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High Latitude Antarctic Benthos: A “Coevolution” of
Nature Conservation and Ecosystem Research?
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Abstract : Due to international law the Antarctic is currently the best protected large ecosystem on earth,
providing the opportunity for scientific research into processes of both regional and global importance.
However, it is impossible to carry out research activities without minor disturbances to the environment.
The Weddell Sea with its shelf inhabiting fauna can be considered to be representative for the entire
Antarctic shelf with exceptions. It has generally escaped major anthropogenic impact but it is the only area
in the high latitude Antarctic where long-term research fishing has been carried out. There are two main
results combining aspects of nature conservation and benthos reseach. Firstly, the use of dredges has clearly
decreased over the last two decades, whilst the use of non-invasive underwater photography and video has
significantly increased. Secondly, during the same period icebergs destroyed an area of the seafloor and its
fauna more than 2000-times greater than the area affected by research trawls. The increased use of imaging
methods, Remotely Operated Vehicles (ROV) and other modern instruments, as well as statistically based
and coordinated sampling strategies can contribute to both a better understanding of ecosystem function
and to an ongoing reduction in anthropogenic impact.

Key words : trawling, imaging methods, ROV, icebergs, disturbance, environmental awareness.

1. Introduction Given this background, the following questions concerning

links between nature conservation and research in the high
One of the most significant changes related to activitiegititude antarctic benthic system arise:

taking place in the Antarctic is a quite recent increase in —Which information originating from ecological research

environmental awareness and corresponding consequences. is essential for nature conservation in the Antarctic?

Before this, some positive steps had already been taken,- What are the consequences of increased environmental

such as the protection of formerly exploited species, the awareness and legislation for ecosystem research on

introduction of protected areas and self-imposed restrictions the seafloor?

especially to activities for peaceful purposes only (Rothwell —\What is the best way forward and are there any areas

1996, 1998). The “Protocol of Environmental Protection which need to be reconsidered?

to the Antarctic Treaty” (“Madrid Protocol”), which

governs all areas of evironmental and natural protection Smcg ;he penthos ssems notho bsog%htlé matcheddm
came into force in 1998, long after similar laws relating t ime with primary production (Guit , barnes an

other continents and their coastal waters (for furthe?Iarke 19_95)’ which is assumed to be most gﬁected n
information, see Francioni and Scovazzi 1996). As gase of clima changes, only direct mechanical disturbances

consequence, the waters south of 60°S now represenyvgl be considered here. The benthos around the tip of the

vast, legally controlled habitat which is the one area Oﬁ\ntarctlc _Plefr_"E_SUIa hﬁshbﬁen haf(fjectefd for decafjes by
earth best protected against any human impact. commercial fishing, W, '_C as had a gr greater |mp§ct
than any research activity but, however, is not the subject
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are restricted to the high latitude Antarctic, usingscale, not only the Antarctic but also adjacent seas, e.g.

examples from the Weddell Sea shelf. around South America, belong to the less anthropogenically
affected areas. Furthermore, it is not only the presence or
2. Nature conservation needs research absence of a species, but also its spatial equitability on a

global scale which plays an important role. Past research

Any reliable assessment of the value and importance bhs revealed marked patchiness on all scales for both
the biota within a specific area requires both basic ansbecies as well as communities. Assemblages with many
specific ecological information. Out of all the marinesessile suspension feeders appear to be richer in the total
subsystems, the benthos demands special attention becausgnber of species than others, due to their three-
unlike the plankton or nekton it is difficult or impossible dimensional structure (Gutt and Schickan 1998; Knox and
to escape or reinvade after any disturbance. Thus, it i©wry 1977) and seem to concentrate in the high latitude
somehow in an especially endangered position. AAntarctic. Examples of micro-habitats being dominated
important initial step in this context would be to compareby locally abundant species, which, are very rare over a
the number of known species living in a large habitat wittlarger scale, are polychaete reefs in Ellis Fjord (Kirkwood
those in different areas. If the number of species new &nd Burton 1988) and large concentrations of the fast
science can be related to the sampling effort, or reliablgrowing spongeHomaxinellaspp., in disturbed areas of
species area curves can be drawn, it would then like Ross and Weddell Seas (Dayton 1989; Gutt 2000;
possible to predict the total number of species. Howeveawber and Powell 1997). These types of species,
these have to be independent from the general preferertogether with their associated background fauna, are
of taxonomists or the commercial value of specific taxaclearly in greater danger than circumpolar generalists.
At present, only very unsatisfactory comparisons of thiSuch information is essential where areas, for example
kind are possible. Assuming that the number ofhose, “with important or unusual assemblages of species,
macrobenthic invertebrates reported from the antarctic. or only known habitat of any species” or “areas of
shelf do not exceed 5,000 species (based ondbwtt  particular interest to ongoing or planned scientific
2000) it is questionable whether this habitat is really theesearch” (Madrid Protocol, Annex V) are being considered
rich system it is pointed out e.g. by White (1984). In factas Antarctic Specially Protected Areas.
the much more intensively investigated but considerably It may also be necessary to find out how resilient a
smaller southern North Sea has less than 1,000 spec@®stem is even where there is little risk of species or
(Rachor 1999), whereas, the total number of speciemssemblages becoming extinct. This is only possible if
inhabiting coral reefs is speculated to be 950,00Ghere is a wide range of information available on its
calculated from the 93,000 known species (Reaka-Kudidiversity and function, as well as environmental conditions.
et al. 1997). That such figures can vary by one order ofable 1 shows an initial attempt at classifying the benthos
magnitude (for review see Arngz al. 1997) is mainly due of the high latitude Antarctic in this way. There are a few
to a lack of sound data, as a result of non-comparatiimportant traits which indicate a high degree of resilience,
studies and false assumptions. one in particular being that the benthos is permanently

