2.3  Results

2.3.1 'Water temperature, snlinityl and o,

Figure 2.3 shows the horizontal distribution of water temperature and salinity, and also of o,
observed at 2 m below surface. Figure 2.4 illustrates vertical section distribution in the north-south
direction at around 50-200 m water depth (see Figure 2.1), and Figure 2.5 shows vertical profile at
cacht ohservation station divided into north, central and south areas, and coastal and oflshore arcas
{cut-off boundary: 20m water depth).

The results obtained from cach observation period are summarived below. A peneral view of the
oceanic environment integrated these results are described in section 2.4.2 with referring to existing
reports.

<Phase 1 cold season>

- Variation
Water temperature 10,4 - 22.4°C
Salinity : 353-39.2
o4 T 2532173

- Horizontal distribution at 2m below surface (see Fig. 2.3)
Water temperature: High in the Northern coastal area.
Low in the offshore west of Cape Blanc and offshore south of Cape
Timiris.
Salimty : High in the Northern coastal area.

O : Ditto.
- Vertical section distribation in the north-south direction (see Fig. 2.4)

Water temperature:  High at surface in the Southern area, but homogeneous as a whole.
Salinity : High at surface in the Northern area, but homogeneous as a whole.
o, : Ditto.
- Vertical profile (see Fig. 2.5)
Water temperature, salinity and o  show a slight gradient from surface to bottom.
<Phase 1 warm season>

- Variation
Waler temperature : 10.6 - 29,9°C
Salinity : 34.6-397
Gy : 22.1-27.1

- Horizontal distribution at 2m below surface (sce Fig. 2.3)

Water temperature : High in south of Cape Timiris. Low in the offshorc west of Cape
Blanc. Off the Cape Timiris, the tropical front where water
temperature ranged between 22 and 24°C was clearly observed.

Salinity : High in the Northern and Central coastal areas.

g, : Iligh in the Northern coastal area. Low in south of Cape Timiris.

! Practical salinity without a unit defined by specific conductivity — PSU (Practical Salinity Unit).
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- Vertical section distribution in the north-south dircction (sec Fig, 2.4)
Water temperature  : High (over 24°C) in the water colunn less than 50m deep in south,
progressively cooling and thinning from south to north.
Salinity : Slightly low in the water column less than S0m deep.
T, : Low (under 25) in the waier colummn less than 50m deep in south,

progressively increasing and thinning from south to north,
- Vertical profile (see Fig. 2.5)

Water temperature A thermocline exists at around 50m deep in offshore, with a gradient
increasing southwards. Difference between the upper and lower
layers of thermocline is around 15°C. High from surface to bottom in
the coastal arca.

Salinity . A slight gradient of less than 0.5 from surface to bottom in ali areas.

o, © A pycnocline exists at around SOm deep in offshore, with gradient

increasing southward. Low from surface to bottom in the coastal area.
<Phase 2 cold scason>

- Variation
Water temperature : 12.0-22.8°C
Salinity : 35.1-399
G, 1 24.5-27.2

- Horizontal distribution at 2m below surface (see Fig. 2.3)
Water temperature @ High in the Northem coastal area. Low in the offshore west of Cape
Blanc and offshore south of Cape Timiris.
Salinity : High in the Northern and Ceniral coastal arcas.
Ty : High in the Northern area. Low in and around the Banc d'Arguin and

in the offshore of the Southern area.
Vertical section distribution in the north-south direction (see Fig, 2.4)

Water temperature @ High at surface in the Southern area, but homogencous as a whole.

Salinity  High at surface in the Northemn area, but homogeneous as a whole.
Low at surface around 18°30'N.
oy ¢ High at surface in the Northern area, but homogeneous as a whole.

- Vertical profile (see Fig. 2.5)
Water temnperature, salinity and o, show a slight gradient from surface to bottom. But

thermocline and pycnocline existed at different depths in the
Southern area.
<Phase 2 warm season>

- Variation
Water temperature :© 10.7 - 30.0°C
Salinity D 34.2-402
o : 21.5.273

- Horizontal distribution at 2Zm below surface (see Fig, 2.3)
Water temperature @ High in south of Cape Timiris. Low in the offshore west of Cape
Blanc. OR the Cape Timiris, the tropical front where water
temperature ranged between 22 and 24°C was clearly observed.

2-6



Salinity : High in the Northern and Central coastal areas.

Gy ¢ High in the Northern coastal area. Low in south ol Cape Thniris.
Lower in the Southern coastal area.

- Vertical section distribution in the north-sonth dircetion (sce Fig, 2.4)

Watcr temperature  : High (over 24°C) in the water column less than 50m deep in south,
progressively cooling from south o nouth.

