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SUMMARY

SUMMARY

The Magellan region is located at the southern tip of South America, ranging from about
42°S (South Patagonian Icefield) to 56°S (Cape Horn Archipelago). The marine realm in
this area is formed by a complex net of fjords, channels and internal seas created by
glacier processes that occurred after the Last Glacial Maximum ca. 12,000 years BP.

The aim of this thesis was to obtain more detailed information about the characteristics of
typical macrozoobenthic communities in relation to the marine environmental variability
in the Magellan region. In order to achieve this goal, the community structure in three of
the most characteristic types of habitats characterizing the heterogeneous
geomorphological conditions of the Magellan waters was studied. Structural parameters
such as abundance, biomass, species richness and composition, dominance, diversity and
evenness were considered in the investigation. Two of the habitats - intertidal boulder and
cobble terraces and sublittoral soft-bottom areas - derive directly from the glacier
processes affecting the region as a whole. The third one is a specific biogenic habitat
provided by the holdfasts of the kelp Macrocystis pyrifera. The obtained information
served as a base to evaluate the importance of these habitats with their specific
communities for the overall biodiversity of the Magellan region and to check some
specific hypotheses.

The intertidal boulder and cobble terraces are a particularly harsh environment. Principal
factors structuring this habitat are the size of boulders and cobbles, the type of rock, the
degree of compactness of the soft sediment below and between the rocks, together with
tidal waves, local hydrodynamics, burial by sand, and exposure to air during low tide. This
distinct habitat heterogeneity determined a great amount of biotic variability, i.e. a high
species turnover among replicates within and between sites. The intertidal habitat was
characterized by the numerical and weight dominance of a few species and reduced
species richness. A total of 66 macrofaunal species and higher taxa was sampled,
representing the benthic community with the lowest species number, density and biomass
among the three types of assemblages considered for this thesis.

The sublittoral soft bottoms were studied considering quantitative samplings in the eastern
Straits of Magellan and qualitative samplings in a transect from the central and western
Straits and off the South Patagonian Icefield (SPI). The main environmental factor
disturbing the sublittoral communities in the eastern Straits were semidiurnal spring tidal

currents, whereas the benthic communities off the SPI suffered the effects of high
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sedimentation rates, freshwater input and stratification of the water column. A total of 301
macrobenthic species and higher taxa were obtained from six periods of quantitative
sampling in the Segunda Angostura. Again low sample species richness, relatively low
abundances and strong dominance of few species were found. Pooling all samples over the
study period, relatively high species richness and diversity resulted. Species richness and
the abundances of single species populations varied considerably. Analyses based on
species presence/absence data obtained from the qualitative transect reveal differences
between the stations in front of the SPI and those in the rest of the Straits. Species richness
was about the same in the two discriminated areas, but the abundances in the channels
were consistently higher than in the SPI area influenced by glaciers. All catches were
dominated by few species.

The kelp (Macrocystis pyrifera) forests provide another characteristic habitat in the
Magellan region. Strong wind and resulting currents are the most important abiotic factors
in this community, causing destruction and stranding of the individual plants including
their holdfast. Only the holdfast associated organisms from two kelp forests in the Straits
of Magellan were considered in this thesis, with a total of 114 species and higher taxa
identified. The results showed a distinct dominance of few species and a high species
turnover within and between sites. The two studied communities were found to be
comparably rich in species as compared to others further south toward Cape Horn. The
mismatch between the low longevity of kelp as a habitat and the much longer life-spans of
the inhabiting benthic species suggests that the holdfast communities have to be regarded
as immature communities.

Local densities, species composition and species richness differed greatly within and
among study habitats. Patterns in community structure were found, especially changes
with depth in species richness, abundance and biomass, however without any latitudinal
trend along the Magellan region although the composition of species did change with
latitude. For all the studied habitats the species richness at sample scale was found to be
rather low (low a diversity) and with a high turnover of species, resulting in an increased
regional diversity. However, more detailed analyses of the communities’ species
composition and richness, combining different types of gear and with a long-term basis is
obviously necessary, especially considering that almost 1,400 benthic invertebrate species

have been reported hitherto for the Magellan region.
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Particularly impoverished conditions in abundance and biomass, but not in species
richness, were found in the fjords influenced by the SPI. Similar effects were caused by
winds and waves in intertidal, and by winds and currents in Macrocystis holdfast
communities.

It is difficult to define a “typical Magellan benthos” for the region, which seems to be
rather a heterogeneous transition area for the fauna of the surrounding oceans.

A comparison with the northern hemisphere benthic systems of the southern North and
Baltic seas, which are also post-glacial areas and of the same young age as the Magellan
region, reveals that young ecosystems as such are not necessarily poor in species. The
Magellan region was found to be considerably richer than the northern hemisphere seas,

most likely due to lower disturbance by anthropogenic factors.
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Die Magellanregion an der Siidspitze Siidamerikas erstreckt sich von etwa 42°S
(Stidpatagonisches Eisfeld) bis 56°S (Kap Horn-Archipel). Dieses Meeresgebiet besteht
aus einem komplexen Netz von Fjorden, Kandlen und Binnenseen, die nach dem
Maximum der letzten Vereisung, vor ca. 12.000 Jahren, durch Gletschereinwirkung
entstanden sind.

Das Ziel der vorliegenden Dissertation war, mehr detaillierte Information iiber die
Charakteristika typischer Makrozoobenthosgemeinschaften im Magellangebiet in
Abhidngigkeit von der Variabilitidt der marinen Umwelt zu schaffen. Zu diesem Zweck
wurde die Gemeinschaftsstruktur in drei Biotopen untersucht, welche die heterogenen
geomorphologischen Bedingungen der Magellanregion in besonders charakteristischer
Weise widerspiegeln. Abundanz, Biomasse, Artenreichtum, Artenzusammensetzung,
Dominanz, Diversitit und Aquitit wurden dabei als Strukturparameter beriicksichtigt.
Zwei der untersuchten Biotope — Steinpflaster im Gezeitenbereich und sublitorale
Weichboden — gehen direkt auf die Gletscherprozesse zuriick, welche die Region
insgesamt beeinflussen. Der dritte ist ein spezieller biogener Lebensraum, der von dem
»Wurzelgeflecht“ des Tangs Macrocystis pyrifera gebildet wird. Die gewonnene
Information diente als Grundlage fiir eine Einschitzung der Bedeutung dieser
Lebensrdume mit ihren spezifischen Gemeinschaften fiir die marine Biodiversitit der
Magellanregion insgesamt und zur Uberpriifung einiger spezifischer Hypothesen.

Die eulitoralen Steinpflaster sind ein besonders schwieriger Lebensraum. Die wichtigsten
Faktoren, die diesen Biotop strukturieren, sind die GroBe der Steine, die Art des Gesteins,
die Kompaktierung des Weichbodens unter und zwischen den Steinen sowie
Gezeitenwellen, lokale Hydrodynamik, Uberschichtung mit Sand und Exposition an der
Luft wihrend Niedrigwasser. Die ausgeprédgte Heterogenitit dieses Lebensraums bewirkte
eine hohe Variabilitit in der Besiedlung, d.h. groe Verschiedenartigkeit in der
Artenzusammensetzung von Unterproben an einer Station und zwischen Stationen. Der
Gezeitenbereich zeichnete sich durch numerische und Gewichts-Dominanz weniger Arten
und reduzierten Artenreichtum aus. Insgesamt wurden hier 66 Makrofauna-Arten und
hohere Taxa gefunden. Damit war die Steinpflaster-Assoziation die Gemeinschaft mit der
niedrigsten Artenzahl, Dichte und Biomasse unter den drei Gemeinschaftstypen, die in

dieser Arbeit untersucht wurden.
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Fiir die Bearbeitung der sublitoralen Weichboden wurden quantitative Aufsammlungen in
der ostlichen Magellanstrale und qualitative Proben aus einem Transekt bertiicksichtigt,
der von der mittleren Magellanstra3e bis vor das Siidpatagonische Eisfeld (SPI) verlief.
Der wichtigste Umwelt-Storfaktor im Osten der MagellanstraBe waren halbtéigige
Gezeitenstrome im Frithjahr, wihrend die Gemeinschaft vor dem SPI hohen
Sedimentationsraten, StiBwasser-Zufluss und Schichtung der Wassersdule ausgesetzt war.
Insgesamt wurden 301 Makrobenthosarten und héhere Taxa aus den sechs quantitativen
Aufsammlungen in der Segunda Angostura bestimmt. Auch hier wurden niedriger
Artenreichtum pro Probe, relativ niedrige Abundanzen und starke Dominanz weniger
Arten verzeichnet. Aus der Gesamtheit der Proben {liber den Sammelzeitraum ergaben sich
jedoch relativ hohe Werte filir Artenreichtum und Diversitidt. Sowohl der Artenreichtum als
auch die Abundanzen der einzelnen Populationen unterlagen groBen Schwankungen.
Analysen aus dem qualitativen Transekt auf der Basis von Prdsenz/Absenz trennten die
Stationen vor dem SPI und den Rest. Der Artenreichtum in den beiden unterschiedenen
Gebieten war etwa gleich hoch, aber die Abundanzen in den Kandlen waren durchweg
hoher als im SPI-Gebiet, das von Gletschern beeinflusst wird. Alle Fange wurden von
wenigen Arten dominiert.

Die Macrocystis pyrifera-Tangwilder sind ein weiterer charakteristischer Biotop in der
Magellanregion. Starkwind und — als Folge davon — starke Stromungen sind die
wichtigsten abiotischen Faktoren in dieser Gemeinschaft und fiihren zu Zerstérung und
Strandung der Tange einschlieBlich ihres ,,Wurzelgeflechts®. Nur die Organismen aus
diesen Geflechten wurden aus zwei Tangwildern in der Magellanstral3e berticksichtigt und
ergaben 114 Arten und hohere Taxa. Auch hier zeigten sich starke Dominanz weniger
Arten und groBe Verschiedenartigkeit in der Artenzusammensetzung innerhalb von und
zwischen Stationen. Die beiden untersuchten Gemeinschaften erwiesen sich als relativ
artenreich im Vergleich zu anderen Macrocystiswéldern weiter siidlich bei Kap Horn. Das
Missverhéltnis zwischen der geringen Lebensdauer der Tange als Biotop und der viel
langeren Lebensspanne der Benthosarten, die das Geflecht bewohnen, deutet darauf hin,
dass die ,,Wurzelgeflecht-Gemeinschaften keine reifen Gemeinschaften sind.

Lokale Dichten, Artenzusammensetzungen und Artenreichtum unterschieden sich stark in
und zwischen den untersuchten Biotopen. Obwohl sich bestimmte Muster abzeichneten,
z.B. Verdnderungen von Artenreichtum, Abundanzen und Biomasse mit der Wassertiefe,

zeigte sich kein latitudinaler Trend in der Magellanregion; lediglich die
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Artenzusammensetzung verdnderte sich mit der Breite. In allen untersuchten Biotopen war
der Artenreichtum pro Probe ziemlich niedrig (geringe a-Diversitdt) und der Artenumsatz
hoch (erhdhte regionale Diversitit). Genauere Analysen der Artenzusammensetzung und
des Artenreichtums in den magellanischen Gemeinschaften, mit Kombination
verschiedener Probennahmegerdte und auf Langzeitbasis, sind jedoch offensichtlich
notwendig, insbesondere angesichts der Tatsache, dass bislang fast 1400 benthische
Evertebratenarten aus diesem Gebiet verzeichnet wurden.

Besonders arme Bedingungen hinsichtlich Abundanz und Biomasse, aber nicht beziiglich
des Artenreichtums wurden in den Fjorden gefunden, die vom SPI beeinflusst werden.
Ahnliche Auswirkungen haben Wind und Wellen im Eulitoral sowie Wind und
Stromungen in den Tangwildern.

Aus biogeographischer Sicht ist es schwierig, ein “typisches magellanisches Benthos” fiir
die Region abzugrenzen; sie ist eher ein heterogenes Ubergangsgebiet fiir die Fauna aus
den angrenzenden Ozeanen.

Ein Vergleich mit den benthischen Okosystemen der siidlichen Nordsee und der Ostsee
auf der Nordhemisphére, die ebenfalls postglaziale Gebiete sind und das gleiche geringe
Alter aufweisen wie die Magellanregion, zeigt, dass junge Okosysteme an sich nicht
notwendigerweise artenarm sein miissen. Das Magellangebiet ist wesentlich artenreicher
als die beiden Meere auf der Nordhemisphére, vermutlich aufgrund geringerer Stérung

durch anthropogene Einfliisse.
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La region de Magallanes estd ubicada en el extremo austral de América del Sur,
aproximadamente entre los 42°S (Campo de Hielo Sur) y los 56°S (Archipiélago del Cabo
de Hornos). El dominio marino de la region estd conformado por una compleja red de
fiordos, canales y mares interiores, formada por procesos glaciares ocurridos después del
Ultimo Maximo Glacial hace aproximadamente 12 mil afios AP.

Esta tesis tuvo como proposito el obtener informacion lo mas detallada posible acerca de
las caracteristicas de comunidades macrozoobentonicas caracteristicas de Magallanes y su
relacion con la variabilidad ambiental de la region. Para tal efecto, se estudio la estructura
de la comunidad considerando tres tipos de habitats que reflejan la heterogénea condicion
geomorfologica del ambiente marino de Magallanes. Se consideraron pardmetros
estructurales tales como abundancia, biomasa, riqueza y composicion de especies,
dominancia, diversidad y uniformidad. Dos de los habitats estudiados (terrazas
intermareales de bloques y cantos y zonas sublitorales de fondos blandos) son producto
directo de la pasada accion glaciar que afect6 a toda la region. El tercer habitat es de tipo
biogénico y esta constituido por los grampones de la macroalga Macrocystis pyrifera. La
informacion obtenida servird de base para evaluar la importancia que tienen estos habitats
y sus comunidades especificas en relacion con la biodiversidad global de la region de
Magallanes y para analizar algunas hipotesis especificas.

Las terrazas intermareales de bloques y cantos constituyen un ambiente severo particular.
Los principales factores que estructuran el habitat son el tamafio de los bloques y cantos,
el tipo de roca, el grado de compactacion del sedimento blando subyacente a las rocas, en
conjunto con las mareas, la hidrodindmica local, la cobertura con arenas y la exposicion al
aire durante las bajamares. Esta caracteristica heterogeneidad abidtica determina una gran
variabilidad biodtica, i.e. un alto reemplazo de especies entre réplicas tanto dentro como
entre sitios. El habitat fue caracterizado por la dominancia numérica y en biomasa por
parte de pocas especies y una reducida riqueza especifica. Se recolectd un total de 66
especies y taxa superiores de la macrofauna, constituyéndose en la comunidad bentdnica
con el menor numero de especies, densidad y biomasa de las tres comunidades estudiadas
en esta tesis.

El sublitoral de fondos blandos fue estudiado considerando muestres cuantitativos en el
sector oriental del Estrecho de Magallanes y muestreos cualitativos realizados en un

transecto que comprendié desde la zona central y oeste del Estrecho hasta el Campo de
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Hielo Sur (SPI). Los principales factores que generan disturbios en las comunidades
sublitorales de la parte oriental del Estrecho son las fuertes corrientes semi-diurnas,
mientras que en el SPI las comunidades estan bajo el efecto de las elevadas tasas de
sedimentacion, ingreso de aguas no salinas y la estratificacién de la columna de agua. A
partir del muestreo cuantitativo realizado en seis periodos en el sector de la Segunda
Angostura, se obtuvo un total de 301 especies y taxa macrobentdnicos superiores. Una vez
mas, se encontré una baja riqueza de especies en las muestras, una abundancia
relativamente baja y una fuerte dominancia por parte de pocas especies. Reuniendo toda la
informacion de los seis periodos, se obtuvo una riqueza de especies y una diversidad
relativamente altas. La riqueza de especies y las abundancias de cada especie particular
variaron considerablemente. Anélisis basados en datos de presencia/ausencia de especies
obtenidos a partir de los muestreos cualitativos revelaron diferencias entre estaciones
localizadas en el SPI y aquellas muestreadas en el Estrecho de Magallanes. La riqueza de
especies fue similar en las dos areas discriminadas, aunque la abundancia en la zona de
canales fue consistentemente superior que la obtenida en las zonas del SPI influenciadas
por los glaciares. Todas las capturas fueron dominadas por pocas especies.

Los huirales de Macrocystis pyrifera constituyen otro habitat caracteristico de la region de
Magallanes. Los factores mas importantes y que causan la destruccion y el
desprendimiento de las plantas incluyendo los grampones y posterior enrredo de unas con
otras, son los fuertes vientos y las corrientes. En esta tesis se consideraron solo los
organismos asociados a los grampones en dos huirales localizados en el Estrecho de
Magallanes, habiéndose identificado un total de 114 especies y taxa superiores. Los
resultados muestran una dominancia por parte de pocas especies y un alto reemplazo de
especies dentro y entre sitios. Las dos comunidades estudiadas tuvieron una riqueza de
especies comparable con las obtenidas para otros huirales ubicados hacia el Cabo de
Hornos. La no sincronia entre la baja longevidad del huiral como habitat y la mayor
duracion de la vida de muchas de las especies que habitan ese espacio, sugiere que las
comunidades de los grampones pueden ser consideradas como unas comunidades
inmaduras.

Las densidades locales y la composicion y riqueza de especies difiere marcadamente
dentro y entre los tipos de habitats estudiados. Se encontraron patrones en la estructura de
la comunidad, especialmente relacionados con cambios en la riqueza de especies,

abundancia y biomasa en relacion con la profundidad. Sin embargo, no se observaron
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tendencias latitudinales aunque la composicion de especies cambio con la latitud a lo largo
de la region. La riqueza de especies a una escala local (diversidad alfa) fue mas bien baja,
con un alto reemplazo de especies, lo cual resultd en una mayor diversidad a escala
regional. Sin embargo, es obviamente necesario un andlisis mas detallado y a largo plazo
sobre la composicion y riqueza de especies en las comunidades combinando diferentes
tipos de equipos de muestreo, especialmente considerando que hasta el momento se han
reportado alrededor de 1.400 especies de invertebrados bentoénicos para la region de
Magallanes.

En los fiordos influenciados por el SPI se encontraron valores de abundancia y biomasa
especialmente bajos, aunque no en riqueza de especies. Efectos similares fueron causados
por el viento y las mareas en la zona intermareal y por los vientos y corrientes en el caso
de las comunidades asociadas a los grampones de M. pyrifera.

Es dificil definir un “bentos tipicamente Magallanico” para la region, la cual parece ser
mas bien un area heterogénea de transicion para la fauna de los océanos circundantes.

Una comparacion con los sistemas bentonicos del mar Béltico y los del sector sur del Mar
del Norte en el hemisferio norte, los cuales también son areas post-glaciares y tan jovenes
como la regién de Magallanes, indica que los ecosistemas jovenes no necesariamente son
pobres en especies. Se encontrd que la region de Magallanes es considerablemente mas
rica que los mares del hemisferio norte, muy probablemente debido a los pocos factores

antropogénicos que podrian causar disturbios.
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1. INTRODUCTION

Benthic biodiversity and biogeography research in and around Antarctica has experienced
great interest in recent years (Battaglia et al. 1997; Arntz & Clarke, 2002; Huiskes et al.
2003), especially after the multinational BIOMASS program, which was restricted to
research in the pelagial and based on a regional approach, focussing on the ecology of the
Antarctic krill and its predators (El-Sayed 1996; Clarke & Arntz 2006). The importance of
ecosystem studies in Antarctic waters, emphasized previously by Hempel (1985) and
others, has been stressed after an initial series of exploratory studies, after which more
sophisticated and integrated programs designed to study the Antarctic marine ecosystem
as a whole followed. The historical development of Antarctic marine research has been
summarized, among others, by El-Sayed (1996) and Hempel (2007). A post-BIOMASS
phase is recognized with the initiation of several multidisciplinary scientific programs
oriented towards the study of biological phenomena in relation to environmental factors,
and gradually turning towards processes of global significance. In the context of global
change research, the polar areas are studied as part of the Earth’s biosphere, in which
Antarctica and its surrounding seas play a key role.

The understanding of key ecological, biogeographical and evolutionary processes
operating in the coastal and open polar systems, as well as the monitoring of natural
changes and man-made (anthropogenic) effects on high and Subantarctic communities and
their abiotic environments have been of increasing importance in several international
biological research programs and expeditions dedicated to the ecology of Antarctic waters
and the surrounding oceans. These multidisciplinary scientific efforts have been
undertaken with the aim to study, e.g. diversity and structure of pelagic and benthic
communities, the biological effects of ice on communities, the cryo-pelagic, pelago-
benthic and bentho-pelagic coupling, the ecophysiology of polar marine organisms, and
the molecular bases for evolutionary biology. They were endorsed by numerous national
scientific initiatives, which also included multidisciplinary investigations on the structure
of, and processes within benthic ecosystems (e.g. Faranda & Guglielmo 1993; CONA
1995, 1997; 1999; Arntz & Gorny 1996; Faranda et al. 1996; Fahrbach & Gerdes 1997;
Ramos & Moya 2003; Fiitterer et al. 2003; Arntz & Brey 2003, 2005; Ramorino 2004).
Much effort has been invested in the high Antarctic Weddell Sea (cf. review in Arntz &
Clarke 2002), in comparison with the research activities performed in other areas such as

the Ross Sea (e.g. Dayton et al. 1974; Gambi et al. 1997; Cattaneo-Vietti et al. 2000;
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Rehm et al. 2006), the Bellingshausen Sea (e.g. Shreeve & Peck 1995; Garcia-Raso et al.
2005) and the Antarctic Peninsula (e.g. Gallardo 1987; Mincks & Smith 2007).

e EPOS, EASIZ: collaborative research in the Antarctic
Among the various international programs and expeditions which have attempted to
integrate the different components of the Antarctic ecosystem, EPOS (the European
“Polastern” Study) was the first to address this issue in broad international cooperation,
using the German icebreaker “Polarstern” as a platform (Hempel 1993). The third leg of
the EPOS cruise was dedicated principally to benthic and ichthyological research in the
high Antarctic, mainly on an exploratory basis. The 10 years program Ecology of the
Antarctic Sea-Ice Zone — EASIZ (Arntz & Clarke 2002; Clarke & Arntz 2006), performed
mainly in the high Antarctic Weddell Sea region and around the Antarctic Peninsula,
provided new insights into a number of key ecological processes operating in the coastal
and shelf Antarctic ecosystem. This program integrated processes occurring in the pack
ice, the water column and the benthos, thus stressing by cryo-pelago-benthic coupling
studies the “whole ecosystem” aspect. In particular, this program has led to the
reassessment of the history, diversity, history and ecology of the Antarctic benthos, the
coupling of this system to ice and water-column processes, and a review of physiological
adaptation to low temperature in polar marine organisms (Arntz & Clarke 2002; Clarke &
Arntz 2006). In the context of marine benthic diversity, EASIZ data yielded results on
species composition and distribution of most macroinvertebrate taxa, fish and macroalgal
groups, on the characterisation of typical Antarctic species assemblages in the benthos and
plankton, the structure and life of the different forms of sea ice and the ice biota. The
biodiversity information suggests an asymmetric latitudinal distribution of taxonomic
richness in the two hemispheres, questioning that the marine latitudinal gradient
documented for the northern hemisphere also exists in the southern hemisphere forming
the so-called ‘bell-shaped curve’ (i.e. high diversity in the tropics and depauperate faunas
towards the poles). The species-rich Southern Ocean around Antarctica (Arntz et al. 1997;
Clarke & Johnston 2003) is central to this topic. The outcome of climatic, glacial and
evolutionary processes through the Cenozoic in the Antarctic marine realm has been a
generally rich and diverse marine fauna, with some particularly speciose taxa (Clarke &
Johnston 2003). Based on data from the Weddell Sea, the total number of

macrozoobenthic species for the entire Antarctic shelf was estimated between 11,000 and
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17,000 (Gutt et al. 2004). Considering vast areas not studied to date, this may rather be an
underestimation. For some invertebrate groups, the species richness may also be
underestimated in view of recent molecular evidence for cryptic speciation in the Antarctic
benthos (e.g. crustaceans: De Broyer et al. 2003; Held 2003). In general, the species
richness in the Antarctic marine ecosystem has been found to be higher than formerly
expected (Arntz et al. 1997). For more comprehensive reviews of this subject see Battaglia
et al. (1997), Arntz & Clarke (2002), Clarke & Johnston (2003) and Huiskes et al. (2003).
In future studies the importance of scales, i.e. the role of local versus regional species
richness must be included (Gray 2001; Arntz & Clarke 2002; Gutt & Piepenburg 2003).

The effect of ice disturbance on benthic assemblages was another main topic within the
EASIZ program. Due to the mechanical damage by ice and swell (Barnes 2005), the polar
and subpolar benthic intertidal assemblages are relatively poor in terms of number of
species, abundance, and diversity. Presumably environmental stability increases with
increasing depth, but the benthic assemblages experience physical disturbance by iceberg
scouring, creating a very patchy pattern of benthic organisms on the seafloor. Iceberg
impact is common and widely distributed in Antarctic waters, enhancing overall diversity
due the co-existence of different succesional stages (Gutt 2001; Gutt & Piepenburg 2003).
Ice impact has also been important in the origin of the present-day benthic invertebrate
assemblages. Especially the sessile suspension feeders represent a retrograde community
type typical of palaeozoic communities (Gili et al. 2006). Investigations on the
interactions between the pelagic and the benthic ecosystems demonstrate that many
benthic suspension feeders in the Southern Ocean continue feeding in winter and can
make use of the food web based around bacteria, nano- and picoplankton, unicellular
organisms and organic detritus contained in the seston (Gili et al. 2001). This contrasts
with the ancient hypothesis that in Antarctic communities there is a prolonged period of
minimal activity during the austral winter. Despite low primary production and a short
productive period, the Southern Ocean thus does not appear to be a food-limited system
for benthic suspension feeders. The feeding strategies of Antarctic suspension feeders do
not differ from those of tropical and temperate ecosystems (Gili et al. 2001). The principal
role of Antarctic benthic suspension feeders seems to be related to the efficient recycling
of the water column production, which is only partly assimilated by the highly seasonal
zooplankton and other secondary consumers during particle sinking through the water

column (Orejas et al. 2000).
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The activities summarized for EASIZ were partly integrated with other national and
international research programs carried out from shipboard and shore stations, for instance
the US Palmer Long Term Ecological Research (Palmer-LTER) program (Smith et al.
1995) the Southern Ocean Global Ocean Ecosystem Dynamics (SO-GLOBEC) in the
western Antarctic Peninsula and Marguerite Bay areas (Fogarty & Powell 2002) a range of
Italian biological oceanographic studies undertaken in the Ross Sea, e.g. the Ross Sea
Marginal Ice Zone Ecology — ROSMIZE — project (Faranda et al. 2000), the Spanish
BENTART program (Ramos & Moya 2005), the Polish activities in Admiralty Bay
(Rakusa-Suszczewski 1993) and various other activities from shore stations, mostly
around the Antarctic Peninsula.

All these multidisciplinary and collaborative research programs performed from the 1990s
onward have substantially increased insights into the different ecosystem components
(from species to community levels) and have led to a conceptual frame of the diversity,

history and evolution of the Antarctic benthos.

o [IPY, CoOML/CAML: polar research in a global context

The study of benthic biodiversity and biogeography is an important issue also involved in
some recent global initiatives. Under this frame the International Council for Science
(ICSU) and the World Meteorological Organisation (WMO) sponsored the International
Polar Year (IPY), a large international collaborative program focused on the Arctic and
Antarctic regions. The IPY is an intense internationally coordinated research campaign
involving a wide range of research disciplines, including social science but with clear
emphasis on natural sciences. Another relevant initiative is the global network of
researchers engaged in the Census of Marine Life (CoML) which aims to assess and
explain the changing diversity, distribution, and abundance of marine species from the
past to the present, and to predict future ocean life. This information is expected to
become an important tool for monitoring and managing future ocean ecosystems (Yarincik
& O’Dor 2005). The Antarctic initiative within this program is CAML (Census of
Antarctic Marine Life).

e The Magellan region
The landscape of the Magellan region was shaped by glacial and post-glacial processes for

about 85-90% of the last 800,000 years (McCulloch et al. 1997). During much of this



1. INTRODUCTION

time, the region was covered by a thick ice cap similar to that of the Antarctic today
(Bujalesky et al. 2004; McCulloch et al. 1997). Repeated glacier advances and retreats
created the water-filled basins and major rivers and channels that exist nowadays. The sea
level was lower during glaciations than it is now, and the earliest seawater transgression to
the western Straits of Magellan occurred between about 14,500 and 13,500 years BP
(Kilian et al. 2007). Atlantic water has been unable to penetrate over the shallow threshold
of the eastern entrance to the Straits before approximately 9000 years BP (McCulloch et
al. 1997). Since then, the ice sheet retreated substantially (Lamy et al. 2002), leaving as its
ultimate remains the South Patagonian Icefield and the Cordillera Darwin Icefield located
in southwestern Tierra del Fuego. The physiographical and ecological environmental
features of the marine Magellan realm probably influenced considerably the
biogeographical and ecological patterns observed nowadays. It is suggested that biotic
recolonisation of the Beagle Channel and the Straits of Magellan occurred quite recently,
as the areas became gradually ice-free during glacial retreat after the LGM (Gordillo 1999;
Montiel et al. 2005b; Kilian et al. 2007; Gordillo et al. 2005), i.e. the benthic communities

of these waters have to be considered as relatively young ones.

e Environmental conditions in the Magellan region
Along the roughly 32,000 km long coastline of the Magellan region (Guzmén 1992) a
number of disturbance factors can be identified among which the glacial regime is the
most important disturbant on regional and local scales. The typical geomorphology and
predominant types of sediments in the Magellan marine realm such as sublittoral soft-
bottoms with varying mud to coarse sand fractions, biogenic debris, boulders and cobbles
derive even today from climate and glacier dynamics, which have affected this region
since the last Pleistocene glaciation (cf. Clapperton et al. 1995; McCulloch et al. 1997,
Rignot et al. 2003; Lamy et al. 2004; Kilian et al. 2007 for a review of features and
consequences of this active glaciological process). After the retreat of the ice sheet the
highly complex Magellan region came under the influence of southern marine current
systems driven by the broad eastward flowing West Wind Drift. This current diverges into
the northward directed Humboldt Current and a southern branch called the Cape Horn
Current. As remnants of the last glaciation period the North and South Patagonian
Icefields are the largest temperate ice masses in the southern hemisphere. These almost

18,000 km? large icefields discharge at their western edge via rapidly flowing glaciers ice
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and meltwater to the marine realm. The waters in front of the South Patagonian Icefield
are part of a system of channels and fjords, in which the peculiar topography affects the
thermal and saline structure (Pinochet & Salinas 1996). The bottom relief is extremely
irregular with maximum water depths down to 1400 m. The sediments in the deeper parts
consist of mud and silt, in the shallower parts they also contain variable proportions of
clay being transported by the glaciers. At present the glaciers introduce considerable
amounts of clay that are distributed in the fjord system by superficial wind-induced
currents. The sedimentation processes are strongly influenced by the settling velocities of
clay minerals and flocculation processes, which in turn depend on salinity and water
temperature. The whole area is affected by heavy continental runoff due to extreme
rainfalls all over the year making the water column strongly stratified (surface water: 14
%0 S, 4 °C, deeper 50 m: 33 %o S, 11°C). East-west gradients exist in salinity and
temperature with low values near the glaciers increasing towards the open Pacific shelf
(Pinochet & Salinas 1996), whereas sediment loads of 30 to 40 mg "' were measured in
front of the glaciers decreasing rapidly towards the western parts of the fjords (Kilian et al.
2007). The inshore fjord and channel waters have to be regarded as low in nutrients, these
are transported to inshore zones by oceanic Subantarctic water (Acha et al. 2004).
Extremely high terrestrial runoff and precipitation in this area create in the interior sea a
basically two-layer structure. The runoff (carrying large amounts of Fe) is mixed with the
nutrient rich oceanic water building up rich phytoplankton blooms with Chla
concentrations (Pizarro et al. 2000) up to 18 mg m™ and extending 200 to 300 km offshore
(Longhurst 1998). In deeper parts of the inshore inlets and fjords these enormous blooms
may cause low oxygen saturation near the bottom, as reported by Silva & Prego (2002).

Mixing of oceanic water with freshwater from precipitation, river runoff and glacier
meltwater, produces a positive estuarine circulation, with low and cold salinity water
leaving the inshore areas at the surface and warmer, saltier and nutrient rich oceanic water
entering the system at the bottom (Antezana 1999). This general pattern in combination
with shallower sills may hamper the exchange between marine and freshwater. Kilian et
al. (2007), e.g. have recently found in the Seno Skyring ca. 2000 year old marine water.
How does this water mass affect sedimentation rate and thus sediment stability, inorganic
particle concentration and amount of organic matter in the sediments? All these
parameters are suggested as important factors determining distribution and abundance

patterns of fauna and flora in such areas. Unfortunately to date no benthos studies have
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been performed in this interesting environment that could give us more detailed
information on the composition of an “old benthic fauna” having survived under these

ancient local conditions.

e Marine biological research in the Magellan region

Recently, the Chilean National Oceanographic Committee (CONA, Silva & Palma 2006)
published a compendium summarizing all studies performed in southern Chilean coastal
areas, including the South Patagonian Icefield. In the Appendix I publications performed
so far on the benthos in the Magellan region are included. It is evident that the bulk of the
early studies focussed on individual taxa rather than on ecological questions on
community level such as community structure, composition, taxonomy/biodiversity or
productivity. Work on biogeographical relationships of the Magellan region with other
ancient parts of Gondwana was also lacking.

Due to all international and multidisciplinary scientific efforts mentioned above, the
Antarctic waters with their fauna are much better studied than the Magellan region, where
only a handful of scientific expeditions (excluding the early naturalist expeditions between

1800-1900) has been carried out so far (Table 1).

Table 1. Scientific cruises carried out in the Magellan region after the early naturalist
expeditions between 1800-1900. n.i. = no information

Cruise Vessel Studied area Date Benthic Source
studies
. . . . Pto. Montt-Laguna September 1948 - Brattstrom &
Lund University-Chile o San Rafael July 1949 yes Dahl 1951
.. « N Golfo de Penas- .
Expedition HERO 72-4 R/V “Hero Straits of Magellan September 1972 no n.i.
Italian Cruise R/V “Explora” Magellan region October/November yes Brambati
1989 1991
February/March Faranda &
Italian Oceanographic Cruise | B/I “Cariboo” Straits of Magellan 1991 Ty yes Guglielmo
1991
US Cruise R/V “Polar Duke” Straits of Magellan July-August 1993 no Rojas 1993
Joint Chilean-German-Italian o ’ . October/November Arntz &
Magellan Campaign R/V “Victor Hensen Magellan region 1994 yes Gorny 1996
Italian Cruise R/V “Italica” Magellan region Summer 1995 yes Ilsgr9a6nda ctal
. Continental slope
Expedition ANTARKTIS “ . X Fahrbach &
XTI/4 R/V “Polarstern south of Tierra del May 1996 yes Gerdes 1997
Fuego
Investigacion Cientifica
Marina en los Fiordos y - v South Patagonian August-September
Canales adyacentes a R/V*Vidal Gormaz IceField 1995 yes CONA 1995
Campos de Hielo Sur
CIMAR 2 FIORDOS R/V “Vidal Gormaz” | Magellan region ?;;‘;berm‘wember yes CONA 1997
CIMAR 3 FIORDOS R/V “Vidal Gormaz” | Magellan region October 1997 yes CONA 1999
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In addition, some specific studies as part of more local projects in certain locations of the
Magellan region were performed contributing to a better knowledge of the marine
Magellan ecosystem (e.g. Dayton 1985; Santelices 1992).

