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Department of Physics, Rhodes University, G rahamstown. 

Observations f rom a shipbom e ionosonde a1 Gough Island 
( 40,4 ° S, 9,9 ° W) are presented for a 21 -day period, extending 
.from 13 October to 2 November, 1975. The maximum median 
.foF2 value was found to be 9,2 i\1 Hz, while the minimum 
median .foF2 value was 3,2 M Hz. A comparison with four 
surrounding Sl(lfions is made. Observations were also rnade 
during the voyages fi'om Cape To wn to Gough Island and back 
for October/November, 1975 and August/ September, 1976. The 
observations show a marked increase in .foF2 as recorded on 
board ship wlren compared 10 observalions made at Gralwms
town, with a maxin111111 increase <~/'5 MHz. 

Waamemings soos gevind met 'n ionosonde aan boord skip 
te Gough Eiland ( 40,4 ° S, 9,9 ° W) word aangewys vir 'n tydperk 
1'011 21 dae, van 13 Oktober tot 2 November 1975. Die maksi
mum mediaamvaarde van foF2 was 9,2 MH:, die minimum 
mediaanwaarde van .foF2 was 3,2 M Hz. ·n Vergelyking met 
vier ander stasies in die omgewing is gemaak. 

Waarnemings is ook gedurende die vaart van Kaapswd na 
Gough £iland en 1emg gedurende Oktober/No1•ember 1975 en 
Augustus/September 1976 gedoen. Waamemings aan board 
skip toon ·n verlwging in (o F2 teenoor die waam emings te 
Gralwmstad, met 'n maksimum ver!wging van 5 M Hz. 

Introduction 
There is considerable interest in the ionosphere over the 
South Atlantic Ocean. No observations made with an iono-

sonde in this remo te area have been published in the literature, 
but the presence of the South Atlantic Anomaly (G iedhill , 
1976) s uggests that unusual phenomena may be expected 
there. Satellites have recorded relatively large particle fluxes 
in the area at low altitudes (Ginzburg et al., 1962) and Green
span and Stone (1964) recorded a pro nounced airglow 
enhancement in the region about 35°S, 6 ° E, during a voyage 
to Gough and Bouvet Island$ in 1962. This is summarised in 
Fig. I. 

T he research ship RSA passes through this region on its 
way to and fro m Gough Island and T ristan da Cunha. By 
arrangement with the So uth African D epartment o f Trans-

Table I 

Location Observations First voyage Se::ond voyage 
1975 1976 

Cape Town- Every 15 4- 10 Oct. 14-19 Aug. 
Gough Island minutes 

At Gough Every 15 13 Oct.-
Island minutes when 2 Nov. 

possible 

Gough Island- Every 15 3- 9 Nov. 30 Aug.-
Cape Town minutes 4 Sept. 
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Fig. I . The south Atlantic Ocean, showing anomalous areas previously reported and the routes taken by the RSA in 
1975 (- )and 1976 (· · · l. 

port, a vertica l incidencl! ionosonde was operated o n board 
the vessel during the voyages in Octo ber/November, 1975 and 
August/September, 1976. The courses follo wed on these two 
voyages are also shown in Fig. I . 

In this paper we report the o bservations made during those 
trips. including the results of 21 days of recordings w hile the 
s hip was at Gough Island. (Table I). 

The ionosphere at Gough Island 
We consider fi rst the results of the 21 days of observations 

a t Gough Is land (40.4 °S, 9,9 °W). 
Figure 2 shows medians of the ordinary ray critical frequen

cies of the E, Fl and F2 layers, together with the minimum 
frequency o n wh ich an echo cou ld be detected, fmtn· The 
number of values represented by each point is also indicated 
on the d iagram. Of the magnetic three-hour range K-indices 
scaled at Hermanus during this period, 156 were 3 or less 
and o nly 9 exceeded 3, the maximum value being 5. Ln Fig. 3 
the upper and lower quartiles of foF2 are s hown together 
with the medians, to illustrate the consistency of the behaviour 
of the F2 layer under these conditio ns. These are, to our 
knowledge, the first observations of the ionosphere in this 
part of the world to be published. 

Figure 4 compares the median values of foF2 at Gough 
Island with those for the surrounding permanent ionosphere 
observatories at Grahamstown (33,3 °S, 26,5 °E), P o rt Stanley 
(5 1,7 °S, 57,9 "W ), South Georgia (54,4°S, 36.5 °W ) and Sanae 
(70,5°S, 2,5 °W ). 

I! is noticeable that foF2 at Gough Island exceeds those 
al a ll the o ther stations during the daylight hours. but during 
the night it is comparable with those at Grahamstown and 
Sanae. Night time va lues at South Georgia tend to be higher 
and those at Po rt Stanley higher stil l. 

