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Frontal systems encountered between southern Africa and the 
Prince Edward Islands during April/May 1987 

On tll'o swface sections between solllhem Africa and the Prince 
Edward Islands during April and May 1987. three of the four 
swface fronts south of Africa were detected by sw:face murient 
and temperature measurements. The Agulhas Front and Sub
tropical Com•ergence were found to be within their historical 
limits. while the Suballtarctic Front was found nonh of its histori
cal limit and mored south during the cmise. The presence of the 
/auer from may hm·e been detected at the Prince Et/ward Islands. 

Op twee sniue aan die seeoppervlak tussen suider-Afrika en die 
Prins Edward-eilande gedurende April en Mei 1987. is drie \'an 
die l'ier oppen•/akfronte suid mn Afrika, deur middel ran op
pervlak voedingsout- en temperatuurlesings. waargeneem. Die 
Agulhasfront en die Subtropiese Konvergensie is tussen hut histo
riese grense ge1•ind terwy/ die Subantarktiese From no01·d van sy 
historiese grens ge1•ind is. Dit het gedurende die I'Oarl suid
•,mards beweeg. Daar is aanduidings dat die laasgenoemde from 
by die Prins Edward-ei/ande waargeneem was. 

Introduction 

Four major sea surface fronts are found between southern Africa 
and Antarctica. These have been described for !his region by 
Lutjeharms and eo-workers (Lutjeharms & Emery 1983, 
Valentine & Lutjehanns 1983, Lutjeharms & Valentine 1984, 
Lutjeharms 1985, Lutjeharms & Foldvik 1986). The four fronts 
are the Agulhas Front, a strong thermal front, marking the 
southern edge of the Agulhas Return Current; the Subtropical 
Convergence, another strong thermal front, sometimes coincident 
with the Agulbas Front, marking the northward extent of sub
Antarctic surface water; the Subantarctic Front, a fairly 
ephemeral front with nonetheless distinctive surface and sub
surface thermal and nutrient expressions (Lutjeharms and eo
workers, Whitworth & Nowlin 1987); and the Antarctic Polar 
Front. The historically determined limits of these fronts are 
reported by Lutjeharms & Valentine (1984) whose summarized 
results for the limits of these fronts are shown in Table 1. 

Table 1 
Averaged histor ical locations and thermal characteristics for the 
surface expressions of four oceanic fronts south of Africa (From 

Lutjeharms & Valentine 1984.) 

Latitudinal Position Tem~rature (°C) 

From Middle To From Middle To 

Agulhas Front 39°09' 39°37' 40°01' 21,0 18,4 15,7 
Subtropical 
Convergence 40°35' 41 °40' 42°36' 17,9 14.2 10,6 
Subantarctic 
From 45°15' 46°23' 47°25' 9,0 7,0 5,1 
Antarctic Polar 
Front 49°39' 50°18' 50°47' 4,1 3,4 2.5 

C. M. Duncombe Rae 
Department of Zoology, Rhodes University 

P 0 Box 94, Grahamstown 6140 
Present address: Sea Fisheries Research Institute 

Private Bag X2, Rogge Bay 8012 

The section of the Southern Ocean between southern Africa 
and the Prince Edward Islands (47°S. 38°E) in the south-west 
Indian Ocean was traversed four times by MY S.A. Agulhas 
during Apri I and May 1987. On three of these traverses measure
ments of surface temperatures. nutrient and chlorophyll-a concen
trations were made. On two of !he legs, both outward~ from 
South Africa to the Prince Edward Islands, the presence of three 
of these four fronts was shown. The Antarctic Polar Front usually 
occurs south of the Prince Edward Islands and was not crossed 
during the cruise of April and May 1987. 

Methods 

Near-surface water samples were collected from the scientific 
sea-cock on board S.A. ARulhas. The inlet of this sea-water 
supply is situated at about 3 m depth. All 'surface' measurements 
and samples were taken from this source. 

Temperature was recorded from the vessel's thermograph 
trace. Readings from this trace were compared with surface 
measuremems on conductivity, temperature, deplh (CTD) casts 

taken at the Prince Edward Islands and were found to agree to 
within 0.5 °C. The CTD was calibrated after the cruise (Dun
combe Rae 1989). The thermograph sensor is situated at the 
scientific sea-water supply inlet. 