The biogeographical position of the Magellan region is an open question even today,
which is controversially discussed in the scientific community mainly related with the
criteria used to define the number of specific biogeographical units (Camus 2001). This
holds true although first attempts to define the zoogeographic position of the Magellan
region date back over 200 years ago (e.g. Forbes 1854). Hedgpeth (1969) considered the
southern tip of South America to differ as a Subantarctic Region from the Antarctic
Region. He included into the Subantarctic Region areas south of the Subtropical
Convergence and the shallow waters at the tip of South America. Within this Subantarctic
Region Hedgpeth defined the Magellan Subregion or Province without, however, a precise
definition of its borders. From his Fig. 10 it become obvious that he, as already did Knox
almost a decade ago (1960), included the Falkland Islands in the Magellan Province.
Camus (2001) resumed 27 biogeographic classifications published so far for the entire
Chilean coastline resulting from the distributional breaks and classifications based mainly
on the analysis of one or few selected benthos groups. Most studies have proposed two
main biogeographical provinces (or regions) along Chile, the northern warm-temperate
Peruvian Province and the southern cold-water Magellanic Province (e.g. Brattstrom &
Johanssen 1983). A border at about 42°S between these two provinces has been suggested,
which coincides with changes in topography, climate and hydrography (see Ahumada et
al. 2000). However, Camus (2001) assumes this concept to be unsatisfactory to define
borders, and he therefore established a new concept integrating one or several marine
communities with borders defined also by climatic and physiographic parameters. This
classification identifies two major spatial units: a southern area derived from an ancient
austral biota (Magellan Province) and a northern area with warm-temperate biota
(Peruvian Province) with a “non transitional, intermediate area” in between formed by
Subantarctic and Subtropical components. Camus (2001) considered the Magellan
Province to show affinities to the central and northern Chilean biotas and, consequently,
not to be considered as a biogeographic region on its own. In this context, an important
question is related to the extension of this province into the Atlantic (until the La Plata
river) as has been suggested among others by Balech (1954), Stuardo (1964) and Moyano
(1991).
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Recently, Montiel et al. (2005a) contributed to the discussion of the biogeographical
position of Magellan waters based on distribution patterns of the polychaete fauna in this
and adjacent areas. He concluded that the traditionally defined Magellan Province sensu
Hedgpeth (1969) has to be divided into three different districts (entities sensu Montiel
2005a): 1) the Cape Horn District on the western continental shelf of the Magellan region;
i1) the Falkland District on the southeastern Atlantic shelf; and iii) the Humboldt District
on the Pacific shelf north of 42°S.

I define my study areas covering from the South Patagonian Icefield in the north to the
Cape Horn Archipelago in the south to belong to the Cape Horn District sensu Montiel et
al. (2005a).

e IBMANT (LAMPOS): the Magellan region related to the Antarctic
In the middle of the 1990°s the southern tip of South America came into the focus of
comparative ecological research, with emphasis on the investigation of the marine
ecosystem structure and organization and its biological relationships with the adjacent
Antarctic ecosystem. The southernmost tip of South America is of special interest for
ecological and biogeographical studies because of the common past of the two regions as
part of the ancient Gondwana continent and their close vicinity today after their separation
about 20 million years ago. In fact, the opening of the Drake Passage may have occurred
slowly over a long period between about 35 Ma BP (opening of the Tasman ocean
gateway) and 15 Ma BP, when the process was obviously finished (for a discussion see
Arntz et al. 2005). Distances between Antarctica and other surrounding continents are
much wider (Crame 1999). Present day marine assemblages on either side of the Drake
Passage “reflect the regional development in the past, including periods of isolation and
interchange, extinction and radiation; they represent a unique case study of ecosystem
change and evolution within a worldwide perspective” (Arntz & Rios 1999). As a
consequence, German biologists in close cooperation with several European and South
American institutes initiated the ‘Marine Biological Investigations in the Magellan Region
related to the Antarctic — IBMANT® program to improve the understanding of the
ecological, biogeographical and evolutionary relations between the Magellan and
Antarctic regions (see Arntz & Rios 1999; Arntz et al. 2005). Because exchange of faunal
elements may have lasted longer and may have been more intense with this near-by South

American system than with any other landmass surrounding Antarctica, the overall
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scientific aim of this program was to assess and explain marine biodiversity on either side
of the Drake Passage, to show what present-day marine fauna and flora on either side look
like and how exchange is reflected in the specific communities, their structures and
compositions. The program was based on several scientific cruises both in Antarctic
waters and in the Magellan region (Arntz & Gorny 1996; CONA 1995, 1997, 1999; Amtz
& Brey 2003). The 1994 “Victor Hensen’ cruise (Arntz & Gorny 1996) obviously initiated
a new period in Magellan marine studies resulting in a large amount of published
information on the marine ecosystem around the southern tip of South America and its
relationships to other adjacent systems. Since this cruise, the Magellan region, in
particular its benthos inventory, has been incorporated into a more global context of
ecology, biogeography and evolution. Some of the results obtained for a variety of taxa
suggest links of the Magellan benthos both to the Peruvian and Panamanian
Biogeographic Provinces and to the Antarctic Province (e.g. Montiel et al. 2005b; Pansini
& Sara 1999). Latitudinal clines in species richness may exist in one or the other direction,
as is suggested for example by some groups such as decapods, stomatopods and
cirripedes, which decrease towards the Antarctic, and sponges, amphipods, isopods and
most echinoderms, which increase (Clarke & Johnston 2003; Arntz et al. 2005). Species
taxonomy and richness data are also available for molluscs, hydroids, polychaetes, and
other peracarid crustaceans. Community studies suggest for the megabenthic epifaunal
assemblages a distinctly patchy distribution, which seems to be determined by medium-
scale environmental conditions rather than by large-scale regional differences (Gutt et al.
1999).

The Latin American ‘Polarstern’ Study (LAMPOS) was planned as a successor of EPOS
(the European ‘Polarstern’ Study) in order to study biogeographical and evolutionary links
between the Magellan region and the Antarctic. Work during this cruise focussed on the
benthic fauna in the Scotia Arc region. Its main objective was to study the influence of
faunal dispersal in the northern and southern chain of the islands and shallows within the
Arc, and thus explore potential pathways of recolonisation of the Antarctic waters from
the Magellan region or vice versa after climate-induced extinctions (Arntz & Brey 2003).
There is still a high degree of similarity between the Magellan and Antarctic faunas, e.g.
in the polychaetes and various echinoderm taxa, but this is not true for all groups; e.g. the
decapods show the opposite. Under the present climate conditions, the Drake Passage with

the Polar Front is a highly effective barrier. The northern slope of Drake Passage is clearly
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Magellanic, becoming only gradually more Antarctic towards deep water, and the same is
true for the northern branch of the Scotia Arc until South Georgia, which represents a
mixture of Antarctic and Magellan faunal elements. The southern slope of Drake Passage
is totally Antarctic, as is also the southern branch of the Scotia Arc, whose faunal
composition is most similar to the Antarctic Peninsula and has overlaps also with the
southeastern Weddell Sea. The most likely mechanisms of dispersal and interchange are
W-E transport with the Antarctic Circumpolar Current and N-S transport with the eddies
generated by the narrowing of the Drake Passage, however with a limited survival rate
south of the Polar Front under present conditions. “Jumping from island to island” occurs
probably only using these vehicles or — in the case of eurybathic species — via the deep sea
(Arntz & Gutt in press, who also present many more details).

Many important studies contributing to the structure and function of the Magellan marine
benthic realm have resulted from the IBMANT scientific program. The results have been
presented on two international scientific workshops and have been published in two

special issues of “Scientia Marina” (Arntz & Rios 1999; Atz et al. 2005).

e Gaps and perspectives

Despite the increasing research activities in the Magellan marine ecosystem during the last
thirteen years, the marine benthic communities south and north of the Magellan region can
be considered as being much more intensely studied than those of the Magellan region.
This was also concluded in recent reviews of Ferndndez et al. (2000), Escribano et al.
(2003) and Valdovinos et al. (2003), who addressed the scarce information about
latitudinal trends in species richness and diversity of benthic communities along the South
Chilean coastline. Consequently research in the Magellan region has to be enhanced to fill
the various gaps still existing.

Several key questions remain and others have emerged new (cf. Arntz 1999; Atz et al.
1997, 2005) within the frame of interactions between Antarctica and other remnants of
Gondwana. One of these questions was ‘How do Antarctic communities compare with
those in other parts of the world ocean?’ This topic is closely related with important
ecological, biogeographical and evolutionary paradigms - for instance, the existence of
latitudinal clines and depth gradients in species richness, the origin of the Antarctic
shallow- and deep-water fauna, predictions of future changes in benthic communities due

to natural and/or human-induced environmental changes, etc.
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A basic gap is still the lack of taxonomic knowledge, which is a prerequisite for ecological
research, for many benthic taxa. Although some progress has been made, e.g. in
polychaete (Montiel et al. 2002; Montiel & Hilbig 2004; Montiel et al. 2004; Montiel et al.
2005a, 2005b) and echinoderm taxonomy (Larrain et al. 1999; Mutschke & Rios 2006),
this basic tool has to gain importance urgently for proper descriptions of benthic
communities, their structure and composition and for the comparison of species richness
and diversity along latitudes. In addition the effort of sampling campaigns has to be
increased in order to complete the Magellan species inventories, the knowledge of which
is a prerequisite for the evaluation of the Magellan Province as a zoogeographical entity
and to allow comparisons with other provinces. Until now, it is very difficult to argue for
significant differences or similarities in species richness and diversity, both at local and
regional scales. How many species can be expected in the entire Magellan region? How
does this species inventory compare with those of other provinces? How varying, patchily
distributed and locally diverse are benthic communities in this topographically diverse
region? These questions remain an important challenge for the next years, activities which
need to be analyzed in the context of climatic changes in benthic communities, the effects
of natural and man-made disturbance, and habitat variability.

All these gaps pose difficulties to evaluate, interpret and predict important aspects related
with biogeographical patterns along the South Pacific and Atlantic coastlines and towards
the Antarctic. Ecological patterns in biodiversity and the urgently needed data for
sustainable use of the ecological and economically important Chilean coastal marine
natural resources are only partly available at the moment. This holds true especially for the

Magellan region.

e Aims of this thesis

This work is based on community studies performed in three marine environments which
are characteristic of the Magellan region. It also intends to summarize recent
investigations on benthic communities in the Magellan region, paying special attention to
those communities which have hardly been considered up to now.

In my own studies, special emphasis is laid on the spatial structure and temporal
dynamics, the species inventories, patterns in organism densities and the diversity of
benthic communities living in:

¢ intertidal boulder and cobble fields
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¢ Macrocystis pyrifera holdfasts

¢ sublittoral bottoms of the south Chilean glacial fjord complex.

The benthic communities studied in these habitats are described in the following papers

and manuscripts:

Publ. I
Rios C & E Mutschke (1999) Community structure of intertidal boulder-cobble fields in
the Straits of Magellan, Chile. Scientia Marina, 63 (Suppl. 1): 193-20

Publ. II Data Report

Community structure of intertidal boulder and cobbles fields in the Magellan region
(unpublished data). To get more detailed insights into the dynamics of such boulder and
cobble communities, also over a wider latitudinal gradient, unpublished data from 8
localities between the Segunda Angostura (Straits of Magellan) and the Cape Horn

Archipelago are included into this thesis.

Publ. IIT
Rios C, E Mutschke & E Morrison (2003) Biodiversidad bentonica sublitoral en el
Estrecho de Magallanes, Chile. Revista de Biologia Marina y Oceanografia, 38(1): 1-12

Publ. IV
Rios C, E Mutschke, A Montiel, D Gerdes & W E Arntz (2005) Soft-bottom macrobenthic
faunal associations in the southern Chilean glacial fjord complex. Scientia Marina, 69

(Suppl. 2): 225-236

Publ. V

Rios C, W E Amntz, D Gerdes, E Mutschke & A Montiel (2007) Spatial and temporal
variability of the benthic assemblages associated to the holdfasts of the kelp Macrocystis
pyrifera in the Straits of Magellan, Chile. Polar Biology. DOI 10.1007/s00300-007-4

The main objective of this thesis is to describe the spatial structure and temporal dynamics
of benthic communities living in each of the three habitat types and to evaluate the
importance of the different structured habitats with their specific communities for the
overall biodiversity of the Magellan region as a zoogeographic province. In a next step

these Magellan benthic communities can be compared with those from adjacent
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zoogeographic provinces in order to arrive at conclusions about specific characteristics of

Magellan (Subantarctic) communities in comparison to benthic communities of other

climatic zones.

Furthermore, various hypotheses have to be checked which are derived from work in

similar (Subarctic) and other (Antarctic, Arctic, temperate) ecosystems:

1)

2)

3)

4)

5)

6)

7)

The heterogeneity of Magellan habitats is reflected in a pronounced heterogeneity also

in benthic communities.

Due to strongly varying environmental factors in shallow waters and more “‘stable”
conditions in deeper waters, the benthos in shallow waters should be more
heterogeneous/patchily distributed than that in deep waters. I expect different
relationships between sample species richness (alpha diversity) and regional species
richness (beta diversity). Here I include also temporal data to the analysis to test if the

expected trend is also observed through time.

As habitat complexity enhances diversity, the richly structured habitats of Macrocystis
pyrifera holdfasts should show high benthic holdfast diversity.

In view of increasing environmental harshness in poleward direction I would expect
latitudinal gradients in major biological parameters such as abundance, biomass,
species richness and diversity.

Beside physical disturbance by means of wind and high current velocities glaciers are
expected to have a strong impact on sublittoral and shallow water benthic faunal
communities due to iceberg scouring, inorganic siltation and terrestrial freshwater
runoff, as shown e.g. by Kloser et al. (1994) in the Potter Cove, King George Island,
Antarctica. | therefore expect benthic communities in glaciated areas or those exposed
to wind and currents to be poorer in species richness, diversity and evenness.

Despite all heterogeneity in Magellan benthic communities I hypothesize that the
Magellan region is a unit ecosystem and has the rank of an autonomous biogeographic
province between the Antarctic Province and the Peruvian Province.

As is typical for comparatively young ecosystems, local benthic communities in the
Magellan region should exhibit low species numbers, high dominance of a few
species, low diversity and low evenness similar to other young areas (e.g. Baltic, North

Sea).
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2. MATERIAL AND METHODS

This thesis covers very different habitats and benthic assemblages in the Magellan region,
from the intertidal zone to sublittoral soft bottoms in >700 m water depth. As I had to base
much of my thesis on material, the procurement of which depended largely on the
availability of ship time and the weather conditions, the approach is sometimes all but
ideal. This adds to the difficulty of studying a very heterogeneous area, which requires the
use of quite different types of gear. For these reasons, not all my results can be compared

directly with each other or with the literature.

As a consequence, I tried to put more emphasis on determining within-site tendencies with
the aim of deducing general patterns and differences between sites. Most likely, temporal
series at each site would have been useful to define more precisely the variability of the
investigated parameters and to facilitate the comparison of means and tendencies, but this
was not possible. So I am trying to combine those data, which were available, and to
arrive at conclusions considering the available literature.

In this chapter I summarize shortly the applied methods and refer the reader for more

detailed information to the respective papers of this cumulative thesis.

2.1 Field Work

1) Studies in intertidal boulder and cobble fields

Benthic organisms were collected directly from the shoreline along transects
perpendicular to the beach contour. In each transect samples were taken at specific
sampling points determined by the beach profile between high and low tide level
according to Emery’s method (1961). In each sampling level 3 random samples were
collected using squares of 50 x 50 cm in upper sandy fringes (if existing) down to 15 cm
sediment depth or 20 cm in the boulder and cobble terrace samples. All samples were
sieved over 1 mm mesh size and the organisms were stored until further analysis in the lab

in 5 % formalin-seawater solution.

2) Studies in sublittoral soft bottoms

Sublittoral studies on benthic communities were performed with different gear:
a) qualitative and semi-quantitative sampling was performed with a modified Agassiz

trawl of 3.15 m width and 1.1 m height; the mesh size of the codend was 10 mm.
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Deployment time on the bottom for each standard haul averaged 12 min. All
organisms in the catches were sorted on board and considered for further analyses.

b) quantitative benthos studies were performed using a McIntyre grab of 0.1 m* sampling
area. The samples were carefully sieved onboard over 0.5 mm mesh size and stored

until further analysis in the lab in 5 % formalin-seawater solution.

3. Studies on Macrocystis pyrifera holdfast associated fauna

Divers performed the collections. The stipeses of each plant were cut before the holdfasts
were detached from the substrate by means of a mechanical lever. Each holdfast was
immediately placed in a labelled plastic bag and kept frozen in the laboratory at —20°C
before later analysis. The holdfast volume (cm’) was estimated and all invertebrates inside
the holdfasts were sorted by dissecting the holdfasts and separating all sediment and
macro-specimens. After sieving all organisms using a sieve with 1 mm mesh size, the
sorted material was analysed under a binocular microscope to separate all the macro-

organisms present in each sample.

2.2 Laboratory work

In the laboratory all organisms were sorted to the highest taxonomic level possible using
standard publications (e.g. Norman 1937; Menzies 1962; Retamal 1974; Bernasconi &
D’Agostino 1977; Castellanos 1998-93; Rozbaczylo 1985). Further help of experts who
assisted in the identification of different taxa is gratefully acknowledged. In addition, the
“Edmundo Pisano Reference Collection” of the Instituto de la Patagonia, Universidad de
Magallanes, served as a tool for species identification. In a next step densities and biomass
(wet weights) of the quantitative samples were adjusted to 1 m? basis in order to allow
comparisons between samples and regions. In case of the holdfast associated fauna
standardization was done to 1,500 ml holdfast volume. The qualitative samples were

standarized to presence/absence.

2.3 Statistical analyses

Abundance data of all macrobenthic replicates obtained for each type of habitat were
analysed by means of univariate methods and distributional techniques using the PRIMER
v5 software (Clarke & Gorley 2001). Diversity indices (Shannon-Wiener diversity H'-
logy) and evenness index J were calculated from species abundance data. The spatial

distribution of each sampling site was analysed by means of nonmetric multidimensional
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scaling (n-MDS) and by an agglomerative hierarchical clustering. The matrix of
similarities was based on the Bray-Curtis similarity index (Bray & Curtis 1957). Prior to
the analysis, a double square-root or a presence/absence transformations was applied.
Differences between groups of samples were addresses using the ANOSIM (“analysis of
similarities”) test and routine SIMPER (“similarity percentage’) was used to discriminate
species and their percentage contribution to similarities within and dissimilarities between
the groups defined by the cluster and MDS analyses. ANOVA and post-hoc tests were

performed using the software StatView®.
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3. PUBLICATIONS

In the following section the publications that constitute this thesis are included and my
contribution thereof is explained.

As a first author of all the articles, I have the responsibility for the main ideas and
concepts of each of the publications included in this thesis. I wrote all the initial
manuscripts and the final version was a joint work with all co-authors. I participated in all
field campaigns and contribute to take the samples considered for the investigations.
Under my responsibility the campaigns were organized and sampling strategies were
planned

Publ. I, the second author (E. Mutschke) contributed to the sampling in the field and in
the taxonomical work in the laboratory. The sampling and analytical procedures and
statistical analyses were carried out by both authors. I wrote the manuscript together with
the co-author.

Publ. II Data Report, the initial idea originates from myself. I was responsible (and still
I’m) for all statistics analysis and guided taxonomic work.

Publ. III, the second author (E. Mutschke) contributed to elaborate the conceptual
approach of the project to be presented to the Chilean Oceanographic Committee
(CONA). She participated in the field campaign to the South Patagonian Icefield and to
the Straits of Magellan and in the sorting and analysis of the samples. The third author (A.
Montiel) helped to sort the samples and he participated in the taxonomical work. The last
two authors (D. Gerdes and W. Arntz) contributed to the analysis of data and helped to
improve the final version of the manuscript.

Publ. IV, both co-authors participated in the sampling procedures on board, in the sorting
of the biological material, in the taxonomical work and contributed to the analysis of the

data.
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Publ. V, the first co-author (W. Arntz) contributed to define the scope the work. The
conceptual approach, objectives and the analytical procedures were defined with the
second co-author (D. Gerdes), who in addition improve the final version of the
manuscript. The third co-author (E. Mutschke) participated in the design of the sampling
procedures, in the field campaigns an in the taxonomical work. A. Montiel contributes in

the sampling campaigns and with the taxonomical work.
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Community structure of intertidal boulder-cobble
fields in the Straits of Magellan, Chile*
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SURMARY: Based on guantitative samples taken along 4 transects in mobile hard-bottom intertidal areas of the Canal
Whiteside, Mapellan region, biotic ¢ itton, abundance and distribution patbems are deseribed. The intertidal subsirates,
mainly fomed by boulders and cobbles, represent highly heterogenous habitats fom the structaral poant of view, and
demronstrated a speeses nchmess higher than previowsly mentioned in some preliminary repores. COmIMUmIty stmcture pars-
meters (abumdance, species mchmess, diversity, md evenness) were not homopenous in the stdy areas, suzgesing local
dynamues. Dafferences in the vertical distribunon of crganisms were also found, suggesting changes of the zonation pattemn
alang the beach profile. The macrofannal assemblages were domunated by few species, with different 5:E:tiﬁ|: sitions
between transects. In peneral, representatives of Mollusca (Myrifus chifemziz, Perumyriiur purpirans), Polychaeta (Hemipe-
dus simplex), and Amphipoda (Parameera fissicanda, F. brackyura, Transorchestia chilensiz) were the nomerically domi-
nant groups. In terms of biomass, molluscs were highly domment, mainly M. chilensis and P. purparatis. Among the
macroalgae, thodophytes were the proup with the highest presence, bat Dive Jaciiea (Chlor 2} was the domunant
specizs. In the upﬁusgn:l}' ftemace, 10 macToorpanisms were foand. Several species found at Canal Whiteside have a wide
circnrnpalar dismbadan in Sub-Antarcte Tegions.

Eey words: Magpellan region, diversity, intertidal zone, bonlder-cobble beach, benthos.

RESUMEN: EsTREUCTURA DE LA COMUNIDAD EN CAMPOS INTERMAREALES DE ELOQUES T CANTOS DEL EsteEcHD DE Maca-
Lranes, Czmre — A pertir de muestras cuantitativas tomadas en cusiro transectos paralelos a la linea de cosfa, st desenibe Ly
oomposicion bidtiea v los nes de distibucion ¥ abunpdancia de una comumnidad intermareal presembe oo ambienies de
fondes dures moviles en el Capal Whiteside, Repion de Mapallanes. El snstrato intermareal, formade prineipalments por
bloeques v cantos, representa un habitat altamente hetetopenes {ammum.: tma rgueza de esperies mayor que la menciona-
da en alpunos mformes preliminares. E3111:“:-5 parameires de la estroctura comanitana (abundancia, ngueza de especics,
drversidad ¥ equitabibdad) mostraron diferencias en el area estudiada, supimiendo dinamicas locales. Se encontraron dife-
rencias en la distibucidn venical de los orpanismos, sugiiendo cambios en ¢l patrdn de zonacion a lo larzo de la plava. La
comunidad estove dominada por unas pocas especies, aungue la composicion especifica varara entre mansectos. Los gro-

s pumiTicamente dominantes fueron Mollusca (dysifus chifensis, Perumtilus puwrpirates), Polychaeta (Hemipodus sim-
plex) v Amphipoda (Parameera fisicauda, P. brocaywra, Transorchesiia chalensis), En biomasa, los moluscos, principal-
mente M. chilensis v P. purprrares foeron altaments domdnantes. Entre las macroalgas, el grupo de las Bhodophyta fae el
mis representativo aungue Uva lectuca (Chlorophyta) fue la especie dominante. En la parte superior arencsa de la plava no
58 ENCONITATON Macroorzanismaos. Warias especies encontradas en ¢l Canal Whitzside mussman una amplia disoibucion en
1a zona subantartica.

Falabras elave: Region de Magallanes, diversidad. zona intermareal, playas de blogques v cantos, bentos.

*Accepted March ©, 1900,
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INTRODUCTION

Along the shereline of the Magellan region, a
typical and representative mobile hard-bottom sub-
strate is formed by boulder-cobble intertidal fields,
orginated by glaéial processes about 12,000 years
ago (Clapperton er al., 1993). From a stmctural
point of view, this type of physical habitat can be
considersd as an intermediate situation between soft
substrate (¢.g. sandy beaches) and typical hard-bot-
tom substrate (1.e. rocky shores).

Initial studies in this intertidal habitat started after
the 1574 “Metula™ oil spill in the Straits of Magellan
(see Guzman and Campoddnice, 1981). More recent-
Iy, some community characteristics have besn pre-
liminarly described in arsas located at the Cape Hom
Archipelago (Rios and Guzman, 1982; Guzmén and
Rios, 1985 ) and at several sites in the Strait of Mag-
ellan (Fios and Gerdes, 1997; Rios and Mutschie,
1995; Mazzella and Gambi, 1993). A low species
rchness and diversity has been reporied especially
for some sites in the Straits of Magellan (Benedetti-
Cecchi, 1996). Eecenfly, Benedetti-Cecchi and Cingl-
li (1997} have shown inconsistency in pattemns of ver-
tical distributon (ie. no general pattemn of zonation)
of macroalgas and invertebrates in rocky intertidal
sites in the Soraits of Magellan.

Specific studies have been developed on individ-
ual growth, reproductive biology, and distribution
and abundance of some dominant boulder-cobble
intertidal species (Guzmdn and Rios, 1987, Rios et
al., 1987; Santana, 1997; Guzman, 1978; Langley ot
al., 1980; Miranda and Acufia, 197%).

The aim of this paper is to provide, in a broad
sense, 4 descripion of the macrofaunal and floral
assemblages and their distribution and density pat-
tems, based on surveys carried out in a boulder-cobble
intertidal system lecated in a secondary branch of
the Straits of Magellan. Analysis of vertical distrib-
ution patterns of species in this intertidal habitat was
done in order to define zonation patterns, which are
kEnown from other intertidal boulder-cobble fields
{e.g. Rios and Guzman, 1982; Guzmin and Rios,
1984) in the Magellan region. Finallv, our results are
compared with information reported from other
Subantarctic areas.

MATERIAL AND METHODS

Data used in this paper were collected during
MNovember 1994 in Canal Whiteside, located in the
eastemn part of Isla Tisma del Fuego (Fig. 1). Canal
Whiteside is considered as one of the two secondary
basing, which branch off from the basin of Punta
Arenas. It is about 20 km long and 10-15 km wide
(Brambati er al., 1991). No information is avaliable
in relation to hydrography or biclogical features of
this area.

In the sampling area, the intertidal zone consist-
ed physically of an upper sandy-gravel beach and a
terrace of boulder-cobble substrate, originated from
deglaciation processes, which occurred in the Mag-
ellan region ca. 12.000 vears ago (Unbe, 1982). In
this area, boulders and cobbles rest on a sandv-sedi-
ment matrix (Fig. 2). Types of sediments are classi-
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FIc. 1. — Scheme of a typical boulder-cobble intetidal zone in Canal Whiteside (a) and of the beach
profiles in the four sampled transects (T1-T4) (o). EHWS = exitreme high tide level for spring tide;
EL'WE = extreme low tide level for spoing tide. {*zpecific samplins podniz).

fied according to the Wentworth grade classification
(Buchanan, 1584).

Four transects of the beach separated by 1 km
each and differing in the length of the upper sandy
fringe and boulder-cobble temrace were selected to
describe distribution and abundance pattems of
macroalgae and macrofauna. In each transect, sam-
ples were taken in lines 4 m wide each, mnning per-
pendicular to the shoreline from the top of the inter-
tidal zone to about mean low tide level Transect
profiles (Fig. 2) were done according to Emery’s
(1561) method.

Specific sampling points along the transect pro-
files (see positions in Fig. 2) were determined by the
beach width during low fide. In the upper sandy
fringe, three random samples of sediment were col-
lected in each sampling point using squares of 30 &

30 cm and 15 cm (sandy sediments) or 20 cm depth
(boulder-cobble area). They were sieved in st over
1 mm mesh size to retain the macrofauna. In the
boulder-cobble terrace a mixture of sampling proce-
dures was emploved, but always three random sam-
ples were taken at each sampling point. First, all the
macroorganisms attached or found on the undersur-
face, sides or below the boulders or cobbles, present
on a surface of 0.25 m®were manually cellected. In
a second step, each boulder or cobble inside the 0.23
m* surface was lifted onto its side or overturned and
all the sediment below was collected and sieved in
situ over 1 mm mesh size to sort the macroinfauna
fraction. All sorted biclogical material was fixed in
3 % buffered formalin for later analysis.
Distribution and abundance of macroalgas and
cirripedes along each transect were evaluated by
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TasLE 1. — Mean abundanes of macroalzas (% of coveraze meluding Cimnipedia) and total oumber () and biomass (5; @) of animal species
or major tama (presented as BB} collecied in the four mansects (T1-T4) of Canal Whiteside.
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cover estimations using an optically-sighted point-
frame of 0,253 m®, with 100 points defined by super-
imposed pairs of cross wires. At each sampling
point, three of the four squares were evaluated.

All collected animals of each species or major
taxon were counted and their wet weight was deter-
mined after blotting on filter paper until dry. Mean
abundance and biomass data of each species or of
major taxa (on m* basis) were calculated for each
sampling point.

Mumerical procedurss emploved for the analy-
sis of the biological data were performed using the
Flvmouth Rountine In Multivariate Ecological
Research (PRIMER) computer package (Clarks
and Warwick, 1994). Using logarithms to base “e”
indices of species richness (Margalef's d), Shan-
non-Wiener diversity (H') and evenness (Pielou's
T) were calculated and the significance of the dif-
ferences between transects was tested by one way
ANOVA. Comparisons among values were done
with the unplanned multiple comparison test LSD
(Least Significant Difference; Sokal and Rohlf,
1953). Hierarchical clustering technique (PRIMER
routine CLUSTER) was used fo discriminate
groups of samples and to show faunistic zonation
patterns along the beach profiles of fransects 1, 2,
and 3. Transect 4 was not considered in the analy-
sis due to the physical features of the beach which
allowed samples to be taken at only three sampling
points (see Fig. 2). Similarity was estimated by the
Bray and Curtis (1957) similarity coefficient mea-
sure for double square-root transformed species
abundance data.

RESULTS

Animportant feature of all transects was the total
absence of macrofauna (animals =1lmm) and
macroalgas species in the upper sandy frings. Con-
sequently, all further descriptive analyses are valid
for the terrace of boulders and cobbles as the main
site for the establishment of intertidal macrobenthic
communities.

A total of 6 tamonomic groups and &0 species
were collected from the four transects. Macroalgas
were present with 17 species, polychastes with 11,
crustaceans with 12, molluscs with 17, echinoderms
with 2, and one fish species was found. All species
of actinians, turbellarians, nematodes, nemerteans,
oligochastes and holothurians were considered as
one taxon each (Table 1).

g g :{
- =
4 .,

TH{) To{R) T2{o) T2{e) T3(0) Ta() Te(n) TH(E)
TRANSECTS

Fiz. 3. — Mean biomass (vet weight) and den=ity of marrobenthios
in the four ransecis in Canal Wheteside

Awverage abundance in terms of number of indi-
viduals m* varied between 1447 (transect 1) and
16773 intransect 4 (Fig. 3). The highest biomass val-
ues were obtained in transect 4 (330008 gm®) and the
lowest (336.2 g/mr®) in wansect 2 (Fig. 3). Differences
in mean abimdance and biomass for the four transects
were statistically significant (ANOVA: p = Q001
The unplanned multiple comparison test LSD applied
to the mean number of individuals indicated that val-
uss of mansect 4 differ significantly from the other
thres transects (p < 0.03), whereas no sipnificant dif-
ferences occurred between transect 1 and 3 (p =
0.286) and transect 2 and 3 (p = 0.143). The same test
applied to bicmass values showed that transect 4 dif-
fered significantly from the other three transects (p <
0.0001), and the differences betwesn fransects 1, 2
and 3 were not significant (p > 0.03).

The composition of species and major taxa also
was highly heterogenous between the fransects.
High dominance of few species or major taxa and
high numbers of taxa comprising less than 2 % of
the total number of individuals were characteristic
of all four transects (Table I). A high number of
species (n = 40) was collected in transect 1, but the
dominance of 2% species and major faxa was less
than 2 %. In this transect the amphipod Paramosra
Jissicauda was the dominant species (23 %) fol-
lowed by the bivalves Mytilus chilensiz (15 %) and
Perumytilus purpuratus (14 %), A total of 11
species and tamonomic groups were collected in
transect 2, and P purpuranis (45 %) and M. chilen-
53 (47 %) were the numerically dominant species.
Both bivalve species were also dominant in fransect
3 and 4, and in the later transect, M. chilensis repre-
sented 89 % of the total number of individuals
(Table I). Both bivalve species seem to develop a
single-laver bed. In terms of biomass, a clear dom-
inance of bivalve molluscs was found in all four
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TA=LE 2. — Percent dominance in namber (7 and bicmazs (B} of tawa

m the four transects {T-1 7 T-%) of Canal Whiteside, Tierma del Foepo.

Caterory “Others” includes all animals with dominances £ 2 %. * indicates presence but £ 2 % dominance of the coresponding tma.

Transects T-1 T-2 T-3 T-4

Tma N B N E I B 3] B
Paramsera fissicauds 226 - . - 1& - - -
Mytilus ohilensi 153 64.2 47.0 G606 4.9 Tl1 B2.7 e74
Perumytilus prrpurarus 143 200 458.9 380 26.7 Il.l 5 >
Transorchssiia chiliensis g3 - . - - - -
Paramsera brochyrs 52 - - 6.6 -

Hyaiz hirtipaima - - - . - 23

Noecslla magellanios 4B 7.2 - 54 .

Noeslla deavwrata 4.7 4. - - -
Hemipodus simplex 17 S S S
Turbellaria 52 S S S

IMemerting 21 S S S
Halothuroidea 15 - - - - - - -
Orhers 11% 42 41 04 3.6 21 100 26
Tatal number and biamass (g} 1324 6392 3490 2389 3454 7 5031 F201
Tatal mamber of t=xa 2D 11 1= k1]

ransects, with M. chifemsis being the dominant
species, representing between 61 % (wansect ) and
97 % (mansect 4) of the total biomass.

A total of 17 macroalgae species were deter-
mined for the studied area (see Table 1), however,
with high variability in abundance between the four
ransects. Species number ranged between 3 (tran-
sect 4) and 10 (transect 3). On average, Ulva laciu-
cid was the most abundant species in this area.

Species richness and diversity were not homoge-
neous (Fig. 4). According to ANOWVA applied to
each index used, richmess (F=5.338; p=0.004),
diversity (F=6.03; p=0.002) and evenness {F=5.858;
p=0.003) were significantly different between tran-
sects. The unplanned multiple comparison test with
L5D suggests possibilities to cluster the transects
into different categories according to the utilized
index. Richness in transects 2 and 3 was significant-
Iy different from values obtained in transects 1 and

4_For H' it is possible to group transects 2, 3, and 4
which differed significantly from transect 1. Even-
ness obtained for transect 4 differed significantly
from those calculated for transect 1, 2, and 3.
Measurements of similarity of species abundance
between samples by means of cluster descriptive
analysis are shown in the dendrograms of Figure 5.
High heterogeneity was obtained at stations 1 and 2
in all fransects, and relatively high homogeneity at
stations 3-4, 5-6 in transect 2 and stations 11-16 in
transect L. Staticn 7 from transect 3 (with cnly three
species and low abundance each) also has a great
dissimilarity compared to all the other sampling sta-
tions of the transect. Independant of the similarity
level chosen for grouping, stations im all ransects
can be ordered according to their pesition on the
beach profiles, i.¢. no samples from the upper part of
the beach are grouped with samples taken down on
the shore. At an arbitrary similarity level of 30%,

1.04 ’
LY R — 2.07 pwversITY (W) EVENMESS (4]
0.8
4.0 1.5 { Q |} %
304 } 0,6 4
1.0
2.0 1 } L
0.5
1.0+ ¥ 024
¥
" . " i 0.0 ' 5 & — 0.0 - + - +
o - R 1 2 3 1 3 3 oa

TRANSECTS

Fiz. 4. — Species michness, diversity (H') and evenness {I7) bazed on animal species sbundance data along the four studied transects in Canal
TWheteside.
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samples are divided into 6 groups in transect 1, and
4 in transect 2 and 3. These proups can be associat-
ed with different beach height.

