(2} Cephalopods
The CPUA and estimated stock size lor the three target cephalopods are presented below.
1)  European squid Loligo vulgaris

The European squid is distributed along the East Atlantic coast from the North Sca to the Gulf of
Givinea. [t is a neritic and semipelagic species inhabiting at water depths between 20 and 250m (increased
depths in the winter). This species undettakes horizontal and vertical migration depending on changes of
its surrounding environment (Fischer ef ef., 1987; Roper ef ., 1984).

a) Distribution of CPUA

Figure 3.20 shows the CPUA distribution of the European squid. This species was distributed the
coastal zone at water depths of less than 200m, more the coast in the cold scasen and more offshore in the
warm scason. Throughout the survey, it tended to concentrate in the Northern coastal area south of Cape
Blanc (up to 20° N) to the mouth ol Lévrier Bay. Distribution of this species along the coast in the cold
season (in April and May) and the concentration in the Northern coastal area in both scasons supgest a
coastal migration for reproduction, as reported by Dia ef Incjih (1991).

b) CPUA by stratum
Table 3.43 shows the CPUA for the European squid at each stratum in cach area.
In the Amrigue survey area, the highest CPUA was 119, the mean CPUA by area being helow 13.

In the Al-Awam survey area, the highest CPUA of this species was 1,244 (in the Phase | warm season,
at the 20-30m stratum in the Northern arca), the mean CPUA by stratuin in each area was often higher in
the warm season than in the cold season, whatever the stratum. The highest mean CPUA by stratum in
each area occurred at the two strata of less than 30m in the cold season (except for the Northern area in
Phase 2), while in the warm season, it occurred at each siratum between 30 and 200m in water depth.
Besides some isolated cascs, the mean CPUA by siratum in each season was higher in the Northern area,
regardless of the stratum.

¢} Stock size
Table 3.44 shows estimates of the stock size for the European squid.

In the Amrigue survey area, the total stock size of this species was between 20 and 78 tonnes (the
European squid was not caught in the Banc d’Arguin, the stock refer thercfore to the other arca). The total
stock size in the Phase | warm season was of less than | tonne, and was indicated by + in the Table.
Considering the amplitude of a 95% confidence interval, this difference is not significant.

As for the total stock size of this species in the Al-Awam survey area, only Phase 2 resuits are shown
below, during which period data on the 3-20m stratum were obtained throughout the survey area. The
estimate of the total stock size in the cold and warm seasons was respectively 1,144 and 1,671 tonnes, with a
95% confidence interval of respectively 1399 and 926 tonnes and a CV of 21% in both seasons. For the
geographical distribution of the total stock size in both seasons, the stock size in the Northern area accounted
for 69 and 73% of the total by season respectively. As for the vertical distribution, the 3-20m stratum
occupied 63% of the total in the cold season, and the 30-80m stratum accounted for 86% of the total in the
Wiarm season.
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Figure 3.20 Distribution of CPUA for European squid Loligo vielgaris .
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{A) Amrigue survey area

Table 3.43 CPUA of European squid Loligo valgaris by siratum.

Northern Phase 1 Phase 2
coastal area Cold season Warm season Cold season Warm season
(Stratum: 3-20m) Mean  S. D. Range Mean 8. D. Range Mean S, D. Range Mean S.D. Range
Banc d'Arguin 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.0
Other 13.2 39,7 09 ~ 119.0 + 0.1 00 ~ 0.4 0.0 00 0.0 ~ 2.0 34 82 0.0 ~ 218
(BY Al-Awam survey area
E Phase | Phase 2
3 Stratum Cold season Warm season Cold season Warm season
2 Mean  S. D. Range Mean  S.D. Range Mean  S.D. Range Mean S.D. Range
3-20m - - - - - - - - 75.8 959 0.0~ 2403 15,0 13.7 06 ~ 277
20-30m 100.3 329 337 ~ 139.0 5420 480.6 1799 ~ 1,2437 1113 $4.6 288 ~ 195.4 24.0 41.1 0.0 ~ 71.5
'f:, 30-830m 176.2 1542 33,0 ~ 519.4 6l 2773 1936 ~ 1,013.7 £4.0 37.1 0.0 ~ 1482 363.0 279.1 281 ~ 7067
2 80-200m 0.0 0.0 0.0 ~ 0.0 0.6 Ly 0.0 ~ 1.8 0.0 0.0 0.0 ~ 0.0 36,7 683 0.0 ~ 1185
200-400m 0.0 00 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.0 - - - - 0.0 0.0 0.0 ~ 0.0
400-600m - - - - - - - - - - - - - - - -
3-20m - - - - 00 0.0 00 ~ 0.0 83.0 1124 0.0 ~ 3435 0.0 c.0 0.0 ~ 0.0
_ 20-30m 728 9l o0 ~ 192.7 20 4.1 0.0 ~ 8.2 45.9 429 0.0 ~ 104.6 0.0 0.0 0.0 ~ 0.0
E 30-80m 1.2 3. 0.0 ~ 125 1519 189.7 25 ~ 5914 27 4.1 0.0 ~ 9.7 63.1 107.0 0.0 ~ 3325
5 8§0-200m 2.7 8 0.0 ~ 26.9 71.7 74,9 0.0 ~ 210.0 0.6 2.0 0.0 ~ 6.4 183 25.3 0.0 ~ 67.9
200-400m 0.0 0.0 ~ 0.0 .0 2.0 0.0 ~ 0.0 Q.0 0.0 0.0 ~ 0.0 0.9 0.0 0.0 ~ G.0
400-600m - - - - 0.0 0.0 0.0 ~ 0.0 - - - - - - - -
3-20m - - - - 0.0 0.0 0.0 ~ 0,0 7. 4.2 0.0 ~ [43.2 0.0 0.0 00 ~ 0.0
20-30m S8 12,3 0.0 ~ 23.0 0.0 0.0 .o ~ 0.0 16.9 30.6 0.0 ~ 62.8 0.0 0.0 00 ~ 0.0
é 30-80m 4.1 77 00 ~ 228 1326 133,9 02~ 3988 3.3 127 0.0 ~ 39.0 72.1 1835 06 ~ 514.6
aow_ 80-200m 0.0 0.0 0.0 ~ 0.0 1613 231.1 0.0 ~ 795.% u.0 0.0 0.0 ~ 0.0 7.1 1.9 0.0 ~ 286
200-400m 0.0 0.0 oy ~ 3.0 0.0 0.0 0.0 ~ 0.0 0.0 0.6 0.0 ~ 0.0 0.0 0.0 0.0 ~ G0
400-600m - - - - - - - - - - - N - - -

Remarks, 8, D.: standard deviation, - : no trawl, +: less than 0,1,



Table 3.44  Stock size estimates of European squid Lolige valgaris.

(A) Amrigue survey area

Aren Stock size in tonnes
Subarea Stratum in Phase | Phase 2
km? Cold season Warm season Cold season Warm season
Morth Banc d'Arguin 4,741 0 0 0 0
3-20m 5912 78 + o
R T S Y 200
95% confidence intcrval k138 +0 10 *21
CV: coullicient of varialion 100% X 0% 91%
(B)Y AL-Awam survey aren
Aren Stock size in fonnes
Subarea Stratunt in Phase { Phase 2
km® Cold season Warm season Cold season Warm season
North 3-20m 5912 - - 454 89
T2030m 1,290 1297 699 44 31
30-80m 2,914 515 1,789 {87 1,061
80-200m 1,147 0 | 0 46
200-400m 936 0 0 - 0
T ekl 122090 edd xavlh T TR T TRy
953% conlidence interval +351 +1.226 +358 +1,250
CV: cocllicicnt of variation 25% 18% 29% 24%
Central 3-20m 2,783 - 0 231 0
20-30m $35 61 2 4z o
30-80m 2,870 4 436 8 181
80-200m 2,767 7 198 2 51
200-400m 1,453 0 0 0 0
400-600m 848 - 0 - -
Total 8773 7 T TTexn Takr T3y
93% conhidence interval +109 4375 1241 195
CV: coellicient of variation 549 27% 28% 43%
South 3-20m 1,483 - 0 4] 0
© T 20-30m 805 7 0 T 0
30-80m 2,640 I 350 22 190
80-200m 3,025 0 488 0 22
200-400m 994 0 0 0 0
S Tetal 8949 T T8 T TR T 77 T212
95% confidence intepval +22 512 +83 +330
CV: coeflicient of variation 49% 349 18% 0Y%
All 3-20m 10,180 - 0 726 89
20-30m 2,930 197 T 199 3
30-80m 5,434 529 2,575 217 1,433
80-200m 6,939 7 687 2 118
200-400m 3,383 0 1] 0 0
400-600m 848 - 0 - -
T Yol 2253 734 3964 1,144 1671
95% confidence interval 1406 *1,220 399 +926
CV: cocllicient of variation 23% 14% 21% 21%

Remarks. - @ no trawl, + @ less than | tonne, x : could not be calculated.
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2)  Cowmmaon cuttlefish Sepla officinalis

The common cuitlefish is distributed in the Cast Atlantic from the Baltic Sea and the North Sea down
to South Africa, as well as in the Mediterranean. 1t oceurs over sandy and muddy bottoms and in seaweed
fields in a zone extending from the coast to a water depth of 200m. It is a demersal and littoral species
particularly abundant down to a water depth ol 100m, and undertakes a seasonal and vertical mipration
(Roper et af, 1984; Fischer et al., 1987).

a) Distribution of CPUA
Figure 3.21 shows the CPUA distribition of the commaon cuttlefish in cach survey season.

This species was found mainly in the cold season at water depths of less than 3tim, and in the warm
scason at water depths of less than 80m. In the Phase | cold season, it was not distributed in the Central
arca. But the distribution of this species in that season at the 3-20m stratum remains unknown as its survey
did not take place. The CPUA distribution for this species is denser in the warm scason than in the cold
season, & phenomenon that is accentuated in the regions north and south of NKC. Dia ef Inejih (1991)
investigated the displacement of the species from inshore to offshore observe in both scasons, and [nejih
(1990) recorded the concentration of common cuttlefish in the vicinitics of NKC.

The globally higher density of CPUA for this species in the warm season suggests a cross section of
north-south migration along the coast,

by CPUA by stratum
Table 3.45 shows the CPUA for the common cuttletish at each straium in each area.

In the Amrigue survey area, the common cuttlefish was not caught in the Phase | warm season. The
highest CPUA of (his species in this area was 624 (in the other area in the Phase 1 cold season}, and the
mean CPUA by arca was between 30 and 50 (except for 92).

In the Al-Awenn survey area, the highest CPUA of this species was 1,023 at the 3-20m stratum in the
Northern arca in the Phase 2 cold season. The mecan CPUA by stratuin was |71 af most {at the
above-mentioned stratum). Stirata where the mean CPUA exceed 100 were very lew, less than 50 for most
of them. In all seasons, the mean CPUA by stratum was the highest at two strata shallower than 30m in
cach area.

c} Stock size
Table 3.46 shows estimates of the stock size for the common cuttlefish,

Is the Amrigue survey area, the total stock size for this species tended to decrease in survey order,
respectively with 722, 0, 470 and 384 tonnes. Except in the Phase 2 warm season, when the total stock was
more or fess equally distributed between the Bane d”Arguin and the other area, the latter comprised
between 60 and 75% of the total.

As for the Al-Awam survey area, the results below refer only to those of Phase 2, when the data related
to the 3-20m stratum were obtained for all aren. The estimate of the total stock size in the cold and warm
seasons was respectively 1,455 and 852 tonnes, with a 95% confidence interval of respectively =716 and
+355 tonnes and a CV of 59 and 33%. The stock of this species concentrated in the north and declined
towards the south. The stock was equally concentrated at the 3-20m stratum. This unbalanced
peographical and vertical distribution is particularly acute in the cold season.
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(B) Phase 1 warm season
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Figure 3.21 Distribution of CPUA for common cuttlefish Sepia ojj’icinalis .
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(A) Amrigue survey area

Table 3.45 CPUA of commen cuttlefish Sepia officinalis by stratum,

Northern Phase | Phase 2
coastal area Cold season Warm season Cold season ‘Warm season
(Stratum: 3-20m)  Mean  S.D. Range Mean 8, D, Ranpe Mean S.D, Range Mean S.D. Range
Banc d'Arguin 37.8 30.2 0.0 ~ 144.3 0.0 0.0 0.0 ~ 0.0 39.9 76.2 00~ 22590 43.6 63.0 0.0 ~ “_204.6
Other 91.7 202.3 0.0 ~ 623.6 0.0 0.0 30 ~ 0.0 47, 62.5 0.0 ~ 184.8 30.0 31.4 0.0 ~ 745
(B) Al-Awam survev area
Eﬁ“ Phase 1 Phase 2
_§ Stratum Cold season Warm season Cold season Warm season
@ Mean S, D, Range Mean  S8.D. Ranaze Mean  S8.D. Rangs Mean S.D. Range
3-20m - - - - - - - 1711 378.7 0.0 ~ 1.0234 45.4 82.7 0.0 ~ 1656
20-30m 8.1 12.4 0.0 ~ 28.1 350 46.3 0.0 ~ 97.7 159 26.2 0.0 ~ 54,7 1355 139.3 43.8 ~ 2638
£ 30-80m 3.7 9.7 00 ~ 276 71 835 0.0 ~ 1146 0.0 0.0 0.0 ~ 0.0 188 38.1 00 ~ 1116
2 80-200m 0.0 0.0 00~ 00 0.0 0.0 0.6~ 00 0.0 0.0 0.0~ 00 0.0 0.0 00~ 00
200-400m 0.0 0.0 0.0 ~ 0.0 07 13 0.0 ~ 22 . . - . 0.0 0.0 6.0 ~ 0.0
400-600m - - - - - - - - . . R - R . - .
3-20m - - - - 114.5 183.6 0.0 ~ 667.3 96.4 97.7 0.0 ~ 314.9 36.5 74.2 00 ~ 293.4
_ 20-30m 0.0 0.0 0.0 ~ 0.0 459 521 0.0 ~ 112.0 24 1.9 0.0 ~ 9.8 80.0 334 225 ~ 136.2
E 30-80m 0.0 0.¢ 0.0 ~ 0.0 59.6 60.4 0.0 ~ 179.4 0.0 0.0 0.0 ~ 0.0 33. 352 0.0 ~ 105.7
8 80-200m 0.0 0.0 0.0 ~ 0.0 17.8 50.4 0.0 ~ 1689 0.0 0.0 4.0 ~ 0.0 0.0 0.0 0.0 ~ 0.0
200-400m 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.0 0.0 0.6 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.0
400-600m - - - - 0.0 0.0 4.0 ~ 0.0 - - - - - - - -
3-20m - - - - 476 51.7 0.0 ~ 154.9 85.C 141.4 0.0 ~ 3911 316 74.6 0.0 ~ 22301
20-30m 51.7 59.3 00 ~ 1165 135.1 50.7 76,7 ~ 1683 255 12,7 0.0 ~ 88.8 23.8 251 0.0 ~ .1
'% 30-80m 4.0 82 00 ~ 220 40.2 59.6 0.0 ~ 190.0 0.0 .0 0.0 ~ 0.0 5.4 11.0 0.0 ~ 33.0
& 80-200m 0.¢ 0.0 0.0 ~ 0.0 33.6 99.4 0.0 ~ 298.7 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.0
200-400m 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.0 0.0 G.0 0.0 ~ 0.0
100-600m - - - - - - - - - - - - - - -

Remarks. 5. D.: standard deviation, - ; no trawl,



Table 3.46 Stock size cstimates of common cuttlefish Sepia officinalis.

