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INTRODUCTION

Plastic objects and other artefacts are widespread sea-
surface pollutants which recently have attracted consider-
able scientific attention (e.g. Shomura & Yoshida, 198%5)
following such early observations as those of Heyerdahl
(1970, 1971) and Carpenter & Smith (1972). Little is
known, however, about the impacts and fates of such
debris at sea, though mortality of a wide range of organisms
from entanglement in, or ingestion of, plastic objects and
other artefacts, has been documented (Balazs, 1985; Day ef
al., 1985; Wallace, 1985).

The long life-spans of many artefacts at sea allow them to
disperse over large distances to areas far from sources of
pollution (e.g. Carpenter & Smith, 1972; Morris, 1980).
Thus plastic objects have been reported from beaches in
the Antarctic {Gregory ef al., 1984; Torres & Gajardo,
1985), and seals at South Georgia have been found entan-
gled in a variety of artefacts (Bonner & McCann, 1982).

Concern was expressed recently when parties to the Con-
vention on the Conservation of Antarctic Marine Living
Resources (CCAMLR) failed to accept proposals to restrict
the dumping of plastic and other non-biodegradable mate-
rials from vessels*in the Southern Ocean (Morris, 1985).
However, some steps to monitor the incidence of artefacts
in the Southern Ocean were agreed upon, including pe-
riodic beach-surveys for stranded artefacts, paying particu-
lar attention to their sources (idem). The present study
documents such surveys on five islands in the African sec-
tor of the Southern Ocean, the quaniities, types, origins,
and probable fates, of the stranded artefacts being dis-
cussed.

STUDY AREA AND METHODS

All of the islands which were surveyed lie on mid-
oceanic ridges, far from continental land-masses and major
shipping routes. The Tristan da Cunha Island group
(37°15” S, 12°30" W) has three main islands, named Tristan
da Cunha, Inaccessible, and Nightingale, and lies almost
midway between South America and South Africa, being
some 3,000 km from each. Gough Island (41°21°S,
9°53" W) lies 400 km south-east of the Tristan de Cunha
Island group. The Prince Edward Island group (46°45" S,
37°50" E) has two main islands, Prince Edward and Marion,
and lies some 2,000 km south-east of South Africa.

Tristan da Cunha is the only one of these islands with a
normally resident human population, having approxi-
mately 300 people living in the settlement, Edinburgh, on
the northern point of the island. Their major activities are
agriculture and fishing. Gough and Marion Islands each

support a meteorological station which is manned all-year-
round by a complement of between 6 and 32 contract per-
sonnel. Prince Edward and Inaccessible Islands are unin-
habited and are seldom visited. However, there was a four-
months’ expedition to Inaccessible Island in 1981 (Fraser,
1983). There is a commercial fishery, primarily for Rock-
lobster {(Jasus tristani), close inshore at Gough and the
Tristan de Cunha Island group, but there is no fishery at the
Prince Edward Island group.

Surveys for stranded artefacts were made on all beaches
on Marion Island (totalling 3,855 m in length) and Prince
Edward Island (where they totalled 1,050 m in length) dur-
ing August-September 1984 (cf. Fig. 1). Surveys of beaches
on Gough Island and on the Tristan de Cunha Island group
were made during October-November 1984. On Gough
Island 7,630 m of coast were surveyed, but no beaches on
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F1G. 1. The distribution of non-wooden artefacis on beaches on the

Prince Edward Islands, southern Indian Ocean. Values are the

number of artefacts per 100 m of beach surveved. The rose diagram

shows the density of artefacts on beaches with different orientations.

The shaded area represents items from the meteorological sta-
fion.
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the west or north coasts were surveyed, because of prob-
lems of accessibility. Tristan da Cunha Island and Inacces-
sible Island were visited briefly, but only three short
stretches of coast were surveyed. Two of these siretches
were on Tristan itself—a short stretch (150 m long) below
the settlement, just west of the harbour at Herald Point
(north-facing), and a longer stretch (900 m long) beyond the
Potato Paiches, between The Hardies and Gane’s Beach
(west-facing). The third stretch was on Inaccessible Island,
where some 900 m of west- and north-facing beach were
surveyed between Skua Bog and a point 500 m east of the
Denstone Expedition hut.