DISCUSSION

Data on structure and organization of marine
infertidal commumities are scarce for the Magellan
region, although some effort has been made fo

describe the main features of the assemblages inhab-
iting the infertidal boulder-cobble system of the
region (£.g. Guzman and Campoddnico, 1921; Rios
and Guzman, 1982; Guzman and Rios, 1986; Corne-
jo, 1996; Rics and Gerdes, 1997; Benedetti-Cecchi
and Cinelli, 1997).

One important feature of this type of intertidal
zone is the relatively high level of species richness
found with more intensive surveys at some locali-
ties. In our study we recognized at least 17 macroal-
gae species and 44 macrofauna species, even though
we excluded from the analysis taxa such as actini-
ans, furbellarians, nematodes, nemerteans,
oligochastes and holothurians due to restricted taxo-
nomic knowledge. In Bahia Laredo, which presents
a similar type of physical habitat, Ries and Gerdes
(1867 recognized at least 26 invertebrate species
inhabiting the top surface of boulders and cobbles,
and the molluscs Mynlus chilensis, Lacvilittoring
caliginosa, Eerguelenella lateralis, Pareuthria
plumbea, Nacella demigrata, Acanthing monodon
and Trophom geversianus wers most abundant.
Comejo (1996) determined at least 56 macroalgas
species in the same area. According to Mutschke ef
al. (in press) at least 110 benthic species including
macroalgas and macrofauna ocour in the boulder-
cobble intertidal zone in the Straits of Magellan
inhabiting the top surface of rocks, the interstitial
area and fine sediment below the boulders and cob-
bles. These results are in contrast with those pub-
lished by Benedetti-Cecchi (19%6) and Mazzella and
Gambi (1993), who reported both low species rich-
ness and diversity for some intertidal zones in the
Magellan areas, but based on more restricted and
isolated sampling effort.

As has been reported for Subantarctic and
Antarctic areas (e.g. Amand, 1%52) and for the
Straits of Magellan (¢ g. Rios and Gerdes, 1997), the
biotic assemblages of inferfidal boulders and cob-
bles at Canal Whiteside were highly deminated by
one or two species, whereas the others were rare or
very rare. In this sense, the stndied comnmnity can
be considered as a Mynlus chilensiz-dominated
community, with mmssels forming a single-layer
bed. Intersstingly, the microhabitats formed by M.
chilensis do not enhance species fchness by the
establishment of specific assemblages of different
sessile and mobile organisms, as has been suggested
as typical for mussel beds (2.2, Alvarado and Castil-
la, 1996). Transect 1, with its lower M. chilcmnsis
dominance as compared to the other three fransects
showed the highest species richness.
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Deminance of mussels in abundance and bio-
mass (mainly Mynlus chilensis and Perumynilis
purpuratis) seems to be characteristic of communi-
ties in boulder-cobble coversd arsas in the Magellan
Fegion. Other typical epifauna species of this habi-
tat are the herbivorous limpets of the genus Nacella,
which have a wide circumpolar distribution {e.g.
South Georgia: Davenport, 1997, Heard Island:
Smith and Simpson, 1985, Macquarie Island: Simp-
son, 1976a). In Antarctic areas, N. concinna is the
dominant limpet in some intertidal arsas (eg.
Camus, 1993, Enox, 1994; Castilla and Rozbaczylo,
1585). In the Magellan Region, N. magellanica and
N. deaurara are the dominant species of this genms
(e.g. Rios and Gerdes, 1997; Rios and Guzman,
1582). Circumpolar distribution occurs alse in other
faunal and floral elements of the stodied intertidal
area. Macroalgae such as Enteromorpha, Porphyra,
Adenocystis, Urospora, and fridaca have been
reported for the intertidal zone of Fobert Island in
the Antartic Peninsula (Castilla and Fozbaczylo,
1985), and Porphyra and Enferomorpha are com-
mon in the solid-rock intertidal zone at Macquaris
Island (Simpsen, 1976b) and Heard Island (Smith
and Simpsaon, 1985). Benthic species like the isopod
Evosphacroma gigas, the chiton Plaaphora murarta,
and also the genus Anasterias (sea star) are present
in s0lid rocky-shore substrates at Macquarie Island,
but those types of habitat are largely dominated by
macroalgae (Simpson, 1976b). Amaud (1574)
found, in an extensive study of Antarctic and Sub-
Antarctic marine benthos at Kerguelen Island, sev-
eral animal species, which also ocowrred at Canal
Whiteside, like the brachyuran Halicarcims plana-
s and the gammarids Paramocra fissicawda and
Hyale hirfipalma. These results are consistent with
the biogeographical regions mentioned by Enox
(1954 for the benthos of the Southem Ocean, which
include the Magellanic sub-region as a Sub-Antarc-
tic District as well as areas located in the eastem part
of the Pacific like Heard Island, Macquarie Island
and Kerguelen island. Recently, it tumed out that the
decapod fauna of the southem tip of South America
includes species with Antarctic distribution (Amitz
et al., 1559,

Although the grouping provided by the cluster
analysis must be regarded with a certain degree of
caution, our results suggest a clear Zonation pattem
of species along the transects of a boulder-cobble
shore, in contrast to results of Benedetti-Cecchi and
Cinelli (1957}, who concluded from a small data
base the non-existence of a general pattem of zona-
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tion in the rocky intertidal of the Straits of Magellan.
Bahia Laredeo, cne of the areas studied by Benedet-
ti-Cecchi and Cinelli (1557) and emoneously con-
sidered as a (sic) “site with continnous rocky shore™,
represents a typical boulder and cobble intertidal
zone similar to the shore of Canal Whiteside studied
by us. For that area, Rios and Gerdes (1997) report-
ed differences in the vertical distribution of epifan-
nal species, a pattemn also found in Canal Whiteside.
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II: DATA REPORT

Publ. II: INTERTIDAL COMMUNITY STRUCTURE (UNPUBLISHED DATA)

Glacier advances and retreats make different types of boulder and cobble intertidal
terraces a characteristic feature along the entire Magellan shoreline up to almost 10 m
depth or even more. In addition to the results reported in Paper N° 1 for Canal Whiteside
in the western part of the Straits of Magellan, further unpublished data from different
localities between the Straits of Magellan and the Cape Horn Archipelago indicate
significant differences among and within macrozoobenthos communities determined by
environmental differences of the habitats. These differences become obvious in species

abundances and biomasses as well as in diversity, evenness and species richness.

Table 1. Abundance (ind m? + SD ), biomass (g m™~ %S D), Shannon-Wiener index (H’),
evenness (J) and total species numbers (S) per study site from the macrobenthic
assemblages of boulder and cobble intertidal zones of the Magellan region. n=number of
sampling stations, each sampled with 3 replicates. Bold: austral summer sampling

Locations n Sampling date Alzliln;igl;ce }iifglgis H’ J S
Caleta Toledo 15 | November 1993 4’(018613'1;-*135,979;32 ?7237 ft'izs%‘:‘iﬁ 1,87 | 0,54 | 29
Caleta Lientur 16 | November 1993 1’61(3':014,1535'84 (329;2 iggig) 1,51 0,51 | 19
Seno Canoa 9 |  January 1994 8(4272;1;16;;%1 2’(7()9.??016,21’2;?5'53 1,93 | 0,66 | 17
Seno Indio 9 |  January 1994 6(6146"1(;—*14,;3:‘)0 1'332’3013,19’32_63';‘9 1L,71] 0,62 | 15
Canal Whiteside* 35 | November 1994 4(‘5154"1;-*372;‘74)4 (0‘?‘2'3‘?0'-*5’195386'1789) 1,32 | 0,68 | 50
Cabo Negro 11 November 1995 1’6(2319'2t;"- 41,,638699).35 86:3 3)-‘23:)?8 1,16 | 0,36 28
Seno Otway 30 | November 1995 1"3‘1"14 t'ﬁ ;Zgg.)oo (91‘?2‘5011'385339‘?(;‘) 0,76 | 033 | 10
Cabo Negro 12 June 1995 2%79 :—; 295562')07 (zgf‘éifﬁggfg) 1,08 | 037 | 22
Seno Otway 25 June 1995 3 1(11'16 :—; 2822‘;')89 3(91%(')35 6116555)3 1,55 | 0,61 | 11
Bahia Posesion 14 July 1996 Z(Ei'tloﬁ ’347239'59 (1; (5)'?;1 ’2076*1&0) 127 050 | 13
Terminal Clarencia 12 July 1996 33(2';) :-; 28‘;‘;)3 0 é;iijﬁﬁ '5?3) 1,96 | 0,63 | 24

*data from Rios & Mutschke (1999)

A total of 66 macrofauna species plus seven major taxa such as nemerteans, anthozoans,
turbellarians, oligochaetes, priapulida, ascidians and nematodes were identified in the
boulder and cobble intertidal assemblages (Appendix I). Caleta Toledo and Caleta Lientur
as unprotected exposed habitats with higher disturbance probability (instable

substrates/wave action etc.) in the Cape Horn Archipelago are dominated by motile tiny
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crustaceans such as e.g. Exosphaeroma gigas and Paramoera fissicauda. The fauna at
these southernmost sites appeared rather diverse and rich in species as compared to the
sites in the Straits of Magellan. At these more protected and stable intertidal areas Seno
Indio, Seno Canoa and Canal Whiteside in the western part of the Straits sessile organisms
such as the bivalves Mytilus chilensis and Perumytilus purpuratus dominated the fauna.
All sites studied in the Straits of Magellan appeared less diverse as compared to the Cape
Horn sites. Seno Otway in the central part of the Magellan Straits showed lowest species
numbers with high dominance of the bivalves Perumytilus purpuratus and Mpytilus
chilensis. The composition of the Cabo Negro community composition resembles more
the western sites in the Straits. The study sites in the Cape Horn Archipelago differ from
those of the Straits of Magellan by the absence of an ‘upper sandy fringe’ which normally
connects this habitat directly with the terrestrial system. Consequently more terrestrial
invertebrates such as terrestrial worms, spiders and isopods were present.

No clear latitudinal trend in abundance among the sites in the Cape Horn Archipelago and
the Straits of Magellan became obvious. The mean abundance at Caleta Toledo was
outstanding high (4,081 ind m'z), areas like Cabo Negro, Seno Otway, Caleta Lientur,
Seno Indio and Seno Canoa showed intermediate densities (Fig.1A) and Canal Whiteside
was the area with the lowest mean density (466 ind m™).

According to an ANOVA test the differences among sites were significant (P< 0.0001).
Pairwise post-hoc test (Fisher’s PLSD) showed the higher value from Caleta Toledo to
differ significantly from all other values (P<0,0001); the lowest Canal Whiteside mean
abundance furtheron differed significantly from the values of Seno Otway and Caleta
Lientur.

As did the abundance values the biomass average values, too, varied considerably between
a maximum (2792.7 g wet weight m™?) at Seno Canoa in the western part of the Straits and
a minimum value of 269.7 g m™ at Caleta Lientur in the south. Contrasting, however,
biomass values seem to increase from south to north (Fig. 1B). ANOVA test (P<0,0001)
evidenced also for biomass significant differences among sites. According to the Fisher’s
PLSD post-hoc test, only the high biomass at Seno Canoa differed significantly from all
other values, whereas the lowest value obtained at Caleta Lientur differed significantly
from Seno Indio, Cabo Negro and Seno Canoa.

Mean biomass values, too, evidence a patchy distribution, however, without any

latitudinal trends. Instead the data show sites with high abundances to be low in biomass
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and vice versa suggesting a change in the benthic communities from tiny motile forms in
the south to few but big grown sessile forms in the study sites along the Straits of

Magellan (Fig. 2).
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Fig. 1: Mean abundance (A) and biomass (B) values (+ SD) of macrozoobenthos samples
from boulder and cobble intertidal zones of different regions in the Magellan region.

Cape Horn region: 1 = Caleta Lientur 2 = Caleta Toledo
central Straits of Magellan: 3 = Seno Otway 4 = Cabo Negro
western Straits of Magellan: 5 = Canal Whiteside 6 = Seno Indio 7 = Seno Canoa

In the Cape Horn area (Caleta Lientur and Caleta Toledo) the most important species are
peracarid motile little crustaceans such as Exosphaeroma gigas and Paramoera
fissicauda, whereas sessile species, especially the bivalves Mytilus chilensis and

Perumytilus purpuratus dominate the sites in the Straits of Magellan.

A heterogeneous spatial and temporal variability of the intertidal assemblages was clear in
all the sites, reflecting a patchy occupancy of the habitat, both along the intertidal profiles
(zonation) and also between spaced profiles, related with very local abiotic and biotic
factors. Probably, the crossed effects of size of sediments, the degree of compactness of
the finer soft-sediment matrix below the boulders and cobbles, the presence/absence of an
upper intertidal related sandy fringe, and the degree of exposure to waves are among the
most important factors in determine abundance and biomass, types of organisms, species

richness and diversity in this type of intertidal habitat.
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. gastropods % isopods

Cape Horn Area

amphipods E polychaetes E others E echinoderms I:Ibivalves

Caleta Toledo

echinoderms 0.1 %

Caleta Lientur

gastropods 0.3 %

Central Straits of Magellan

Cabo Negro

echinoderms < 0.1 %

Seno Otway

echinoderms < 0.1 %
polychaetes 0.1 %
others 0.3 %

Western Straits of Magellan

Seno Indio

isopods 0.1 %

Seno Canoa

echinoderms 0.3 %
polychaetes 0.6 %

Canal Whiteside

echinoderms 0.8 %
isopods 0.5 %

Fig.2: Composition of the macrozoobenthos communities in intertidal boulder and cobble
terraces of different regions in the Magellan region based on abundance values.
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As obvious in the abundance and biomass patterns distinct differences also were evident
in diversity, evenness and species numbers among sites. The mean species numbers per
sample in the different study sites ranged from 3 species m™ in Seno Otway to 12 m™ in
Cabo Negro (Fig.3A). Concerning species numbers Seno Otway with lowest and Cabo
Negro, Caleta Toledo and Canal Whiteside with highest species numbers are outstanding;
significant differences, however, only existed between Cabo Negro and C. Whiteside and
Caleta Toledo and Whiteside. Beside the lowest average species number Seno Otway was
special by differing significantly in diversity from all other sites (Fig.3 B), whereas the
mean evenness significantly differed from Canal Whiteside, Caleta Lientur and Seno Indio

(Fig.3 ).
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Fig.3: Species numbers (A), diversity (B) and evenness (C) for intertidal boulder and
cobble sites in the Magellan region; values represent means per sample

Cape Horn region: 1 = Caleta Lientur 2 = Caleta Toledo
central Straits of Magellan: 3 = Seno Otway 4 = Cabo Negro
western Straits of Magellan: 5 = Canal Whiteside 6 = Seno Indio 7 = Seno Canoa
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It is interesting to mention that beside this significant differences in the mean diversity
only existed between C. Whiteside and the two other sites Seno Canoa and Seno Indio in

the western part of the Straits of Magellan.

Altogether these community parameters evidenced a patchy distribution in the different
Magellan sites, but they did not evidence any significant patterns related to latitudes, they
rather seem to be ruled by the specific environments of the study sites.

Community structure also was compared considering temporal variability in two sites in
the Straits of Magellan (Fig. 4). At both study sites ANOVA reveals significant
differences between summer and winter in all parameters (P< 0.0001, P= 0.0001 and P=
0.0027 for species number, diversity and evenness, respectively). Seno Otway again
appeared special with species numbers being almost the same in both periods, whereas H”
and J were significantly different (Fisher’s test P = 0.009 and 0.0003, respectively) with
higher values in winter time Contrasting in Cabo Negro the mean species numbers
differed significantly between the periods (P< 0.0001) with summer values being almost
three times higher than in winter, whereas neither H" nor J differed significantly at this site

(Fisher’s test P = 0.570 and 0:394, respectively).

Cabo Negro Sero Otway

\,
—0—
0

= 1 !

SUMMER WINTER SUMMER WINTER

Fig.4: Species number (A), diversity (B) and evenness (C) in intertidal boulder and cobble
assemblages of two study sites in the central Straits of Magellan, sampled in Austral
summer and winter; values represent means per sample.
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APPENDIX I

MEAN ABUNDANCE (ind m?) AND BIOMASS (g m™~) OF MACROBENTHIC
ORGANISMS SAMPLED IN DIFFERENT BOULDER AND COBBLE

INTERTIDAL TERRACES IN THE MAGELLAN REGION

35



II. DATA REPORT

SENO CANOA Sampling stations
ABUNDANCE stl st2 st3 st4 st5 st6 st7 st8 st9 TOTAL
Amphipoda Indet. 0 0 0 212 120 680 0 0 0 1012
Polychaeta Indet 0 0 0 8 0 0 0 0 40 48
Oligochaeta Indet 28 32 36 0 16 32 0 0 100 244
Aranae Indet 3 2 0 0 0 0 0 0 0 5
Exosphaeroma gigas 0 0 0 0 0 40 24 4 440 508
Halicarcinus planatus 0 0 0 32 20 0 24 0 32 108
Acanthocyclus albatrossis 0 0 0 0 0 0 0 0 4 4
Mpytilus chilensis 0 0 0 872 892 580 60 132 220 2756
Aulacomya ater 0 0 0 0 0 0 224 280 232 736
Perumytilus purpuratus 0 0 0 344 208 124 208 112 104 1100
Nacella deaurata 0 0 0 0 0 0 0 16 0 16
Nacella magellanica 0 0 0 20 32 16 0 0 0 68
Pareuthria plumbea 0 0 0 0 0 4 0 0 8
Laevilittorina caliginosa 0 0 0 36 0 60 0 0 0 96
Siphonaria lessoni 0 0 0 68 40 24 156 256 344 888
Chaetopleura peruviana 0 0 0 0 0 0 0 4 0 4
Harpagifer bispinis 0 0 0 4 4 0 0 0 0 8
Anasterias antarctica 0 0 0 0 0 0 0 12 8 20
TOTAL 7629
BIOMASS stl st2 st3 st4 stS st6 st7 st8 st9
Amphipoda Indet. 0 0 0 1.31 0.45 3.35 0 0 0 5.11
Polychaeta Indet 0 0 0 0.004 0 0 0 0 0.09 0.094
Oligochaeta Indet 0.9 0.6 1.6 0 0.05 0.05 0 0 0.06 3.26
Aranae Indet 0.22 0.19 0 0 0 0 0 0 0 0.41
Exosphaeroma gigas 0 0 0 0 0 0.12 424 0.48 3.82 8.66
Halicarcinus planatus 0 0 0 3.48 0.83 0 331 0 2.19 9.81
Acanthocyclus albatrossis 0 0 0 0 0 0 0 0 0.27 0.27
Mpytilus chilensis 0 0 0 1666.4 2090 1383.2 1459 2829 3666.8 13094
Aulacomya ater 0 0 0 0 0 0 3982 2802 18444  8628.2
Perumytilus purpuratus 0 0 0 903.6 518.4 366.9 101.2 460.4 524.4 2874.9
Nacella deaurata 0 0 0 0 0 0 0 28.9 0 28.9
Nacella magellanica 0 0 0 69.1 145.2 65.6 0 0 0 279.9
Pareuthria plumbea 0 0 0 0 0 0.1 0 1.4 0 1.5
Laevilittorina caliginosa 0 0 0 0.95 0 1.58 0 0 0 2.53
Siphonaria lessoni 0 0 0 19.5 9.3 8.7 30.5 26.7 80.7 175.4
Chaetopleura peruviana 0 0 0 0 0 0 0 32 0 32
Harpagifer bispinis 0 0 0 9.9 1.7 0 0 0 0 11.6
Anasterias antarctica 0 0 0 0 0 0 0 55 0.9 6.4
TOTAL 25134
SENO INDIO
Sampling stations
ABUNDANCE stl st2 st3 st4 st5 st6 st7 st8 st9 TOTAL
Turbellaria Indet. 0 0 0 0 16 0 0 0 0 16
Oligochaeta Indet. 8 0 24 0 0 0 4 0 0 36
Aranae indet. 8 2 1 0 0 0 0 0 0 11
Amphipoda Indet. 8 752 4 52 328 60 0 0 0 1204
Exosphaeroma gigas 0 0 0 0 0 0 0 0 4 4
Halicarcinus planatus 0 0 0 24 12 44 20 0 12 112
Mpytilus chilensis 0 0 0 676 628 704 284 104 108 2504
Aulacomya ater 0 0 0 0 0 24 160 224 372 780
Perumytilus purpuratus 0 0 0 32 68 240 0 140 108 588
Nacella deaurata 0 0 0 0 0 4 16 48 60 128
Nacella magellanica 0 0 0 12 20 76 8 0 8 124
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Laevilittorina caliginosa 0 0 0 0 8 0 0 0 0 8
Siphonaria lessoni 0 0 0 24 8 48 208 84 84 456
Trophon geversianus 0 0 0 0 0 0 0 0 4 4
Chaetopleura peruviana 0 0 0 0 4 0 4 0 0 8
Harpagifer bispinis 0 0 0 4 0 4 0 0 0 8
TOTAL 5991
BIOMASS stl st2 st3 st4 st5 st6 st7 st8 st9
Turbellaria Indet. 0 0 0 0 0.07 0 0 0 0 0.07
Oligochaeta Indet. 0.39 0 0.48 0 0 0 0.15 0 0 1.02
Aranae Indet 0.15 0.41 0.04 0 0 0 0 0 0 0.6
Amphipoda Indet. 0.16 5.71 0.1 0.21 1.14 0.34 0 0 0 7.66
Exosphaeroma gigas 0 0 0 0 0 0 0 0 0.39 0.39
Halicarcinus planatus 0 0 0 2.24 1.84 4.5 0.52 0 1.19 10.29
Mpytilus chilensis 0 0 0 1645.2 1294 25.7 1465.4 1205.6 1286.8 6922.7
Aulacomya ater 0 0 0 0 0 69.12 460.93 1216.4 1649.2 3395.7
Perumytilus purpuratus 0 0 0 109.09 133.2 766.8 0 5104 9232 24427
Nacella deaurata 0 0 0 0 0 2.55 13.44 30.57 42.44 89
Nacella magellanica 0 0 0 62.81 125.35 154.8 2.61 0 63.16 408.73
Laevilittorina caliginosa 0 0 0 0 0.21 0 0 0 0 0.21
Siphonaria lessoni 0 0 0 6.35 2.49 10.27 23.31 522 11.78 59.42
Trophon geversianus 0 0 0 0 0 0 0 0 5.16 5.16
Chaetopleura peruviana 0 0 0 0 2.36 0 4.88 0 0 7.24
Harpagifer bispinis 0 0 0 6.49 0 1.73 0 0 0 8.22
TOTAL 13359
SENO OTWAY SUMMER Sampling stations
ABUNDANCE st7 st8 st9 st10 st11 st12 st13 st14 st15 st16 st17 st18 st19
Polychaeta Indet. 0 0 0 16.5 0 0 0 0 5.5 0 0 0 0
Amphipoda Indet. 22 0 44.5 689 11 0 66.5 0 0 0 1366.5 239 272.5
Mpytilus chilensis 111 1555 206 83.5 150 16.5 72 333 50 127.5 22 144.5 335
Perumytilus purpuratus 1139 2050 1672 1116.5 8775 872 539 2422 31555 9835 694 727.5 289
Nacella deaurata 0 0 0 0 0 0 0 5.5 0 0 0 0
Nacella magellanica 0 0 0 0 0 0 11 11 0 0 0
Pareuthria plumbea 0 0 0 0 0 0 0 0 0 0 0
Siphonaria lessoni 11 0 0 5.5 5.5 5.5 28 335 5.5 11 275 16.5 44.5
Acanthocyclus albatrossis 55 0 0 0 0 55 0 0 0
Anasterias antarctica 0 0 0 0 0 28.5 0 0
ABUNDANCE st20 st21 st22 st23 st24 st25 st26 st27 st28 st29 st30 st31 TOTAL
Polychaeta Indet. 0 0 0 0 5.5 0 0 0 0 0 0 0 27.5
Amphipoda Indet. 0 155.5 139 0 44.5 0 0 183.5 8055 4945 0 0 4533.5
Mpytilus chilensis 583 166.5 0 61 5.5 22 61 5.5 0 0 16.5 61 2487
Perumytilus purpuratus 2722 289 39 750 1272 550 17555 828 361 5.5 1350 883.5 27343
Nacella deaurata 0 0 0 0 5.5 0 335 0 0 0 0 0 44.5
Nacella magellanica 0 11 0 22 55 0 55 0 66
Pareuthria plumbea 0 0 0 0 0 0 0 0 0 0 5.5 5.5
Siphonaria lessoni 16.5 78 335 335 22 28 55.5 16.5 39 0 11 22 549.5
Acanthocyclus albatrossis 0 5.5 55 11 11 22 11 0 0 0 0 77
Anasterias antarctica 0 0 0 0 0 5.5 0 0 0 5.5 39.5
TOTAL 35173
BIOMASS st7 st8 st9 st10 stll st12 st13 stl4 st15 st16 st17 st18 st19
Polychaeta Indet. 0 0 0 0 0 0 0 0 0.75 0 0 0 0
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Amphipoda Indet. 0.015 0 0.18 0 0.01 0 0.48 0 0 0 1.25 0.55 0.56

Mpytilus chilensis 176.45 407.05 159 189.85 216.7 118 2542 2458 2675 1345 824 108.85 53

Perumytilus purpuratus 6632 12232 729 1162.1 758 1093 5864 1173.3 1056.2 572 362 357.85 818

Nacella deaurata 0.175 0 0 0 0 0 0 0 6.9 0 0 0

Nacella magellanica 0 0 0 0 0 0 0 0 3.66 9495 0 0

Pareuthria plumbea 0 0 0 0 0 0 0 0 0 0 0 0

Siphonaria lessoni 1.3 0 0 0.125  0.58 0.01 9.195 1575 045 4.25 7.8 1.73 11.7

Acanthocyclus albatrossis 1.1 0 0 0 0 0 0 0 0 46.7 0 0

Anasterias antarctica 0 0 0 0 0 0 0 0 10 0 0

BIOMASS st20 st21 st22 st23 st24 st25 st26 st27 st28 st29 st30 st31 TOTAL

Polychaeta Indet. 0 0 0 0 1.4 0 0 0 0 0 0 0 2.15

Amphipoda Indet. 0 0.35 0.3 0 0.17 0 0 0.5 0.69 0.61 0 0 5.665

Mpytilus chilensis 293 11.15 0 36.65 8.8 38.1 1348 134 0 0 473 11.65 2767.4

Perumytilus purpuratus 1176.6 298.6 18.8 3977 1141 930 16049 729 5689  2.65 1602 876.1  19900.5

Nacella deaurata 0 0 0 0 243 0 77.05 0 0 0 0 0 108.425

Nacella magellanica 0 0 182.9 0 0 0 9.93 84.6 0 0 13.4 0 389.44

Pareuthria plumbea 0 0 0 0 0 0 0 0 6.05 0 0 4.8 10.85

Siphonaria lessoni 6.95 22.8 9.7 1235  3.55 9.9 11.2 1.05 0 0 0.85 4.55 121.615

Acanthocyclus albatrossis 0 0.4 335 3.65 0 491 1645 12.8 0 0 0 0 89.36

Anasterias antarctica 0 0 0 0 0 0 1.38 0 0 0 0 2.15 13.53
TOTAL 23408.9

SENO OTWAY WINTER Sampling stations

ABUNDANCE st9 stl0  stll  st12  st13  stl4 stlS  stl6 stl7  stl8  stl9 st20 st21 st22

Polychaeta errantia Indet. 44.5 0 0 0 0 0 0 0 0 0 5.5 55 55 0

Polychaeta sedentaria Indet. 0 0 0 55 161 0 5.5 39 0 55 11 55 0 0

Mpytilus chilensis 335 1335 335 72 1335 61 100 665 555 50 16.5 39 22 161

Perumytilus purpuratus 367 300 261 300 2555 178 3555 5055 178 1055 2055 2225 11 250

Nacella magellanica 5.5 0 0 28 0 5.5 0 0 0 0 16.5 16.5 11 0

Nacella deaurata 0 0 0 335 0 0 0 0 0 0 0 0 0 0

Siphonaria lessoni 50 16.5 835 0 275 555 1165 61 0 0 22 33 50 0

Pareuthria plumbea 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Amphipoda Indet. 0 0 0 0 0 0 0 0 0 0 50 0 16.5 335

Acanthocyclus albatrossis 0 0 0 0 0 0 0 0 0 0 0 5.5 5.5 0

Anasterias antarctica 0 0 0 0 0 0 0 0 0 0 0 0

Ophiura Indet. 0 0 0 0 0 0 0 0 0 0 0 0

Nothotenidae Indet 0 0 0 0 0 0 0 0 0 0 0 0

ABUNDANCE st23  st24  st25  st26  st27  st28  st29  st30  st31  st32  st33 st34  TOTAL