(A) Amirigue survey area

Area Stuck size in tonnes
Sabarea Stratum in Phase | Phase 2

kin’ Cold season Warm seasen Cold season Wirm .-,-qu;.T

North Banc d'Arguin 4,741 179 0 189 207

3-20m 5,912 542 0 281 [77

Total 10,653 722 ] 470 384
93% conlidence interval #7107 L0 262 4250

CV: cocfficient of variation 36% 0% 28% 28%

(B) Af-Awam survey area
Area Stock size in tonnes

Subarea Stratum in Phase | I*hase 2 T

ksnt Cold season \Yarm scason Cold season Warm season

North 3-20m 5,912 - - (M0 274
T 20-30m 290 T o T L T S T T

30-80m 2.924 i1 138 0 55

80-200m 1,147 0 0 0 0

200-400m 936 0 | “ 0
Total 12,200 21 (84 1,032 S04

95% conlidence interval 25 4:132 +1,026 +387
CV: coelticient of variation 57% 38% 82% 3%
Central 3-20m 2,783 - 318 268 102
20-30m 835 0 38 2 67

30-80m 2.870 0 174 0 96

80-200m 2,767 0 49 0 0

200-400m 1,433 0 0 0 0

4030-600m 348 - 0 - -
C Total 87713 B 577 270 265
95% confidence interval ) +3772 £230 1182

CV: coctlicicnt of variation 0% 26% 25% 25%

South 3-20m 1,485 - 71 132 47
20-30m 805 42 ) 21 - 9

30-80m 2,640 I 106 0 17

80-200m 3,023 0 102 0 0

200-400m 994 0 0 0 0
T Total 8,949 52 387 153 8y
95% confidence inteival +84 +220 +230 £125

CV: cocflicient of variation 54% 30% 47% 17%

All 3-20m 10,180 - 389 1,412 423
20-30m 2,630 52 192 43 261

30-80m 8,434 22 415 0 168

80-200m 6,939 0 51 O 0

200-4G0m 3,383 0 1 g 4]

400-600m 843 - 0 - -

Total 22,534 74 1,148 1,455 852

935% contidence interval +79 1464 +716 +358

CV: coefficient of variation 42% 18% 59% 3%

Remark. - : no trawl.

3-120



3}  Commeon octopus Octopus vulgaris

The common octopus oceurs in warm and tropical seas of all over the world. It i3 a demersal and
littoral species found over various types of boltom in the coast off to the borders of the continental shelf, [t
normally hibernates in deep waters and migrates in the summer into shallow waters (Roper e af., [984;
Fischer ¢r al, 1987).

a) Distribution of CPUA

Figure 3.22 shows the CPUA distribution of the common octopus in each survey season. This speeies
was found over a very wide area repardless of season. Zones of relatively high CPUA for this species were
observed in each arvca, a particularly acute phenomenon in the Phase | warm season. Zones with a mass of
high CPUA were olF Cape Blanc in the Northern arca, off' south of Cape Timiris (southern portion) and off
NKC in the Central area, and the region south of 17° 30° N in the Southern area {(off the Sencgalese border,
al [7°N}. According to Dia ef lnejih (1991) and Hatanaka (1979), the stocks in the two zones in the
Northern and Central areas should be subpopulations of the common octopus. But it remains to be studied
whether the Southern arca population is part of that in the Central area, or the stock is a new
subpopulations.

by CPUA by stratum
Table 3.47 shows the CPUA for the common octopus at each stratuin in each area.

In the Awmrigue survey area, the common octopus was not captured in Phase 1. The highest CPUA of
this species in Phase 2 was 160, the mean CPUA by arca aitaining at most 39,

In the Af-Awam survey arvea, the highest CPUA was 2,406 at the 30-80m stratum in the Southern area
in the Phase | warm season. For all seasons, the highest mean CPUA by stratum was observed: for the
Northern area, at the 80-200m stratum (approximately 100-600}; for the Southern area, at the 30-80m
stratumt (approximately 200-500); and for the Central area, af the 20-30m stratum in the warm season
(approximately 200-500) or at the 30-80m stratum in the cold season (approximately 300-600}. Relutively
high mean CPUA by stratum was also observed at strata next to those with the highest mean CPUA. At
almost all strata, the mean CPUA by stratum was higher in Phase 1.

¢) Stock size
Table 3.48 show estimates of the stock size for the common octopus.

In the Amrigue survey area, the total stock size of this species in Phase 2 was 48 fonnes in the cold
season and 244 tonnes in the warm season. Considering the amplitude of the 95% confidence interval, this

ditterence was not considered significant.

In the Al-Awam survey area, the estimate of the total stock size of this species was, in survey order,
7,612 tonnes (95% confidence interval 22,069 tonpes, CV 10%); 6,274 tonnes (95% confidence interval
+ 1,774 tonnes, CV 13%); 3,352 tonnes {95% confidence interval 851 tonnes, CV 9%); and 3,521
tonnes (95% confidence interval = 1,486 tonnes, CV 20%). In the first two values above the stock size of
the 3-20m stratum in the entire arca and in the Northern area was not included, and the stock size of the
200-400m stratum in the Northern area was also excluded from the third value: therefore, those figures
were underestimated. Considering, however, that the stock size level at the 3-20m stratum in the Phase |
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cold and warm seasons was in the same order as in the Phase 2 cold and warm seasons, the tota! stock size
in Phase | would be of approximately 8,000 tonnes and 6,500 tonnes respectively. Also, if the common
octopus presumably does not undertake great south-north migrations, then the total siock size would have
declined about 3,000 tonnes between the Phase 1 warm season and the Phase 2 cold season. This decrease
was evidenced by the successive fall of the stock size of each stratum at water depths over 20m, at which
the survey was conducted in all seasons, particularly at the 30-80m and 80-200m strata.

As for the geopraphical and vertical distribution of the fotal stock size for the common octopus, only
Phase 2 results are presented below. In the cold season, the Central and Southern areas accounted for 48%
and 34% of the total stock size respectively; in the warm season, the Northern, Central and Southern areas
made up 52%, 25% and 23% of the total respectively. The total stock size in Phase 2 was more or less
stabilized around 3,000 tonnes. It is not presently known if those seasonal variations in geographical
distribution are mainly due to the northward displacement of the stock in the Central and Southern areas
observed from the cold season to the warm season, or, conversely, to the reverse displacement from the
warm season to the cold season. In both seasons, the 30-80m and 80-200m strata accumulate near 90% of
the total stock size.

The stock size of the common octopus was the larpest among that of non-fish target species, accounting
for 1 - 6% of the grand total. This ratio declined in survey order, 6%, 3%, 1% and 1% respectively (see Table
3.20,(B)).
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(A) Phase 1 cold season {13} Phase 1 warm season
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Figure 3.22 Distribution of CPUA for common octopus QOctopus vulgaris .
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(A} dmrigue survey area

Table 3.47 CPUA of common octopus Octopus vulgaris by stratum.

Northern Phase 1 Phase 2
coastal area Cold season Warm season Cold season Warm season
(Stratum: 3-20m) Mean S.D. Range Mean S.D. Range Mean 8.0 Range Mean S, D, Range
Banc d'Arguin 0.0 0.9 0.0 ~ 0.0 2.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.0 33 12.8 0.0 ~ 19.4
Qther 0.0 0.0 c.0 ~ 0.0 0.0 0.0 0.0 ~ 0.0 2.1 191 0.0 ~ 34.6 38.6 38.5 0.0 ~ 1598
(B)Y Al-Awam survey area
g Phase 1 Phase 2
£° Straturn Cold season Warm s¢ason Cold season Warm season
@ Mean S.D. Range Mean S.D. Range Meszn S, D. Range Men  S.D. Range
3-20m - . - - - - - - 252 36.7 0.0 ~ 72.9 131 261 00 -~ 323
20-30m 185.0 168.7 39.8 ~  a06.0 89.5 949 00 ~ 193.0 2l 354 0.0 ~ 70.3 0.4 32.1 341 ~ 115.3
% 30-80m 204.8 119.9 321 ~ 3813 3354 206.9 319.8 ~  930.7 103.4 107.7 31 - 3211 307.6 408.4 0.0 ~ 12013
2 80-200m 487.1 348 457.2 ~ 3253 379.8 408.7 2376 ~ 1.0294 111.9 66.8 66.5 ~ 188.7 633.0 706.7 201.6 ~ L4483
200-400m 18.3 317 0.0 -~ 349 10.2 14.5 00~ 268 - - . . 17.0 233 0.0 ~ 436
400-600m - - - - - - - - - - - - - - -
3-20m - » - - 134.7 1270 2.0 ~ 3904 68.2 98.6 0.0 ~ 3523 52.5 459 0.0 ~ 125.7
_ 20-30m 284.3 276.5 0.0 ~ 656.5 467.8 190.8 2529 ~ 705.9 19, 34,1 0.0 ~ 70.6 2054 176.6 294 ~ 40,6
% 30-80m 642.6 594.4 1211 ~ 2.108.3 363.4 3236 60,0 ~ 12085 2758 154.8 66,0 ~ 565.1 105.3 80.7 18.0 ~  267.2
5 80-200m 611.5 383.3 310 ~ 21163 89.2 5 0.0 ~ 181.7 2212 163.3 0.0 ~ 5126 843 79.0 0.0 ~ 191.9
200-400m 23 30 0.0 ~ 6.4 11.1 7.3 0.0 ~ 66.8 23 3.1 0.0 ~ 0.2 0.0 0.0 0.0 ~ 0.0
400-600m - - - - 0.0 0 0.0 ~ 0.0 - - - - - - - -
3-20m - - - - 0.0 0 0.0 ~ 0.0 1.0 219 0.0 ~ 52.7 0.0 0.0 0.0 ~ 0.0
20-30m 68.3 32.2 36.0 ~ 100.4 372.4 231.2 157.8 ~ 617.2 0.0 0.0 0.0 - 0.0 21.3 27.0 0.0 ~ 56.1
§ 30-80m 456.1 2259 188.8 ~ 9547 454.2 732.6 10.6 ~ 23055 2024 181.5 0.0 ~ 3443 1288 286.8 0.0 ~ 940.8
& 80-200m 3835 171.9 160.3 ~  670.1 85.7 105.7 0.0 ~ 3059 1921 96.9 473 ~ 3116 6.5 100.2 76 ~ 2637
200-400m 0.6 0.8 0.0 ~ 1.2 0.0 0.0 0.0 ~ 0.0 0.0 0.0 00 ~ 0.0 0.0 0.0 00 ~ 0.0
400-600m - - - - - - . - - - - - - - - -

Remarks. S. D.: standard deviation. - : no trawl.



Table 3.48 Stock size estimates of common octopus Octopus vulgeris.

(A) Amrigne survey area

Avea Siock size in tonoes
Subirea Stratum in Phase | Phase 2 T
Kkm® Cohl season Warm season Cold season Warm season
North Banc d'Arguin 4,741 0 0 0 16
3-20m 5912 0 0 48 228
T ol 1633 0 [t} T4 T g
5% conlfidence interval 10 10 53 k167
CV: cocllicient of varintion 0% 0% G1% 55%
(B) Al--lwam survey arca
Area Stock size in tonnes
Subarea Stratom ifi Phase t Phase 2
kan’ Cold season Warm scason Cold season Warnt seasoen
North 3-20m 5912 - - 149 71
TT030m 1,200 240 s 7 17
30-80m 2,924 599 1,565 302 899
80-200m 1,147 559 665 128 726
200-H0m 236 7 10 - 16
Tolal 12,209 1413 2,355 T o07 1,835
95% confidence interval +£500) 992 +383 +2 052
CV: coefficient of variation 11% 16% 24% 35%
Central 3-20m 2,783 - 375 190 146
20-30m 833 237 390 16 171
30-80m 2,870 1.844 1,i29 792 303
B0-200m 2,767 1.692 247 612 261
200-400m 1,453 3 16 4 0
400-600m 848 - 0 - -
T retal 8773 3,777 2,157 T
95% contidence interval +1,555 772 +406 +306
CV: cocthicient of variation 19% 1d4% 13% 16%
South 3-20m 1,485 - 0 16 0
20-30m 305 755 300 o 7
30-80m 2,640 1,204 1,199 534 604
80-200m 3,025 1,160 262 581 183
200-400m 991 1 0 0 0
~ Totai 8,949 2420 1,761 132 504
95% confidence interval 773 £1,356 424 593
CV: cacfticieni of variation 12% 36% 5% 32%
All 3-20m 10,180 - 375 335 224
20-30m 2930 532 806 44 305
30-80m 8,434 3,647 3,804 1,628 1,800
80-200m 6,939 3411 1,174 1,322 £,170
200-400m 3,383 21 26 4 16
400-600m 548 - 0 - -
Total 22,534 7612 6,274 3,352 3.521
95% confidence interval +2,069 21,774 +851 *1,486
CV: cocflicient of variation [0% 3% 9% 20%

Remark. - @ no trawk.
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{3) Crustaceans

Among the five target crustaceans, the West African geryon Chaceon (Geryon) maritae, the pink spiny
lobster Palinurus mauritanicus and the royal spiny lobster Panuldirus regius are not presented here, as the
first one was not caught throughout the survey and the CPUA in entire area of the Iast fwo species of lobster
was less than | throughout the survey respectively. Presented below are the CPUA and estimated stock size
values of the two target crustaceans.