Salinity : Slightly low in the water column less than 30m deep,

oy : Low (under 25) in the waler column less than 50m deep in south,
progressively increasing northward,

- Vertical profile (sce Fig. 2.5)

Water iemperatire A thermocline exists at around 50m deep in offshore, with a gradient
increasing southwards. Differcnce between the upper and lower
layers of thermocline is around 15°C. Uigh from surface to boftom in
the coastal area.

Salinity : A slight gradient of less than 0.5 from surface to bottoau in all areas.

Sy ¢ A pycoocling exists at around 50m deep in oftshore, with gradient

increasing southward. Low (rom surface to bottom in the coastal arca.

2.3.2  Watcer current direction and velocity

Figure 2.6 shows the horizontal distribution of water current vectors at 4 m below surface during
the observation period, and Figure 2.7 illustrates the distribution of frequency of the water current

direction.

As indicated by Figure 2.6, velocity at upper layer {4 i below surface) was (-67 cm/s, without
much variation between cold and warm seasons. Although great differences in cutrent direction
happened as tide varied according to observation time, in the Northem area, (ast currents of 40--65
ci/s in the inshore-offshore divection (southwest to northwest) were observed next to the region over
the continental slope. In addition, northward currents of a top velocity of around 50 cm/s were

observed flowing parallel to the coastline in the Southern area, around 16 - 17° N,

As for the frequency of the current dircction by layer in Figure 2.7, in the Nosthern area, except for
the Phase | warm season, the frequency of west or southwest currents was high in the upper layer, and
it of north current increased with depth. Also, the Phase 1 warm season showed a trend for southwest
currents in all layers. In the Central area, imany currcents between south and west were observed in the
cold season, as well as northwest currents in the upper layer; there were also many north curcents in the
bottom layer (about 70% of the water depth) in the warm season. In the Southern arca, north currents
were numerous, regardless of observation season or layer,
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Figure 2.3 continued
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Figure 2.4 continued
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Figure 2.7 Frequency of distribution of current direction by layer, by observation period and by subarea.
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Water mass structure

It is useful to analyze the oceanic structure, when the data with similar characicrs has been grouped
up as one water mass. Here the water mass identification is attempted by difference of water
temperature and salinity. First, a T-8 diagram (Figure 2.8) was cstablished from observed water
temperatures and salinitics, and an attempt was made to divide waler masses based on existing data,
characteristics and variations of temperature and salinity by depth (Figure 2.9). Since water masscs
were interacted in many cuses by various factors, clear identification was difficult in the shallow sea
such as the acea for this study. The water mass identification was made by the sequence of the mode
within a certain T'S variations. Figure 2.10 shows the horizontal distribution of divided water masses at
depths of 2 m, 25 m, 50 m and 100 m for all obscrvation periods. Four water masses were defined for
the cold season and 6 - 8 for the warm season. 'lable 2.1 shows their distribution and their
characteristics. Dubrovine et af. (1991) reporicd on water masses distributed in the EEZ of the IRM.
Table 2.1 also shows the results of the comparison between thosc results and the water masses
identified in the present observation. LS water mass is not indicated in the above-mentioned report.
Also the origin or the formation factor of LS water mass cannot be clarified in this study, but its low
salinity and distribution shows that it may have the influence of the Senegat River.

Table 2.1 Summary of identified water masses.