Polychaeta errantia Indet. 0 0 0 0 0 16.5 0 11 0 55 55 0 99.5

Polychaeta sedentaria Indet. 5.5 22 0 28 77.5 22 39 22 67 1055 335 55 660.5

Mpytilus chilensis 5.5 1275 55 275 0 0 0 55 5.5 0 0 0 1154.5

Perumytilus purpuratus 2055 16.5 16.5 555 55 5.5 0 0 0 0 0 0 3800

Nacella magellanica 0 0 0 0 0 11 11 22 0 0 0 11 138

Nacella deaurata 0 0 0 0 0 11 0 0 0 11 5.5 0 61

Siphonaria lessoni 39 44.5 28 335 0 0 0 0 0 0 5.5 666

Pareuthria plumbea 0 0 55 0 0 0 0 0 0 0 0 55

Amphipoda Indet. 0 50 0 11 122 22 1555 6l 0 0 188.5 178 888

Acanthocyclus albatrossis 11 0 16.5 0 0 11 0 0 0 0 0 55 55

Anasterias antarctica 0 0 0 0 11 0 55 0 0 5.5 0 22

Ophiura Indet. 0 0 5.5 0 0 0 0 5.5 0 0 0 11

Nothotenidae Indet 5.5 0 0 0 0 0 0 0 0 0 5.5

TOTAL 7566.5
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BIOMASS st9 stl0  stll  st12  stl13  stl4  stl15  stl6  stl7  stl8  stl9 st20 st21 st22
Polychaeta errantia Indet. 0.9 0 0 0 0 0 0 0 0 0 0.7 0.2 0.2 0
Polychaeta sedentaria Indet. 0 0 0 0.15 48 0 0.04 58 0 0.6 035 1.2 0 0
Mpytilus chilensis 69.05 14635 74.65 65.05 132.7 35.6 13.05 68.7 103.8 179 252 33.6 1.1 9.65
Perumytilus purpuratus 316.35 23255 1747 242 89.85 74 1108 267.7 113 5435 2162 2939 19.05 6329
Nacella magellanica 6.85 0 0 2247 O 3.6 0 0 0 0 13.55 238 92.3 0
Nacella deaurata 0 0 0 0 0 7.45 0 0 0 0 0 0 0 0
Siphonaria lessoni 68.85 47 1845 7.65 255 0 3635 163 0 0.6 575 152.6 9.35 0
Pareuthria plumbea 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Amphipoda Indet. 0 0 0 0 0 0 0 0 0 0 5.75 0 0.5 0.2
Acanthocyclus albatrossis 0 0 0 0 0 0 0 0 0 0 0 0 4.55 0
Anasterias antarctica 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Opbhiura Indet. 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nothotenidae Indet 0 0 0 0 0 0 0 0 0 0 0 0 0 0
BIOMASA st23 st24  st25  st26  st27  st28  st29  st30 st31  st32  st33 st34  TOTAL
Polychaeta errantia Indet. 0 0 0 0 0 33 0 1.9 0 041 0.79 0 8.4
Polychaeta sedentaria Indet. 0.55 0.95 0 7.1 6.5 05 086 33 101 0.6 2.5 1.25 47.15
Mpytilus chilensis 4695 9595 125 573 0 0 0 025 025 1.1 1.25 0 1000.7
Perumytilus purpuratus 3943  18.15 6.15 73.6 13.05 0.2 0 0 0 0 0 0 3342.8
Nacella magellanica 0 0 0 0 0 130.8 2845 5125 0 0 0 144.4 719.7
Nacella deaurata 0 0 0 0 0 16.4 0 0 0 134 238 0 61.05
Siphonaria lessoni 8.2 3.95 42 415 0 0 0 0 0 0 0 1.45 368.05
Pareuthria plumbea 0 4.55 0 0 0 0 0 0 0 0 0 4.55
Amphipoda Indet. 0.55 0 0.03 08 006 006 1.15 0 0 1 5.55 15.65
Acanthocyclus albatrossis 5.55 0 76.05 0 0 17.3 0 0 0 0 0 34.65 138.1
Anasterias antarctica 0 0 0 0 32 0 0 1.95 0 0 2.6 0 7.75
Ophiura Indet. 0 0 0 0 0 0 0 0.85 0 0 0 0.85
Nothotenidae Indet 24.5 0 37.75 0 0 0 0 0 0 0 0 62.25
TOTAL 5777
CALETA TOLEDO Sampling stations
ABUNDANCE stl  st2  st3  st4  stS st6 st7 st8 st9  stl0  stll  st12  st13  stl4  st15 TOTAL
Oligochaeta Indet. 24 30.7 1053 1.3 0 0 0 0 0 0 0 0 0 0 0 161.3
Turbellaria Indet. 0 0 0 0 0 53 2653 6827 5853 596 568 362.7 2747 168 36 3544
Nemertini Indet. 0 0 0 0 0 0 0 0 0 1.3 22.7 38.7 9.3 2.7 2.7 71.4
Nematoda Indet. 0 0 0 0 1] 0 0 253 16 0 0 0 0 0 0 41.3
Rubrius antarctica 166.7 76 4 0 0 0 0 0 0 0 0 0 0 0 0 246.7
Erigone antarctica 17.3 32 0 0 0 0 0 0 0 0 0 0 0 0 0 49.3
Lycosa sp. 13 0 53 0 0 1] 0 0 1] 0 0 0 0 0 0 6.6
Polychaeta Indet.1 0 0 4 587 67 7507 1761 1517 472 7773 2067 692 804 3093  101.3 7460.7
Polychaeta Indet. 2 0 0 0 0 0 0 0 0 0 0 1.3 0 4 0 0 53
Polychaeta Indet. 3 0 0 0 0 0 0 0 0 1] 1] 0 0 2.7 0 2.7 5.4
Polychaeta Indet. 4 173 213 44 531 1044 1080 60 44 1.3 0 2.7 2.7 0 2.7 53 2856.3
Exosphaeroma gigas 0 0 0 0 1.3 0 9.3 6624 6541 3801.3 960 1156 2533.3 380 1260 23266.2
Orchestia scutigerula 0 2.7 2453 257 20 1.3 0 0 0 0 0 0 0 2.7 0 529
Paramoera fissicauda 0 0 1.3 0 1.3 4547 5727 4803 2468 200 1653 168 52 5.3 10.7  14056.6
Paramoera sp. 0 0 0 0 0 0 0 0 6.7 253 387 444 436 2453 482.7 16787
Halicarcinus planatus 0 0 0 0 0 0 0 0 1.3 0 1.3 0 17.3 48 333 101.2
Mytilus chilensis 0 0 0 0 0 0 0 13 0 6.7 333 50.7 38.7 453 26.7 202.7
Perumytilus purpuratus 0 0 0 0 0 0 0 0 0 2.7 4 14.7 13.3 20 147 694
Alacomya ater 0 0 0 0 0 0 0 0 0 1.3 8 9.3 12 49.3 253 105.2
Gaimardia sp. 0 0 0 0 0 0 0 2.7 22.7 58.7  633.3 8347 14053 933 3050.7 6101.4
Lassaea miliaris 0 1] 0 0 1] 1] 0 0 1] 1.3 13 4 2.7 4 0 13.3
Glypteuthria sp. 0 0 0 0 0 0 0 0 0 0 0 13 0 0 27 4
Laevilittorina caliginosa 0 0 0 0 0 2.7 4 0 4 9.3 32 28 4 53 0 89.3
Nacella deaurata 0 0 0 0 0 1] 0 0 1.3 14.7 46.7 61.3 61.3 152 49.3  386.6
Nacella magellanica 0 0 0 0 0 0 0 1.3 4 26.7 387 253 13.3 9.3 0 118.6
Pareuthria plumbea 0 0 0 0 0 0 0 0 0 0 0 0 1.3 0 27 4
Plaxiphora sp. 0 0 0 0 0 0 0 0 0 0 1.3 0 0 0 0 1.3
Anasterias antarctica 0 0 0 0 0 0 0 0 0 0 0 1.3 2.7 21.3 16 413
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Harpagifer bispinis 0 0 0 0 0 0 0 0 1.3 0 0 0 0 13 0 2.6
TOTAL 61225.7
BIOMASS stl  st2  st3  st4  stS st6 st7 st8 st9 st10  stll  st12  st13  stl4 st15 TOTAL
Oligochaeta Indet. 39.64 6539 241.7 3.187 0 0 0 0 0 0 0 0 0 0 0 349.89
Turbellaria Indet. 0 0 0 0 1] 0.392  17.67 43.02 32.81 42.037 39.71 22.67 15807 8.481 2.132 22473
Nemertini Indet. 0 0 0 0 0 0 0 0 1] 0.147 5868 5998 3.521 1.951 0.791 18.28
Nematoda Indet. 0 0 0 0 0 (1] 0 0.035 0.04 0 0 0 0 0 0 0.075
Rubrius antarctica 68.41 67.94 3.248 0 0 0 0 0 0 1] 0 0 0 0 0 139.60
Erigone antarctica 0.254 2.195 0 0 1] 0 0 0 0 1] 0 0 0 0 0 2.449
Lycosa sp. 0.469 0 5.811 0 0 0 0 0 0 0 0 0 0 0 0 6.28
Polychaeta Indet.1 0 0 0.085 1.487 1.427 1449 40.87 26.68 8.591 9.253 4739 1296 6.885 3.441 0.808 131.72
Polychaeta Indet. 2 0 0 0 0 0 0 0 0 0 0 0.129 0 0.771 51.17  4.019 56.09
Polychaeta Indet. 3 0 0 0 0 0 0 0 0 0 0 0 0 0.097 0 0.957 1.054
Polychaeta Indet. 4 1.677 1364 4.894 59.48 98.78 77.86 4.524 1.643 0.135 1] 0.065 0.087 0 9.965 25.436 2859
Exosphaeroma gigas 0 1] 0 0 0.04 0 0.265 283.6 3614 261.17 8991 106.6 399.23 61.4 136.76  1700.4
Orchestia scutigerula 0.803 295.1 140.1 9.257 1.505 1] 0 0 0 0 0 0 0.187 0 0 447.04
Paramoera fissicauda 0 0 0.129 0 0.02 3235 5125 3942 2657 18.883 16.1 11.64 4813 0417 0.556 12573
Paramoera sp. 0 0 0 0 0 0 0 0 0.209 0.617 1.037 1255 11.171 5.112 15.111 45.804
Halicarcinus planatus 0 0 0 0 0 0 0 0 0.329 0 0.502 0 31.213  76.13 53791 161.97
Mpytilus chilensis 0 0 0 0 0 0 0 33.68 0 152,99 591.4 437.1 210.17 349.6 168.721 1943.7
Perumytilus purpuratus 0 0 0 0 0 0 0 0 1] 73.172 61.83 151.5 19842 5239 310.374 1319.2
Alacomya ater 0 0 0 0 0 0 0 0 1] 1.653 1309 151.2 58.191 4272 170.788 939.9
Gaimardia sp. 0 0 0 0 0 0 0 0 0.242 2.168 8.013 8835 76.933 954 3.347 2745
Lassaea miliaris 0 0 0 0 0 0 0 0 1] 0.04  0.065 0.04  0.027 0.075 0 0.247
Glypteuthria sp. 0 0 0 0 0 0 0 0 0 0 0 6.93 0 0 1.415 8345
Laevilittorina caliginosa 0 0 0 0 0 0.407  0.53 0 0.234  1.329 3.08 3.164 0.259 0.676 0 9.679
Nacella deaurata 0 0 0 0 1] 0 0 0 5.165 88.081 153.5 450.5 298.66 1079 444.751 2519.4
Nacella magellanica 0 0 0 0 0 0 0 2791 6524 431.25 4345 391.6 16529 53.64 0 15443
Pareuthria plumbea 0 0 0 0 0 0 0 0 0 0 0 0 13.515 0 41.964 55.479
Plaxiphora sp. 0 0 0 0 0 0 0 0 0 0 14.42 0 0 0 0 14.423
Anasterias antarctica 0 0 0 0 0 0 0 0 0 0 0 5.504 71.813 179 81.841 338.13
Harpagifer bispinis 0 0 0 0 0 0 0 0 3.767 0 0 0 0 116.5 0 120.3
TOTAL 13916.1
CALETA LIENTUR Sampling stations
ABUNDANCE stl  st2  st3  st4 stS st6  st7 st8  st9 st10 stll st12 st13  stl4 st15 st16 TOTAL
Oligochaeta Indet. 6.7 26.7 253 387 8 4 1.3 0 0 0 0 0 0 0 0 0 110.7
Polychaeta Indet. 0 0 0 0 0 387 2413 2013 70.7 80 130.7 104 333 213 30.7 18.7 970.7
Turbellaria Indet. 0 0 0 0 0 1.3 10.7 146.7 137 290.7 180 205.3 168 76 136 146.7 1498.4
Nemertini Indet. 0 0 0 0 28 0 0 0 93 333 36 467 693 493 61.3 72 405.2
Rubrius antarcticus 26 16 16 107 13 0 0 0 0 0 0 0 0 0 0 0 46.6
Erigone antarctica 0 12 8 0 1.3 0 0 0 0 0 0 0 0 0 0 0 21.3
Lycosa sp. 0 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.3
Exosphaeroma gigas 0 0 0 0 0 0 0 267 1257 1032 129.3 76 12 312 413 192 3078.3
Orchestia scutigerula 0 0 1.3 413 1333 52 147 4 53 44 653 196 813 613 24 53 729.1
Paramoera fissicauda 0 0 0 0 28 48 33.3 809.3 2791 1267 844 7453 490.7 6853 11333 2087.7 10962.6
Halicarcinus planatus 0 0 0 0 0 0 0 0 0 0 106 13 2.7 53 10.6 12 54.2
Mpytilus chilensis 0 0 0 0 0 0 0 0 0 0 13 13 1.3 1.3 2.7 0 79
Laevilittorina caliginosa 0 0 0 0 0 0 1.3 4 133 427 1333 428 14773 1786.7 2026.7 2012 7925.3
Nacella magellanica 0 0 0 0 0 0 0 0 0 0 0 0 1.3 0 0 1.3 2.6
Nacella mytilina 0 0 0 0 0 0 0 0 0 0 0 0 2.7 0 1.3 0 4
Nacella deaurata 0 0 0 0 0 0 0 0 0 0 0 0 4 16 18.7 16 54.7
Tonicia sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 2.7 1.3 1.3 53
Austrolycus deppressiceps () 0 0 0 0 0 0 0 0 0 0 0 0 0 1.3 6.7 8
Harpagifer bispinis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2.7 2.7
TOTAL 25888.9
BIOMASS
Oligochaeta Indet. 02 344 315 702 66 29 22 0 0 0 0 0 0 0 0 0 148
Polychaeta Indet. 0 0 0 0 0 4.1 229 129 12 12 1.7 14 03 0.1 0.1 0.09 45.99
Turbellaria Indet. 0 0 0 0 0 004 04 5 147 204 55 59 35 1.9 5.8 7.7 70.84
Nemertini Indet. 0 0 0 0 31 0 0 0 22 73 65 116 132 12.4 12.5 17.1 113.8
Rubrius antarcticus 03 50.1 192 121 7 2.7 0 0 0 0 0 0 0 0 0 0 91.4
Erigone antarctica 0 15 11 0 0.1 0 0 0 0 0 0 0 0 0 0 0 2.7
Lycosa sp. 0 009 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0.09
Exosphaeroma gigas 0 0 0 0 0 0 0 06 352 265 19 15 0.3 6.3 0.9 2.8 76
Orchestia scutigerula 0 0 27 653 179 594 134 33 43 346 741 1527 62.7 46 20.2 4.9 722.6
Paramoera fissicauda 0 0 0 0 4 65 35 835 67.8 160.8 69.3 53.6 575 78.6 1375 308.3 1030.9
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Halicarcinus planatus 0 0 0 0 0 0 0 0 0 0 051 071 0.11 024 0.55 0.68 2.8
Mytilus chilensis 0 0 0 0 0 0 0 0 0 0 1.8 9.8 36 19.1 0.1 0 344
Laevilittorina caliginosa 0 0 0 0 0 0 01 02 05 12 61 157 522 637 74.9 74.8 289.4
Nacella magellanica 0 0 0 0 0 0 0 0 0 0 0 0 405 0 0 86.9 127.4
Nacella mytilina 0 0 0 0 0 0 0 0 0 0 0 0 33 0 0.4 0 3.7
Nacella deaurata 0 0 0 0 0 0 0 0 0 0 0 0 62.1 271.1 2256  366.2 925
Tonicia sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 60.6 6.6 3.1 70.3
Austrolycus deppressiceps () 0 0 0 0 0 0 0 0 0 0 0 0 0 78.6 390.8 469.4
Harpagifer bispinis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 89.9 89.9
TOTAL 4314.62
CABO NEGRO SUMMER
Sampling stations

ABUNDANCE st-6  st-8  st-10  st-12  st-14  st-15  st-16  st-18 st-20 st-22 st-24  TOTAL
Amphipoda Indet. 2.8 22 12.9 3.7 7.4 0 13.3 7.4 7.4 0 188.9 246
Nematoda Indet. 0 44 0 20.4 704 7389 733 0 14.8 66.7 255.6 1244.5
Ascidia Indet. 0 0 0 0 0 0 44 0 0 0 11.1 15.5
Actiniaria Indet. 0 0 0 0 9.3 334 0 0 37 389 0 85.3
Nemertini Indet. 0 0 0 0 0 0 44 3.7 0 0 0 8.1
Oligochaeta Indet. 0 0 0 0 0 0 0 3.7 0 0 0 3.7
Polychaeta errantia Indet. 8.4 22 1019 129 79.6 16.7 28.9 25.9 25.9 5.6 11.1 319.1
Polychaeta sedenteria Indet. 0 37.8 11.1 5.6 315 1334 66.7 11.1 0 83.4 55.6 436.2
Priapulus sp. 0 2.2 1.9 0 0 0 2.2 0 0 0 0 6.3
Halicarcinus planatus 0 2.2 0 9.3 1.9 0 8.9 0 0 0 0 223
Edotea magellanica 2.8 40 444 148 1482 444 26.7 59.2 288.9 238.9 0 908.3
Exosphaeroma gigas 222 6.7 1.9 51.9 1.9 5.6 22 0 0 0 0 92.4
Aulacomya ater 0 22 0 0 7.4 0 0 3.7 0 0 0 133
Mpytilus chilensis 0 5733 4834 4944 2050 300 6154 566.5 23482 1716.7 3955.6 13103.5
Perumytilus purpuratus 0 0 9.3 7.4 59.3 0 44.5 48.1 14.8 0 0 183.4
Trophon geversianus 0 0 1.9 0 1.9 0 0 0 0 0 0 3.8
Fissurella picta 0 0 0 0 0 0 2.2 0 0 0 0 2.2
Pareuthria plumbea 0 0 0 0 1.9 11.1 2.2 14.8 0 0 0 30
Kerguelenella Lateralis 0 55.6 222 18.5 11.1 0 160 59.2 88.9 27.8 0 443.3
Laevilittorina caliginosa 2.8 0 3.7 3.7 18.5 0 0 7.4 240.7 111.1 188.9 576.8
Margarella violacea 0 0 0 1.9 0 0 0 0 0 0 0 1.9
Nacella deaurata 0 22 14.8 9.3 5.6 0 0 0 0 0 319
Nacella magellanica 0 2.2 0 0 1.9 5.6 2.2 0 0 0 222 34.1
Siphonaria lessoni 0 0 0 0 0 44 0 0 0 0 4.4
Anasterias antarctica 0 0 0 1.9 1.9 0 0 0 0 0 0 3.8

TOTAL 17820.1
BIOMASS st-6  st-8 st-10  st-12  st-14  st-15  st-16  st-18 st-20 st-22 st-24  TOTAL
Amphipoda Indet. 0.12 0.004 0.33 0.05 0.02 0 0.13 0.05 0.03 0 52 5.934
Nematoda Indet. 0 0.02 0 0.03 0.09 0.8 0.09 0 0.23 0.06 0.3 1.62
Ascidia Indet. 0 0 0 0 0 0 1.85 0 0 0 0 1.85
Actiniaria Indet. 0 0 0 0 346 1292 0 0 6.82 26.38 0 49.58
Nemertini Indet. 0 0 0 0 0 0 0.11  0.002 0 0 0 0.112
Oligochaeta Indet. 0 0 0 0 0 0 0 0.52 0 0 0 0.52
Polychaeta errantia Indet. 1.3 021 1.24 0.69 1.25 2.8 5.42 1.38 1.88 0.29 1.13 17.59
Polychaeta sedenteria Indet. 0 0.32 0.75 0.13 7.64 8.17 6.59  11.49 0 12.72 62.17 109.98
Priapulus sp. 0 1548 135 0 0 0 16.73 0 0 0 0 33.56
Halicarcinus planatus 0 0.15 0 0.64 0.05 0 1.95 0 0 0 0 2.79
Edotea magellanica 004 13 1.1 1.36 6.43 0.94 1.58 433 15.13 8.52 0 40.73
Exosphaeroma gigas 0.16 0.79 0.08 9.84 0.02 0.2 0.62 0 0 0 0 11.71
Aulacomya ater 0 1.28 0 0 10.5 0 0 2.68 0 0 0 14.46
Mpytilus chilensis 0 30235 381.24 575.92 18324 24834 10849 14054 2784.08 1901.73 5845.6 16362
Perumytilus purpuratus 0 0 17.14  11.6 1894 11.1 105.14 151.83 3497 0 0 350.72
Trophon geversianus 0 0 3.68 0 3.25 0 0 0 0 0 0 6.93
Fissurella picta 0 0 0 0 0 0 6.58 0 0 0 0 6.58
Pareuthria plumbea 0 0 0 0 0.08 11.1 0.78 5.06 0 0 0 17.02
Kerguelenella Lateralis 0 1175 946 3.42 0.49 0 3433 155 13.88 2.54 0 91.37
Laevilittorina caliginosa 0.06 0 0.03 0.04 0.12 0 0 1.4 1.46 0.57 1.09 4.77
Margarella violacea 0 0 0 0.09 0 0 0 0 0 0 0 0.09
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Nacella deaurata 0 35.06 98.69 96.78 0 0 0 0 0 0 235.81
Nacella magellanica 0 0 84.5 96.1 8.85 0 0 0 488.11  738.52
Siphonaria lessoni 0 0 0 0 10.35 0 0 0 0 10.35
Anasterias antarctica 0 1.7 9.86 0 0 0 0 0 0 11.56
TOTAL 18126.1
CABO NEGRO WINTER
Sampling stations
ABUNDANCE St4 St5 St6 St7 St8 St9 St10  Sti11 St12 TOTAL
Amphipoda Indet. 0 7.4 0 3.7 0 37 0 0 37 0 18.5
Polychaeta errantia Indet. 0 3.7 3.7 0 0 222 3.7 14.8 3.7 62.9
Polichaeta sedentaria Indet. 0 3.7 0 0 0 7.4 0 0 0 0 0 11.1
Oligochaeta Indet. 0 0 7.4 0 0 14.8 0 3.7 0 14.8 0 55.5
Nematoda Indet. 0 7.4 0 0 0 18.5 0 0 11.1 0 0 37
Anthozoa Indet. 0 0 0 0 0 0 0 0 3.7 0 3.7
Halicarcinus planatus 11. 7.4 7.4 0 3.7 22.2 0 148  29.6 7.4 111.6
Edotea magellanica 0 0 18.5 14.8 3.7 0 7.4 0 3.7 3.7 29.6 81.4
Exosphaeroma gigas 0 0 3.7 11.1 0 0 0 0 1333 0 3.7 151.8
Mpytilus chilensis 9. 2259 8963 1333 66.7 222 29.6 1185 151.8 3185 24257
Perumytilus purpuratus 0 0 0 0 3.7 0 0 0 0 0 0 3.7
Margarella violacea 0 0 0 0 0 3.7 0 0 0 0 0 7.4
Laevilittorina caliginosa 0 0 0 222 0 0 0 0 0 0 0 222
Nacella magellanica 0 0 3.7 0 0 0 0 0 3.7 55.6 18.5 85.2
Siphonaria lessoni 0 0 0 0 3.7 0 0 0 0 7.4 0 0 11.1
Pareuthria plumbea 0 0 0 0 0 0 0 0 0 333 0 0 333
Trophon geversianus 0 0 0 0 0 0 0 0 0 7.4 0 0 7.4
Kerguelenella lateralis 0 0 0 0 0 0 0 3.7 0 0 0 0 3.7
Anasterias antarctica 0 0 0 0 0 0 0 0 3.7 7.4 0 0 11.1
TOTAL 3144.3
BAHIA POSESION WINTER
Sampling stations
ABUNDANCE st-12 st-13 st-14 st-15 st-16 st-17 st-18 st-19  st-20 st-21 TOTAL
Amphipoda Indet. 0 0 0 0 0 4 4 0 0 4 0 4 4 24
Edotea magellanica 0 0 0 0 4 0 0 0 0 0 0 0 0 4
Polychaeta Indet. 0 0 0 7 7 7 26 0 0 11 0 4 19 974 1055
Oligochaeta Indet. 4 4 0 0 7 15 7 0 4 0 0 4 30 0 75
Nematoda Indet. 0 0 0 0 0 0 0 0 4 0 0 0 244 248
Actiniaria Indet. 0 0 0 0 4 0 0 0 4 0 4 0 0 12
Mpytilus chilensis 0 0 0 159 141 178 11 0 0 104 122 459 207 1385
Pareuthria plumbea 0 4 0 0 0 0 0 0 0 0 0 0 0 4
Nacella magellanica 0 0 0 0 4 4 0 0 0 0 0 0 0 8
Kerguelenella lateralis 0 0 4 0 11 4 0 4 11 0 4 0 1 0 49
Siphonaria lessoni 0 0 11 0 4 0 0 11 4 0 4 4 4 0 42
Trophon geversianus 0 0 0 0 0 0 0 0 0 0 0 4 0 4
Tonicia atrata 0 4 0 0 0 0 0 0 0 0 4
TOTAL 2914
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TERMINAL CLARENCIA WINTER

Sampling stations

ABUNDANCE st7 st8 st9  stl0  stll  st12 st13  stl4  stlS stl6  stl7 st18 TOTAL
Amphipoda Indet. 4 0 0 0 4 19 0 0 0 0 0 4 31
Edotea magellanica 4 0 0 4 0 0 0 0 0 0 0 8
Exosphaeroma gigas 0 0 0 11 4 0 0 0 0 4 0 19
Halicarcinus planatus 7 0 4 11 26 0 0 0 0 0 0 48
Polychatea errantia Indet. 26 0 4 0 11 48 26 7 22 0 74 11 229
Polychaeta sedentaria Indet. 0 0 0 0 0 0 0 4
Oligochaeta Indet. 0 4 4 4 0 0 0 11 0 0 0 23
Nematoda Indet. 15 19 22 37 15 0 0 0 41 0 85 122 356
Mpytilus chilensis 7 0 93 0 237 0 93 7 15 0 89 370 911
Perumytilus purpuratus 256 0 259 0 30 159 422 59 44 0 59 274 1562
Gaimardia trapezina 0 0 0 0 0 0 0 0 0 0 4 4
Margarella violacea 0 0 0 11 0 0 0 0 7 37 0 74 129
Pareuthria plumbea 0 0 0 11 0 0 0 0 0 0 0 15
Pareuthria sp. 4 0 0 0 7 7 0 4 0 0 4 7 33
Trophon geversianus 0 0 0 0 0 0 0 0 52 0 0 0 52
Nacella deaurata 0 0 0 26 22 0 0 0 0 0 0 0 48
Nacella magellanica 0 0 0 0 0 0 0 4 0 0 4 0 8
Kerguelenella lateralis 4 0 0 0 0 0 0 0 0 0 0 4 8
Siphonaria lessoni 133 0 100 0 0 0 0 19 0 0 0 0 252
Photinula caerulescens 0 0 0 0 0 0 0 0 0 0 26 0 26
Ischnochiton sp. 0 100 0 0 0 0 0 0 0 0 0 0 100
Actiniaria Indet 0 0 0 7 19 22 0 0 4 0 11 19 82
Anasterias antarctica 0 0 0 0 0 0 0 0 0 0 4 4 8
TOTAL 3956
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SUMMARTY: Mactobenthic associations were investdgated at 29 sampling stations with 2 semi-guantitative Agassiz Tawl,
ranging from the South Patagonian Ieefield to the Straits of Magellan in the South Chilean fjord system. A totzl of 1,893
indivichals belonzing to 131 spacies were collectad. 19 specias belong to colonial organisms, mainly Bryozoa (17 species)
and Octocorallia (2 species). The phylum Echinodsmmata was the most diverse in species munber (47 species). with aster-
oids (23 species) and ophinreids (13 species) being the best represented within this tagom. Polychasta was the second dom-
inant group in terms of species rickmess (46 Ee-:“ies}. Mulndimensional scaling ordmaton (MD3) separated two staton
eroups, one related w and channels off the South Patzgonian Ieefield and the secomd ome 1o stations surmoundmg the
Smatts of Magellan. 43 species account for 90% of the dissimilarity between these two groups. These differances can main-
Iy be explaimed by the influence of local environmental conditons determined by processes closely related to the pres-
enca/abzence of glaciers. Abiotic parameters such as water depth, type of sediment and chemical fearurss of the mpﬂ'ﬂl:ial
sediment were not comelated with the numbers of individuals canght by the Apassiz gawl in each zroup of sampling sta-
tioms.

Eeywords: Magellan region, South Patagoruan Icefield, Straits of Magellan, conununity stcture, biodiversity.

RESUMEN: As0CIACIOMES PALNIETICAS MACEOBENTONICAS DE FONDOS BLANDOS EN EL COMPLEIC DE FIORDOS GLACIARES DE
CHEE Austzas. - Madiznte el uso de una rastra Agassiz modificads se investizgaron las asociacionss macTobentonicas pre-
semzes en 20 estacionas de muestreo, localizadas enme el Campo Patagonico de Hielo Sur v el Esmecho da Magallanes en el
sistema de fiordos de Chile anstral. Se colecto wn total de 1 895 individuos perteneciendes a 131 especies, ademas de 19 espe-
cies de orgamismes coloniales, espacialments Bryozea (17 especies) ¥ Octocorallia (2 especies). El phylum Echinodermata
fue el mas diverso en termings de mimmere de especies (47 especies). con wna mejor represeniacion de astercideos (25 espe-
cies) v ofiurcidens (13 especies). El sepundo grupo dominancs en términes de riqueza de especies fue Polvchasts (46 espe-
cies). La téenica de “Escalamients Multdimensional™ (MDS) permitdo ar dos grupos de estaciones: uno relacionado
com los fordes v canales del Campo Patagonico de Hielo Sur v el otro con las estaciones localizadas alrededor del Esrecho
de Magallanes. Cuarenta v cinco especies explican el 90% de disimilimud entre estos dos prupos. Las diferencias se pueden
explicar principalmenie por la influencia de condicionas ambienzales locales, determinadas por procesos esgechaments rela-
cionados con L3 presencia’ausencia de glaciares. No bubo comrelacidn enire parametros abiotcos tales come profundidad,
dpo de sedimentos v caracteristicas guimicas del sadiments superficial v al namers da individuss capturados por 13 rastra
Agassiz en cada grupo de estaciones de nmestrao.

Falgbras clave: Regiom de Magallanes, Campo de Hielo Patagdmico Sur, esmecho de Magallanes, esimictioa conmmitariz,
bindiversidad.
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INTRODUCTION

Much of the Magellan region at the southem tp
of South America 15 still under the influence of a
massive, elongated, nammow ice sheet, which contin-
ues to be active but reached its largest extension
during the Last Glacial Mazximum period (around
19.000-23,000 vr ago; Hulten ef al., 2002). At pre-
sent, there 1s evidence of a wide and intensive
refreat of several of the conforming fjordic glaciers
which began 12000 wears age (Moreno ef al.,
1999}, The resulting geomorphologic area is a large
complex of fjords and channels whose linear exten-
sion is estimated at about 30,000 km of linear
shoreline.

In contrast to northem henusphere fjord environ-
ments (e.g. Pearson, 1980; Gulliksen ef al.,1983;
Helte and Gulliksen, 1998; Larsen, 1997; Kendall ¢
al., 2003; Wledarska-Kowalezuk of ol [ 1998; Wlo-
darska-FKowalczuk and Pearson, 2004) and even in
comparison with the Antarctic ecosystem (Dawber
and Powell, 1997, Amiz et al.,1994; Jazdzewski ef
al., 2001}, there 13 a lack of hiclogical information
on the Magellan region. However, this region repre-
sents a cormer-stone for elucidating several biogeo-
graphical and ecological questions related to latitu-
dinal gradients in species diversity or biomass
{Clarke, 1992; Gray, 2001a; b; Piepenbure et al,
2002), erigin and evolution of the (sub)Antarctic
biota (Gallardo ef af., 1992; Amtz and Rios, 1999
or the split of zoogeographical units along the west-
em coast of South America (Brattstrom and
Johanssen, 1983; Lancellott and Vasguez, 2000;
Camus, 2001; Montiel ef al, 2004).

The benthic sublittoral macrofauna inhabiting
the Magellan region has been described mainly for
the Straits of Magellan and related channels (e.g.
Gutt et al, 1999; Gerdes and Mentiel, 1999; Thatje
and Mutschke, 1999; Brey and Gerdes, 1999; Mon-
tiel et al., 2001; Rios ef al., 2003) and mostly after
the 1994 “Victor Hensen” scientific cruise in the
Magellan region (Amtz and Georny, 1994). Never-
theless, there still is a lack of comparative studies
for the Magellan region, including an update of the
taxonomic kmowledge of this Subantarctic area
(Amtz, 1999). A study on the benthic macrofauna
aleng the entire Magellan coastal zone by Gerdes «f
al. 1s stll underway, focusing en the analysis of
abundance and biomass of major taxa (e.z. Mollus-
ca, Polychaeta, Crustacea and Echinodermata). The
lowest values were obtained at the stations in the
South Patagonian Ieefield, with an increasing gradi-

226 €. RIOS er al.

ent of Zbundance and biomass towards the southem-
most sampling areas.

The present study encompasses a geographically
wide range of the Magellan regien and is based on
data from semi-quantitative benthic research in this
heterogeneous marine ecosystem. The aim is to give
a better insight into the stucture of benthic macro-
faunal communities for the area at species lewvel
Additionally, we 1dentfy and compare benthue key
species, which are representative of the fjord and
channel ecosystem in this region. Finally, we evalu-
ate the influence of some physical environmental
vanables on the obtained macrobentlhue distnbution
pattems.

MATERIAL AND METHODS

Samples were taken dunng the CIMAE-Fiordo
II (October 1995) and CIMAR-Fiorde VII
(November 1997) campaigns organised by the
Chilean Comasion Oceanografica Nacienal (CONA)
from on board the B/V “Vidal Gomnmaz". A total of
20 locahties were sampled using a medified Agassiz
trawl (AGT) (3.15 m wide and 1.1 m high, with a
mesh size of 10 mm) at depths of 24-732 m, ranging
from the northern limit of the South Patagonian Iee-
field (SPI) to the eastern entrance of the Straits of
Magellan (SM) (Fiz. 1). Werking time on the bot-
tom for each haul averaged 12 min. Detailed sam-
pling station data are sumnmarised in Table 1.

Catch volumes of the AGT were relatively small
at each station, in terms of both sediment and
epibenthic fauna. Therefore, all the collected mater-
1al was considered as a sample for later analysis and
the number of caught specimens was used as repre-
sentative of abundance for simulanty analysis. The
samples were immediately sorted onbeard by sepa-
rating all the collected fauna from the sediment
using sieves with 1 mim mesh size. The sorted ami-
mals were preserved in a 5% formaldehyde seawa-
ter solution buffered with hexamethylentetramin.

The collected macrofauna was identified to the
lowest possible taxonomic level, but for some taxa
(e.2. Holothurcidea) identification was possible only
te higher tamonomic levels. Orzanisms were identi-
fied based on standard publications (Eetamal, 1974;
Foreelli, 2000), experts who assisted in the identfica-
tion of different taxa (see “Acknowledzement”™) and
the identified benthic species at the “Edmmdo Pisano
Reference Collection” of the Instituto de la Patagonia,
Universidad de Magallanes.
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Fiz. 1. — Map showing the Magellan region and the sampling sites m the South Pagorian Ieafisld (3PI) and Soaits of Magellan (5h) areas.

Tazre 1. - List of stations sampled m the Magellan region. ni. = no information.

Station W Locations Latimde 5 Longimde W Sampling Botiom c N P rotal
5 dite tpe  (us atle) (up AeNuz ave)

HE Canal Baker 723 47°58.6 747132 120895 144
H5 Canal Baker 382 457003 73°367 220895 11.7
H13 Canal Hamumick 45 457423 74°243 230895 11.1
Hi4 Angustura Inglesa 385 467539 747242 130895 12.3
H15 Paso del Indio 166 40702 4 747261  23.08.95 16.2
HI19 Fiordo Eyre He 407245 747059 240805 11.4
H22 Fiordo Faleon (sector Azuada) 122 4073211 737531 240805 24
H27 Fiordo Penguin 232 407533 74°203 260895 B3
H25 Fiordo Pengwin it 407306 747037  26.08.95 118
H32 Fiordo Europa L] 50°13.5 74031 IT0B05 11.1
H335  Canal Qeste 75 50°19.6 757025  ZBOB9S5 ni
H335  Fiordo Peel (Faso la Piedra) 117 50°51.7 747058  XR0B0S 1835
H3g Fiordo Peel (Baluz Chubretovich) 110 507303 73"43 Ip0Bos 10.7
H4D Fiordo La (Interior) 148 507523 737508 220895 135
El Boca Orientz] E. de Magallanes 70 527274 68735.0  06.10.97 ni
E2 Bahia Posesion 40 5104 697122 061097 ni.
E3 1% Angostura E. de Magallanes 24 527386 6874648 071087 ni
E4 27 ostura E. de Magallanes 41 52411 TO°10.2 07.10.97 mni.
B5 Paso Ancho BE 53703.6 T0P328 071097 ni.
Ef Paso Ancho 177 557165 T0°412 071097 ni
E36 Bahia Inril 70 537326 637547  0B10.97 ni.
B35 Bahia Inmil 50 53736.3 T0°160 071097 ni.
E& Bahia Snuz 260 53°51.8 T27320 14.10.97 ni.
E? Isla Wood 313 537451 T1°589 151097 ni.
E10 Paso Tortuoso 404 55°33.7 7286 15.10.97 ni
E15 Cabo Tamar 604 527586 73°4846 161097 ni
El4 Boca Oecidental E. de Mapallanes 66 527305 74485 161097 ni
El2 Boca Oecidental E. de Magallanes 20 51444 T4535.6 16.10.97 ni.
B16 Golfo Xalesua 411 5378.65 7370 161097 ni
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Data were analysed using the PRIMERvS com-
puter package (Clarke and Warwick, 1994). Te
analyse the spatial distribution of sampling sites
over the study arez, the MDS (“multidimensional
scaling™) program based on presence-absence
matrix data was employed. This procedure alse
made it pessible te consider colenial erganisms (e.g.
Gorgenana and Bryozea), which were collected at
several sampling stations. Routine SIMPER. (“sinu-
larity percentage™) was used to discnminate species
and their percentage of contmbution to (dis) similar-
ities within and between groups defined by the
MDS5. In this case, only solitary (counted) organisms
were considered.

To determine whether the benthic distribution
pattemms showed relationships to environmental abi-
otic parameters, the BIO-ENV procedure from
PRIMER. was applied to data available for the study
area. BIOENV (Clarke and Gerley, 2001) selects a
combination of environmental factors best explamn-
ing a community pattern by maximising a Spearman
rank comelation between the respective sinularity
matrices using all pessible permutations of environ-
mental facters. The similanty measure used was the
Normalized Euclidean Distance. Environmental
variables (water depth, substrate) and some sedi-
ment chemical features of the SPI {organic carbon
and nitrogen, total phosphate) were obtained from
Abumada ef al. (1996) and Silva and Prego (2002).
Comparable information for the SM area 1s relative-
Iy scarce. The effects of water depth, bottom tvpe,
hydrodynamic regime and suspended particulate
matter (Brambattl ef af., 1991; Fontolan and Panel-
la, 1991) were also analysed.

RESULTS
Species composition and numerical dominance

The sampling stations showed relatively low num-
bers of specimens in the catches by the Agassiz trawl.
A total of 1,895 individuals were caught belonging to
5 epi- and endebenthos major taxa, from which 131
species were 1dentified (Table 2). Ancther 19 species
belonged to colomial taza, mainly Bryozea (17
species) and Octocorallia (2 species).

The taxen Echinodermata was the mest diverse
in numbers of species (47 species), with 25 species
belonging to astercids, 13 species to opliurcids, &
species to holothurcids and 3 to echincids. Poly-
chaeta (46 species) were the second dominant taxon
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in terms of species richness. Mollusca (25 species)
were the third important tazon, encompassing
Bivalvia (13 species), Gastropeda (8 species), Poly-
placophera and Scaphopoda (2 species each).

Echinodermata were the taxon with the highest
munber of individuals, representing 51% of the total
catch. Ophiuroidea were the most abundant class,
representing 20% of the total collected orgamisms.

The frequency of occurrence of species at the
sampling stations was low, in accordance with the
number of macrofauna caught. The echinoid
Psewdechinus magellanicus was caught at 35% of
the sampling sites, whereas Ctenodiscus procurator
(Asteroidez), Ophinroghpha lymani (Ophiuroidea)
and Euripodius latreillei (Crustacea) were collected
at 24% of the stations.

Comparison between sampling sites

Two major groups of stations can be discriminat-
ed in the two-dimensional MDS configuration of the
29 sampling sites, based on presence-absence data
i(Fig 2a). The stress value for the ordination (s =
0.13) comesponds to a good representation (Clarke
and Warwick, 1994). One group includes all the sta-
tions assoclated with the South Patagonian Ieefield
and the second one comprises stations mostly situat-
ed in the Straits of Magellan area. The average dis-
similarity of all pairwise coefficients in the SPI and
SM zroup was 974, Of these, 10.5 were contributed
by Ctenodiscus procurator, 7.3 by Ophivroglypha
lymani and 6.5 by Magellania venosa, accounting
for 24 9% of the overall value of 97.4 (Table 3).
These three species are representative of the SM sta-
tion group. A total of 45 species account for 90% of
the dissimilarity between these two groups. The sta-
tions in the Straits of Magellan show consistently
higher catch levels than the stations off the SPIL.

The ordination of sampling stations for the
Straits of Magellan suggests a suberdinate segrega-
tion of sampling sites, which was analysed in more
detail censidering only sample sites of this area (Fig
2b). In this case, distinct clusters of sites emerge,
showing a relation to gecgraphical positions across
the Straits of Magellan. One group is related to the
eastern entrance of the Straits (Boca Onental,
Primera Angestura, Segunda Angostura and Bahia
Posesion}., whereas stations from the Pacific
entrance (e.g. Boca Occidental) form ancther sepa-
rate subgroup. From sampling stations between the
two Strait entrances (Atlantic and Pacific) there
emerge two other subgroups. The sampling sites
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with the biggest catches were the two stations in
Paso Anche (stations C5 and C4; see Fig. 1), Isla
Wood (C9), and Paso Tortuoso (C10). The most fre-
quently occwrming group of specimens in the entire
SM area was Brachiopoda, with the articulate bra-
chiopod Magellania venosa as the most prominent
species. Another dominant group was the Aster-
oidea, mainly Ctenodiscus procurator and Cyeethra
verrucosa. The ophiurcids Ophinroglypha Fymani
and Ophiactis aspernla, and the holothunian Psofus
patagenicus were also relatively abundant at some
sampling stations.

