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ABSTRACT

A look at the latitudinal gradient from North America via South America to Antarctica supports the impression that the
ecosystems of this part of the world provide perfect conditions for marine biodiversity studies. Several bilateral or
international initiatives with major German contributions have focused on biodiversity questions, especially in South
America and Antarctica. At depths > 50 m accessible to shipboard sampling, an oxygen minimum zone (OMZ) prevails
off Peru and Chile (except in the extreme south). The macrobenthic biota associated with the OMZ are extremely poor
but show a gradient of increasing diversity at great depths and towards the south. In the southern Chilean fjords and
channels, habitat heterogeneity is high and differences in the fauna can be observed over even small distances, especially
in the Magellan area. A high intra-habitat biodiversity can, thus, be expected. On the exposed deep shelf around Antarctica,
a large-scale gradient between a community dominated by a very high biomass and abundance of sessile suspension
feeders can be distinguished from a community with significantly fewer epifauna. However, their relationships to the
environmental conditions are still poorly understood. For the future, two approaches are recommended, the study of
zoogeographical questions in the light of evolution and the identification of the key processes, including environmental
changes, that engender biodiversity patterns.
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RESUMEN

Una mirada al gradiente latitudinal desde América del Norte vía Sur América hasta la Antártica sustenta la impresión
que los ecosistemas de esta parte del mundo proveen condiciones perfectas para estudios de biodiversidad marina.
Diversas iniciativas bilaterales e internacionales con mayores aportes alemanes se han concentrado en preguntas de
biodiversidad especialmente en América del Sur y la Antártica. A profundidades >50 m accesibles a muestreos desde
embarcaciones, una zona de mínimo oxígeno (OMZ) predomina en Perú y Chile (excepto en el extremo sur) con una
vida macrobentónica extremadamente pobre, mostrando un gradiente de incremento de diversidad a profundidades
mayores y en sentido sur. En los fiordos y canales al sur de Chile la heterogeneidad del hábitat parece ser muy alta y
claras diferencias faunísticas pueden ser observadas a cortas distancias, especialmente en la región de Magallanes.
Como consecuencia se puede esperar una alta biodiversidad entre-hábitats (“between-habitat”). En la plataforma ex-
puesta profunda alrededor de la Antártica un gradiente a gran escala entre una comunidad dominada por suspensívoros
sésiles revelando biomasa y abundancia altas, puede ser distinguida de una comunidad con muy poca epifauna. Sin
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embargo, las relaciones con parámetros ambientales son todavía vagamente entendidas. Para el futuro se recomiendan
dos enfoques, estudiar preguntas zoogeográficas a la luz de la evolución e identificar procesos clave que desplieguen
patrones de biodiversidad incluyendo cambios ambientales.

PALABRAS CLAVES: Biodiversidad marina, América del Sur, Antártica.

ies on the continental shelves, in the deep sea be-
tween the two continents, and around islands which
serve as stepping-stones for shallow fauna should
elucidate the potential of dispersion and the effect
of isolation of populations on their evolution. An
example of such a study which provided compre-
hensive results on amphipods and isopods in this
context is that of Wägele (1992, 1994).
South American waters provide a large variety of
different benthic systems and subsystems: coral reefs
and mangroves in the north; upwelling systems with
extended oxygen minimum zones (OMZ) at medium
depths and narrow shelves exposed to the open ocean
at intermediate latitudes; fjords, bays, and straits in
the south (see e.g. Brattström & Johanssen 1983,
Lancellotti & Vásquez 1999). This variety is a good
prerequisite for studying predominantly ecologically
driven biodiversity patterns, and an advantageous
basis for truly comparative studies for (1) assessing
the role of diversity in ecosystem functioning and
(2) identifying the factors that determine the com-
plexity of biodiversity. Detailed knowledge of bio-
logical structures and processes is also urgently re-
quired to support authorities selecting conservation
areas because human impacts on coastal marine eco-
systems - by fisheries, aquaculture, tourism, and
constructions - are dramatically increasing as is now
occurring, for instance, in southern Chile. As part
of such an applied approach, the development and
structures of biodiversity patterns can also be mod-
eled for, as yet, non-existing scenarios as in the case
of large scale, presumably anthropogenic, changes
such as global warming.

INITIATIVES: RESEARCH ON MARINE BIODIVERSITY IN

SOUTH AMERICA AND ANTARCTICA - THE CONTRIBUTIONS

BY GERMAN SCIENTISTS

Fig.1 provides a summary of the research programs
on marine biodiversity in South America and Ant-
arctica which have included German contributions.
During the EPOS initiative (European “Polarstern”
Study; Arntz et al. 1990) supported by the Euro-

INTRODUCTION

ARE SOUTH AMERICAN WATERS SUITABLE FOR

BIODIVERSITY STUDIES OF GENERAL RELEVANCE?

