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Preface

The Convention on Biological Diversity (CBD, Rio de Janeiro 1992) was a major step forward in public
recognition of the global scale of loss of biodiversity and the global need to protect and conserve natural
values. This in turn led to greater awareness of nature conservation problems and together with ongoing
scientific debates and initiatives, resulted in decisions within international organisations. On 23 July 1998
the ministerial meeting of Contracting Parties to the OSPAR Convention for the Protection of the Marine
Environment of the North-East Atlantic adopted a new Annex V to the OSPAR Convention at Sin-
tra/Portugal. Besides programmes of the OSPAR Commission for the prevention from pollution with
hazardous and dangerous substances and the input of nutrients this new Annex V aims together with the
Appendix 3 inter alia for the establishment of a representative system of Marine Protected Areas (MPAs)
within the OSPAR Maritime Area.

Germany agreed to act as lead country for the establishment of such an OSPAR MPA system. The work
started with a workshop on the Isle of Vilm, a branch office of the German Federal Agency for Nature
Conservation (Germany, 1998). The participating experts agreed inter alia on "Draft Criteria for the
Identification and Selection of Marine Protected Areas" and “Draft Guidelines for the Management of
Marine Protected Areas”. During the workshop it was also agreed that MPAs should not only protect
marine species and habitats under immediate threat or which are subject to rapid decline, but MPAs may
also aim to protect or conserve additional features, such as representativity, productivity and high natural
biodiversity. Some of these ideas needed to be further elaborated, e.g. representativity requires the identi-
fication of broad sub-divisions of the OSPAR Maritime Area on biological and hydrographical basis.
Therefore the German Federal Agency for Nature Conservation conducted this study to identify bio-
geographical units of the North-East Atlantic and Arctic Oceans with relevance for the OSPAR Maritime

Area.

Measures like the OSPAR MPA process are particularly pressing according to the present situation of
loss and change of marine biodiversity, and according to the related urgent call by the OSPAR Conven-
tion for action to protect, conserve, and restore marine biological diversity against increasing anthropo-

genic threats.

Prof. Dr. Hartmut Vogtmann

President of the Federal Agency for Nature Conservation



1 Introduction
or “why trying to draw lines in the water?”

Anthropogenic threats to marine biodiversity and the need for marine nature conservation have been emphasised
in science (e.g. Havypen et al. 1984; M ircuerr 1987; suerman and A Lexanper 1986, 1989; G rasste 1991;
TuieL 1992; AnceL 1993; Price and Humpurey 1993; Acarpy 1994; Grosa&TER 1994; SCOR 1994; sucnanex
1994; M errET and H aAEpricH 1997; TickeLL 1997; Zezina 1997; Hiscock 1997,1998; KosLow and G owLETT-
noLMEs 1998; MuLLineaux et al. 1998; Gussay 1988, 1995, 1999; KosrLow et al. 1999; R ocers 1994, 1999;
Tuier and Koscow 1999) and also for along time by NGOs (e.g. GREENPEACE; SAR; WCMC; WWF) but
action for the establishment of marine protected areas is still in its infancy, despite the promotion of such
initiatives on a global scale by the GBRMPA together with the WB and the IUCN already in 1995 (K ELLEHER
et al. 1995) or within the MAB-program in 1981 (rRay et al. 1981) or independent initiatives. First steps
towards arepresentative system of coastal and marine protected areas in Europe were successfully taken by
the HELCOM in 1994 in the programme for BSPAs (HELCOM 1994).

The threats from fisheries - exploiting the oceans horizontally on a global scale and to an increasing extent
even vertically -, increasing pressure on coastal and even offshore areas for commercial use, continuing
threat of contamination with nutrients and pollutants, and the fear for future commercial activities on shelves,
seamounts, and even in the deep-seas makes it urgent to make progress with marine nature protection measures.

To fulfil demands of the "Convention on Biological Diversity”, it is necessary to distinguish different
biogeographical areas as a basis for the protection of marine biodiversity and ecosystems and to get
representativeness of biodiversity on a higher scale of a zonation and regionalization above the level of
habitats, biocoenoses, and species.

Representativeness within a biogeographic region is acommonly used criterion for the identification, selection,
and designation of MPAs by most institutions and programmes involved in such tasks e.g. EU/NATURA;
IMO/PSAs; HELCOM/BSPAs; IUCN [Havpen et al. 1984, Kerieuer et al. 1995]; INCC (e.g. Hiscock
1998); N.COUNC.; OSPAR Convention Annex V/Strategy on the Protection and Conservation of the
Ecosystems and Biological Diversity of the Maritime Areca 1998; RAMSAR; WWF Canada (D ay and R orr
1999, R orr and Tavior 2000); (BeLein 1993).

Therefore practical and useful biogeographic units of the vast OSPAR Maritime Area needed to be identified,
to make the aims of the declaration operational. For this reason this study has been undertaken on behalf of
the German Federal Agency for Nature Conservation to identify biogeographical units in the OSPAR area.

