 1.07 in Phase | and
between .57 and 1.78 in Phase 2. The state of male/female equilibrium was maintained in Phase [, while in
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Phase 2 males were in the majority. Arcas where the sex ratio indicated a predominance of females were the
Central area in the Phase | cold season, the Northern and Centraf arens in the Phase | warm scason and the
Southein arca in the Phase 2 cold season. Predominance of males increased with depth, by stratum and over
the entice area.

[n the survey area order, the female maturity ratio was 6.7%, 9.9%, 44,9% and 3.3% respectively. The
apent female ratio was 0% in the warm season, but approximately 3% in the cold scason. The geographical
or vertical difterence in the female maturily ratio was observed. This trend was particularly clear in the
Phase 2 cold scason, in which the female maturity ratio at the 3-20 m stratum in the Northern and Southern
arcas was 90 %, 100% respectively. Such a concentration of the mature females in the coastal arca strongly
supgests a migration for reproductive purposes. From these results it is possible to infer that the European
squid always spawns in the cold season (April-May), but also that there is another spawning period after the
warm season (September-October). One could also presume that spawning in the coastal area is done by
means of temporal displacements according to geographical location.

A certain size-dependent change of the sex ratio was observed in some survey scasons, but this
change has two opposing forms. In classes between 50 and 260 mm, the sex ratio increased from 0 to 300%
in the Phase | warm scason and decreased from 300 to 0% in the Phase 2 cold season, with some
infermediate fluctuations. For the individuals with the mantie length over 30cm, males were clearly in the

majority and females appeared only rarely.

The mantle length at first maturity was, for both males and females, at the [4-15cm class in the cold
season and at the 12-13cm class in the warm season. According 1o Dia ¢/ Inejih (1991), the mantle length at
first reproduction would be approximately 13em for males (at the age of 10 months) and about 16cm for
females (at the age of 12 months). These authors report that the European squid has a lifespan of three years
for males and two years for females. The resuits obtained — namely, of predominant males and rare females
beyond 30cm, and of the mantle length at first maturity ol 12-15cm tor males and females, do not
contradict those findings.

f) Feeding habits

Table 3.104 {page 3-321) presents the stomach condition and the stomach content composition of the
European squid in each survey season. Figure 3.76 (page 3-322) presents the relationship between the
mantle length and SST and SCW.

The ratio of the empty stomach varied between 78 and 93%. The relationship between the mantle
length and 551 and SCW showed that the largest individuals consume great quantities of food, while the
small-size individuals are voracious eaters in relation to their body weight. However, the mantle
length-SCW relationship shows that the ingested quantity increased up to about 200 mm, and then declined.
At the moment it is not known whether this decrease in quantities ingested by the large-size individuals is
related to reproduction,

‘The European squid mainly fed on fish (the European pilchard Sardina pilchardas, the red pandora
Pagellus bellottii, the Lusitanian sole Microchirus boscanion, etc.), but also on mollusks (cuttlefish or
squid) and crustaceans.
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Table 3.101  Body length range and mean body length of European squid Loligo vuigaris : ML in mm.

(A) Amirigue survey area

Northern Phase 1 Phase 2
coastal area Cold season Warm season Cold season Warm season
{Stratum: 3-20m) Speeimens Range Mean  Specimens Range Mean  Specmens Range Meun  Specimens Range Mean
Banc d'Arguin i 360 460.0 0 0 5 22~ 168 61.8
Orher 1 460 4600 v} 0 5 22~ 168 61.8
All aren 0 Q 0 4
(B) Al-Awam survey area
o Phase 1 Phase 2
_':5 Srramum Cold season Warm season Cold season ‘Warm season
A Specimens Range Mean  Specimens Range Mean  Specimens Range Mean  Specimens Range Miean
3-20m - - - - - 28 35374 237.0 2 130~ 172 161.0
20-30m =] 47 ~ 304 103.6 38 32 ~430 7 50 40 ~ 366 106.9 20 72~ 137 105.0
= 30-80m 131 35~ 433 20.3 &0 28 ~as) 7 59 31~ 3500 1343 100 41 ~342 93.0
5 30-200m 0 0 ¢ 8 128~ 152 1411
“200-400m 0O 0 - 0
400-600m - - - - - - - - - - - -
3-500m 22] 33 ~ 433 113.6 118 28 ~ 460 144.6 207 25~ 3500 147.2 130 41 =342 1027
3-20m - - - 0 114 50 ~ 540 206.5 4
20-30m 32 75 ~427 183.1 0 50 ~313 1012 0
B 30-80m 1 250 250.0 134 28~ 323 138.3 0 57 67 ~ 308 1469
E §0-200m 0 100 TG ~252 129.8 0 49 84 ~200 118.8
~ o 200-400m 0 0 G 0
400-600m - - - 1] - - - - - -
3-600m 33 75~ 427 187.1 234 28~ 1325 1350 174 30~540 1702 116 67 ~ 308 1350
3-20m - - - 0 12 180 ~ 430 269.¢ 0
20-30m 4 69 ~93 81.0 0 I3 78~ 353 163.9 0
= 30-80m 2 119~ 159 139.0 100 63 ~ 3635 1357 0 51 79~ 432 136.8
2 80-200m 0 108 70 ~ 257 122.3 a 20 36 - 202 127.6
“ 200-400m 0 0 0 0
400-600m - - - - - - - - - - -
3-600m 5 60 ~ 139 100.3 208 63 ~ 365 128.7 235 78 ~ 450 228.0 71 34~ 452 1385

Remark. - : no rawl.
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Fable 3.102

(A) Amrigue survey area

Bedy length and weight by sex for European squid Lolige vuigaris.

Individuals

Mantle fength in mm

Body weight ing

Phaso Season Sex of specimens Range Mcan Ranpe Mean
Male | 460 460.0 1,220.0 1,220.0
Cold Fema!e G
Indeterminate 0 7
| " Total i 460 160.0 1,220.0 £,220.0
Male G
Warm Fenm!e G
Indeterminate 0
Total 0
Male ]
\ Fenule Q
Cold _Indeterminate 0
5 Total 0 -
Male 0
Female i {68 168.0 145.0 i45.¢
Warm .
Indeterminate 4 22~ 43 35.3 2.5~53 4.2
Total 5 22 ~ 168 61.8 2.5~ 1450 32.4
{B) ALAwam survey area
Phuse Season Sex If](liviclluals Mantle length in mm Body weight ing
of specimens Range Mean Range iviean
Male [30 52 ~ 435 124.3 5.0 ~ 1,450.0 117.2
Cold Female 122 47 - 312 124.8 58-~715.0 1t4.7
_Indeterminate 8 45~ 82 60.9 5.0- 250 126
| Total 260 45 ~ 435 1226 5014500 1128
Malc 208 70 ~ 460 155.6 20.0 ~1,295.0 157.8
Warm Female’ 212 59 -- 450 140.1 15.0 ~ 1,140.0 1239
Indeterminate 130 28~ 205 90.8 1.0 ~2550 40.9
Total 560 28 ~ 460 134.7 1.0~ 1,295.0 117.8
Male {41 70~ 530 2254 14.0 ~ 1,5900.0 385.9
Cold Female 90 70 ~ 540 197.9 15.0 ~ 2,100.0 275.8
_Indeterminate 75 25~205 927 2.3-252.0 41.6
2 Total 406 25~ 54U 162.1 2.3~2,1000 2130
Male 174 51 - 452 132.2 50~ 1,160.0 100.6
Warm Female 98 65 ~ 243 129.4 13.0 - 340.0 91.8
[ndeterminate 45 41~ 120 86.0 3.7~ 69.0 33.1
Total 317 4] ~ 452 124.8 3.7~ 1,160.0 88.3
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Table 3.103  Sex ratio and female maturity stage for European squid Loligo valgaris.