1) Southern pink shrimp Penacus notialis

The southern pink shrimp is found on the coasts of both sides of the Atlantic. On the American side, it
occurs from the Yucatan Peninsula to Cabo Frio (Brazil), as well as in many Caribbean islands. It inhabits
at water depths between 3 and 100m (generally at 3-50m), on sandy or muddy bottoms or on sandbanks
surrounded by recfs (Carpenter ef af., 1993). On the western coast of Africa, it can be found from Cape
Blanc to Angola as well as oft Sdo Tomé (Burukovsky, 1972).

a) Distribution of CPUA
Figure 3.23 shows the CPUA distribution of the southern pink shrimp in every survey season.

In the Amrigne survey area, this specics was concetitrated in the inner port of Lévrier Bay and/or
along the east coast of Banc d’Arguin, a phenomenon that beeame acute in recent years., Overall, the
CPUA there were higher than those in the Al-Awam survey area,

As for the latter, the southern pink shrimp was scattered along the coast at water depths of less than
80mn. South of Cape Timiris, frequencies of occurrence were relatively high,

Lagardéra (1971) defined two zones of concentration for this species resource: !) the southern region
between NKC and Saint-Louis, and 2) the northern region between [8°50” and 20°00° N (zone including
Lévrier Bay). Conversely, the three main resource zones observed in the present study, regardless of stock
sizc, were the following: 1) Lévrier Bay, 2) the Banc d’ Arguin, 3) south of Cape Timiris.

b) CPUA by stratum
‘Table 3.49 shows the CPUA for the southern pink shrimp at each stratum in each area.

In the Amrigue survey arca, the highest CPUA was 439 in the Banc d’ Arguin of the Phase 2 warm
season, with the mecan CPUA of 195 by arca. The mean CPUA by arca in the three seasons except the
above scason was between 2 and 71.

In the Al-Awam survey area, the highest CPUA was 281 at the 3-20m stratum in the Central area in the
Phasc 2 cold season. The mean CPUA by stratum ranged 0.1 - 2, but in most strata it was below 10. Tn all
seasons except the Phase 1 cold season, the mean CPUA by stratum was higher at the 3-20m stratum in
many case.

¢) Stock size
Table 3.50 show estimates of the stock size for the southern pink shrimp.

In the dmrigue survey area, the cstimate of the fotal stock size for this species was in serial order of
survey, 72,351, 121 and 1,342 tonnes (95% confidence interval and CV not mentioned). The total stock size
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was greater in the wacm scason than in the cold season, and inereased rapidly. In the Phase | cold season, the
stock size in the other arca accounted for 83% of the foial stock size, but in all other seasons the Bang
d’Arguin occupied 69 to 87% of the total.

In the Al-Awam survey area, the total stock size of this species is probably less than approximately 100
tonnes in each scason. As for geographical and vertical distribution, the results presented here are limited to
Phase 2. The stock size in the Central arca made up 53% and 63% of the total stock size in the cold and warm
scasons (respectively 106 and 25 tonnes). in the cold season, 94% of the total stock size was concentrated at
the 3-20m stratum; in the warm season, 76% were found at the 30-80m sératum. These results, according to
which the total stock size in the cold season is greater than that in the warm season, are opposed to those
obtained by the Amrigue. However, considering the 95% confidence inferval of the total stock size, the
diftference between the two seasons is not significant and no conclusions could be drawn. For the same
reason, it cannot be said that the results obtained by amalyzing the vertical distribution, namely a
concentration of resources in the coastal area (3-20m stratum) in the cold season and in the offshore arca
{30-80m stratum) in the warm season, sugpests a seasonal displacement of this species.
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(A) ’hase 1 cold season

(B) Phase 1 warm season
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F igure 3.23 Distribution of CPUA for scuthern pink shrimp Penaeus notialis .
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(A} Amrigue survev area

Table 3.49 CPUA of southern pink shrimp Penaeus notiuiis by stratum.

Northern Phase 1 Phase 2
coastal area Cold season Warm season Cold season Warm season
(Swaum: 3-20m) Mean S, D. Range Mean S.D. Range Mean S .D. Range Mean  S.D. Range
Banc d'Arguin 2.4 4.4 0.0 o 13.] 64.3 79.6 0.0~ 239.2 20.6 33.8 0.0 ~ 1283 185.2 131.0 1.7 = 438.8
Other 10.2 16.5 0.0 ~ 44.9 7.8 24.5 0.0 ~ 85.2 3.9 11.8 0.0 ~ 44.6 70.5 90.2 0.0 ~ 2222
(B) Al-Awam survey area
§ Phase i Phase 2
ES Stramim Cold season Warm season Cold season Warm season
7 Mean 8. D. Range Mean  S.D. Range Mean  $.D. Range Mean  S.D. Range
3-20m - - - - - - - - 5.2 13.3 0.0 ~ 353 0.0 0.0 6.0 ~ 0.0
20-30m 0.0 0.0 0.0 ~ 0.0 4.5 6.1 0.0 ~ 129 0.3 035 0.0 ~ 1.0 0.1 0.1 .0 ~ 0.3
Tg 30-80m 0.5 1.4 0.0 ~ 18 0.0 Q.0 0.0 ~ G.0 0.0 0.6 0.0 ~ 0.0 1.2 3.2 0.6 ~ 9.1
rd 80-200m 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ 2.0 0.0 0.0 0.0 ~ 0.0
200-400m 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.0 - - - - 0.0 0.0 0.0 ~ 0.0
400-600m - - - - - - - - - - - - - - -
3-20m - - - - 25 6.0 0.0 ~ 20.4 0.2 69.5 6.0~ 2805 02 0.4 0.0 ~ 1.4
- 20-30m (AR 0.5 0.0 ~ 1.0 0.1 0.1 0.0 ~ 0.3 0.3 03 0.0 ~ 1.0 o7 1.5 0.0 ~ 3.0
% 30-80m 0.1 0.5 0.0 ~ 1.8 1.0 3.3 0.0 ~ 122 0.0 0.0 0.6 ~ 0.0 4.9 14.0 0.0 ~ 4.7
(‘3 80-200m 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ 00 0.0 G.0 0.0 ~ 0.0
200-400m 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.0 0.0 0.0 c.0 ~ ¢.0
400-600m - - - - 0.0 0.0 0.0 ~ 0.0 - - - - - - - -
3-20m - - - - 20.7 395 0.0 ~ 113.2 8.1 7. 0.0 ~ 20.6 2.1 5.5 0.0 ~ 16.9
20-30m 1.6 0.8 0.9 ~ 2.3 0.0 0.0 0.0 ~ 0.0 7.7 [3.5 0.0 ~ 31.0 1.2 14 0.0 ~ 2.6
E 30-80m 2.0 5.0 0.0 ~ 152 0.2 03 0.0 ~ 1.4 0.1 0.2 0.0 ~ 0.6 0.6 1.0 0.0 ~ 19
'5':: 80-200m 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.¢
200-400m 0.0 ¢.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.G
400-600m - - - - - - - - - - - - - - - -

Remarks. 8. D.: standard deviation, - : no trawl.



Table 3,50 Stock size estimates of southern pink shrimp Peracns notialis.

{A) Amrigute survey area

Area Stock size in tonnes
Subaren Stratum in Phase 1 Phase 2
o’ Cold season Warm scason Cold season Warm season
North Ranc d'Arguin 4,741 12 305 98 925
3-20m 5912 60 46 23 417
Total 10,653 T 351 LT 1342
95% confidence interval 61 +270 +103 +615
CV: coefficient of variation 46% 30% 39% 20%
(B) Al-Awam survey area
Area Stock size in tonnes
Subarea Stratum in Phase | Phase 2
km? Cold season Warm season Cold season Warm scason
North 3-20m 5912 . - - 31 4]
20-30m 1,290 0 6 + +
30-80m 2,924 1 0 0 4
80-200m 1147 0 0 0 0
200-400m 436 0 0 - 0
Total 12,200 i 6 3 T
95% confidence interval +3 +10 +35 +10
CV: coefficient of variation 100% 68% 96% 89%
Central 3-20m 2,783 - 7 56 |
T 20-30m 835 + + + I
30-80m 2,870 + 3 0 i
80-200m 2,767 it] 0 0 0
200-400m 1,453 0 1] 0 0
400-600m 848 - 1] - -
T Total T 8,773 1 ] 56 15
95% conlidence interval +1 |2 +131 23
CV: coeflicient of variation 74% 52% 86% R4%
South 3-20m 1,485 - 31 12 3
T 20-30m 805 { 0 D [
30-80m 2,640 5 1 + 2
80-200m 3,025 0 0 0 0
200-400m 9% 0 0 0 0
T Total 8949 s 31 18 o 6
95% confidence interval k11 63 +20 +4
CV: coelticient of varialion 69% 656% 39% 51%
All 1-20m 10,180 - 38 99 4
20-30m 2,930 TS 7 2
30-30m 8,434 7 3 + 19
80-200m 6,939 0 0 ¢] ¢]
200-400m 3,383 0 0 0 0
40{0-600m 848 - 0 - -
Total 22,534 97T 47 I
95% confidence interval +10 +65 1167 132
CV: cocflicient of variation 55% 46% 54% 55%

Remarks. - : no trawl, +: less than | tonne.
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2) Deep-water pink shrimp Parapenacus longirostris

The deep-water pink shrimp is found in the West Atlantic trom oft the state of Massachusctts {(USA)
through the Gulf of Mexico and (he Caribbean down to off Freach Guiana. Tt also occurs in the
Mediterranean and in the East Atlantic, from Portugal to Angola, at water depths between 20 and 700m
(JAMARC, 1983), The deep-water pink shrimp lives over muddy and sandy/muddy bottom at water depths
between 30 and 500m. It is rarcly observed at water depths of less than 50m or at the 350 — 400m depth
(Crosnicr ef Bondy, 1968).

a} Distribution of CPUA

Figure 3.24 shows the CPUA distribution of the deep-water pink shrimp in cach survey season. This
species is disiributed mainly at water depths over 80m, and higher CPUA was concentrated at the 200-400m
stratum. [n the Southern area, the deep-water pink shrimp was also distributed at the 30-80m stratum.

In the Amrigre survey area, none of this species was caught throughout the survey.

b) CPUA by stratum
Table 3.5t shows the CPUA for the deep-water pink shrimp at cach stratum in cach area.

In the Al-Awam survey area, the highest CPUA was 202 at the 200-400m strafurm in the Southern area in
the Phase 2 cold season. Also, CPUA of 200 was found at the 200-400m stratum in the Ceutral area in the
Phase | cold season. The mean CPUA by stratum did not exceed 100 other than in two instances and was
below 50 at many strata. Except in the Central arca in the Phase 2 cold season, the mean CPUA by stratum
had its highest value at the 200-400m stratum in all seasons and areas.

¢} Stock size

Table 3.52 shows estimates of the stock size for the deep-water pink shrimp. The total stock size was, in
survey order, 351, 232, 359 and 205 tonnes respectively. The total stock size increase slightly in the cold
season, but {n the past two years the total have stabilized between 200 and 350 tonnes. The 95% confidence
interval and CV related to the total stock size was more or less stable, respectively within between £ 106 and
206 tonnes and between 19 and 22%,.

As for the geographical distribution, the Southern area had the highest ratio of the total stock size in all
seasons, between 40 and 80%, followed by the Central arca (18-41%) and by the Northern area {1-24%).
Temporal changes in the stock size in the Northern and Southern areas were in opposition: in the Northern
area, the stock size was low in the cold scason and high in the warm season, while in the Southern area it was
the other way round. In the Central area, the stock size declined over time, but recently it has begun to

increase ugain, even in a quite limited way,

In terms of vertical distribution, the stock size at the 200-400m stratum accounted for 65 and 81% of the
total stock size in all seasons except for the Phase 2 cold season. In the latter, the 80-200m stratum made up
51% of the total. Tn all seasons, the stock size by stratum decreased from deeper to shallower strata. The
stock size at the 30-80m and 200-400m strata declined in scrial order of survey.
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(A) Phase 1 cold season

(B) Phase 1 warm season
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Figure 3.24 Distribution of CPUA for deep-water pink shrimp Parapenaeus longirostris .
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{A) Amrigue survey area

Table 3.51 CPUA of deep-water pink shrimp Parapenaeus longirostris by stratum.