The results have been illustrated on (schematic) maps and have been presented, discussed, and adopted at the
1999 OSPAR workshop at Oban/Scotland and further modified submitted to OSPAR-IMPACT at Brest/
France (1999), presented again at the 2rd OSPAR workshop on habitat classification at Southampton/Eng-
land in September 2000 and - as being i.a. one base for marine nature conservation - presented also on the
2rdOSPAR workshop on MPAs on the Isle of Vilm/Germany in June 2000.

This report is the outcome of the research, various discussions, and revisions. It might not fulfil pure
requirements of e.g. statistical and taxonomic approaches concerning this matter in all aspects but it is a
biogeographic approach which integrates different biogeographic concepts and which simplifies vertical
zonation patterns for use within the OSPAR MPA-process to produce practical and useful units for this task.

To provide such atool was particular pressing according to the present situation regarding loss and change of
marine biodiversity and the related urgent call by Annex V/Appendix 3 ofthe OSPAR Convention for action
to protect, conserve and restore marine biological diversity against increasing anthropogenic threats.

Special gratitude is expressed to Prof. Dr. Brattegard (Norway), Dr. Gubbay (UK), and Prof. Dr. Thiel
(Germany) for their critical review of and valuable comments on the manuscript, and to Prof. Dr. Glémarec
(France) for comments and his permission to use his partly unpublished maps and data.



2 The OSPAR Maritime Area

The entire OSPAR area comprises the Maritime Area as well as the hydraulic system of streams and their
catchments. As this study is only concerned with marine biogeography any mentions of the OSPAR area in
this study refer to just the OSPAR Maritime Area.
This area comprises the inner and territorial waters of the OSPAR contracting parties as well as the adjacent
EEZs and high seas including the seabed and its subsoils within the following boundaries (OSPAR-ASMO
1994, 1997) (Fig. 1):
The north-east Atlantic and parts of the adjacent Arctic Ocean between 36°N and the North Pole and from
51°E to 44°W but excluding:
the area between 44°W and 42°W from 36°N to 59°N.
the Baltic Sea and Belts south and east from lines between HassensOrhoved and Gniben and between
Gilbjerghoved to Kullen. There applies the Helsinki Convention.
the Mediterranean and its dependent seas as far as the point of intersection of 36°N and 5°36’W. There
applies the Barcelona Convention.

OSPAR
Maritime Area

Fig. 1: Stereographic projection of the North-East Atlantic and adjacent
Arctic waters showing the extension and boundaries of the OSPAR
Maritime Area.

The N-S expansion of the OSPAR area exceeds 6,000 km.



3 Oceanographic Settings of the North-East Atlantic

3.1 Geology

Despite earlier biological significance, it was only in the 1960s when Alfred L. Wegener’s continental drift
theory - published in various treatises between 1912-1929 - was confirmed by palacomagnetic seafloor data
and thus widely accepted by the scientific community. Plate-tectonics were a revolution for geology but as
well for explanatory models of terrestrial and marine biogeographic patterns (Gray and Boucor 1979). On
the other hand fossils in biostratigraphic records were used to confirm tectono-geological assumptions and
also to outline palacobiogeographical concepts (Harram 1973, 1981; PieLou 1979; B ricgs 1987,1995).

Fig. 2: Late Carboniferous, -280 mio years b.p. Fig. 3: Early Cretaceous, -140 mio years b.p.
(from Cox and M oore 2000). (from Cox and M oorEe 2000).

Fig. 4: Middle Cretaceous, -105 mio years b.p. Fig. 5: Late Cretaceous, -90 mio years b.p.
(from Cox and M oore 2000). (from Cox and M oore 2000).

Figs. 2-6: Selected world geography at different geological
times. Dotted lines indicate present coastlines
of modem Continents (from Cox and Moore
2000):

1: Siberia; 2: Euramerica; 3: Gondwana;
4: South-East Asia; 5: southern China;
6: northern China; 7: Kazakhstan

NL; Northern Laurasia
SL: Southern Laurasia
G: Gondwana

NG: Northern Gondwana
SG: Southern Gondwana

Fig. 6: Eocene, -40 mio years b.p. (from Cox and M 0oRE
2000).
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The Atlantic did not exist until -165 mio years ago when seafloor spreading started to divide southern
Gondwana during the Jurassic with a main formation ofthe Atlantic during the Cretaceous (Figs. 3-5) (SCLATER
and Tapscott 1979). This - in geological terms - relative young age did not provide much time for evolutionary
differentiation and spéciation and thus makes biogeographic approaches using endemism rates more difficult
for the Atlantic compared to other oceans. VErMEDL (1991) estimated that the diversity of molluscs is 1.9
times higher in the cool-temperate Pacific than in the Atlantic, Exman (1953) estimated a six- to eightfold
higher biotic diversity in the Pacific, whereas Briggs (1970) estimated a ratio of 3:1 for fishes in favour of
the Pacific.