Another important point as far as nature conservation isxposed to natural disturbance. On the other hand, slow
concerned is the uniqueness of the biota. The proportigrowth indicates a low degree of resilience. So far, little is
of endemic species varies between intermediate values kafown about other factors such as genetic variation,
around 40 % for diatoms and macroalgae and high valuesigration, early life history and whether high or low
of 90 % or even more for demersal fish, amphipods andiversity contributes to the stability in a marine ecosystem
pycnogonids (White 1984; Arn&t al. 1997). Consequently, (Pimm 1984). In addition, it has to be emphasized that
any of these species which become extinct in the Antarctimost of the information available so far is either still very
are definitely lost on earth, but other, more cosmopolitageneral or only detailed for a few species and thus, not
species are less endangered and thus less effort has tmbeessarily representative of the broader taxonomic
put into their protection. On the other hand, the Antarctispectrum. To date best information on the resilience of the
can serve as a refuge for more widespread species whicigh latitude antarctic benthos can be provided, studying
are under greater threat in other areas, since humé#re results of natural disturbances. Shallow water here is
influence here is relatively low. At present, both theseare and there is permanent exposure to ice abrasion (for
considerations are more theoretical since on a worldwideview see Barnes 1999; Gutt 2001). The biota consist of
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Table 1. Attempt to assess the resilience of the high antarctic benthos according to characteristics of species and the
ecosystem function.

Low resilience High resilience
close interspecific (epibiotic) relationships food preference of filter feeders not specific
some specific ecological demands “match-mismatch” between water colum and benthic processes
(stenoecy) not obvious
slow growth rates and long generation times system is adapted to physical damage but many other environ-
(but exceptions exist) mental variables are stable

few planktonic larvae

short periods as meroplankton
low capacity to disperse
sessile or sedentary life mode
many k-strategists

high complexity (?)