An improvement in our knowledge of the world’s
faunal inventory and the processes leading to
biodiversity is of fundamental relevance, as has been
recognized during the past decade, and has recently
again been emphasized in the World Summit on
Sustainable Global Development held in
Johannesburg and by the international scientific ini-
tiative, “Census of Marine Life”. However, much
effort is still necessary to increase our present level
of information significantly. One way to proceed
may be (1) to investigate if biodiversity patterns and
their specific dynamics can be explained in terms
of regional environmental conditions and biologi-
cal demands; and (2) to combine aspects of recent
large-scale zoogeographical patterns with conclu-
sions about their long-term development and the
evolution of the species present.
South America provides perfect conditions to study
both small and large scale marine biodiversity. If
the adjacent continents to the north and south are
included, latitudinal gradients can uniquely be in-
vestigated almost from pole to pole. For the long-
term perspective, the littoral of South America is of
particular interest to zoogeographers because it pro-
vides two predominantly latitudinal coastlines
which, in areas with similar environmental condi-
tions, can be used for comparative purposes. In ad-
dition, similar data from North America would show
whether patterns observed in the southern hemi-
sphere are reflected mirror-like in the north. This
provides a basis for assessing whether general phe-
nomena exist or whether more efficient regional
phenomena are superimposed on latitudinal gradi-
ents. In this context, the long isolation of Antarc-
tica (for about 20 Ma) may have led to specific de-
velopments so that the coastal waters of that conti-
nent could be regarded as an evolutionary incuba-
tor (Watling & Thurston 1989). Comparative stud-
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FIGURE 1: Research initiatives on benthic biodiversity in South America and Antarctica with German contributions
(EPOS: European “Polarstern” Study, EASIZ: Ecology of the Antarctic Sea Ice Zone, EVOLANTA: Evolution in the
Antarctic, ANDEEP: Antarctic Benthic Deep-sea Biodiversity, LAMPOS: Latin American “Polarstern” Study, AMLR:
Antarctic Marine Living Resources, IBMANT: Interactions between the Magellan Region and the Antarctic, CIMAR:
Marine science research cruise to the fjords and channels adjacent to the Southern Ice Fields, PUK: Interrelations
between productivity and environmental conditions on the Chilean continental slope, PROCOPA: Join Peruvian-Ger-
man fishing research Program, JOPS: Joint Oceanographic Projects, MADAM: Mangrove Dynamics and Manage-
ment. Projects with acronyms in parentheses are not discussed in detail in this review.

FIGURA 1. Iniciativas de investigaciones en la biodiversidad béntica en América del Sur y la Antártica con contribuciones
alemanas (EPOS: Estudio “Polastern” Europa, EASIZ: la Ecología de la Zona de Hielo Marino de la Antártica, LAMPOS:
Estudio “Polastern” de América Latina, AMLR: Recursos Marinos vivos de la Antártica, IBMANT: las interacciones
entre la región de Magallanes y la Antártica, CIMAR: Crucero de Investigación Científica Marina a los fiordos y
canales adyacentes a Campos de Hielo Sur, PUK: las interrelaciones entre la productividad y las condiciones ambientales
en la pendiente continental chilena, PROCOPA: Programa Cooperativa Peruano-Alemán de Investigación Pesquera,
JOPS: Proyectos Conjuntos Oceanográficos, MADAM: Dinámica y Manejo de los Mangles. Los proyectos con acrónimos
en paréntesis no son discutidos de forma detallada en este resumen.

pean Science Foundation in 1989, the macrobenthos
and demersal fish fauna of the southeastern Weddell
Sea, Antarctica, were intensively surveyed. Based
on earlier experience (see e.g. Voss 1988, Pie-
penburg et al. 1997), 3 large sectors off Kapp
Norvegia, Vestkapp, and Halley Bay, from the shelf
ice edge to the deep sea, were investigated using a
variety of sampling gear. The results provided an
overall picture of  biodiversity, biogeography, and
zonation on the high Antarctic shelf and slope of