Within the Atlantic the South Atlantic had been separated by the tropical ocean corridor of the Tethys from
the northern Atlantic in the Cretaceous (Figs. 3-6). The development of the northern Atlantic had advanced
only in the Tertiary with the formation ofthe Norwegian-Greenland basin during the Palaecocene and Eocene
and a first connection to the Arctic ocean (Figs. 3-7) (Scrater et al. 1977; Grav and Boucor 1979; THiepE
1980; Cox and M oore 2000).

The Arctic, being the youngest ocean, was separated from the Atlantic by two landbridges - the *Thulian
route” from Labrador and Baffin Island through southern Greenland and Faeroes Island to Scotland, and the
"DeGeer route” from Ellesmere Island through northern Greenland, Spitzbergen to Scandinavia - until the
Eocene (Borr etal. 1983; Bricgs 1987; Cox and M oore 2000). A deep water connection between the Arctic
and Norwegian-Greenland basins was not established before the Oligocene/Miocene (THiepe 1980; THIEDE
etal. 1989; Tuiepe et al. 1990). The northernmost part of the OSPAR area is part of the Eurasian Basin of the
Arctic Ocean which developed within the same period as the North Atlantic (Cnurkin and Trex1rr 1981).
According to later authors there had been multiple plate collisions that formed land bridges across the present
Bering Strait and isolated the Arctic basin between the early Cretaceous (-125 mio years b.p.) and the
Eocene (-50 mio years b.p.). The Nansen (Gakkel) Ridge (see Fig. 107) depicts the Arctic extension of the
Mid-Atlantic Ridge (MAR) and is one of the four prominent elevations rising from the Arctic Ocean floor.
The Eurasian Basin development is related to the one of the North Atlantic Basin mainly as a Cenozoic
phenomenon (63-40 mio a ago) but with evidence for the geological record since the later Mesozoic era
(HerMAN 1974; v oct and A very 1974; Crark 1975; D awes anp PeeL 1981; Thiepe et al. 1990) while the
Amerasian Basin might have developed from the Palaeozoic on. For this basin are more precise data available.

Further geological developments in the Tertiary closed the isthmuses of Panama, Anatolia-Arabia, and the
Bering Strait causing major changes in surface and deep water circulation of the oceans (v aLentine 1973;
VvV aLeNTINE and M oores 1974; v an Anper 1979; Cox and M oore 2000).

The Panamanian isthmus which existed until -2 mio years ago (Haq 1984) was a Atlanto-Pacific shallow
water connection at later stages allowing species interchange only for epipelagial tropical faunas thus resulting
in closer taxonomic similarity than for mid- or northern latitude counterparts (van per SpoeL and HEYMAN
1983) or for meso- or bathypelgic faunas, respectively. These could not cross over (Ancer 1993). Bricas
(1974) gave only arate of 1% for fish species shared by both oceans.

The Bering Strait was finally reopened -3.5 mio years ago in the Pliocene and allowed the interchange of
cool temperate and polar marine species with a massive dominance of Pacific invaders (at least for molluscs)
(HOISAETER 1986; Vermen 1991, 1992; GremareCc pers.com).

Fossil records enable the reconstruction of palacobiogeographic patterns. Mollusc shells are often well
preserved in sediments and are thus especially valuable indicators in their biogeographic response according
to their benthic ecological niche (e.g. vermen 1989, 1991, 1992). However for the pelagic skeletal bearing
taxa as diatoms, foraminifers, radiolarians, coccolithophorids, silicoflagellates, and pteropods only foraminifers
have been studied extensively in the past (Anger 1993) (compare also Fig. 93). An example for Cretaceous
bivalve distribution patterns is given by K aurrman (1973), who differentiated Thetyan and northern and
southern temperate realms with different regions, provinces, subprovinces, and endemic centres (Fig. 7). No
cold water and Arctic bivalves and therefore no such provinces are known from the Cretaceous (K AurFFMAN
1973).
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Fig. 7: Average distribution of Cretaceous biogeographic units based on bivalves - realms, provinces, subprovinces,
and endemic centres in decreasing order of magnitude - plotted against the present global configuration of
continents and seas (from K aurrman 1973).

