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INTRODUC TION

During February 1966, HMS HYffiA mnde a eombined fish echo 80unding and

hydrographie survey off the west eoast of South Africa between the Cape

eoast and Walvis Bay. ,The hydrographie investigations consisted' of, a ,study

of the process of upwelling as deduced from a dotailed series of bathy-. .

thermograph observations and the measurement of temperature, salinity,

dissolved,oxygen and nutrient salts on four soctions normal to the coast;

The results of the bathythermograph survey will be published elsewhere'by

N. Bang of the University of Cape Town. This paper presents data reeorded

on thn hydrographic sections and also includes a survey of surface water

temperature measured continuously over the echo sounding grid.'

The region off south-west Africa is one of tho major arens'of upwelling.
" ,

The phenomenon oceurs in the prevailing north-going Benguela current and

its locality and magnitude varies aecording to the season. During the

summer months the south-east trade winQs coincide with the greatest degree

of upwelling along the sQuthern portion of tho Coast off tho Cape region.

During winter, ehanges in thc distribution of atmospherie prossure over the

South Atlantie shift the area of trado winds and cause the region cf aetive

upwelling to move northwards (e.g. Walvis Bay). The cstablisruncnt of a

westerly wind regime ovar the Cape eoast leads to a stato of quiesconce in

this area. Thes~ seasonal variations have been demonstrated by various

workers using tcmpcraturo and salinity datu (Hart and Currio 1960; Stander

1962, 1964 and Shannon 1966). Inorganic phosphate and dissolved oxygen

data are mainly confinod to the area north of the Orange River. Hart and

Currie (1960) measured these parameters betwoen the Orange River and Walvis

,Bay. Stander (1962)measured phosphate off Walvis Bay and Stander (1964)
measured dissolved oxygcn botwecn thc Oranec Rivcr und 17°8.' Published
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data concerning theconcentration of phosphat~, nitrate, siliea~~ and. d~~

solved OxygoXl to thc south of the Orange River are very sparse. I!'or this

reason most of the hydrographie observations made on the present survey

were confined to this southern area.

RESULTS

The survey was made between 7 and 27 Februnry 1966. Tho maximum degree

of upwelling at that time of year Vlould be expceted to oeeur in the south

of the survoy area. Figure 1 shows that tho strongest winds measured on

hydrographie stations were off the Cape eoast with speeds of up to

48-52 knots from a south-easterly direetion. Winds were generally mueh

lighter in strength and more varinble in direction on the sections to thc

north, althaugh a south-eastcrly gale was oxperieneed when the ship was

working off Luderitz Bay.

Distribution of sea surfaee temperature

A detailed evaluation of the degree of upwelling is only possiblc from

a stucty of the verticul distribution of a voricty of parameters. The

tcmperaturo of the sea surfaee can, howcvcr, be of valuo in detocting the

major cells of upwolling whcre thc cold wator reaches the surface.

Figure 2 shows the distribution of surface temperature over the survoy area

betwecn the Cape coast und Walvis Bay. Some anomalies occurred between the

values depicted~

The lowest temperatures werG rocordod along the coast. Valuos below

12°C were observod south of St. Helena Bay, off tho Orange River and off

Luderitz Bay. The surfaco temporature rose to over 19°C offshore along the

western edge of the survoy grid.· Tho low tomporature off the Cape coast,

coupled with the strong south-east wind, indicated active upwelling and a

tongue of cold watur oxtended offshore from the Cape coast in a north-westerly

direction. The strong winds oxperieneed off Ludoritz Bny mny have eaused the

aetive upwelling indieatcd by the low temperature of tho surfaee water.

Howevcr, thc 10w vnlues recorded off the Orange River carmot bo cxplained by

thc wind regime at the time of observation and will be discussed later.

Vurious workcrs havc prosented charts showing tho distribution of sur

faee temperature off tho west eoast of South Afriea at different soasons.

Shunnon (1966) has dcmonstrated the presenCe of cold upwclled uater along the

Cape const during Januo.:ry 1961, 1963 und 1964. Ho did not find the tonguo 01'

cold wnter projecting offshore GO clearly ~arkod as during thc prcsent survey.

The survcy by Ho.:rt und Currio (1960) during March 1950 showod 11 distribution

of surfaee tempcrnturc off the Cape coast similax to that reportcd by Shunnon
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(1966). Howover, Hart and Currio havo domonstrated to~gues ofup~olled

w~ter moving offshore ut u variety of Ioculities along the west coust of

South Africa by means of surface temperature and other parameters. The

distribution of surfuce isotherms off Luderitz Bay showed a considerable

similarity between tho present surveyand that of Hart and Currie. Stander

(1964) shows the distribution of surface temperature between the Orange

River and Vlalvin Bay in Junuary'1959, 1960 and 1961. On each occasion thc

, lowest temperatures recorded were off Luderitz Bay. It would thereforo

appear that this area is subject to upwelling during January and is the

"' exception to the generally quiescont stato cxpected at those lati tudes

during the summer.