Differences between the subgroups determined
on the basis of samples from the Atlantic (eastern)
and Pacific (westemn) entrance of the Strait of Mag-
ellan appear to be defined mainly by the ocourence
of echinoderms and brachiopods. In the western
area, the asteroids Ciemodiscus procurator and
Bathybiaster loripes and the isopod Acanthoserolis
sefivthei dominated the samples, whereas at the east-
em entrance Magellania venosa and Terebratella
dorsata (brachiopods), Ophiactis asperula (ophi-
urcid) and Cycethra verrucosa (asteroid) were the
dominant species.

A similar analysis with the SPI sampling sites
showed no clear-cut relation to geographical posi-
tions (Fig 2c). Agassiz trawl catches were larger at
sampling sites situated in channels (e.g. Canal Oeste
and Paso del Indio) and also at the entrance of the
Penguin Fjord. The remaining stations, mainly those
mn the fjords, showed smaller catches as compared
with the relatively big ones cbtained at sites less
influenced by glaciers. The bivalve Camptonecius
(L) subfvalinus was the most abundant species off
the 5PI, followed by the ophiurcids Opfiactis sp.,
Ophiuroglypha lymani and Gorgonocephalus
chilensis. Other dominant species in this area were
the pelychaetes Polyeumoa laevis and Harmothoe
campoglacialis, and the asteroids Crenodiscus
procurator and Luidiaster planatus.

According to the results from the BIOENW
analysis, no relationship was found between the
benthic distribution patterns observed and the abict-
ic parameters in the SPT area. A sinular result was
obtained for the SM area; however, a low level of
correlation was obtained between the faunal compo-
sition, the hydrodynamic regime and suspended par-
ticulate matter (R = 0.040; p = 0.24).
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Fiz. 2. — MDS plots of macrobenthic assemblazes in the Magallan

region {&; O = EPI stations, @ = EM stations), the Soaits of

Magellan (B) and the South Fatagonian Ieefield (), based on the
Bray-Curtis similarity index with presencezbsence data,

DISCUSSION

This study is the first attempt to describe and
compare macrobenthic assoclations on a species
lewvel in the south Chilean zlacial fjords and chan-
nels. Howewver, due to the sampling zear used
(Agassiz trawl), some caution is needed for the
interpretation of the resulting ecological patterns.
The study of macrezoobenthic communities by
trawls can be considered to give only a first insight
into the distribution of epibenthic communities, as
mentioned by Amaud ef al. (1998), but it repre-
sents a fairly good picture of the varety of benthic
species living in an ecosystem. Further quantitative
research on species compesition, biotic and abiotic
variables and their temporal and spatial variability

232 C_Ri0S eral.

15 necessary for a more global understanding of
community patterns and processes ccouming in
these fjords and channels.

A Jow number of specimens was an outstanding
feature at all the sampling stations, especially at
those stations located in the SPI area. Dismbution
patterns in the SM area were found to be mere
homogencus, as 15 cbvious also from extensive
gquantitative analyses on a major taxen level The
lowest average abundance (625 ind/m®) was
observed at sampling stations in the South Patagon-
izn [cefield, increasing significantly southwards to a
maximum (3,972 ind'm?) on the continental shelf off
the eastern entrance of the Beagle Channel. The
Straits of Magellan showed intermediate values
(1,591 indm?). These differences are attributed to
certain environmental properties of the areas, main-
Iy those related to the stability of the bottom sedi-
ments. Silva and Prego (2002) indicated that glaci-
ers provide cold cligotrophic waters mch m silt to
the inlets, features which may explain the scarcity of
benthic abundance and biomass production, as was
suggested for the phytoplankton scarcity found in
several of the fjords considered in our study (Vera ef
al., 1996).

However, lack of repeated stmudy in this ecosys-
tem, including seasonzal and long-term fluctnations
of abundance and environmental abiotic parameters,
make a more comprehensive analysis and explana-
tion of the observed trends rather difficult, especial-
Iy for the SPL For instance, melting of glaciers dur-
ing the austral spring (September-early December)
and summer (December-March) might cause a
strong sedimentary input of inorganic matter to the
bottom, producing additional disturbance in the ben-
thic regime, and consequently a decrease in animal
abundance. Sedimentation has been suggested as
one of the important factors determuning epifaunal
distobution at Antaretic coastal glaciers (e.g. Daw-
ber and Powell, 1997), and more specifically in Pot-
ter Cove (Kind George Island), where benthic
colomisation (ascidians instead of sponges) 1s
strengly influenced by mmergame siltation from the
glacier (Klaser ef al, 1994; Kowalke and Abele
1968, Sahade ef al. 1998; Tatan ef al. 1998). Simi-
lar results have also been obtained in the Canadian
Arctic and Alaskan fjords, where epifauna is
restricted to areas with low sedimentation rates
{Evans et al., 1980; Camey et al., 1999).

An important additional difference to sites locat-
ed in the SPI area is the higher amount of inorganic
carbon in surface sediments of the Straits of Magel-



Tazr= 3. — Average dissimilarity (AvDizs) and ratio betwesn AvDiss and its comesponding standard deviztdon (Diss5D) betwean 5PI (South
Pataponian Ieefield) and SM (Straits Gf}{ageﬂan} groups. Species are ranked im decreasing commibution (%) to dissimilaricy values.
Cum=cummlative percentage. Average dissimilarioy = #7.33

Group SFL Croup 3584

Species AvAbund AvAbund AvxDiss Diss/5D Comtrib% Cum
Crenodisous procurator 164 540 1045 0.3 10.71
Rinroghpha mani 221 B.27 7.33 0.57 18.23
azallania venasa oaT 11.87 6.51 0.39 2491
Praudechinus magellanicus 27 347 50z 0.52 3005
Aranthaseroiis sehyihel 0.00 EXCE] 4.94 0.36 35.12
Camprenecius| Palliolewn |mabhyalinus 1364 0.00 4.54 0.27 30,77
Demialinm majoringm 043 153 340 0.4z 431.26
Limapsis maricnensis 0z 513 jle 0.36 46.53
Profus patagonics 00D 540 ENI] 0.26 4077
Holothuroidea sp 2 0.00 330 05 036 52.90
%:e:-‘:m VErTRCasa 1.1% 1.13 191 0.36 55.88
hiactis sp. 703 0.00 136 0.27 58.30
Terebratella dorsata 000 2.60 2.35 0.23 650.71
Chefraster (Ludiaster | planeta 214 ooT 2351 0.26 63.07
Ophiacrs asperuia 00D 0.80 173 0.37 64.85
Cosmasterias hwrida 114 0.67 165 0.31 G6.54
Leanira guarrefagesi 136 0.00 1.61 0.59 68.19
Barhylaster loripes 00D 067 L.36 0.49 ; G9.59
Ernucula grayl 064 040 1.20 0.2 i 7091
Eurypodins lamreillei 064 073 119 0.4z 122 7213
Trypilaster philippi 0.00 107 1.10 0.31 1.13 73.26
Rigclen REmitinum 0.93 0.00 L.0g 0.25 1.11 74,37
reanocephalus chilensis 214 ooT Lo4 0.39 L.06 7543
Polyeunea laevis 257 0.00 1.03 0.35 1.06 T6.40
Pista cristata 0.57 0.00 0.86 0.25 0.88 77.37
Mualdane sarsi 043 0.00 0.85 0.42 0.88 78.25
Libideciaea smithi 0.36 0.13 0.7 0.29 0.51 79.06
Crepidula dilaraia 00D 040 0.7 0.2 0.78 70.54
Ophiacantha cf pentactis 064 0,00 0.75 0.25 7T £0.61
Cg:.'ocm:‘.": velurinus 0.14 1.3 0.75 0.35 0.77 B1.37
Abyvrsomings abbysrerum 043 0.00 0.73 0.31 0.75 212
Sternaspis scutaia 100 0.00 0.71 0.33 0.73 8285
Porania antarefica magellanica 000 10.67 10.66 0.45 0.67 8353
Lameria faikiandi 000 0.33 0.4 0.2 0.66 54.18
Rigoaniha vivipara 1.9 0.00 0.62 0.37 0.63 g4.81
erthella platei 007 0.53 .61 0.31 0.63 B3.44
Anlacomya ater 00D 040 0.60 0.34 0.61 86.06
Arbacia dufresnei 1.50 007 0.58 0.36 0.50 56.63
Munida qulr.qgc.t: 0.21 013 0.55 041 0.57 87.22
Campylonetus semiziriarus 00D 087 0.5z 0.34 054 87.75
Calypraster fenuiisimis 0.00 047 0.51 0.25 0.52 85.28
Halearcinus planatus 00D 0.z7 0.51 0.2 0.5z 88.30
Harmothoe campoglacialis 164 000 049 0.27 0.50 50.30
Chlamys patagonicus 1.21 0.z7 0.46 0.34 048 80.77
Homalophivra mornata 00D 0.60 0.41 0.25 0.4z Q0.20

lan (Silva and Prego, 2002), which according to
Brambati ef al. (1991) can be attributed to the pres-
ence of calcite in the remains of bivalves, gas-
wopods, crustaceans and foraminiferans. Unfortu-
nately, information on chemical and physical
processes of pelagobenthic coupling (Cattaneo-Viet-
fi ef al, 1999% and in the bottom sediments 13 scarce
for the area of study, and this represents a limiting
factor to explain the (dis)similarities we found
between the study areas. More focused research on
nter-annual variability of biotic parameters and
their relationship with vanability in sediments fea-
tures are clearly needed for the Magellan region.
Becently, Rios ef @l. (2003) reported for the Straits
of Magellan 2 significant seasonal abundance pat-

tern, with variations in species richness and diversi-
ty in areas at the eastern SM entrance, and with max-
imum values observed in the austral summer penod.
Presently, this area is not affected by the direct influ-
ence of glacial processes. All these features suggzest
very intricate ecclogical dynamics in the benthic
communities assoclated with the Chilean chanmnel
and fjord complex.

The most interesting result was the clear differ-
ence In species composition found between the
South Patagonian Teefield and the Straits of Magel-
lan. Recently, both areas have been separated into
tweo different sectors according to carbon and nifro-
gen concentrations and dismibutions in the superfi-
clal sediment lavers of the bottem (Silva and Prego,

MACROBENTHIC ASSOCIATIONS IN THE CHILEAN FIQORDS 233



2002). In addition, an east (glacially affected zone)
and west {oceanically influenced zone) segregation
in the SPI was identified. However, our biotic data
do not indicate any clear relationship with the abiot-
ic parameters determuned by Silva and Prego (2002):
the differences could be primarily explained by the
cccurrence of markedly different habitat conditions
and gradients caused by the glaciers.

The discriminant invertebrate species determined
for the SPI area are typical of the prevailing sub-
strate (mmd in the fjords and sand in the channels),
but also for the presumably considerable distur-
bance produced by high sedimentation towards the
bottom. These facts may explain the larger catches
both in channels (e.g. Canal Oeste) and at the
entrance of the fjords (e.g. Sene Pingiiing). One of
the discominant genera in the SPI area, the opli-
urcid Opfliactis sp. was collected at Canal Oeste
sampling station, and has been frequently menticned
as being commen in communities charactenised by
cligospecificity with deminance of suspension foed-
ers, in which hydrodynamics represent both the
most important imiting facter and the main carmer
of organic matter (Giacobbe and Rinelli, 1991).
Other species characterising this area were the car-
mverous polyneids Polyernoa laevis (dominant at
the entrance of Seno Pingiiine) and Harmothoe cam-
poglacialis (Canal Oeste). and the ophiound Gor-
gonocephalus chilensis (Canal Qeste). P. laevis has
a circumpelar distribution, and is a donunant species
in assemblages defined for deep water and hard bot-
toms off Subantarctic 1slands (Gullet, 198%). &,
campoglacialis is a new, recently-identified species
(Hilbig and Montiel, 20007 with a wide distribution
range in the southemn part of Chile, inhabiting mud
and fine sand of fjords, channels and even micro-
habitats such as holdfasts of the kelp Macrecystis
pyrifera (Montiel ef al., 2004). Species of the genus
Gorgonocephalus are considered as “fortuitous
predatory suspension feeders” adapted to life in
strong currents (Emson ef al., 1991).

The SM represent a more diverse and probably
less disturbed habitat for diverse benthic commumni-
ties with higher orzanism densities. Furthermere, our
data suggest the ccowrence of separate subgroups of
stations along the Straits with differences in commu-
nity compositien, e.g. at both enrances of SM. Such
variability did not become evident in the comparison
of mega-epibenthos distobution across the Straits by
Gutt ¢f al. (1999). In the SM area the most significant
species regarding the discomination from the SPL
area (Ctemodiscus procurater, Ophivroglvpha Hyemani
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and Magellania venesa) have been previcusly
reported as charactenistic species of benthic commu-
nities in the Straits of Magellan (Dahm, 1999; Lar-
rain ef al., 1999; Gutt ef al., 1999). The genus Cien-
odizcus 1s considered to be a non-selective deposit
feeder (Shick ef al, 1981), whereas Q. lyani is an
omnivorous species and feeds mainly on cruos-
taceans, the organic content of sediment and phy-
todetritus (Dahm, 1999). The brachiopod genus
Magellania has been described as a dominant and
charactenistic filter feeder on deep soft substrates in
the Subantarctic Prince Edward Islands (Branch ef
al., 1993) and on the continental shelf of the high
Antarctic Lazarev Sea (Brey et al., 1995).
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Besumen.- s: analiza 1z diversidad de especies de
fnverebrades bentonicos marimos, recolectades medisuore
draza Melntyre (muestres cuantitasive), en seis periodes, ea el
sector sublitoral comprendide entre Iz Primera v Segunda
Angpsturs del estrecho de Magallanes. Sa identficaren 301
especies vy CategZorlas taxomomicas superiorss. Los grupos
dominsntes términos de rigueza de especias fueron
Polvchaeta, Crustaces v Gasmmopoda. Las  especies
numeéricaments  deminsntes fueron dstarte  Jomgirosis,
Evriomalea  exaibids vy Cyomiocardivm  denticulatum
(bivalvos), Trochita pilesins (gastropodo), Themisie sp.
(sipuncilide), Hemipodus simplex v Notecirrus  lorum
(poliquetns), Magellania  wmosa  (braguiopode) ¥
Ewvallentinia darwini (isopode). Estas especies presentan una
dismibucion geegrafica presumiblements resmingida al cono
sur de Sudawsérica, extendiendoss tamto hacia sectores del
ocezno Facifico como del océano Atlavtco. Mo han side
mencionadas para pmgnn sector al sur de los 55°5 v son
practicamente inexisteute 2l norte de los 46°5. Los parametros
nnivariades que penmiten swalizar 12 biediversidad prasents en
el area mmestran una dewminancis (J) intermediz por parte de
pocas especies, con altos valores de dwversidad segin
Shanmon-Wiensr. En el fiempo, estos valores mmestran una
clara tendencia a la flucmiacion pernitiende definir we parrda
prelinivar de biodiversidad com uns clara separacion de sl
mienos res grupos de valores. Estos resultados sugieren qua la
nacesaria valoracién cuantmatve da la diversidad debe contar
no solo con un referents sspacial (eg dres/miparficte cubierta
para su determinscion) sino también con una escala temporal
que permita definir rangos de valores probables de diversidad
(i.¢. muestreos en diferentes periodos).

Palsbras  clave: Beatos, Magallsnes,  snbansarica,
conservacion

Abstract.- Marine benthic irvertshrates species diversity is
analyzed. Samples were obtained using a Mcntyre dredge
(quanfitative sampling), deployed during six periods In 2
subliteral zowe of the Strait of Magellan, between its First and
Second Mamrow. Three hundred and ome species znd major
taxonomic caegories were identified. Polvchaeta, Crustacea
and Gastropoda were the dominant groups in terms of species
richness. Astarte Jemgirostris, Eurhomalen exaibids and
Cyamiocardinm denticulatum  (bivalves), Trochita pileolus
(zasropod), Themitre sp. (sipunonlid), Hemipodus simplar
and Notocirrus Jorwm  (polvchaetes), Magellama venmosa
(brachioped) and Ewallenimia darwind (isopod) were the
nummerical domdnan: species. All these spacies have a
geographical diswibution apparently restricted o the up of
Southem South America, with a distnbution in both the
Atlanrie spd Pacific Ocean The species have mot been
reported south of the $5%% and north of the 46°5. Univariare
parameters nsed to analvze the biodiversity of sampling sitas,
indicate an intenuediste eveanass (J) from few spacies, with
high values of Shapoon-Wiener diversity. Indices show a clear
flucimation wend through gme. with a prelimmary biodversity
pattern conformed by three value groups. The results suggest
the pecessity to obtam quantitative values of diversity not only
considering spatzl references (eg., area considered for
astmations), but zlso a temporal scale to define range of
probzable values of diversity (e.z_ differsnt sampling pertods).

Eey words: Benthos, Magzallanss, Sub-Antarcric, conservation

Introduccian

Lz wmvestizacion sobre biediversidad en ecosistemas
marmos  australes  se  ha  visto  incrementada
notablemente en las décadas reclentes, aungue los
esfuerzos de investigacion en los diferentes sectores
australes mo han sido unifermes (Arntz 1997; Amtz &
Eios 1959). La Antirtica ha recibide una sigmificativa

dedicacion c1entifica, la cual incluyes mvestigacion sobrz
aspacto: blogeomiafico:, evoluttvos (eg Hadgpeth
1969; Dayton 1990; Clarke 1990; Wigels 1991; Crame
1594; Atz et al. 1997), sistematicos, taxondmicos (g.2-
Camrns 1982; Brandt 1991; Sieg 1952; Lopez-Gonzalez
& Gali 2000, 2001) v ecoldgicos (g Gutt & Stanmans
1998; Guli er @l 1999; Larz 2000; Gray 2001a). En la
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region de Magallanes ha habide un  incremento
importante de la investigaciom a partir del crucero
cientifice del BV “Vietor Hensen”, desamollade en
1994 (Amtz & Gomy 1996; Mazzoccld er al. 1995
Atz & Rios 1999; Thatje & Mutschke 1999; Rios &
Mutschke 1999; Montiel e al 2002} y, mas
recientemente, el Campo Patzgomico de Hislo Sur ha
sido  imeorporade a3 esta linea de  mwestizaciom
(Mutschke er al. 1996; Hromic 2001). En estas dos
dlttmas  areas  aun  existen notoras  faltas  de
conocimientos basicos, entre los cuales se ineluyen
estudios taxomomicos principalmente de mvertebrados
marinos (Mutschke et al. 1998

Dentro de la regiom austral del como sw de
Sudamerica, el estrecho de Magallanes tiene la
partienlandad de estar consttmde por masas dz agua
provenientes de tres océanes: el Pacifice, o] Atlantico v
el Mar del Sur (Panalla er al. 1991; Antezana 1999). Por
tal razdn, éste oftece singularidades mterssantes para el
estudio de la brodiversidad, en cuzlgwiera de las escalas
de riqueza de especiss commmments uhlzadas (eg
Gray 20016). Lz generacién de asta mformacidn basica
es fundamental para definir aspectos relacionados con la
conservacion de la matwaleza (Simonett 1995; Gray
1997. Lancsllotti & Vasquez 2000), para contribuir a
los analbizis biogeograficos ¥ eceologicos (Gray 2000,
2001a; Fernandez et al 2000), o comeo elsmento para
determinar cuzn negativa puede ser la eventuzl perdida
de biodiversidad para el Amcionamisnto del ecosistema

{Purvis & Hector 2000).

El objetive general de este trabajo es presentar la
primera  evaluacién  cnantitztiva de la drversidad
(riqueza de aspactes o diversidad, de wn clerte nimero
de umdades de mmestrso tomadas desde un area
defimida, sensn Gray 2001a) para un sector sublitoral del
astracho de Magallane: localizade hacia su entrada
ortental (i atlantica). Las caracteristicas
oceanograficas, particularmente aguellas relacionadas
con laz comientes ocednicas ¥ sistemas de mareas
predominantes en el arez, generan un ambiente abiotico
de zlta inestabilidad, con una permanents modificacicn
en la estruchra de los sedimentos. En consecuencia, en
estos  sectores sublitorales, es esperable wma baja
diversidad  biolégica, preducte de unm  nimers
relatvaments reducido de especies ¥ cuyas abundancias
también se esperan deprnmedas. Adicionalmente, se
esperan fluctuzciones poblacionales, en mimers ¥ an
biomasa, dentro de ranges mas bien estrechos v que
podrian reflajar una cizifa constancla a lo largo del
fiempe en término: de distribucion v zbundancia. Loz
objetivos especificos del estudio fueren: z) definm la

macrefauna  bentomica  caracteristica del area en
términes da parametros wmvarades asociades 2 la
diversidad, b) amahizar la vanabilidad temperal de los
parametros cuanfitatives utilizados come indicadores da
biodrversidad, v ¢) contribuir al entendimiente de las
interacciones bidticas dentro de la region de Magallanes
¥ emfre &sta v sectores del Atlantico, Pacifico v
Antirtica, come parte de postbles  zradiemtes
latiudinales. El wabaje es parte de un programa mas
amplic que considera el analisis de la distibuecion ¥
abundancia de zrupes selectos de invertebrados manmnos
en el drea subantartica del cono suwr de Sudamsnca.

Materiales v Métodas
Area de estudio

Segim Gughelmo & lanora (1993), ol area de estudio se
sncuentra localizada en el sector dencmunado Entrada
Somera Onental del estrecho de Magallanes, la cual 5=
axtiende desds Punta Palicano hasta Punta Dungeness
(Fig. 1). El area de estudic presenta profundidades que
varian entre 30-50 m. Las zguas del sector parecen
orgmarse 2 partir de la mezela de la capa superficial da
las aguas intermeadias del Atlantico provementes dal sur,
con aguas mas dilmdas en térmmos de salinidad ¥ de
ongen continental Estas son verticalmente homegeneas
come resultade de la mezcla significativa enginada por
las fnertes cornlentes mareales presentss en el area.
Dhurante el periodo de estudie la salimdad superficial
varie enfre 30,6 - 31,1 ppm, misnfras que la temperatura
superficizl del agua de mar vane eatre 67C - 7°C.

La caracteristica hidrodindmica mas relevante del
area son las foertes cormentes mareales gue se onginan
a partir de las olas de marsas semi-diurnas del oceanc
Atlantice. El régimen mareal del estreche es
macromareal, derrvade de la amplificacion de olas a le
large de la amplia plataforma continental del Atlantice,
con rangos de marsas promedio ¥ de primavera que
varianentte 7.8 -9 5 myente 1.2 - 1.8 menla Pimera
¥ Segunda Angostura, respectivamente. La velocidad de
la comiente superficial vana entie 4.5 m's en la Primera
Anzostura v 3 m's en la Segunda, con unza reduccion a
menos de la mitad de estos valores en las velocidades de
la comente de fondo debudo a la friccion (Medesiros &
Kierfie 1988).

Las fuertes ecomlentes, en conunto con  las
profimdidades someras existentes, resultan en mrveles
snergaticos medios ¥ altes con transporte de grawvas v
arenas, zomas de  erpsidn ¥y un  sustrafte  con
predommnancia de gravas, gravas arenosas ¥y arenas
gravosas (Brambati er al. 1991).
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Figura 1
Localizacion de 1as dreas de estudio en el sector oriental del estrecho de Magallanes, Chile. 1 ¥ 2 representan las posicione: de
13 Primera ¥ Segunda Augostura, respectivamente. Los circulos indican las ubicaciones de las tres estaciones de muestres
Location of the smudied stations in the eastern sector of the Stait of Magellan, Chils 1 and 2 comespond o the Primera and Segunda
Angpsturs, respectively. Dots show Locations of the three sampling areas

Metodologia de trabajo

Los muestreos fusron realizados enfie mave de 1999 v
febrare de 2001, completindeose sels periodes de
muestrec.

Exn el area de estudio se determunaron 3 ssctores de
muestres, representativos de la parte central del area
entre las dos angosturas del estrecho, otro hacia sl bords
de Tierra dal Fuego v mn tercero asociado zl margen
contmental (Fig. 1). Esta division arbitraria del sector se
basa en: a) el interes por determinar v amalizar la
biediversidad de un area particular mas que de una
comumdad bielogica determunada v b) por restiicciones
logisticas impuestas por la naturaleza del sector a
estudiar. Dentre de cada uno de estos sectores se
recolectaron al azar 15 mmestras, parz totalizar 43
muestras por periedo de muestrec para el arez en s

conmunte. Las muestras de sedimentos fueron tomadas
con una draga Mentvre de mordida = 0,1 m®, lanzada
desde una embarcacidn con propulsidn propia. Los
sedimentos obtenides fueren utilizades en su tetalidad
para la separacion de la fraccion macrofaumistica
presente en cada mmestra. Esta se realizé en el
Laboratorio de Hidrobiologia del Instiute de la
Patagomz, tamizande cada una de las mmestra 2 traveés
de un tamiz con abertura de mallz de 0.5 mm Cada
muesta  tammzada fue  separada ¥ analizada
manualmente bajo una lupa binecular de amplificacion
103, para postenncimente reahzar el proceso de
identificacion hasta el mivel taxonomico mas baje
posible, ademas de la contabilizacion y determinacion
del peso de los ejemplares de cada especie o taxon
supericr  identificado.  Para  las  1dentificaciones
tamonomucas prineipales sz utilizaron come referancia
los siguzentes trabajes: para egunodsimes, Bemascom
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(1965}, Bernasconi & D'Agestino (1971, 1977); para
moluscos, Castellanos (1988-93); para poliquetos,
Eozbaczyle (19383); para erusticeos, Menzies (1962),
FEetamal (1974}, para peces, Neorman (1937).

Analisis de las muestras

La determunacion de la biodiversidad ha zenerado una
importante diversidad de emterios tanto conceptuales
como metodelogicos (véaze Gray 2000 para una
dizcusion del tema) v, de acuerdo con el proposito del
presente frabajo, s2 ha considerade la valoracion de la
nqueza de especies o diversidad de un cierto nimero de
midades de muestreo tomadas desde un area defimida,
sensu Gray (2001a), equivalents a la “diversidad alfa™
planteada por Whattaker (1972}

Para la determinacien de indices ecologicos
mmvariados s0lo se consideraron aquellos taxa sobre los
cuales se tenmia wna importante presuncidn de estar
reprazentando un :o0lo tpo de especis. Esto e vilide
desde la categoriz de especie hasta ofras categorias
supertores (gg.  Actimana INDET 1, Amplipoda
TWDET 1; Ascidiacea INDET 1) En consecusncia, no
fusron considerados en los analisis aguellas umidades
que pudiesen estar representande mas de una especie
despues de un analisis taxenomico mas detallado (g
Sipunculidea INDET). El conpumto matricial de datos asi
establecido (filas o especies n = 293; fechas de muestreo
o colummnas n = &) fue analizado sizwiende las mutinas
del programz computacional FRIMER (Clarke &
Warwick 1994; Clarke & Gorley 2001). Se realize
ademas, un procedimiento de caleulo considerands la
sumatoria de todas las abundancias por periede de
mmestres en conjunto con la inchision de todas las
especies, categoria que en los resultados se han
considerado como reprezentativa del total para el area

En parficular, se efectuaron los sigmentes cileulos
utilizandose el ment DIVERSE de FRIMER:

2} Indice de drversidad segim Shannen-Wiener: H' = -
Zrylog p). en donde p; es la proporcien del nimero
total de indrndues que aparece representada en la
especie i Para los caleules comespondientes se
utilizo logaritmo en base 2. El indice permte
obtenar un indicader (H') de lz relacion entre el
mumere de especies en cada periede de muestreo v
sus respectivas abundaneias numericas, raflejande el
gzrado de mncerteza (en términes de mformacién)
dentro de la comnmidad (MMagurran 1991).

gz

) Indice de Margalef para la nqueza de especies: d =
(E-1)leg N, en donde M es el mimere total de
indrvidues v 5 el nimero de especies. El indice
reprasenta la rigueza de especies en un sentido

clasico pere en funcidn del nomero total de
mdividuss por pertodo de mmastres.

¢} Equitabilidad zegin el indice de umformidad de
Prelow: J = 0 e i o0 donde H o &3
la diversidad maxima posible que se podria obtener
i todas las espectes fueran iznalments abundantes.
El mdice representa la umformudad (egqutabilidzd)
en la distnbucion mumenca entre las diferentes
aspectes del conjunto esmdiade en cada periede de
nesiTas.

Finalmente, los parametros umivanados fueron
representados de manera mulivariada o bi-dimensional
utilizande el entene de ordenacion de muestras (en estz
case, periodes de muestreo) segin el mefedo de
ascalapiente multidimensional (MDS) (Field e al
1982). Esta ordenacion se baso en una transformacion
previa de los datos de abundancia por especies o taxa
superiores (1alz euarta) ¥ caleulo de una mammz de
similitud utilizando el indice de Bray-Curtis (1957)

Resultados

Caracteristicas generales del ensamble
bentonico

En total se identificaron 301 especies v taxa superiores
las cuales se dismbuveron en wm total de 6511
mdividues recolectados para los se1s periodos de
muestree, los  euzles  presentaron  importantes
variacionas enfre un mmesirec ¥ oo en fimelon de su
presencia/ausencia (Tabla 1)

En térmunes de rigueza de especies, la mavoria de
les taxa recolectados fuvieron wuna reprasentacidn
infertor al 3% respects del mimere total de tama
identificades durante todo el periode de muestrea.

El grupe taxonomico mas diverso correspondid a
Polychaeta (119 aspecies), reprezentando practicamente
mas del tercio de fodas las especies o taxa superiores
recolectados en el area de estudio 2 traves del tiempe
(Fig. 2). Particulamments 1mportante fue la familia
Polymoidea (16 especies). Los peliguetos fusion
dominantes en términecs de numero de especies en
practicamente todos lo: muestreos, excepmande el
correspendients a jume da 1999

Otros prapes relevantes fosron Crustacea (68
aspactes), particularmente ] grupo de los anfipodos con
10 espectes v Gaswopoda (44 especizs), con las famihias
Trochidas ¥ Bucemidas como dommantes, ambas con 8
aspactes. Un gmipe ocasionzlments dommante fus
Bivalvia, no superando 2] 7% respecto dal total de taxa
identificados. La familia mis diversa fue Phlobrydas,
aunque con bajas abmmdaneias.
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Tabla 1

Lista de los taxa macrofaunizticos bentonicos ¥ sus correspondientes abundancias numeéricas,

recolectados entre la Primera v

Segunda Angostura del estrecho de Magallanes, Chile, en seis pertodes de muestres (A-F). T = Total. Los grupos coloniales
fueron considerados como Presemtes (Pte). A=0L0599; B=01-060499; C=13-241099; D=17-20/03/00; E= 08/07/00;

F=11/02/01

Tazonomic list and sbundsnce of macrobenthic organisms sampled betwesan the First and Second Marrow, Smait of Magellan, Chile in
six sampling periods (A-F). T= totzl. Colonial taxz were considered as Present (Fre). A=01/05/99; B=01-06/0699; C=23-26/10/08;
D=27-30/03/00; E=DE/07/00; F=21/02/01

Fachea de muatran

Fackan de arzcatron

Ticza A B ¢ D B F T T A B C D B P
FORIFERA Exmcgeriame [NDET 4
DNDET P Fo Pz Fie P P Lanperkansia ap LR
Trepmen g I
CHIDARLA Typarii ap [ 318
DATET. i 1 Hersalidas INIET n i 1o
Frmerew patsganio [hdlntmb) |RES a8
EYTROTOA Cyemmanerris Aarimannschrosders  Peltitess, 1970 a 3
BNTET, Pea Fre Pra Fle Pae Pnamther bvrpueloaie dcluimciy LRRS 1 9 7 M2 B
Pereis pelagies Ehbems, 15411 (VR R I E
ANTHOZOA Mereia of. pelagics 4 a
Activierin INDET | 1 i Pereis axpeniay Kaniben 15553 n = 2% a 5
Actinierin INDET 2 3 3 Pervis pisgics lumaista Liesem, |758 3 kY
Activierin INTIET 3 2 2 Pereizap E El
Actiniarm INDET 5 4 a2 14 Pican i ] 1
Crztzceradia TNTET Fie Platmeresr aunri (Bchanta) |85 (e
INDET 3 ] Hepiryids INDET 1 1
Aglzoghamu of mrgmy z i i 4
FLATHVELMIVTHES A glaop o masrauns {Bchanta) |85 FUE T EO E R
TURBELLARIL A ghzapham ap 1482 17 41 4
DNDET ] 3 Cephnrap 1 1 H
Sphaeradonmm p. i 1
NEMERTEST Giyrera capliaiz Creratedd, 1643 & 2 ]
INDET | & EE Gipcenaap 14 19
DNDET 2 P 2 Hermpacher repler [Gruba) 1857 (O T O E R
INDET 3 3 2 Hermipodier of. mmpies 5 1 6
INDET 2 2 7 a5 4 40 Hermpaderag: 72 a
(ycinde ammaiz F. Mnlle, 558 4 4 2 1
HEMATODA Comiads fsikiondica Frat, 1901 31 4 &
DNDET o091 38 Gomisda of, faltiandica 2 2
gt ez (Blera) 100 56 6 9 1 4 M
SIFLRCTLA Cnphidas THDET 1 1 2
SIFUVCVLIDES Kmmbergonuphis darsalic (Bdera) 1857 2 A 9 1 23
Therizie 1 WG 60 14E 99 52 481 Mostbrisap R
DNDET. & 1 2 i i Lrabrineri of. 1 1
Lamnbrinerd of, iirasrs I 1
ECHILRA Lumbrineris aps R 1 4
ECHIURIDEL AcrabalEcbes DNTET 2 i 3
INDET 1 1 Arsbelly imcalar casmalea (Bchmanta) [RE 3® M6 S
FRIAFULITIA Arabellzap I 1
INDET 1 3 4 tésncrma fanm Ehbems, 1667 WM B 1E =
Dizevillsidas THIET a 2
ANNELIDA simnero derdmnies v Cienazs, 1977 ? a5 6 45
FOLYCEHAETA Hurtmoea S,
Peidynoikas INDET 1 1o 12 e o 1965 ! P 2
Halarydva ip. 1 1 Arvetoa ap 7 ?
Bormvoiiuar of, crstisea 1 1 piepkaner boming [Claparads) 1870 51 6
Huarmuhon spiasa Einbayg, 1855 12 % Sprphaner . 11
Harmuthor of. ipmasa 1 2 1 4 Pakrdora up. 51 L
P —— 1 1 Chactupleides INTET 1 1 2
Mmoo s 1 s A 1M stulslan INDET 11
Hormwodinen ap. 2 1 1 s [Berudher=) 1944 2 2
Hamothar sp. 3 11 3 3
Hanmethizas THIET | 56 &0 & &
Hanmilsizas THOET 2 3 2 2 2
Harmsthizas THDET & 1 7 2 31 13
Harmsthoizas HDET 1503 1 3 22 Conmnaap 1 1
P Kisksg, 1855 1 1 Flatelligerises IHIET M1 1 15
Harmadion ap: 1 1 Fradz g 3 3
Phaioe 1 F a Flateiigers i Ehbema, 1667 4 & 10
Flyliducidee THDET & 2 & Pherusaap 1 1
s ap R | Saalitrogmatiche INDET 1 1
Fawane scufpia Ehlen, 1887 a1 (R I ] 55 Oiptsalindes THIET i 1
Bulstiasp 1 1 Frsamur {Tharasspheiis! farcfers 1 1
Falaliz viridis 2 2 x-:w-ﬁhpﬁw ! 1
Srgpos of mapathames 2 2 i . 1 ]
Hn':mg NLET &5 25 M Opheiina syrinpogype (Ehera) 1900 I @
Dalisiniels sp 1 1 Travia brnmrieeas Mel=icab, |RSS 1 1
Filazgiichss INDET 1 1 Travisiaap 23 2 2 a
Syllidua INDET 3 3 & 10 Capilelidae INDET 3 1 4
Eusyllizsp ] ] Aduckomasioe ap. 1 1
Exaganeap % B Mafomanur tmonss Hcun, 1E51 T & 1 14
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Fackan de arzsatren Factan de arzzatren
Twea AB CDETF T T ABC D E F T
Maldbemidan INTET FBE] H 15 5 82 Phuilakrys mblareie Felumeer, 1903 ] 1
Fachmeny groa (Bird} 1E71 42 ] Philabrs . 5 5
Idantbyraur comartur Kinkeg, 1857 22 6 U 4 25 Anlzcomea aier aier doliza, 178 1 11 3
Lyyreadinap 1 1 Atk chileazis Losnueck, 1819 ] 4
Phragmaipoma moercht Kinkeg, 1857 1 1 Brachiadanter (Haormamya! [Mdabville &
Phrogralapms viegini Kirkap, 1957 a 3 Le— Hturdan, 1914 ! !
Phragmaipoma g 2 B Limatula pyymass [Phikppi. 18451 1 1 5
Amplaretiles DNDET ®» 5 2 4 25 &8 - (Kang & Froderip,
Amaptaretiskes INDET | 4 ] 1831} 388 %
Ampiarotiie INDET 2 2 2 Kellia maprliancs Hesith, 1RSI 1 1
A . n 1 Prrudokelis cordyrmer (Smith, 1585} ] 1
Aduiien of, crasin 1 1 Adpmnlla ap 2 1
Fiarterma Sclroder. EA Smith, 1900 & o w2
Towconler globelorty e & E [T R — Diorbgny, 1886 24 18 47 118 35 16 2%
Sosamides ip. F ] &0 Meslapion soncesinicom Dedl, 1964 2 2
Tersballidar INIET (O T T A 1 b1 ey l]:;gthnd-p. . ¥
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Figura 2

Representacion porcentual del niumero de especies por categorias tazonemicas superieres. La categoria “ofres” incluye a todos
los grupes cuyas represenfaciones em funcion del total de especies identificada: fueron inferior al 5%, A-F=periodo: de

muesires

Species mumber percentage by superior taxonomical categories, "Others” category includes all the groups which representation, with
respect to the total of the identified species, was less than 5%, A-F = sampling perods
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Tabla 2

Indices wunivariados de la estructura comunitaria
bentonica para lo: ensambles faunisticos presentes en el
sublitoral del area comprendida entre las dos angosturas
del estrecho de Magallames, para diferentes periodo: de
muestres.  S=Numero de especies. N=Numere de
individuo:. d=Riguneza de especies. J=Uniformidad v
H’=Diversidad. En todos los casos n=45_ Total se refiere al
calcule de los diferentes indice: utilizando el conjunte de la
informacion come un tode.