The Mid-Atlantic Ridge (MAR) as a seafloor spreading centre has separated the American from the Eurasian
plate. The age ofthe seafloor is therefore increasing from the MAR in the centre to the peripheral continental
margins (Nicoras 1995). Oceanic islands (e.g. Azores, Jan Mayen), seamounts, hydrothermal vents (HTV),
and other topographical features are the results of volcanic and spreading processes mainly from Cenozoic
times. Erp and Smoot (1989) counted as many as 8§10 seamounts with a relief greater than 50 fathoms (-92
m) resulting from geological hotspot/volcanic processes related to seafloor spreading in the North Atlantic
between ~5°-62°N and presumed many more to be buried under deep-sea sediments. Within the OSPAR
area there are clusters of seamounts along the Azores-Biscay Rise (Charcot Seamounts), Azores-Portugal
Rise (Horseshoe Seamounts), and the Madeira-Tore Rise, off N- and NW-Iberia (e.g. Biscay Seamounts,
Dome Cantabria, Dome Gascogne), along the longitudinal structures of the MAR, west of the MAR (Milne
Seamounts) (vieneaux 1974; Err and Smoot 1989) besides the better known topographic features in the
region around the Rockall plateau (compare Figs. 10, 107). There are also seamounts in the northern basins
e.g. one very prominent seamount at ~73°30°N/9°W and widely spaced clusters of seamounts separated by
long stretches of sediment-filled valley floor as parts of the Knipovich Ridge. Seamounts are supposed to be
extremely important for biological processes and patterns in deep sea environments (Chap. 6.3.3).

About 60-35 mio years ago the Azores-Biscay Rise depicted the Iberian-African and Eurasian plate boundary
whereas today the African-Eurasian plate boundary runs from the Azores Triple Junction eastwards along the
Azores-Portugal Rise (Err and Smoot 1989). Transversal fracture zones (e.g. Charlie Gibbs and Jan Mayen
Fracture Zones) and aseismic ridges (e.g. Iceland-Faeroe Ridge), and gashes (e.g. King’s Trough) disturb the
longitudinal symmetry ofthe North Atlantic sea floor (compare Figs. 10,107) (ScLater and T apscort 1979;
Nicoras 1995).

The MAR continues north of Iceland in more differentiated structures, with the Kolbeinsey, Jan Mayen,
Mohns, and Knipovich Ridges and additional features in the Norwegian-Greenland basin and the Nansen
(Gakkel) Ridge in the Arctic basin as a further successor (compare Fig. 107).
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Fig. 8: Distribution ofrecent sediments on the ocean floor  Fig. 9: Areas with abundant siliceous deep-sea deposits
(from BERGER 1974). (from BERGER 1974).
1: glacial debris; 2: shelfand slope deposits;
3: calcareous ooze; 4: clay or no deposit;
5: siliceous ooze; m: deep-sea muds

The ocean floor is covered by massive layers of soft sediments. Beyond the continental slope and rise, and
after transition from terrigeneous to oceanic/pelagic origin, the sediments are dominated by calcareous ooze
(globigerina and pteropod shells) and Illite as dominant clay mineral within the OSPAR area (Fig. 8) (B ErRGER
1974), forming flat abyssal plains (Scrater and Tarscorr 1979). Oceanic sediments can be classified in
different categories of eupelagic and hemipelagic deposits (BerGeEr 1974; EinseLe 1992) with further regio-
nal differentiation depending on the different productivities in the surface layer (see Chap. 6.3.1.).

There is a calcium carbonate compensation depth (CCD) and a lysocline at depths between 4.5 and 5 km,
respectively. Below this level pelagic snowfall of calcareous sediments dissolves rather than accumulates
because water is undersaturated with calcium carbonate thus leaving red clay as predominant material on
deep ocean floors in regions with oligotrophic surface waters (Bercer 1974; Scrater and Tapscort 1979;
EnseLe 1992). These are rare within the OSPAR area. Siliceous deposits as diatom oozes occur mainly at
high latitudes, diatom muds are typical for pericontinental regions, whereas radiolarian oozes dominate at
equatorial areas (Fig. 9) (BerGer 1974; EinseLe 1992).

Near continental margins (hemipelagic) sediments might be covered by layers of detrital material (clay and
sand interspersed with calcareous ooze and organic matter) that has spilled from the continental shelves
(BERGER 1974; scrater and T apscort 1979). Gravity mass flows form a great portion of sediment deposits
downstream from continental slopes. Such moves might occur as slides, flows, slumps, or turbidity currents
probably creating submarine canyons and huge deep-sea fans possibly reaching as far out as 1000 km into
the oceans (EinseLe 1992).

In zones of upwelling the overall sedimentation ofbiogenic carbonate, silica, and particularly organic matter
increases considerably due to higher biological production in surface waters compared to arcas of normal
fertility and the oxygen minimum layer might sink to the sea floor. Typical black shale and laminated sediments
can develop under such induced reducing conditions below areas of upwelling (EinseLe 1992).
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The crests ofthe MAR consist mostly ofhard volcanic rock whereas the flanks are covered with an increasing
vertical extension of soft sediments with increasing distance from the crests (Scrater and T arscort 1979).

Only comparatively low concentrations of ferromanganese concretions (manganese nodules) can be found
on the southern abyssal plains of the OSPAR area (Bercer 1974; BETT pers. com.).