the Atlantic sector and allowed the first compari-
sons with other large Antarctic areas, e.g. the Ross
Sea and around the Antarctic Peninsula (Hempel
1993). They also stimulated further national and
international programs. Due to their potential for
providing a fast scientific overview of macro-
epibenthic systems, the documentation of the
benthos by visual methods has been used since then
and in most of the projects described below (Gutt
2001).
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A complementary program carried out to the north
of the Drake Passage was IBMANT (Interactions
between the Magellan Region and the Antarctic)
with the “Joint Magellan ‘Victor Hensen’ Cam-
paign” in 1994 as the main activity (Arntz & Gorny
1996; Arntz & Ríos 1999). This joint Chilean-Ger-
man-Italian expedition, which included participants
from other countries, covered the Magellan chan-
nel system between Paso Ancho in the Straits of
Magellan and the area south of the eastern mouth
of the Beagle channel down to Cape Horn, work-
ing from shallow water out to 653 m depth. This
cruise greatly increased the previously scant data
available on benthic distribution, zonation, and
biodiversity in the Magellan region. Later, this work
was complemented by other expeditions, e.g. the
“Polarstern” cruise ANT XIII/4 working on the
continental slope east of Cape Horn from 99 to 2505
m depth (Fahrbach & Gerdes 1997) and various
“Vidal Gormaz” cruises (see below) in the Magellan
region, in close cooperation with the Magellan Uni-
versity in Punta Arenas. Much of this material has
been analyzed and identified taxonomically, mostly
with emphasis on certain taxa, and further work is
underway to fill the gaps in the data. The results
now available from both continents already pro-
vide a much improved base for the comparison of
Antarctic and South American fauna. One of the
major outcomes is that the “bell-shaped distribu-
tion” of species richness from the equator to the
poles does not appear to hold for the southern hemi-
sphere (Gallardo 1987), though some taxa such as
the decapod crustaceans may reveal such a distri-
bution (Boschi 2000). The more general picture of
the Magellan-Antarctic gradient is illustrated by the
peracarid crustaceans, which increase in species
richness towards the south. Crame (1999) has
provided more general concepts on latitudinal
gradients.
The CIMAR FIORDO cruises (Cruceros de
Investigacion Científica Marina a los Fiordos y
Canales Adyacentes a Campos de Hielo Sur) by
the “Vidal Gormaz” along the Chilean coast be-
tween 42ºS and 56ºS were predominantly Chilean
but with some German participation. They focused
on benthic diversity and have included non-inva-
sive underwater video since 1997 (Gorny &
Retamal in press). The major objective was to com-
pare species composition and richness between dif-
ferent sub-areas and between inner parts of the fjord