{A) Amrigue survey area

Narthern Phase | cold season Phase T warm seasen Phase 2 coid season Phase 2 warm sezs0n
coastal area  Specimens Sexraue 3 maturity stage (%) Specimens Sexratio @ - maluritv stace (%) Specimens Sexrtatio  § : mawritv stage’ (%) Specimens Sex rutio 8 : mawrity stage (%)
(Sratum: 3-20m) @ g (GVR) | o1 oo (0 WY -GS N T Tt R I v
Bane d'Arguin U [ E U u E i] [} E q ] E
Other ] | E 0 0 E 1] 0 E 1 0000 00 00 1000 04
All area 0 [ E a 0 E 0 [¢] E 1 0 000 0.0 00 1000 Q00
(B) Af-Awam survey arca
] Fhase | cold season Phase | warm season Phase Z cold season Phase 2 warm season
."g’ Siratwm _Specimens Sexratio 2 : maturitv stage’ (%) Specimens Sex ratio £ : mawrity stage (%) Specimens  Sexratin £ : maturity stage’ (%) Specimens Sex ratie 2 : marurity siage (%)
v 2 (PR I il 111 1V 2 & (E) ! il i IV 2 & () 1 Mi Hi v 2 & () 1 I I 1A'
3-20m - - - - - - - - - - - - - - il 14 1.27 QO g1 XKy 00 [i] 2 E
20-30m 49 36 073 918 20 6l 0.0 34 14 041 548 324 &8 00 9 7078 414 222 333 Q.0 [ 12 200
= 30-30m L] 1.67 822 133 22 2z 27 20 074 667 296 37 Q0 i3 32 246 362 230 308 00 26 35 1.35 100.0 0.6 50 0
£ 80-200m o 0 E 0 0 E 0 0 E 3 3 080 200 800 90 00
< 200400m 0 0 B o 0 E - - - - - - - 0 ¢ E
400-600m - . . .- . - . - . - .. - - - - - - - -
All stratum 97 116 1.2 87.2 74 43 1.1 61 34 056 423 31 66 DO 33 53 161 303 182 3135 0.0 37 32 141 &7.1 129 0.0 €0
3-20m - - - - - - - 0 4 E 46 60 130 282 236 3835 717 [i} i E
20-30m 210 1T 0.82 57.1 190 180 48 5] 0 E 30020 667 333 333 333 Q0 i 0 £
K] 30-80m 1 o 0.00 0.0 Q00 CO 1000 47 3% 087 489 298 213 00 0 43 E 21 a5 I3 615 190 133 00
:‘3 80-200m o] v E 46 27 035 Tls 2835 20 00 Q o] E 10 38 380 700 300 0.0 00
o 200-400m 0 G E g ] E o] 4 E o 0 E
400-600m - - - - - - - 0 0 E - - - - - - - - - - - - - -
Allsmatum 22 11 (.50 34.5 182 13.2 91 96 63 068 603 351 113 Q0 43 %0 1.3 286 262 381 7.1 31 83 2.8 645 226 57 CO0
3-20m - - - - - - - 1] [¢] E ki S 0T 0.0 0.0 1000 Q0 9] Q E
20-30m ! 30300 1000 00 00 0.0 i [ E 7 3045 857 143 Q0 oD 0 Q £
= 30-20m 2 0 0.00 500 300 0.0 0.0 2557 2238 7200 80 200 00 0 0 E 2 29 132 773 227 0.0 00
3 80-200m o] 0 E 30 62 207 333 633 33 00 0 4] E $ 1 123 160.0 0.0 0.0 00
¢ 200-400m o] 0 E 0 0 E 0 0 E 0 0 E
400-600m - - - - - - - - - - - - - - - - - - - - - - - - - - - -
All stratum 3 3 1.00 667 333 0.0 0.0 53 #19  216 509 332 109 00 14 8 057 429 7.1 500 00 30 3% 130 828 172 00 0.0
_3-20m - - - - - - - G 0 E 379 .36 193 193 361 53 0 2 E
20-30m 71 50 070 8§17 720 99 i4 33 14 041 588 324 88 00 19 30 .58 379 21.1 211 Q¢ 5 12 200
30-80m 31 80 1.57 792 146 21 42 2% Ti% 116 396 2 162 0.0 13 32 246 462 231 308 090 59 109 .58 1.2 130 +3 00
':: 30-200m 0 0 E FC -1 143 370 a0ds 25 Q0 4] 0 E 23 5 2.22 5.2 31.8 00 00
200-400m 0 o] E 0 0 E 4] [ E Q 2 E
$)0-500m - - - - - - - 0 0 E " - - - - - - - - - - b - -
All strarum 122 130 1.07 80.7 101 &.7 23 212 218 .03 585 316 99 Q0 o0 141 157 315 202 439 33 ECNE 1.78 780 176 33 00

Remarks. " [ mmalure, 1 Semi-marure, O Marure, 1Y: Spent. - no trawl. E: Error. blank: ne data.
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TFable 3.104

{(A) Stomach condition

Stomach content analysis of European squid Loligo valgaris,

Stomach condition

Stomach content Somatic Index {S31)

H L1 . fl
Phase  Season n* Elzlzl)y lic{('\f,l/:;g n* Min. Max. Mean
| Cold 0 88.89 1.t 8 000 0.00 0.00
Warm 398 77.89 22,11 3944 0.00 125.00 3.82
Cold 288 9306 6.94 268 000 18333 278
Warm 181 79.00 20.99 181 0.00 4058 292
{B) Stomach contents
Motlusca Fish
Phase  Season n* E}m | Crustacea Serrdine Pagelluy  Aicrochirus Unknown
~ecapoda pilchardus  bellottii = boscanion Other
| Cold | __.@.00
Warm 88 i.14 4.55 13.64 32.95
7 ” Cold 20 - 5.00 5.00 5.00 20.00 65.00
Warm 37 18.92 45.95 3514

Remark. * : Individuals of specimens.
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(A) Relationship between mantle lengtli and SSI
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2) Common cutticfish Sepia officinaliy
a) Body length range and mean body length

Table 3.105 (page 3-327) presents the minimum, maximum and mean mantie tength obtained for the
common cuttlefish.

In the Amrigue survey area, the mantle length varied between 30 and 285 mm. The mean mantle
length was Iarger in the cold season than in the warm season and larger in other area than in the Bane
&’ Arguin.

In the Al-Awam survey area, the mantic length varied between 32 and 345 mm, The mean mantle
length by area was larger in the Ceniral and Southern areus in the cold season and in the Northern area in
the warm season. The mean mantle length by stratum tended to be larger in shallow strata in the cold season
and in deep strata in the warm season. Such a geographical and vertical variations of the mean size sugpest

seasonal movement in the north-south and inshore-offshore directions.
b) Size composition

Figure 3.77 (page 3-324, 3-328 to 3-331) shows the evaluation of size composition for the common
cuttlefish stock. The maatle length class is indicated at intervals of lem. For convenience of considering the
size composition, three groups were defined: (i) small-size (inantle length less than 10cm), (it) medinin-size
{length between 10 and 20cm), (ili} large-size (length over 20cem).

The total stock size in number was mainly comprised, in the cold season, the mediuvm-size group and
the large-size group’ (number of samples in Phase | was low) and, in the warm season, the medium-size

group. The smali-size group appeared only in the warm season.