3.2 Bathymetry and vertical subdivision

WAV %
V — -'m,u'7u "
OSPAR boundary source: GEBCO
Isobaths: A 1000 m 3000 m . 5000 m
2000 m - 4000 m 5500 m

Fig. 10: Bathymetry of the North Atlantic and adjacent Arctic waters. Boundaries of the
OSPAR Maritime Area are indicated.
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The MAR, separating the Eurasian from the American plate as a still active seafloor spreading centre, is the
striking meridional submarine elevation that divides the entire Atlantic ocean floor ”symmetrically” with an
average summit/crest depth of2,500 m (Fig. 10). The Azores Triple Junction at the southern OSPAR boundary
is a volcanic active geological junction of the MAR and the nowadays less active Azores-Portugal-Rise
system which separates the Eurasian from the African plate (Chap. 3.1) (see also Fig. 107). In the OSPAR
area the MAR - called Reykjanes Ridge in its northern part - separates the Newfoundland and Labrador
basins from the West-European basin, and the Irminger from the Iceland basins. North of Iceland it continues
as Kolbeinsey Ridge, Mohns Ridge, and Knipovich Ridge segregating the Greenland basin from the Norwegian
and Lofoten basins, further continuing as Nansen Ridge in the Arctic Ocean separating the Fram and Nansen
basins.

The MAR, further submarine rises and ridges, several seamounts and banks (Chap. 3.1), and oceanic islands
of volcanic origin (e.g. Azores and Jan Mayen), all rising up from bathyal and abyssal depth, and troughs in-
between give the seafloor of the OSPAR area a much more differentiated submarine topography (see Figs.
10, 107) than typical illustrations of the vertical ecological structure of the oceans (e.g. Fig. 12). In addition
to the topographical features mentioned above there are also rias and submarine canyons indented into the
continental slope at several locations (e.g. Portimdo, Sao Vincente, Setubai, Lisboa-Tejo, and Nazaré Canyons/
Portugal; Avilés, Lastres, Torrelavega, Santander Canyons/Spain; Gouf du Cap Breton, Cap-Ferret Canyon/
France - the later six in the Bay of Biscay, or within the Porcupine Seabight off the Celtic Shelf break).

In the OSPAR area abyssal depths extend down to > 5500 m in the West-European and Newfoundland basins
(Fig. 10).

Fig. 11: Hypsographic curve: Overall
depth distribution ofthe ocean
floor and land elevations;

AREA OF EARTH’S SURFACE IN 10 KM

left block scheme: Frequency Z oo
distribution ofelevations (from §
SeBoLD and BERGER 1983). y
<3000 1-
2000 MEAN ELEVATION
OF LAND 840 M
SEA SURFACE
2000
MEAN DEPTH OF SEA 3800 M
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6000
PERCENTAGE OF THE EARTHS SURFACE
Vww0 (o] 20 30 40 50 60 70 60 90 100

The figure 11 shows the overall depth distribution of the world ocean floor and the frequency distribution of
the world’s land and ocean elevations. Mean depth and depth distribution in the OSPAR area is not as great
with a smaller deep-abyssal proportion but the scheme still visualises the proportions between deep-sea areas
> 1000 m and shallow areas < 1000 m fairly well.

The vertical ecological structure of the oceans as shown in figure 12 is a generalised sketch of the real
proportions. The oceanic areas and thus the holopelagial and the abyssal plains are much more extensive
compared to the continental margin structures (see Fig. 11).

Regarding the pelagial and the benthal as the main ocean realms there are further vertical subdivisions common
that have ecological relevance for marine life.

The depth of the epipelagial (and mesopelagial) zone varies considerably depending on the intensity and
depth of light penetration into the water which is differently decreasing in its spectral constituents with
increasing depth. The upper epipelagial is the phytal of the pelagic realm. Light penetration depends on
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Neritopelagial Holopelagial
200 m Epipelagial (euphotic zone)
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Fig. 12: Scheme of the vertical ecological structure of the ocean (after various sources;
horizontally not drawn to scale). The oceanic areas and thus the holopelagial and the
abyssal plains are much more extensive compared to the continental margin structures.
Within the OSPAR area there is no trench (ultraabyssal/hadal) within the entire North
Atlantic and Arctic oceans. Abyssal depths are reaching down to > 5500 m in the
OSPAR area (compare Fig. 10). The submarine reliefis furthermore characterised by
the MAR, further rises and ridges, seamounts, and oceanic islands rising up from the
deep ocean floor.

latitude and therefore on the angle of radiation income and seasonality (Chap. 3.4) as well as on water
cloudiness caused by the concentration of particulate organic and inorganic matter (and thus by the trophic
situation) induced by thermohaline circulations, turbidity fronts, upwellings, and mixed water input from the
continental shelves (Chap. 3.3). In lower latitudes the epipelagial o f”blue water” areas may reach as deep as
600 m.

