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surwv area wa~ restricted to approximately 3 R50 sq. n:Jutical 
mi lc~·around tht: island (Fig. 2) . Th is area was divided into lo 
separate sectors of approximately 2-I(J sq. miles each. A single. 
full hydrological station was m:cupied at the centre of the 
outgoing leg-of each sector (Fig. 2). In addition. a further 16 
stations were !>amplccl, four on each leg, due north. sou th . east 
and west (Fig. 2) . Vertical temperature changes wcrt: 
measured from th..: surface to 275 m depth at an addi ti1>nal 3~ 
bathythermogrnph stations (Fig. 2). Parameters measured at 
each hvdrolocical station and method!> of measurcment­
nnal\'si~ arc presented in Table I. Sampling depths were 
stan~lardiscd to 0. 10 . .25. 50. 80. I 10. 150 and 200 m. 

Results and Discussion 
Temperature 

Gough Island is situat'cd in the sub-Antarctic West Wind Drift · 
region lying between the Antarctic ;111d subtropical convcr-. 
gences (Hela & Lacvastu 1961 ). 

Surface water temperatures be tween 10.5 - 12.4 oc were· 

S. Afr. T. Antarkt. Nav., Deel 12, 1982 

® 
62 • : B.T. Stat io ns 

• ' Hydro logical 

Stations 

20' 10' 

Fig. ) Survey grid and posi1ions of hydrological sta t ion~. 

Table I 
!\h•lhods uf oceanogn1phk data collcctivn a11tl ana l)scs 

Pararnct.:-r 

T<.'mpcraltlrc 
Salinity 

Chlmopln 11 

S:unpling ntl'thod 

C'TDflbt h~ th.crmograph 
CTD/N. I. O. Bott le~ 

~.1.0. Bot!k> 

~. l. O. Boub, 

N. I. O. B<Htk~ 

lndul't i' c l ~ -nn1plcu 
Allt<l lah Salinom.:LL'r 
Standan.J \\'ink ll'r 
Titrat ion 
Tcdllllkon r\uto-analy,<.'r' 
(S trrcklantl ,\: Parson, 
] %~":) 

\';~ri an (>35 SpL't'tro­
photornct<.'r (UNESCO 
1%11) 

found during the present survey and a single high value of 
13.4 oc was measured on the eastern perimeter of the survey 
grid (Fig. 3). A tongue of water warmer than 12 oc was visible 
to the north of the island. whi le the lowest temperatures were 
recorded in sectors 5 - 7 to tht~ cast and south-cast (Fig. 3) . 
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Over the remainder of the survey grid, surface temperatures 
varied between 11 - 12 oc. They agreed with those reported by 
Deacon (1933) from the region; 11 ,6- 12.1 oc. 

Temperature decreased with depth and a minimum value of 
8,5 oc was recorded at 200 m at station 3 in the east of sector 5. 
Vertical temperature sections (Figs. 4 & 5) show the presence 
of a colder body of water in the east as well as an intrusion of a 
subsurface temperature maximum in the north . This inversion 
could be attributed to an influx of warmer water from the 
subtropical convergence region (see below). As expected 
(Deacon 1962), no visible thermoc!ine was a~parent and a 
maximum vertical temperature gradient of 1.4 C over a 30 m 
depth range was observed. Absence of a marked thermocline 
would be the result of vertical mixing of surface waters 
resulting from the almost constant rough weather conditions 
to whjch the region is subject (Knox 1960). 

Salinity 

During the present survey, a wide range of salinities was 
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recorded (34,66- 35,79%o) and values of less ~an 35%o ~~re 
observed at only two stations (11 & 25). Maxtmum saltrnty 
values were found in the north (Fig. 6). Surface values always 
exceeded 35%o (Fig. 7). These obs~rvations show saliniti~s 
much higher than previously recorded for sub-Antarcttc 
waters (Deacon 1937). In the Gough Islandffristan da Cunha 
region, salinity has been shown to vary both seasonally and 
geographically, ranging between 34,0 -.3.4,5%o (~n.ox 1960). 
During the Wi!liam Scoresby Expedttton, salmJty levels 
between 34,47 - 34,87%o were recorded close to Gough 
(Deacon 1933). Salinity values recorded farther nort~, just 
south of the subtropical convergence, are remarkably smular 
(34,4 - 34,7%o) (Ciowes 1950). 