All sizeable artefacts found on beaches were identified as
far as possible to determine their origin, though only large
items (> 10 mm in diameter) were counted. The rocky
nature of most of the beaches precluded sampling for
smaller items. However, searches for small items (princi-
pally industrial plastic pellets) were made on sandy beaches
at Marion Island (Ship’s Cove) and Tristan da Cunha
Island (Hottentot Gulch). The count for Inaccessible Island
is a minimum figure, because artefacts were found above
the beach, hidden amongst dense tussock-grass, and more
are likely 1o have been overlooked there than elsewhere.

Artefacts were categorized according 1o type of material:
plastic, metal, glass, cork, wooden, or other. Not all metal
items were stranded (e.g. fencing wire, tins, and corrugated
iron, at Tristan and Inaccessible), but were included for
completeness. The numbers of wooden objects noted on
the Prince Edward Islands were not counted. The following
were identified as fishing gear: floats, netting, traps, poly-
propylene ropes, monefilament line, fish trays, and fish
packaging material. Manufacturers’ marks were used to
identify the country of origin.

Subjective estimates were made of the state of decay of
individual artefacts. Plastics objects were considered worn
if they had ‘crazed’ (bearing numerous small cracks) sur-
faces that were typical of degradation by ultraviolet radia-
tion (Gregory, 1978). The presence of corrosion on metal
objects was recorded, as was the incidence of breakages of
glass and cork objects.

The lengths of the beaches that were surveved were
measured from maps or were estimated by pacing. For
comparative purposes, densities of stranded artefacts wer
expressed per kilometre of beach. Chi-squared tests were
used to test significant differences in the proportional com-
position and origin of artefacts between localities.

RESULTS

A total of 1,080 non-wooden artefacts was counted on
14,485 m of beaches on the five islands—a mean density of
75 items per km of beach. However, the density varied
greatly between localities (see below). Plastic articles were
the most abundant, making up 73% of the total number.
Metal (18%), cork (5%), and glass (4%), items were less
numerous. Four lumps of wax and a cloth bandage made
up the balance of the non-wooden artefacts.

Prince Edward Islands

A total of 4,905 m of beach was surveyed and 155 non-
wooden artefacts were counted on those islands, yielding a
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TasLe |
Numbers of Artefacts Found on Beaches at the Prince
Edward Istands, Southern Indian Ocean, During
August-September 1984,

Prince

Type of Arefact !;z;’[zfz’;;/ Far from  Near Total
' station staiion
(disiance surveved) (1,050 m) (2,975 m) (880 m) (4,905 m)
Plastic articles (total) (35) (38) (64y {137
Fishery floats 17 3 20
Expanded polystyrene g 24 46 7%
Other foamed plastics 3 4 7
Bags 2 10 12
Packing strips { i
Bottles and containers 5 3 ) t4
Miscellaneous items 1 2 1 4
Metal articles (total} (11 {6} {1 {18)
Fishery floats i 2 i3
Drums, aerosols (floating) 1 i 2
Other items (non-floating) 3 3
Total 46 44 65 155

mean density of 32 items per km™ (Table ). Most artefacts
were plastic (88%), and the rest were metal (Table I). No
glass objects were found other than those presumed to have
been left by sealers, and no cork floats Were found. The only
fishery-related items were plastic and metal floats (21% of
total).

