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Do Antarctic benthic invertebrates show an extended level of
eurybathy?
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Abstract: Depth distribution data were compared for 172 European and 157 Antarctic benthic invertebrate
species occurring in the respective shelf areas. Antarctic species showed significantly wider depth ranges in
selected families of the groups Bivalvia, Gastropoda, Amphipoda and Decapoda. No differences were found
in Polychaeta, Asteroidea and Ophiuroidea, where European species also showed comparatively wide
bathymetric ranges. These extended levels of eurybathy in the Antarctic benthos may be interpreted either
as an evolutionary adaptation or pre-adaptation to the oscillation of shelf ice extension during the Antarctic

glacial-interglacial cycle.
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Introduction

It seems to be a commonly accepted idea in the scientific
community that Antarctic benthic invertebrates exhibit
extended levels of eurybathy when compared to their boreal
or tropic counterparts. Explicit statements of this kind have
been made by Dell (1972) (especially for sponges, corals,
polychaetes and molluscs), George (1974) (polar benthos in
general), Knox (1977) (polychaetes) and Brandt (1991)
(isopods).

Although the literature provides many examples of wide
bathyal ranges for Antarctic species, genera and families (see
references above), a proper comparison of bathymetricranges
in Antarctic and non-Antarctic species is still missing.
Therefore we will test the hypotheses:

H_: There is no difference in the extent of eurybathy in
Antarctic and non-Antarctic benthic invertebrate species.

H,: Antarctic species show wider bathymetric ranges
than non-Antarctic species.

Methods

Many of the comments on Antarctic eurybathy refer to higher
taxonomic levels such as genus or family. However, if there
is a specifically Antarctic evolutionary development of
eurybathy, the comparison should be carried out at the
species level, because natural selection and evolution work
on species. For this reason we used bathymetric ranges of
species as the basic measure. To exclude true deep sea
species from the analysis, the minimum condition for any
species to be included was its occurrence on the respective
shelf.

The comparison should cover the major taxonomic groups
of the benthos. In order to minimize bias caused by pooling
of different taxa, we aimed at the comparison of Antarctic
and non-Antarctic species within families. However, in most

cases the number of data was insufficient, and data had to be
pooled from several families.

We selected Europe as the area to be compared with
Antarctica, because the long history of marine research in
this area provides a large set of easily accessible bathymetric
data.

From the literature cited in the legend of Table I, we
collected bathymetric data referring to 172 European species,
i.e. species with their centre of distribution in European
waters, and 157 Antarctic species. These species belonged to
the groups Bivalvia (five families pooled), Gastropoda (six
families pooled), Polychaeta (two families pooled),
Amphipoda (family Lysianassidae), Decapoda (five families
pooled), Asteroidea (16 families pooled), and Ophiuroidea
(eight families pooled). Unfortunately, we could not gather
sufficient data for other important groups such as Porifera or
Cnidaria.

The depth range data (maximum minus minimum depth
recorded) of each species were log-transformed to achieve
normal distribution; these data were tested for significant
differences between Europe and Antarctica within each of
the seven taxonomic groups using analysis of variance.

Results

We found significantly (P s 0.05) wider bathymetric ranges
of Antarctic species in the groups Bivalvia, Gastropoda,
Amphipoda and Decapoda (Table I). No differences were
found in the groups Polychaeta, Asteroidea and Ophiuroidea
(Table I). Fig. 1 shows the bathymetric ranges of all species
included except those from the groups Bivalvia and Polychaeta.

Discussion

The results of our study may be biased by some methodical
problems. Our plain statistical approach does not allow for



Table L. Statistical comparison of depth range per species in various
taxonomic groups.

Depth range per species (m)
Europe Antarctica
Taxon Families N.  Geom. N. Geom. Signif.
included species mean species mean  diff.

Astartidae 12 66 12 834 *
Kelliidae
Montautidae
Mytilidae
Nuculanidae
Gastropoda Buccinidae 39 212 39 460 .
Fissurellidae
Lamellariidae
Naticidae
Trochidae
Turridae
Polychaeta Aphroditidae 11 618 20 1099 -
Polynoidae
Amphipoda Lysianassidae 25 244 29 813 *
Decapoda  Campylonotidae 22 224 10 634 .
Crangonidae
Hippolytidae
Lithodidae
Nematocarcinidae
Asteroidea  All 16 families 40 570 28 668 -
present in either area
Ophiuroidea All 8 families 23 869 19 867 -
present in either area