Nutrient concentrations were determined using a Technicon 
AutoAnalyzer II system following the methods of Mostert ( 1983). 
Nutrient analyses were done as soon after sampling as possible 
and kept frozen at -18 °C until analysis. Most analyses were done 
immediately. No samples were kept for longer than 36 hours 
before analysis. Initial problems with the nitrate and phosphate 
channels on the first leg necessitated discarding some of the 
nitrate and all the phosphate results for the leg. 

Chlorophyll-a was determined using SCOR/UNESCO ( 1966) 
and analyses were done immediately. 

Results and Discussion 

MV S.A. Agulhas left Cape Town (34°00'S, l8°20'E) on 8 April 
1987, arriving at Marion Island (47°S, 38°E) on 12 April 1987. 
Measurements were taken at two hourly intervals while the vessel 
was underway (Leg I, Fig. I). After work at the islands the vessel 
was required to depan for Pon Elizabeth (34°00'S, 25°40'E) on 7 
May 1987. Foul weather prevented work. On return to the Prince 
Edward Islands, however, from 11 May to 14 May. samples were 
taken again at two hourly intervals (Leg 3. Fig. I). Returning to 
Cape Town, some samples were taken from 17 May to 18 May 
before work was stopped (Leg 4, Fig. 1). 

The data collected on Leg I are shown in Figure 2. For this 
leg, the thermal expressions of the fronts (Fig. 2a) can easily be 
detecled. The Agulhas Front (Af ) was evident between 39°37'S 
and 39°54'S, with a range of 21,2 to 16,3 °C and a middle 
temperature of 18.8 °C. These ranges are within the limits for the 
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Fig. I. The cruise track of MY SA .. 4gu/has in ApriVMay 1987. indicated by 
the positions of surface samples taken while underway. 0 Leg I, Cape Town 
to Prince Edward Islands; Leg 2, Prince Edward Islands to Port Elizabeth. not 
shown; t:. Leg 3, Port Elizabeth to Prince Edward Islands; + Leg 4. Prince 
Edward Islands to Cape Town. 
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front given by Lutjeharms & Valentine (1984) [in this paper 
abbreviated to LV 1984]. 

The Subtropical Convergence (STC) is also easily identified 
betwee]l40°5I'S and 42°06'S at 17,5 to 11.6 °C (middle tempera
ture 14,5 °C), being very close to LV1984's figures and also 
within their latitudinal limits. 

The Subantarctic Front (SAF), however, on this leg at 43°42'$ 
to 44°27'S (Fig. 2a), is well 'above LVI984's limits. It has the z
shape noted by them, and is the most pronounced frontal feature 
south of the STC. The most accurate definition of the SAF is a 
sub-surface one (Sievers & Emery 1978) and it is difficult to be 
certain of its position in the absence of sub-surface measure
ments. 

Although there is some evidence that the Subantarctic Zone 
together with the SAF disappears somewhere to the east of the 
Prince Edward Islands (Gamberoni et al. 1982, Deacon 1983), 
Whitworth & Nowlin ( 1987) note that at 0° longitude the SAF can 
be recognized by large increases in the surface nitrate and phos
phate concentrations and their figure shows a 5 mmol.m·3 increase 
in nitrate across the front. Jacobs & Georgi 's ( 1977) sections 
taken near the Prince Edward Islands show an increase in phos
phate associated with the STC and also with the SAF although 
they did not identify this front. 

In April and May 1987, the surface nitrate concentration in the 
region of the thermally identified SAF increased by 9,6 nm1ol.m·> 
(Fig. 2b). In conjunction with the surface temperature front, this 
nitrate front suggests that on this cruise the SAF did indeed lie 
further north and showed wanner characteristics than expected 
from historical data. 
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The latitudinal positions and thermal and nutrient characteristics for the surface expressions of the three oceanic fronts encountered between 
South Africa and the Prince Edward Islands during April and May 1987. 