Artefacts were most abundant on west-facing beaches
and on beaches between the meteorclogical station and
East Cape at Marion Island (Fig. 1). The composition of
stranded artefacts varied between islands, and between
beaches adjacent to and distant from the meteorological
station. Floats were more abundant on Prince Edward
Island (61% of all artefacts, 27 per km) than on Marion
Island (5%, 1 per km, %2 = 61.1, df = 1, p << 0.001).
Expanded polystyrene and other packaging was more
abundant on beaches near the station (87%, 65 per kim)
than on beaches that were distant from it (39%, 9 per km, 2
=348, df = 1, p < 0.001).

Manufacturers’ marks indicating the country or region of
manufacture were found on the following: a 20-litres’ can-
nister made in Argentina, three floats and a detergent bottle
made in the orient, and a shampoo bottle, a food wrapper,
and two plastic sacks, made in South Africa. The origin of
two hard yellow floats bearing the trade name “Moscuzza™ is
unknowrn.

No industrial pellets or other small items were found on
the sandy beach at Ship’s Cove.

Gough Island

A total of 7,630 m of coast was surveyed and 105 non-
wooden artefacts were counted on Gough Island—a mean
density of 14 items per km* (Table 11). Most artefacts were
plastic (84%), the remainder being of metal (13%) or glass,

* A referee asked *what is the variance in such circumstances7':
to which the Author replied (i lirr.) ‘no measure of variance was
deemed necessary it can be inferred from [Fig. 2], and the purpose
of presenting the numbers per km is merely to aid comparison
between localities.”—~Ed.
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TasLe 11

Numbers of Artefacts Found on Beaches ai Gough Island, Inaccessible Island, and at Two Localities at Tristan
da Cunha, Ceniral South Atlantic Ocean, During October-Novermber 1984.

Tristan da Cunha

Type of Artefact Gough Inaccessible Total
Remote Settlement
(distance surveyed) (7,630 m) (900 m) 1900 m) (150 m) (9,580 m)
Plastic articles (total) (88) (312) (152) (98) (650)
Fishery floais 17 80 6 103
Fish boxes 3 41 14 6 64
Polypropylene ropes 10 18 24 61
MNetting 9 34 6 49
Rock-lobster traps il 29 3 3 46
Other fishery gear 2 2 4
Expanded polystiyrene 4 21 28 26 79
Other foamed plastics 3 3 4 3 13
Bags ! 11 12
Packing strips 4 i 5
Bottles and containers 18 55 47 30 150
Miscellaneous items 7 30 19 8 64
Metal articles (total) {14) (89) (57) (17 (177
Fishery floats 1 i2 i 14
Rock-lobster traps 9 15 1 25
Drums, aerosols (floating) 2 9 4 3 i8
Other items (non-floating) 2 53 51 14 120
(Glass articles {total) {(H (13) 27 (1) (42)
Floats 8 5 13
Botiles i 3 22 1 27
Light-bulbs 2 2
Cork floats 1 22 23 S 51
Wax, bandages i 4 5
Total {(non-wooden) 105 436 263 121 925
Wood 42 67 24 1 134

cork, or bandage {¢. 1% sach). Fishery-related items ac-
counted for 60% of the total. There was no difference in
density between beaches situated near to the meteorologi-
cal station and those that were distant from 1t (both had 14
items per km),

Tristan do Cunha and Inaccessible Islands

A total of 1,950 m of beach was surveyed and 820 non-
wooden artefacts were counted on these Islands—a mean
density of 421 items per km (Table I1). Most artefacts were
plastic {68%), with smaller numbers of metal (20%), cork
(6%), glass (5%), and wax {1%), obiects. Fishery-related
itemns accounted for 43% of the total.