water | . . o o - ) Presumably corrcspunding waler
Distribution and characteristics of water masses identified in the present observation masses of Dubrovine et af.
ITRISSES (1991)
Distribuied in the Northern coastal arca. Temperature and salinity high. Quite possibly . .
a differente water mass from that found in the Central and Southera coastal areas in | D30 d Argut‘n waler mass
BA Phasc 2 cold scason at the depth of 2 m, (T:8.0-17.5, 5:35.1-36.4)
o . - (T:6.5-18.0, $:34.9-36.57)
{Cold scason : '1:17.1-22.8, 5:35.9-39.9, Warm scason : T 19.8-26.1, 5:36.1-40.4) :
Widely distributed at 100 i depth. When the depth get shallower, the distribution gets|  Central North Atlantic water
CN | marrower. HIASS
(Cold senson : T:10.4-19.5, 8:35.1-36.1, Warm sesson : T:10.7-25.9, §:35.4-36.6) (T:18.0-20.0, 5:36.38-36.50)
Widely distributed at less than 50 m depth in the Northern area in the cold season. T\'Iortjlcm Isurmce water mass?
Quite localized in the warm season. Possibly a difterent water mass than that (}":23.9, $:36.43)
SN distributed at 100 m depth in the Phase 2 cold seasun. (1:22.7, %:37' 17 .
(Cold scason - T:13.5-18.6, §:35.5-36.3, Warm scason : T:12.1-25.4, S:35.4-3¢.7y  |0F walkr mass  from  the
upwelling?
Appeared only in the warm season. Widely distributed at less than 25 m depth in the | Southern surface water mass
SS | Central and Southern areas. Characteristics: high water temperature. (T:26.85, $:35.38)
{Warm season : T:24.0-30.0, 5:35.3-36.3) (T:28.8, 5:35.75)
Water mass considered a mixture of SN and §S, widely distributed at 2m below
surface in the Southern area in the cold season, and near Cape Timiris and Cape
A |Blanc, and also at the 50 m depth in the Central and Southem areas in the warm | Water mass (A}
SEason.
(Cold season : T:13.9-21 4, 5:35.4-36.0, Wann scason : T:15.6-26.0, S:35.3»3§.ﬂ
Distributed only inshore in the Ceniral and Southem arcas in the warm season.
T Tempcrature and salinity high. Tropical water mass
(Warm season : T:26.0-29.8, 5:16.2-37.2)
Distributed only near the Sencgalese border, in the Southern coastal arca in Phase 2
.S | warm season. Water temperature high, safinity fow. -
(Warm season : T:28.7-29.1, §:34.2-35.2)
Distributed only at 100m depth of a limited zone of the offshore Southern area in Central South Atlatic waters?
\ Phase 2 warm season. Salinity tending lo be Jower than that of CN. This water mass is| 7o _ . : oy
Cs [ (1:5.5-17.8, 5:34.65-35.78)
not shown in Fig 2.10. (TB.0-16.0, S-34.7-35.65)
{(Warm season : T:12.5-14.7, 5:35.5-35.6) o e o

Remarks: T: Water temperature (°C), S: Salinity
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Figure 2.8 T-S diagram by
cbservation period.
(A) Phase 1 cold season;
(B) Phase 1 warm season;
{C) Phase 2 cold scason;
(D) Phase 2 warm season.
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Remark.

Method of water masses identitication by
T-S diagram is indicated in ANNEX 2.

Figure 2.9 Water musses iden-
tified from the T-5 disgram by ob-
servation period.

(A) Phase | cold season;

(B} Phase | warm scason;

(C) Phase 2 cold season;

{D) Phase 2 warm scason.

Water masses
BA: Banc d*Arguin water mass
CN: Central North Atlantic watcr mass
SN: Northern surface water mass
SS: Southern surface water mass
A : Water mass (A)
T : Tropical water mass
LS: Low salinity watcr mass
CS: Central South Atlantic water mass
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Figure 2.10 Distribution of water masses at specific depths.



Figure 2.10 continued
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Figure 2.10 continued
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Figure 2.10 continued

(D) Phase 2 warm season
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1.3.4

2,3.5

piL, chiorophyll-a, nutrient satts, ctc.

Table 2.2 shows the results of the analysis of pH, chlorophyll-a and nutrient salts. Chlorophyll-a
tended to be more abundant in the warm season than in the cold season, the peak of their abundance
occurring respectively at 20 and 50 m depths and at Om depth (surface). No particular characteristics
were found with respect to the distribution of pheophytines by season or by depth, Nitrites (NO,-N)
tended to be more abundant in the cold season fhan in the warm season, maximum valucs for both
scasons being found ncar the surface. On the other hand, nitrates (NQ;-N) exhibited no marked
tendencies on its distribution by season or by depth. And pH was generally low in the cold scason and
high in the warm season, and tended to be higher near the surface and lower with depth,

Figure 2.11 shows the vertical section of water temperature, o, pH, chlorophytl-a, NO»-N and
NO;-N on the seven across-isobaths transects (see Figure 2.1). Distribution of salinity and pheophytins
by vertical section often tended to be uniform and were not represcnted. The figure shows water
temperature and o, practically have a stratified structure, but there are also cases in which inclination of
contour fines seem to ascend toward shore side with vertical section distribution figure. Also, the range
of water temperature and o, values is wider in the warm season than in the cold season. Distribution of
pH is overall stmilar to that of 6. Chiorophyli-a, nitrites and nitrates have a patchy distribution, as their
values exhibit maximal at a given depth. There are some cases where distribution of chlorophyll-a in
the warm season shows a maximum layer at 20-50 m deep, close to the thermocline.