Northemn Phase 1 Phase 2
coastal area Cold season Warm season Cold season Warm season
(Stratum: 3-20m)  Mean  S.D. Range Mean  S.D. Range Mean . D, Range Mean 8. D. Range
Banc d'Arguin 0.0 0.0 0.0 ~ 0.0 0.0 8.0 0.0 ~ 2.0 0.0 0.0 0.0 ~ 0.0 0.0 0.0 00 ~ 0.0
Other 8.0 0.0 0.0 ~ 0.0 0.0 ¢ 0.0 ~ o0 0.0 (3] 0o~ 0.0 0.0 0.0 0.0 ~ 0.0
(B) Al-Awam survey area
& Phase | Phase 2
_S Stratum Cold season Warm season Cold season Warm season
A Mean S, D, Range Mean S.D. Range Meaan .D. Range Mean S.D. Range
3-20m - - - - - - - - 0.0 0.0 00 ~ 0.0 0.0 0.0 0.0 ~ 0.0
20-30m 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.¢ 0.0 0.0 0.0 ~ 0.0
'E 30-80m 0.0 0.0 Q.U ~ 0.0 0.0 00 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.0 0.0 Q.0 0.0 ~ 0.0
2 80-200m 1.3 1.5 0.0 ~ 3.0 5.2 7.5 0.0 ~ i3.8 8.0 &G 0.0 ~ 12.1 163 19.7 0.0 ~ 383
200-400m 3.5 3.2 1.1~ 7.1 33.6 61,3 11.3 ~ 124.1 - - - 263 42.0 0.0 ~ 74.7
400-6060m - - - - - - - - - . - - - -
3-20m - - - - 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ 0.0 0.0 6.0 00 ~ 0.0
_ 20-30m 0.0 0.0 0.0 ~ 0.0 0.0 0.0 c0 -~ 0.0 0.0 0.0 to ~ 0.0 Q.0 0.0 0.0 ~ 6.0
.E 30-80m 0.0 0.0 00 ~ 0.0 .0 0.0 0.0 ~ eX1} + 0.1 00 ~ 0.2 0 0.0 0.0 ~ 0.0
i‘.“j 80-200m 8.3 10.3 0.0 ~ 251 3.1 8.1 0.0 ~ 26.8 18.6 253 00 ~ 69.0 42 111 0.0 ~ 265
200-400m 833 843 23 ~ 200.1 373 30.6 65 ~ 723 8.8 16.1 0.0 ~ 326 46.3 38.2 14.9 ~ 933
400-600m - - - - 5.1 0.0 it~ 5.1 - - - - - - - -
3-20m - - - - 0.0 0.0 0.0 ~ 0.0 0.0 0.0 0.0 ~ .0 0.0 0.0 GO~ 0.0
20-30m 0.0 0. 0.0 ~ 0.0 0.0 0.0 00 ~ 0.0 0.0 0.0 0.0 ~ .9 0.0 0.0 0.0 ~ 0.0
g 30-80m 8.3 14.3 0.0 ~ 418 3 6.5 0.0 ~ 174 3.8 84 0.0 ~ 222 22 3.4 6.0 ~ 17.2
océ §0-200m 15.6 27.5 0.0 ~ 76,4 4.3 7.2 0.0 ~ 223 304 547 0.0 ~ 169.1 12.0 13.8 0.6 ~ 382
200-400m 133.5 16.8 121.7 ~ 145.4 833 324 476 ~ 105.3 1550 75.2 68,3 ~ 202.4 40.6 13.4 4335 ~ 33.4
400-600m - - - - - - “ - - - - - - - - -

Remarks. S. D.: standard deviation, - : no trawl, +: less than 0.1.



Table 3.52  Stock size estimates of deep-water pink shrimp Parapenacus longirostris.

(A} Amrigue survey area

Aren Stork size in tonnes
Subarea Stratum in Phase | Phase 2 o
k'’ -“f(ﬁfold seaspn Warm season Cold scason Warm season
Noith Bane d'Arguin 4741 0 0 0 0
3-20m a8l o 6 0 0
T Totab 10,6537 0 - 0 o K3
95% conlidence interval +0 () 0 Iy
‘CV: coetlicient of variation 0% 0% 0% 0%
{(B) Al-Awam survey area
Arca Stock size in tonnes
Subarea Stratum in Phase | Phase 2
km? Cold season Warm season Cold season Warm season
North _ 3-20m 3,912 - - 0 0
©20-30m 1,290 0 0 0 0
30-80m 2,924 0 0 0 0
80-200m 1,147 [ 6 ) 19
_200-400m 936 3 50 - 25
Total 12,200 s 56 9 43
95% confidence interval +5 146 +17 +93
CV: cocfficicnt of vartation 42% 60% 50% 6(%%
Central 3-20m 2,783 - 0 0 0
20-30m 835 o 0 0 0
30-80m 2,870 0 0 + 0
80-200m 2,767 23 8 5 12
200-400m 1,453 121 54 i3 68
400-600m 848 - 4 B - -
" Total 8,773 144 A T )
5% confidence inlerval £i12 £52 +46 +60
CV: cocHlicient ol variation 43% 29% 39% 38%
South __ 320m 1,485 - 0 {) 0
20-30m 805 0 0 0 0
30-80m 2,640 22 10 10 6
80-200m 3,025 47 14 122 36
200-400m 994 133 85 154 40
" Total 8,949 202 158 286 83
95% conlidence interval +133 80 +158 42
'CV: coelficient of variation 18% 9% 75% 24%
AR _3-20m 10,180 - 0 0 (]
20730m 2.930 0 o 0 o
30-80m 8,434 22 10 10 6
80-200m 6,939 72 28 183 67
200-400m 1,383 257 189 167 133
__400-600m 848 - 4 - -
" Total 22,534 T30 TR T sy Tdes
95% confidence interval +177 120 206 +i06
CV: coefficient of variation 20% 19% 2% 22%

Renrarks. - @ no trawl, -+ fess than | tonne.
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3.4.6 Biological findings on target species

The biological data on the target speeics in this survey were obtained based only on the samples from
which biological measurcments were taken. Of the 23 target species, biological data on the golden grey
mullet Liza aurata and the West African geryon Chaceon (Geryon) maritae are nol presented, as they were
not caught,

The data on the size composition of target species were corresponded to the stock size in numbers of
those specics (sce 3.4.5) atter standardization by unit area (km?), and extension to the arca of cach stratum.
Those data were obtained mainly by the measuring-card punching method at the trawl stations where the
number of individuals captured was sufficient (generally over 100 individuals). For the stations where the
number of individuals captured was low, the data on the size composition were based on the body length
measurement, one among the multi-item biological measurement. However, whenever the number of
individuals captured by both the Amrigue and Al-Awam was actually insufficient, the multi-itern biological

measurement did not always oceur.

Figures on the size composition of target species were prepared from the data obtained by the Al-Awam.
For those data, captures achieved with the cod end (nominal mesh sizes: 45 mm, 70 mm and 100 mm) and
the covernet (nominal mesh size: 20 mm) were uniformized, that is, the data utilized considered a cod end
with a covernet of 20 mimn mesh size. Species caught by the Amrigue were often (a) not abundant in number
and (b) mainly comprising small individuals (juveniles). There was a strong probability of the obtained
results not reflecting the actual size compositions of target specics in nature, and thus the size composition of
the species captured by that vessel was not illustrated. Exceptions was made, however, for the Sencgalese
sole Sufea senegalensis and the southern pink shrimp Penceus notialis, which were captured in greater by
the Amrigue than by the Al-Awam and had more or less equivalent sizes between catches by both vesscls.

(1) Fishes
Presented below are the biological findings obtained for the 14 target fishes in this survey.
1) Smooth-hound Mustelus mustelus

a) Body length range and mezn body length

Table 3.53 {page 3-139) presents the minimum, maximum and mean total lengths obtained for the

smooth-hound in each survey season and at each stratum in each area.

‘The total length in this species varied between 420 and [,122 mm. The mean total length by wrea was
between 620 and 650 mm in the cold season (arca surveyed by the Awmrigue in Phase | and the Northern area
surveyed by the Al-stwam in Phase 2) and between 670 and 900 mm in the warm scason {(area surveyed by the
Al-Aweam in both Phases). The mean total length by area in the warm season was higher in the Southern area
than in the Northern area. The mean total length by stratum obtained in the Northern area in the Phase 2
warm season was small (622 mm) in the shallower stratum {3-20 m) and increases with depth, atlaining 880
mm in the 86-200 m stratum.

b) Size composition

Figure 3.25 (page 3-136, 3-140 to 3-142) presents the evaluation of the size composition for the
smooth-hound stock. The total length class is indicated at intervals of 2 cm. To analyze the characteristic of
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this composition, three groups were defined: (i) small-size (total length less than 60 cm), (i} medimn-size
(length between 60 and 80 cm), {iii) large-size {length over 80 cm).

For all seasons, the majorily of captured individuals were the medium-size. For the Phase | warm
season, the dominant mode in the medium-size group was on the right half (76-80 ¢m) while in Phase 2, the
dominant mode was on the lelt half (60-70 cm). Frequeney of the large-size individuals was accentuated in
ihe Phase 1 warm season, but low in the other scasons. As for the small-size individuals, some with a total
length of less than 50 em occurred in the warm season, particularly in Phase 2 (dominant mode at 42-44 cin
class).

The smooth-hound is a viviparous species and the juveniles measure about 40 em upon birth (Fish
Basc databasc: htipi//www.fishbase.org, hereinafler referred to as Fish Base). The small-size individuals
ohserved in this warm season were thus very young larvae or juveniles,

Examining the size composition at each stratum in each arca, one realizes the larvae and juveniles only
appeared in the waters shallower than 20 m in the Northern area, which suggests the importance of ihat
region as a nursery ground for this species. Also, if the targe-size individuals appear simultancously in the
Northern and Southern areas, they predominate in the Southern area. The size composition at each stratum in
the Northern area in the Phase 2 warm season shows the dominant mode displacing towards the right, or
towards large-size, the deeper it becomes.

{A) Phase 1 cold season {1} hase 1 warm season
Grand Fotal [Area - 97156 km'} Grand Total {Ama ;Y7156 km’)
Mean kngth W0 Zem
Fstmual g daie o nenters 221} Fat ralzd stock see mowrnbers 1, F80007
[T .
4
2
5
. . b
No data for size composition bt
B
H
g
i3
L . Total kngth 1o cm
(C) Phase 2 cold scason (D)) Phase 2 werm season
Grand lotal (Area 97136 4nJ) Grand Toral fAma 97156 k')
Floen kegth 62 Soa Meza keph [3Tca
Farmased 52k 12¢ 18 purmbers & 110435 Estmnued shek bic ol nuabas . 220698

I ]
& snm ———— S 2
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5 3
] oot oo e . e
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Figure 3.25 Size composition for smooth-hound Mustelus mustelus.



¢} Length-weight relationship

Figure 3.26 presents the relationship between the total length and body weight for the smooth-hound.
The length-weight equations obtained from all samples were the following:

Phasc | cold season TBW= L150x 107 =L {r=0.9003)
Phase | warm season ‘BW= 2.695x (0" xTL}" (r=0.9682)
Phase 2 cold scason TBW= 1.585%107 =T (r=0.9432)
Phase 2 warm scason ‘BW= [.558x107xTLM? (r=0.9820)

where, BW : body weight (g), TL : total length {(¢m) and r : the coefticient of correlation.

{A) Phasc | cold season (B) Phase 1 warm seasen
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Figure 3.26 Length-weight relationship for smooth-hound Muséelus mustelus.

d) Length and weight by sex

Table 3.54 (page 3-143) summarizes the total length and body weight observed in each sex for the
smooth-hound. In the cold season, except for the area surveyed by the Amrigue, females had a total length
approximately 2 cm greater than that of males and a mean body weight approximately 160 g greater as well.
Conversely, in the warm season, males were larger than females. In particular, in Phase 1, they are on the
average approximately 3 cm and 80 g longer and heavier than females. [n any case, the mean-size males and

females are larger in the warm season than in the cold season.
¢) Sex ratio and female maturity stage

Table 3.55 (3-144) summarizes the sex ratio and the temale maturity stage in the smooth-hound.

3-137



Figure 3.27 (page 3-145) presents their distribution by length class.

FFor all seasons (except for the Phase | cold season, where data were too few), the overall sex ratio was
respeetively 0.33, 073 and 0.98 with the change of surveys. This proportion therefore shilts from a
dominance of females to equilibrium between the two sexes. Geographical and vertical characteristics of the
sex ratio were studied in the Phase 2 warm season, where data were relatively numerous, The sex ratio in this
species was .80 in the Northern arca and [9.00 in the Southern area. However, data arc not very abundant in
the Southern area, where males are mostly dominant, to allow for definitive conclusions, The sex ratio by
strafum did not depend on depth and the each stratum does not seem to deviate much {rom the equilibrium
(1.0).

A fully mature smooth-hound female should be at maturity stage 1IT: in a viviparous species, stages |
and [1 correspond to the maturity of eggs and stage 111 to the formation of a fetus. The ratio of mature femaies
was 0% in the cold season (in the area surveyed by the Amrigue in Phase 1, a single female was observed and
was not included in this analysis) and between 10 and 56% in the warm season (a higher ratio in Phase 2).
The smooth-hound gives birth during warm season.

The sex ratio by length class and the female maturity stage were mainly studied in the Phase 2 warm
season, where data were most numerous. The females were dominant in the 70-80 cm length class, but in
other classes, the males were dominant, particularly for the total length longer than 90 ¢m, a class where no
female was included. Conversely, in the Phase 2 cold season, all individuals with total length over 80 cm
were females. In order to determine if the size-dependent change of the sex ratio is seasonal, more data will
be needed. The total fength at first maturity was approximately 60 cm, and the majority of fcmales over 70
cm were mature.

f) Feeding habits

Table 3.56 (page 3-146) presents the stomach condition and the stomach content compuosition of the
smooth-hound in each survey season. Figure 3.28 (page 3-147) presents the relationship between body
length, stomach content somatic index (SS¥) and stomach content weight (SCW) from ail data obtained in
the course of the survey. The stomach content composition was analyzed by the occurrence method,
extended for all target species.

The ratio of the empty stomachs was 19% in the Phase 2 cold season, and below 3% in all other
5€a50nS,

On the body length-SSI relationship, excepting SSI values above 30 observed for the total length over
80 cm, the maximum SS1 valucs for cach length class were distributed over a descending curve, meaning that
S5 increased as total length decreased. Also, on the body length-SCW relationship, the highest SCW value
for each length class were distributed over an ascending curve, therefore SCW increases with total length,
This would mean that the large-size individuals do indeed eal much food, but also that the small-size
individuals, with a high stomach content/total weight proportion, are voracious eaters for their size.

The smooth-hound was found to fecd mainly crustaceans (many crabs and anomuras) but also fishes
(in the warm season, engraulids, sardinellas, horse mackerels, Lusitanian sole, etc.). In the Phase | cold
season, smooth-hound stomachs revealed great guantitics of Sipunculoidea.

*¥SS1= (SCW/SW) x [0 SW=BW{SCW+GW+I W)
where SW=sarcous weight (g), BW=body weight (g), (i(W-=gonad weight (g). and HW=hepatic weight (g).
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Table 3.53 Body length range and mean body length for smooth-kound Musrelus mustelus : TL in mm.