The density and composition of stranded artefacts var-
ied with the distance from the settlement on Tristan. Arte-
facts were most abundant on the beach below the settle-
ment (807 per k), with lower densities at Tristan away
from the settlement (292 per km), and intermediate densi-
ties at Inaccessible Island (484 km). The proportion of
fishery-related artefacts tended to increase with distance
from the settlement (Fig. 2), largely as a result of higher
densities of floats farther from the settlement (33, 39, and
136, floats per ki at Tristan setilement, Potato Patches,
and Inaccessible, respectively). Most floats that were found
on Tristan da Cunha Island were made of cork and were
broken. The proportion of locally-derived artefacts (ex-
cluding the local fishery) decreased with distance from the

settlement {(cf. Fig. 2). However, the density of wooden
artefacts increased with distance from the settlement (7, 27,
and 74 per km at Tristan settlement, Potato Paiches, and
Inaccessible, respectively).

After those from the local fishery, the most artefacts of
which the origins could be determined came from South
America (Table [II}. However, the more precise origin dif-
fered between Gough and the Tristan Island group; only
products from Argentina and Uruguay were found on
Gough Island, whereas products from Brazil predominated
on the Tristan Islands. Six hard yellow floats labelled “Mos-
cuzza’ were found (one on Gough Island and five on Inac-
cessible Island).

A 20-m stretch of recent drifi-line at Hotientot Gulch on
Tristan da Cunha Island had 13 industrial plastic pellets,
two small plastic fragments, and five expanded polystyrene
spherules.

State of Decay

Most plastic articles found stranded on the Prince Ed-
ward Islands appeared fresh, with little sign of ultraviolet
degradation. Exceptions were a milk-container, found near
the station, which had almost disintegrated, and several
hard floats which were ‘crazed’ and pitied. By contrast,
many plastic articles on Gough Island and the Tristan
Island group showed signs of degradation. The incidence of
worn plastic articles was highest on Inaccessible Island and
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Fi1G. 2. The proportions of artefacts by origin on beaches at Gough
Island and the Tristan Island group, South Atlantic Ocean.

TagLe II1

Countries or Regions of Origin of Artefacts Found on Beaches
on Gough Island and the Tristan Island Group.

Country/region Gough  Inaccessible  Tristan Total
Tristan fishery 20 32 4 56
Argentina 6 10 3 19
Uruguay I 1
Brazil 8 10 18
Orient 14 14
South Africa 11 11
Europe (& USSR) 6 i 7
Australasia 1 1
Total 27 71 29 127
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lowest on the beach near the settiement on Tristan. The
soft, inflatable plastic floats that are used in the Tristan
Rock-lobster fishery, appear to perish and disintegrate
much faster than do hard plastic floats.

Apart from the metal floats and two sections of alumin-
um tubing, all metal artefacts were corroded. Most glass
articles were whole, except for glass floats which usually
were broken. Many of the cork floats were split or brok-
en.

DiscussioNn

The artefacts that were found on the oceanic island
heaches which were surveyed had been derived from two
main sources, being (1) those which had drifted to the
islands from distant source-regions and might be termed
‘oceanic’, and (2) those which had been dumped on the
island or in the surrounding water and so are termed ‘local’.
Itis not always possible to place individual items in one or
other category, but it is useful to consider these two sources
separately,

Oceanic Origin

All of the islands that were sampled in this study lie
within the westerly wind-belt which circles the Southern
Ocean between 35° S and 60" 5. Objects floating at the sea’s
surface in this region drift from west to east, driven by the
prevailing winds and surface currents (Shannon ef al,
1973). In the absence of local sources, the density of
stranded debris is determined largely by beach orientation
relative to prevailing winds and currents*; thus on islands
in the Southern Qcean, most artefacts were found on west-
facing beaches. The preponderance of fishery-related items
among oceanic debris in the Southern Ocean agrees with
findings from Heard Island, where floats predominate
(Burton & Williams, 1985; Keage, 1987), and is similar to
the situation on remote beaches in Alaska (Merrell,
1984).