Bivalvia

Data sources are Fell 1961, Hartmann 1964, Hartmann-Schréder 1971,
Lincoln 1979, Smaldon 1979, Gage er al. 1983, Paterson 1985, VoB 1988,
Banard & Barnard 1990, Hain 1990, Hayward & Ryland 1990a, 1990b,
Sieg & Wigele 1990, Amtz & Gorny 1991, Klages 1991, Clark & Downey
1992, Branch et al, 1993, Stiller 1995, M. Gorny personal communication.
*: Significantly different at P<0.05.

the fact that individual species are not true statistically
independent units because of the phylogenetic links between
related species. The rapidly developing new approaches in
comparative ecology take these links into account when
analysing relations between certain traits and macro-
evolutionary patterns (e.g. Funk & Brooks 1990, Stearns
1992). Moreover, the species included in this analysis are not
a random selection from the potential candidates for
comparison present in either area, but a selection based on the
availability of bathymetric data. The pooling of too many, as
well astaxonomically or, in an evolutionary sense, too distant
families (especially in the groups Asteroidea and Ophiuroidea)
may have introduced further bias. Finally, the bathymetric
ranges of several Antarctic species included here are likely to
be underestimated, because research history has been much
shorter than in Europe. Despite these uncertainties, however,
we think that the number of data included here makes this
first statistical analysis of bathymetric distribution reliable.

In four (Bivalvia, Gastropoda, Amphipoda, Decapoda) of
the seven groups investigated bathymetricranges of Antarctic
species are significantly higher than those of European
species. Interestingly, the missing difference between Europe
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Fig. 1. Depth distribution of shelf inhabiting species of five
larger taxonomic groups in Europe and Antarctica. Ga:
Gastropoda, Am: Amhipoda, De: Decapoda, As: Asteroidea,
Op: Ophiuroidea. One bar represents one species. Note log
scale on y-axis. Bivalves and polychaetes are not shown
because of too few data. References see Table 1.

and Antarctica in the groups Polychaeta, Asteroidea and
Ophiuroidea is not due to comparatively small bathymetric
ranges within these groups in the Antarctic, but to above-
average bathymetric ranges of these groups in Europe
(Table I).

Hence, our results indicate that Antarctic benthic
invertebrates do indeed show a high level of eurybathy in
general, although for some groups this pattern is not restricted
to the Southern Ocean.

What may be the reasons for this particular feature of
Antarcticbenthos? The most convincing hypothesis is related
to the palaeoclimatic history of Antarctica (see Clarke &
Crame 1989, 1992, Klages 1991, Galéron et al. 1992).

Sedimentological records (e.g. Anderson er al. 1991,
Barrett e al. 1991, Grobe & Mackensen 1992) indicate that
during the Pleistocene periods of large shelf ice extent and
low sea water level alternated with periods of small shelf ice
extent and high sea water level. During glacial periods the
shelf ice grounds on the shelf and may extend beyond the
shelf edge. It is possible that this ice impact could cause
extinction of the shelf fauna. When the shelf ice retreats
during the subsequent interglacial, the defaunated shelf can
be re-colonized from other, less affected areas.

There is evidence that this almost regular cycle of shelf ice
formation and retreat may have existed for the past two
million years. Inearlier times glaciation events also occurred
at earlier periods, but at less regular intervals (see Quilty
1990, Hodell & Venz 1992). These glacial-interglacial
cycles may have beenthe driving environmental force towards
the evolutionary development of eurybathy in Antarctic
benthic invertebrates. In contrast to the north polar sea,
Antarctic shelf species cannot retreat from the advancing ice
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Interglacial

Fig. 2. The glacial-interglacial cycle and
its impact on the Antarctic shelf fauna.

towards lower latitudes without moving into the deeper
waters of the continental slope. Species without this ability
are likely to become extinct whilst those with a wider
bathymetric range could survive on the slope and quickly re-
colonize the shelf during interglacial periods (Fig. 2), as
indicated by the taxonomic similarities between shelf and
slope fauna in Antarctica (e.g. Klages 1991, Galerén et al.
1992).

Our results indicate that in some groups of the Antarctic
fauna extended eurybathy may have evolved in the Antarctic,
driven by the glacial-interglacial cycles. Other taxa such as
Polychaeta, Asteroidea and Ophiuroidea may have inherited
extended eurybathy from ancestors common to Antarctic and
European species, i.e. as a pre-adaptation to Antarctic
conditions, or it may have developed independently in both
regions.
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