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Antarctic Weddell sector. Algal rafting represents an
effective dispersal mechanism for species living on
algae (e. g. Gaimardia trapesina and some species
of Philobrya), which distribute eastward following
the West Wind Drift. Additionally, transport by fish-
es has been reported as a dispersal mechanism:
Rochefortia charcoti, withstanding passage through
the digestive tract of fishes, is passively dispersed in
Antarctic environments (Domaneschi er al., 2002).
Above all, the West Wind Drift could be potentially
contributing to the distribution of species having a
planktonic larval stage, a condition so far only
reported for a few Antarctic bivalves (e.g. Pearse et
al., 1991), but inferred from protoconch morpholo-
gy for a few other species (Hain and Arnaud, 1992).
Some cases such as Limatula hodgsoni are contro-
versial, having been reported as planktotrophic
(Pearse et al., 1991) or lecithotrophic with demersal
development (Linse and Page, 2003).

Although the molluscan fauna from the Scotia
Arc Islands has been studied since the 19™ century,
new species of bivalves have recently been
described (e.g. Zelaya and Ituarte, 2002, 2003) and
several undescribed species have been reported for
the area (present study). This, together with the fact
that several species are difficult to recognise from
their original descriptions and that a significant
number of species were not collected again after
those descriptions, reveal the need to undertake new
and revisive work on the bivalve fauna from the
Scotia Arc islands, in order to improve our knowl-
edge of the Antarctic molluscan fauna.
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Distributional patterns of shallow-water polychaetes
in the Magellan region: a zoogeographical
and ecological synopsis*

AMERICO MONTIEL SAN MARTIN !2, DIETER GERDES ! and WOLF E. ARNTZ !

! Alfred-Wegener-Institut fiir Polar- and Meeresforschung, Columbusstrafle, 27568 Bremerhaven, Germany.
E-mail: amontiel@awi-bremerhaven.de
?Centro de Estudio del Cuaternario de Fuego ~ Patagonia y Antdrtica Chilena (CEQUA), Punta Arenas, Chile.

SUMMARY: The zoogeography of polychaete annelids was described for the Magellan region. This work considered infor-
mation available from 19 expeditions carried out in the last 124 years of polychaete taxonomic research around the south-
ernmost tip of the South American continental shelf. The polychaete fauna of the Magellan region comprised a total of 431
species belonging to 108 genera and 41 families. MDS and ANOSIM analyses showed the Magellan region to be divided
into two subregions, one on the Pacific side of the tip of South America and one on the Atlantic side. These subregions
showed a low percentage of “endemic species™ (< 10%) whereas > 70% of the species recorded for the whole Magellan
region showed a wide distribution range, and there were especially high affinities with Antarctic and Subantarctic areas. We
suggest that the opening of the Straits of Magellan created a new pathway for enhanced exchange of faunal elements
between the Pacific and the Atlantic. Transport of larvae via easterly directed currents of the West Wind Drift plays an
important role in current distribution patterns of polychaete fauna around the tip of South America.

Keywords: polychaete zoogeography, Antarctic affinities, species composition, Magellan region.

RESUMEN: PATRONES DE DISTRIBUCION DE LOS POLIQUETOS DE AGUAS SOMERAS EN LA REGION MAGALLANICA: UNA SINOPSIS
ZOOGEOGRAFICA Y ECOLOGICA. — Se describe la biogeografia de los poliquetos anélidos para la regién de Magallanes, hacién-
dose referencia a la informacién disponible de 19 expediciones realizadas durante los dltimos 124 aiios de investigacién
taxondmica en la plataforma del cono sur de Sudamerica. La fauna de poliquetos de la regién de Magallanes esta constitui-
da por un total de 431 especies pertenecientes a 108 géneros y 41 familias. El andlisis de MDS y ANOSIM mostré que la
regién de Magallanes se puede dividir en dos subregiones biogeograficas, una del lado pacifico y otra del lado atlantico del
cono sur de Sudamérica. Estas entidades biogeogréficas se caracterizaron por un bajo porcentaje de especies endémicas (<
10%). Aproximadamente el 70% de las especies registradas en ambas subregiones mostré un amplio rango de distribucién,
especialmente se encontré una alta afinidad con dreas antdrticas y subantdrticas. Esto sugiere que la apertura del Estrecho
de Magallanes creé un nuevo pasaje de intercambio de especies entre el Pacifico y el Atldntico. Ademds se sugiere que la
dispersién via transporte larvario a través de la Corriente de Deriva del Oeste estaifa jugando un rol preponderante en el
actual patrén de distribucién de la fauna de poliquetos en la regién de Magallanes.