only very few species and life forms which are wellsome preliminary studies are available. Further specific
adapted to these conditions. There must be a higtrological and field studies are required to provide
resilience, since only those species which can reinvade comprehensive answers.
grow fast, e.g. some macroalgae, are generally present.
However, two groups of researchers from England an8. Changes in benthic ecosystem research
Germany made the surprising discovery that even the
much richer benthos found on the deeper shelf down to Research is possibly the only anthropogenic source of
almost 500 m, is intensively disturbed by icebergs (Butt direct disturbance experienced by the high latitude
al. 1996; Peclet al. 1999). The fauna at these depths hadntarctic benthos. Interestingly, the nature of such research
previously been thought of as more sensitive tactivities changed considerably at exactly the same time
disturbance according to most of the characteristics listeas the above mentioned concept of antarctic environmental
in Table 1. Gutt and Starmans (2001) estimated that thigotection was first proposed. For example, the capacity
impact on the deeper water benthos in the high latitudef icebreaking research vessels increased and much effort
Antarctic actually ranks as the fifth most serious that anwas invested in preliminary faunistic surveys of formerly
ecosystem on earth experiences. On average it is newetknown areas (Bullivant 1967; Gutt 2000; Voss 1988;
possible for the fauna to approach its theoretical climax. Farandaet al. 2000). Based on these initial results, further,
has been proposed by Gutt (2000) that the relativelgnore specific studies were carried out, however, with a
small maximum size (never exceeding 1.3 m) of thenuch reduced sampling effort (for review see also Arntz
hexactinellid spongeScolymastra joubinifound in the  1998; Peck in press; Gutt and Starmans 2001). In addition,
Weddell Sea is a long-term, large-scale consequence thie contemporary focus on climate-related studies based
iceberg scouring. Individuals of the same species aren bulk parameters, led to a shift in research activities and
known to grow to a height of 2 m in areas which areany associated anthropogenic impact from the bottom to
probably more sheltered. the water column (Arntzt al. 1999). On the other
Only with detailled information on the biology of single hand, advanced biodiversity research which developed
species and physical conditions within a habitat mor&om the idea of nature conservation, requires modern
applied questions concerning nature conservation can besearch strategies which providing taxonomically complete
answered. Examples of such issues might be: Whickamples being representative of large areas.
activities have, “less than a” or “more than a minor or Analysis of towed sampling gear and imaging methods
transitory impact™? What constitutes a “molestation”?2used aboard the German research vessel, “Polarstern”,
What represents, “detrimental changes in the distributiorljluminates two important aspects where there is a
abundance or productivity of species or populations...” ofcoevolution” of nature conservation and research.
“...degradation of, or substantial risk to, areas of biologicaBetween 1983 and 2000, international research initiatives
... significance” to be avoided (Madrid Protocol, Article 8;(EPOS and EASIZ) and the national benthos research
Annex Il, Article 1; Article 3). So far, only information of programme focussed on the shelf of the southeastern
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Weddell Sea, between 30° and 7°W. Included in this aregctually trawling on ground was divided by 2 because it
were a wide shelf area off Halley Bay in the southwestvas only occasionally in contact with the seafloor.
and Atka Bay in the northeast. Outside this area, thEpibenthic sledges and small dredges were not included
number of stations to the West was less than 4 and to thecause they are almost irrelevant in this context, as are
East, approximately 2 stations per 100 km of coasgrabs. Due to a lack of detailed information it was
respectively. Within the main investigation area, theraecessary to estimate the area covered by six of the
were 14 stations per 100 km. Depths greater than 600 Agassiz-trawls, based roughly on other catches taken at
were excluded since the slope differs considerably frorthe same time in the same area. As a result of these
the shelf and has, so far, been less intensively investigatdihitations, definitions and assumptions, 92 Agassiz-
The areas covered by the trawls are detailed in Vosswls and 52 bottom trawls, covering a total area of 2.04
(1988) for years 1983/84 and Gutt (1988) for 1985kny, have been considered. Fig. 1 shows how the catch
Values for all subsequent years were calculated as effort has changed over time since 1983 (area covered by
simple function of the average trawling speed of 0.7 nrthe trawls versus 2-year intervals), with a sharp decrease
(nautical miles=1852 kmf for Agassiz-trawls and 3 nm in Agassiz-trawls. During the same period the general
for bottom trawls, the width of the net (3 m for Agassiz-effort, which could be expressed as the number of
trawl and 24 m for bottom trawls) and the trawling timescientists participating in the expeditions and being
on the seabed. Values for the latter are listed in the cruisegaged in benthos research, did not decrease. A large
reports (Futterer 1988; Schnack-Schiel 1987; Arntz andmount of biological samples is no longer necessary and
Gutt 1997; Arntz and Gutt 1999; Miller and Oerter 1990short catches to obtain few living animals became more
Arntz et al. 1990; Bathmanret al. 1992). In 1989, an important instead. So far there has been no yet a similar
assumed average haul time of 20 minutes was used for ttlgange in bottom trawls, although it might be expected in
Agassiz-trawl. Benthopelagic trawls were only considerethe future.
if they included material from the seafloor; their time The introduction of underwater photography to the
Antarctic in the late fifties (Bullivant 1959, 1961) might
have been initially due to scientific curiosity. It was later

A used in studies on quantitative ecology, the main
Iy ™, advantages being that it is relatively non-selective, the
M organisms are studied in their natural habitat with little
H’@ B bias and abundances of larger organisms on a larger
e / ‘E/ spatial scale can be evaluated, even for sepafaiEhere
L .00 has been an obvious increase in the use of underwater
o . photography and video in the Weddell Sea as a result of
':. the advantages and advances in modern technology (Fig.
a6, o ) 1). The fluctuations, however, show that they are
"1 recognised only by few working groups as a useful tool
for benthic ecosystem research. One clear adavantage that
e FOE =y trawls still have is that they provide true samples, which

