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Abstract
The cross-shelf and alongshore extend of the biological effects

of coastal uPrelling is estimated on the basis of zooplankton
biomass data for the pelagic zone off lJorth '::est Africa. Tbe defi
nition, of a charakteristic biomacs for the adjacent pelaeic zone
of the tropical Central Atlantic is used as an aid.In cross-shelf
direction,the "biologieal" effects of cold water upwelling can
be discerned for several hundred kilometres (Tab.2),and off Cap
Blanc (20055'N) it therefore exceeds the range of the "physically"
defined upwelling zone by a factor of 2.5 - 3.7 .In alon[,phore

. direction th'e "physical" and "biologieal" effects are both apparent
over a dist~nce exceeding 1000 km.Alonr,shore seasonal variations
are very probablY of the same order as the meridional migration
of cold water upwelling phenomena (Fig.3).In cross-shelf direction
variations off nouakchott (17oS0'lI) and rap Vert (14045'~J)

anpear to be chiefly seasonal character (Tab.?).

Introduction

Coastalupwelling in the subtropics and tropics are,comnnred
'with surrounding waters,ano~alies.~his is shc~n b:r th0 field dis
tribution of physical,che~ical und hiolor,icul pnrameters.Due to
the hier~rchic nature of the elements of an ecosvstem (corrcs~on

ding to different trophic levels),t~ese differenCC8 are not i1en
tical in time and I or in snace.Accordin, to ~hiriot (1S78),
nutrient consumntion in a ~aterbody v~ile it i8 driftinr, rrfter
unwelling,and a!ter seasonal ter8ination of unwellini, action,
restores the original ~tRte typical for these latitudes.
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"o,je and TO'1czn" (1978) G"'J.OWC(~ th~jt it in necer:'i'lr:r to know
ho'" larr,e sllch areap are.'2l-te follo',"ir.C D~;Jl'r trie:::; to delir:eate
the pelflgic zones affected b'r u"\';el' ilp on the b~"l'" of "b'" ,~..... t) u ....' ~-, lO-

logical" criteria.~hir- has been done by defininG a characteristic
zooplankton biomasr: (ZP~) for the pelagic zone of the tronical
Central Atlantic.~Iea,'Ure!'1entn tn)(en at u.l'ffel'e.>lt .seasons are uced
to estimate seaponal variations in ~pace.

I.Iate1'ial Find r>ethodR

The dato. base conEists of ZP3 dry wei~hts ohtair.ed on board
the r/v "A.von "u:'!boldt" fro:'! 1970 to 197(, (~ab.1).~hese formed
part of lo.rf,e scale studies performed in the course of a stan
dard station progra~me off the 'Jorth ~est African coast (~ig.1).

The mesozooplankton was obtained with a ~P-2 net (Tranter,1960)
by vertical huuls from depths dOVTI to 200 rn.Drv wei~hts were
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determlned at 60 C using the methode of Lovegrove (1966).The
1970 values were obtained by Köhler (1972).f,tatistical analysis
wa~ based on Taubenheim (1969). .

Results and discussion

The mean ZPi in the Central Atlantic at 300 '!! between 10 ~J

and 15
0
~ over the whole year was less than 10 mg.m- 3 dry weieht

(Kaiser and Postel,1979).In contrast,no such low ZP] vtich
remained constant regardless of season was found in regions
where substantial vertical nutrient flux occured,for example on
tT-te eouator at the sa:!le longi tude or off' Cup Blanc in the :Iorth
':'est African upwelling region.A ZP? of 10 :'1g.r.1-:? was therefore

considered the boundary behreen the pelagic zone "biolo[;icall:l"
marked by coastal uowelling and its tropical and fubtronical
8'.lrroundir.~s• .