system and the Pacific entrances, with their rela-
tionship to fisheries in mind. Additional surveys
were carried out around Easter Islands and the Juan
Fernández Islands, San Felix, and San Ambrosio
Island (Gorny & Retamal 2000, 2001). Here, as with
the LAMPOS cruise (see below), the major goal
was to investigate the role of the islands as step-
ping-stones enabling species to cross the Pacific
Ocean towards the South American continental
shelf. The use of the same visual documentation
method in Chilean waters and in Antarctica will
allow a reproducible comparison of benthos diver-
sity along the entire gradient, from temperate to
very cold waters. Individual notable shallow-water
activities, mainly based on scuba diving, have con-
centrated on anthozoans and scleractinians along
the Chilean coast (Häussermann in press) and on
the establishment of methods for creating invento-
ries for shallow water benthic communities as well
as the identification of the driving forces behind
specific diversity patterns in the northern fjord re-
gion (Försterra in press).
The principal goal of the ongoing EASIZ program
(Ecology of the Antarctic Sea Ice Zone) of SCAR
(Scientific Committee on Antarctic Research) is the
study of key ecological processes, especially at the
organism and community level. However, the 3 in-
ternational EASIZ expeditions on RV “Polarstern”
(Arntz & Gutt 1997,1999, Arntz & Brey 2001) have
also provided a wealth of taxonomic benthic data
from the high Weddell Sea and the Antarctic Pen-
insula; only a part of this has so far been published
(e.g., Gutt et al. 2000, Arntz & Clarke 2002). A
complete data set for the demersal fish fauna
sampled between 1986 and 1998 is stored, together
with a reference collection, at the Instituto Español
de Oceanografía, Tenerife, Spain.
The EVOLANTA program (Evolution in the
Antarctic), launched in 2001 by SCAR, is closely
involved with the faunal and floral links, which have
been maintained or newly developed since
Gondwanan times, between Antarctica and the
continents surrounding it. One key question is how
this exchange occurred in the past, and how might
it happen today –does it involve passage by the deep
sea or by “island hopping”? Answers to the
following questions may be helpful in solving this
problem: 1) What is the relationship between gene
flow in Antarctic species and circulation patterns
in the atmosphere and ocean? 2) What are the effects
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of global climate change and variability on evolu-
tionary processes? 3) Do evolutionary processes in
the Antarctic, now and in the past, differ from those
in other parts of the world, including the Arctic?
(EVOLANTA Science and Implementation, Plan
2000).
Two recent “Polarstern” expeditions, LAMPOS
(Latin American “Polarstern” Study) and ANDEEP
(Antarctic Benthic Deep-Sea Biodiversity; http://
www.rrz.uni-hamburg.de/biologie/ zim/niedere2/
ANDEEP.htm), both under the EVOLANTA flag,
intended to contribute to a better understanding of
large scale latitudinal gradients in biodiversity
patterns. LAMPOS followed the shallows and
islands along the Scotia Arc, which might act as
stepping-stones, whereas ANDEEP focused on the
deep sea to study its role in exchange processes.
The deep sea might either work as a faunal barrier
or as a means for specially adapted animals to dis-
perse in cold waters leading, for example, to polar
emergence or tropical submergence. Specific
objectives of ANDEEP in the Drake Passage, the
northern Weddell Sea and the Scotia Sea were: 1)
to survey deep-water benthos, 2) to compare,
taxonomically and genetically, the Atlantic basin
and the Antarctic shelf, 3) to describe habitat
diversity on various scales, 4) to identify the factors
shaping distribution patterns, (5) to investigate
evolutionary processes, and 6) to understand
exchange processes related to tectonic activities.
Key issues during the LAMPOS cruise were 1)
biogeographic and evolutionary links between the
Antarctic and South American continents, 2)
biodiversity gradients, 3) the structure of benthic
and fish communities, 4) pelago-benthic coupling
and (5) ecological and physiological adaptations of
benthic invertebrates and fish.
Most of the programs listed above (and related
activities) are linked to Antarctic research and, thus,
coordinated by the Alfred Wegener Institute for
Polar and Marine Research (AWI); ANDEEP was
initiated by the University of Hamburg. Besides
these studies in very cold regions of the world
oceans, Germany has a long tradition of cooperation
along the Pacific coast.
During an expedition to South Georgia by the
NOAA ship “Surveyor” in 1995 contributing to the
U.S. AMLR program (Antarctic Marine Living
Resources), the epibenthos was intensively surveyed
by underwater-video using an ROV in bays,

anchorages, and fjords (Watters et al. 1995).
Research activities of the 2001 PUK expedition
(Interrelations between productivity and environ-
mental conditions on the Chilean continental
slope, Hebbeln et al. 2001) by the R/V “Sonne”
were centered on the characteristic ecological
conditions (upwelling, oxygen minimum zone,
ENSO) along the Pacific coast of South America
(Gallardo 1963, 1985, Arntz et al. 1991). Here
the goal was to investigate to what degree
gradients (e.g. in oxygen saturation, sediment
properties, latitude and water depth) are reflected
by benthic communities. The impact of the OMZ
on macrofaunal zonation, the balance between
“normal” zoobenthic fauna and sulphur bacteria,
and potential ENSO impacts were the major
scientific issues investigated during this cruise
between Antofagasta and Chiloe, which was
based on cooperation between the University of
Concepción, 2 Institutes at Bremen University,
and the AWI.
Research on the impacts of El Niño and La Niña
also has a long-term component represented by
German-Peruvian (AWI - University San Mar-
cos, Lima) cooperation since 1981 (Arntz et al.
1985, Tarazona et al. 1996). Data on macro-
benthos and environmental parameters from
shallow-water fixed stations in the Bays of An-
cón and Independencia (12°S and 14°S) include
the impact of four ENSO events, among them
the two very strong ones of 1982/83 and 1997/
98, and are the longest benthos time series
available for the American Pacific coasts. Recen-
tly, this monitoring has been extended to
Mejillones Bay (Antofagasta, Chile) to include
a site at higher latitude.
Further German-Latin American cooperative
projects, coordinated by the ZMT (Center for Tropi-
cal Marine Ecology) of Bremen University, which
also cover biodiversity aspects, are located in the
north of the continent (an expedition with R/V “Vic-
tor Hensen” along the Pacific coast of Costa Rica in
1993/94, Wolff & Vargas 1994) and on the Atlantic
coast: JOPS (Joint Oceanographic Projects), a
multidisciplinary study off Brazil in 1994/95 with
publications by various authors in Arch. Fish. Mar.
Res. 47(2/3), 1999, and the ongoing MADAM
project (Mangrove Dynamics and Management, see
http://www.zmt.uni-bremen.de) with applied aspects
concerning the use of marine resources.