F igure 5 shows the maximum median values of foF 2, foFI 
and foE plotted against the geographic latitude for Johan
nesburg (26, I 0 S), Grahamstown (33,3 °S), He rmanus (34,4 °S), 
G o ugh Is land (40,4 °S), Port Stanley (51,7 °S), South Georgia 
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Fig. 2. Median values of ionospheric parameters observed 
at Gough Island between 13 October and 2 November, 1975. 
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Fig. I . The south Atlantic Ocean, showing anomalous areas previously reported and the routes taken by the RSA in 
1975 (- )and 1976 (· · · l. 
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Fig. 2. Median values of ionospheric parameters observed 
at Gough Island between 13 October and 2 November, 1975. 
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Fig. 10. LlfoF2 values between the RSA and Grahams
town, rerurn voyage, 1976. Hermanus K-indices above 

abscissa axis. 

(54,4 S), Argentine Islands (65,3 °S), Sanae (70,5 °S) and 
Halley Bay (75,5 "S). The variation is surprisingly regular, 
wi th the exception of foF2 at Gough Island, which deviates 
from the straight line shown by aboull,5 Ml-17. lt may not 
be a coincidence that Gough Island is also the only station 
which lies inside the zone marked ·south Atlantic Anomaly' 
in Fig. 1. Most workers who have made satellite-borne 
observations over the South Atlantic have reported increases 
in the electron density there (Glcdh ill, 1976), in agreement 
with this hypothesis. 

Results during voyages 
The courses followed by the RSA during the voyages to and 

from Gough Island and Tristan da Cunha hardly deviate 
from the geomagnetic latitude 34 °S, which corresponds to a 
value of J, 75 of Mcllwain ·s ( 1961) parameter L. Thus the 
observations might be expected to show up the longitudinal 
dependence of phenomena due to precipitated particles. if 
such existed. 

Figure 6 compares the values of foF2 recorded on the RSA 
with those recorded at Grahamstown for the corresponding 
local time during the return voyage from Tristan da Cunha 
in 1975. The geographic longitude of the ship at noon each 
day is shown at the top of the figure. lt is very striking that the 
values over the South Atlantic exceed those at Grahamstown 
by as much as 5 MHz at 7 °W, far in excess of the normal 
difference between the medians at Gough Island and 
Grahamstown near local noon, as shown in Fig. 4. 

Simi lar graphs were prepared for the other three voyages, 
but the results are more clearly displayed by plotting LlfoF2, 
that is, foF2 observed on the RSA minus foF2 observed at 
Grahamstown at the same local time. These values are shown 
in Figs 7-10 for the four passages through the region be
tween Cape Town and the islands. Jn all four cases the values 
are shown as functions of local solar time, so that the longi
tudes at the top run in opposite directions for the outward 
and return trips. 

Figures 7 and 8 show that foF2 over the ship was ab
normalJy high compared with that at Grahamstown during 
both the outward and return trips in 1975, especially during 
the daylight hours. The region concerned lies between 0 ° and 
9 °W on both trips so that it lies to the west of the 'A irglow 
Anomaly' found by Greenspan and Stone (1964). Unfortu
nately, the highest values of the magnetic K-index coincide 
with the passage of the ship through the same region in both 
directions, so that it is not possible to draw any definite 

conclusions from the abnormal behaviour. During the 1976 
voyage, high values were observed between 14 °E a nd 7 °W 
during daylight hours on most days on both the outward and 
retum trips; the diiTerences are much less, however, and the 
K-indices are also lower than during the previous year. 

Greenspan and Stone ( 1964) observed enhancement of 
both 557,7 nm (01) and 427,8 nm (N2+) emission in the region 
shown in Fig. I, in the vicinity of 35°S, 6°E. Van der Wait 
et al. (1966), making observations from an aircraft following 
the route taken by Greenspan and Stone, also observed an 
enhanced emission of the 557,7 nm line at about 38°S, l 0 W 
in both flight directions. This region lies close to that in wh ich 
maximum intensity of electron precipitation has been pre
dicted by Torr et al. (1975). No particle E was observed on 
any of the voyages reported here. We conclude that, a lthough 
it is possible that an anomaly of some kind does exist in the 
region between Gough Island and Cape Town, many more 
observations wiLl be necessary to confirm this. 
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The Nort!tem (Macronectes halli) and Southern (M. giganteus) 
Giant-petrels nest at islands between the Subtropical Con
vergence and the Antarctic continent, their breeding ranges 
overlapping at some islands near the Antarctic Convergence. 
Differences bet l1'een the species include date of onset of laying, 
type of nest-site, and coloration of plumage and bill-tip. A 
review of the literature suggested that populations nesting at 
islands in the South Atlalllit Ocean north of the Antarctic 
Convergence do not conform tO either species. New observations 