The size comnposition by stratum and by area revealed the distribution pattern of the three groups. The
small-size group that only appeared in the warm season, was widespread at various strata from notth to
south, mainly in the Central and Southern areas. Flowever, very young larvac with the mantle length smaller
than Scm, occurred only at the 30-80 m stratum in the Northern area. The medium-size group was
widespread in all seasons from north to south, mainly in the Central area (no samples in the Phase 1 cold
seasan). The large-size group was also widespread over the entire survey area. Particularly the large
individuals of the 34-35cm class found only in the Phase 1 warm season, occurred soicly at the 80-200 m
stratum in the Southern area. In the Phase 2 cold season, the large-size group was concentrated at the 3-20
m stratumn in each arca. This result sirongly suggests & migration along the coastline for reproductive
purposes.
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Figure 3.77  Size composition for common cuitlefish Sepia officinalis.

¢) Length-weight relationship

Figure 3.78 (page 3-325) presents the relationship between the mantle length and weight for the
common cuttlefish, The length-weight equations obtained were the foltowing;

Phase I cold season  : BW= 0.1799xML>"® (=0.9834)
Phase | warm season  : BW= 0.2]59xML*™ (=0.9712)
Phase 2 cold season  : BW= 0.2841xML?** (r=0.9808)
Phase 2 warm season  : BW= 0.2998xMI 2% (r=0.9733)

where, BW : body weight (g), ML : mantie length (cm) and r : the coefficient of correlation.
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Figure 3.78  Length-weight relationship for common cuttlefish Sepiu officinalis.
«¢) Length and weight by sex

Table 3.106 {page 3-332) presents the mantle length and body weight observed in each sex for the
common cuttlefish.

In the Amrigue survey area, the mantle length of males varied between 50 and 210 mm and that of
females between 70 and 285 mm. The mean mantle length and mean weight of males were larger than those
of females. The mean size of both males and females was larger in the cold season than in the warm season.
However, the mean mantle length and weight of males and females in the entire arca declined along the
study seasons.

In the Al-4wam survey area, the mantle length of males varied between 65 and 345 snm and that of
fermales between 55 and 320 mm. The mean mantle lcngth of males was larger than that of females in all
seasons except the Phase | warm season. The mean mantle length and weight of males and females in the
cold season was larger than that in the warm season, of 6-7cm and around 500 g. In the cold season, the
mantle length of the smallest male with sufficiently developed gonads to be visually recognized as such was
[0cin for the early individuals and 17cm for the late ones; for females, those values were respectively 12
and 19cm. In the warm season, those figures were 6-8cmn for males and 7-10cm for females. [t appears that
gonadal development starts earlier in males than in females.

e} Sex ratio and female maturity stage

Table 3.107 (page 3-333) summarizes the sex ratio and the female maturity stage for the common
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cuttletish. Figure 3.79 (page 3-334) presents their distribution by length class. The maturation state of males
is also indicated.

[n the Amrigre survey area, the overall sex ratio was 1.00 in all seasons, except for the Phase 2 wann
scason in which it was 1.55. The female maturity ratio was high in the cold season (between 38 and 68%)
and low in the warm season (9%).

la the Al-Awam survey area, the overall sex ratio was, in survey order, 1.00, (.72, 1.16 and 1.39. The
depth-dependent change of the sex ratio was not observed. On the other hand, the sex ratio by arca was high
in the Noithern area in all seasons except in the Phase 2 warm season, and declined southwards,

The female maturity ratio in the entire area was, in survey order, 100% (only 2 individuals of
specimens at the 30-80 m stratum in the Northern area), 9%, 67% and 7%. The spent female ratio was 33%
at the 30-80 m stratum in the Northern area in the Phase | warm season. In the Phase 2 cold season, from
north to south, it was respectively 100%, 6% and 25% at the 3-20 m strata in the three areas.

These results suggest that (Dthe common cuttlefish spawns from the cold season to the warm season,
with temporal displaccments according to its geographical position, Dthe main spawning period is in the
cold season and (the spawning site is in the coastal zone (inshore-ward migration for reproduction).
According to Dah ef Inejih (1991), the spawning period would be long (from November to August), and the
spawning peak of females over the continental shelf of the IRM would be between March and May. The
present results confirm those findings and add more detail to them.

There was no clear size-dependent change of the sex ratio. However, in the Phase 1 warm season and
in the Phase 2 cold season, the sex ratio declined from approximately 200% to 0% within classes between
10 aud 210cm, with some intermediate fluctuation.

The mantle length at first maturity was, for males, at the 14-15cm class both in the cold and warm
scasons, and, for females, at the i[-12cm class in the cold season and at the [5-16cm class in the warm
season. According to Incjih (1990), the mantle length at frst maturity for female would be 13.8cm. That
figure is close lo the mean value of the lengths obtained from the cold and warm seasons in the present
survey,

fy Feeding habits

Table 3.108 (page 3-335) presents the stomach condition and the stomach content composition of the
common cuttlefish in each survey season. Figure 3.80 (page 3-336) presents the relationship between the
mantle length and SS[ and SCW.

The ratio of the empty stomuch varied between 31 and 74%. The relationship between the mantle
length and SST and SCW showed that, except for a single individuat of approximately 29cm in the mantle
length, the largest individuals consume great quantities of food (despite a SCW climax at about 50 g for
individuals over 250 mm) while the small-size individuals ave voracious eaters in relation to their body

weight (despite the fact the difference between SSls corresponding to the mantle length of 100 and 350 mm
was small, about 20).

The common cuttlefish fed on fish, crustaceans (crabs, shrimp, etc.) and moliusks (bivalves, and
cuttlefish Sepia sp. or squid).
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Table 3.105

{A) Amirigne survey area

Body lepgth range and mean body length for common cuttlefish Sepia officinalis : ML io mm.

Northern Phase | Phase 2
coastal arza Cold season Warm season Cold season Warm season
(Stratum: 3-20m)  Specmens Range Mean  Specimens Range Mean  Specimens Range Mean  Specimens Range Mean
Banc d'Arguin [} 99 ~ 230 163.8 0 13 30~200 i31.5 24 78~ 137 120.1
Orther 10 145 ~ 285 027 ¢ 14 30~230 1418 7 38~ 1355 12004
All area 16 99 ~ 285 1881 0 27 30 ~250 136.9 31 39~ 137 120.2
{B} Al-Awagm survey area
£ Phase 1 Phase 2
E Stratum Cold season Warm season Cold season Warm season
B Specimens Range Mean  Specmens Ranae Mean  Specimens Range Mean  Specrmens Range Mean
3-20m - - - - . - 4 200~ 236 2215 2 145~ 136 1455
20-30m 1 191 191.0 4 145~ 178 1590 5 100 ~ 260 161.3 30 99 ~ 164 1435
= 30-80m 1 203 2030 14 32~ 190 138.8 4} 15 £5~192 1402
E  80-200m 0 0 0 o
< 200-400m 0 0 . - . 0
300-600m - - - " - - - - - - - -
3-600m 2 191 ~ 203 168.0 18 32~ 190 143.3 i 100 ~ 260 196.4 47 55~ 194 1439
3-20m - - - + 75~ 200 1316 33 113~ 320 207.7 40 89 ~ 163 136.7
20-30m 0 3 120~ 175 1514 2 120~ 130 125.0 38 79~ 182 139.6
= 30-80m 0 53 80 ~220 131.2 0 36 75 ~220 158.7
E 86-200m 0 16 88~ 130 112.4 4} 0
~  200-300m 0 0 ] 0
300-600m - - - Q0 - - - - -
3-600m 0 118 75~ 220 138.7 40 113~ 320 203.6 114 73220 383
3-20m - - - 33 63 ~ 148 111.7 30 150~ 300 209.3 28 100 ~ 180 132.8
20-30m 2 166 ~ 241 203.5 42 Gh~212 130.2 6 145~ 150 173.3 i3 Q0 ~ 167 126.6
= 30-80m 0 16 98~ 212 144.6 0 3 130 ~ 163 158,35
£ 80-200m o 1 343 345.0 0 0
“ 0 200-400m 0 0 0 0
400-600m - - - - - - - - . - -
3-600m 2 166 ~ 241 2033 97 63 ~ 343 127.6 36 145 ~ 300 2035 43 90~ 180 133.3

Remark. - @ no trawl,
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Table 3.106  Bady length and weight by sex for common cuttlefish Sepia officinalis.