It is concluded that the high salinities (>35%o) ofthesurface 
waters were the result of a southward intrusion of subtropical 
surface water. A correlation between warm water (Fig. 4) and 
high salinities (Fig. 6) in the north further suggest~ ~n 
influence of subtropical water. Knox (1960) reports a sahruty 
range of 34,9 - 35,5%o for such water. However, this is incon­
sistent with low. sub-Antarctic water temperatures recorded 
elsewhere around the island. At present it must be concluded 
that the survey area was subject to considerable mixing, both 
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Over the remainder of the survey grid, surface temperatures 
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vertical and horizontaL and as a result was influenced by 
cont rast ing water types. For this reason it would exhibit rather 
more complex surface gradient patterns of both tempt::rature 
and salinity than would norma lly he expected for sub­
Antarctic waters. conditions similar to those found in the 
subtropica l convergem.:e region close to New Zealand (Garner 
llJ59). As a result it1s assumed that the proposed intrusion of 
subtropical water in the north could not have been affected by 
mixing processes, either horizontal or vertical. This would 
suggest that the phenomenon was transient in nature <J nd 
would therefore be susceptible ro both temporal and weather 
changes. 

Tt:!mpcraturc data indicall::d an upward vertical transporrof 
cold. deep oceanic wate r ( ll "C) in the east (s tations 51- 55) 
(Fig. :i). An uplift of cold water ( minimum l) "C) can be seen at 
statio ns wht:!re the l)- 11 "C isotherm was shallower than at 
other locations around the island ( Figs. 4 & 5). Since this 
phenomenon was observed at stations on the leeward side of 
the island , it would be reasonable to conclude a likely occur­
rence of upwe lling (Svcrdrup er al. IIJ42. Reid et al. 19511 . 
Ashmole & Ash mole 1967). A ltho ugh supportive evidence for 
verticalupwelling was apparent in the distribution of nutrient 
salts with depth on the eastern line (especially nitrate), the 
relat ively high salinity values recorded obscure the origins of 
upward-moving water. Therefore. it is unlike ly that this highly 
saline water cou ld be of Antarctic orig in. as would be expected 
if upwe lling had occurred (Knox 1960). Consequently . some 
o ther explanation is necessary for the present results. 

Van Dorn e1 al. ( 1967) have reported similar phenomena in 
mid-Pacific and together with Barkley (1972) a nd Owen ( l980) 

show that changes in depth and degree o f density stratification 
in the lee of islands arc correla ted with dowm;tream baroclinic 
eddies. Our observations support this alternative to oceanic 
upwelling. This would account for the apparent shoaling of 
nut rient salts while also explaining the obvious incongruity 
posed by the presence of both temperate and saline water 
together. Combined with the effects of both horizontal and 
vertical mixing on water hydrology. topographical effects of 
the island itself must form a priority for f~uturc study. 

Density distribution (Sigma-t) 

Sigma-r surfaces were plotted for two levels (27 ,00 and 
27.20) but were found to be without meaning. This result was 
not totally unexpected . As already demonstrated. tempera­
ture and salini ty values indicate considerable vertical mixing 
over the depths sampled. As a result. a clear relationship 
between the variables would be precluded and any geostrophic 
pattern would be impossible to demonstrate. 

Oxygen 

Dissolved oxygen conct::ntrations between 4,33 - 6,83 m/// 
were recorded. This represented a much wider range than that 
recorded by the Scorcsby Expedition close to Gough (5,23-
5,90 m///) for the same depth ranges (Deacon 1933). 

Present surface oxygen fluc tuated between 5.16-6,83 mill 
representing saturation values between 84- 108 per cent. and 
minimum s urface concentrations were obse rved in the cast 
a nd south-west. 

Subsurface changes in oxygen concentration never 
exceeded 0,7 mill over the depth ranges sampled . Neverthe-
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less subsurface maxima were observed at most stations. but 
these were not fixed at specific depths occurring over the whole 
range sampled (0- 200 m). Again, this would indicate uathcr 
even depth distribution of oxygen, thus providing further 
evidence for vertical mixing of surface waters (Knox 1960). 
Regions of significant oxygen saturation or depletion were not 
evident, suggesting relatively little variation in primary 
production arou11d the island. Results of chlorophyll a 
analyses (see below) indicate that this in fact was true. 

Reactive nutrients 

I) Phosphate 

Surface phosphate varied between 0.81 - 2. 77 Mg-at// (Fig. 
8) with maxima and minima being recorded in the north and 
east, respectively. Isoline plots indicate little variation in phos­
phate with depth (.Fig. 9) and it must be assumed that phos­
phate was evenly distributed over the depth range sampled. 
Mean phosphate ( l,43 ± 0.25 ~tg-a t/1) content differed little 
from values obtained by other workers and thought to charac­
terise sub-Antarctic surface waters (Deacon 1933. Clowes 
1950). 

2) Nitrate 

Surface nitrate varied between 4,5 - 8,8 Mg-at// and highest 
values were found in the east (Fig. 10). Vertical distribution 
showed a gradual increase in nitrate with depth and sharp 
gradients were observed, particularly at LOO m on the eastern 
line (Fig. 11). The re latively high nitrate values observed on 
this line coincided with a decrease in isotherm depth. 
suggesting a vertical eddy effect (Fig. 5). Nitrate minim a. both 
surface and subsurface, were found in the north and corres­
ponded to the area of highest temperature values (Fig. 3). 