The mesopelagial zone is defined as the dysphotic twilight zone below which very small but still measurable
light quantities penetrate. Its depth thus depends on epipelagial water transparency above with a maximum
depth of-1200 m (Fig. 12) and nutrition depending on trophic input from above by sinking of faeccal material
and dead organism bodies or transport by vertically migrating animals. Vertical migration by the animals of
the pelagic realm integrates trophodynamic processes within these communities in the vertical plane. The
mesopelagic realm is almost absent from the cold polar seas (Backus et al. 1977; van per SpoeL and HEyMaN
1983). Since some pelagic organisms seem to be rather more temperature sensitive than light orientated some
authors have proposed a scheme combining temperature and depth latitudinally to describe vertical boundaries
in the pelagial at different latitudes (Fig. 13) and also related to the phenomenon of polar emergence and
equatorial submergence (Fig. 14) (e.g. van per SpoeL and Hevyman 1983).

The aphotic bathypelagial and abyssopelagial are completely devoid of visible radiation, species abundance
and biomass are severely reduced, migration is low due to energy saving as being a cardinal principle, and
nutrition depends on detrital snow and large food falls. There is a benthic boundary layer (BBL) (+-100 m)
in which bathypelagic and abyssopelagic organisms are more or less closely related to the ocean floor (G ace
and Tyrer 1991).
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The distribution and abundance of meso- and bathypelagic Zooplankton can present special features in the
near bottom waters of the continental slope and in submarine canyons, where these oceanic species may
accumulate due to the depth of their preferred diurnal biotope (M avcas et al. 1999).

In the Holopelagial the epipelagic fauna is largely dominated by phytophagous filter-feeders, the mesopelagial
is inhabited mainly by carnivorous and euryphagous taxa, while detritus-feeders dominate the depth (van per
sroer and Hevyman 1983; vinoGgrapov 1968).

P S S P SOUTH EQUATOR

(SHELF PROVINCE;

ARCHIBENTHAL
ZONE

Fig. 13: Vertical north-south cross-section through a oL oa

hypothetical ocean with different pelagic biotopes
(from vaN DER SPOEL and HEYMAN 1983): LOWER ABYSSAL
A= epipelagic: between Subtropical fronts,
surface and 15°C isotherm
B = epiboreal-pelagic: between Subtropical and
Polar fronts, surface and 200 m depth
C = epipolar-pelagic: polewards of Polar fronts,
between 0 and 200 m depth Fig. 14: Depth distribution of faunal zones, selected

D = mesopelagic: below 200 m or below 15°C isotherms, and ocular indexes plotted along an

isotherm imaginary north-south section of an ocean (data
E = mesopolar-pelagic: below 200 m or below from the Pacific) (from MEenzies et al. 1973,
5°C isotherm modified).
F = bathypelagic: below 1000 m or below 5°C
isotherm

P - Polar Front;
S = Subtropical Front

The vertical zonation of globally spread benthic and pelagic organisms might change frequently with latitude.
Coldwater species show the phenomenon ofpolar emergence and tropical submergence related to the vertical
shifting of isotherms in thermal étages (Figs. 13, 14) (e.g. LE D anois 1948; Zenkevitcur 1948/1949; E kman
1953; HEepGreTHI 1957; DE LAaTTIN 1967; VINOoGRADOV 1968; M ENnzIES et al. 1973; van pErR SPoEL and HEYMAN
1983; Gremarec 1973, 1988; v inosrabpova 1997; Zezina 1997; Longuurst 1998). When the disappearance
of taxa from surface waters or vertical shifting in other water masses occurs at about the polar or subpolar
fronts, the term tropical/equatorial submergence is not adequate.

In almost all the mediterranean seas (as e.g. the Arctic Ocean) and certain marginal seas the physicochemical
features of the intermediate and deep waters differ considerably from those of the oceans resulting in diffe-
rent deep pelagic biocoenoses (VinoGgrapov 1968).

Pressure increases at arate of ~1 atmosphere for each 10 m of depth, and thus might affect the distributions
of organisms because special adaptations are needed to survive in these different environments. Organisms
containing air-filled organs (e.g. the swim bladders of fish and lungs of sea mammals) are strongly affected
by such changes. Organisms adapted to life at great depths may have very soft bodies (they don’t need hard
shells to keep them stiff at these great depths due to hydrostatic pressure), which may cause problems for
them if transported to shallower habitats. However, many soft bodied invertebrates are surprisingly tolerant
of changes in pressure. Further factors affecting the vertical and horizontal distribution of deep-sea animals
are discussed in the chapters 3.1-3.5.1.; 4.2-4.4; and 6.1-6.3.3.
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Concerning the benthic realm there is still a frequent input of particulate organic matter (POM) horizontally
from the shelf to archibenthal depths and more rarely to bathyal zones of continental slopes (see Chap. 3.1),
whereas the abyssobenthal depends completely on POM as food source and some rare larger carcasses.
Deep-sea HTV and cold seep biocoenoses are exceptions from this situation.