Meteorology at sea

Table 2.3 summarizes meteorology at sea during the observation period. Weather was often cloudy
during the observation in Phase 2 warm scason. In other periods it was sunny, even bright. Dominant
temperaturc range was 22 - 28°C in the cold season and 26 - 32°C in the warm season. No significant
variation of atmospheric pressure was observed in any season with bwo high frequency classes between
1012 - 1016hPa. Dominant wind direction was from northwest or northeast in the cold scason, often
with spced classes between 5 and 9 m/s. Northwest-northeast wind appeared often in the warm season,
at a usual speed classcs between 3 and 6 /s or 7 and 9 m/s. Also, south winds with a speed of less
than 7 m/s were more frequent in the warm season than in the cold season.

Figure 2,12 shows wind condition between January 2000 and October 2001 in NDB and NKC.
Wind direction during the Sea-borne survey period was often north to northeast at NDB and northwest
to north at NKC. Only northerly winds blowed in the cold season, but there were also south winds in
the warm season.



(A) Phase 1 cold season

Tabic 2.2 Results of water guality analysis.

. Chioraphyll-a (g/ty | Pheophstin (n gft) NOpN (umolity | NOpN (nmoliey — f pll
Depth| No.  Min.  Max.  Mean| No. Min. Max. Mean| No. Min. Max. Mean|No  bin  Max  Mean | No. Min. Max, Mean
0l 16 026 1762 606 D 194 1732 8.4 17 <005 3.00 039 17 230 2670 10171 13 7159 193 1.1
10 12 060 17.35 826 13 0.84 17.32 678 18 <005 1.50 0.2 17 233 3290 1371 4 760 794 777
20 & 026 10,14 4.66 9 117 1292 582 16 <005 0.80 025 5 180 2132 12790 11 759 789 7.73
50 3 L&D LO00 2.84 5 024 1017 522 12 <005 060 022| 12 246 2992 1542 B 759 186 769
100 6 173 121 6.34 1312 a1z L2 8 <0.05 <0.05 <0.05 8 109 3698 20355 5 756 772 763
200 203 Jos 211 3 048 525 227 5 <0.05 040 008 5 068 3089 1606 3 156 766 761
300 - - - - I 595 595 595 3 D05 020 007 | 3240 3240 3240 2 755 173 764
AQD - - - - i 20.82 2082 20.82 2 <0.05 <005 <0.05 2 1969 3614 2792 2 755 172 164
Tolald 47 0626 1762 604 43 024 2082 669 81 <005 300 02| 77 068 3698 14831 58 755 794 1712
() Thase | warm season
Chictoplyli-a {4 g/t Pheophytin ( g g/f) NO-N (e molit) NOy-N (nmolf) pi
Depth| No. Min.  dax. Mean| No. Min. Max. Mean| No. Min. Max., Mean| No. Min.  Max. Mean | No. Min. Max. Mean
0 17 2.51 2723 1399 17 <01 187 0.l1 15 «<0.05 080 0.14 16 0.8 633 205 18 773 8.8 803
10] 17 027 3041 127y 17 <01 272 027 I7 <005 1.52 012} 17 <005 3000 540| I8 784 &15 B0
20 17 294 6293 1476 17 <01 1.3F 008 17 <005 152 0.2 17 <0.05 68400 4337 18 784 818 802
30 12 <01 MW 640 12 <01 5041 943 13 <0.05 030 0.19 13 <005 2330 10.3%9% 13 .71 310 789
100 6 <Dt 294 116 6 <01 3143 12,87 6 <005 040 0.12 7 1507 2336 23.81 § 165 7189 LI2
200 5 <0.§ 053 0.4 5 264 2990 17.37 4 <0.05 <005 <0.05 5 311 2718 1823 6 743 169 7062
GO 3} <01 <01 <01 3 027 1469 9107 3 <005 <005 <00S 4§ 060 2077 1451 4 7.59 771 763
400 3 <l <0.1 <0 3 160 240 199 4 <0.05 <0.05 <0.05 4 <005 3125 1415 4 755 768 139
| Total 80 <01 6293 9881 80 <01 5041 3931 79 <005 152 0.14] 83 000 68400 1650 80 743 BI8 19
(C) Phase 2 cold season
Chlorophylt-a (4 g€} Pheophylin (s g#) NO/N (1t moli ) NO-N  (nmoli) pil
Depth| No. Min. Max. Mean|No. Min. Max. AMean|No. Min. Max. Mean|No. Min. Max. Mean|No. Min. Max. Mean
0} 23 0.80 Y38 1073 23 <Dl 924 2T 23 <003 250 057( 23 029 207 899 44 708 B36 776
161 23 080 1949 8781 23 =01 13.00 2.1 2 <005 160 0457 21 032 1854 973 2 718 R36 7408
200 22 <01 2L6Y 658 22 <0l 3860 327( 22 006 td4d GSO[ 22 040 25106 942 19 703 82 167
50 14 <01 1495 246 I <01 6710 9.4 15 006 129 0.36 15 275 1947 1449] 14 721 812 762
100 7 <01 881 134 7 <01 868 3.53 6 006 034 021 6 260 1990 1033 7 115 7195 153
200 40 <A <01 <0 4 176 6568 2049 3 0606 046 021 3 1877 2893 2314 4 728 176 158
340 2 <01 D1 <f@d T <01 L34 067 022 030 026 2 1213 20.12 16.13 Zz 762 168 765
400 - - - -l - - d0 - - - - - - - A - - -
Totali 95 <01 3738 071] 95 <01 6710 439] 93 <005 250 045 92 029 2893 1086] 112 708 836 769
(D) 'hase 2 warm season
Chtorophyll-a (I g/) Pheophytin (12 g/¢} NOpN (g molit) NOy-N (pmadl?) pkl
Depth! No. Min,  Max. Mean|No. Min, Max, Mean|No. Min. Max. Mean|No. Min. Max. Mean|No. Min. Max. Mcan
1] 19 <0.1 1202 352 19 <01 878 089 19 <0.05 070 0.10 19 505 1432 965 19 816 829 B8.25
10 18 <01 1255 309 18 <0.1 3.87 1.08 19 <005 070 0.12 19 307 1337 94661 19 RI15 828 823
200 19 <0) 2206 579 19 <01 340 07 19 <005 030 006 19 338 M33 974 19 813 827 S
50 12 <0.1 1068.00 92.40 12 <01 640 093 I2 <005 050 0.18 12 <005 1377 725 12 792 818 801
60 6 027 267 120 6 <011 107 020 6 <0.05 030 005 6 329 789 6.08 6 781 708 788
200 2 1.86 267 227 2 68 464 316 2 <0.05 <0.05 <0.05 2 29 453 375 2 778 783 781
00| - - - . - i - - 4 - - - S e
00| - . . 4 - . . 1. - - B - . 4 - - . ;
Total |76 <0 | 1068.00 1780| 76 <01 878 090] 77 <005 070 0.10| 77 <005 1577 887 77 178 829 8.6

