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Figure 3. The distribution along transect 2 of (A) at (an expression of density), (B) nitrate (in pM, and (C) chlorophyll (in IAg L-1).
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Dispersal of benthic invertebrates in the Scotia Arc
by kelp rafting

BRIAN S. HELMUTH, RICHARD R. VEIT, and REBECCA HOLBERTON, Department ofZoology, University of Washington,
Seattle, Washington 98195

T
he ability of organisms to disperse offspring can have a
profound influence on the genetic structure of popula-

tions and the geographic distribution of species (Scheltema
1977, pp. 74-109; Worcester in press). Populations in remote
areas may be severely limited in the exchange of genetic
material with other populations, and the extent to which this
exchange occurs may be directly related to the likelihood that
adults, larvae, or gametes survive transport between popula-
tions. Many sessile, benthic invertebrates such as mussels
and barnacles, although restricted in their movement as
adults, are able to disperse young through the production of
pelagic larval stages that float in the plankton, often for
extended periods. Many species, however, especially at high
latitudes, instead retain (brood) larvae and early juveniles
until their young crawl away or are deposited near the parent
(Thorson 1950). Despite the lack of a defined pelagic dispersal
stage, at least some brooding invertebrates exhibit a fairly
wide geographic distribution (Jackson 1986). Highsmith
(1985) has suggested that the comparatively large number of
brooding species in high latitudes could be explained, at least
in part, by the fact that sessile organisms may be transported
on dislodged kelps, which are more prevalent in these regions

and can often form floating "rafts" of tangled kelp plants.
With very few exceptions, however, direct evidence of rafting
has been lacking, particularly in open-ocean environments.

We examined the potential for long-distance dispersal of
benthic invertebrates in the Scotia Arc in the vicinity of Cape
Horn (South America), the Falkland Islands, and the antarctic
island South Georgia on kelp (Macrocystis pyrifera) rafts. (More
detailed results are presented in Helmuth, Veit, and Holber-
ton, in press.) South Georgia (540S 370W) is located approxi-
mately 2,000 kilometers (km) east of Cape Horn (approximate-
ly 53 0S 68°W) and 1,300 km east-southeast of the Falkland
Islands (520S 590W; figure 1). Surface currents and winds in the
region are dominated by the Antarctic Circumpolar Current
("West Wind Drift"), a predominantly unidirectional current
running at 0.4-0.7 knots (0.75-1.3 kilometers per hour; Deacon
1982; U.S. Defense Mapping Agency 1988). As a result, kelps
dislodged from the region of Cape Horn and the Falkland
Islands could reach South Georgia but only if they remained
intact and afloat during the necessary travel time, a minimum
of 75-100 days at 0.5 knots (0.9 kilometers per hour). The
potential for algal rafts to serve as a significant means of trans-
port for benthic invertebrates, thus, depends on the abun-
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Figure 1. Mercator projection map showing collection locations (solid
circles) and transect line between South America and South Georgia.
The Antarctic Circumpolar Current (ACC), the predominant current in
the area, runs easterly from Cape Horn and the Falkland Islands
toward South Georgia. Five degrees of latitude equals 300 nautical
miles (555 km). (After Helmuth, Veit, and Holberton in press).

dance of rafts, the integrity of the kelps, and the probability of
associated epifauna surviving any physiological, hydrodynam-
ic, and predatory stresses experienced while at sea.

To determine the abundance of rafts in the area, we con-
ducted a series of strip transects along the western shore of
South Georgia and during the return leg of a cruise aboard the
R/V Nathaniel B. Palmer to Punta Arenas, Chile, in July 1993
(figure 1). All kelp patches within 150 meters to one side of the
ship were recorded, along with their position (latitude and
longitude) and an estimate of their size. A total of 43 kelp rafts
was observed during the 4 days of offshore transects. Rafts
ranged in size between 1 and 6 meters in diameter and each
contained 100-200+ individual kelps. The distribution of rafts
was patchy, but otherwise continuous between South Georgia
and South America (figure 2). Abundances were highest in
waters near South Georgia but most likely included rafts origi-
nating from the island as well as those transported from far-
ther west.

Kelp rafts were collected for examination of epifauna
from three locations between South Georgia and South Amer-
ica (figure 1). Individual kelps from each raft were collected
using a boat hook from the stern quarter of the ship, so any
mobile fauna probably were not captured. Each kelp was
examined completely for the presence and abundance of ben-
thic animals. In particular, we focused on the clam Gaimardia
trapesina, due to its abundance and the ease in determining
its reproductive state. This species is a common component
of kelp-bed communities in many nearshore subantarctic and
antarctic waters, including locations within the Scotia Arc,
Marion Island, and the Kerguelen Islands (for example, Dell
1964; Ralph and Maxwell 1977; Blankley and Grindley 1985,
pp. 630-636; Thiriot-Quievreux et al. 1988).

We found healthy populations of spirorbid polychaetes,
hydroids, bryozoans (Membranipora hyadesi), gooseneck bar-
nacles (Lepas australis), and clams (G.trapesina) on all rafts.
With the exception of L. australis, which were found primarily
at the branch points of the kelp stipe, most organisms were

Distance from South America (km)

Figure 2. Abundance of kelp rafts between South America and South
Georgia, normalized per square kilometer. Observations indicated a
continuous distribution between South America, the Falkland Islands,
and South Georgia. Abundances were generally highest in the vicinity
of the Falkland Islands and immediately adjacent (25 km) to South
Georgia.

located on the kelp blades. Indices of time since dislodgement
(kelp stipe length, blade length) generally suggested that rafts
closer to South Georgia were more deteriorated and, therefore,
had spent a substantially longer time at sea (Helmuth et al. in
press). In addition, clams from all rafts were found to contain
high numbers of brooded young (upwards of several hundred
per individual), suggesting that adults rafted from South Amer-
ica probably arrive at South Georgia with viable offspring.