{A) Amripue survey arca

Northern Phase 1 Phase 2
coastal area Cold season Warm season Cold szason Warm season
(Stratum: 3-20m) Specimens Range Mean  Specimens Range Mean  Specimens Range Mean  Specimens Range Mean
Banc d’'Arguin 3 593 ~ 682 6413 - 0 0 0
Other 1 550 330.0 0 ' 0 0
All area 4 550~ 682 613.5 0 0 0

(B) Al-Awam survev area

5 Phase I Phase 2
8 Stratum Cold season Warm season Cold season Warm season
& Specimens Range Mean Specimens Range Mean Specimens Ranace Mean Specimens Range Mean
3-20m - - - - - - 63 445~ 934 6333 30 420 ~ 830 6217
20-30m 0 30 560 ~ 896 718.0 0 30 523 ~ 824 651.9
= 30-3Cm 0 1] 4 6540 ~ 950 756.2 59 536 ~ 880 7343
5 80-200m 0 0 0 1 380 380.0
“200-400m 0 0 . . - 0
400-600m - - - - - - - - - - - -
3-600m 0 50 560 ~ 896 719.0 71 448 ~ 930 6457 180 420 ~ 8§80 6608
3-20m - - - 0 0 0
20-30m 0 0 0 ¢
= 30-80m 0 0 0 ¢
T §0-200m o 0 0 ¢
T 200-400m 0 0 0 4
400-600m _ 0 - - - - - -
3-600m { 0 0 o
3-20m - - 4] 0 0
20-30m o 0 0 0
= 30-80m 0 6 738 ~ 1,080 320.7 0 20 730~1.122 500.1
£ 80-200m 0 0 0 0
0 200-400m 0 0 0 0
400-600m - - - - - - - - - - - .
3-600m Q & 738 ~ 1.080 320.7 (] 20 750~ 1,122 900 |

Remark, - 1 no trawl.
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Figured, 25 (C) contined.
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Figure3,25 (D) continued.
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Table 3.54 Body length and weight by sex for smooth-hound Mustelus mustelus,

(A) Amrigue survey area

Phase Season

Sex

Individuals

of specimens

Total length in mmn

Body weight in g

Range

Mean

Range

Mcean

Cold

Male
IFemale
Indeterminate

B

550 ~ 649
682

567.3
632.0

520.0 ~ 720.0
1,280.0

605.0
1,280.0

Total

550 - 682

GIR.5

520.0 ~ 1,280.0

773.8

Warm

Male
Female
Indeterminate

Total

Cold

Male
Female
Indeterminate

Total

Warin

Male
Female
Flgdetenninate

Total

Do O OISO © ojlo|le © ol |C — .

{B) Al-Awar survey arca

Individuals

Total length in mm

Body weight in g

Phase Season Sex i .
of specimens Range Mean Range NMean
Male 0
Female 0
Cold .
Indeterminate 0 o
i Total 0
Maie 14 630 ~ 1,080 754.2 980.0 ~ 3,965.0 1,568.6
Female 42 560 ~ 896 721.8 620.0~2,990.0 1,484.6
Warm .
Indeterminate
Total 56 560 ~ 1,080 729.9 620.0 ~ 3,965.0 1,505.6
Male 30 496 -- 750 635.8 380.0 - 1,480.0 8383
Female o 448 ~ 950 653.0 300.0 ~ 2,740.0 [,000.5
Cold .
Indeteriminate 0
2 Total 71 448 ~ 950 645.7 300.0 -~ 2,740.0 032.0
Maie a9 428 ~ 1,122 695.5 235.0 ~ 4,670.0 1,273.7
Female 101 420 ~ 880 6848 225.0~2,580.0 1,273.5
Warm .
Indeterminate 0
Total 200 420 - 1122 690.1 225.0 ~ 4,670.0 1,273.6
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Table 3.55 Sex ratic and female matuarity stage for smooth-hound Musielus musteliss.

{Aldmrigue survéy areq

Northern Phase 1 cold season Phase | warm season Phase 2 coid season Phase 2 warm scason
coastal area Specimens Sexratic 2 . mamritystage’ (%) Specimens Sexratio D : matrity suage’ (%) Spucimens Sexratio S - morurity stase’ (%) Specimens Sexratio 2 marurity siase (%)
(Smawm: 3-20m) P o (¥F) 1 1 DI 1V 2 F () ] nomow 2 5 Ve ] I e g Ay T v
Banc d'Argun l 2 200 ue o0 1009 Qo u ¢ E 1] i} E 0 0 E
Qther 0 i E 0 0 E 0 0 E 0 0 E
Adl area 1 3 3.00 0.0 .0 1W0G 00 0 Q E 0 i} E [¢] 2 E
(BYAl~Awam survey area
T Phase | cold season Phase | warm seasan Phase 2 ¢old season Phase 2 warm scason
E  Swaum  Specimens Sexratio S : maturity slage” (%5} Specimens Sexratio 2 maturity stage (%) Spetimens Sexraue 8 . mamnuysiage’ (%) Specimens Sexratio 2 maturity stage’ (%)
7 2 A (IVE 1 {1 11 v 2 g e [ I 1w 2 E G 1 i 1 IV 2 S 1 i U
3.20m - - - - - - - - - - - - - - 36 2w 0wl 667 300 YO 1R 44 56 032 333 139 386 00
20-30m 0 [¥] E 41 9 0.22 220 683 58 0.0 0 0 E — 15 23 167 400 07 333 040
= 30-80m 0 ] E 0 o] E 3 I 0.20 1000 0.0 00 00 EH 15 044 136 7.3 780 Q0
E 8-200m 0 0 E 0 0 E 9 ¢ E 0 i T
Z 200400m 0 O E 0o 0 E - - . S 0 9 E
400-600m - - - - - - - - - - - - - - - - - - - - - - - - - - -
All stratum [ 0 E Ll 9 022 220 633 8.8 00 EY] 20 073 707 268 00 24 100 &0 Q.80 320 110 570 o0
3-20m - - - - . - 5] [ E 0 Q E 0 0 E
2G-30m 9] ¢} E 0 0 E G g E 0 U £
=  30-80m 0 o E ¢ 0 E ] 0 E 0 0 E
£ 80-200m 0 6 E 0 0 E " 0 E 0 ¢ E
o 200-500m 0 0 E 0 0 E 0 o E Q Q E
400-600m - - - - - 0 0 & - - e e - - - - -
Ali stratum 0 [ E d 0 E 0 0 E 0 0 E
3-20m - - - - - - U 0 E 1] 0 E 0 [1] E
20-30m 0 0 E 0 0 E 0 Q E [i] 0 E
= 30-830m 0 E i 5 300 1000 0G 00 GO 0 0 E I 12 1900 1000 00 00 Q0
g 50-200m 8 ¢ E & ¢ E o o E 0 0 E
¥ 200-300m o3 0 E ¢ 0 E 0 l E o 0 E
400-600m - - - - - - - - e .- - - - - .. - - ee - -
All stratum 4 4] E H 5 300 1000 00 0N 0.0 1] 0 E 1 i¢ 1900 1000 00 0C Q.0
3-20m - - - - - - L 1] E 36 2% 0.9] 667 6 00 2§ 34 36 OR2 133 159 386 OO
20-30m 0 ] ol 41 9 (.22 220 633 98 00 b} Q E 15 2% 1.67 0.0 67 333 00
30-80m 0 1} E ! 5 3.00 1000 00 00 00 ) i 0.20 1000 00 Q0 090 42 37 0.8 67 7.1 362 Q0
E 80-200m o] 0 E 0 0 E 9 0 E o] 1 E
200-300m 0 0 E ) 0 E ol 0 E 0 0 E
400-600m - - - - 0 o E .. - . .. e .
Alsraum 0 0 E 321408 238 667 95 0.0 41 30 073 707 268 00 24 101 99 G948 337109 364 00

Remarks, * U Immarure, d: Semi-mature, 11 Mature, IV- Spent. - no oawi, E: Error, biank: no dat.
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Figure 3.27 Sex ratio and female maturity stage by length class
for smooth-hound Mustelus mustelus .
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Table 3.56

(A) Stomach condition

Stomach content analysis of sntooth-hound Mustclus mustclus.

Phase

Stomach condition

Stomach content Somatic Index (SSI)

Season n* E?;: ;y E(‘:,;:)[ Fe:’&; )ng n* Min. Manx. Mean
1 Cold 4 0.00 0.00 100.00 4 23.08 39.06 30.92
Warm 56 1.79 0.00 98.21 56 0.00 5128 20127
Cold 70 18.57 0.00 8143 70 0.00 39.57 14.25
Warm 200 3.00 000  97.00 199 0.00 69.12 16.55
{B) Stomach content compesition
Phase  Season n*  Sipunculoidea - Mollusca Polychaeta
Gastropoda  Bivalvia Decapoda Octopoda Other
;. Cold 4 25.00
L Warmi 55 1.82
7 Cold 57
Warm 185 1.08 1,08 1.08 1.08 3.24
{Contintued}
Phase  Season Crustacea
Echiwroidea Stomatopoda Crab Gulatheidae Anomuta  Shrimp Other
i Cold 25.00
Warm 3.04 23.64 9.09 30091
~ Cold 1.7 5263 1.75 702 351
Warin 0.54 42.70 0.54 38.‘38 _11_05 9.157
(Continued)
Fish
Phase  Season Engraulidac Sardinella Trackurus  Microchinus Other Unknown
5p. sp. sp- boscanion )
Cold 50.00
Warm 1818 29.09
Cold .75 14.04 28.07
Warmn 0.54 0.54 0.54 10.81 2.16

*: Individuals of specimens
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(A) Relationship between total length and SSI
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Figure 3.28 Relationship between body fength and SSI (A) and SCW (B)

for smooth-hound Mustelus mustelfus.
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2) Sencgalese hake Merlucelus senegalensis

ft has been explained in Section 3.4.5 items (1), 2) that the data for the Senegalese hake in all
likelihood include also those for the Benpuela hake Merfuccius polli in Phase 1, but that, since cach of the

two species was carefully sorted in Phase 2, it was possible to obtain accurate information on each of them.

Therefore, the unreliable results of Phase | were discarded, and the biological lindings for this species
was based only on the results of Phase 2. For reference purposes, the biological findings for the Benguela
hake are also shown. Also to be noted that, if the biological findings on the two specics in Phase | are not
described, results of their analysis are indicated in tables and figures.

4) Body length range and mean body fength

‘Tables 3.57.1 (page 3-154) and 3.57.2 (page 3-155) show the minimum, maximum and mean total
tengths obtained for the Senegatese hake and the Benguela hake in each survey season and af each stratum in
cach area.

The total length of the Senegalese hake varied between 100 and 700 mm. The geographic dependent
change of the mean length by area was observed according to the season. In the cold season, the mean length
increased from the Northern aréa to the Southern area (263--330—334 mm), while in the warm season it
decreased from north to south (354—318-—287 mm). Also, the tmean length by stratum depended only on
depth and not on the area or season. It was small in shallow strata and increased with depth: for instance,
from the 30-80 m to the 200-400 m strata in the Central area in the cold season, it varied in the direction
[54—276—453 mm.

The total length of the Benguela hake varied between 49 and 525 mm. The mean length by area and by
stratum was both inferior to those of the Senegalese hake. As in the case of that species, the mean length by
area and by stratum depended on geographical position and on depth respectively (the former only in the
warm scason),

b} Size composition

Figures 3.29.1 (page 3-149, 3-156 to 3-159) and 3.29.2 (page 3-150, 3-160 and 3-161) illustrate the
evaluation of the size composition for both stocks of the Sencgalese hake and the Benguela hake. The total
length class is indicated at intervals of 2 cm. According to the Fish Base, the maximum total length for both
species 1s approximately 80 cm. Since the size for both species were often of the same order, detining the
tollowing gzroups shows the size composition characteristics: (i) small-size (total fength less than 20 cni). (i)
medium-size (length between 20 and 40 cm), (iii} large-size (length over 40 cm).

‘The medium-size group mostly torm the overail stock in number of Senegalese hake. However, within
their group, the dominant mode is located at the 26-28 cm class in the cold season, and at the 34-36 cin class
in the warm season. [n both seasons, the dominant mode in the medium-size group strongly reflects the
dominant mode among the stock in the Northern area. Those two dominant modes suggest a growth of the
medium-size group mainly composed of this species stock in number during the transitional period between
seasons. The Small-size group was observed in the cold season at the 30-80 m stratum in the Central and
Southern areas and, in the warm season, at the 80-200 m stratum in the Central area (with a few also at the

same stratum in the Southern area). These results indicate the importance of those areas as nursing grounds
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for the Senegalese hake. Regardless of season or area, the large-size group occurred mainly at the 200-400 m
stratum, except in the Northern area in the cold season,

By arca and by stratum, the dominant or main mode classes in the size composition were displaced Lo

the right as depth inereased (except in the Northern area). This phenomenon was more acute in the cold

season.

(A) Phase | cold season

(B) Phase | warm seasun

Grang Total (Arca: 97056 )

Mra
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Tovmared ucck site i ier bor SASQLEN
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Lot lengths i i

[Area 97156 5n)
Mranbrgh 1%

Cieand Total

Bavmusd ek sicgann.mbery 13335201
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Teol Bangth isem
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Figure 3.29.1 Size composition for Senegalese hake Merlucciuys senegalensis.

The overall stock in number of Benguela hake was mainly composed of the small-size and
medium-size groups. In the cold season, the small-size group with the dominant mode at the 4-6 cm class
was mainly observed; but there were also some medium-size group with the dominant mode at 28-30 cm
class and a few large-size group. The 4-6 cm class of the dominant mode for the small-size group
corresponded to very small larvae (in a little while after hatching), so it is likely that its spawning period is in
winter time (a month before April). In the warn season, the overall size composition exhibited a
mono-modal distribution, with a mode at the 20-22 cm class. This mode suggested 1 growth of the small-size
group in the cold season during the transitional period.

Analyzing the size composition at cach stratum in each area, it can be scen that in the cold season, the
small-size group strongly reflected the stock in number of the Southern area, particularly at the 30-80 m
stratuim. In the cold season, the smali-size group was also distributed at the two strata between 30 and 200 m

depth in the Northern and Central areas,

Distribution of the medium-size and the large-size groups was limited to the 80-200 m and 200-400 m
strata in the Central area. In the warm season, the size compositions at each stratum in each area strongly
suggested the growth of the small-size group in the cold season during the transitional period.
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Figure 3.29.2 Size composition for Bengucla hake Merluceius polli.
¢) Length-weight relationship
Figure 3.30.1 presents the length-weight relationship in each survey season for the Senegalese hake.