Contributions to benthic marine diversity studies: GUTT, J. ET AL.
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FIGURE 2. Preliminary and very brief summary of various benthos investigations related to biodiversity research (see
Fig. 1).

FIGURA 2. Resumen preliminar y muy breve de las distintas investigaciones bénticas relacionadas con la investigación
de la biodiversidad (ver Fig. 1).

THE KNOWN: THE DRIVING FORCES OF BIODIVERSITY -
ECOLOGICAL CONDITIONS VERSUS LONG-TERM DEVELOP-
MENT

In general, faunal surveys will show that almost each
system, subsystem, or even each square meter has
its own unique biological structure if a precise taxo-
nomic level is considered. In addition, in accord with
Linné “natura non facit saltus”, apart from a few
important exceptions, only gradients or time depen-
dent changes in ecological phenomena are observed,
rather than abrupt variations in community patterns
or discrete events. These factors tend to make real-
istic classifications difficult. Nevertheless, well-
planned sampling strategies, advanced statistics, and
the use of information in data banks can detect fau-
nal differences if true characteristics within the eco-

systems or assemblages exist. The main point in this
context is the use of standard filtering techniques
for reducing information for an ecosystem to man-
ageable levels which are representative of a larger
portion of the system. The first steps in this direc-
tion have already been made and these now serve as
feasibility studies for recent, more advanced ap-
proaches with a more general relevance to research
on evolution and ecology.
Deeper shelf areas in the Antarctic, which are ex-
posed to the open ocean, seem to be characterized
by only two or three large communities (Fig. 2).
These appear to occur everywhere around the con-
tinent (for recent reviews and new original results,
see Dayton 1990, Dayton et al. 1994, Faranda et al.
2000, Gutt 2000, Arntz & Clarke 2002); certainly,
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the existence of such parallel communities in the
Ross, Bellingshausen, and Weddell Seas has been
confirmed (Bullivant 1967, Starmans et al. 1999).
One of these is a diverse assemblage dominated by
sessile suspension feeders, such as sponges, mainly
colonial forms of ascidians, cnidarians, and bryo-
zoans which seem to be more prominent in the high-
est latitudes (Gutt & Starmans 1998, Gili et al. 2002,
Starmans & Gutt 2002). A similar shift to filter-
feeding is observed with molluscs, among which
epifaunal gastropods are more common than infau-
nal bivalves (Crame 1994). Various hypotheses have
been developed to explain such a richness of life at
depths between 100 and 800 m in water at -1.5°C,
which is ice covered almost year-round. These are:
1) The low concentration of terrigenous inorganic
suspended material, greater quantities of which
might otherwise disturb the fragile filtering mecha-
nisms,
2) The low abundance of true benthic predators,
which elsewhere exert a higher pressure on inverte-
brates to use ecological niches within the sediment,
3) The coastal current that guarantees a continuous
supply of fresh phytodetritus for a certain period of
the year (Brandt 1995, Gili et al. 2002),
4) Habitat heterogeneity and niche fragmentation
caused by epibiotic relationships (Gutt & Schickan
1998, Arntz et al. 1994, Brandt et al. 1997),
5) The presence of a sediment with a wide range of
particle sizes which allows the successful recruit-
ment of young stages, and
6) Specific vicarious events, e.g. the “climate di-
versity pumps” (Clarke & Crame 1997a), which are
mainly caused by glacial advance and retreat around
the continent and split formerly homogenous popu-
lations.
A benthic structure in South America that resembles
this Antarctic community in some respects, though
obviously not at the species level, is that on the ex-
posed Patagonian shelf, close to its edge south of
Tierra del Fuego, which is dominated by a variety
of higher taxa with sessile representatives (Gutt et
al. 1999).
The other large benthic community, which is found
around much of Antarctica but mainly near the Ant-
arctic Peninsula, consists of either infauna or mo-
bile species such as crustaceans, aspidochirote sea
cucumbers, ophiuroids and polychaetes (Mühlen-
hardt-Siegel 1988, Ramos 1999, Piepenburg et al.
2002). Weak currents and, consequently, a more