- are necessary for most individual-based studies and those

d by all haul d by th surveys which require a complete list of species for a
covered by all hau's (grey curve) and by the defined area. In the late eighties, ROV's were successfully
imaging methods underwater photography and .
video (black curve) on the deeper shelf of the used by Japan, New Zealand, Germany, Italy, Spain and

south-eastern Weddell Sea. Data were pooled for Others for a variety of scientific purposes (see e.g.
2 year periods because, on average, there was Mclnnes and Powell 1995; Bergstr@nal. 1990; Hamada
only a benthic programme every second year. et al. 1986), however, their main use was only to observe
Only activities giving scientific data were consid-  animals on the seafloor or in the water column. In advanced
ered. Activities in 2000 were exceptlonally.short ecosystem research a finely balanced coexistence between
and hampered by bad weather. The peak in the both hodoloaical h i di .

use of imaging methods in 1985/86 was due to (?t methodologica apprgac es, Sam?'”g and imaging,
the introduction of ROV. This was then followed Will lead to the best possible success in the sense of the

by lower values due to technical problems. Madrid Protocol.

Fig. 1. Effort of Agassiz-trawls expressed as total area
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4. Natural versus anthropogenic impact important role to create and maintain, especially over an
evolutionary time scale, communitiers being rich in
In antarctic benthos research there has been ospecies (Grassle and Sanders 1973).

especially important development as a result of in situ
observations. For the first time, the natural damage &. Future perspective and conclusion
benthic communities on the deeper shelf by grounding
icebergs was analyzed. Based on this study also a visuallylt seems possible that nature conservation and
controlled sampling (Leet al. 2001) and fishing at an fundamental research could mutually benefit from
obviously disturbed site was possible, only because thntinuing to develop side-by-side in the future (see also
area was previously discovered by the ROV (Gutt 2001Estes and Peterson 2000). South polar specific international
Brenneret al. 2001). A simple comparison might help to initiatives, such as EPOS, EASIZ and EVOLANTA,
clarify whether research activities harm the benthidogether with global programmes, serve as an umbrella
ecosystem, which is generally seen as worth protecting, ander which many nations have agreed on common areas
whether their effect is insignificant. The calculationsof research, focussing on life on the seafloor. A
shown in Table 2 are based on the above mentioned 2.8drmonized cooperation in different aspects, such as the
km? disturbed by towed sampling equipment, the total sizarea, depth, and time of an investigation, the environmental
of the investigation area, and the value for the impact byarameters measured and the taxonomic groups or single
grounded icebergs (Gutt and Starmans 2001). The finapecies studies can 1) reduce the anthropogenic impact
result is that the natural disturbance is, purely mathend 2) optimize the scientific output.

matically, >2,000 times more destructive than the research

activities. This comparison does not touch on the fact that In order to achieve these aims, the following may play a

also the intensity of disturbance by trawling (proportion ostrategic role:

the total amount of fauna which is destroyed according to —use of modern information technology (internet and

Pickett and White 1985) is much lower than that of data banks) to exchange information and avoid

icebergs, which is close to 100 %. It has also to be noticed unecessary sampling or experiments,

that the assumption of the recolonization period is at least — efficient sampling strategies (e.g. He and Legendre

15 years and thus the entire calculation is a quite 1996),

conservative one. Recently, iceberg disturbance has been-use of advanced statistics to evaluate how repre-

looked at in the context of both the intermediate- sentative results are,

disturbance hypothesis (Houston 1979) and the patchy-increased use of non-invasive methods and visually

dynamics concept (Pickett and White 1985). It might be  controlled sampling,

possible that a certain frequency of disturbance creates— development of new, less disruptive methods (landers,

and/or maintains a relatively high benthic biodiversity in  low energy acoustics),

the high latitude Antarctic. However, it should not be - joint use of expensive equipment by several working

forgotten that also environmental stability plays an  groups to reduce costs (ships, ROV, submersibles,

AUV).

Table 2. Comparison of natural and anthropogenic impact  The biological parameter which is most urgent to be
on the high antarctic benthos in the southeast- g gies in this context is the speed of recolonisation after
ern Weddell Sea. Values for proportions of area .\ hances, which is closely related to growth rates and
refer to the total area of investigation. ST ! . .