*Mean vatuc wus caleulated by having set value of under fimit of determination to 0.

Limit of determination: Chlorophyil-a and Pheophytin: 0.1 g gif, NO;-N and NO3-N: 0.05 2 molf?.
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(A) Phase | cold season

Temperature (°C)

o, pil
1. 20°30°N
transect . .
No observation No observation Mo cbservation
2. 20°N ) .
No observation No obscrvation No observation
transect
3. 19°30°N ¢
transect
g
g
[ =]
4. 19°N
transect
i
]
168°W 5.7 166°W 165W 16.4W  1B8W 167°W I6G'W 16.5°W 16 4°
5. 18°N -
Eﬁuj] [l
Iransect = 3 . Mo lobhervati
E Tore /?‘W - ojobservation
- ! *
i i
| } !
165W - 16.4°W 16.3°W 165" 16.4°W 16.3"W
(43
6. 17°N o= = T n
transect g S
£ > ;
30 §
8

£6.6°W

16.7°W 16 6°W

transecl

7. 16°N T H
6 I”“ ‘ik
|

8
A

165°'W  16.4°W

o

g

T Do Vime

‘W 168"W 18 75"W 16 7'W 1685°W 1B

6

i De Viem

"W i68'W 16.75'W 16.7°W 16 65°W 16.6'W

Contour fincs interval; Temperature:1°C, ¢ :0.2, pH:0.1.

Figure 2.11 Section of vertical distribution of water temperature, O , pH,

chlorophyll-a and nutrient salts from east to west.
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Figure 2.11 continucd
{A) Phasc | cold season (cont.)
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Figure 2.1 continucd

(B) Phiase I warm scason
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Figure 2,11 continued

(B) Phase 1 warm season (cont.)
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Figure 2.11 continued

(C) Phase 2 cold season
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Figwre 2.11 continucd

{C) Phasc 2 cold season {cont.}
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Figure 2.11 continued

(D) Phase 2 warm season
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Figure 2.11 continued

(D) Phase 2 warm season {cont,)
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I.

Table 2.3

Weather condition

2. Wind (_:ondifion

(A) Plase | cold season

Suntmary of meteovology at sea during trawl operations.