The observed range and mean nitrate values (3,47 -14.62, 
± 7,84 fJg-atl/) were s imilar to values (3.97- 15,2. ± 8.28 
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!tg-ar/t) calculated rrom Scorcsby Expedition results (Deacon 
1933). 

3) Silicate 

Surface silicate varied between 3.38 - 5.75 ~tg-atl/ and 
maximum values were recorded in the east and north (Fig. 12). 
For the depth range sampled. silicate varied between 3,07-
6.98 ltg-at// with a mean of 4.69 ltg-at//. 1l1e latter is much less 
than mean silicate obtained for a region due south-east of 
Gough (27,8 Mg-at/1) but significantly higher than a value 
obtained close to Tristan da Cunha (0,01 ltg-at//) (Clowes 
l938. 1950). Silicate varied li tt le with depth. showing only a 
slight increase. although maxima were observed in the east 
(Fig. 13). 

4) Correlation of nitrate: phosphate 

The relationship between nitrate and phosphate is thought 
to reflect both primary production and the status of the 
nutrient salt cycle in a particular area or region (Ciowes 1938. 
Stefansson J 968). When nitrate/phosphate relationships were 
plot ted li ttle correlation was found (r = 0.59). indicating 
no significant relationship between these two nutrient salts 
(P = <0.01). The phosphate: nitrate ratio (1: 5.47) obtained 
was considerably less than the classical value of l : 15 
(Richards & Vaccaro L956) and much lower than previous 
values obtained from the Tristan da Cunha-V cm a Se amount 
region ( I : 13.47) (Henry 1975). These results suggest that the 
area close to Gough Island is relatively unproductive and that 
recycling of nuttient salts is both slow and meagre (Stefansson _ 
1968). 

Chlorophyll a 

Surface chlorophyll a varied between 0- 0,49 mg/m3 with a 
mean value of 0.18 mg/m3 (Fig. 14). Over all. depths 
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less subsurface maxima were observed at most stations. but 
these were not fixed at specific depths occurring over the whole 
range sampled (0- 200 m). Again, this would indicate uathcr 
even depth distribution of oxygen, thus providing further 
evidence for vertical mixing of surface waters (Knox 1960). 
Regions of significant oxygen saturation or depletion were not 
evident, suggesting relatively little variation in primary 
production arou11d the island. Results of chlorophyll a 
analyses (see below) indicate that this in fact was true. 

Reactive nutrients 

I) Phosphate 

Surface phosphate varied between 0.81 - 2. 77 Mg-at// (Fig. 
8) with maxima and minima being recorded in the north and 
east, respectively. Isoline plots indicate little variation in phos­
phate with depth (.Fig. 9) and it must be assumed that phos­
phate was evenly distributed over the depth range sampled. 
Mean phosphate ( l,43 ± 0.25 ~tg-a t/1) content differed little 
from values obtained by other workers and thought to charac­
terise sub-Antarctic surface waters (Deacon 1933. Clowes 
1950). 

2) Nitrate 

Surface nitrate varied between 4,5 - 8,8 Mg-at// and highest 
values were found in the east (Fig. 10). Vertical distribution 
showed a gradual increase in nitrate with depth and sharp 
gradients were observed, particularly at LOO m on the eastern 
line (Fig. 11). The re latively high nitrate values observed on 
this line coincided with a decrease in isotherm depth. 
suggesting a vertical eddy effect (Fig. 5). Nitrate minim a. both 
surface and subsurface, were found in the north and corres­
ponded to the area of highest temperature values (Fig. 3). 

The observed range and mean nitrate values (3,47 -14.62, 
± 7,84 fJg-atl/) were s imilar to values (3.97- 15,2. ± 8.28 
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!tg-ar/t) calculated rrom Scorcsby Expedition results (Deacon 
1933). 

3) Silicate 

Surface silicate varied between 3.38 - 5.75 ~tg-atl/ and 
maximum values were recorded in the east and north (Fig. 12). 
For the depth range sampled. silicate varied between 3,07-
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obtained close to Tristan da Cunha (0,01 ltg-at//) (Clowes 
l938. 1950). Silicate varied li tt le with depth. showing only a 
slight increase. although maxima were observed in the east 
(Fig. 13). 
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to reflect both primary production and the status of the 
nutrient salt cycle in a particular area or region (Ciowes 1938. 
Stefansson J 968). When nitrate/phosphate relationships were 
plot ted li ttle correlation was found (r = 0.59). indicating 
no significant relationship between these two nutrient salts 
(P = <0.01). The phosphate: nitrate ratio (1: 5.47) obtained 
was considerably less than the classical value of l : 15 
(Richards & Vaccaro L956) and much lower than previous 
values obtained from the Tristan da Cunha-V cm a Se amount 
region ( I : 13.47) (Henry 1975). These results suggest that the 
area close to Gough Island is relatively unproductive and that 
recycling of nuttient salts is both slow and meagre (Stefansson _ 
1968). 