In order to locate thic boundary in the crOf8-S~p]f direction,
the position of t~8 10 ng.n-3 ipoline obtained fro:'1 six lnrce
Beale studies (Postel,1Q7Q) was plotted in Pi~.1.The thick line
showes the e~tre~e nositi "t~ f h '- on.. , "ase art. est off-shore beln/: r.leaS;l-
red only in the northern r,nrt of thc ar08 ftudied.~:evertheiess,

t~e ?7 tiT8S that this isaline ~~f reaehec in the course of the
nrog1'3.~~e flho'.':er. th8.t thcre 'sn~ "o"}e reli,tiollf.hin between the
distnnce f1'O:'1 the coaft an;I the "}eaD Zr'3 obt:11:1e(l <110::'[ the whole

oceanograohie trans8ct.For n linear eorrelation (r=O.8?81),t~is

funk-haas
Neuer Stempel
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dependence is signific~nt at the 99.9 ~ level.The two para~eters

were best fitted by a 3rd der,ree polyno~ial (Fig.2).This relation
shin per::li tted t'J.e calculation of the rüsoing values for the r::axi
mu~" extent of the area with exceeding 10 mg.~-3.It was also u~ed
in case of crossing the oceanoGraphic section ~ore than one time
by t'le c'losen isopleth.These points are denoted by "+" in Tab.2.
Apart fro, the extre~e values for the different regionc,Tab.2 shows
the dates on which the measurements were made and,as"the differences
between extre~es,the a~plitudes of the cross-shelf variations.

Cushing (1971) found by co~paring surface teY1pera ture and Zr3

that the zone with elevated plankton content extended 2.5 ti~en

farther perpendicular to the coast than the upwelling zone defined
by physical data.The corresponding factor for the region off Cap
Blanc is 2.5 - 3.7 .'tere we regard the distance of the shelf edge

fro:n t!'1e coast (72 k~) as the "p!'1ysical" bound~ry because according
to Costlow and Barber (1980) the coldest water off :rorth West
Africa is resti:icted to this region.The "biolocical" boundary can
be expressed as the mean distance of the 10 mb.~-3isopleth from
the coast,i.e.244 k~ with a confidence interval of ~ 44 k~ which
is significant at the 95 % level.

Delineation of the "biologically" defined upwelling region by
means of the alonsshore direction than in the cross-shelf direc
tion due to local sin~Jlarities.In the southern part of the region
investigated,off Sap Roxo and Cap Verga (Fig.1),the river input
lead also to high plankton standing stocks even vnen there is no
upweiling (Sche:nainda et al.,1975).Our chosen critcricn therefore

cannot be used until further north where the 10 ~g.~-3 isopleth
follows more zonal direction (Pig.1) between Cap Roxo and Cap Vert
in June (1972) and off ~ouakchott in SepteMber (1970).7he direc
tions and positions of these ZPB isolines coincide with those of
the isopleths for physical parameters such as te~perature and
salinity which are also perpendicular to the coast (Schemninda
et al.,1975).The northward ~ir,ration fro~ June to ~epte71ber f:ugeests
same dependence on the sensonal Meridional mierat~on of upwellinß
phen06en~ (?ig.3).7his io sho'::r. vif'ually b:r cO:::TJRrison with FiC.,1
where t lle "annual" varia tionf' amounting to the ~ean ZFS' s for tl-Je
different sea areas are co~n3red with t~e ~annuRl" ~eBn.T~e period
'1:i t~ a80ve-averar,e Z?"'3 is Ollm'!n separately in thc top part of the

fiG:lre. ~'lis shows, fW indica ted b;! physical oee:mocraphie r"sul ts
(?ig.<),th"t the perioci Iastir:g al'"'1of,t t '1(' ":]lOle :ve8.r ean be
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observed only in t~e northern al'e:l,lncludin,"~ t!l.c l'egion off Cap

lIane. ':'l1e steepest gradient in ~'1C duration of above-'1veraee
ZF3 ie found between Cap Blunc unl ::oua{chott. ':'he turnini'; point
in tl1e meridional mi~ration of "phYEically" defined upweilings
is also si twl.ted in this area (Fig. 3) •''Je can therefore aSf.:lne
that the "ph;TEical" f'outhern boundar:! of the uD'.'lellinc region
and its '"'1eridionRl breaith of variation are also "biologically"
valid.An analol;ous correlation may hold for the nort~ern boundary
Bf' well.Piß.4 an'1 Tab.2,for exa~.ple,sho\'l that "in ?ebr:lary (1976)
when t'1e nort'1ern bO:.ludary of t:-le cold \':ater up'::clliu{f, reGion
reac~es its soutl-Jern:nost point (Pi~.3),the ZP3 off ~ahia de Gar-

-3 1net also re~ains belo~ the 10 mß.m leve.