Palabras clave: zoogeografia de poliquetos, afinidades antdrticas, composicién de especies, regién de Magallanes.

INTRODUCTION decade (Lancellotti and Vasquez, 1999; Ferndndez
et al., 2000; Camus, 2001; Glasby and Alvarez,
Polychaetes have been considered for zoogeo- 1999). They are thought to be inadequate indicators

graphical analysis in South America only in the last ~ for zoogeographical purposes because of their wide
geographical range at all taxonomic levels, and
*Received June 3, 2004. Accepted June 28, 2005, especially because of their long-distance dispersal
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Cattanco-Vietti er af. (20002) found a clear depth
zonation from the intertidal to 150 m depth in Terra
Nova Bay: a rocky shore with a poor upper zone at
2-3 m, algal belts to 70 m with a diverse vagile
fauna, Sterechinus and Odontaster; below a com-
plex community dominated by sponges and cnidari-
ans with high biomass and species richness. Soft
bottoms start at 20-30 m depth. These communities
are characterized by the bivalves Laternula elliptica,
Adamussium  colbecki, Yoldia eightsi and poly-
chaetes {Tharyx cincinnatus and others). On muddy
sands at 150 m depth other polychactes and bra-
chiopods dominate. Similar diversity of epibenthic
habitats in the Weddell Sea was described by De
Broyer er al. (2001a.b).

Significant differences among polychacte taxa
distributed 1n shallow and deep waters of the Paso
Ancho (Straits of Magellan) were found by Montiel
et al. (2001). A distinct zonation in this area has also
been reported for other benthic groups (Rios and
Mutschke, 1999; Rios et gf., 2003).

Latitudinal and longitudinal exchange

Environmental conditions change markedly on
the latitudinal gradient but less on a longitudinal
gradient, where exchange in the Southern Qcean is
enhanced by the circular current systems and may
occur over large distances (Beu er al., 1997). There
is a latitudinal cline in the severity of environmental
conditions (mainly ice and wind disturbance, with
gradients in opposite directions; Barnes and Arnold,
1991). Traffic, ¢.g. of algac in a N-S direction across
the Polar Front is presumably difficult unless there
is ship transport (sce below). The role of eddies
(Glorioso er al., 2005) for latitudinal transport in the
Scotia Arc has yet to be determined. Besides envi-
ronmental factors, the dispersal abilities of larvae or
drift stages also determine the success of exchange
(Jablonski ef al., 2003).

In shallow water, sharp differences were record-
ed north and south of the Polar Frontal zone in rock
fauna, both in the number of species and in individ-
val species distributions (Barnes and Arnold, 1991).
The shelf fauna in the Scotia Arc revealed a pre-
dominantly Magellanic faunal composition on the
northern branch of the Arc and a predominantly
Antarctic one on the southern branch, as one would
expect (Amtz and Brey, 2003), but there were
exceptions, which may be due to shifts in the posi-
tion of the frontal zone (cf. Fig. 2). In the Drake Pas-
sage, the southern slope is clearly Antarctic, howev-
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er with a better developed endofauna than in the
high Antarctic whereas the typical high Antarctic
epifauna is largely missing. Conversely, the northern
slope is colonized by typical Magellan clements,
which is best documented in the distinct southern
limit of many decapod crustacean taxa (Arntz and
Rios, 1999; Arntz et al., 1999; Gorny, 1999; Lovrich
et al.. 2005).