Survey season DR L2 U S Thase2 =~
Cold season | Wanuseason | Cobd season | Warm season
Number of data £3 £26 133 1146
Weather' b 105 6.0 44 RN
be 227 143 15 224
c 68 167 68 Ho
r - - 08 -
e __ {Uncbserved) I devf st -
Al temperatite 34 BE¥) -
ey 16 [ 16 -
MBAT<6 413 127 £9 34
265 AT.<28 [FH] 2 105 284
2BSAT.0 - 492 30 526
= 108 AT.<32 11 151 08 14.7
e NEAT 4. - - 09
& T Man 241 280 ¥y
3 Min. 210 35 245
N Max. 300 L3 30
Atmosphere 10045 A P<ID0G 1l -

pressure 10065 A P.<1008 - - - -

(bT'a) 100RSA P.<1010 14 08 13

10105 A P.<1012 17.6 159 123

10t25 A P.<1014 386 113 36.1

1OHSAP<1016 250 ns 3l

1016 &A <1018 116 115 143

10985 A P.<1020 i R -

- Mean 10i3 [LTEXS SR TTY Y o
Min. 10040 10095 1008 2
Max. 1018.0 10t7.7 10172

* b: blus shy, be: Bloe sby with detached clouds, ¢ clobdy, T fog

(B} Phase | warm season

Wind speod (s} R Wind speed (s B . .
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Figure 2.12 Frequency distribution of wind direction and mean speed on land (Nouadhibou, 2000),

Source: ASECNA.
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Figure 2.12 continued
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Figure 2,12 (cont,) Fi'equency distribution of wind direction and mean speed on land (Nouadhibou, 2601).

Source: ASECNA,
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Figure 2.12 continued
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Figure 2.12 (cont.) Frequency distribution of wind direction and mean speed on land (Nouakchott, 20600).

Source: ASECNA.
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Figure 2,12 continued
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Figure 2.12 (cont.) Frequency distribution of wind direction and mean speed on land (Nouakclmtt; 2001).
Source: ASECNA. ' '
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2.4 Oceanic environment of the survey area
2.4.1  Oceanic environment by data

Results of this oceanographic observation were obtained from observations conducted in two seasons
in a year, or a total of four seasons, which is not enough considering the annual seasonal variations, For

this reason, a simple review of existing reports on seasonal variations and upwellings was compiled.
(1) Seasonal variations in the survey area

Generally, the climate in IRM is determined by the function of the following three action centers
{(Bambaye, 2001):

> The Azores anticyclone center producing trade wind.

¥ The intertropical front producing rain and south or southwest winds.

A

»  The warm cyclone producing east winds and harmattan (wind blown from the Sahara
desert).

A transter of these three action centers in a year has direct or indireet influence on the hydrographic
conditions in the EEZ of Mauritania. For this reason, oceanic environment in the EEZ shows a cecrtain
seasonal variation,

Dubrovine ef al. (1991) proposed four seasons based on seasonal variations of temperature in the EEZ
of the IRM {offshore zone).

1. Cold scason: January-May. Period in which the entire area is affected by the Canary Current.
Walter temperature 17.5 - 19.1°C.

2. Transitional season: June—July. Period in which the Canary Current and the Guinca Current mix
ncar NKC. Water temperature 18.7-25.6°C.

3. Warm season: August-October. Period in which the entire area is affected by the Guinea
Current. Water temperature 21.4-27.7°C.

4. Transitional season: November—December. Period in which the Canary Current and the Guinea
Current mix near NKC. Water temperature 18.0-21.8°C.

Also, according to Hatanaka (1979), the temperature during octopus fishing ground in the Northern
arca was relatively low because of the influence of the Canary Current, und that except for some localized
spots afong the coast, surface water temperature was within 17-26°C. Additionally, as upwellings are
formed every year north of Cape Timiris, the vertical gradient of water temperature is weak.

Figure 2.13 shows seasonal variations of surface water temperature in the Bane d’Arguin zone,
according to Dubrovine ef af. {1991). As it is indicated, minimum temperatures are in January-March,
and maximum temperatures in August—October. Annual temperature differences are small necar Cape
Blanc, and significant in the bay-depth, the southetn part of the bay and north of Lévrier Bay.

Hatanaka (1979) also reported that the range of annual variation of salinity was narrow in the Northern
area of the EEZ of the IRM (35.8-36.4). Those values are refatively high throughout the year because there
is little inflow of fresh water. Also, the halocline could not be observed year round north of Cape Timiris.
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Bascd on those data, the present observation was planned and conducted during the cold and warm
scasons indicated. The comparison between values of water temperature of the present observation and
the annual observation is explained in full detail in 2.4.2.
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Figure 2.13  Mean temperature of surface water by month in the zone near Bane d’Arguin (1952-1988).