Our data thus indicate that, over geologic time, G.
trapesina are likely to have been spread throughout and
beyond the Scotia Arc by rafting (Helmuth et al. in press). It is
also probable that populations on South Georgia experience
fairly frequent recruitment from populations from Cape Horn
and/or the Falkland Islands. Given its persistence over geo-
logic time, the West Wind Drift has likely served as a signifi -
cant means of dispersal for brooding invertebrates that are
capable of surviving transport between shores throughout the
southern oceans. Furthermore, the prevalence of algal rafts in
the area surveyed suggests that genetic exchange may occur
over ecologically relevant time scales and is likely to be signif-

icantly influenced by the unidirectional nature of the West
Wind Drift.

We thank the crew of the R/V Nathaniel B. Palmer and
the representatives of Antarctic Support Associates for their
outstanding cooperation throughout the cruise. Alan Kohn,
Richard Strathmann, and Martin White provided valuable
advice, and comments by George Shinn and Gary Waterhouse
improved the manuscript. This research was supported by
National Science Foundation grant OPP 89-1830 to Peter
Karieva and Richard R. Veit.
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Phytoplankton pigment profiles at the Weddell-Scotia
Confluence during the 1993 austral spring
ANNE C. SIGLEO, U. S. Environmental Protection Agency, Newport, Oregon 97365-5260

PATRICK J. NEALE, Smithsonian Environmental Research Center, Edgewater, Maryland 20715

M
ajor and accessory phytoplankton pigments were exam-
ined in regions of high and low phytoplankton biomass

at the confluence of the Scotia and Weddell Seas as part of an
investigation of the effects of stratospheric ozone depletion
and the concomitant increase in ultraviolet-B (UV-B) radiation
(280 to 320 nanometers) on phytoplankton photosynthetic
processes (Neale and Spector, Antarctic Journal, in this issue).
Pigment analyses were designed to supply supporting data for
potential biochemical changes, repair, and long-term adapta-
tions due to UV-B radiation exposure. Pigment data also can
provide insight on complex watermass -biomass interactions
(Bidigare et al. 1986; Klein and Sournia 1987; Buma et al. 1990).

Phytoplankton for pigment analyses were collected on
glass-fiber filters from 1-2 liters of seawater collected at 10- to
20-meter depth intervals with Niskin samplers. The filters
were submerged immediately in 1.5-milliliter 95-percent ace-
tone (100-percent acetone with a wet filter), extracted for 24
hours at -20°C in the dark, and analyzed shipboard by
reverse-phase, high-performance liquid chromatography
(HPLC). Acetone-extractable pigments were separated using a
three-step solvent gradient based on the solvent composi-
tions and ion pairing solution of Mantoura and Llewellyn
(1983). Chlorophyll pigments were detected with a Waters
Model 420 fluorescence detector (excitation 400-460
nanometers, emission greater than 600 nanometers) paired
sequentially with a Hewlett Packard 1050 variable wavelength
UV-visible absorbance detector programmed to 440 nanome-
ters for carotenoids. The pigment concentrations were deter-
mined from calibrations with authentic standards of the
available pigments (Sigma Chemical Company). Lutein was
used to obtain a response factor for the xanthophyll pigments
and chlorophyll-a was used for the fluorescence response fac-

tor. The relative retention time for each pigment was deter-
mined from pure cultures of phytoplankton with well-estab-
lished pigment contents (Wright et al. 1991), and the chloro-
phyllides and phaeopigments were derived chemically from
chlorophyll-a (Mantoura and Llewellyn 1983).

During October and November 1993, the Weddell-Scotia
Confluence near 60°S 50°W was delineated by a sharp bio-
mass front about 100 kilometers north of the ice edge (Neale
and Spector, Antarctic Journal, in this issue). Stations A and B,
located within the biomass front, had a well-developed upper
mixed layer with a sharp pycnocline at 60 to 80 meters depth.
Chlorophyll-a concentrations in the upper 100 meters ranged
from 0.1 micrograms per liter south of the front to over 6.5
micrograms per liter north of the front. Although higher than
HPLC values reported previously for the southern oceans
(Bidigare et al. 1986; Buma et al. 1990), similar ranges in
chlorophyll-a concentrations have been reported during algal
blooms in temperate waters (Klein and Sournia 1987).

Large concentrations of the accessory pigments fucoxan-
thin, (average, 3.9 micrograms per liter) and chlorophyll-c
(average, 1.1 microgram per liter) were present, along with
significant amounts of the photoprotective carotenoids,
diadinoxanthin (DD), and diatoxanthin (DT). Fucoxanthin
was the most abundant carotenoid and generally covaried
with chlorophyll-a, chlorophyllide-a, or the sum of the two
(figure 1). These results suggest that fucoxanthin is more sta-
ble than chlorophyll-a, and as chlorophyll-a degrades to
chlorophyllide-a, fucoxanthin remains and accumulates
along with chlorophyllide-a. The large amount of fucoxanthin
is characteristic of diatoms, in accord with the identity of Tha-
lassiosira gravida as the predominant species in the water
column. The T. gravida occurred in large colonies up to sever-
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