Longitudinally, floating algae patches between
the Argentinean coast and Burdwood Bank, >100
km offshore, and macroalgal communities at South
Georgia demonstrate there is much eastward trans-
port with the Circumpolar Current. However, the
role of the South Sandwich Islands as a potential
connecting agent for soft-bottom fauna seems to be
low, similar to the shallows (Herdman and Discov-
cry banks) due to their swept bottoms and strong
currents (Arntz and Brey, 2003). Convey et «l.
(2002) have described the “extremely depauperate™
conditions of the South Sandwich Islands with their
remote position and lava or pumice bottoms, which
were documented also in the LAMPOS cruise. Bou-
vet Island, lying even further cast, was sampled dur-
ing the BENDEX cruise; the first faunal analyses
indicate Antarctic conditions and relations princi-
pally with the Antarctic Peninsula (Arntz and Brey,
2003; Aratz, in press). Theoretically, larvae or other
dispersal stages arriving at Bouvet might travel with
the Weddell gyre 1o the Lazarcv or eastern Weddell
Sea coasts, but so far there has been little faunal sup-
port for this hypothesis.

Circumantarctic transport is a prerequisite for
the often cited “circumantarctic distribution™ of
many faunal elements, which is favoured by simi-
lar conditions around the entire continent and the
(counter) clockwise current systems. A comparison
of three Antarctic shatlow-water sites (Atka Bay,
Four Seasons Bank, Marguerite Bay) based on UW
video transects distinguished the individuality of
these sites; there was no greater similarity between
the two former and the latter, despite very different
distances for larval dispersal. The data also indi-
cated that there is little exchange with adjacent
deeper arcas; otherwise the two former sites should
also show greater similarity (Ragua-Gil er al..
2004). This poses the question how the few shal-
low sites in the Weddell Sea maintain their typical
aspect of Antarctic shallow water fauna. Circum-
antarctic shallow-water exchange should be seri-
ously hampered by the existence of the large ice
shelves in the Weddell Sea and extended areas of
permanent sea ice on the castern side of the Penin-



sula. However, the shallow-water bivalve Laternu-
la elliptica was found at the isolated Hilltop site
(Brandt e7 al. in Arntz and Gut(, 1999), togcther
with many shallow-water hydroids (Gili, unpubl.
data). Only 7 scallop (Adamussium colbecki) spec-
imens have been found up to now in the entire
Weddell Sea (Linse, pers. comm.). In summary,
dispersal mechanisms of the shallow-water fauna
arc still far from clear.

Invasions

Duc to its distinet environmental gradients, the
Antarctic is an ideal natural laboratory under present
global warming conditions. Recent arrivals of
“alien” macroalgac at the Antarctic Peninsula were
registered by Wicncke er al. (1998) in the Potter
Cove, King George Island, comprising rare records
such as Durvillea antarctica but also cosmopolitans
(Wiencke and Clayton, 2002).

Recent literature mentions an increase of plastic
debris as potential vehicles in the Circumantarctic
Current (Convey er al., 2002; Barnes, 2002, 2005).
These debris are sometimes preferred to macroal-
gae, which are known to transport invaders, and
may yepresent a greater danger because of their
“longevity” (Barnes, 2005). On the other hand.
Convey et al. (loc. ¢it.) did not detect any evidence
of colonisation by biota.