The length-weight equations obtained from all samples were the following:

Phase 2 cold season tBW= 9,204 07%TL (r=0.9912)
Phasc 2 warm season  : BW=  0.666x10 xTL**" (r=0.9878)

where, BW : body weight (g), TL : tofal length (cm) and r : the coefficient of correlation.

{A) Phase 1 cold season (B) Phase 1 warm season
n=asl n =497
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B 00 || KOTIENL | T 1000 |- et B B A
- H 1 - )
T ter R k)
g 00 F- - S A - .. ;
2 e - - S
m 20 |- - it
0 1
60 20
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Remark. TL-BW relationships in (A) and (B) seem to include A polli,

{C) Phase 2 coli season (D) Phase 2 warm season
n=279 n=241
3000 - - - e ——— 2500 —— - 1
_—— . —of 7.2 PNE-U
2500 | y=92‘?1E—OJ(“ME"" | ¥ 92(»66'E 03x’ '/.
) R? =9.825E.01 e o R:=9.751E 01 /
6o, - > ) e 4
= 2000 —_— 22 . ;
= =2 1500 | - ¥
B0 pson b &h ‘ ‘$
e “_
3 . zHoen | B - & .
S 1000+ Z »?
& s f g sw /
' |
[ obere—= -
0 0 20 40 &0 80
Tokal fength in em _] ‘Fotal length in cm

Figure 3.30.1 Length-weight relationship for Senegalese hake Merluccius sencgalensis.

Figure 3.30.2 presents the length-weight relationship in each survey season for the Benguela hake. The
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length-weight equations werc:

Phase 2 cold scason (BW= 1.709% 107 <L (r=0.9960}
Phase 2 warm season  : BW= 7.135x 107 xTL* " (r=0.9867)

where, BW : body weight (g), TL : total length (em) and ¢ : the coefficient of correlation.

{C} Phase 2 cold season {D) Phase I warm scason
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Figure 3.30.2 Length-weight relationship for Benguela hake Merluccius polli.
d) Length and weight by sex

Tables 3.58.1 and 3.58.2 (page 3-162 respectively) summarize the total length and body weight
observed in cach sex for the Senegalese hake and the Benguela hake.

In the cold season as in the warm season, females of the Senegalese hake were larger than males. The
size differcnee between males and females was particularly strong in the cold season, the mean length and
mean weight of females surpassing those of males in about 4 cm and 160 g respectively. Also, the mean-size
males and females were larger in the cold season than in the warm season. The total fength of individuals
with sufficiently developed gonads to allow sex determination by visual inspection was 13-20 ¢m for
feimales and 21-23 cm for males. Those differences between individuals in gonadal development can also be
observed from the fact that the total length of individuals of indctermined sex reached 40 cim.

As for the mean-size males and females of the Benguela hake, the general trend was the same as with
the Senegalese hake, but the difference between mates and females was smaller, The total length from which
gonads were discernible was 15-19 cin for males and females, Diftferences between individuals in gonadal
development could also be realized by the fact that the total length of individuals of indetermined sex
attained 36 cm.

¢) Sex ratio and female maturity stage

Tables 3.59.1 (page 3-163) and 3.59.2 (page 3-164) illustrate the scx ratio and the female maturity
stage for the Senegalese hake and the Benguela hake. Figures 3.31.1 (page 3-165} and 3.3 1.2 (page 3-166)
show their distribution by length class.

e-1} Sencgalese hake

The overall sex ratio was 0.82 in the cold scason and 0.72 in the warm season, therefore a slight

predominance of females. In the cold season, the sex ratio by stratum was more or less equal at all strata
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shallower than 200 m depth, while at the 200-400 m siratum, females were overwhelmingly dominant. In the
warm scason, on the contrary, females were slightly dominant at the two strata between 80 and 400 m depth.
By area, females were positively dominant in the Central area in the cold season as in the warm season, while

i the Lwo other areas, the sex ratio never deviated too much from equilibrium.

The female wmaturily ratio (at maturity stage [[) in the overall area was 5% in the cold season and 9%
in the warm season. Regardless of season, the ratio at cach stratum increased with depth (in the cold season,
figures included semi-mature females). The female maturity ratio in each area revealed a seasonal
geographical-dependent: from the Northern area to the Seuthern area, it was 0, 5 and 21% in the cold season,
12, 7 and 9% in the warm season. The variation of the female maturity ratio with season, area and water
depth suggests that spawning extends over a long period (although it is not known whether it is continuous or
discontinuous), that it occurs earlier in deep strata and that it begins in the south in the cold season and in the
north in the warm season. However, for definitive conclusions, one would need at least some monthly

SUIvey.

The size-dependent change of the sex ratio was expressed up to a certain length limit: 38 cm in the cold
season and 28 cm in the warm season. Below those respective values, the sex ratio often deviates from
equilibrium {1009}, but above them, it is less than 100% and females are dominant. fn particular, in the cold
scason as in the warni scason, individuals over 58 cin were all female,

[n addition, the total length at first maturity corresponded to the 38-40 cmn class in the cold season and
to the 28-30 cm class in the warm season.

c-2) Benguela hake

The: overall sex ratio was 0.67 in the cold season and 0.96 in the warm season. ln the latter, a state of
male/temale equilibrium in this species was observed in the sex ratio by stratum (in the §0-200 m and
200-400 m strata). In the warm season, males were slightly dominant in the Southern area while in the other

two arcas, females were slightly dominant.

The female maturity ratio in the entire area (data available only for the Central area in the cold season)
was 3% in the cold season (62% if semi-mature females are included) and 1% in the warm season (9%
including semi-mature females). [n both the cold and warm seasons, mature individuals appeared only in the
200-400 m stratum (in the warm scason, only in the Southem area). This result suggests (hat spawning
extends over a long period centered on the cold season, and that it is limited to the deep strata and to the

Central and Southern areas.

in the cold season, fumales are dominant in all Iength classes: while in the warm season, the state of
male/female equilibrium was maintained in all length classes except for the total tength over 34 cm, in which
females were majority.

Finally, the total length at first maturity corresponded to the 42-44 cm class in the cold season and to
the 22-24 cm class in the warm season.

f) Feeding habits

Tables 3.60.1 and 3.60.2 (page 3-167 respectively) show the stomach condition and the stomach
content composition in cach survey season for both hake species. Figures 3.32.1 (page 3-168) and 3.32.2
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(page 3-169) show Lhe relationship between body length and SSIand SCW for both species from all daia
gathered in the course of the survey (individuals with emply and feding together).

The ratio of the empty stomachs of the Sencgalese hake was 68% in the cold season and 31% in the
warm scason. As both the Senegalese and the Beuguela hakes inhabit decp waters, an evertion of the
stomach due to a sudden change in water pressure at (he time of capture was often observed. The ratio of the
stomach eversion in the Senegalese hake was 6% in the cold scason and 56% in the warm scason. The
relationship between body length and SSI and SCW showed that the largest individuals consume great
quantities of food, while the small-size individuals arc voracious caters in relation to their body weight, a
phenomenon even more accentuated in the cold scason. The Senegalese hake feeds mainly on fish (shortnose
greeneye Chiorophthalmus agassizi, scorpion fish Scorpacna sp., Cunene horse mackerel Trachurus trecae,
carangids, etc.). It can also consume great quantitics of crusiaceans, especially shrimp.

The ratio of the empty stomachs of the Bengucla hake was 79% in the cold season and 36% in the
warm season. The ratio of the stomach eversion in the Benguela hake was 4% in the cold season and 42% in
the warm season, The relationship between body length and SSI and SCW was identical to that presented
above, but the mean SSI was higher than that of the Senegalese hake in the warm season. In the cold season,
the Benguela huke feeds mainly on crustaceans, especially shrimp, bul also on fish, while in the warm season,
it basically feceds hish (shortnose greencye, gobics, cle.), but also crustaceans {especially shrimp) and
moktusks (mainly cuttlefish and squid).
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Table 3.37.1 Body length range and mean body length for Senegalese hake Merluccius senegalensis : TL in mm.

(A) Amrigue survey area

Northern Phase ] Phase 2
coastal arez Cold season Warm scason Cold season Warm season
(Stratum: 3-20m)  Specimens Range Mean  Specimens Range Mean  Specumens Ranee Mean  Specimens Range Mean
Bane d'Arguin 0 0 0 ¢
Other 0 0 0 ¢
All arca 0 0 0 ¢
(B} Al-Awam survey area
= Phase i Phase 2
_FE Straium Celd season Warm season Cold season Warm season
F Specimens Range Mean  Specimens Ranze Mean  Specimens Range Mean  Specimens Range Mean
3-20m - - - - - - 0 0
20-30m 0 0 0 0
= 30-80m o4 77 ~ 1255 186.9 0 7i 125~310 2573 ¢
g 80-200m 0 40 133~ 200 6.6 &0 256~ 430 268.6 40 175~ 413 3272
< 200-400m 0 &0 230~ 520 388.7 - - - 36 208 ~ 683 3723
300-600m - - - - - - - - - - - -
3-600m G4 77~ 133 186.9 100 133 ~ 520 2939 131 125 ~ 430 262.6 98 175 ~ 683 3535
3-20m - - - 0 0 ]
20-30m 0 0 0 0
= 30-80m 2§ 250~ 475 336.9 2 22 100 ~ 200 154 3 0
E 80-200m 12% a0 ~ 3512 2843 96 110 ~425 2155 27 230 ~ 533 236.0 70 232~ 369 2975
< 200-400m §0 185 ~ 380 3123 119 155~ 3560 2543 43 340~ 610 4533 I3 271 ~ 3548 397.9
400-600m - - - 20 {88 ~ 514 3156 - - - - - -
3-600m 234 100 ~ 380 299.§ 235 110 ~ 360 243.7 92 100~ 610 329.8 88 232~ 569 3i8.1
3-20m - - - o G 0
20-30m ¢ 0 0 0
= 30-80m 94 81 ~d40 168.6 0 19 105~ 392 1650 0
E £0-200m 49 9% - 635 2780 102 130 ~ 37 2074 27 312 ~ 370 3840 55 178~ 330 285.1
“ 200-400m 40 200 ~ 340 2918 50 121 ~ 346G 208.0 10 390~ 700 517.0 2 3430 340.0
400-500m - - - - - - - - - - - -
2-600m 223 8i~&35 2547 152 120~ 372 208.0 56 105 ~ 700 333.8 57 178 ~ 340 2871

Remarks. - : no rrawi. The results obtained from 4/-Awam survey arez in Phase | seem 10 include M polii .
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Table 3.57.2 Body length range and mean body length for Benguela hake Merluccius polli : TL in mm.

{A) Amricue survey area

Northern Phase | Phase 2
coastal area Cold season Warm season Cold season Warm season
{Stratutn: 3-20m)  Speaimens Range NMean Specimens Range Mean Specimens Range Mean Specimens Ranee Mean
Banc d'Arguin 0 U ¢ 0
Qther 0 0 0 [l
All area i} 0 0 0
(B) Al~Awam survev arca
« Phase 1 Phase 2
_é Stratum Cold season Warm season Cold season Warm season
& Specimens Range Mean Specimens Ranpe Mean  Specimens Range Mean Specimens Ranoe Mean
3-20m - - - - - - ¢ 0
20-3Cm 0 0 0 0
= 30-80m 94 77 ~235 186.9 G 0 0
5 80-200m 0 40 133 - 200 156.6 0 o
z 200-400m i 230~520 3887 - - - a0 195~ 370 250.7
400-600m - - - - - - - - - - -
3-600m 94 77 ~ 253 186.9 100 133 ~ 520 295.9 i) 40 195 - 370 2507
3-20m - - - 0 0 0
20-30m i ] 0 0
= 30-50m 26 230 ~475 3569 13 S0~ 133 103.0 0
g 80-200m 128 100~ 512 2845 96 110 ~425 213.6 140 152 ~330 243.7 40 138~ 332 2165
- 200-400m 80 188 ~ 580 312.3 19 135 ~ 560 2343 80 260~ 525 3501 20 146 ~ 340 2418
400-600m - - - 20 (88 ~ 514 3156 - - - - . -
3-600m 234 100 ~ 530 2949.8 235 110 ~ 360 2437 233 50 ~323 2729 120 128 ~ 352 2333
3-20m - - . 0 0 G
20-30m ¢ 0 0 0
= 30-80m 94 81 ~440 168.6 [ 10 19 ~ 67 56.9 0
E §0-200m 39 98~ 633 790 102 130~ 372 2073 20 60~ 213 1133 30 124~ 282 186.1
“ 200-400m 40 200 ~ 340 2918 50 121~ 340 206.0 0 a0 171~ 328 2218
400-600m - - - - - - - - - - -
3-600m 223 81 -633 1347 162 121 ~372 208.0 30 49 ~ 213 94.6 140 124 ~ 328 2014

Rernarks. - - no trawl. The results obwined from AiAwam survey area in Phase | seem 10 include M. sencgalensis .
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Figured. 20,1 (1) continml.
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Figured.29.1 (C) continuci,
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Flyured.29,1 {13} conthnuel.
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Figueed. 29,2 (L7) conthined,
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Fipured. 29,2 (1%) continucd.
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Table 3.38.1 Body length and weight by sex for Sencgalese hake Merluccius senegalensis,

(B) Al-Awam survey area

Phase Season Qex If\divia.luals Total length in mm Body weight in g

of specimens Range Mean Range Mean

Male 208 110 ~ 540 269.8 10.0 ~ 980.0 182.7

Cold Female 234 77~ 635 290.5 10.0 ~ 1,655.0 255.8
Indeterminate 169 81~360 466  5.0-~3450 316

| Total 551 77~ 635 254.2 50~ 16550 1839
Male 107 140 -~ 560 286.9 20.0~1,010.0 234.3

Warm Female 154 121~ 520 284.2 25.0 ~ 1,000.0 246.1
Indeterminate 236 110~ 330 195.3 10.0 ~ 295.0 67.3

Total 497 110 ~ 560 242.6 10.0 ~ 1,090.0 158.6

Male 98 210 ~ 570 308.9 65.0 ~ 1,135.0 254.9

Cold Female 120 125 ~700 3453 60.0 ~ 2,285.0 417.2
Indeterminate 61 100--400 1923  10.0-~4550 760

5 ~ Total 279 100~700 2990 10022850 2856
Male 99 232 ~ 548 317.9 90.0 ~ 1,100.0 268.8

Warm Female 138 205 -- 683 333.2 60.0 ~ 2,060.0 3215
Indeterminate 4 175 ~ 266 209.3 35.0 ~ 150.0 77.5

Total 24) 175 ~- 683 324.9 35.00 ~ 2,060.0 205.8

Remark. The results obtained from Al-Awam survey area in Phase | seem to include M polli .