Univariate indices of benthic commmunity stucmre obtained
for faumal assamblages from the sublitoral zone in the Strait of
Magellan, in different samplmz periods. 5= species munber.
W= individnal number. d= species mchness. J= evenness mdex.
H'= dwversity. In all cases n=43. Total refers to the values
obrtamed for the indices using pooled mformation.

Fecha de mmestres 5 N d I H

010571990 &9 465 11,12 0,83 3,51
01-06/06/1999 a3 548 1404 082 3172
23-2610/1999 ™ 585 1207 079 347
27-30/03/2000 172 3129 2137 07 373
08072000 130 1.300 190 079 380
215022000 76 586 11,82 060 300
Total 295 4611 3357 075 431

Medidas univariadas de la biodiversidad

Los valeres de dmversidad v parametros aseclados
obtenidos para cada periodo de mmestieo se exfregan sn
la Tabla 2. Considerando wn msme esfoerzo realizado,
tanto de mmestreo {en tedos los casos n = 435) comoe de
resolucién  taxonomica, e aprecia um  Incremento
importante en el nimero de especias (%) desde el primar

periodo de muestreo (5 = 69) hasta el cvarto (5 =172

para, pestenionmente, descender nuevamente a mveles
similares el primer muestres (3 = T6). Esta tendencia
también =2 ohserva en relacidn con el mimers total de
mdividuos recolectados en cada periodo ¥, claramente,
ambas tendancias se reflejan en los valores que toma el
mdice da rigueza de especies segim Margalef En el
cuario periode de muestreo se notan los mayores valores
en todos estos parametros.

En relacion con la equitzbilidad en la distribucion de
las  abundancias numeénicas por cada categora
taxonomuca, en todos los cases J superc el valor de 0,5
Este indica una dominanciz por parte de unas pocas
aspactes en todos los periodos de muestren. Los casos
exiremos 2 aprecian en el primer muestreo (J = 0,83) v
an el altimo realizads (T = 0,69).

Los valores del indice de diversidad de Shannen-
Wiener (H) fluctian enme 3,00 {musstrec de marzo ds
20007 v 3,89 (mmuestres de julie de 2000). En la mayoria
de los cases que se analizan, el wvalor de H' esfa

alvadeder de 3,50,

Con estos valores se estimaron los mdices de los
parametros univariados considerados en el trabajo ¥ que
pueden  ser tomados come valores tedricamente
posibles. En tal caso, la equitabilidad fue de J= 0,75
reflejando una situacidn de deminancta intermedia entre
los valores caleulades para cada periodo de estudio. Por
su parte, H' resultd ser considerablemente mayor qus
todes los valores obtemdos por perieds (H' = 4,31).

En la Fig. 3 se presenta la ordenacion bi-dimensional
de acunerdo al matode del MDS para los seis periodes de
mmesttes, mcluyends los valores caleulades para la
sumatoria de los datos de nimero de especies ¥
abundancia numenca.

Figura 2
Ordenacion MDS de los seis periodos de muestres (1 - 6) en funcion de los valores calculades de riqueza de especies (d),
uniformidad {J) v diversidad {H"). T reprezenta los valore: obtenidos con las sumatorias de 5 v N de todos los muestreas. Loz
datos fueron transformados a la raiz cuarta previo al cilculs de la matriz de similitud segin Bray-Curtis

MDS erdinadon of the six sampling periods (1 — &) related with the values of species nchness (d), evenness () and diversicy (H™). T
represents values calcnlated with the sum of 5§ and I for all sampling periods. Diata were wansformed to fourth root before Bray-Curtis

matriy similarities calculations
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En la fizura se han sobreimpuesto en la ordenacion
de los periodos de mmesties, los valores obtemdos para
la ngueza de especies {d), wniformudad (J) v drversidad
(H"). Tre: agrupaciones distintivas aparecen para cada
configwracion de los parimetroz wmivariades. Los
valoves mas bajos determinades para los seis periedos
de mmestrec 32 ordenan claramente come una
configuracién diferente a la que constituyen los valores
relativamente mtermedios ¥, finalmente se ordena el
saxto periodo de muestren en forma relatrvamente
independients a las dos confizuracionss anteniores. Los
valores obtenidos al considerar las sumatonias de S v W
s2 ordeman asociadas al grupe gue, en cada caso,
comesponde con los valores mas altos obtenides a partir
de los datos por periode de muestreo. Los valores de
estres (estrés = 001) indican que el grafice bi-
dimensional resultante es una represenfacion preciza de
las mteracciones existentss entre periodos de muestreo,
2l menos desde la perspectiva de los mndices umrvariades
utilizados.

Discusidn

El sistema marmo de la region de Magallanes rapresanta
m amblents de alte mieres biogeozrafice por sus
posibles mteracciones bioticas con la repion antartica
{Amtz & Fios 1999) y con areas contempladas dentro
de la denommada Provineia Peruviana (Brattstrém &
Johanssen 1987). Sin embargo, la falta de mformacion
sobre biodiversidad a escala de pats (Simonetti er al
1995), v sobre antecedentas de distmbucion v
sbundancia de especies involueradas en comnmidades a
mivel local, representa un serio obstacule para el analiziz
detzllade de los patronss en gradiemtes latitudimales sn
los scosistemas marinos australes v sus posiblas cansas
{(Gray 2001, Lancelloti & Vasquez 2000). Esta simacion
es causa fundamental de la no meclusion de la porcion
austal del cone sur de Sudameiica en trabajos que
pretenden, por ejemplo, establecer normas para la
conservacion de los recurses marmos (e.g. Fernandez ar
al. 2000). No cbstante ello, datos recientes (Amiz &
Eios 1999) han mostrado que, para un clsrto nimero de
taxa, el numers de especies incrementa desde el area de
Magzallanes hacia el continente antartico.

Los faxa domunantes en el sector estudiade del
estrache de Magallanes comresponden, en generzl, con
los grupes mejores representades a lo largo de la costa
chilena (f.e. Mollusca, Polychasta v Crustaces) v que
parecen determinar un patrén general de biodrversidad
(Lancallott & WVasquez 2000). Polychasta tambisn
resultsé ser el grupe dommants en la microcuenca
sublitoral denommada Pase Ancho, en el mizmo
estracho de Magallanes (Montiel e al 20013 Los
mismeos grupes contribuyen con mas del 50% de la

produceién bentomez del estracho de Magallanes (Brey
& Gerdes 1999).

Para ol area comprendida sntre la Primera v Segunda
Angostura del estreche de Magallanes e determinaron
al menos 119 especies de poliquetos, cifra importante an
relacidn con las 160 especies sefialadas por Lancelleti &
Vasquez (2000) para sl estreche de Magallanes
quienas, sin embargo, no indican areas especificas de
localizacidn. En contraste con lo sefialado por estos
autores para el grupo de los poliguetos, en la zoma
comprendida entre ambas angosturas la ngueza de
especies estuve concentiada en el orden Polynoidae v
ne  en Phyllocidze. Los  polinoidss estuvieron
representados por espectes que tuvieron una abundancia
mumarica relattvamente baja v con uma distnbucion
temporal. en térmunos de presenciaausencia  de
especies, muy hetsrogénea. Esto dltmeo podiia ser
relevante 51 s consideran los resultados ebtenides por
gemple para maye de 1999, en donde sole se
registraron do: especies dente del giupe, o en el
mmesttes de octobre del mrismeo afie, en donde e
recolects una sola especie. En contraste, marzo de 2000
fue el periode con wna mayor rigueza de peliquetos
polinoides.

En términes generales, los taxa idemtificados
correspenden con aquellos que han permtide ssgregar
una umidad zoogeografica distintiva en la region de
hiagallanes v el cabo de Homos, con bajas conexiones
con la fauna de sectores mas al norte de los 45875, Sm
embargoe, ademas del deficiente zrado de conccimuento
tamonomice de la fauna nvertebrada, los mwestreos
cuantitaives que permutan valorar aspectos como la
biodrversnidad son también escasos. Esto dificulta la
realizacion de valoraciones mas precisas acerca de las
tendencias en bodrversidad hama las zonmas mas
australes del Sudameérica. Asi, por ejemple, Lancellota
& Vasguez (2000) sugieren evidenciaz de suaves
gradientas da dismunucion de biedrersidad de moluscos
an un sentido norte-sur, sefialando la existencia de 611
aspacies a lo large de la costa chilena. Sin embarge,
Linsa (1999} indica para la region de Magallanes la
sxistencia de 397 especiss de moluscos (10 d=
aplacoforoz, 250 de zasterdpodes, § de escafopodos v
131 de bivalves), mientras que Forcelli (2000) describe
627 especies de moluscos para la region faunistica de
Magallanes meluyendo las zomas del Pacifico ¥
Atlantico (2 de aplacofores, 423 de gasteropedes, 1 de
escafopodos, 136 de bivalvos, 26 de cefalopodos v 38
de poliplacofores). Para el area de estudio se
reconocieron al menos 69 especies de Mollusea. Por
oo lado, Brandt (1991) mdica para Magallanes la
presencia de al menes 180 espectes da 1sepodos v De
Brover & Fauschert (1599) obtuvieron 137 espeecies de
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anfipodes, de las cuales un 20% resultaron ser especies
mmevas para la clencia.

Los valores obtenidos para los indices de diversidad
v parametros asociados han resultade ser altos en
comparacion con informacion pravia obtemda para otros
sactores sublitorales del sstrecho de Magallanes (eg.
Gutt er al. 1999). Ello, en parte, ez el reflejo de un
mayor conocimisnte faxonomice aleanrade hasta la
fecha, aumque se reconcce la falta de 1ma revizidn mas
exhaustiva para mmchos grupes faxondmices que tiensn
sus  descrpoiones  Imiclales, prmcipalmente  de
distiibucion  espacial puntual, en expediciones de
mediados v fines del sizlo antepazado (e.g. Discovery,
Bomanche, entre otras fundamentalmente europeas).
Adiclonalments, se ha logrado agregar en la ultima
década 1w mavor  esfaerzo de muestreo,

mavonfanamente de tipe cuantitative (eg Montel er
al. 2001; Thatje & Mutschke 1999; Momson 1999).

Los valores que toman los mndices wmvaniades en
relacion con el tlempo, amngue se trata sole de sens
periodos de muestres, peimuten sugerir la existencia de
interesamtes patrones asociados a la vanable temperal.
Para =l presents caso de estudic se han definide al
menos tres secusncias, wma de las cuales estaria
reflejando condiciones de bodiversidad reducida v, en
el ofro extreme, una condicidn relacionada con valores
supertores. Una tercera fase parece ndicar situaciones
infermedias. Normalmente, los valores mdicadores de
biediversidad consideran, en una gran medida, la
variable espacial como referente para lograr aceptables
estimaciones e Indicadores. ;Son  realistas  las
estimaciones basadas en un solo esfuerzo de muestrzo,
por mas exhaustive que este seal Para el caso del
segmente estudiade en el estrecho de Magallanes,
resulta evidente gque una sola valeracion ne sera
suficiente. Dependiante del periods de mmestreo a3
razonable esperar modificacionss mportantes en las
abundancias numericas de las espacies para un ssctor
determmade, lo cuzl puede sar relevante sobretodo para
laz denominadas especiss raras. En consecuencia, la
valoracion de la biodmernidad, aungue sea para
sitnaciones locales, debe basarse mas que en extensas
listas de presencia’ausencia de especies, en estimaciones
con una gran componente cuantitativa (Gray 2001a).
Esta caracteristica permutina la determinacion de rangos
de diversidad esperables zegim las componentss
espaciales ¥ temperales ¥ bajo las condiciones bioticas v
abioticas del halutat baje estudie. Estc puede ser
significative considerande que, por ejemple, clertas
estrategias para la definicion de prniondades para la
conservacion de la biodiversidad marina se basan
solamente en la consideracion de habatats con alta
drversidad (Gray 1597).
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Abstract Macrocystis pyrifera (L) C. Agardh is a char-
actenistic macroalga in the Magellan region covening
almost 30% of the shallow coastal waters. The focus of this
study was to analyse the spatial and scascnal patemns in
macrofauna communitics asscciated to the holdfasts of
Macrocystis pyrifera at two study sites in the Straits of
Magellan, South Chile. In total, 114 species from 10 major
taxa were isolated from the holdfasts. MDS clearly sepa-
rated the holdfast fanna collected in different seasons, with
autumn and winter collections being richer in terms of spe-
cies richness and abundance as compared to the spring and
summer sitnation. MDS also clearly separated the holdfast
associated faunas of the two study sites, Bahia Laredo and
Fuerte Bulnes. The community structure and species com-
position of the associated macro-invertebrates and verte-
brates appeared rather heterogeneous, probably due to the
extremely heterogencous environmental conditions along
the entire coasthine of the Subantarctic Magellan region.

Keywords Macrofauna - Kelp holdfasts -
Straits of Magellan - Chile - Biodiversity

C. Rios (&)

Direccidn de Programas Antitticos,
Universidad de Magallanes, P.O. Box 113D,
Punta Asenas, Chile

e-mail: carlos. fios@umag.cl

W.E. Amiz - D). Gerdes
Alfred Wegener Institute for Polar- and Marine Reasearch,
Columbusstr., 275468 Bramerhoven, Germamy

E. Mutschks - A. Montiel
Lahoratorio de Hidrobiclogia, Instituto de la Patagonia,
Universidad de Magallanes, Punta Arenas, Chile

Introduction

The brown macroalga Macrocvstis pyrifera (L) C. Agardh
forms kelp forests along rocky coastlines in a mid-latitude
belt (roughly 40-60%) of both hemispheres {Steneck ctal.
2002y, Macrecystis pyrifera kelp forests are very abundant
alzo in shallow waters arcund the scuthemmost tip of South
America, where they offer food and refuge for many inver-
tebrate and vertebrate species (e.g. Ojeda and Santelices
1984; Castilla 1985; Vasquezr 1993; Vanella etal. 2007,
Viddi and Lescrauwaet 2003). Kelp species along the
whole Chilean coast, including the genus Macrocystis, have
been considered as an outstanding biodiversity reservoir
(Visquez and Buschmann 1997; Vasquez et al. 20015,

Macrocystis pyrifera like other kelp plants consists of
three different body parts, the holdfast, the stipe and the
blade, all of which offer different kindz of habitats for vari-
ous invertebrate and vertebrate species. Drifting rafts of
Macrocystis pyrifera have the potential to disperse fauna
among isclated kelp arcas (Hobday 2000}, Species nchness
and abundance are particularly high in the kelp holdfast
(hapteron) microhabitats (e.g. Ojeda and Santelices 1984
Castlla 1985; Vasquez 1993; Smuth 2008; Cariceo etal
2002), but also the fronds host a rich and diverse fauna,
characterized especially by filter-feeding species such as
the small bivalve Gaimandia rapesina and bryczoans or
browsers like the amphipod Paramphiioe femorata (Adami
and Gordillo 1999,

Some preliminary studies on macro-invertebrate assem-
blages inhabiting the holdfasts of Macrocystis pyrifera pop-
ulations in southern Scuth America show blodiversity
values to be rather similar as compared to those reported for
kelp holdfasts in the northem parts of Chile and also in the
northern hemisphere (Vasquez etal. 2001; Ghelardi 1971).
Howewer, the great heterogeneity of environmental condidons
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along the entire Subantarctic Magellan region (see Amtx
19997 suggests also a great heterogeneity in macro-inverte-
brate holdfast community structures and dynamics. This
aspeet has not been studied in detail for the kelp forests of
the Magellan fjord and channel complex. but the litlle data
available so far seem to confirm these suggestions (Ojeda
and Santelices 1984; Adami and Gordillo 1999).

The present study describes spatial and temporal patterns
of macro-invertebrate and fish assemblage structures asso-
ciated to the holdfasts of Macrecystis pyrifera populations.
Important community parameters such as organism densi-
ties, specics composition/richness and resulting diversity
values are analysed in order to evaluate the contribution of
biodiversity in this specific habitat to the overall biodiver-
sity in the Straits of Magellan.

Materials and methods
Study arcas

Samples of Macrocystis pyrifera holdfasts were collected
from sublittoral kelp forests in Bahia Laredo (52756.5'S;
TOP50'W) and Fuerte Bulnes (53°38'S; T0°P55'"W) in the
Straits of Magellan (Fig. 1). According 1o Antezana { 1999),
the two sampling arcas are situated at the boundaries of the
sub-basin Pasc Ancho of the Straits of Magellan. In this
part of the Straits, the cold and brackish water masses are
mostly vertically homogenecus as a result of the mixing by
tidal currents. Temperature and salimity are low as the water
mixes with inner waters of the Straitz. In addition, water
from the southern hydrelogical system of Tierra del Fuego

also influences this arsa. Towards the Pacific side of the
Straits, salinity and temperature increase slightly related to
the inflow of warmer and saltier Pacific water.

At Bahia Laredo, the bottorn substrate occupied by the
Macrocystis pyrifera kelp 1s characterized by inserted
patches of sand, very coarse sand. granules and cobbles
{Mutschke et al. 1998). This feature of the hiotope 1= con-
sidered as indicative of unstable or transibional environment
denved from a highly or moderately energetic environment
(Brambati et al. 1991 Prieto 1992). The kelp forest at this
site is sitnated in about 8 m water depth and covers an arca
of about 5.1 ha with an average of 0.16 holdfast m=2 Sur-
face temperatures fluctuate between 1.5°C (June) and
14.0°C {January), and salinity ranges between 30 and
33 ppt. The Macrocystis pyrifera holdfasts were collected
between September 1999 (austral spring season) and Janu-
ary 2001 {austral summer season).

At Fuerte Bulnes, the arca occupied by the Macrecysiis
pwrifera kelp is formed by cobbles and rocky substrates
(Pricto 19921, The kelp 1= growing. as is the case in Bahia
Laredo, at 8 m water depth and covers an area of about
2.1 ha with an average of 0.25 holdfast m~> at this site. Sur-
face water temperatures ranged from 1.0 (June) to 12.0°C
{January) during the sampling periods, and the salinity
varied between 32 and 34 ppt.

Field work

Macrocystis pyrifera attaches to hard substrates by a hold-
fast and fronds mitiated at a basal meristem grow vertically
towards the surface, buoyed up by gas filled bladders. Each
holdfast anchors by means of multiple rope-like stipes and

Fig. 1 Position of the two study e Frw e = =
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comprises intertwined haptera forming a structurally com-
plex lattice.

The sampling schedule for the holdfasts is summarized
in Table 1. Two divers performed the collections. In order
not to disturb the kelp forest too much, we restricted our
collecticns to 10-18 holdfasts per sampling period. The sti-
pes of each plant was cut before the holdfasts were
detached from the substrate by means of a mechanical
lever. Each holdfast was immediately placed in a labelled
plastic bag and kept frozen in the laboratory at —207C il
later analysis. The haldfast volume l:v;'mj] was estimated by
placing all holdfast pieces in a graduate beaker and measur-
ing the volume of displaced water. All invertebrates inside
the holdfasts were sorted by dissecting the holdfasts and
separating all sediment and macro-specimens. After sieving
all organisms using a sicve with 0.1 cm mesh size, the
sorted matenal was analysed under a binocular microscope
to separate all the macroorganiz=ms present in each sample.
The collected macrofauna was identified to the lowest pos-
sible taxonomical level, counted and measured with a calh-
per to 0.l mm accuracy. However, for some taxa,
identification was possible only tw higher taxonomic levels.
Organisms were identified based on standard publications
{c.g. Norman 1937; Menzies 19%62; Retamal 1974; Bemas-
coni and D"Agostine 1977; Castellancs 10881903,
Rozbaczyle 1985). Further experts who assisted in the
identification of different taxa are mentioned in the
acknowledgements. In addition, the “Edmunde Pisano
Reference Collection™ of the Institute de la Patagonia,
Universidad de Magallanes served as a tool for species
identification.

Abundances and numbers of species were standardized
on the basiz of a 1,500 cm™ holdfast in order to allow com-
parisons between study sites and sampling pericds.

Statistical analyses
Statistical analyses were performed on fourthroot transformed

abundances of macro-invertebrates collected from  all

individual holdfasts, standardized on the basiz of a holdfast

volume of 1,500 cm=2 MDS plots from PRIMER. 5 (Clarke
and Warwick 2001} were constructed from samples col-
lected from Aprl 2000 to January 2001 to analyse the rela-
ticns between holdfast associated fauna and seascons both at
Fuerte Bulnes and Bahia Laredo. ANOSYM analysis of
FRIMERE was used for each sampling =ite to test the effect
of the factor *season’ on abundance of the holdfast associ-
ated fauna.

Spatial differences between both samphng sites were
analysed by the same approach. The significance of differ-
ences in the community parameters abundance, evenness,
diversity and number of species per holdfast between both
study sites were evaluated by an unpaired f-test using the
software StatView. The relative contribution of different
species to pattermns of similarity within each sampling site
and dissimilarities between the sites were calculated using
the SIMPER (“similarity percentages™) routine of
PRIMER. This method was applied for the seasonal and the
spatial aspects.

Results
Holdfast data and general remarks on associated fauna

Considering all sampling periods at both sampling sites. the
individual holdfast volumes ranged between 100 and
3.500 cm®. However, mean holdfast volumes did not differ
significantly, neither between study sites (1= 1634
df=134; P=0.105) nor between sampling periods
(ANOVA Fuerte Bulnes: Fiy o= 2.151: F=0.087; Bahia
Laredo: Fisgny= 1,698, P =0.148). Becanse of the consid-
erable size variability, all abundance data were standard-
ized on the basis of a 1500 em® holdfast to allow
compariscn of the abundances for spatial and temporal var-
iability in the data.

In tatal, we documented 114 faunal specics from 10 major
taxa (Table 2). Most dominant were polychactes with 43 spe-
cies/genera, followed by arthropeds (21 crustaccan and |

pantopod species/genera), molluscs (19 species/general,

Tahle 1 Sampling scheduls

arid avionmentsl dat for i Sampling Season Fuerte Bulnes Hahia Lasdo

two study areas in the Stroits of Mo, of holdfasts Sodon ™ HNow of holdfasts Sofoo TC

Magellan, Bahia Laredo and collacted collected

Fuarte Bulnes. Bold letters mark

samples consxdered fa:r_senac-nal Sep 1999 Spring - 12 34 6

sepacts at hoth study sltes Jan 2000 Summer - 18 34 100
Apr 2000 Auntumn 12 33 L] 12 33 LX1]
Jul 2000 Winter 34 (1] 12 34 62
Sep 20 Spring 1z 32 T 12 34 EL
Jan 2041 Summer ¥ 32 100 12 34 (LE]]
Jul 2001 Winter 12 32 50 -
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Tahle 2 List of maco-invertebrates associated to standardized holdfasts {1,500 em™) of Macrocysiis pyrifera and mean abundances per sam-
pling pedicd. Straits of Maogellan

Bahia Laredo Fuerte Bulnes

Sep-99  Jap-00  Apr-00 Jul-00 Sep-00  Jan-01  Ape-00  Jul-00  Sept00 Jans01  Jul-01

Cnidarinns

Anthothoe of. chilensis 09 12 oo 0.6 2 [} 00 00 0.0 0.0 06
Anthothoe of. alicemartinge ] o oo 0.0 0.3 [} 00 00 0.0 .2 oo
Anthothoe ap. ] o oo 0.0 0.4 [} 00 00 0.0 0.1 oo
Antholoba sp. ] o oo 0.1 0.0 [} 00 00 0.0 .2 oo
Memerteans

Parborlasia of. corrugatas ] o oo 0.0 0.4 i3 i} 00 0o 0.2 0.5
Molluszs

Polyplacophora indat. ] eli] oo 0.0 0.0 i} 02 00 0o 0.0 o
Tonicla atrata ] eli] oo 0.0 0.1 i} 02 00 0o 0.1 o
Plaviphora qurata 00 [i1] oo 0.0 0.0 [if3 06 00 0.0 0o oo
Callochiton pusiceis 00 [i1] oo 0.0 0.8 [} 0o 00 0.0 0o oo
Bivalvia indet. 00 [i1] oo 0.1 0.0 [} 0o 00 0.0 0o 0.0
Myrilus edulls chilensis ] 14 Q.0 46 170 ol 00 03 0.3 00 oo
Aulacomya ater ] 0z &4 416 L& 09 15 09 0.2 .2 0.3
Chlamys pasgonicus 0.0 o ol 0.0 0.0 00 o0 00 o 0.0 .0
Hiarella solida 135 L& 4.3 L& 1 2.8 L2 0.1 0.0 0.0 0.5
Gastropoda indet. ] o oo 0.0 0.0 [} 00 00 0.0 0.1 oo
Nacella myriling 04 o oo 0.1 0.6 [} 00 00 0.0 0.0 oo
Fissarella sp. ] o oo 0.0 0.2 [} 00 00 0.0 0.1 oo
Fissarella picta 01 eli] oo 0.0 0.0 i} L& L& 01 0.1 o
Fissarella oriens 01 eli] oo 0.0 0.0 i} LB 04 0o 0.0 o
Crepipatella dilaiaia ] [i1] o0 0.0 0.0 [} 00 00 03 0o 0o
Margarella violacea ] [i1] o0 0.0 0.0 [} 15 02 0.9 0o 0o
Kimenopsis maniciformes 0.0 0l ula] 0.0 0.0 0l iXi] 0.0 03 .2 0.0
Parewhria plumbea ] [e1] o0 2 0.1 [ili} 02 09 0.0 .2 0.9
Cephalopoda indet. ] o oo 0.0 0.0 [if3 00 00 0.0 0.0 oo
Arthropods

Amphipoda indet. 1 ] o oo 0.0 0.0 02 00 00 0.0 0.0 oo
Amphipoda indet. 2 ] o oo 0.0 0.0 03 00 00 0.0 0.0 oo
Amphipoda indet. 3 ] o oo 0.0 0.0 L0 00 00 0.0 0.0 oo
Amphipoda indat. 4 ] o oo 0.0 0.0 03 i} 00 0o 0.0 oo
Amphipoda indet. 5 ] o oo 0.0 0.0 04 i} 00 0o 0.0 oo
Nebalia sp. ] o3 oo 0.0 0.0 i} 0.0 00 0o 0.0 o
Isopeda indat. 03 19 oo 0.0 0.0 i} 0.0 00 0o 0.0 o
laihrippa chilensis 00 [i1] oo 0.0 0.0 [} 03 00 0.0 .2 0.9
Janthopsis laevis 00 [i1] oo 0.0 0.0 [} LB 00 0.0 0o 04
ldothea sp. 00 [i1] oo 0.0 0.0 [} 13 00 0.0 .2 oo
Evosphaeroma stideri ] [e1] 2.6 0.9 0.9 ] 104 24.2 L1 34 146
Evosphaeroma sp. 11 o oo 0.0 0.0 [} 00 00 0.0 0.0 oo
Evosphaeroma lanceolkata 0.0 o R 0.4 2 s 132 134 L] 113 1.
Dynamenella easond ] o 35 T4 103 14 818 513 EN 18.4 a0.7
Cassidinopsis emargingss 0.0 o ] 0.0 0.0 00 00 00 oo 0.0 0.9
Pagiiras compiis ] o oo L0 0.0 03 01 14 0.0 0.1 L3
Lithodes santolla 01 o oo 0.0 0.0 [} 00 00 0.0 0.0 oo
Earypodius lareilled an ] 0.0 04 0.0 0.0 0.0 0.0 0.0 o 00
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Table 2 continued

Bahia Laredo Fuerte Bulnes

Sep29  Jan-00  Apr-00  JullD Sep00 Jan-01  Ape-00 Jul-03  Sept-00 Jan-01 Jul-01
Halicarcinus planaiis .7 130 123 189 284 T4 0.3 27 0.7 13 L&
Campvionotas semisirialas 0.0 oo oo 0.0 0.0 ili] oo 04 00 0.0 0.0
Pelsarium spinozalam 14 oo oo 0.2 0.0 ili] oo 05 00 0.0 0.0
Pycnogonida indet. 0.0 04 oo 0.2 0.0 oo oo 00 00 0.0 0.0
Sipunculids
Themise ap. 0.0 [Ty XA 0.0 0.0 [ili] ] ] 05 0.0 0.0
Echinoderms
Canamaster Palagomicns 0.0 o ] 0.0 0.4 00 00 00 oo 0.0 .0
Anasterias amtarctica Q2 a2 32 30 03 1.2 71 102 a1 0.8 L&
Cosmasterias larida 0.0 [iTy] [T 7.1 54 19 [ili] 38 29 1.2 26
Asienng fanbriaia 13 &2 o2 L3 0.7 1.1 [ili] 62 02 0.0 0.3
Cyeethna verracosa 0.0 [iTy] [T 0.0 0.0 02 [ili] 00 [aly] 0.0 0.0
Ddomtasier validas 0.0 oo oo 0.0 0.0 ili] oo L] 03 0.0 0.0
Ophiaonis asperula BiE a7.5 635 567 130 44 4.2 17.4 452 449 26.0
Ophiacnis kroveri 0.0 oo oo 0.0 0.0 oo oo 0ol 00 0.0 0.0
Paolis pasagonicus 0.0 21 02 0.0 0.0 oo 03 00 21 0.2 0l
Paeadocnus dubiosus leoninus 126 214 368 119 144 13.0 L4 31 03 32 4.3
Paeadechinus magellonicus 61.0 14.9 15.2 144 43 58 1.9 64 4.6 0.l 4.5
Lovechinus albus 0.0 [Ty XA 0.0 0.0 [ili] 03 ] 00 0.0 0.0
Brachiopods
Magellania venosa 0.0 [Ty XA 0.0 0.0 [ili] o0 ] 01 0.0 0.0
Ascidians
Ascidia indet. 0.0 [iTy] [T 0.0 0.3 [ili] [ili] 00 [aly] 0.0 0.0
Fish
Crossostomis sobrald 0.0 [TH] o0 0.0 0.0 02 o0 03 00 0.0 0.0
Pogonalvchas maringe 0.0 ol L] 0. 0.0 Qi L] 09 07 0.3 0.5
Leprholvchus macrophialms 0.0 oo oo 0.0 0.0 oo oo 03 00 0.0 0.0
Muaviea microphialmis 0.0 oo oo 0.0 0.0 oo oo 00 0.2 0.0 0.0
Novothenia cornacola 0.0 [Ty Xy 0.0 0.0 [ili] ] iTi] 0.2 0.0 0.0
Norothenia macrophehalima 0.0 [Ty Xy 0.0 0.0 [ili] ] iTi] 03 0.0 0.0
Norotheniidae indat. 0.0 [Ty XA 0.0 0.1 [ili] o0 ] 00 0.0 0.0
Agonopsis chiloensis 0.0 [Ty XA 0.0 0.0 [ili] 08 ] 00 0.0 0.0
Phucocoeres lawtans 12 (] oo 0.1 0.0 ol ili] ] 00 0.0 0.0
Paragonotothen cormacola 0.0 02 oo 0.l 0.0 00 00 00 oo 0.0 0.0
Polychaates
Autolyiis ap. 0.0 [TH] 03 0.0 0.0 ili] o0 00 00 0.0 0.0
A glaophamis seacrousa 0.0 [TH] o0 0.0 0.0 ili] 02 00 00 0.0 0.0
Augeneria wmtaculata 0.0 oo X 0.0 0.0 ili] 02 L] 00 0.0 0.0
Amphicreds ap. 0.0 10 oo 0.0 0.0 oo oo 00 00 0.0 0.0
Chaetopierus veriopedalas 0.0 [Ty Xy 0.0 0.1 [ili] ] iTi] 00 0.0 0.0
Cirnatalus cirratas 25 106 04 Il 0.2 14 21 0l 00 0.0 0.0
Cirraralas sp. 0.0 [Ty Xy 0.1 0.0 [ili] ] iTi] 00 0.0 0.0
Chmenella minor 0.0 [Ty XA 0.4 0.0 [ili] o7 ] 00 0.0 0.0
Ewone sculpia 0.0 [k ol 0.3 0.3 08 03 03 00 0.0 0.3
Hermadion rhizoicola 20 Qi &2 7.3 03 08 &4 1.7 00 0.0 0.0
Eanereis patagonica 0.0 02 oo 0.3 0.0 [ili] ili] ] 00 0.0 0.0
Glveera capitaia on 02 03 0.3 0.2 0.0 2.7 [ili] 0.0 0.0 00
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Tahle 2 continusd

Bahia Laredo Fuerte Bulnes
Sep2d  Jan-00  Apr-00  JullDd Sep00 Jan-01l  Ape-00 Jul-03  Sept-00 Jan-D1 Jul-01