Another mteresting aspect is the present attempt of
the Decapoda, one of the taxa poor in species in the
Antarctic, to return to the cold (Aronson and Blake,
2001; Anger et al., 2003; Thatje and Arntz, 2004;
Thatje er af., 2005a). There seems to be an increasing
mismatch towards the pole between environmental
variables (decreasing temperatures, seasonally limit-
ed food availability) and typical decapod properties
(see below). This mismatch seems to have been the
reason for the expulsion or extinction of Antarctic
decapods in the Tertiary as well as for the failure of
recolonisation in recent times, despite obvious pres-
sure from the Magellan region (Arntz et al., 1999;
Thatje er «l., 2003). In the case of continued global
warming, this pressure from other decapod taxa
including the brachyurans is likely to increase. This
suggestion is supported by recent detections at the
Antarctic Peninsula of 9 “alien” specimens of mero-
planktonic larvac belonging to Magellanic decapods
(Thatje and Fuentes, 2003) and the find of the North
Atlantic brachyuran Hyas araneus reported for 1986
by Tavares and Melo (2004; however, sce also Thatje
et al., 2005a for discussion).

Specific Antarctic traits, strategies
and adaptations

Reproductive strategies and population dvnamics

Reproductive strategies change along latitudinal
gradients, which is mainly due to differences in tem-
perature, primary production cycles and food avail-
ability. Alrcady before IBMANT I, there was a sub-
stantial literature describing special Antarctic char-
acteristics, see e.g. Pearse er al., 1991; Clarke, 1992;
Arntz et al., 1992, 1994 and refs. therein. Specific
polar characteristics had been identified, but it was
also clear that there were numerous exceptions, and
that very different adaptations to polar conditions
had been developed.

One of the traditionally controversial issues is
“Thorson’s rule™ (for the background see Clarke,
1992; Pearse, 1994; Arntz and Gili, 2001). Stanwell-
Smith et al. (1999) contributed a very important
paper on the occurrence of pelagic marine inverte-
brate larvae in shallow water at Signy Island, where
they registered a total of 181 pelagic larval types,
many more than ever found in Antarctic waters.
However, even this number is low in view of the
high benthic species number in these waters (see
above), and densities were extremely low in com-
parison with those in temperate regions. For most
described morphotypes species identification
remains unclear and the number of species with cer-
tain larval types may be biased by considering sub-
sequent ontogenctic stages of the same species
(Arntz and Gili, 2001). Another recent approach in
Admiralty Bay (Freire et al., 2005) yielded some-
what higher meroplanktonic larval numbers in shal-
low water, but still much less than at lower latitudes.
In a first attempt to evaluate conditions in deeper,
high Antarctic waters, a Dutch-German team found
extremely low numbers of meroplanktonic larvae
off Kapp Norvegia (Arntz and Brey, 2005; Lavaleye
et al., 2005), which principally supports Thorson’s
rule. Furthermore, many of the pelagic larvae found
hitherto are lecithotrophic and occur year round, and
some (such as the Caridea) have a high starvation
resistance (cf. Thatje er al., 2004, 2005c¢).

Why do some of the most abundant Antarctic
shallow-water species deviate from the more fre-
quently found patterns of non-planktotrophic devel-
opment, and have become broadcasters (Poulin er
al., 2002)? These broadcasters include A. colbecki,
L. elliptica, O. validus, O. meridionalis, S. neumay-
eri, Porania amrarctica, and Ophionotus victoriae
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whereas the vast majority of other species are brood-
ers or lecithotrophic. The authors explain the appar-
ent ecological success of the first group by advan-
tages in recolonisation e.g., after iceberg disturbance
whereas the other species rather reflect an evolu-
tionary success, permitting them to survive under
conditions of glaciation. The question is, of coursc,
whether demersal drift stages or lecithotrophic lar-
vae would not serve the same purpose.

Contrary to the Antarctic, meroplanktonic larvae
of benthic invertebrates are very common in the
Straits of Magellan and the Beagle Channel, and
many of them are planktotrophic with either extend-
ed or abbreviated development (Thatje er al., 2003).
The meroplankton community studied in November
1994 was dominated by decapod crustacean larvae,
followed by polychactes, echinoderms, cirripedes
and molluscs.