Vertical delimitations for benthic deep-sea zones have been given a variety of names. Some of these were
listed by M enzies et al. (1973) and c arney et al. (1983). The former only differentiated the shelf (< 1000),
an archibenthal zone oftransition/AZT which shifts latitudinally from 12-360 m in the Arctic to ~450-950 m
off the Carolinas/USA or 1000-2000 m in the Bay of Biscay, and the abyssal below. Lt D anois (1948)
distinguished i.a. sublittoral (30-90 m), neritic (90-200 m), Atlantic margin (200-1000 m), semiabyssal/
archibenthal (1000-2000 m), and Abyssal (2000-5000 m). Hepcretu (1957a) used different zones above
250 m, bathyal (250-4000 m), and abyssal (4000-6000 m). Pérés (1957) subdivided the bathyal (200-3000
m) and abyssal (3000-6500 m) below different shallow zones. zZenkevitcur (1963) differentiated surface
sublittoral (0-200 m), transition (200-600 m), and abyssal (600-10,000 m) zones. Due to Zezina (1997) the
bathyal stretches from 200 m to 3000 m with the abyssal continuing below due to v inoGgrapova (1962). For
the pelagial a vertical zonation was given by v inoagrapov (1968) (Fig. 82) with epipelagial (0-150/200 m),
transitional/mesopelagic layer (150/200-750/1000 m), bathypelagial (750/1000-2500/3000 m), and
abyssopelagial (> 2500/3000 m). (Ultra-abyssal/hadal delimitations have not been taken into account above
because they are lacking in the OSPAR area.)

The geomorphological shelf break can be substantially deeper, but also shallower than commonly quoted
with 200 m. In the Arctic for example, the shelf break is mainly deeper around ~400-600 m and, at some
locations, even 1000 m. At the south-western Portuguese coast the shelf has a comparably ’sharp” edge at
~100 m with a step down to the 700 m contour. Off the southern Iberian Atlantic coast the shelf break is
below 500 m, and at many volcanic islands there is virtually no shelf at all.

Apart from cold water regions (e.g. Arctic) the ecological vertical delimitations from the shelfbreak to 2500-
3500 m for the bathyal and from there further downwards to 6000 m for the abyssal are usually used as
shown in Figure 12. The term archibenthal has been abandoned by most deep-sea scientists despite the
special and important ecological character of being a transition zone between the shallow and deep-sea fauna
and ecosystems with a markedly change in depth, temperature range, sediments, and species composition
and abundance (compare M enzies et al. 1973).

3.3 Currents, water masses, upwelling regions, and fronts

Ocean circulation patterns have changed frequently since the break-up of Pangaea and the dispersal of
continental fragments in the Panthalassa. B ercoren and Horrister (1977), Herman (1979), Haq (1984),
ANGEL (1994), and Cox and M oore (2000) presented maps that show past circulation patterns changing
within the last 59 mio years. These maps show current patterns and regions of upwelling derived from
evidence in geophysics and palaeontological research on marine sediments.

The present surface and deep water circulation and current patterns of the North Atlantic were established
only after the formation of the circum-Antarctic circulation, the interruption of the circum-global equatorial
seaway of the Tethys, together with the closure of the isthmuses of Panama, Anatolia-Arabia and the Bering
Strait in the Tertiary with later being reopened in the Pliocene. v ermen (1992) mentioned a (possible) velocity
increase of equatorward eastern boundary currents as well as of the Gulf Stream and other Atlantic currents
during the early Pliocene resulting from a shoaling and the ultimate closure ofthe central American seaway.
This long period of inter-ocean connection of the Atlantic with other palaco-oceans has resulted in a
comparatively wide spreading and a low rate of differentiation of pelagic organisms (Tuiepe 1980; Cox and
M oore 2000).

From the maximum Pleistocene glacial situation ~18,000 years ago, current patterns have changed considerably
with a shifting of isotherms, frontal zones and related biota up to 15°-20° of latitude northwards in the
eastern Atlantic (Fig. 16) (e.g. BErGER 1974; van pEN HoEk 1975; van pER SpoeL and HEymaN 1983; A NGEL
1993).
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Fig. 15:
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60° Fig. 16: Retreat of the polar front during deglaciation as
recorded in deep-sea sediments, a prime example
of climate transgression (from BERGER 1974).
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Presently the most important current for the OSPAR area is the North Atlantic Drift (NAD) that derives from
the Gulf Stream beyond the Grand Bank of Newfoundland with a high significance for marine climates of
the NEA (Fig. 15).

The velocity of the western boundary current regularly exceed 60 cm/s. The Gulf Stream at Cape Hatteras is
transporting for example 100 times the flow of all world rivers. At about 40° of latitude the geostrophic
effect of the Coriolis force deflects the Gulf Stream (and together with land boundaries and the Labrador
countercurrent) to let the NAD cross the Atlantic ocean in an easterly direction. Velocities slow down and the
currents become more diffuse with meanders forming and when meeting the cold SW-going current, being
cut off as cold and warm core eddies (Haepricu and Jupkins 1979; Bearman 1989).