Table 3.58.2 Body length and weight by sex for Benguela hake Merluccius polli.

(B} AlAwam survey area

. Individuals Total length in mm Body weight in g
Phase Season Sex X
of specimens Range Mean Range Mean
Male 63 175~ 435 3114 35.0 ~ 545.0 325.6
Cold Female 94 187 ~ 525 319.0 45.0 ~ 1,275.0 253.9
© Indeterminate = 96 50 ~ 360 1692 0.9~3050 520
9 Total 253 50 ~ 525 260.3 0.9~ 1,275.0 170.2
Male ti2 154 ~ 340 226.9 250~310.0 96.8
Female 117 152 -- 370 234.4 25.0~370.0 109.5
Warm .
Indeterminate 71 124 - 262 188.6 12.0 - 150.0 57.0
Total _ 300 124 -- 370 220.¢ 12.0 -- 370.0 923
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Table 3.59.1 Sex ratio and female maturity stage for Senegalese bake Merluccius senegalensis.

(A) Amrigue survev area

Northern Phase | coid season Phase | warm seagon Phase 2 ¢oid season Phase 2 warm se2son
coastal aren  Spetimens Sexratio § : mawrniy niage’ (%) Specimens Sexrtauo € : manwitv stage (%) Specimens Sexratie 2 : maturity stage (%) Specimens Sex ratio £ @ manurizy stage” (%)
{Stratum: 3-20m) & £ (dVE) ] 11 nr W 3 T (VR I i m 1w 3 E A H )1 11V 2 & () T 1 m v
Banc d'Arguin [¢] 0 E 4] [§] E Q U E [§ [4] E
Other 0 0 E 0 0 E 2 9 E 0 0 £
Allarea 0 0 E 4] 0 E [4] [i] E U 3] E

(B) Al-Awam survey arca

3 Phase 1 ¢old season Pnase | warm season Phase 2 cold season Phase 2 wWarTn 5eason
2 Sramm _Specimens Sexrabo R - muturiy stnge (%) _Specimens Sexratio S :mumrity stage’ (%) _Specimens Sex ratio __© : mawrity stage’ (%) _Specimens Sex ratio _$ : maturity stage” (%)
w =} & (SR 1 1[ oIV 2 g (oY) 1 8] I I 2 AL 1 1! o g g (FVR) i a HIY
3-2Um - - - - - - - - - - - - - - Q 1] E 1] Y E
20-30m [¢ 0 E [¢] o] E 4] o] E Q g E
= 30-80m 38 47 1.24 100.0 00 00 Q0 o] G L 31 2 0.94 Q6.8 32 00 00 a ] E
T §0-200m 0 0 E 13 3023 769 231 00 00 29 31 1.07 96.6 34 00 00 22 15 D68 $09 91 00 0.0
= 200-400m 0 0 E 18 045 AD0 223 375 Q0 - - - - - - - 28 23 160 464 321 214 0.0
400-600m - - - - - - - - - - - - - - - - - - - - - - - - - - -
All stratum 38§ 47 1.2 1000 00 00 0.0 53 21 040 490 226 283 00 D] 1.00 Q6.7 33 00 00 50 43 0.86 660 220 12.0 0.0
. 3n20m - - - - - - - Q [§] E 4] 1] E 0 0 E
20-30m 1] 0 E 0 0 E 0 Q E § [4 E
K 30-80m 17 g 0353 832 118 00 0.0 ] a E 1 ¢ G063 1000 0.0 00 0.0 Q 0 E
E 80-200m 59 57 097 915 83 00 Q¢ 33 21 064 7538 242 00 00 12 5 042 333 83 83 00 3 27 063 £37 140 23 00
O 200-400m 43 27 Q36 854 1456 00 00 37 33 08 703 297 06 00 28 12 0.3 393 371 36 00 13 5 038 462 30.8 231 0.0
490-600m - - - - - - - 7 § L13 143 714 143 00 - - - - - - - - ~ - - - - -
All straum 124 93 Q75 387 111 00 08 77 62 081 675 312 13 Q0 41 17 04l 537 1.5 49 0.0 36 32 D57 350 175 71 QO
3-20m - - - - - - - Q { E [{] Q E G Q E
20-3Um [¢] 6] E Q 0 E 0 3] E 0 i} E
= 30-80m $ 16 111 778 222 00 00 0 0 E I 2200 0.0 1000 0.0 0.0 o} G E
'é 80-200m 48 36 Q73 217 83 L0 00 15 140 400 600 00 00 10 17 170 200 300 400 00 30 25 080 367 333 100 0.0
¢ 200-400m 15 22 147 000 00 00 00 9 3 033 889 inl 00 00 & 2 025 00 J080 00 00 2 G 000 1000 GO 00 00
200-500m - - - - - - - - - - - . - - - - - - - - - - - - - - - -
Allsraium 72 68 (.94 917 &3 20 00 24 24 1E0 383 4l7 0O QO JE 1.1] 0.5 €84 2i1 0.0 32 23 D73 206 00 92 )
3-20m - - - - - - - [1] ] £ [§ Q E 1] 0 E
T E0m ¢ 6 E 0 0 E 6 0 E 5 4§ E
30-30m 64 o6 1.03 938 63 00 Q0 0 0 E 33 031 094 539 61 00 00 0 0 E
:é §0-200m 107 93 Q.87 916 &4 00 0.0 81 43 073 672 328 40 09 31 53 1.04 784 11,8 98 00 85 66  0.69 705 253 42 00
200-400m 63 4% (73 889 .1 00 00 % 53 06Z 581 244 173 00 6 14 039 106 667 2.8 00 4333 077 48.8 302 208 00
400-600m - - - 7 8 .14 143 714 143 0.0 - - - - - - ~ - - -

All stratum 234 208 Q.89 915 85 00 0.0 15477107 069 597 29.9 104 0.0 10 98 0482 8835 067 30 00 138 95 072 63.8 268 94 00

Remarks. * I Immarure, : Serai-mature, 111 Mature, [V; Spent, - a0 mawl, E: Error. blank: no data. The results obtained from Af-Awam survey urez in Phase | seem ta inciude M. potis .
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(A) Amrigue survev area

Table 3.39.2 Sex ratio and female maturity stage for Benguela hake Merluccius polli.

Northern
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Phase 2 warm ssason
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(Swawum: 3-20m} @ g gVFy ! T v S e S A I oA ¥y o1 11T g g igvg) T
Bane d'Arguin i u E ) i E 0 [ E 0 [ [
Other G ¢ E 0 0 E 0 0 L 0 0 E
All area 4] 1} E 0 [1] 3 [£] 0 E i] 1] E
(B) Al-Awam survey area
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_5: Swawum  Specimens Sex ratic € rateritv sicee (%) Specimens Sex rato 2 - matvrmy stace’ (%) Spevimens Sexraiio £ mawntv stase (943 Spetimens Sex rauo £ memirity staze (%)
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"Table 3.60.1 Stomach content analysis of Senegalese hake Merluccius senegalensis.

(A) Stomach condition

Stomach condition

Stomach content Somatic Index (S51)

Phase  Season n* EEE/}:;) li:;:;t FC(?,;l;"g n* Min. Max. Mecan
| Cold 529 44.99 24.57 3043 395 (.00 230.00 14.03
Warm 476 6639 1870 14.92 386 0.00 214.29 8.13
9 Cold 240 67.50 5.83 26.67 226 0.00 15000 1350
Warm 236 30,93 55.51 13.56 104 0.00 82.05 7.38
(B) Stomach conlents
Mollusca Crustacca
daa * ; 3, 5 :
Phase  Season . Abruha_ Decapoda Pelychacta Galatheidae Shrimp Other
verduyi
1 Cotd 161 248 1.24 0.62 2.48 22.98
Warm 71 4.23 ~ 12.68 5.63
> ~ Cold 64 4.69 3.13
Warm 32 3.13 25.00
(Continued)
Fish
Phasc  Season  Chlorophthalmus Trachurus  Carangidae Unknown
. Scorpaena sp. Other
arassizi trecde Sp.
{ Cold 1.24 52,17 18.01
Warm o 28.17 5070
B ) Cold 1.56 .56 40.63 53.13
Warm 3.13 50.00 21.88

Remarks. * : [ndividuals of specimens. The resulis obtained in Phase | seem to include A polfi.

Table 3.60.2 Stomach content analysis of Bengucla hake Merluccius polii.

(A) Stomach condition

Stomach condition

Stomach content Somatic Index (SS1)

Phase  Season n* EEL;E:)[), l;(;z)rt I'e(iil)ng n* Min. Max. Mean
2 Cold 189 78.84 3.70 17.46 179 0.00 287.50 9.49
Warm 291 36.43 42.27 21.31 166 0.00 166.67 1776
(B) Stomach contents
Mollusca Crustacea Fish
*he ! T Sepi “hior Unknoy
Phase  Season f Sepia Decapoda  Shrimp  Other (.h!mopltrr.l_zicr_!nn;s Gobiidae  Other IKHOWI
spp- agassizi
P Cold 33 39.39 3.03 i2.12 45.45
Warm 62 3.23 3.23 6.45 1.61 I.61 50.00 37.10

Remark. * : Individuals ol specimens.
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{A) Relationship between total length and SSI
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Figure 3.32.1 Relationship between body length and SSI(A) and SCW (B)

for Senegalese hake Merluccius senegalensis.
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(A) Relationship between total length and SSI
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3) John dovy Zeus faber
a) Body length range and mean body fength

Table 3.61 (page 3-174) presents the minimum, maximum and mean total lengths obtained for the

John dory in cach survey season and at each stratum in cach area.

The total length of this species varied between 55 and 550 mm, For all seasons, the mean total fength
by ares was high in the cold season and low in the warm season. In the cold scason, it was high in the Central
area while in the warm seasoen, it was high in the Northern area and decreased southwards. The mean total
length by stratum was high in the 80-200 m stratum in all seasons except in the Phase 2 warm season.

b) Size composition

Figure 3.33 (page 3-171, 3-175 to 3-178) presents the evaluation of the size composition for the John
dory stock. The total length class is indicated at intervals of 2 em. For convenience, three groups were
defined: (i) small-size (total length less than 20 em), (ii} medivm-size (length between 20 and 40 cm), (iii)
large-size (lengih over 40 cm).

Setting aside weak modes (modes with low peaks), the size composition of the total stock size in
number showed a bi-modal distribution in the cold season and a mono-modal distribution in the warm season.
In the cold season, most of the total stock comprise the small- and medium-size groups. The medium-size
group was a majority in Phase 1, while in Phase 2, the small- and medium-size groups were nearly in
equilibrim. The dominant modes observed in the cold season among the small- and medium-size groups
were present at the 8-10 cm and 28-30 em classes in Phase 1, and at the 10-12 ¢m and 26-28 cm classes in
Phasc 2 respectively. Conversely, in the warm season, the total stock essentially comprised the small-size
group, and the dominant mode was at the 16-18 cin class in Phase | and at the 14-16 cm class in Phase 2. The
dominant mode class for the small-size group in the warm season suggests an growth of the small-size group
in the cold season during the transitional period (in Phase 1, there was no compatibility in the number of
individuals corresponding to those modes). Also, the dominant mode class for the medivm-size group in the
cold season did not appear in the warm season as a prominent mode. This result suggests that the
medium-size group in the cold scason died of the natural and tishing mortalities or that they were migrated
toward the cold northern waters outside the survey area during the transitional period.

As for the size composition by stratum and by area, distribution of the three size groups-i, -ii and -iii
mentioned above was clear. In the cold season, most of the individuals of group-i {small-size) with a
dominant mode at the around 10 cm classes were disiributed between the two strata in depths of less than 80
m in each area, particularly in the 30-80 m stratum. On the other hand, in the cold season, the individuals of
group-li {medium-size) with a dominant mode at classes between 26 and 30 ¢m, were mainly distributed at
the 80-200 m stratum as well as at the strata above. tn the warm season, group-i with a dominant mode at
classes between 14 and 18 em was widely distributed at the 30-80 m and 80-200 m strata in each area. lu the
cold season, group-iii (Jarge-size) occurred at each stratum in each area, particularly at the 80-200 m stratum
i the Central and Southem arcas; in the warm season, however, it was concentrated at the 30-80 m and
80-200 m strata in the Northern area (in Phase 2, there were also some occurrences at the 80-20 m stratum in
the Central area).
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Figure 3.33 Size composition for John dory Zeus fuber

«) Length-weight relationship

Figure 3.34 presents the length-weight refationship observed in the John dory. The length-weight

equations obtained from all samples were the following:

Phase 1 cold season
Phase | warm scason
Phase 2 cold season
Phase 2 warin season

cBw=
:BW=
(BW= 2.879x107xTL*"
TBW= 2486107 %L

3.213% 10‘2x'rL2-73f
2.043x 10 TL*"

(=0.9931)
(r=0.9837)
(r=0.9865)
(r=0.9850)

where, BW : body weight (g), TL : total length (cm) and r : the coefficient of correlation.
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Figu re 3.34  Length-weight relationship for John dovy Zews fuber.

d) Length and weipht by sex

Table 3.62 {page 3-179) suminarizes the total length and b{).rly weight observed in each sex for the John
doty.

The mean total length of males was greater than that of femates in all seasons except in the Phase 2
warnt season, but the difference was only of approximately 1 cm. The mean-size males and females were.
larger (in both total length and weight) in the cold season than in the warm scason. But the mean weight of
males was not always heavier than that of females even when their mean total fength was greater. For all
scasons, the maximum total length of females surpasses that of males.