Dubrovine et af. (1991).
(2) Upweilings

The existence of upwellings is considered a characleristic phenomenon of the oceanic environment of
the survey arca. A summary of those upwellings are presented below.

The upwellings on the northwesterrn coast of the African continent (Table 2.4) are considered
wind-driven upwellings formed by the interaction between the offshore current and the compensation
current. The former current area caused by the dominant wind that blows paralle! to the continent toward
the Equator (Nasu, 1975). On the upwetlings in the [RM, Hatanaka (1979) reported that north-northeast
winds of force 2 to 7 (annual mean : 4) blow almost cvery yoear, and that those scasonal rise and fall
determine the strength or the weakness of the upwellings. Every year between 20° N and 25° N,
upwellings appear and are more active around Cape Blanc in June, accompanicd by a drop in water
temperaturc and salinity. Under their action, the thermocline and the halocline are not formed. The
February 1972 report of the joint Federal Republic of Gennany/USA observations conducied between
Cape Blanc and Cape Timiris (Voorhis er a/., WHOLI) points out that the vertical current is not constant,
but oscillating, that depth also varies upwards and downwards, and that the upwetling speed is of 0.56
cin/s. Also, upwellings being formed relatively close to the bottom, they are strongly influenced by
submarine canyons (Uda, 1974).

Faure ef al. (2000) referred to the oceanic stricture in the upweiling zone in the [RM attending to the
intensity of upwelling, the turbulent flow by the wind and the residence on the coast. According to their
report, the upwelling starts in October, reaches the maximum intensity in January to May and becomes
the minimum intensity around September. Moreover, the tesidence phenomenon hecomes the minimum
in fanuary and reaches the maximum in April to June. They reported that these oceanic structure on the
coast was strongly rclated to the wind dircction and velocity.

in the present observation as well, localized distributions of low watcr temperatures were observed at
the surface layer offshore west of Cape Blanc and on the south coast of Cape Timiris in the cold season,
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suggesting the formation of upwellings. Also, the gradient of isopyenic in the section of vertical
distribution from cast to west {Figure 2.11), and the dome-shaped distribution of isopycnic surface
between 18" N and 20° N in the vertical scction from south to north, are considered due to the upwelling
phenomenoq.

Tabie 2.4 Scale of upwelling currenis and annual basic production on the northwestern coast of Africa

{Canary Current zone), Cushing, 1969: Modification by Nasu,

Sea arca Season Length | Width | Surface arca Annual basic
(month) (km) | (km) {km?) production
(tonnes Clyear)
Freetown — Dakar 10, 11,12, 1,2 800 50 40 % 10° 34,80 x 10"
. Dakar > Cape Blan¢ - | 10,11, 12, 1,2,3,4 1700 | 7150 | -105x10° | 12,19%10°
Cape Blanc — Canaries 4,5,6,7,8,9 1.020 300 306 % 10° 31,40 x 108
Canarics — Casablanca 4,56,7.8,9 1.000 | 150 150 t0* 12,83 x 10°
Cape St. Vincent - Vigo | 6,7,8,9, 10 600 | 150 00x10> |

2.4.2

Oeeanic environment during the survey period

In order to see the (cature of surface water temperature distribution in this survey period, the anomaly
of water temperature is shown in Figure 2.14. The value of the WOA 98 of NODC was used here as an
usual year. The values in the cold and warm seasons were compared with those in April and September of
WOA 98 respectively.

(1) Cold season

Fram the anomaly distribution of surface water temperature in the cold scason, the high surface water
temperature both in Phase | and Phase 2 was observed. This positive anomary was distributed from Cape
Timiris to south of Banc d'Arguin. According to Mahfoudh ef af. {in preparation}, in the cold season of
2001, the surface water temperature in the Banc d'Arguin was typical of the scasonal character being
thermo-homogeneous owing fo decreasc in the temperature gradient. The surface water temperature
showed a tendency to increase north to south of Cape Timiris and east of Bane d'Arguin. O north of
Cape Timiris, the comparative high water of 21°C was observed. This phenomenon is considered due to
the advection of occanic warm water. Excepling the abovementioned arcas the negative anomaly was
prevailing over the continental shelf, The negative anomary in Phase 1 and Phase 2 reached -5°C and
-3°C respectively. The remarkable decrease in the surface water temperature extending over two Phases
suggested that the aclivity of upwelling had been raising during that period. The surface water
temperature offshore in Phase 1 and Phase 2 ranged [4.5 to 19.0°C, 15.3 to 21.4°C respectively. The
mean temperature was between 17.5 and 22.7°C (Doubrovine ef af., 1991) and 16.9 to 22.7°C of WOA 98
{(April).