Halogydna paggonica 0.0 0.0 0.0 0.0 0.0 1.2 0.0 L& 0.z 00 R
Hasmnothoe 2p.2 23 25 2.8 22 Lo 08 24 00 oo 0.0 0.0
Harmnothoe 2p.3 0.1 3l oo 0.0 0.0 00 00 00 oo 0.0 (]
Hemipodus sp. 0.0 L] oo 0.0 0.0 [ET4] a0 a0 oo 0.0 .0
Hermadion magethaensis 214 17.3 42 6.8 27 09 58 0.8 7 1.3 .0
Idardhyrsas amaias 0.0 32 i Lo L Qi 05 X1l 00 0.0 0.0
Kimbergonuphis dorsalis 0.0 o oo 03 0.0 00 oo a0 oo oo a0
Leitoscoloplos berguelensis 0.0 02 oo 0.0 0.0 00 o0 00 o 0.0 .0
Lembrinerss mogethaensis 0.0 04 7 1.2 23 00 1.2 25 06 07 .0
Lambrinerds ciagulata 12 G oo 0.0 0.0 00 o0 03 o 0.0 .0
Neanthes kerguelensis 0.4 05 oo 0.0 0.0 00 o0 00 o 0.0 .0
Nerels eugeniae 0.0 02 oo 0.0 0.0 00 o0 00 o 0.0 .0
Nerels pelagica 0.0 oo a0 03 25 0& a2 07 04 1.8 (]
Melinna crissnta 0.0 oo oo 0.0 0.0 00 03 00 oo 0.0 0.0
Nicolea chilensis 0.& 04 L] 25 L& [ET4] e 15 56 0.4 .0
Nevalia sp. 0.0 ol oo 0.0 0.0 [ET4] a0 a0 oo 0.0 .0
Nevomastas lafericens 0.0 04 oo 1.1 25 00 oo a0 oo oo a0
Ophisglycera eximia 0.0 o oo 0.0 0.0 L1 oo a0 oo oo a0
Ophiaglyoara sp. 0.0 o oo 0.0 0.0 L0 oo a0 oo oo a0
Perlinsiana antarctice 15 o ol 43 0.& 15 o0 00 o 0.0 .0
Perlinsiana sp. 0.0 o oo 0.0 0.0 00 o0 00 o 0.0 .0
Phragmasepoma vicging 0.0 k] 02 0.0 1.3 00 o0 00 o 0.0 .0
Pista cristata 0.0 o oo 0.0 0.0 04 o0 00 o 0.0 0.2
Plarynerels ausralis 8.0 350 £ 104.4 0.0 317 7.5 432 204 .2 1682
Polecirus ap. 48 2546 o3 0.4 0.4 0& 43 00 oo 0.0 0.0
Swgpoa magelbaensis 0.0 08 o3 0.4 0.5 00 e 03 ol .2 07
Sthenelais blanchardi 0.0 (] oo 0.0 0.0 [ET4] 1.3 a0 oo 0.0 .0
Scalibregma sp. 0.0 02 oo 0.0 0.0 [ET4] a0 a0 oo 0.0 .0
Thelepus plagiostoma 0.0 L] oo 0.0 0.0 00 oo a0 oo oo a0
Thelepus setosis 03 39 0g 3T 1.1 5l 49 X1l 00 0.0 0.5
Trypanosyllis giganiea 0.0 02 03 0l 00 o0 a0 a0 a0 0.0 0.0
Mot considered ate colonial bryomoans and sponges
echinoderms ( 12 species/genera), 10 fish species. 4 cnidanan
species/genera, nemencans, sipunculids, brachiopods and cridurium::
ascidians, all moorded with only | species. High dominance el | —
of palychacte species was observed at both sampling sites "?'Tr;:::-:
{Fig. 2, followed by crustaceans, molluscs and echinodenms. “:_;'"ud“m-;

brachiopods P
Seasonal aspects in holdfast fauna abundance ascidians |
and composition P —————— —

fsh _;‘

Table 3 summanzes imporant community parameters such patpchastas .

as abundance, species richness, evenness and diversity for
both study sites and seasonal sampling periods at cach site.
Overall, the number of species collected in the sampling peri-
ods ranged from 29 in winter to 42 in autumn at Fuerte

€ Springer

=]
o
=
o

20 = el &= 40

Fig 2 Species numbess of the holdfast associated fauna at Bahia
Laredo (Meck Bars) and Fuerte Bulnes (white Bars), Stmits of
Magellan
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Table 3 Summarized data on
species numbers, abundances,

Bahia Larado

Fuerta Bulnes

evenness and Shanoon-Wisner
index of holdfast asscciated
macro-invertebrates collected in
diffesent seasons and areas
(Bahia Laredo and Fuerte
Bulnes, Straits of Magellan )

Species number

Minimum per holdfast
Maximum per bold fast
Mean per area

Means per Spr'Sum/Aut™in
Abundances

Minimum per holdfast
Maximum per holdfast
Mean per area

Means per Spr'Sum/Aut™in
Evenness

Means per Spr'Sum/Aut™in
Mean per area
Shannon—Wisner diversiny
Means per Spr'Sum/Aut™in
Mean per area

&

3

A
14r11n4is

11

1100

B 213
14604220278

0,77 LAOUT05/0. 84500, 842
0.784 £ 0.07

19010 SoT 2 22012
2029 £0.25

26
ite
1LV 6LE

32

T95

173 4 133

104/ 102278200

OTESD.TITNTO6NT2E
0756 £ DuDe

2082125/ L T06 654
1882 £031

Bulnes and from 29 in spring to 45 i winter in Bahia
Laredo. Mean abundances of associated fauna per sampling
period varied beraeen 102-278 and 94-278 for Fuene Bul-
nes and Bahia Laredo, respectively. At a first glance, species
numbers as well as abundance values lock mther similar at
both sampling sites, whersas seasonal differences in these
parameters seem to be more proncunced. The highest species
numbers and abundance values occur in austral avtumn and
winter, whereas the spring and summer values are lower.
Contrasting at both sites appear evenness and diversity val-
ues: whereas in Bahin Laredo evenness and diversity are
higher in spring and summer as compared to the autumn and
winter values, the opposite holds true at Fuerte Bulnes.

In the MDS ordinations at both sampling sites, the sea-
sonal sampling events were clearly separated (Fig. 3). The
relatively high stress levels of the plots at both sites indicate
that the true relaticnships between the seasonal communi-
ties might be poorly represented. However, at both sites,
the holdfast communitics in the different seasons differed
significantly in all combinations {(Global B = 0,695, signifi-
cance level 0.1% and R = 0.372, significance level 0.1% for
Fuerte Bulnes and Bahia Laredo, respectively). At both
sites, the average within seasonal holdfast associated
community sumilanty was highest in winter and autumn as
compared to spring and summer (cf. Table 4). Discriminating
species contributing moest to the scasonal dissimilantics
differ among seasons and also betwecen the two sampling
sites; the exceptions are Cosmasterias lurida, Prendocnus
dubiosus leoninns and Dyvnamenella eqtoni, which several
times were reasonable discriminator species between differ-
ent seasons at both sites.

F Simmss 073

‘ Winter ’ Sumimer ;‘1\, Auwtamn I:l Spring

Fig. 3 Mon-metric multidimensional scaling of abundance data of
macio-invertebrate msemblages associated to Macrocysiis pyrifera
holdfasts collectad in different 22azons at Puerte Bulnes (a) and Bahin
Lareds (b, Straits of Magellan, Chile. Bray-Curtis similarity indices
ware computed with double aquare-root transformed species abun-
dances

4 springer
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Tahle 4 Averoge similarities within and dissimilarities batwesn seasons in Bahia Laredo and Fuerte Bulnes including the most important discrim-
inating species

Autumin (59.28%) Winber ( 36.706:) Spring (46.085%) Summer (34.30%)
Hahia Laredo (avemgs within season similaricy)
Ophiactis aspemla 17.71%  Platynereis australis 18.594  Ophiactis aspamila 1942%  Platynereis australis 24.20%
Platynersis australis 15686 Ophiactis aspemila 15.24%  Halicarcious planams 1790 Psewdocnous dubiosus 1578%
Halicnscinus planatus 11.75%  Halicarcinus planams  7.97% Peaudocnus dubiosus 13.94%  Hiatella solida TS
Mytilus chilensis 11.04% P magellanicus 7.5 Mytilus chilensis TABE Ophiactis asperula T5T%
Autumn (S1.34%) Winter (63 17%) Spring (35.82%:) Summer (61.31%:)
Fuerte Bulnes (average within season similarity)
Drynamenella eatoni 1603 Drynamenella eatcnd 1487%  Ophiaclis aspemla 24.87%  Ophiactis nspemla 25650
Platynersis australis  14.58% Platynereis anstralis 14724 Platyneseis australis 14.54%  Dynamenella eatoni 205865
Ophiactis aspemla 14,008 Excephaeroma studeri 11705 E. lanceclata 1311%  Platynereis australiz 1&.5046
E. lanceolata 10.47% E. lanceolata 10,965

Autumin Winter Spring Summer

Hahia Laredo (avemge dissimilarity between seasons)
Winter  48.6%

Cosmasterias lurida 375%
Paendocous dubiosus S61%
Peendechinus magallanions 4896
Hermadion rhizedeola 4.62%
Mytilus chilensia 4.13%
Crenamenslla eatoni 3.02%

Spring SER 56.8%
Platynereis austialis 9926  Plabynereis austialis 11.28%
Peendechinus magellanious  4.753%  Peendocous dubdoaus 4.27%
Psendocous dubiosus 4.66%  Paendechious magellanicus  4.11%
Hermadion rhizcicoln 4.53%  Mytilus chilensis 182%
Crynamenslla eatoni 383%  Drynamenelln eatoni 1500
Cosmasterias lurida 381%  Hermadion magalhnensis 152

Summer A32E 61EE T.A%
Oiphiactis aspeula T11%  Ophinctis asperula 6,240 Platyrereds australis 7.24%
Mytilus chilensis 6.47%  Platynereis australis 4550 Mytilus chilensis 4.72%
Psendocous dubiosus 500%  Psendocous dubiosus 4.17% Ophiactis asperula 46745
Aulacomyn ater 5.00%  Halicarcinus planatus 40090 Halicarcinus planatus 4. 66%
Paendechinus magallanions 4.65%  Hermadion thizoicola 4.08% Hermadion thizoicola 3.98%
Halicarcinus planatus 4.38%  Drynamenslls eatoni 4.05% Paeudechinus magallanicus  3.62%
Autumn Winter Spring Sumimed

Fuarta Bulnes (average dissimilarity betwean seasons)
Winter 4805

Thelepus satoaus 4850
Meteis pelagica 4 484
Coamasteriag lurida 4455
Aaterina fimbriata 4,304
Ophizctis asperula 3.04%

Hermadion magalhaensis 5004
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Tahle 4 continuad
Autumn Winter Spring Surmrner
Spring 55.7% 52.9%
Irynamenalla eatomi 871%  Doynoamenella eatoni B.24%
Mereis pelagica 502%  Exosphaeroma studer TOME
Thelepuis setoaus 4904 Micolea chilensis 4. 860
Exosphaeroma staderi 4.73%  Ophiactis asperla 4.74%
Micolea chilensis 444%  Astering fimbrint 4.T73%
Hermadion magalhasnsiz  407%  Pssudocnus dubicaus 185
Summer  51.4% A0.1% S0
Thelapus setoaus 5504 Exosphasroma studer T.25%  Dynamenella eatond T.88%
Exosphaeroma shader 5329 Anastering antactica 570%  Peasdocous dubicaus 7.23%
Peeudocous dubiozsus 5128  Pseudechinus magellanicus  578%  Anasterise aotarctica G650
Meieis pelagica 491%  Asterina fimbrinm 5.54%  NMicolea chilensis 6405
Anpsterias antarctica 4.858%  Ophiactis aspemla 518%  Peaudechinus mogellanicus  5.65%
Hermadion rhizoicola 445%  Cosmasterias lurida 4.50%  Cosmasterios lurida 485%

Spatial differences in the holdfast fauna of two different
locations in the Straits of Magellan

The MDS also clearly separated the holdfast asscciated fan-
nas from Fuerte Bulnes and Bahia Laredo (Fig. 4). This
differentiation 1= confirmed by  ANOSIM  (Global
R =0498, P=0.1%). The within site similarity was lower
in Bahia Laredo {42.78%) as compared to Fuerte Bulnes
(51.35%). The brttlestar Ophiactis asperala and the
polychaste Plarvnerets australis contributed at both sites
most to these similarities {cf. Table 5). The dissimilarity
between both sites was high (64.38%) and Dyvnamenella
eatoni, Exosphaeroma lanceolata, Halicarcinus planatus,
Psendocnus dubiosus leoninus and Exesphaeroma studeri
cantributed most to this dissimilarity.

2 A Siress 0.25

& 24 n“

&

& : af0 .hj.
ad AL %‘%Q P
P %ﬁ

& '

Lﬂ &

Fig. 4 Mon-metric multidimensional scaling for data from Macrocys-
tis pyriferg holdfast faunal assemblages collectad from Fuedte Bulnes
{open iriangle) and Bahia Loredo (geay filled tricrgle) within the
Straits of Magellan. Bray-Curtis similarity indices were computed with
double square-root transformed species abundonce

Significant differences between sites also became obwa-
ous in the community parameters evenness 1° (P < 0.0001)
and  diversity H' (P =00028), whereas abundances
(P =0.875) and species numbers (P = 0.4602) did not differ

significantly.

Discussion

Macrocystis pyrifera is a characteristic floral element of the
Magellan region. Even some decades ago, Darwin (1909
made first observations in the Magellan region of a great vari-
ety of Macracystis pyrifera associated holdfast organisms.
The distribution of Macrocystis pyrifera appears to be
restricted to protected environments with rocky substrate
and with the boulder and cobble substrates typical of this
region. The algac are distributed at 8—100m depth producing
kelp forestz of almost 3040 m width {Santelices 1080,
Considering just the Subantarctic Fueguian channels and
fjords south of the Straits of Magellan down to the Cape
Hom Archipelago, including the Beagle Channel and sor-
rounding arcas, Macrocvstis pyrifera kelp forests can be
estimated to cover almost 30% of the ca. 11,000 km long
coastline of this arca. This means that this “structuring”™ or
“ecosystem engincering specics sensu Jones et al. (1994
preduces strong modifications in the architecture of the
sublittoral habitats in this region. The anatomic structure of
the macroalgae, mainly the architecture of the holdfasts,
contributes to an increased “alpha’ or local diversity by cre-
ating an additicnal habitat for varicus invertebrates and ver-
tebrates. Peale’s dolphins are documented to live frequently
in kelp beds of Macrocysiis pyrifera of the protected chan-
nels and fjords, especially during feeding pericds (Viddi
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Tahle 5 Average within site

Bahin Lared
similarities and average dissimi- wra D

Fuerte Bulnes

laritizas batwean Bahia Lasedo
and Fuerte Bulnes (Straits of
Magellan) and discriminating
spacies

Ophidactis asperala
Plaryrerels qustralis
Halicarcinus planatus
Preadocnas dubiosas

Avernge within site similarity (42.8%)

Average within site similarity (51.4%)

Ophiactis asperala 19,166
16.54%
15.48%

19.28%
1517%
10.82%
10.01%

Plarprerels australis
Dynamenella eatond

Avernge dissimilarity batwesn sites (64,49

Dynamenslla eatoni
Exosphaeroma lanceolala
Halicarcinus planatus
Preadocnas dubiosus
Exosphaeroma studeri
Preadechinas magellanicis

G4
521%
4.35%
4206
4.19%
4.165%

and Lescrauwaet 2005). Different stages of fish ({larvae,
juveniles and adultz) have been associated with different
parts of the macrcalgac (Nelson 20017,

In cur study. the examination of 136 holdfasts from just
two distinet localities in the Magellan region resulted in the
identification of 114 asscciated species from 10 major taxa.
The polychactes as the dominant taxon in the holdfast were
present with 43 different species, which is quite a large
number as compared to 199 species identified recently by
Monticl etal. (2005a, b) for the whole Magellan region
from the South Pataganian [eefield in the north down to the
Beagle Channel and the continental shelf and slope off the
castern Beagle entrance. Comparing the 43 polychaete spe-
cies found in the holdfasts wath the inventories of adjacent
shallow stations (VH 207, 14 m; VH 216, 26m; VH 961,
38 m after Montiel et al. 2005b), only A glaophamis macro-
wra, Glycera capitata, Lumbrinereis cingulata, L. magalha-
ensts and Perkinsiana antarctica are common in both
habitats, whereas the other 38 species, mostly motile sus-
pension feeders, were found exclusively in the holdfasts. A
less pronounced but similar trend is obvious in the echine-
derms. Recently, Mutschke and Rics (2006) reported for
the Straits of Magellan 37 echinoderm species. According
to this study, the heldfasts off Fuerte Bulnes and Laredo
Bay hosted 12 species; 9 of these species occurred in both
habitats, the distribution of Odontaster validus, Ophiactis
kroveri and Loxechinus albus was restricted to the hold-
fasts. Lancelloti and Visquer (20000 reported for the
whole mgion (48-5475) a total of 52 species. For the Mac-
rocystis kelp forests in the southern Beagle Channel, Ojeda
and Santelices (1984) reported nine echinoderm species,
and Adami and Gordillo ( 1999) reported seven species for
the kelp forests from the northem Beagle Channel: the
overall number of species and abundances in these studies
were lower as compared to our figures. Species richness at
our study sites may be even higher because several taxa
were not 1dentified to species level (e.g. amphipeds and
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ascidians) and colonial bryozoans and sponges were not
considersd in our analysis. The poor resolution in taxon-
omy could explain the differences in species richness docu-
mented for holdfast associated fauna in severl regions in
the southern hemisphere. A study of the Ecklonia radiata
(C. Agardh) holdfast fauna along the northeastern coast of
New Zealand recorded, e.g. =385 species from 152 families
and 10 phyla, not mcluding species of compound ascidians,
hydraids or bryozcans, while other groups such as platyhel-
minthes, sipunculids and nemertcans were assessed only as
acount for the phylum (Smith et al. 1996).

There is no doubt that Macrocystis pyrifera forests con-
tribute considerably to the habitat heterogensity in the
Magellan region. The heterogeneous environmental condi-
ticns along the entire Subantarctic Magellan region suggest
the possibility also of a great heterogeneity in community
structure and population dynamics of asscciated macro-
invertebrates and vertebrates, both on temporal and spatial
scales. Macrocystis pyrifena forests n this region are highly
dynamic structures, which according to Santelices and
Ojeda (1984) and Barrales and Lobban (1975) are totally
destroved by heavy storms every 3—4 years. We assume
this lifespan of the kelp to be much shorter than the life-
spans of many associated invertchrates, same of which may
live up to 50 years. According to Davenport et al. {1984),
the mussels Myiilus chilensis and Aulacomyva ater can reach
ages up to 30 vears; Dahm (1909} determined ages of up to
33 vears for the brittlestars Ophionenes victariae, Ophiurol-
epis brevirima and Ophiurolepis pelida. The maximum age
estimates for Loxechinus albus are 11 years (Gebauer and
Moreno 1995). These associated invertebrate communities
probably never reach a climax phase; they are rather con-
tralled by frequent disturbance events and oscillate between
different stages of maturity, all of which, however, exhibit
intermediate species richness and organizm densibes. As
Williamson { 1987} questioned, “are such communities ever
stable?” This resembles 1n some way the sitwation on high
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Antarctic shelves, where grounding icebergs impact benthic
communitics and cause a patchwork of different recoloniza-
tion stages, all of which increase considerably the overall
(1) diversity of the benthic shelf fauna (Gutt 2001; Gerdes
etal. 200%; Knust et al. 2003},

Local envirenmental conditions such as water tempera-
tupe, turbidity and especially wind induced currents and
wave action seem to govern the existence and longevity of
kelp forests in the South American waters and their associ-
ated fauna. van Tussenbrock (1903) already menticned the
‘more stable Falkland lslands Macrecyssis population’
because of the absence of winter storms in the Falkland
region as compared to other high latitude kelp forests in
South America. The heterogeneous morphology of the
marnne Patagonian system with fjords and channels, open
coastlines, sheltered bays and exposed beaches creates
locally very different environments for kelp forests,

Lowest species numbers and abundance values in austral
spring and summer sampling pericds can be related with
the disturbance praduced by the strong wind and related
factars, which are predominant in these areas during these
pericds. For instance, Santana etal. (2001) reported for
Bahia Laredo average wind strength of 6.2 mfs in January
{austral summer); in July (austral wanter). the average value
was 2.4 mfs. This disturbing factor can determine small-
scale temporal and spatial variability in both recruitment
and mortality patterns of Macrecystis pyrifera and, conse-
quently, affect the microhabitat provision for the associated
vertebrate and invertebrate species.

The multivanate analyses of data show significant differ-
ences in specics composition, diversity and evenness both
within and between sites i addition to significant differ-
ences in the temporal trend of community parameters inzide
each site. Variations among locations have been reported
for the fauna inhakiting kelp holdfasts in north-castern New
Zealand at several spatial scales; they were due primarily to
differences in the compesition and richness of specific taxa
such as bryozoans and molluscs { Anderson et al. 2005). In
our case, high varability was observed both between arcas
and sampling periods, with few species maintaining simi-
larity within sites and a greater number of species contrib-
uting to dissimilarity between sites. Our results can be
related to the sporadic events of regional or local recruit-
ment of a number of rare species of low abundance.

Due to the local differences in ablotic and bictic features,
homogencous recruitment patterns between sites are highly
unlikely. Matural vanations, both in space and time, of
communities associated to the Macrocystis pyrifera hold-
fasts are a specific theme of interest n order to determine,
for instance, human-induced effects (Smath 20000 or gener-
ality of biogeographic and historical causes determining the
distribution of this species (eg. Ojeda and Santelices
1984,

Within the Magellan region. a gradient of increasing
community structure similarity to the Antarctic is found
from north to south, with a gradual rather than an abrupt
transition (Amtz 1999), Abundance and biomass, however,
vary considerably within both regions (Gerdes and Montiel
1999, These authors suggest that the Macrocystis kelp for-
ests in the shallow parnt of the Magellan region may provide
structuring features for the communities, similar to the rich,
three-dimensional suspension feeding communitics based
on sponges, hydrozoans and bryozoans, causing local peaks
in benthic abundance or biomass.

Moare detailed research on species distribution and abun-
dance patterns, including spatial and temporal varability
within and between these habitats is urgently required to
understand how these biclogical communities are struc-
tured, what factors are responsible for their structure and
hew the natural community should functon (Dayton et al.

L00E),
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4. SYNTHESIS

5. SYNTHESIS

This thesis is dealing with three typical benthic habitats in the Straits of Magellan, which

so far have received little attention: boulder and cobble fields in the intertidal, kelp forests

in the upper subtidal, and level soft bottoms in the lower subtidal (Fig.1).

In summary, the principal characteristics of these habitats and their communities were

found to be as follows:

- The 9 intertidal boulder and cobble terraces studied along the Straits are a particularly
harsh environment. Principal factors structuring this habitat are the size of boulders and
cobbles, the type of rock, and the degree of compactness of the soft-sediment matrix
below and between the rocks, together with tidal waves, the related hydrodynamic flow
and burial by sand, and exposure to air during low tide. Sediments between and under
the stones consisted of gravel, sand or clay; an upper intertidal sandy fringe may also
exist. This distinct habitat heterogeneity determined a great amount of biotic variability,
i.e. a high species turnover among replicates within and between sites. Boulder and
cobble fields were characterized by the numerical and weight dominance of a few
species and locally reduced species richness. From these habitats, a total of 66
macrofaunal species and higher taxa was sampled; they hosted the benthic community
with the lowest species number, density and biomass among the three types of
assemblages considered for this thesis.

- The kelp (Macrocystis pyrifera) forests, two of which were considered off Fuerte Bulnes
and Bahia Laredo in the Straits of Magellan, provide another characteristic habitat in the
Magellan region, which due to its dense structure and high biomass from the surface to
about 18 m depth is of great importance for all marine life. Strong winds and resulting
currents are the most important abiotic factors in the Magellan region, causing
considerable destruction and stranding of the plants including their holdfasts (cf. Fig. 3).
For this thesis, only the holdfast community was studied. A total of 114 species and
higher taxa were identified in these root-like structures, again with a distinct dominance
of few species and a high turnover within and between sites. Despite reduced sample
species richness, overall species richness and diversity in this community were high.
However, seasonal sampling yielded highest values for abundance and species numbers
at the two sites in autumn and winter whereas the seasonal development of evenness and
diversity took a contrasting course in both areas. In Bahia Laredo evenness and diversity

were higher in spring and summer than the autumn and winter values, whereas the oppo
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HTL Habitat Diversity in the Magellan Region

sandy fringe

A W

sublittoral S

10m
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Fig. 1: Characteristic types of marine habitats in the Magellan region. Sublittoral represented just to m20m.
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site hold true at Fuerte Bulnes. The two holdfast communities studied in the Straits were
found to be comparably rich in species as compared to others further south towards
Cape Horn, because they develop in more sheltered sites. However, even these
communities do not seem to be climax communities because they are subject to frequent
disturbance, especially by wind induced wave violence.

Two sites were sampled to study the third habitat type, sublittoral soft bottoms: the first
in the eastern Straits of Magellan (Segunda Angostura), between 30 and 50 m depth,
applying a quantitative Mclntyre grab on 6 occasions during a period of two years, and
the second in the central and western Straits and off the South Patagonian Icefield (SPI),
between 66 and 723 m, using an Agassiz trawl. The main environmental factor
influencing the sublittoral communities in the Straits are semidiurnal tidal currents,
whereas the benthic community off the SPI suffers the effect of glaciers, i.e. high
sedimentation rates, freshwater input and stratification. A total of 301 macrobenthic
species and higher taxa was obtained from the quantitative samples in the Segunda
Angostura. Although this value is higher than that of any other community considered
here, it is far from the total number of species registered so far in the area (see below).
Again low sample species richness, relatively low abundances and strong dominance of
few species were found. Lumping all samples over the two-year period a relatively high
species richness and diversity resulted. Species richness and the abundances of single
species populations varied considerably during the study period. The AGT transect from
the SPI to the central Straits cannot be compared directly to the eastern grab samples
because of methodological differences, but analyses based on species presence/absence
reveal differences between the stations in front of the SPI and those in the rest of the
Straits. The AGTs revealed rather low catches bringing up from 30 hauls just 1,895
benthic specimens. A total of 131 species/taxa were separated from all catches. Species
richness in both areas was about the same (SPI 85, SM 88 species/taxa), but the
abundances in the channels were consistently higher than in the SPI area influenced by
glaciers. Both areas share 26 species and were dominated by few species.

250 species (83%) of the benthic fauna in the sublittoral zone of the eastern part of the
Straits of Magellan were found only in this habitat type. The second diverse holdfast
associated fauna shared 48 of the totally registered 114 species with the other types of
habitat, whereas the intertidal cobble and boulder terraces as the habitat with the lowest

species number (66) shared 16 species with the other habitats. From these figures it is
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obvious that the two shallow water habitats, which are characteristic habitats of the
entire Magellan region, contributed a greater share of their fauna to the diversity of the
sublittoral benthic communities than vice versa.

- The coexistence of a variety of different habitats with specific communities makes it
difficult to define any latitudinal gradients, i.e. more or less continuous changes in
community parameters in the Magellan region. It rather enhances abrupt changes in
species richness. Changes in community structure were found to be abrupt also over
short distances due to the existence of sharp environmental/ morphological differences

in habitat structures.

These results are discussed in more detail below and related to the findings of other
authors.

e Heterogeneity in benthic communities

The question whether the enormous environmental heterogeneity of the Magellan area is
reflected in a similar heterogeneity of its benthic communities can be positively answered
from my investigations, although detailed descriptions and comparisons of many benthic
communities inhabiting different types of habitats in the Magellan region are still lacking.
Considerable variability in community structure, i.e. densities, biomasses, species
composition, dominance of certain species, species richness and diversity was observed in
all the studied Magellan habitats.

In the boulder and cobble fields patchiness was evidenced inside sites by zonation patterns
along the intertidal profiles but also in distinct differences between study sites in the
Straits of Magellan and those in the Cape Horn Archipelago (Publ. N° I and Data Report
N°II). In terms of biomass molluscs appeared highly dominant in this habitat at all study
sites. Concerning the abundance of dominating species the more sheltered intertidal areas
in the Straits of Magellan house a different fauna dominated by big and sessile molluscs as
compared to the unprotected and exposed habitats at Cape Horn, where tiny and motile
crustaceans (e.g. Exosphaeroma gigas and Paramoera fissicauda) dominate, probably
because these species are able to escape from this frequently highly disturbed habitat into
deeper, more stable parts of the system. The community parameters abundance, biomass,
species richness and diversity and evenness appeared highly variable both at Bahia Laredo

and Caleta Toledo, which are more than 350 km apart from each other.
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The inside site zonation patterns described by me follow the depth profiles and can be
divided roughly into three depth zones at all the intertidal study sites. These patterns
coincide with patterns from previous studies in Magellan intertidal boulder and cobble
fields (e.g. Langley et al. 1980; Guzman 1981; Rios & Gerdes 1997). Similar results are
reported also from intertidal boulder and cobble fields in Australia (McGuinness &
Underwood 1986; Chapman 2002), western Brittany, France (Le Hir & Hily 2005) and for
several Subantarctic and Antarctic areas (Arnaud 1974). On the other hand, our results
contrast with results obtained by Benedetti-Cecchi & Cinelli (1997), who did not find any
zonation patterns at all in their Magellan studies. I believe that these differences exist
because of different sampling procedures, i.e. the resolution of the different depth horizons
by their sampling stations probably did not allow to recognize such patterns, which are
well known from this type of habitat worldwide as mentioned already above.

Sublittoral soft bottoms were studied qualitatively by using samples obtained with AGT
(Publ. N° III) and quantitatively with samples from a McIntyre grab (Publ. N° IV). Both
methods show the sublittoral habitats between the South Patagonian Icefield (SPI) and the
first and second Angostura in the eastern Straits of Magellan (SM) to host the most
diverse benthic communities of all studied habitats (Fig. 2). The 270 quantitative samples
obtained from the sublittoral in the eastern Straits brought up 301 macrozoobenthos
species and major taxa with a mean number of 105 species per station. Due to the method
applied polychaetes were the most diverse and dominant taxon in the grab samples in
terms of species numbers (119), followed by crustaceans (68), gastropods (44) and
bivalves (21). As documented also for the intertidal boulder and cobble fields few species
such as Astarte longirostris, Eurhomalea exalbida and Cyamiocardium denticulatum
(bivalves), Trochita pileolus (gastropod), Themiste sp. (sipunculid), Hemipodus simplex
and Notocirrus lorum (polychaetes), Magellania venosa (brachiopod) and Euvallentinia

darwini (isopod) were numerically dominant.

The AGT samples in the western Magellan region discriminated two groups of stations
based on presence-absence data. One group included all the stations from the SPI and the
second one comprised stations from the SM area. The catch efficiency of the AGT was
comparable in both areas, i.e. 44 % of all specimens were caught at SPI stations. This is

somewhat surprising, because from quantitative samples the SPI showed the mean
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abundance (627 ind m?; Thatje & Mutschke, 1999) to be 3 times lower as compared to
SM data.

200 -

Numrberof spedes

Intertidal zone Macrocystis pyrifera holdfasts Sublittoral bottoms

Habitats

Fig 2. Sample species richness and standard deviation in quantitative samples of different
habitat types. In bold the total number of macrofaunal species and taxa identified in each
of the habitats.

Despite these lowest organism densities the species richness in front of the SPI was almost
in the same order of magnitude as the mean number of species in the SM sublittoral
habitats, thus not evidencing a community impoverished in species as one would suggest
because of the unfavourable environmental conditions in front of the glaciers. Comparing
organism densities higher mean abundances resulted from multibox corer stations in the
Paso Ancho (1591 ind m™), in the Beagle Channel (4467 ind m™) and on the open
continental shelf and slope of its eastern entrance (2319 ind. m%; Gerdes & Montiel 1999)
resulted. These data suggest the existence of a numerically impoverished fauna living in

the inner fjords directly in front of the glaciers of the SPI.

The AGT as a towed gear collected epibenthic organisms as echinoderms much more
efficiently and brought up 47 different species with asteroids (25) and ophiuroids (13
species) being best represented. Polychaetes were the second dominant group with 46
species, followed by molluscs with 26 species. Harmothoe campoglacialis and Polyeunoa
laevis, two carnivorous polychaetes were numerically dominant within the 29 species
found in the SPI, whereas 16 species occurred in the SM area with Eunereis patagonica
and Chaetopterus sp. as the numerical dominants. Echinoderms were the most diverse
taxon in the SM, occurring there with 36 species whereas 22 species were found at the SPI
sampling sites. Based on the presence/absence data matrix 10 species contributed > 50 %

of the dissimilarity between both areas: five echinoderms (C. procurator, O. lymani, P.
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magellanicus, P. patagonicus, Holothuroidea sp.), mostly omnivorous deposit feeders, the
3 molluscs L. marionensis, Dentalium majorinum, C. subhyalinus, the isopod
Acanthoserolis schythei and the brachiopod Magellania venosa. All these main

discriminating species dominate the SM fauna more than the SPI community.

The kelp holdfast has to be regarded as a rather dynamic habitat of high importance for the
diversity of the Magellan benthos. The comparatively rich benthic fauna exhibited many
species occurring exclusively in the holdfasts and not in the surrounding sediments.
Comparing, e.g. the polychaetes as the dominating and best studied faunal taxon, almost
90 % of the 43 polychaete species found in holdfasts were absent in the surrounding
sediments, however, known from other parts of the region (Montiel, pers. comm.). It is
interesting to note that this taxon was practically absent in samples obtained by Ojeda &
Santelices (1984) in the southern Beagle Channel and by Adami & Gordillo (1999) in the
northern Beagle. In the case of echinoderms nine out of twelve species occurred also in

the surroundings (Mutschke & Rios 2006).

Macrocystis pyrifera as an ecosystem structuring species covers almost 30% of the entire
Magellan shallow coastal waters. Kelp forests are important habitats for several reasons.
The plants consist of different parts, all of which play substantial roles for benthic
organisms, e.g. as sheltered refuges for reproduction, as feeding grounds, or as dispersal
tools for benthic species. Particularly the holdfasts host a rich and diverse associated
benthic fauna. Macrocystis in the Magellan area probably plays an outstanding role for the
successful dispersal of benthic species by means of the West Wind Drift (WWD) and the
Antarctic Circumpolar Current. Mortensen (1925) first indicated the significance of this
unidirectional eastward flowing “transport system” for the dispersal of benthic species,
which due to their reproduction modes normally do not own wide distribution ranges
within the southern hemisphere. Helmuth et al. (1994) provided evidence for long-
distance dispersal (up to 2000 km) of brooding Gaimardia trapesina on floating dislodged
rafts of Macrocystis pyrifera from Magellan waters. Recent studies of the Bouvet Island
benthic fauna have raised further speculations about a possible eastward expansion of the
South American fauna to this island with its remote position directly within the WWD
(Arntz 2006). It is interesting to mention that according to Linse (2006) the mollusc fauna
of Bouvet Island shows more affinities to the Magellan mollusc fauna than to high

Antarctic molluscs.
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Looking back at the first three hypothesis presented in the Introduction I conclude,

- the enormous habitat heterogeneity of the marine realm in the Magellan region is
reflected in density, biomass and diversity patterns of the benthic communities
studied in different habitats.

- abundance, biomass and species richness increase with increasing depth. The
sample species richness appeared highly heterogeneous in all habitats/depths and
also seasons. These findings suggest non-equilibrium communities in all habitat
types maintained by different effective disturbance regimes. High local species
richness is maintained by higher heterogeneity patterns among samples, both in a
spatial and temporal sense. These findings agree with Picken’s (1985) assumption
that environmental stability might explain benthic diversity.

- the highly complex Macrocystis pyrifera holdfasts with their considerable species

richness contribute significantly to local (beta) diversity.

e Latitudinal patterns

Because of its exposed position directly adjacent to Antarctica the Magellan region is a
key region for the analysis of biogeographic units in the southern hemisphere, for studies
of species richness along latitudinal gradients and for global comparisons of benthic
community structure and functioning in ecosystems. In fact, the more uniform temperate
Pacific coastline off north and central Chile might be better suited than the Magellan
region to define latitudinal gradients in benthic community parameters. However, between
a well-colonized coastal strip (Tarazona et al. 2003) and fairly rich deep-water
communities (Palma et al. 2005) the Oxygen Minimum Zone (OMZ) hosts impoverished
benthos communities in a rather monotonous way along several latitudes of coastline
(Tarazona et al. 2003; Gallardo et al. 2004; Palma et al. 2005; Quiroga et al. 2005; Arntz
et al. 2006; Laudien et al. 2007). Unfortunately no latitudinal benthic inventories along the
entire Chilean coastline have been performed so far (cf. also Fernandez et al. 2000 and
Escribano et al. 2003).