vertical sedimentation of food particles are regarded
as the main reason why the above mentioned de-
posit feeders are favored rather than the filter feed-
ers. If this is the case, the mechanisms behind such
benthic structures are similar in other areas on the
Antarctic shelf and in the deeper parts of the fjords
and bays in the Magellan region. There, ophiuroids,
echinoids and mobile holothurians were observed
to be dominant together with a low proportion of
sedentary anthozoans. Abundant holes indicate the
presence of an infauna, rich at least in biomass.
Locally, these soft sediments were covered during
the summer by a thick layer of deposited
phytodetritus. For the corresponding community in
the Antarctic, there are alternative explanations:
1) The growth and recruitment of many species is
slow, particularly in the case of the hexactinellid
sponges which contribute significantly to the rich
sessile community,
2) The recolonisation of areas which were covered
by grounded shelf ice during the last glaciation,
has not yet been successful in regions where the
epifauna are still relatively poor (Gutt 2000), and
3) “Trophic group amensalism” (Rhoads & Young
1970, Gallardo 1987) may be an indirect effect. The
rapid success of mobile deposit feeders in some ar-
eas may have impeded the settlement of sessile life
forms, and creeping species avoid those areas which
were first colonized by bushy and spiny sessile ani-
mals.
The demersal fish fauna show a relatively clear lati-
tudinal gradient from the dominance of Notothenia
around the Antarctic Peninsula to a population, fur-
ther south, characterized by representatives from
various families, Trematomus being the dominant
genus. The diversity of this population increases
towards the southern Weddell Sea (Hubold 1992).
With the formation of the deep-sea passage between
South America and Antarctica following the break-
up of Gondwana (Ehrmann & Mackensen 1992,
Lawver & Gahagan 1998), the establishment of the
circumpolar current led to a significant decline in
Antarctic water temperature (Crame 1992, Clarke
& Crame 1992). The resulting isolation of Antarc-
tica was probably a key event with effects on the
evolution of many taxa, especially on the shelves
of both continents. It could also have affected the
deep-sea fauna between the continents.
The migration of taxa, especially the mobile spe-
cies (e.g. notothenoid fish, isopods and amphipods)

Contributions to benthic marine diversity studies: GUTT, J. ET AL.
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after the isolation of Antarctica might have been fa-
vored by the almost complete extinction of higher
reptilian decapods, crustaceans in the mid Tertiary
period (Klages et al. 1995, Feldmann et al. 1997). In
addition, brood protection of juveniles in a marsu-
pium as well as eurybathy (Brandt 1992, Winkler
1994, Brey et al. 1996), in the two latter systematic
groups seem to have been effective as a way of a pre-
adaptation  them to short phytoplankton blooms (Arntz
et al. 1997). Trophic specification using feeding strat-
egies such as grazing on sessile suspension feeders,
filter feeding, scavenging, and predation as well as
the good swimming capability of some organisms may
have contributed to the development of high species
diversity within these groups in the Antarctic (White
1984, Coleman 1989, 1991, Klages & Gutt 1990,  De
Broyer et al. 2001).
Of the various land masses that originated in
Gondwana, South America has the faunal composi-
tion which is most similar to that of Antarctica. Fol-
lowing the Scotia Arc, South America is connected to
the Falkland Islands by the shallow Burdwood Bank
resulting in an overlap in species composition. Com-
paring faunal similarities between subantarctic regions,
at least in the case of isopods, the South Shetland Is-
lands share as many species (13) with the Magellan
area as with South Georgia (Brandt 1992). From an
ecological point of view, there is a similar situation in
the inshore waters of South Georgia as in the Magellan
region, both having a high level of dissimilarity be-
tween local assemblages of low diversity; this can be
attributed to their complex coastlines. At a coarse taxo-
nomic level, their fauna resemble that of the Antarc-
tic continent due to the presence of a large number of
species of asteroids; the locally high abundance of
large glass sponges, demosponges, and alcyonarians,
dense hydrozoan concentrations and the presence of
animals with an epibiotic life mode such as arcturid
isopods and holothurians as well as different ophi-
uroids, e.g. Astrotoma agassizii which is abundant in
the high Antarctic (Watters et al. 1995). The LAMPOS
cruise revealed that, in agreement with expectations,
the northern branch of the Scotia Arc bears a great
resemblance to the Magellan region, whereas the
southern branch shows closer affinities to the Antarc-
tic. However, the high variability of local sediment
conditions and processes, as discussed in the “Theory
of Island Biogeography” (Mac Arthur & Wilson 1967),
seems to be important. In addition, the Antarctic Con-
vergence situated north of South Georgia is not a dis-