The mean density of artefacis on beaches on the Tristan
de Cunha Island group was greater than that on either
Gough Island or the Prince Edward Islands. These differ-
ences can be ascribed partially to biases resulting from
sampling beaches with different orentations at Gough
Island and at islands in the Tristan group—which sampling
differences preclude comparisons between densities at
Gough Island and the Tristan group. However, the density
of artefacts on west- and north-facing beaches on the Prince
Edward Islands (54 per km) was lower than that at a com-
parable site on Inaccessible Island (484 per km). This dif-
ference is partly due to the absence of a local fishery at the
Prince Edward Islands, having regard to the fact that fisher-
ies contribute at least 40% of all artefacts found on Inac-
cessible Island beaches (Table IT). However, after removing
the effect of fisheries and other local sources, the residual
density of artefacts on Inaccessible Island (282 per km) is

* A referee asked, ‘Could [not] beach gradient and texture, and
local tidal [and other] differences, explain a “significant’ part of the
variance found ?’: to which the Author replied (in litt. 9 September
1987) “Clearly these factors play a role, but they are probably
minor in this case due to limited tidal ranges (<< 0.5 m) and similar
beach structure throughout (almost all boulder beaches).’—Ed.
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still greater than that on the Prince Edward Islands. This
suggests that the density of artefacts at sea off the Tristan
Island group is greater than that off the Prince Edward
Islands.

The countries of origin of oceanic debris do not neces-
sarily reflect the drift-tracks of objects at sea. Artefacts
bearing an oriental script (chiefly fishing floats, but also
detergent bottles, bags, and light-bulbs) probably derive
primarily from oriental fishing fleets operating in the
Southern Ocean or adjacent seas. Similarly, a recovered
medicine bottle emanating from Australasia could have
come from a ship from that region merely passing through
the South Atlantic.

Many South African and European artefacts on the Tris-
tan Island group probably derive from local sources. How-
ever, most items from South American countries probably
drifted to the islands from continental waters—a distance
greater than 3,000 km—because there is virtually no trade
between Tristan and South America. The difference in ori-
gin of South American artefacts between Gough Island
(chiefly articles from Argentina) and the Tristan Island
group (chiefly articles from Brazil) presumably results from
oceanographic differences; Gough Island lies to the south
of the Subtropical Front, whereas Tristan lies to the north
of the Front (Miller & Tromp, 1982).

Local Origin

Fisheries were the most important source of the artefacts
found at Gough and Inaccessible Islands, with most articles
probably coming from the local Rock-lobster fishery.
However, pollution from coastal settlements also was im-
portant, exceeding the input of fisheries at Tristan da
Cunha (cf. Fig. 2). The effect of a settlement can generally
be expected to be inversely proportional to the distance
from it (Willoughby, 1986).

At the Prince Edward Islands, the meteorological station
was responsible for most artefacts that were found on
beaches downwind from the station (Huntley, 1971), in-
volving more than 40% of all articles found on both islands.
Plastic wastes from the station are incinerated, but some
escape and are either dumped into the sea with biodegrad-
able wastes or are blown to sea. Much of the polystyrene
that was found adjacent to the station was packaging that
had been lost while ferrying supplies ashore. The meteor-
ological station at Gough Island had no noticeable effect on
the density of the plastic items found on near-by beaches—
probably because access to those beaches is difficult and so
supplies are customarily landed by helicopter operating
from ships.

Fate of Artefacts

Most artefacts that get stranded on isolated island
beaches probably remain ashore until they decay. The
lower proportion of worn plastic articles found on the
Prince Edward Islands as opposed to the Tristan Island
group presumably is due 1o lower irradiation levels farther
south, and hence slower degradation (Baum, 1974). Plastic
articles are subject to very little ultraviolet degradation at
sea compared with the wear-rates of stranded articles
(Shannon et al., 1973). Most metal artefacts probably cor-
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rode rapidly, given the high levels of humidity and salt
spray to which they are subjected on those beaches.

Not all of the articles remain on the beaches until they
decay. Some light-weight items (e.g. expanded polystyrene
and polyethylene bags) are removed by the wind, and either
become lodged in vegetation or carried out to sea. How-
ever, other artefacts, such as fishing floats and wood, are
removed by local inhabitants for further use. This alters the
composition of debris on beaches that are accessible to
local inhabitants.