Latitudinal Temperature Nitrate Phosphate 
Position c·C> (mmoJ.m·3) (mmol.m·3) 

From To From Middle To From To From To 

LEG 1 
Agulhas Front 39°37' 39°54' 21,2 18,8 16,3 

Subtropical 
Convergence 40°51' 42°06' 17,5 14,5 11.6 -2 8.1 

Subantarctic 
Front 43°42' 44°27' 13,5 11,1 8,8 3.2 12.8 

LEG3 
Agulhas Front 38°07' 39°21' 22,6 19.7 17.0 0,3 1,0 0,2 0 .3 

Subtropical 
Convergence 43•o5· 43°44' 16,0 12.6 9.2 9,1 17.3 0,7 1.1 

Subantarctic 
Front 45•oo· 45° 18' 9,0 7,5 6,0 17,0 20.6 1.1 1,3 
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the positions of surface samples taken while underway. 0 Leg I, Cape Town 
to Prince Edward Islands; Leg 2, Prince Edward Islands to Port Elizabeth. not 
shown; t:. Leg 3, Port Elizabeth to Prince Edward Islands; + Leg 4. Prince 
Edward Islands to Cape Town. 
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front given by Lutjeharms & Valentine (1984) [in this paper 
abbreviated to LV 1984]. 

The Subtropical Convergence (STC) is also easily identified 
betwee]l40°5I'S and 42°06'S at 17,5 to 11.6 °C (middle tempera
ture 14,5 °C), being very close to LV1984's figures and also 
within their latitudinal limits. 

The Subantarctic Front (SAF), however, on this leg at 43°42'$ 
to 44°27'S (Fig. 2a), is well 'above LVI984's limits. It has the z
shape noted by them, and is the most pronounced frontal feature 
south of the STC. The most accurate definition of the SAF is a 
sub-surface one (Sievers & Emery 1978) and it is difficult to be 
certain of its position in the absence of sub-surface measure
ments. 

Although there is some evidence that the Subantarctic Zone 
together with the SAF disappears somewhere to the east of the 
Prince Edward Islands (Gamberoni et al. 1982, Deacon 1983), 
Whitworth & Nowlin ( 1987) note that at 0° longitude the SAF can 
be recognized by large increases in the surface nitrate and phos
phate concentrations and their figure shows a 5 mmol.m·3 increase 
in nitrate across the front. Jacobs & Georgi 's ( 1977) sections 
taken near the Prince Edward Islands show an increase in phos
phate associated with the STC and also with the SAF although 
they did not identify this front. 

In April and May 1987, the surface nitrate concentration in the 
region of the thermally identified SAF increased by 9,6 nm1ol.m·> 
(Fig. 2b). In conjunction with the surface temperature front, this 
nitrate front suggests that on this cruise the SAF did indeed lie 
further north and showed wanner characteristics than expected 
from historical data. 
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Fig. 2. Plots of the various parameters measured on Leg I against latitudinal position (a) temperature •c. (b) nitrate mmol.nr\ (c) phosphate mmol.m·3, results 
discarded. not shown. (d) silicate mmoJ.m·3• (e) nitrite mmol.nr'. (f) chlorophyll-a mg.m··'. The latitudinal limits of the fronts identified in the text are indicated 
(AF- Agulhas Front. STC - Subtropical Convergence, SAF - Subantarctic Front). 
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The latitudinal positions and thermal and nutrient characteristics for the surface expressions of the three oceanic fronts encountered between 
South Africa and the Prince Edward Islands during April and May 1987. 

Latitudinal Temperature Nitrate Phosphate 
Position c·C> (mmoJ.m·3) (mmol.m·3) 

From To From Middle To From To From To 

LEG 1 
Agulhas Front 39°37' 39°54' 21,2 18,8 16,3 

Subtropical 
Convergence 40°51' 42°06' 17,5 14,5 11.6 -2 8.1 

Subantarctic 
Front 43°42' 44°27' 13,5 11,1 8,8 3.2 12.8 

LEG3 
Agulhas Front 38°07' 39°21' 22,6 19.7 17.0 0,3 1,0 0,2 0 .3 

Subtropical 
Convergence 43•o5· 43°44' 16,0 12.6 9.2 9,1 17.3 0,7 1.1 

Subantarctic 
Front 45•oo· 45° 18' 9,0 7,5 6,0 17,0 20.6 1.1 1,3 
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