(A} Amrigue survey area

Phase Scason Sex Indivi(.iuals Mantle length in mm Body weight in g
of specimens Range Mcan Range Mecan
Male 8 99 ~ 285 202.8 110.0 ~2,062.0 202.5
Female 3 123 ~ 210 173.5 185.0 ~ 988.0 569.5
Cold .
Indeterminate 0 o 7 S
| Total 16 99 - 285 188.1  110.0~20620 7360
Male 0
Warm Femat.c 0
Indcterminate 0
Total 0
Malc 12 T~ 250 154.2 80.0 - 1,580.0 518.3
Cold Female 12 50 - 200 142.9 20,0~ 980.0 401.8
Indcterminate 3 30 - 50 433 50-200 133
" Total 27 30 ~ 250 1369 5.0~ 1,580.0 4104
i Male 17 97 ~ 155 i28.9 110.0 - 375.0 229.2
Warm Female 1l 90 ~ 157 119.0 90.0 ~ 370.0 193.4
Indeterminate 3 59 - 88 75.0 28.0~75.0 52.3
Total 3 59 - 157 120.2 280~ 3750 201.2
(B) Al-Awam survey aren
Phase Scason Sex lfxdivi(-iuuls Mantle length in mm Body weight in g
of specimens Range Mcan Rangc Mean
Male 2 166 ~ 241 203.5 470.0 ~ 1,250.0 860.0
Cold Female 2 191 ~ 205 198.0 820.0 - 1,090.0 955.0
Indeterminate 0
l Total 4 166 - 241 2008 470.0 - 1,250.0  907.5
Male 87 75~212 132.9 60.0 - 1,060.0 332.0
Warn Female 121 65 - 345 140.9 41.0 -~ 3,300.0 399.0
Indeterminate 25 32~ 158 108.2 5.0 ~-630.0 213.2
Total 233 32~ 343 134.4 5.0~ 3,300.0 354.1
Male ddq 100 ~ 320 211.7 90.0 ~2,720.0 [,017.1
Cold Female 38 115~273 195.4 190.0 ~ 1,860.0 8070
_Indeterminate L 129 1290 2200 220.0
, Total I 100 ~ 320 1032 90.0~27200 9113
Male it 55~ 220 141.4 40.0 ~ 1,000.0 3523
Warn Female 80 95 -~ 200 138.8 1150~ 835.0 3454
Indeterminate 15 79 ~ 165 115.7 60.0 ~ 520.0 204.7
Total 206 55~ 220 [38.5 40.0 ~ 1,000.6 338.9
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{A) Amrigug survey area

Table 3.107

Sex ratic and female maturity stage for common cuttlefish Sepia officinalis.

Northern

Phase ! cold season

Phase | warm season

Phase 2 cojd season

Phase 2 warm season

coastal area  Specimens Sexratio $ ; malruy stace (%) SpeCimens Sexratio 2 maturitystage (%) Specimens Sexratio 3 : marurite stome’ (%) Specimens Sexrato 2 - mamnt siaze 1%5)
(Stramum: 3-20m) 2 R CAES) 1 Il [l v 3 (TR I I nr I ] IR | 11 Il v 2 & (T 1 il i v
Bunc d'Arguin 4 ! Q.23 750 00 250 00 ¥ [ [ 5 2 1.2 200 00 8pd 00 3 13 1,75 100.0 0.0 0.0 00

Other 4 7 175 250 250 3500 00 o 0 E 7 & 0.8% 143 286 571 0.0 3 3 1.00 66.7 333 0.0 0.0
Allarea [ 8 100 500 125 35 00 0 [¥] E 12 12 1.00 16.7 167 667 o0 13 17 1.55 EDE G g0 Vo
(B) Al-Awam survey area
3 Phase | cold seasen Phase | warm season Phase 2 cold szason Phase 2 warm sesson
£ Svewm _Specimens Sexreatio 2 : maturity stape’ (%) _Specimens Sex rario _ £ : maturity stage” (%) _Specimens Sex ravo _ 2 - maturity stage” (%) _Specimens Sexratio £ : maruriny stase (%)
“ 2 P () ) 11 HI 1V 2 S V) i I HE 1Y & g V=) I i 111 v 2 F V) 1 1] n v
3-20m - - - - - - - - - - - - - - 1 3 3.00 00 G 0.0 100.0 1 1 1.00
20-30m 1 0 0.0C 3 1 0.33 G0 667 3353 04 2 2 1,80 GO G0 1000 0.0 il 19 1.73 533 435 o 00
= 30-30m 1 0 0.00 00 00 100.0 0.0 3 7 233 66,7 00 00 333 4] U E k3] & G&7 356 44 60 090
E  80-200m o 0 E 0 0 £ o E 0 0 E
Za00-00m 0 0 E 0 o0 E - - - - - - - vo0 E
400-600m - . . - - e .. ... - - - .. - . - e
All stratum 2 0 000 0.0 00 1000 090 6 8 1.33 333 333 187 167 3 5 1.67 00 00 867 233 2 26 124 350 450 00 0.0
3-20m - - - - - - - 21 15 0,78 &1,0 1a3 4% 04 18 19 1,00 11§ 00 324 3 i3 22 1.69 200 500 100 00
20-30m 0 1] E 2 2 1.00 0.0 1000 00 02 g 2 E iz 21 178 383 167 230 00
= 30-80m ¢ G E ] & 065 385 268 36 00 4 0 E is 20 123 462 as2 700
E £0-200m 0 0 E 3 & 075 628 373 00 Q0 0 0 E 0 C E
o 200-400m U] 0 E 0 0 E 0 0 E c 0 E
400-500m . .. . ¢ o0 & - .. - . . . - - . - -
Allstratum 0 0B 57 43 074 361 363 178 00 18 a1 147 115 G0 w34 59 41 63 134  ak6 371 143 00
3=20m - - - - - - - 15 23 140 160.0 0.0 00 0.0 13 16 1.23 187 B3 300 250 12 13 1.13 462 338 00 00
20-20m 0 z E - 34 g 024 100.0 00 00 00 3 2030 0.0 300 500 .0 d4 4 100 73.0 230 0.0 00
= 30-80m 0 0 E 3 8 130 300 5300 00 09 0 G E 1 330 0.0 10090 no 0.0
Z 80-200m 1] 0 E 1 2 000 0.0 1000 20 0O 0 {d E 0 G E
#200-400m 0 0 E Q 0 E 0 Q E 8} v E
400-600m - - - - - - - - - - - - - - - - - - - - - - - - - - -
All stratum 0 2 E 58 37T 064 91,4 §6 00 00 17 18 ;.06 125 188 300 1838 15 22 122 300 300 0.0 00
5-20m - - - - - - - 36 37 103 389 83 28 090 32 33 119 133 33 w67 187 27 3% 131 4335 522 +3 00
20-30m [ 2 2.00 39 4 028 8§72 103 26 0 [ é 100 00 333 0667 0.0 27 44 1.63 363 0296 111 Q0
30-30m i 0 000 00 0.0 1000 0.0 37 33 089 332 287 2343 27 i} G E %29 1.12 478 478 23 Co
S 80-200m c 0 E $ 6 067 556 M4 00 00 ¢ ¢ E o 0 E
200-400m 0 Q E 4] 0 E 0 Q E 0 0 E
400-600m - - - - - - - ¢ 0 E - - - - - - - - - - - - -
Allstramam 2 2 100 04 0.0 1006 00 121 & 073 719 182 9.1 04 38 a3 116 110 83 867 135 T vl 13 307 4235  of 00

Remarks. * I: immature, {1 Seu-mature, 1 Marure, IV Speat.