The composition of beach debris is a function of the
differential frequencies of stranding and removal of the
various items involved. Plastic items of various kinds are
probably the most abundant artefacts on all beaches—inter
alia because they are long-lived, which allows long-range
dispersal and a long life when once they are stranded.

Environmental Impacts

Such artefacts as those found stranded on beaches on the
five islands surveyed, have little apparent impact on the
local fauna or flora. Fur-seals {(4rciocephalus spp.) are occa-
sionally found entangled in netiing or packing strips at
Marion, Prince Edward, and Gough, Islands (J. Cooper,
C.R. Brown & C.A. Gilbert, pers. comm.), but it is likely
that they had become entangled at sea (Bonner & McCann,
1982).

Many seabirds breeding on the islands have plastic par-
ticles in their stomachs, but these also are collected pri-
marily at sea (Ryan, in press). There are only three reports
of birds being entangled in artefacts on the islands
(S. Hunter in [itt.): a Gentoo Penguin (Pygoscelis papua)
was found with plastic line wrapped around its head
between the mouth-gape and the back of the head, and a
male Southern Giant Petrel (Macronectes giganteus) was
found with string around its ankle; both birds were disen-
tangled and released, but a dead White-chinned Petrel
(Procellaria aequinoctialis) was found entangled in the str-
ing marking a research area.

All the above three incidents occurred at Marion Island
and it seems probable that both the Penguin and the Giant
Petrel had become entangled at sea. Entanglement in
stranded artefacts is probably infrequent, but could be a
problem for King Penguins {dptenodytes patagonicus)
which, if tripped by debris, are vulnerable to attack from
giant petrels (Macronectes spp., pers. obs.).

Logs of species of Nothofagus (southern beeches) and
other trees are occasionally stranded on Southern Ocean
islands and may act as dispersal vectors for a number of
organisms {Barber er al,, 1959; Bakker er al., 1971 ; Smith,
1985). Although there is no evidence as yet, artefacts of
oceanic origin may alsc act as dispersal vectors, increasing
the rate of immigration to isolated islands.* An additional
impact is the resultant reduced aesthetic appeal.

These observations further illustrate the widespread dis-
tribution of artefacts at sea. The only solution to this ever-
increasing problem is the adoption and enforcement of
policies to prevent littering at sea and on land. An example
should be set in the Southern Ocean, where national bases

* Here may be suggested such widely-floating marine products
as kelp stipes and mats of Sargassum or other Algae. —Ed.
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and supply vessels are responsible for a considerable pro-
poriion of any local pollution.
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SUMMARY

The ever-increasing amount of marine debris in the
Southern Ocean gives cause for concern, but the subject is
little studied, I surveved beaches on Tristan da Cunha,
Inaccessible, Gough, and the Prince Edward Islands, in the
African sector of the Southern Ocean, for stranded artefacts
during 1984. The types of debris, their origin, and probable
fate, were recorded and are reported in this paper.

More than 70% of the artefacts found were plastic. The
density of artefacts was greater on the Tristan Island group
than on the Prince Edward Islands—apparently owing to
different frequencies of artefacts at sea, and the presence of
a local fishery based on the Tristan group. Debris was most
abundant on beaches exposed to prevailing westerly winds,
and near human settiements. This pattern reflects the two
chief sources of pollution: oceanic and local. Some plastic
cbjects had apparently drifted at least 3,000 km from adja-
cent continental waters. Decay-rate appeared to vary
greatly between different types of debris, while some items
were removed from beaches near settlements by local inha-
bitants for their own use.

At present levels, stranded debris apparently has litile
impact on island faunas and floras and is less hazardous
than debris at sea. However, active steps to curtail dump-
ing by national bases and their supply vessels in the South-
ern Ocean are warranted, to maintain the aesthetic appeal
of these remote islands.
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