tinct faunal boundary for the benthos, especially the
deep forms; Antarctic elements occur north and
Magellan elements south of the Polar Front. The South
Sandwich Islands, with “inhospitable” volcanic bot-
toms, do not seem to have the importance as a con-
necting bridge that might be expected from their north-
south orientation, indicating that cross-currents must
be responsible for the observed exchange.
The nature of the inshore fauna north of the Drake
Passage seems to have been very much determined
by recent local environmental conditions, especially
where the morphology of the coastline is complex.
The fjord area with slopes, depressions, and sills, the
run-off from glaciers, and moraines apparently pro-
vides various microhabitats with low diversities (sensu
Gray 2000) where locally only one species can be to-
tally dominant, e.g. Munida subrugosa (Crustacea),
Chaetopterus spp. (Polychaeta), brachiopods or
Ophiuroglypha lymani (Ophiuroidea). If these data,
which incorporate localized rich faunal communities
of low abundance, were to be merged, high regional
and interhabitat diversities, based on a patchwork of
different assemblages, could be expected.
A first analysis of the benthos in the channel and fjord
systems north of the Patagonian ice shield revealed
three preliminary general results (Gorny & Riedemann
submitted): 1) As compared to the waters of the Straits
of Magellan, the dominance of single species around
the Taitao Peninsula is not as conspicuous as further
south; 2) Within areas of low diversity, sessile filter
feeders, e.g. anthozoans (Gorgonacea), followed by
polychaetes (Sabellidae) and echinoids are most abun-
dant; 3) In contrast to shallower sites, major differ-
ences between the fauna in or close to the Pacific en-
trances to and in the inner parts of the fjords do not
exist at depths greater than about 100 m, except in
those locations situated in the vicinity of glaciers and
rivers. Further information is available in Gallardo et
al. (1992) and Cañete et al. (1999).
In shallow waters, sea anemones (Actiniaria), which
show a significant variation in species composition
between Concepción and Puerto Montt, are quite abun-
dant and, thus, seem to be very successful in their
competition for space with other taxa. Some species
may even profit from human activities, such as the
harvesting of other benthic organisms of economic
value, which are competitors for space and food
(Häussermann & Försterra 2001). The increased den-
sity of the sea anemone populations could, though,
make the resettlement of the harvested organisms more
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difficult and, thus, reduce diversity (Häussermann
in press). Near vertical cliffs, dense concentrations
of corals (Scleractinia) have been found in
multispecies associations. These azooxanthellate
corals are better known at greater depths but, in the
inner fjords, populations can be found at depths as
little as 10 m (Försterra & Häussermann 2001).
The composition of the more exposed Pacific
benthos further north-west seems to be shaped by
major forcing factors like oxygen deficient upwelled
water and the impact of ENSO. Shallow areas (100-
300 m deep) within the OMZ were characterized
by low numbers of epifaunal species with extremely
poor abundances. Off Antofagasta, bacterial mats
were almost the only macroscopically visible or-
ganisms, whereas holes in the sediment photo-
graphed off Concepción indicated the presence of
infauna. Around Chiloé, species richness increased,
the dominant groups being molluscs and decapods,
crustaceans (Majidae). Greater depths (500 to 800
m) revealed higher species numbers and abun-
dances. Most common in all three subareas were

mobile animals: molluscs, crustaceans, polychaetes,
echinoderms, and fish. Among the sessile fauna,
tube-building polychaetes (Onuphidae) dominated
off Antofagasta whereas bryozoans and cnidarians
were more frequently found off Concepción and
Chiloé. Echinoids and scleractinians were very
abundant at 800 m off Chiloé, making up almost
80% of the total haul. The epifauna between 1300
and 2000 m depth appeared to be less abundant but
quite rich in terms of numbers of taxa, with higher
diversity but smaller populations at 2000 m. High
abundances of scleractinians were observed not only
at diving depths (see above) but also at 1300 m off
Chiloé.
The benthic fauna in the OMZ off Peru is of ex-
tremely low diversity under normal and La Niña
conditions, but the number of species present, as
well as their abundances and biomasses, increase
when El Niño events lead to flushing of the bottom
water. This increase persists for several months af-
ter the end of El Niño if oxygen conditions remain
favorable (Arntz et al. 1991, Tarazona et al. 1996).
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FIGURE 3. Hill’s concept for classifying diversity indices according to the weighting they give to rare species; simpli-
fied after Magurran (1988) with ideas of how and when it can be applied.

FIGURA 3. El concepto de Hill para la clasificación de índices de diversidad según la ponderación dada a las especies
raras; simplificado según Magurran (1988), con ideas de cómo y cuándo puede ser aplicado.