-norrawl, B Eevor. blank: no duta,



(A} Phase 1 cald season

#) [ndeterming

gls R R PR R ——
k]
all! Elind —
i
P S
o
b} Blate "
e
| 3] I i,
3 M Semimature
i, Wibae
3
H
a
R,
&
% et
13 | o S
H ope |
_gu ————
z
13 N .__
o E
dy Sex watio
[CES] bt
g -
En -
¥
o vl aaalard
L L S R I S G A S S L

Mants btk class in om

{C) Phase 2 cold season

) Indetermlon

b) Sate

c} Fema

tedividul of spetimies

b

d) Exx maillo

{PF2) e

Miate kngh elass i e

{1} Phase 1 warm season

0

Individasls of KHcimsz

Individuals of spetimens

Pp—————
Hbamstare
A Scrvimature
“lasae |

Incividuals of spasimons

¥

H

Sa ratia (%)
2

5

e

o CRRC T
PP PSP

P

Mutle beogih elats in

]

VU

Ledraduns of specmiens

Ladividuals of spocamens

H

H

g

Bex mbe (%)

s

L I R

Mantic bengh class in v

Figure 3.79 Sex ratio and female maturity stage by length class
for common cuttlefish Sepia officinalis .
3-334

%
%



Table 3,108

(A) Stomach condition

Stomach content analysis of commeon cuttlefish Sepia officinalis,

Stomach condilion

Stomach content Somatic Index (SS1)

Phase  Seuason

Empty

Fecding

n* (%) (%) n* Min. Max. Mean
Cold 16 31.25 68.75 5 0.00 0.00 0.00
) Warm 182 62.0% 37:‘)| 182 0.00 37.89 3.16
Cold . 76 73.68 26.32 ) 76 0.00 [12.90 6.80
 Warm 150 42.67 57.33 46 000  67.39 426
{B) Stomach contents
Mollusca Crustacea
Phase  Season n* Fish  Unknown
Bivalvia Sepiasp. Decapoda  Crab Shrimp Other
| Cold 11 L 5.10 ?.09 %5.45 18.18 6364 o
Warm 69 4.17 11.59  10.14 78.26
Cold 20 10.00 3500 55.00
2 Twarm 84 2500 .19 476 1214 2500 2262

Remark. * : Individuals of specimens,
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(A) Relationship between mantle length and SSIT
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3) Common octopus Octopus vulgaris
#)  Body length range and mean body length

Table 3.109 (page 3-341) presents the minimum, maximum and mean mantle length obtained for the
commeon octopus,

In the Admrigne survey area, six individuals were subjected 1o the multi-iem biological measurement in
the cold season and five in the Phase 2 warm season. The mantle length of this species varied between 20
and 120 mm. The mean mantle length was 55 mm in the cold season and 82 mm in the warm season. Thosc

inean values were lower than those obtained in cach arca of the Af-Awamn survey arca in the same periods,

in the Al-Awam survey arca, the mantle length varied between 25 and 250 mm throughout the survey.
The mean mantle length by arca was higher in the Souihern area throughout; in all seasons except in the
Phasc 2 warm scasotl, it decreased from the south northwards. The mean mantle lengih in each area were

higher in Phase 2 than in Phase 1.
b) Size composition

Figure 3.81 (page 3-338, 3-342 to 3-345) shows the evaluation of size composition for the commen
octopus stock. The mantle length class is indicated at intervals of lem. For convenience of considering the
size composition, three groups were defined: (i} small-size (mantie length less than 10cm), (1) medium-size
(length between 10 and 20cm), (iii) targe-size (length over 20cm).

For all seasons, the total stock size in number essentially comprised the smatl- and medium-size
groups, and also a few large-size individuals. The predominant mode of the small-size proup was
distributed within the three classes between 7 and 10cm. As no difference between predominant mode
classes of the small-size group in the cold and warin seasons was observed, it is conceivable that spawning
would occur in two periods a year. According to Hatanaka (1979), octopus stock would indeed have two
spawning periods in the territorial waters of the IRM: in the spring {March-June) and in the fall
{September-October). Eggs taid in the spring would hatch in July and newly hatched youngs would reach a
total length of about 40cm within about tour months; atter two years, they reaching a total length of about
80cm would then spawn in the spring. Conversely, the eggs taid in the fall would hatch in November and
hatched youngs would reach a total length of about 40cm between April and June of the following year;
again, two years after incubation, they reaching a total length of about 75cm would spawn in the fall. It
could be said that the mode of the small-size group observed in the cold season (hereinafter referred to the
mode as Sc) would doubtlessly correspond to the young actopus that hatched in early winter of the previous
year, and that the mode of the small-size group observed in the warm season (Sw) would correspond to the
newly hatched youngs in early summer of the same year. The medium-size group displayed two modes (but
only one in the Phase | cold season). One is a predominant mode within two classes between 10 and 12cm
(the mode in the cold season is here called Msc and the mode in the warm scason Msw), and the other a
mode within two classes between 14 and 16cm (respectively Mle and Mlw for the modes in the cold and
warm seasons). Although the modes of the large-size group were not very clear, one of them could be
observed at the 20-2 lcm class in the warm season — except in the Phase 2 cold season in which it was at the
23-24cm class (those cold and warm season modes are respectively named Le and Lw).

The size composition by stratum and area was utilized to verify the distribution of these groups.
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(D'The small-size groups (the Sc and Sw groups) were distributed over the entire survey area and at various
strata, mainly in the Central arca (however, in the Phase 2 warm scason, the cstimated number of
individuals was more significant in the Northern arca). @The Msc and Msw groups in the medium-size
group wetre distributed over the entire survey area and at various strata, mainly in the North and Central
arcas (as well as in the Southern arca in the Phase 2 warm scason). @The Mle and Mlw groups in the
medium-size group {(Mlc was not observed in the Phase | cold season, so that it was not considered) werc
distributed over the entire survey area, mainly in the Southern area or in the Northern area, W The
large-size groups (the Lc and Lw groups) were distributed over all areas, but with a lower frequency of
occurrence than that of the groups above.

(A} Phase | cold season (B) Phase 1 warm season
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Figure 3.81  Size composition for common octopus Octopus valgaris.

c) Length-weight relationship

Figurc 3.82 presents the relationship between the mantle length and weight for the common octopus.
The length-weight equations obtained from all samples werc the following:

Phase | cold season  : BW= L.5[6xML>M (r=0.924 1)
Phase | warm scason : BW= 8.169xML"** (r=0.8240)
Phase 2 cold season  : BW= 3.083xM[.>*" (r=0.9399)
Phase 2 warm season  : BW= 2.946xMmL**" {r=0.8762)

where, BW : body weight (g), ML : mantle length (cm) and r : the coefTicient of correlation.