Except for the Northern coastal area, the structure of the occanic environment in the survey area in the
cold season was horizontally and vertically more uniforin (low temperature, high density) than in the
warm season (Figure 2.3-2.5). This is due to the influence of the Canary Current and upwellings
characterize the oceanic environment in this area in the cold season with intesification of the trade wind.
The effect of the Canary Current was also observed on the distribution of water masses north of Cape
Timiris (except for the coastal area) (Figure 2.10). From the standpoint of water masses, Lhe south of that
area is where water masses of the Canary Current type mix with those of the Guinea Current type (S5



shown in Table 2.1) from the south, Howcver, there are no warm water masses of the Guinea Current type
in the cold season (Figure 2.10). As no front was clearly identified in the cold season, the oceanic
structure divide is considered as offshore Cape Timiris. [n the Northern area, the sub-surface current (at 4
m below surface) flowing from the offshore to the continental slope was observed (Figure 2.6). This
current was supposced to originate an upwelling water moving from the bottom layer to the surface layer
in the shallow coastal arca.

In the Northern coastal area, and particularly in the PNBA zone (east of 16°45 W), there was a water
tass relatively warmer and strongly saliner than in other areas (Iigure 2.10). Increase in waler
temperature and salinity is thought to be due to topographic characteristics of shallow waters and to the
effect of the sun, thermohaline levels being considered in relation to the amount of exchange with
offshore waters (or the residence time). This warm water mass observed off Cape Titmiris and Cape Blanc
(Figure 2.3, 2.6) was flowed offshore by the influence of the current observed south of Cape Blanc
{Figure 2.6).

(2) Warm scason

From the anomaly distribution of surface water temperature in the warm season of Phase 1 and Phase
2, the comparative low water temperature was observed in north of 19°N. In south of 19°N, the
temperature was slightly high. This result suggested that the negative and positive anomalies were
prevailing in novth and south of 19°N respectively. In Phase 1, the negative anomaly offshore of Cape
Tiniris indicated -3°C. It suggested that the warm current flowing up northwards was dispersed than
usual year. The surface water temperalure ofishore ranged 18.5 t0 29.6°C in Phase | and 26.6 to 29.6°C in
Phase 2. The mean temperature was in range of 17.522.7°C . According to Doubrovine et af. (1991), the
mean water temperature in the warm season ranged from 21.9 t0 28.2°C.

The occanic structure in the survey area was more complex in the warm season than in the cold
season. The water mass with water temperatwe above 28°C and low densily not 1o be observed in the
cold season offshore Cape Timiris and toward the south, was distributed near the surface layer (Figure
2.3-2.5). lts distribution was rccorded at fess than 50 m deep, close to the Senegalese border, the its
thickness declining northward (Iigure 2.4). Its characteristics and the dominant northward current led to
believe it was a Guinea Current type water mass. Also, no signiticant difference from the oceanic
structurc in the cold season was observed north of Cape Timiris (Figure 2.10). In the warm season, the
surface water temperaturc in the front area located off Cape Timiris ranged from 22°C to 24°C (Figure
2.10). Those water masses were distributed shallower than SOm depth in the Southern area. Also,
high-density chlorophyli-a was distribuied near this front, suggesting there was a favorable area for the
primary and secondary productions (Figure 2.11). No significant difference from the cold season was
confirmed for the oceanic structure for depths over 100 m (Figure 2.4, 2.10). This water mass was
presumed to be Central North Atlantic waters. In Phase 2, a distribution of low salinity water, presumedly
influenced by the inflow of freshwater from the Senegal River, was reported in the coastal area near the
Senegalese border (Figure 2.3). In the Central coastal area, besides the warm water, an increase in salinity
was observed, suggesting a stagnation of the water mass, as in the Banc d’ Arguin.

Like in the cold season, a water mass relatively warmer and strongly saliner than in other areas
existed in the Northern coastal area, particularly around Banc d’Arguin. Considering the southward
extension of high temperature water seen at the surface layer oft Cape Timiris (Figure 2.3) and the current
near Cape Blanc (Figure 2.6), much like in the cold season, it was thought that water mass was placed
over a current that moved clockwise, going toward the open sea off north of Cape Timiris.

Also, as the wind was weaker than in the cold season (Table 2.3, Figure 2.12), the influence of the
upwelling restricted particularly in the Central and Southern areas.
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(B) Phase | warm season
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Figure 2.14  Anomaly of water temperature in this sucvey period.
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