The minimum total length for sex identification by visual inspection was often above 10 cm. It is
conceivable that individual differences in gonadal development could be significant as the total length of
individuals of indetermined sex varied from 20 to 40 cm.

e) Sex ratio and female maturity stage

Table 3.63 (page 3-180) summarizes the sex ratio and the female maturity stage for the John dory.
Figure 3.35 (page 3-181) presents their distribution by length class.

The overall sex ratio varied between 0.72 and 1.37. Except in the Phase 1 cold season, females are
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predominant in all seasons, Geographical variation of the sex ratio was found to depend on the season. In
survey order, there was a predominance of males in all arcas, then predominance of males in the Northern
area and of females in the Central and Southern arcas (especially in the latter), then a situation similar to that
of the previous season, and finally a predominance of females in all arcas. Vertical variation of the sex ratio
was also found to be season-dependent,

The lemale maturity ratio in the entire arca was higher in the cold scason: in order, it was of 9, 7, 14
and 4%. Distribution of this ratio hy stratum reveals a scasonal variation: in the cold season, it was higher in
deep strata (15-21% at the 80-200 m stratum} while 1n the warm scason, it was higher in shallow strata
(19-21% in the 30-80 m stratum). Geographical variation of the ferale maturity ratio also depended on the
season: while in the cold season, it increased southwards from the north, the reverse happened in the warm
season. According to Josse ef Garcia (1986), John dory found in the IRM spawns between April 1o June,
According to Damain (1980), 55% of the John dory occurring in Senegal spawn between December and
February and 30 to 55% do so May. The results of the present survey — namely, thal the ratio of malure
fomales was higher (i) in the cold scason than in the warm season, (i1} at deep strata in the cold season and at
shallow strata in the warm season, and (iii) in the Southern area in the cold scason and in the Northern area in

the warm season — did not contradict the published data and included new information.

Distribulion of the sex ratio by length class presents seasonal characteristics. Some fluctuations aside,
the sex ratio in the 10 to 40 em class duting the cold season changed from an exclusively female population
(sex ratio of 0%) to one with a predominance of females (< 100%), then to a malc/female cquilibrivm
situation { 100%) and tinally to a majority of males (> 100%). Above the 40 cm class, the proportion of males
decreased abruptly and females hecame majority again, Beyond 48 cm class, all individuals were again
females. In the cold season, the size-dependent change of the sex ratio was even more emphatic in the Phasc
2. In the warm season, feinales were dominant for all length classes and above 44 cm there were no moie
malcs.

The total length class at first maturity was 22-24 cm. For all seasons, most females measuring over 40

cm were mature.
f) Feeding habits

Table 3.64 (page 3-182) presents the stomach condition and the stomach content composition of the
John dory in cach survey season. Figure 3.36 (page 3-183) shows the relationship between body length and
SS1and SCW.

The ratio of the empty stomachs was between 50 and 60%. The relationship between body length and
SSI and SCW showed that the largest individuals consume great quantities of food, while the small-size
individuals are voracious eaters in refation to their body weight, a phenomenon even more accentuated in the

cold season.

Regardless of season, the John dory mainly feeds on fish (greeneyes, carangids, etc.}. It alse consumes

moliusks, polychaetes and crustaceans, even if their (requency of occurrence is low.
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PLI-C

Table 3.61 Bedy length range and mean body length for Jobn dory Zeus fuber : TL in mm.

{A) Amrigue survey area

Northern Phase | Phase 2
coastal area Cold season Warm season Cold season Warm season
{Stratum: 3-20m) Specimens Range Mean  Specimens Range Mean  Specimens Range Mezn  Speomens Range Mean
Banc d'Arguin 0 0 0 ]
Other ¢ 9 C 0
" All aren 0 0 0 0
{B) Al-Awam survev area
= Phase | Phase 2
_§ Stratum Cold season Warm season Cold season VWarmm season
2 Specimens Ranze Mean  Specimens Range Mean  Specimens Range Mean  Specimens Range Mean
3-20m - - - - - 0 0
20-30m 0 0 0 0
= 30-80m 20 92 ~ 375 2038 13 150 ~ 430 266.8 20 90~ 330 1242 8 180 ~ 550 3913
:é 80-200m 21 245 ~ 425 303.6 22 160 ~ 460 3156 40 141 ~420 286.4 60 120 ~ 448 195.8
< 200-400m 0 0 - - . 0
300-600m - - - - - - - - - - - -
3-600m 41 92 ~ 423 2554 35 130 ~ 460 297.4 60 90 ~ 420 2323 68 120 ~ 550 2188
3-20m - - 0 0 0
20-30m ¢ 0 0 ¢
= 30-80m 103 67~ 473 2774 17 J20~310 169.4 97 72~ 3500 216. 24 145 ~ 340 215.0
:'_.:: §0-200m 73 248 ~ 435 208.1 88 132~ 256 171.9 126 125~ 490 279.2 111 132~412 180.4
& 200-400m 0 0 0 0
400-600m - - - 0 - - - - - -
3-600m 176 67 ~473 290.1 103 120~ 310 171.5 223 72 ~ 300 25240 135 132~ 412 186.6
3-20m - - 0 0 0
20-30m 75 ~ 350 2449 0 0 ]
= 30-80m 66 ~ 492 2094 25 112 ~210 152.3 140 55 ~440 161.8 0
E 80-200m 2312~513 317.0 656 108 ~ 203 158.2 121 118~ 330 298.5 57 125 ~223 168.1
“ 200-400m 0 0 0 0
400-600m - - - - - - - - - - -
3-600m 163 86~ 513 2754 a1 108~ 210 156.5 261 55 ~ 340 2252 57 125 ~ 235 163.1

Remark. - : no trawl.
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Table 3.62 Bedy length and weight by sex for John dory Zeus faber.

(A) Amirigue survey aren

Phase Season Sex If]divi(.iuals Totat length in mum Body weight ing
of specimens Range Mean Range Mean
Male 0
- Female 0
Indeterminate 0 o )
{ Total 0
Male 0
Warm chul_e 0
Indeterminate 0
Total 0
Male 0
Female ]
Indeterminate 0
5 ~ Total 0
Male 0
Warm Femal.e 0
Indeterminate ]
Total 0
(B) Al-Awam survey avea
Phase Scason Sex lndivi(.!ua[s Total length in mm Body weight ing
of gpecimens Range Mean Range Mean
viale 214 93 ~ 465 290.2 10.0~ 1,520.0 4137.2
Cold Female {56 66~ 513 2774 5.0~ 2,160.0 445.4
indeterminate 10 73 ~257 105.5 5.0~ 246.0 396
| ~ Total 380 66 ~ 513 280.1 50-2,1600  430.1
Male 78 117 ~ 420 192.6 260~ 1,215.0 159.0
Warm Female 108 112~ 460 184.6 22.0--1,715.0 144.5
Indeterminate 435 108 ~ 400 (71,1 25.0 ~1,035.0 13t.0
Total 231 108 - 460 184.7 220~ 1,715.0 147.0
Male 190 133 ~ 450 283.0 50.0 ~ 1,440.0 375.6
Cold Female 218 105 -- 540 2727 17.0 - 2,790.0 436.5
Indeterminate 136 55 ~ 260 S 5.0 ~ 280.0 335
2 Total 544 55540 237.0 5.0 ~2,790.0 3145
Male 11 120 ~ 423 185.7 35.0 ~ 1,285.0 136.4
Warm Female 142 125 - 550 196.1 35.0~2,170.0 174.0
Indeterminale 4 139 ~ 173 158.5 40.0 ~ 90.0 66.3
Total 260 120 ~ 550 191.0 35.0 ~2,170.0 155.8
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(A Amrigue survey ares

Table 3.63 Sex ratio and female maturity stage for John dory Zeus faber.

Phase 2 warm season

Northern Phase | cold season Phase | warm season Phasa 2 cold season
coastabared _Specimens Sexratio_ 8 mawrivsiese (%) Specimens Sexrano _€ - maturitvstage” (%) _Specimens Sexrano_©  mamnitystage’ (%6) _Specimens Sexrado _ £ marunw stage” (%)
(Soaum 3-20m) @ 2 (¥ Iy FET=0 S T e | S 2 (gv® i I 2 2 (2vE) 1l 0 v
Banc d’Arguin ¢ i |3 0 U £ 4 U E 0 0 E
Other 0 0 B o 4 E Q 0 E o 0] E
All area 0 0 E ] 0 E i 0 E 0 [ E
(B) Al-Awam survey area
8 Phase 1 cold season Phase | warm season Phase 2 cold season Phase 2 warm season
2 Swatwn _Specimens Sexratio 2 maiuritv stae’ (951 Specimens Sexratio £ maturity stape (%) Speeimens Sex ratis 3 maturity stage (%) Specimens Sexratio £ : maurit stage (96)
3 S TR I 1! I v 13 & (9§ ] Il i1l 1V 2 g (F) 1 )] o 2 & (2 i 11 i1l vV
2-2Um - - - - - - - - - - - - . - 4] ¥ E 0 u E
20-30m 8] 0 E a ¢ E 0 [ E 0 Q E
= 30-80m 7 12 171 857 143 00 Q0 [ 6 100 &7 00 333 GO 1 | 100 0.0 1000 00 2.0 5 30560 200 200 5800 040
B 30-200m 11 10 0.9 727182 91 Q40 6 10 147 00 300 3500 Q.0 6 23 1.4 18.8 730 &3 GO 33 025 Q71 856 B 29 00
< 200400m 0 0 E ¢ 0 E - - 6 0 E
400-600m - e - . - - . - - . - - - - - - - - - - - .- . - - -
All stratum 18 22 122 778 167 36 00 12 15 1533 333 250 417 00 17 24 1.41 176 765 39 0.0 40 2% 070 800 110G 100 00
3-20m - - - - - - 0 0 E 0 4] E 0 ] E
20-30m o 0 E ] 0 E [¥] [ E fi 1] E
= 30-80m 36 67 1.86 635 333 28 00 ] o 6.00 0.0 00 1000 00 300 28 056 36, .8 40 00 4 10 07 83, 74 T100
‘5 80-200m 34 3% 115 55% 2182 9 00 47 3 072 4809 389 21 00 58 63 109 431 48 [ Q.0 55035 102 6535 327 1.3 00
< 200300 Q0 il E [ 0 E 0 V] E 0 0 E
400-600m - - - - - - - oo E - - - - s - - . - -
Allsmaum 70 106 151 #0000 457 43 Q0 <8 30 D0RY 479 479 3T 00 108 9l 0.4 491 426 83 0.0 69 &6 0986 895 27F 28 0.0
3-20m - - - - - - - [¥ 4] E 0 3] E 4] [¥] E
20-30m 5 4 080 0.0 W0 0C 00 ¥ 0 c [¢] [ E 0 8 E
= 30-80m 21 15 071 857 133 00 00 9 4 044 667 333 00 0.0 38 14 Q37 3533 395 33 00 0 0 E
2 80-200m 2 67 1.60 312 234 234 00 39 1§ 0456 613 335 GG 00 35 5l 111 364 290 345 00 320 Gl 343 =53 00 0.0
¥ 200-400m 0 0 E 0 0 E 0 8] E ¢ 0 E
400-600m - - - - - - - - - - - - - - - - - - - - - - - - -
All stratum &8 56 .26 582 266 149 0.0 48 32 045 AZ5 375 04 0.0 B 73 08 440 333 226 0.0 33 200 0.6} 343 353 00 2.0
3-20m - - - - - - - 1] J4] E 0 [ E Q O E
20-30m 3 4 0,80 0.0 1000 0.0 00 Q 0 E 0 o} E 4] U E
30-80m 64 94 147 734 250 16 00 16 16 1.00 425 188 188 0.0 82 43 048 551 a4 43 Q0 16 13 068 684 1052 211 90
i $0-200m 37 118 133 558 291 151 0D 92 62 067 511 M6 43 00 129 147 114 372 419 202 00 123 101 0.82 691 29Z 1.6 040
200-300m o] 0 E Q o E 0 0 E 0 & E
400-600m - - - - - - - % 0 E - - - - - e - - - -
All smatum 1536 214 137 813 287 wo (0 108 7% 072 5248 407 63 0.0 218 190 087 345 413 122 090 142 114 (.80 690 268 42 0.0

Remarks. * [ Immalure, I Semi-mature, L Mature,

IV: Speni. - no trawl

. E: Error. blank: o data.
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Figure 3.35 Sex ratio and female maturity stage by length class for John dory Zews faber.
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Table 3.64 Stomach conte

(A) Stomach condition

nt analysis of John dory Zens faber.

Stomach condition

Stomach content Somatic Index (SSI)

Phase  Season o+ E‘,;(x;/;:;y E(Y’;:,l)t Fcr(::/lui;lg o Min. Max. Mean
| Cold 375 49.87 0.00 50.13 367 0.00 700.00 37.29
Warm 225 60.26 0.00 39.74 219 0.00  170.73 19.34
N Cold 437 59.95 0.00 40.05 435 0.00 100000  32.88
Wann 246 55.28 0.00 44.72 244 0.00 240.00 30.59
(B) Stomach contents
Mollusca  Polychaeta Crustacea Fish
Phase  Season n¥ ——
Decapoda Shrimp  Other Engraulidac sp. Chlorophthalmus sp.
| Cold 188 1.06 0.53 053 0353
Warm ot 1.10 1.10
o Cold 175 - 0.57
z Warm 110 0.91 14.55
(Continued)
Fish
Phase Season Saurida Merluccius Merluccius Merducei Epigonus  Trachurus  Trachurus
brasiliensis polli senegalensis EMCCIUE SD- sp. trachurus irecye
{ Cold
. Warm S
2 Cold 0.57 0.57 0.57 2.86 2.29 2.29
Warm 0.91 1.82
(Continued)
Fish
Phase  Season " : Diplodas ; Troglosns Unknown
rachurns sp. Carangidae sp. belloit Gobiidae imperialis Other
| Cold 11.17 59.04 27.66
Warm 60.44 3736
5 Cold 4.57 1.14 0.57 60.44 3736
Warm 0.91 0.91 38.18 41.82

Remark. * : Individuals of specimens.
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(A) Relationship between total length and SSI
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