The coefficients of correlation for the length-weight relationship in this species are low for a
cephalopod. Presumably this is due to the significance of fluctuations of actual values measured from live
specimens.
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Figure 3.82  Length-weight relationship for common octopus Octopuy vedgaris.

d)} Length and weight by sex

Table 3.110 (page 3-346) shows the mantle length and body weight observed in each sex for the
common octopus.

tn the Amriguie survey arca, the data obtained in Phase 2 reter to only two females and nine males.
The mantle length and weight of fernales were 50 mm and 125 g in the cold season and 120 mm and 1,350
g in the warm season. The mantle length and weight of males varied between 20 and 95 mm and between
30 and 440 g respectively. Males were larger (in both mean mantle length and weight) in the warm season
than in the cold season.

In the A/-Awam survey area, the mantle length varied between 25 and 250 mm for males and between
36 and 240 mm for females. The weight varied between 15 and 7,200 g for males and between 30 and 4,535
g for females. Tn Phase |, the mean mantle length of males was near that of females, but in Phase 2 the
mean length of males was larger. The mean weight of males was higher than that of females in Phase 2
surely, but also in Phase 1.

The mantle lengtir of individuals with enough developed gonads to allow sex determination by visual
inspection was in the order of 3 to S5cm in the mantle length for both males and females,
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e) Sex ratio and female maturity stage

Table 3.111 (page 3-347) summarizes the sex ratio and the feinale maturity stage for the commion

octopus. Figure 3.83 (page 3-348) presents their distribution by length class. The maturation state of males
is also indicated.

In the Amrigue survey arca, two females and nine males were sampled. The females in the warm

season were all mature.

In the Al-Awam survey aren, the overall sex ratio varied between 0.84 and 0.98, showing that the state
of male/female equilibrium was more or less maintained. The sex ratio by arca and by stratum indicated the
samne trend.

The female maturity rafio in the entirc arca was low in the cold season (4 and 11%) and high in the
warm season (30 and 32%). Throughout the survey there were femalcs exhibiting an ovulation after
spawning, and females protecting their eggs inside a pot trap or a tire, in a percentage varying between 0.4
and 1.9%. There was a geographic-dependent change of the female maturity ratio by area: the ratio was
high in the Southern area in the three seasons up to the Phase 2 cold season, but in this latter it was high in
the Northern arca. No depth-dependent change of the ratio by stratum was observed. Therefore, it appears
that the survey period (April-May for the cold season and September-October for the warm season)
corresponded indeed to the spawning periods (particularly the warm season, which was the main spawning
period), and that there are geographical variations at the spawning level.

The sex ratio did not preseot a sharp size-dependent change. [n all classes (except those where the
number of samples was too low, not considered here), the state of male/female equilibrium was more or less
maimtamned.

I the cold season, the mantle length at first maturity was observed at the 6-7em class for males and at
the 8-9c¢m class for females. [n the warm season, the length class at first maturity was of 7-8cm for males
and 6-7cm for females. Those length class is roughly equal to the mode classes of the small-size group, the
above Sc and Sw, which arc estimated to correspond to the age group of half a year old. This result
suggested that precocious individuals in the youngs start to spawn at half a year old. At this stage, it is

urmmknown whether prematurity of young octopus means a biological compensation to decrease in the
octopus stock.

f) Feeding habits

Table 3.112 (page 3-349) presents the stomach condition and the stomach content composition of the

common octopus in each survey scason. Figure 3.84 (page 3-350) presents the relationship between the
mantle length and SSi and SCW.

The ratio of the empty stomuch varied between 55 and 97%. The relationship between the mantle
tength and SSI and SCW showed that the largest individuals consume great quantities of food, while the
small-size individuals are voracious eaters for their body weight.

The common octopus feeds on moltusks (bivalves, cuttlefish or squid), crustaceans and fish (the red
pandora Pagellus beliotiii, etc.).
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Table 3.109

(A) Amrigue survey area

Body length range and mean body length for common vctopus Octopus vuiguris : ML in mm.

Northern Phase 1 Phase 2
coastal area Cold seasen Warm season Cold season Warm season
(Stratum; 3-20m} Specimens Range Mean Specimiens Ranpe Mean Specimens Range Mean  Specimens Range Mean
Bane dArguin 0 0 0 ! 65 565.0
Other ¢ 0 [ 20~ 80 33.0 4 63 ~ 120 8.3
All area ¢ 0 6 20~ 80 33.0 3 65~ 120 82.0
(B} Al-4wam survev areu
8 Phase 1 Phase 2
E Stratum Cold seasen Warm seascn Cold season Warm season
R Specimens Range Mean  Specimens Rangg Mean  Speaimens Range Mean  Specimens Range Mean
3-20m - - - - - - 3 70~ 186 1120 | 160 1600
20-30m 34 30 ~ 230 96.0 3 98~192 131.3 0 10 33~ 180 i21.5
= 30-30m 69 43 ~ 203 G5l 82 54~ 200 952 3 40 ~ 230 160.5 63 63 ~ 230 1259
3 30-200m 49 55~135 1022 33 30~ 130 833 24 30~ 183 99.2 32 47 ~ 135 89.1
< 200400m 0 0 - - 2 110~ 168 139.0
400-600m - - - - - - - - - - - -
3-600m 152 43~ 230 97.6 £30 50~ 200 913 61 30 ~ 250 1003 130 47 ~ 230 1113
3-20m - - - 43 30~173 883 75 25~13D 79.3 33 60 ~ 208 8.5
20-30m 90 10~ 165 712 71 38~ 135 89.4 3 61 ~ 134 93.0 36 50~ 132 933
= 30-80m 228 60 ~ 200 I7.6 163 46 ~ 200 108.6 hE} 40 ~ 240 1334 30 55~ 193 102.7
E 80-200m 252 9~173 926 58 50~ 174 973 119 35~ 240 112.1 43 63~ 180 11le.]
S 200-400m G 0 1 o5 93.0 U
400-600m - - - 0 - - - - - -
3-600m 570 530~ 200 99.3 333 46 ~ 200 100.0 283 232240 109.3 174 50~ 208 103.0
3-20m - - 0 0 0
20-30m 2 100 ~123 1123 36 60 ~ 160 110.9 0 2 112~122 117.0
= 30-80m 170 35~ 213 1041 23 62 ~230 130.2 34 110~ 233 159.4 73 46 ~200 313
z %0-200m 128 32-190 1029 39 42210 105.2 g8 28 ~ 223 113.0 2% 43~ 179 108.8
# 200-400m 0 0 0 0
__400-600m - - - - - - - - - - -
3-600m 300 35213 102.4 163 42 - 230 119.9 122 28 ~ 253 123.9 L0646 45 ~ 200 1230

Remark, - @ ne trawl,



Figure .81 {A) continucil.
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Figured.81 (B) continued.
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Fipured.81 (C) continued,

Meah ¥-20m 1A 5912 by

Stk 11 b

(i 173 Am)

Muntesen Bl e

Cential 3-20m

TR {Area 455 bn)