Many individual studies have recently shed more
light on reproductive strategies and population
dynamics along the cold temperate Magellan to high
Antarctic gradient. Growth of some endemic
Antarctic macroalgae is restricted to very low tem-
perature values (0-5°C, in some cases 10°C), much
lower than for cold-tempcrate species (Wiencke and
tom Dieck, 1989, 1990; Bischofl-Bdsmann and
Wiencke, 1996; Gomer. er al., 1998). Light require-
ments for the completion of the life cycle of several
Antarctic algal specics are very low. Reproduction
and growth of carly stages takes place under dim
light in winter (Wiencke, 1990a,b; 1996). The pho-
tosynthesis apparatus remains intact in some species
(c.g., Iridaea chordata) during prolonged darkness
but not in others such as Palmaria decipiens
(Weykam er al., 1997). Day length strongly governs
the seasonal growth of many algal species
(Wiencke, 1990a,b), and a minimal window of 10
days with 5 hours of light is required for formation
of gametangia and gametes in large brown ajgac
such as Desmarestia anceps (Wiencke er al. 1996),
which explains the drop-out of many species on the
fautudinal Ross Sea gradient towards McMurdo
{Wiencke and Clayton, 2002). Similar studics in the
Magellan region are necessary to extend the latitudi-
nal aspect to the north.

Decapod reproductive biology has now been
studied in the Antarctic and Magellan regions along
a wide latitudinal range of 23 degrees of latitude
(Arntz and Thatje, 2002; Thatje er al., 2003, 2004).
Growth was found to be slower, and mortality lower
in Antarctic caridean shrimps than in related
species living at lower latitudes. First maturity
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occurs at an advanced age and size, and longevity is
very high (up to 10 yr or more) in the Weddell Sea
(Gorny et al., 1992). The caridean shrimps have
adapted to the latitudinal gradient by reducing
fecundity, better equipping their fewer cggs, and
hatching as large, morphologically advanced larvae
with a distinct starvation resistance (Gorny er al.,
1992, 1993; Romero er al., 2003 a; Thatje and
Lovrich, 2003, Thatje et «l., 2004). However, the
step to complete lecithotrophy has not yet been
undertaken by any caridean species except Sclero-
crangon boreas in the Arctic, see Thatje et al.
(2003), and scems to be a phylogenetic constraint in
marine representatives of the taxon. Adaptation to
increasing seasonality in this group has been
achicved mainly by reducing the pelagic larval
phase, e¢.g. in Campylonotus vagans (Magellan,
Thatje and Lovrich, 2003) and Chorismus antarcti-
cus (Antarctic, Bruns, 1992; Gorny et al., 1992;
Thatje et al., 2003). Further characteristics are a
decrease of moults and larval instars towards the
pole, reduced energetic losses in very thin cast cxu-
viae (Thatje er @l., 2003) and low Mg* concentra-
tions in the haemolymph (Frederich er «f., 2000,
2001). The latter has, however, so tar been con-
firmed only for adult stages. Adaptation of reptant
decapod taxa to all thesc characteristics has been
fess efficient, and particularly the extended larval
development and low starvation resistance may
have caused evolution to select against Antarctic
reptants (Thatje er al., 2003, 2005a). An exception
is the anomuran family of lithodid crabs, which
besides the deep sea has conquered also high lati-
tudes in both polar regions. Southern Ocean litho-
dids combine fully lecithotrophic larvac cquipped
with sufficient lipid reserves with strongly reduced
demersal instars and a high tolerance against the
cold (Lovrich and Vinuesa, 1996; Anger er al,
2003, 2004). However, this tolerance may not yet
be perfect, as lithodids have not been found on the
very cold high Antarctic shelf with temperatures of
fess than -1.8°C (Fig.6)} while the temperature
threshold for successful larval development seems
to be around 0 to 1°C (for temperature thresholds
and discussion see Anger et al.. 2003, 2004; Thatjc
et al., 2005a).

A number of interesting studies has been under-
taken further north along the Chilean Pacific coast,
which are related (o the subject of decapod cold-
water adaptation. These studies (Brante er al., 2003;
Ferndndez er «l., 2003) tried to intcgrate the cost of
brooding in the reproductive effort to obtain a more
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