. — the early life history of a species. On the physical side, the
area of investigation: 38 x 690 km (shelf between 7° and 24°Wc]isturban ce regime (Sousa 1984) and its effect on the
110 x 150 km (shelf off Halley Bay) . . )
total: 42.600 km biota is not yet well understood for most marine systems
, and may well play a key role in their resilience. For a

icebergs: research trawls: ’ . - _
7.6 % area in 15 yearg.04 knf in 19 years (82/83 until 00j01) 9eneral relationship between stability and complexity, as
2.15 knf in 20 years well as diversity and ecosystem function, see Grime
10.1 % area in 20 year8.0050 % area in 20 years (1997), Holling (1973), Pimm (1984), Elmgren and Hill
ratio between disturbance by icebergs and research traw(§997), Lawton and Brown (1993), and Schwaatzal.
>2,000:1 (2000). Any comprehensive comparison between natural

“after Gutt & Starmans (2001) and anthropogenic impact should also include areas
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within the Antarctic where fishing is relatively intensive. Amtz, W., W. Ernst, and |. Hempel. 1990. The expedition
Not before such studies reach a certain stage they are truly ANTARKTIS VII/4 (Epos leg 3) and VII/5 of RV

relevant within a global concept of nature conservation, Folarstern” in 19898er. Polarforsch. 68, 1-214.
Such concents are either descriotive and focus on tﬁﬁ\eust, A. and J.R. Shears. 1996. Liability for environmental
uch concep P u damage in AntarcticaReview of European Community

ethics and aesthetic aspects or corresponding calculations g |nternational Environmental Lawb, 312-320.
estimate the economic value of the world's ecosystenarnes, D.K.A. 1999. The influence of ice on polar near-
assuming that they contribute to human welfare (Costanza shore benthosl. Mar. Biol. Ass. UK79, 401-407.
et al. 1997). A complete view of value of the high latitudeBarnes, D.K.A. and A. Clarke. 1995. Epibiotic communities
antarctic ecosystem to the entire human race can only be ?” anJb:;ltoraEls.n]a'cAroinvSE?t;raé%z e;to:figny Island, Antarc-
. . . ica.J. Mar. Biol. Ass. , -703.

ac_hle\{ed through_(?ll’c_llogue betwec_en relevant _somal grOUpéélthmann, U., M. Schulz-Baldes, E. Fahrbach, V. Smeta-
scientists and politicians, economists and ethical groups as cek, and H.-W. Hubberten. 1992. The expeditions
well as administrators and even insurance experts (See ANTARKTIS IX/1-4 of the research vessel “Polarstern”
also Aust and Shears 1996). in 1990/91.Ber. Polarforsch. 100, 1-403.

After all, for any marine biologist working in the high Bergstrom, B.I., G. Hempel, H.-P. Marschall, A. North, V.
latitude Antarctic there are two things which go hand-in- Siegel, and J.-O. Stromberg. 1990. Spring distribution,
hand. They alone can contribute far more than in areas of size composition and behaviour of kriEuphausia

. . . superbain the western Weddell SeBolar Rec, 26, 85-
greater economic importance to the conservation of this 89

unique, diverse and pristine ecosystem, as stated in tb?ennér, M., B.H. Buck, S. Cordes, L. Dietrich, U. Jacob,
Madrid Protocol, “... Antarctica as a natural reserve, devoted M. Mintenbeck, A. Schrider, T. Brey, R. Knust, and W.

to peace and science.” (Article 2) and, “The protection of Arntz. 2001. The role of iceberg scours in niche separa-
the Antarctic environment ... and its value ... for ... scientific  tion within the Antarctic fish genuSrematomus Polar
research ... shall be fundamental considerations in tl‘heu"B'OI" 24, 486-496

lanni d d £ all vities in the Antarcti ivant, J.S. 1959. Photographs of the bottom fauna in the
planning and conduct of all activities in the Antarctic o - coan 7 J. Sci.2, 485-497.

Treaty area.” (Article 3). However, the scientist has tQsylivant, J.S. 1961. Photographs of antarctic bottom fauna.

abide by certain rules aimed at protecting the biota in this Polar Rec, 68, 505-508.

area of scientific interest better than any other largBullivant, J.S. 1967. Ecology of the Ross Sea bentNas.

ecosystem on earth. Dep. scient. ind. Rgsl76, 49-78.

Costanza, R., R. d'Arge, R. de Groot, S. Farber, M. Grasso,
B. Hannon, K. Limburg, S. Naeem, R.V. O'Neill, J.
Paruelo, R.G. Raskin, P. Suttom, and M. van den Belt.
1997. The value of the word's ecosystem services and

Amtz, WEE., J. Gutt, and M. Klages. 1997. Antarctic marine  natural capitalNaturg 387, 253-260.
biodiversity: an overview. p. 3-14. Intarctic Commu- Dawber, M. and R.D. Powell. 1997. Epifaunal distributions
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