Fregquents i numthers

ot

s

e

s

Manile kagih in cm

Frequancy 1n nembers

Manile Tength mem

Frequency un numbery

Toswt ddab kizasarhar By Murasd g mrrdencdor S0 WY bl zalefdalvte nachen S1414
ire
el :
= = .- - - - —-- . ~ . .
£ ¥ [ B No data For size compevition
g oul. . 4
g g R
T o . - Z e mm e -
& i
1 s - N e e e ., . -
g v '] W N L]
Bl lcuy thoan em HManilg lengrh in cm -
Noah 20-30m. (hrea 1290 hor) Cenlral 20-30m (wes R3S by South 20- Wt (Ara 805 hir)
Moaahaph 9km
bupsaddstircancka 15107 Fumscde rhosrewnsten JIZIL
OO o oo o
N P JE
B ovwl—o e Bl
I N D
Nu datas for sive compuosition LR I - . No calch
T BN
3
T
iy
L)
Eantle longth in en e L
Nerth 30-500 (At 2921 Jn'y Certral 30-80m {Ana IR0 Smty Sonh 10-80m (Area 2040 br)
Mean brgiy 1 S Yewtren 1tha Membempn 13 6m
EMwesdrd 2k ure m narleen Fatarated ok wre oo comben - $59533 Eaitnaced 01 R brchor 1B 44O
Bw
e

Manle length in cm

Frequency 1n rumbars

Nurth £0-200m tArea 1147 b’}
Mombeepd 10 Zim

bacaed o o8 size @eadan 15118

3 2] » ]

Mantle I-:)r.ﬁm ;nm

Srequenty un numben

Cenitral 80-260m (Arca - 2767 km')
Ao Ligh U vz

Pl d ak nr: mneden BT

Manile Iengrh in em

Frequency in numbers

Seuth $2-200m {Azcx | M3 k)
m e 13

Fames ]k are pesmten M50

1 % ¥

Manile Jength s cm

Nurth 200-1kIm (Area - 906 ki'}

Nu trawl

Frequency n numbets

Cenitral 200400m 1Azed. 1545 m)
Mem b P 5,

Formero! ek s memtmn 4,18

South X00-100m (Ases %21 k)

Frequency in numbers

Nu catch
Manil Joryh in cm
North 400- 600 (Asea - 738 kmy Canlral 400-600m. (Area . B8 k) South $D0-600m {Arca SR kmb
No irawl Mo trawl No trawl
borth Total A 17658 ko) Cental Total (Arta - 29244 km') South Towl (rez - 21038 Yw)

U barh 10 b e
Famatd b wre b 37164

Manike feny th in em

Fraquency i numbery

Mem fengh 21 L
Th ol sk nts mezdon LHLI

Mem lergte | B
Exfiracd dxck wre o nsmdan 31344

Meanrle kngh in Gn

Froquency 1n numbers

Mar.le besigth v em

3-344

Octopus vulgaris / Al-Awam [ 2C



Fipured 81 (1)) continucd.

Prth 320 AT . $712 hrc)

LU R

Pamatode sk aoe e remban TR

Cential §-20m 274N by

(oL

[T ]

L

(Y

Ta otk s,ganm

Sonth -3y (A A Liny

Mardle longeh in <t

Mamte kergih 1 em

e we
.
o . e
L E e '
- ;i |
g . g v
s ' 5 ! Mo catch
N _ L} wa R
g o= 3 i
" - - - I . .
: L mo ]
11} ol Lt b4 H N -
Mantte lengihin o et tenpihin g
Neith 20-30m tAra . 1250 knt) Centesl 20-10m [Arca H3S Lm'} South 20-30n {Ana KiS L'l
laae Legh 12 S Mrackr ok ¥ Membongh 116
Fmddeal suemnmdors 531,50 [ EFELSUR R SV [ TIEFLLL I P PRSTEETRTE TY 1"
e hm e - (TR - e et i - - - - -
. - . . PIe . - o o - S
.E. 1'sa e ——— e ’E axs - - — - e g - - - .
¥ . — . N,
E L g v - - j 12 —
8 [ B (- . o] E
. % & . . —
E e - ™ _ — £
g E’ < é‘ T ) i o
ae x - - _
gV i I t o - - -
L] ol L ) " kY v [} .'u. »
Marile hngthon cni Mntte kength inym Mamlz lengih i em
North J6-86m (Aeea 2221 k) Centeal J0-80m (AUcs Za7u har) Scuth J0-89m (A 2610 km)
Mealrgs (10 raalvgh 17t Mew logth 33 fam
Feoratal dock v s kot B3EFE2 buorsrsg ik sl e 120,600 Fumat~] i sre = munbers 1A TR
an R g
T -
Die
4
§ i 5
§ = i E
E o 5 S
= f [
LA o
E £ ¥

Mlastle Lngth in ent

North 80-200m (Area: 1147 knt'y

Meaa bgth s ke

mmebey 17

Contral 30-20m fhrca 2767 km')
Messbph IE A

Edvowtad o burs a wemban JLTH

South BO-200nE (Area - 3025 kaly
e lmpd 110

Flosaded ot & e ppraten (B282¢

Frequency m numbers

Vicae gtk 10 902

Femeind ok pun  poedens 211,198

Mantle length incen

Frequency In numbers

emTagh 1l

. metd il e cmeeden 31100

Maatle ferigeh in cm

Frequency m numbers

N0 e . - e e [ e el
raw [,
r "
2 e _ § g
2 e | 5
5 T 1 B-
— o = .
&
£ i E
Mantle begth incm Mantle length in e Mantle length in an
Horth 200-100m (Arcs - TR km) Certeal 200-100m (Arca 148F ks South 200-FXm (Arca - D k')
limp bt L fan
Estram aF etock wow momuales 10,709
g
E
g‘ Mo caich No catch
3
[
'S
Maantls laigth mem
Yierth 400-0m (Auca: 133 kmy Cenlra) 406-660m (Asca 848 sm) South J00-600n {Arca . 58% Lm)
No trawl Mo trawl Mo trawi
North Total (Arca . 17638 km) Centra Toral (Arca 1 29244 Sy South Total tArca 21083 km')

etabesph 12Re
Femel d €23 woe amusboen 7T2TH

Marike lengh in ¢m

3-345

Octopus vulgaris / Al-Awam [ 2W




Table 3.110 Body length and weight by sex for common octopus Oclopus vulgaris,

(A} Amrigne survey avea

Phase Season Sex lndivi(.[uuls Mantle length in tam Body weight in g
of specimens Range Mean Range Mean
Male 0
Cold chal'e 0
Indeterminate 0 o
i Total i}
Male ]
Warm Fema!e 0
Indeterminate 0
Total )]
Male 5 20 - 80 56.0 30.0 - 380.0 172.0
Cold chal.e { 50 50.0 {25.0 {25.0
_Indeterminate 0 L o B
5 ~ Total 6 20 ~ 80 55.0 30.0 ~ 380.0 164.2
Male 4 65~ 43 72.5 205.0 ~ 440.0 325.0
Female i 120 120.0 1,350.0 1,350.0
Warm .
Indeterminate 0
Total 5 65~ 120 32.G 205.0 ~ 1,350.0 530.0
(B8} Al-Awam survey area
Phase Season Sex i{uiivi(_luals Mantle length in mam Body weight in g
of specimens Range Mean Range Mecan
Male 504 35~230 1064 15.0 ~6,380.0 853.5
Cold Female 315 36 ~ 200 100.5 30.0 ~4,157.0 729.1
Indeterminate 3 30~35 3.7 35.0~550 46.7
1 Total 1022 30--230 100.2 15.0 ~6,380.0 788.4
Male 292 42 - 205 103.5 90.0~7,200.0 937.7
Warm Female 325 46 ~ 230 105.3 85.0~4,535.0 892.2
Indeterminate 21t 50~ 110 67.1 140.6 -- 490.0 271
Total 638 42 230 103.2 85.0 ~ 7,200.0 892.6
Male 206 25~ 250 118.1 30.0 ~ 6,920.0 1,151.7
Cold Female 246 40 ~ 240 i10.5 50.0 ~ 4,350.0 861.2
fndeterminate 2z 30~110 568 = 14.0~6950 207.0
. Total 464 25 ~ 250 12,5 14.0~69200  973.2
Male 196 49~ 230 116.3 50.0~5,510.0 1,078.0
Warm Fema!e 214 46 ~ 180 106.7 40.0 ~2,515.0 740.0
Indeterminate 0
Total 410 46 ~ 230 1113 40.0 ~5.510.0 901.6

3-346



Lye-€

Tabie 3.111  Sex ratio and female maturity stage for common cctopus Octopus valgaris.