from Coufdt Island in October and November 197 3 suppol'l this 
suggestion and confirm that in some respects these birds com
bine the characteristics of both species. Howe11er, we need 
more il!f'ormation about the population of Giant-petrels at 
Cough Island and those at the other breeding stations in this 
region (Falkland Islands and Staten Island) before their 
taxonomic status can be assessed. 
Die Noordelike (Macronectes halli) en die Suidelike (M. 
giganteus) Ne/lie broei op eilande tussen die Subtropiese Same
loop en die Antarktiese Vaste!and. Hut broeigehiede oorvleuel 
op sommige eilande nahy die Antarktiese Sameloop. Die 
spesies verskil onder meer aangaande die datum waarop !wile 
begin le, die tipe plek waar !wile nes maak, en die kleur van die 
veredrag en die snall'e!punt. Vo/gens 'n literatuuroorsig stem 
die bel'olkings II'Ot op eilande in die Suid-At!antiese Oseaan 
ITOOrd van die Antark tie se Sameloop broei, skynbaar nie 
ooreen met een van die twee spesies nie. Nuu•e waarnemings by 
Gough-eiland in Oktober en November 1973 staaf hierdie 
vermoede en bevestig dat !tierdie voels in sommige opsigte die 
eienskappe van beide spesies Ferenig. Veel meer in/igting oor 
die Nelliebevolking op Gouglt-eiland en die op ander broeiplekke 
in hierdie gebied (Fa/kland-ei/ande en Staten-eiland) is egfer 
nodig roordat !tu/ taksonomiese stand heoordeel kan II'Ord. 

Introduction 
The genus Macronectes was shown by Bourne & Warham 
(1966) to comprise two sibling species, a polymorphic southern 
form, M. giganteus (Gmelin), and a monomorphic northern 
form, M. !ta/li Mathews. Their breeding ranges lie south and 
north, respectively, of the Antarctic Convergence, overlapping 
at some islands near the Convergence. This revision has been 
substantiated by studies in the zone of sympalry: at Macquarie 
l sland (Carrick & lngham, 1970), the Crozet .Islands (Voison, 
1968, 1976; Despin et al., 1972) and South Georgia (Conroy, 
unpublished). Johnstone ( 1974) summarised field characters 
for distinguishing these species, based on observations at 
Macquarie Js.land, the Australian Antarctic Territory, and 
at sea in the south·eastem Indian Ocean (Table l). At fledging, 
the plumages of M. !ta!li and dark-phased M. giganteus are 
i11distinguishable. With increasing age both species become 
paler with very pale, sometimes white, feathering on the 

J.W.H. Conroy 

British Antarctic Survey, Madingley Road, 
Cambridge, CB3 OET, England. 

head and neck. This becomes much more extensive in M. 
giganteus of breeding age than in M. ha!li, spreading over the 
entire head and neck and to the anterior edges of the wings 
(Johnstone, 1971; Conroy et al., !975). 

Adult M. giganteus occur at sea mostly south of the Ant
arctic Convergence and adult M. ltal!i mostly north of i!, 
especially in summer (Johnstone, 1974); but fledglings of 
both species d isperse northwards, visiting coastal waters of 
southern continents, particularly in winter. They begin to 
visit the breeding islands in their third year, and start breeding 
at five or six years of age (Conroy, 1972). 

At all but one station well north of the Antarctic Con
vergence. Giant-petrels are early breeders (eggs laid by 
early to mid-September) and these have been desig11ated 
M. !ta/li (Bourne & Warham, 1966). The exception is the 
Falkland £slands. Also, reports of laying dates at Gough 
Island are conflicting. Special attention therefore attaches to 
hese two populations in the South Atlantic Ocean (Fig. 1). 

Falkland Islands 
Bourne & Warbam ( 1966) concluded that Giant-petrels 

breeding at the Falkland Islands were intermediate in ap
pearance between M. giganteus and /vf. !talli. In breeding 
behaviour they resembled M. giganteus, because the first 
eggs were laid in October and nesting was colonial in exposed 
places. For example. R. H. Beck's photograph (in Murphy, 
1936, Plate 37) of a co lony at Sea Lion Island, taken in 
December, shows pale-headed birds on eggs. Although white
phased birds have been seen on the islands and in adjacent 
waters, reports of such birds breeding there have not been 
substantiated ( f. J. Strange, pers. eo mm.); only dark-phased 
birds are known to breed. Strange's colour photographs of 
breeding birds show them to have green ungues, indistinguish
able from those of M. giganteus. One of us (J.W.H.C.) 
observed Giant-petrels in Port Stanley Harbour and adjacent 
waters during November 1972 and April 1973. Of 250 to 300 
birds, none had the pinkish ungues characteristic of M. lwlli 
and those seen clearly, including those that gathered beside 
the sh ip at anchor. had green ungues. However, their plumage 
was mostly much darker than that of M. giganteus at the 
South Orkney Islands and, unlike M . giganteus, they followed 
the ship at sea and attended it at anchor. 

Gough Island 
Although Giant-petrels once bred on Tristan da Cunha 

(Moseley, 1879) they have not done so since about 1870 
(Hagen, 1952). The only place in the central Soutl1 Atlantic 
Ocean where they still breed is Gough Island. Swales ( 1965) 
reported newly hatched chicks there in early December, 
which, with an incubation period of 60 days (Conroy, 1972), 