The region with elevated zooplankton levels therefore extende
more than 1 000 k~ in the alongshore,and up to several hundred

kilometrec in the cross-8helf direction.AlthOU~5 the "physical"
and "biologieal" boundaries coincide in space parallel to the
coast,uerpendicular to it we found the "biological" boundary
More than 2 - 3 times farther offehore than the "physical" boun
dary.

AIonl;shore variability in the migration of the upwelline; region
depends on annual variations.

In more southernly sea areas this behavious is nodified by loeal
singularities.Upwelling occurs throughout al~ost tae whole year"
in the northern part of the area.Cross-shelf variability is there

fore of a fleaGonal nature exceeding off l~oua1:chott and Cap Vert
( in ter:ns of the relationship between ZPP and the extent of the
region with above-average plankton levels).

+)Alone t~e time rcale,the biological reaction time (c.f.7ino~ra~ov
et "al., 197 1 ) C9uses a p1-13,rC IRr, \';hich T1USt be to.":en into acc0'mt.
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Tables and Pir.ures

Working areas and dates of investigation
Distance fro~ the coast (kn) of the 10 mg.m- 3 Z1'3 isopleth
and range of variation (max.-min.) in the different sea
areas off :Jorth West Africa nt the different dates of in
vestigation

Fi~.1 Variation in space and in time of the area with ZPB's above
10 mg.m- 3 off the :Jorth \'lest African coaet

Pig.;:> Distance (k~) of the 10 mg.:'l-3 isopleth fro":! the !Jorth

~est African coast (100 - 25 0 N) related to the cross-shelf
-<averap;ed zr] (ng.m ~)

Fir:.3 ),:ean meridional extent and seasonal variaticn of t'1e colJ.
watel' upwellinr:; region off rJorth rlest Africn

P' 4" 71'''''' ( -3), .~ j"Brm .• Cl n[';.:1 ln the dlfferent areas off t'le :':or";1-:
~est Africen co~st at t'1e different dater of invcRtißQtion

' .. -'~"~



Tab.1

working aren
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date of investigation

•

-- "~-''''' .-....",_.......,,""' ...-'..-. -......."'•..,...,.....\ ... ~ . ', .. '~"'- '-

1""--" ....•._-_.__... _ •• ,..•.
i

Dahin de Garnet (?50N) to
Cap Vert (14°45'N)

Dahin de Gnrnet (25 0 N) to
Cap VerGtl (1 OO~T)

!lahia da Garllet (25 0 :'T) to

I Cap BInne (20 0 55'N)
w-_._.. ~"... ,,".,","._, ~.. _ ._~. .,, __ ., .... '.

27. 8.
28. 10.

20. 6.

24.12.1972
23. 2.

14. 5.

12. 2.

to 8. 9.1970
to 8.11.1970

to 8. 7.1972
to 10. 1.1973
to 14. 3.1973
to 30. 5.1974

to 17. 2.1976

'rab.2
, _____..,~_.·_'.~h~._,." _. __.'
i

I

i working area Plaxir.mffi date minimum date max.-
i

mineL.
c··_.

"'lahia da Garnet 197+ 13.-14.3. 1 12.-13.2. 196
(2SoN) 1973 1976
Dnh68 do Gorrei 209+ 6. 11 • 57 22.-24.6. 152
(2:3 TJ) 1970 1972
Cnp :Slanc 279 2.- 4.9. 190 25.-26.6. 89
(20°55':'0 1970 1972
lJounkcltott 264+ 5.- 7.3. 29+ 30.8.-1.9. 235
(17°S0'H) 1973 1970
Cap Vert 212+ 2.- 3.3. 1 27.8. 211
(1 Ll 045'N) 1973 1970

24.-25.5.
1974

('ap Hoxo 296+ 27.-28.2. 129 6.7. 167
(12 oH) 1973 1972
Cap Verga 4:35 23. -25" 2. 176 7.-8.7. 259

1973 1972 i
-_•. >~. - ._~" .•• ,. ~••_.• ..- .~ - ..".~..• " •....,~ ". _ •••••__ ••.. -, •• < _.", .M_-i.~" ... ,.' , ••n~••
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Fig.2
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