Chlorophyll a 

Surface chlorophyll a varied between 0- 0,49 mg/m3 with a 
mean value of 0.18 mg/m3 (Fig. 14). Over all. depths 
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chlorophyll a ranged from 0- 0, 79 mg/m3 with a mean of 0,16 
mg/nr'. Maximum chlorophyll a values were found at stations 
42. 43 and 48 to the north of the island and depths of peak 
chlorophyll values varied between the surface and 150 m. 
A single chlorophyll maximum was obtained at station 43 at a 
depth of 50 m (Fig. 15) . In general, chlorophyll a was evenly 
distributed over the depths sampled. Values obtained were 
much lower than found elsewhere in the Atlantic Ocean for 
both sub-Antarctic and Antarctic surface waters (El-Sayed 
1970). 

Conclusion 

The physico-chemical structure of the water column close to 
Gough Island was found to be directly comparable with avail­
able information for the region (Deacon 1933. Henry 1975). It 
would appear that waters of the region are essentially of sub­
Antarctic character (Knox 1960), but there is a distinct possi· 
bility that both topography and prevailing weather conditions 
may influence hydrodynamics. Both relatively high salinity 
values and the presence of marked vertical/horizontal mixing 
suggest that the area may be characterised by mixed water 
possibly gf different origins (Garner 1959,. Knox 1960). 
Combined with cyclonic eddy formation. it is probable that a 
number of interrelated factors affect the hydrology of the 
region. 

Low chlorophyll a and nutrient levels indicate restricted 
production. This observation is anomalous, as the inshore 
areas of Gough Island are considered to be particularly 
productive and have been shown to be rich in both 
macrophytic algae (WomersJey 1954, Knox 1960, Chamber­
lain 1965) and higher trophic levels (Knox 1960, Penrith 1967, 
Heydom 1969). ft must be concluded that inshore areas are 
somewhat more productive than farther offshore, perhaps as a 
result of localised effects caused by the island itself which 
result in increased productivity (Burger et al. 1978, Van 
Zinderen Bakker 1978). Such effects would be greatly 
enhanced by vertical upwelling and by localised vertical 
mixing {Ashmole & Ashmole 1967). It is essential that future 
studies should include investigations of inshore areas, particu­
larly as in the absence of a productive marine environment 
farther offshore , such areas may be implicated as an important 
food site for predators on the island (Miller 1982b). 
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chlorophyll a ranged from 0- 0, 79 mg/m3 with a mean of 0,16 
mg/nr'. Maximum chlorophyll a values were found at stations 
42. 43 and 48 to the north of the island and depths of peak 
chlorophyll values varied between the surface and 150 m. 
A single chlorophyll maximum was obtained at station 43 at a 
depth of 50 m (Fig. 15) . In general, chlorophyll a was evenly 
distributed over the depths sampled. Values obtained were 
much lower than found elsewhere in the Atlantic Ocean for 
both sub-Antarctic and Antarctic surface waters (El-Sayed 
1970). 

Conclusion 

The physico-chemical structure of the water column close to 
Gough Island was found to be directly comparable with avail­
able information for the region (Deacon 1933. Henry 1975). It 
would appear that waters of the region are essentially of sub­
Antarctic character (Knox 1960), but there is a distinct possi· 
bility that both topography and prevailing weather conditions 
may influence hydrodynamics. Both relatively high salinity 
values and the presence of marked vertical/horizontal mixing 
suggest that the area may be characterised by mixed water 
possibly gf different origins (Garner 1959,. Knox 1960). 
Combined with cyclonic eddy formation. it is probable that a 
number of interrelated factors affect the hydrology of the 
region. 

Low chlorophyll a and nutrient levels indicate restricted 
production. This observation is anomalous, as the inshore 
areas of Gough Island are considered to be particularly 
productive and have been shown to be rich in both 
macrophytic algae (WomersJey 1954, Knox 1960, Chamber­
lain 1965) and higher trophic levels (Knox 1960, Penrith 1967, 
Heydom 1969). ft must be concluded that inshore areas are 
somewhat more productive than farther offshore, perhaps as a 
result of localised effects caused by the island itself which 
result in increased productivity (Burger et al. 1978, Van 
Zinderen Bakker 1978). Such effects would be greatly 
enhanced by vertical upwelling and by localised vertical 
mixing {Ashmole & Ashmole 1967). It is essential that future 
studies should include investigations of inshore areas, particu­
larly as in the absence of a productive marine environment 
farther offshore , such areas may be implicated as an important 
food site for predators on the island (Miller 1982b). 
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