THE UNKNOWN: RESEARCH ON BIODIVERSITY AROUND A
LARGE CONTINENT - BIG OPPORTUNITIES DEMAND BIG CON-
CEPTS

Research on biodiversity can hardly be defended if it
is not integrated into a large-scale or even global con-

text. Moreover, it is difficult to apply a concept which
tries to incorporate the complexity of biodiversity (see
Fig. 3 in Magurran 1988). The number of nemertines
in one m2 of the coast of any place in the world is, in
itself, of no great importance. On the other hand, the
big questions of global diversity cannot be answered
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immediately. Therefore, it is proposed that a start be
made by seeking the answers to two problems:
1. What is the large-scale species richness around
South America? This has to be considered in the
context of evolution related to geomorphological,
glacial, and other large-scale environmental shifts.
2. How do ecological conditions influence regional
diversity and can anthropogenic factors be distin-
guished from natural processes? Understanding how
natural developments in the past affected diversity
may help in forecasting the impacts of anthropo-
genic changes in the present and future.
Fortunately, both questions can be answered using
a similar sampling strategy. For the first, it seems to
be most important to sample a location in sufficient
detail to be sure that the species identified represent
a predetermined proportion of those expected to be
present at that location (called “coverage” by Chao
& Lee 1992). All individuals sampled within a cat-
egory – even if not all of the species there - have to
be identified and, if necessary, newly described. The
selection of specific taxa should be avoided. The
value of the information obtained, even if only one
assemblage is sampled, will be greatly enhanced
once it is stored in a data bank and thus made avail-
able so that reliable comparisons with data sets gen-
erated by other scientists using a similar strategy
can be made. Modern techniques of molecular biol-
ogy provide excellent ways of complementing tra-
ditional descriptions if they allow proxies for the
pace of evolution and genetic relationships to be
more precisely defined. However, it is recommended
that comparisons between regions or of higher taxa
should be carried out within one project or in one
laboratory to avoid methodological bias.
The same faunal material can also be used to an-
swer the second question above, even if the percent-
age of species identified is not as high as demanded
by good zoogeographical practice. Information
about environmental conditions is, of course, also
necessary, as only comparisons between areas with
different ecological conditions will yield results
which can be used for reaching conclusions in a
broader context. The choice of spatial scale can sig-
nificantly affect general results and conclusions
(Gray 2001, Price 2002). The coverage of as broad
a range of scales as possible is therefore recom-
mended, from single point through local and re-
gional to continental diversity, the latter being di-
rectly linked to the first question. Special attention

should be paid to the definition of biodiversity. Gra-
dients of different measures of diversity starting with
just the numbers of species and then others with an
increasing emphasis on equitability and a decreas-
ing relevance of species numbers seem appropriate
since they allow conclusions to be drawn about the
vulnerability of an ecosystem. For the obligatory
quantitative analyses, various statistical methods are
available. None of these is perfect, but they provide
diverse ways of error assessment and do not present
significant problems against arriving at good results
and realistic conclusions. The most critical point in
any biodiversity program, especially if it is not sup-
ported by a single funding agency, is good coordi-
nation of the various components, i.e. sampling, spe-
cies identification and enumeration, and quantita-
tive analysis with reproducible and comparable re-
sults.
Possible comparisons that could be made are:

1) Between the exposed coastal waters over the nar-
row shelf off Chile and in the Antarctic;
2) Between the east and west coasts of South
America, including the different ages of the two
coastlines (see e.g. Gallardo & Penchaszadeh 2001);
3) Between the fjords, straits and bays of southern
South America and of the Antarctic Peninsula;
4) Between the broad Patagonian shelf and a broad
shelf in the Antarctic, e.g. in the Bellingshausen Sea;
5) Between communities in warm, relatively cold,
and very cold waters in the north of the continent,
in upwelling areas and in the Antarctic;
6) The data from South America with those from
comparable ecological situations in North America;
and
7) Between the deep-sea communities in the Pacific,
Atlantic, and Antarctic Oceans.

If information from truly representative communi-
ties and areas is available, the diversity patterns can
be mathematically simulated. The aim of such a
theoretical approach is to identify the key processes
which affect the development of biodiversity, espe-
cially when this is not possible by field studies or is
too expensive. In such numerical models, only one
of the parameters which influence a hypothetical
representative biodiversity pattern is allowed to vary
at one time. The intensity of the observed changes
in biodiversity provides hints on the role of this vari-
able. This procedure can be repeated with each pa-
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rameter in turn and then with various combinations.
Should such a model reach an advanced stage, fore-
casts for the impacts of, for instance,
anthropogenically induced climate changes, mari-
culture, or overfishing would be possible.
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