{A) Amrigue survey aret
Morthern Phase | cold season Phase 1 warm scason Phase 2 coid season Phase 2 warm season
coasial arey  Specimens Sexratio £ : mawrity staze’ (%) Speeimens Sexrato § - mawrity stage’ (%) _Specimens Sexratio 2 - maturity stage (%) Specimens Sexatio € maturity stage’ (%)
(Sratum: 3-20m)  $ () 1 11 1 & & E) I 11 Hr 1w 2 & (FUR} I 11 u 2 & (N2 ! I 111 v

Banc d'Argum [ 0 E ¢ 2} E [§ 3] E 0 1 E
{Other 0 0 E Q 0 E 1 5 50 100.0 00 00 00 I 3 3.00 .0 0.0 100.0 0.0
Al area 0 0 E 70 E | 5 sQ0 060 00 00 00 T 4~ 400 00 00 1000 Cf
(B) Ai~Awam survey area
g Phase | cold season Phase | warm season Phase 2 cold season Phase 2 warrm seasan
S Swanum _Specimens Sex ratio £ Cmamriny slage (%) Speoimens Sexratio 2 : mawrity stage’ (%) Specimens Sexratio 2 : maturity stage’ (%) Specimens Sexratio 2 - maturitv smge (%)
A @ @)y 1 1 I iV 2 & (FR) L Vv g2 g &) ] T T Iv 2 g AN®) 1on o m IV
3-20m - - - - - - - - - - - - - - 2 T 0.0 6.0 500 500 0.0 0 1 E
20-30m 17 17 1.00 0 6347 294 39 Q.0 3 0 000 667 00 0.0 3335 0 0 E 3 5 .00  60.0 200 200 Qu
= 30-80m 28 41 146 929 71 00 00 43 41 095 558 00 19 23 i7 17 100 94.1 36 00 0.0 36 29 081 222 139 61 2.8
E 80-200m 32 )7 (053 531 375 84 DO 3% 2% D3 B3 7! 36 00 13 7054 769 154 77 090 24 28 117 417 208 375 G
Zo20040m 0 0 E " 0 E - .. - - - . 20 000 500 00 500 00
400-600m - - - - - - - - - - - - - - - - - - - - - - - - - - - -
All smaum 77 75 097 701 247 52 00 7 65 0.8 &89 27 257 27 37 25 078 g3 125 632 00 67 63 094 328 164 183 1.5
3-20m - - - - - - - 192 T2 379 431 00 00 41 31 076 927 73 0.0 0.0 20025 125 842 158 00 0N
20-30m 31 3 18] 935 85 0000 42725 060 241 366 293 00 3 2067 1000 00 00 00 15 21 130 800 200 200 00
= 30-80m 115 115 .02 673 274 344 09 77 072 094 260 416 325 00 4] 3% 0595 415 293 268 24 36 14 039 306 333 361 0.0
E 80-200m 150 102 068 847 153 00 00 25 33 132 200 320 440 40 63 33 08 742 210 48 00 200 23 115 450 100 300 1350
O 200-400m 0 0 E 1} 0 E 1 g 000 0.0 1000 0.0 0.0 o 0 E
400-600m - - - - - - - 1} 0 E - - - - - - - - - - - - - -
Allstratum 294 273 7093 789 190 17 03 163 153 0934 300 53% 209& 06 149 126 035 703 166 95 07 1 8 091 500 23 24 33
3-20m - - - - - - . g0 [S ] £ G 0 E
20-30m G2 E ! 15073 600 50 30 00 0 0 E 20 00 300 30 00 00
- 30-80m S1 59 16 706 216 7% Q0 443 098 250 406 341 20 15 19 1.27 333 133 333 00 35 40 Li4 400 314 238 0.0
S 80-200m 93 95 102 750 152 &7 11 2415 063 438 208 333 00 S0 36 072 640 300 60 00 1236 053 420 368 21l 0.0
“ 200-400m c 0 E 0 0 E 0 1] E 0 ¢ E
400-600m - - - - - - - - - - - - - - - - - - - - - B - - - - - -
All stratum 144 156 108 734 175 84 07 88 75 0.83 386 273 341 0.0 &5 55 0485 569 262 169 00 36 50 0.8 411 339 250 [
3-20m - - - - - - - 5 23 1.2l 379 321 00 aC 43 32 0.7 §54 93 23 00 20 2% 130 22 158 00 00
30-30m 48 73 .86 833 146 21 QO 65 40 082 438 330 297 16 32 ho7 1000 00 00 08 2738 118 391 227 182 G0
0-80m 192 213 112 719 229 47 05 164 156 09% 335 305 334 0§ 730075 1.03 521 2035 260 13 W7 8 07 308 262 421 09
E 50-200m 273 214 078 77T 179 40 04 700075 095 332 195 280 13 26 97 077 704 240 36 00 63 61 097 426 222 30z 4.8
200-400m b} 0 E o 0 E 1 7 003 0.0 1000 00 0C 20 003 500 00 500 00
300-600m - - - - - - <« g9 a0 E - - - - < e - - .. - - - -
All siggum 315 304 D68 761 195 4,1 03 335 397 050 417 275 2990 09 26 206 o33 682 203 1.0 03 2[4 196 092 323 235 24 1.5

Remarks, ° U Immature, [I: Semi-mature, U Matore, IV: Spent. - nowrawl. E- Error  blank: no data.
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Figure 3.83 Sex ratio and fcmale maturity stage by len'gth class
for common octopus Octopus vulgaris.
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Table 3.112 Stomach content analysis of common octopus Octopus vulgaris,

(A) Stomach condition

Stomach condition

Stomach content Somatic Index (SSH)

PPhase  Season

n* }.'ftz:;lt)y Feig/l[;g n* Min. Max. Mcan
Cold 217 54.84 45.16 137 0.00 5.97 0.27
Warm 402 88.00 H1.94 399 0.00 9,42 0.22
Cold 344 97.09 2.91 344 0.00 37.22 0.27
Warm 163 57.67 42.33 134 0.00 18.52 1.19
{B) Stomach contents
Mollusca Fish
Phase  Season n* Crustacea Unknown
Bivalvia  Decapoda Pagelins bellotiii Other

— Cold 98 12.24 5.10 o 8.16 1.02 74.49
Warm 48 4.17 14.58 2.08 70.17

Cold 10 1060 2000 7000
Warm 58 27.59 1.72 3.45 67.24

Remark. # : Individuals of specimens.
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(A) Relationship between mantle fength and SSI
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(B) Relationship between mantle length and SCW |
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Figure 3.84 Relatmnshlp beiween body length and SST (A) and SCW (B)
for common octopus Ocfopus vulgaris,
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