Results of the hL~_or,rapQic sections

Cape soction

Strong south-oast winds ware cxporiencad on this section and all

parameters clearly showed active upwelling (Figure 3), which was par

ticularly reflected in the high concantration of nutrient salts found

throughout thc water collli~ at tho inshore end of thc section.

St. Helena Bay section

Winds were light and southerly during this section and all para

meters indicated upwelling (Figure 4), particularly at the edge of the

shelf (Figure 4). Nutrient salts were low in the 0-25 metro layer

along the nhole section hOl'lOver and i t is possible that upwelling had

been active oarlier b1.ü .ms no\\' quiesccnt. Phytoplankton production

had removed the nutrients brought to tho surfaco by thc earlier

activity.' Tha sinking and decay of plankton may have Iod to regenera

tion of nutrient sults in tho bottom layor. Evidcnce for this is

providod by tho relatively high c)nccntration of nutrient salts and

low dissolved oxygen content found near the battom at station 44.

Rood€wall Bev section=.-...,;.;_.;...;o;.;;;;....;;~_,'--- _

Winds were light und variable during this section, yet all para

meters showod some ovidence of upwelling (Figura 5). The low concen-

. tration of nutricnt salts in the 0-25 metre layer, coupled ,Ti th thc

high values near the bottom, suggcst a quiescent state of upwclling

similar to that observed off St. Helma Bay. Tho rolatively low

salinity on tho surfaco nt tho inshore end of thc Roodcwall Bny scction

probably roprescnted water th~t had upwelled along thc const und then

moved scawards.
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Orange River section

Light winds, mainly from a southerly direction, were rocordod on

this soction. The parametors showod only slight evidcncc of upwelling

(Figura 6). Thc low concentration of nutrient salts at the surface,

coupled with high valuos near the bottom, indicated a quiescent state.

The 10\, salinity and high concontration of silicate in the surface

water at the inshore station was probably caused by freshwator rUn-off

from the Orange Rivor. Tha discrepancy betweon the inshore tempora

ture of 120 C recorded on tho surfaco tomporature survey (Figure 2),

and the surfaco value of 17°C in Figuro 6, rcsulted from the thermo

graph sensing haad being at a depth of approximatoly 2 metres, and

henco in the cold upwcllod water, whoroas the r?vcrsing bottle was in

the warmer surface water.

DISCUSSION

The prescnt investigation has demonstratod a south to north diminution

in the degreo of upwolling behleen the four s8ctions. It is probable that

the process was only active off the Cape const at the time of observation

and that a stato of quiesccnce existed on thc other scctions.

It is generally accoptcd that upwelling in a complex process which

can only be partIy cvaluated by a knowlcdge of local winds at the time of

observation. Yoshida (1955) pointed out that a time lag of a few days to

a weck may occur betwoen the cause and tho effect; moroovor, hc Iater

suggested that coastal upwolling may occur in tho absence of a local wind

(Yoshida 1967). Factors such as tho offshore wind regime, tho influonce

of internal waves and the topography of tho constline all geuürate upwell- 4It
ing. Copenhagen (1953) has shQvm that certain parts of the coast of

sQuth-west Africa are more prone to upwelling than others. A more detailed

considoration of the ~amics of this process asappliod to the prosent

investigation will be published elsowhere by N. Bang.

Frequent observations at each locality ovcr aperiod of timo are necos

sary to accurately determine tho age of upwcllod water on tho shelf.

Howevor, the nutrient salt content of the wntcr can often provido informa

tion on the degree of activity not apparcllt by thc moro conservative

constituonts such as salinity. Thü northern sections of tho prescnt investi

gation showed relntively lovr concentrations of nutrient salts at the surface

on the inshorc stations,·although tho distribution of salinity indicated the

proscnce of upwellod wntcr at thoso locations. The deplotion of nutricnt

salts at thc surface, coupled with thcir apparent regeneration neor the
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bottom, indicatcd a quicscent state of upwelling at tho time of observation.

Conversely, the high concentration of nutrient salts at the surface off thc

Cape coast indicated an active process.

Thc Dain value of thc hydrographie invcstigation has therefore been

to providc nutrient sal t data for the area south of the Orange River and

to use these parameters to estimate the degreo of upwelling activity.

SmlMARY

Te~pcrature, salinity, dissolved oxygcn, phosphate, nitrate and sili

cate were measured off the Cape coast, St. Helena Bay, Roodewall Bay a."ld

thc Orange Rivor during Februory 1966. Active upwclling was found off the

Cape coast but thc process appcared to be quiesccnt on the other sections.

Thc distribution of nutrient salts was found to be a usoful por~etcr in

determining the activity of upwclling.

A survcy of surface water tcmporaturo betvTeon tho Cape coast and

Walvis Bay showed thc major localities of upwelling at the time of the

survey.
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Figure 1 Station positions with wind speed and direction at time of observation.
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