Although one might suggest a gradient of increasing benthic abundance and biomass
within the Magellan waters from north to south (Gerdes & Montiel 1999), these data
probably reflect local environmental conditions and gear differences rather than a
latitudinal gradient. Despite high variability in dominant species between Bahia Laredo

and Caleta Toledo, 3° of latitude apart, there was no evidence of any trend or gradient,
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although the observed difference between these sites turned out to be significant. I suggest
the response of benthic organisms at the different sites to specific local environments to be
too strong to allow the recognition of such gradients; they might exist but overlaid by
local characteristics. This statement is corroborated by data of Gerdes & Montiel (1999)
who compared benthos community parameters from the high Antarctic Weddell Sea shelf
and the Magellan region. They detected differences in species composition but no
latitudinal gradient in densities and biomasses. Piepenburg et al. (2002), working on
benthic assemblages off King George Island, (Antarctic Peninsula), provided further
evidence that no distinct latitudinal gradients in benthic abundance and biomass exist
between Antarctica and the Magellan region.
Information available on diversity aspects for the benthic systems is similarly
unsatisfactory. The few studies available seem to indicate local hotspots of diversity and
species richness rather than any latitudinal gradients, although Escribano et al. (2003)
reported after a decrease of species richness from northern Chile to about 40/45° S a
“dramatical increase” to the southern tip of South America. Abrupt changes in species
richness have been commented, too, in molluscs (Valdovinos et al. 2003), polychaetes
(Montiel et al. 2002, 2004), sea anemones (Haussermann & Forsterra 2005), echinoderms
(Mutschke & Rios 2006), among other taxa (see Arntz & Rios 1999 for further details).
These changes did not reveal any consistent trend. Clear differences, however, exist in
species composition and relative importance of higher taxa along latitudes, without
showing a common pattern with decreasing species numbers towards higher latitudes as
predicted by the ‘bell shaped curve’ (Arntz et al. 2005). Only some taxa follow this
concept at least partly and show lower species numbers in the high Antarctic Weddell Sea
(e.g. macroalgae, decapods, stomatopods, cirripeds) than in Magellan waters, whereas
other taxa (e.g., sponges, amphipods, isopods, polychaetes, echinoderms) occur with
higher species numbers in Antarctic waters.
Summarizing my results and further data from literature, the answer to the fourth
hypothesis is,
- my results do not evidence any clear latitudinal gradients in benthic abundance,
biomass, species richness and diversity.
- however, different local disturbance regimes at sites in the sheltered Straits of

Magellan and the exposed sites off Cape Horn determine a different composition in
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the dominant species with tiny motile crustaceans in the Cape Horn Archipelago

versus large sessile bivalves being the dominants in the SM.

e Disturbance
During my studies in different typical habitats types in the Magellan region I identified
glaciers, wind and high water currents as disturbance agents impacting benthic
communities on local and regional scales.
Directly in front of glaciers, particularly after calving events, ice may destroy benthic
communities locally. More important, with effects on larger scales, are indirect influences
through mass transport of fine sediments and terrestrial runoff of freshwater with various
chemical compounds towards the marine realm. These conditions affect processes in the
water column and at the seafloor in a similar way. I identified one impoverished benthic
community living under these conditions directly off the glacier tongues. It differed in its
composition from the richer channel community living at a greater distance from the
glaciers, as is confirmed by Thatje & Mutschke (1999). Due to high sedimentation loads
in the water column, suspension feeding species were rare with few specimens; mostly
burrowing, large-sized species, which can cope with the soft sediments, contributed the
bulk of the biomass.
Wind, tides, wind induced surface currents and wave actions affect benthic communities
in intertidal boulder and cobble terraces and Magellan kelp forests alike. The variability in
species composition and richness in intertidal boulder and cobble terraces has been
explained with sediment characteristics (e.g. grain size) and the degree of compactness of
the fine soft-sediment below the boulders and cobbles. This matrix can be disturbed
severely by tidal-wave force and fine-scale hydrodynamic flow patterns around single
boulders and rocks (Sousa 1979; McGuiness 1987; Archambault & Bourget 1996; Cusson
& Bourget 1997; Chapman 2002). This impact may locally cause extreme heterogeneous
inside-habitat patterns (zonations), it may contribute also to distinct differences between
different intertidal terraces. Locally differing disturbance intensities related to more
exposed or sheltered specific locations may explain the variability observed in the boulder
and cobble benthic community structure in this characteristic habitat of the Magellan
region.
The distribution of Macrocystis pyrifera kelp forest in the Magellan region is determined

greatly by these physical factors. Kelp forests are not found in areas heavily affected by
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glacier related disturbances and they also do not grow in the easternmost sector of the
Straits of Magellan with prevailing much higher current velocities and probably higher
tidal amplitude (own observation). They prefer more or less sheltered locations, although
some forests also grow on exposed beaches (Dayton 1985). The associated holdfast fauna,
too, is impacted by wind induced violence in surface waters. According to Santelices &
Ojeda (1984b) or Barrales & Lobban (1975) the kelp forests in Magellan waters are
regularly destroyed by heavy storms every 3 to 4 years. Most beaches of the Straits of
Magellan are totally covered by numerous destroyed holdfasts lying around,

demonstrating these catastrophic events (Fig. 3).

Magellan

The mismatch between the longevity of kelp as a habitat and the inhabiting benthic
species with much longer lifespans suggests that the holdfast communities have to be
regarded as immature communities. Both sites off Fuerte Bulnes and in Bahia Laredo in
the Straits of Magellan, however, can be regarded as more or less sheltered bays where
predominantly south-easterly winds create less disturbance to the plants, thus suggesting
the benthic holdfast communities to be more stable as indicated by higher species richness
and diversity. In fact, Ojeda & Santelices (1984) described the holdfast fauna in less
sheltered kelp forests off Isla Navarino at the eastern entrance of the Beagle Channel to be

less diverse, with lower species numbers (42 taxa plus one fish species) as also do Adami
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& Gordillo (1999) for a wind exposed M. pyrifera forest off Ushuaia with 54 holdfast
associated species:

There are some hints in my data that high current velocities, too, have to be regarded as a
physical disturbance. The Segunda Angostura (second embayment) in the eastern SM
sector has mean tide amplitudes of 7.1 m and strong currents related with the large semi-
diurnal tidal wave entering from the Atlantic Ocean (Medeiros & Kjerfve 1988) which
often exceed 80 cm s and may reach near surface maxima of 125-130 cm s'. In the
adjacent Paso Ancho the currents appear drastically reduced. Strong currents might
interfere with the whole marine system by determining e.g. processes of erosion and
resuspension of the bottom sediments, thus making medium to coarser sand and gravel the
main sediment fractions, whereas finer fractions are washed out. This situation holds true
also for the seafloor in the Segunda Angostura.

The Segunda Angostura with high current velocities and the Paso Ancho as a habitat with
distinctly lower current velocities reveal differences in benthic community organism

densities, biomasses and composition (Tab. 1, Fig. 4).

Table 1. Mean abundance and biomass data obtained quantitatively at different sites (<
100 m water depth) with distinctly different current regimes in the Magellan region.
Dnear-bottom mean current velocities after Michelato et al. (1991)

Paso Ancho Second Embayment
(Straits of Magellan) (Straits of Magellan)
abundance (ind m™) 2695 245
biomass (mg AFDW m™) 18.04 11.03
current speed (cm s™') 20" 64"

In the second embayment the benthic fauna was clearly less abundant as compared to the
adjacent Paso Ancho stations. The holothurians Athyonidium chilensis and Pseudocnus
dubiosus leoninus dominate the community in terms of biomass followed by molluscs
whereas bivalves, polychaetes, brachiopods and the sipunculid Themiste sp. were
dominating in terms of organism densities.

The Paso Ancho stations showed a rather different community composition with
crustaceans, especially cirripedes being dominant in terms of biomass and almost 10 times
higher mean abundance of organisms. These few data suggest that high current velocities

might contribute to the structure of benthic communities. AGT samples collected directly
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in the eastern Atlantic entrance of the Straits of Magellan, where extreme current

velocities are measured, underline this impression by extremely low catch volumes from

which < 10 ind. m? were calculated (own unpubl. data).

Paso Ancho Second Embayment

molluscs
% polychaetes

l:l sponges [jj] crustaceans
u cnidarians

Fig. 4: Composition of benthic communities living under different current regimes in the
Magellan region

Summarizing I conclude that

the benthic fauna in glaciated areas appeared impoverished in terms of abundance
and biomass, however not in species richness. Abundance and biomass differed
from a richer channel community living at more distance from the glaciers. Filter
feeding species in waters with high sedimentation loads were rare.

wind induced wave violence affects the sediment matrix in intertidal boulder and
cobble terraces and causes heterogeneous within-habitat patterns as well as
differences between sites in benthic communities.

the distribution of Macrocystis pyrifera beds is also determined by physical factors
such as strong winds and currents. Frequent disturbance destroys the plants and
affects the associated holdfast fauna, thus keeping it in an immature status.
subtidal benthic communities living under high current velocities appear
impoverished in terms of abundance and biomass and show a different composition

as compared to communities in areas with lower currents.

e “Magellan benthos” in a “Magellan Province”?

Benthic research in waters at the tip of South America has been intensified considerably in

the last decades, providing improved benthic species inventories and important insights

into the relationships between species and the environment. Nevertheless, we are far from

understanding the complex benthic structures and processes in this heterogeneous region.
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Above all, the question which zoogeographical position is held by “the Magellan
Province” is still controversially discussed in the scientific community (see Introduction).
Different approaches and criteria impede a clear definition of specific borders of a
distinctive “ typical Magellan benthic regime” thus including on the one hand the entire
tip of South America south of Rio de la Plata on the Atlantic side to Chilo¢ Island on the
Pacific coast (e.g. Stuardo 1964), whereas Montiel et al. (2005a) restricted the Magellan
Province exclusively to waters around the tip of the Cono Sur, including waters off the
South Patagonian Icefield, the Straits of Magellan, the Beagle Channel and the Cape Horn
Archipelago. Camus (2001) described from literature studies at least 27 different
definitions to discriminate zoogeographical units along the Chilean coastline. Why are
precise definitions of a “ Magellan Province” so difficult to make?
Such definitions rely on the structure and the species inventories of benthic communities
in specific areas. These communities are shaped by the specific environments, i.e. mainly
by their topography and hydrography. In areas with relatively homogeneously structured
environments the definition of zoogeographic units appears rather clear. Examples are e.g.
the Peruvian Province along the relatively simply structured shelf areas off Peru and
north/central Chile or the isolated high Antarctic Province with its unique communities.
The Magellan region, however, is a highly heterogeneous and patchy realm with
thousands of fjords, channels, lakes, all different in topography and hydrography, exposed
to totally different disturbance regimes and influenced by different current systems. I
doubt that within this complicate region the definition of a Magellan Province is possible.
All benthic studies performed up top now evidence the fauna in this region to be a melting
pot of faunistic element from the northern Peruvian Province, from high Antarctic waters
and from both adjacent oceans. The Magellan waters with the inhabiting benthic
communities thus appear to be rather a transitional zone of species from adjacent
provinces than as a distinct zoogeographic unit on its own with typical characteristic
benthic inventories.
Answering hypothesis 6, my thesis shows
- the Magellan waters to be a transitional, highly heterogeneous zone between cold
water and temperate ecosystems with local disturbance regimes, which are
reflected in very different benthic subsystems and communities. All of these

systems contribute to the high overall biodiversity of the region.

93



4. SYNTHESIS

- the non-existence of a typical “Magellan zoobenthos”, rather a mixture of faunistic

elements from Pacific, Atlantic and Antarctic waters.

® Are young ecosystems necessarily poor in species? Young Magellan benthos vs.
young benthos elsewhere

The Magellan region was recolonized by marine benthic species only about ten thousand
years ago after the retreat of the LGM ice sheet (cf. McCulloch et al. 1997). Comparable
young systems in the northern hemisphere are the southern North Sea and the Baltic Sea.
The North Sea is a marginal sea of the Atlantic Ocean with a surface area of 575,000 km®
and a mean depth of 70 m. Its southern part up to the Doggerbank is shallow, mostly less
than 30 m, and only slowly recovered a marine character after the last glaciation. The
salinity of the water depends on the locality and time of the year and lies in the range of 15
to 25 o/oo around river mouths and up to 32 to 35 o/oo in the central North Sea. The
surface water temperature can reach up to 25°C in summer, whereas winter temperatures
normally decrease to about 3°C except in ice winters, when they may reach below 0°C
(Dekker & de Bruin 2000). Also the Baltic Sea, formed after the latest glaciation by a
series of transitional stages part of which were freshwater, is a young ecosystem. It is an
enclosed, non-tidal sea with low winter temperatures accompanied by surface ice in the
north and east and steep latitudinal and vertical salinity gradients. The western parts are
connected via the shallow Kattegat and the deep Skagerrak with the open ocean and have
salinities between 25 and 30 o/oo at the seafloor. Within a few hundred km east- and
northward these values drop to 5 o/oo and finally towards more or less freshwater
conditions (Zettler et al. 2007). As a consequence of this strong gradient the number of
macrozoobenthic species decreases significantly towards the east and north. Whereas in
the sublittoral of Kiel and Mecklenburg Bay 150-240 species may occur regularly (Zettler
et al. 2000, Arntz & Gili 2001), only around 100 species are known from the Pomeranian
Bay further east (Zettler et al. 2007). The relatively high number of about 600
macrofaunal species compiled by Gerlach (2000) for the western Baltic includes all the
occasional immigrants from the Kattegat ever registered in this area over 135 years as well
as the intertidal and brackish-water fauna. Species numbers are high from the Norwegian
Sea (Gray 2001) to the Skagerrak and then decline rapidly towards the inner parts of the

Baltic. This decline in the overall number of benthic species, from > 1600 in the open
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Skagerrak to < 20 species in the northern Baltic region has been illustrated again by

Bonsdorff (2006).

According to Hayward & Ryland (1995) appr. 1500 species make up the north-west
European marine macrofauna. As is the case in the Baltic Sea the North Sea
macrozoobenthos, too, has to be regarded as species poor. Salzwedel et al. (1985)
identified in the German Bight 219 species, Kiihne & Rachor (1996) distinguished 289
species in a stony area northeast of the island Helgoland. Harms (1993) extracted from
recent publications 666 macrobenthic species for intertidal and subtidal hard-bottom
communities around Helgoland. More recently, Daan & Mulder (2000) monitored the
Dutch sector of the North Sea and arrived at about 200 macrofaunal species

A preliminary checklist of the marine macrozoobenthic taxa reported for the Magellan
area from the available literature indicates the existence of at least 1400 species (this
checklist is available upon request from the author of the thesis). For the remainder of
Chile further north Lancellotti & Vasquez (2000) registered almost 1600 macrozoobenthic
species in <100 m water depth. As a reference, Gutt et al. (2004) estimated for the entire
Antarctic shelf (as a much older system) a total number of macrozoobenthic species

ranging between 11,000 and 17,000 species.
Obviously the Magellan marine benthic ecosystem, although being as young as the Baltic

and North seas, appears to be richer in macrozoobenthic species numbers than both
ecosystems in the northern hemisphere, although the species numbers in the Skagerrak,
the only natural invasion corridor for benthic species to the Baltic Sea from the open
North Atlantic, were comparably high. Furthermore, unlike the Baltic and the southern
North Sea, this deep area suffered less the impact of the last glaciation (Dietrich & Koster
1974).

The above mentioned comparisons suggest that young ecosystems are not necessarily low
in species number. [ suppose several factors to be important for the recolonization of
glacially defaunated marine realms and the successful establishment of communities.
Among these are environmental heterogeneity and stability (constancy of physical
conditions) of a specific region and biogeographic isolation. For example, a striking
difference between the Magellan region and the two northern hemisphere systems is that
the region at the southernmost tip of South America is influenced by very different
systems such as the West Wind Drift from the Pacific Ocean, by high- and Subantarctic
waters and also from the Atlantic Ocean, whereas the southern North Sea and especially

the Baltic are sparsely connected just with the (north) Atlantic water masses and their
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fauna. This means that the Magellan region is provided with potential new species from a
much bigger reservoir of all different systems surrounding the Magellan region as
compared to both northern hemisphere systems. Another reason for higher species
numbers in the Magellan region probably is a greater habitat heterogeneity which
enhances colonisation success of a broader variety of species and living modes on very
different spatial scales. This is to some extent shown by my community studies in the
different Magellan habitats; Bonsdorff et al. (2003), too, described the heterogeneous local
conditions to have clear implications on the benthic communities in the western Gulf of

Finland.

In recent decades the benthic communities in the southern North Sea and the Baltic Sea
have shown stress symptoms due to eutrophication and pollution (Ducrotoy et al.2000;
Falandysz et al. 2000; Karlson et al. 2002), fishery impact (De Groot & Lindeboom 1994;
Jennings & Kaiser 1998; Lindeboom & De Groot 1998; Frid et al. 2000), dumping of
harbour sludge, constructions in coastal habitats, etc. With increasing levels of stress
benthic communities may respond with alternating community structures towards a
dominance of small, opportunistic species, which, e.g. replace larger, long-lived
organisms that can be used commercially (Pearson & Rosenberg 1978; Thatje & Gerdes,
1997).

Relationships between benthic community development and eutrophication effects, but
also changing climatic conditions, food supply and disturbance regimes such as extreme
weather conditions were described by Schroder (2005) for the German Bight (North Sea).
Stress imposed by eutrophication effects has modified benthic communities also in the
Baltic Sea; above the halocline and in coastal waters biomass increased (Brey, 1986)
whereas in deeper parts it collapsed due to hypoxia or anoxia (Arntz 1981; Diaz &
Rosenberg 1995; Karlson et al. 2002). Further changes observed in benthic communities
include the invasion of non-native species (Gollasch et al. 1999; Nehring & Leuchs 1999;
Leppékoski et al. 2002; Franke & Gutow 2004) some of which may be considered as
indicators of a warming trend, and a poleward shift of species due to climate change
induced warming as recently recorded for marine fish by Portner & Knust (2007).

Basic requisites to follow such developments in benthic communities induced by natural
or anthropogenic disturbance are long-term data sets both for environmental parameters

and the benthos. Sublittoral benthic communities are less affected by short-term events,
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because they live in an ecologically more stable environment than intertidal communities.
They may therefore be expected to reveal true long-term trends in ecological parameters
easier and more reliably. Unfortunately the hitherto performed benthic and environmental
studies in Magellan waters have been more of a snapshot character than representing long-
term monitoring campaigns. Such campaigns, however, are urgently needed to allow to
monitor natural and anthropogenic environmental changes and the response of benthic
communities to these. In comparison to the North Sea and the Baltic the Magellan waters
have to be regarded as less disturbed by human activities, although natural disturbance
factors such as wind, wave action and ice have clearly been identified by this thesis.
Oxygen deficiency does not occur in the Magellan region (Silva & Prego 2002),
eutrophication is low, and marine pollution is restricted to occasional tanker accidents
(Guzmén & Campodonico 1981). Bottom trawling is insignificant in this area where the
major fisheries targets (king crabs, echinoids, gastropods and demersal fish,
SERNAPESCA reports 1998-2005; Arntz et al. 2005) are caught by baited traps, divers
and longlining. Conversely, certain areas in the North Sea are trawled by heavy bottom or
beam trawls up to 10 times per year (Arntz & Laudien 2006). Climate change induced sea
surface temperature increase (Fig. 5) reveals obvious changes during the last century.
Monitoring and long-term time series are urgently required to recognize responses of the

environment and the biota.
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Fig. 5: Sea surface temperature (SST °C) for the area of Ushuaia (Tierra del Fuego,

Argentina) reconstructed using the most recently available comprehensive Ocean-

Atmosphere data set. After Smith & Reynolds (2004).
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In conclusion, hypothesis 7 can be answered as follows,
- young systems of comparable age are not necessarily poor in species numbers. The

Magellan waters are species richer than the southern North Sea and the Baltic Sea.

- different species numbers can be explained to some extent by the degree of
isolation of the specific system.

- different species numbers most likely also reflect differences in the kind and
intensity of disturbance regimes, both natural and man made.

- due to the lack of long-term environmental and benthos data sets in Magellan
waters it is almost impossible to refer benthic responses with any degree of
certainty to climate change, natural or anthropogenic stress. It is obvious, however,
that the Magellan system is subject to less disturbance from fisheries,

eutrophication and pollution than the two young seas in the northern hemisphere.

e Perspectives

Work during the preparation of this thesis has shown that the inventory of the Magellan
benthic ecosystem is far from complete. Many more studies are required to integrate those
parts, which have so far received little attention, including the two internal seas (Seno
Otway, Seno Skyring) and most of the narrow channels and fjords of the Cape Horn
Archipelago and the South Patagonian Icefield. Also on the Argentinean side there are
large areas needing further investigation, e.g. the Isla de los Estados. Including these areas
will provide a much improved picture of the Magellan region as a whole, which is
necessary to arrive at final conclusions about the region as a biogeographic entity and
latitudinal faunal gradients. It will also facilitate the comparison with the Antarctic
benthos, which was initiated in the frame of the IBMANT activities (Arntz & Rios 1999,
Arntz et al. 2005). The Magellan region is ideal to continue these studies on faunistic
relationships especially with the Antarctic, but also with other fragments of former

Gondwana.

Environmental changes due to climate change are expected to become more and more
evident in areas such as the Magellan region, which are especially sensitive because of
their geographical position at the edge of the big ice masses. The ecology of non-
equilibrium benthic communities can be strongly negatively affected, with shifts in their
composition from long-lived, in some cases also economically important species to

opportunistic  species. However, temporal variability of the most relevant
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species/communities in the Magellan region is virtually unknown. We need to study
community parameters (species richness, dominance, diversity, abundance, biomass) in
time series in order to allow the monitoring of responses of marine biota to natural and
anthropogenic changes in the environment, in particular to global climate change. These
studies have to be planned as long-term studies together with other disciplines
(oceanography, geology) to provide the necessary physical and geological background for
the biological patterns and processes. While traditional approaches should continue to
complement the faunal inventory, new methods, e.g. in molecular genetics and the use of
stable isotopes, should also be included for the solution of questions such as cryptic
species, the identity of disjunct populations and biogeographic connections, or of age and

growth of species that cannot be aged from growth rings or other marks.

These studies should also have an applied aspect. For example, intensified aquaculture
already under way (e.g. salmon) and extended fishery activities on crustaceans, molluscs,
echinoderms, as well as ideas to use Macrocystis pyrifera as an alimentary source, might
alter the marine Magellan system significantly. Munida spp. are a potential resource for
the future, gastropods such as Adelomelon spp. and Trophon geversianus as well as the
bivalve Ensis macha are presently exploited. There already is evidence of overexploitation
of economically important Magellan benthic species such as Loxechinus albus, Lithodes
santolla and Chlamys patagonica. Accompanying new research activities have to be
developed in order to allow the sustainable use of the rich marine resources and to enable

their management.
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Appendix 1. Partial list of scientific articles related specifically with the benthic
assemblages in the Magellan region marine ecosystem. Arbitrary divisions consider
articles referred to community and species population level. Also included are key articles
which incorporate into the analysis the Magellan biogeographical Province. Source
ranking by year of publication within each level category considered.

Level Habitat type Depth range Objectives Sources
COMMUNITY
1 boulder and cobbles intertidal comrmunity structure, zonation pattern, Guzmén & Rios 1981
epi & infauna
2 boulder and cobbles intertidal comrmunity structure, zonation pattern, Rios & Guzman 1982
epi & infauna
3 Macrocystis pyrifera sublittoral fish assemblage, diet of the fishes Moreno & Jara 1984
kelp forest
4 Macrocystis pyrifera sublittoral community structure, effects of canopy Santelices & Ojeda 1984a
kelp forest removal
5 Macrocystis pyrifera sublittoral Community structure, species richness Ojeda & Santelices 1984
holdfasts
6 Macrocystis pyrifera sublittoral distribution patterns, diet of sea urchins Vasquez et al. 1984
kelp forest
7 Macrocystis pyrifera sublittoral food webs structure Castilla 1985
kelp forest
8 boulder and cobbles intertidal comrmunity structure, zonation pattern, Guzmén & Rios 1986
epi & infauna
9 boulder and cobbles intertidal algal and fauna species composition Mazella et al. 1991
10 boulder, cobbles intertidal community structure, zonation pattern, Benedetti-Cecchi & Cinelli
& rocky shore epibenthic fauna 1997
11 boulder and cobbles intertidal coml.nun%ty structul:c,zon{itmn patern, Rios & Gerdes 1997
species richness,epibenthic fauna
12 boulder and cobbles intertidal species composition and richness Mutschke et al. 1998
13 boulder and cobbles intertidal comml..mlty structure, species richness, Rios & Mutschke 1999
epi & infauna & flora
14 Macrocystis pyrifera sublittoral macrobenthl(f agspmated fauna, Adami & Gordillo 1999
kelp forest temporal variability
15 soft-bottom sublittoral macrobenthic biomasa, productivity Brey & Gerdes 1999
16 soft-bottom sublittoral pelagic-benthic coupling Cattaneo-Vietti et al. 1999
17 soft-bottom sublittoral m(:1(.)bcn.th1<? communlty estructure, Chen et al. 1999
spatial distribution
18 soft-bottom sublittoral cgmmunlty structure, abundance, Gerdes & Montiel 1999
biomass
19 soft-bottom sublittoral com.mun.lty s truf: ture, biodiversity, Gutt et al. 1999
spatial distribution
20 soft-bottom sublittoral abundance and plomass, .. Thatje & Mutschke 1999
macrozoobenthic productivity
21 soft-bottom sublittoral macrozoobenthic abundance, biomass Montiel et al. 2001
2 soft-bottom sublittoral species comp951t19n, species richness, Rios ct al. 2003
abundance, diversity
23 rocky-shore intertidal Species comp.osmon and richness, Ing6lfsson 2005
abundance, biogeography
24 soft-bottom sublittoral species composition, species richness, Rios et al. 2005
abundance, diversity
25 general :{10(:;2& upper benthic ecology, progress report Arntz et al. 2005
26 soft-bottom sublittoral benthic ecology, progress report Mutschke 2006
27 soft-bottom sublittor] species composition, species richness Lopez & Sueiro 2007
28 Macrocystis pyrifera sublittoral fish assemblage, effects of canopy Vanella et al. 2007
kelp forest removal
29 Macrocystis pyrifera sublittoral community struct'urc, spatial and Rios et al. 2007
holdfats temporal comparison
SPECIES
30 Polychaetes soft-bottom sublittoral taxonomy Hartmann-Schroder 1965
31 Crustacea soft-bottom sublittoral taxonomia (llgr;lzp;)domco & Guzmdn
32 Crustacea soft-bottom sublittoral reproductive biology Campodonico & Guzman
1972b
33 Macroalgae hard-bottom 1ntcr.t1dal distribution pattern, abundance Alveal et al. 1973
sublittoral
34 Decapods soft-bottom sublittoral taxonomy, distribution pattern Retamal 1974
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Guzman 1978

35 Molluscs hard-bottom intertidal spatial distribution, density
36 Molluscs hard-bottom sublittoral 1nd1v1dgal age and growth, Miranda & Acufia 1979
population structure
37 Mollucs boulder & cobbles intertidal spatial distribution, density patterns Langley et al. 1980
38 Bryozoans hard-substrates sublittoral taxonomy, diversity, zoogeography Moyano 1982
39 Polychaetes soft-bottom sublittoral taxonomy Hartmann-Schroder 1983
40 Macroalgae ﬁclzgrf(:) CrJé ‘Zm pyrifera sublittoral kelp forest population dynamics Santelices &Ojeda 1984b
41 Asteroids Macrocystis pyrifera sublittoral trophic relationship Vasquez & Castilla 1984
kelp forest
42 Echinodermata Macrocystis pyrifera sublittoral distributional pattern, diets Vasquez et al. 1984
kelp forest
43 Molluscs boulder & cobbles intertidal larval development Rios et al. 1987
44 Molluscs boulder & cobbles intertidal individual age and growth Guzman & Rios 1987
45 Isopods Soft-bottom sublittoral taxonomy, Wigele & Bruce 1989
46 Copepods soft-bottom sublittoral faunistic study Mazzochi & Tanora 1991
47 Isopods soft-bottom sublittoral taxonomy Winkler 1992
48 Mollusc hard-bottom intertidal individual growth Morriconi & Calvo 1993
49 Isopods Soft-bottom sublittoral taxonomy Winkler 1994
50 Macroalgae hard-bottom Intertidal taxonomy Cornejo 1996
51 Amphipoda hard-bottom sublittoral taxonomy Rauschert 1996
52 Amphipods soft-bottom sublittoral taxonomy, zoogeography De Broyer & Jazdzewski 1996
53 Molluscs soft-bottom sublittoral population dynamics Urban & Tesch 1996
54 E(())l;/ggsaetes soft-bottom sublittoral diversity, distribution, biogeography Mariani et al. 1996
55 Peracarids soft-bottom sublittoral abundance pattern, diversity Brandt et al. 1997
56 Isopods soft-bottom sublittoral diversity, structure of the assemblage Lorenti & Mariani 1997
57 Molluscs hard-bottom intertidal geographic distribution Schrodl 1997
58 Molluscs soft-bottom sublittoral spatial distribution Linse & Brandt 1998
59 Molluscs boulder & cobbles intertidal larval development, reproduction Santana 1998
60 Isopods soft-bottom sublittoral taxonomy, geographical distribution Brandt 1998
61 Molluscs soft-bottom sublittoral faunistic study Osorio 1999
62 Macroalgae hard-bottom mtcr.tldal taxonomy, distribution pattern Mendoza 1999
sublittoral
63 Polychaetes soft-bottoms sublittoral distribution, abundance, biogeography Cafiete et al. 1999
64 Decapods soft-bottom sublittoral species composition and abundance, Arniz et al. 1999
biogeography

. reproductive biology, latitudinal cline .
65 Decapods soft-bottom sublittoral Werthman & Lardies 1999
66 Decapods soft-bottom sublittoral egg production, energy allocation Navarrete et al. 1999
67 Decapods soft-bottom sublittoral sex composition, size structure Soto et al. 1999
68 Decapods soft-bottom sublittoral reproductive biology, life history traits Lovrich & Vinuesa 1999
69 Decapods soft-bottom sublittoral feeding habit, natural diet Comoglio & Amin 1999
70 Decapods soft-bottom sublittoral biogeography, species composition Gorny 1999
71 Decapods soft-bottom sublittoral species composition, abundance Mutschke & Gorny 1999
72 Decapods soft-bottom sublittoral geographical distribution Vinuesa et al. 1999
73 Amphipods soft-bottom sublittoral biodiversity, biogeography De Broyer & Rauschert 1999
74 Copepods soft-bottom sublittoral taxonomy, biogeography George & Schminke 1999
75 Tanaidacea soft-bottom sublittoral taxonomy, biogeography Schmidt & Brandt 2001
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76 Polychaetes soft-bottom sublittoral species composition, biogeography Gambi & Mariani 1999

77 Polychaetes soft-bottom sublittoral reproductive biology, larval Gambi & Patti 1999
development

78 Echinoderms soft-bottom sublittoral species comp osition and blomass Dahm 1999
individual age and growth, diet

79 Echinoderms soft-bottom sublittoral species composition Larrain et al. 1999

80 Echinoderms soft-bottom sublittoral reproductive cycle Oyarzin et al. 1999

31 Molluscs soft-bottom sublittoral species richness and abundance, Linse 1999a,
feeding mode

82 Molluscs soft-bottom sublittora species composition, biogeography Linse 1999b

83 Molluscs soft-bottom sublittoral species composition, zoogeography Schrodl 1999

84 Molluscs Hard-substrate intertidal reproductive cycle Morriconi 1999

85 i:;?ﬁs r;gs soft-bottom sublittoral biogeography Brandt et al. 1999

86 Cumaceans soft-bottom sublittoral species composition, biogeography Miihlenhardt-Siegel 1999

87 Demosponges soft-bottom sublittoral taxonomy, biogeography Pansini & Sara 1999

88 Sipunculids soft-bottom sublittoral taxonomy, zoogeography Slz(l)lgz(—)Salmas & Pagola-Carte

. . . Pefa-Cantero & Garcia-

89 Hydroids soft-bottom sublittoral taxonomy, biogeography Carrascosa 1999

90 Bryozoans hard-substrates sublittoral taxonomy, diversity, zoogeography Moyano 1999

91 Bryozoans hard-substrates sublittoral taxonomy, diversity, zoogeography Moyano 2000

92 Polychaetes soft-bottoms sublittoral taxonomy Hilbig & Montiel 2000

93 Polychaetes soft-bottom mtex?ldal larval development, diversity Gambi et al. 2000

sublittoral

94 Picnogonida soft-bottom sublittoral Body morphology, feeding habit, Gusso & Gravina 2001
reproductive traits

95 Isopods hMO‘;ggscism pyrifera sublittoral species abundance Cariceo et al. 2002

96 Polychaetes soft-bottoms sublittoral taxonomy Montiel et al. 2002

97 Molluscs soft-bottoms sublittoral growth and production Lomovasky et al. 2002

08 Echinoidea Macrocystis pyrifera sublittoral size frequency distribution, Rios ct al. 2003

holdfasts abundance

929 Ascidians soft-bottoms sublittoral species composition, biogeography Sanamyan & Schories 2003

100 | Polychaetes soft-bottoms sublittoral species composition, taxonotiy Montiel et al. 2004

101 Polychaetes soft-bottoms sublittoral taxonomy Montiel & Hilbig 2004

102 Echinodermata soft-bottom sublittoral molecular phylogeny, vicariante Lee et al. 2004

103 Gastropoda n.i intertidal juvenile nutrition, Gallardo et al. 2004

104 | Gastropoda ni. sublittoral taxonomy Pastorino 2005

105 Decapods soft-bottom sublittoral species composition, biogeography Boschi & Gavio 2005

106 Molluscs soft-bottoms sublittoral reproductive cycle Morriconi et al. 2005

107 | Isopods soft-bottom sublittoral species composition, taxonomy, Doti et al. 2005
zoogeography

108 | Copepods soft-bottom sublittoral species composition, species diversity, George 2005
zoogeography

109 | Amphipoda soft-bottom sublittoral species composition, zoogeography Chiesa et al. 2005

110 Ascidians soft-bottom sublittoral species composition, zoogeography Ramos-Espla et al. 2005

111 Actinians hard-bottom sublittoral distribution pattern, taxonomy Haussermann & Fosterra 2005
zoogeography

112 Polychactes soft-bottoms sublittoral species composﬁlon, biogeography Montiel et al. 2005a
trophic guild

113 | Polychaetes soft-bottoms sublittoral distribution patterns, zoogeography Montiel et al. 2005b

114 Echinoderms soft-bottom sublittoral species composmon, distribution Mutschke & Rios 2006
pattern, relative abundance

115 Macroalgac hard-bottom sublittoral taxonomy, geographycal distribution Mansilla et al. 2006

116 soft-bottom sublittoral biodiversity and biogeoraphy Linsey et al. 2006

Molluscs
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GLOBAL ANALYSIS
117 zoogeography Brattstrom & Johannsen 1983
118 benthic ecology, summary review Arntz 1999
119 biogeography, conservation topics Fernandez et al. 2000
120 zoogeography Lancellotti & Vasquez 2000
121 Thorson’s rule, gastropods reproduction | Gallardo & Penchaszadeh 2001
122 biogeography Camus 2001
123 Thorson'’s rule, molluscs Valdovinos et al. 2003
124 Rapoport’s rule, polychaetes Hernéndez et al. 2005
125 biogeography, polychaetes Moreno et al. 2005
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