A major division takes place in the middle of the North Atlantic resulting in the Azores Current flowing
south-eastward (Gourp 1985). Later divisions are the south-eastward bound (Portugal) Canary Current and
the Irminger Current flowing towards the north-west. The former two currents are part of the North Atlantic
Subtropical Gyre while the stronger western branch of latter forms the characteristic Polar Front together
with the cold and less saline waters of the south-westward going East Greenland Current off south-east
Greenland. A weak and variable eastern branch of the Irminger Current flows coast-near around North-West
Iceland influencing the North Icelandic coastal waters in an interference with cold and less saline East Iceland
Current waters especially in years with appreciable polar influence (Fig. 15) (Sterinsson 1962, 1969;
STerANssoN and GubpmunpssoN 1969; M aLmeerG 1985, 1986; M aLmBERG and K risTMaNNssON 1992).

Parts of the NAD overflow the European shelfas e.g. in the Bay of Biscay, the Irish Sea, the English Channel,
and the North Sea (Fig. 15) (Dietricu 1970; D ieTrIcH et al. 1975; Pincree and G rirriTus 1978; PingreEE and
LE Cann 1990; Pingree 1978, 1993).

Kourtsikorouros and Le Cann (1996) reviewed the complex hydrographical situation within the Bay of
Biscay. There is arelative weak general anticyclonic oceanic circulation in the centre of the Bay, a seasonally
variable and differentiated Biscayan Slope Current (BSC) along the shelf-break (Fig. 15), frequent cyclonic
and anticyclonic slope water oceanic eddies (”swoddies”), and residual currents above the French shelf,
governed by wind, various eddies, water density and tides. From late spring to early autumn the southern
coastal waters (off Galicia, Asturias, and Cantabria) are characterised by upwelling (see upwelling paragraph
below) persisting through the period of thermal stratification and very warm waters in the south-eastern
corner of the bay (see Fig. 30). In summer and early autumn interactions between tides and the bottom
topography are responsible for seasonal tidal thermal fronts above the French continental shelf especially
west of Brittany. From spring until autumn there are persisting cold water masses (“bourrlet froid™) strongly
influencing the outer French shelfand stretching from the Gironde estuary to the English Channel entrance.
In autumn a warm water tongue (”langue d’eau chaude”) appears close to the Aquitaine coast. In winter there
occurs an anomalous situation above the inner French shelf: a thermal inversion with colder fresher waters
(mostly runoff from the rivers Adour, Gironde, and Loire) in the surface layer, in intensity increasing towards
the north. The Biscayan Slope current is running as a warm coastal winter current along the Portuguese coast
and reaches as far as the south-eastern corner of the Bay of Biscay leading to another anomalous situation
causing the highest surface water temperatures of the year along the northern Spanish coast in the winter
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months of January and February. Along the northern Biscayan and Celtic shelf-break the slope current is
strongest in late summer without an outstanding thermal effect (PinGreEE and Le Cann 1990; K ouTsikorouLos
and Le C ann 1996).

There are also currents in the deep-sea. G ace (1997) described effects of tidal bottom currents in the lower
end of the Setubal Canyon. Off the Porcupine Seabight at depths 0f4009 m and between 2000 m and 4700
m in the Bay of Biscay deep tidal currents have been described as having marked influence on the behaviour
of predatory demersal fishes (GuenneGcan and R anvou 1979; M erreT and Haeprica 1997) and partly on
deposition of phytodetritus (BiLrer et al. 1983). In archibenthal and bathyal depths there are various types of
downslope and alongslope currents depending on the slope angle and local hydrographic situation shaping
the surface structure and sedimentology of the area on different orders of magnitude (Chap. 3.1). TvLEer
(1988) cited four different patterns related to some seasonality in the Rockall Trough: a summer-autumn
maximum in the Norwegian Sea Deep Water overflow; an autumn minimum in the upper ocean circulation
around the Rockall Bank; an autumn-winter maximum in the strength and breath ofthe European continental
slope current; and a winter-spring maximum in eddy kinetic energy in the open waters and over the full depth
range ofthe Rockall Trough. Above that seem oceanic large-scale hydrodynamic patterns to influence deep-
sea currents in various patterns. These different types and strengths of currents in the deep-sea are considered
to contribute to habitat heterogenity and thus deep-sea biodiversity (Gace and Tvrer 1991; Gace 1997).

The NAD enters the Norwegian Sea mainly through the Faeroe-Shetland Channel after which a branch
diverts into the North Sea. The Norwegian Current deriving from the NAD transports warm (4°-12°C) and
saline (34.8-35.2 %po) Atlantic water along the Norwegian continental shelf. Off the northern Norwegian
coast the current splits in two branches, one continuing along the continental slope as the West Spitzbergen
Current. West of Svalbard/Spitzbergen Atlantic waters are cooling and submerging and form a subsurface
current in the Arctic Ocean along the continental slope towards the east extending from about 200-900 m
depth, below which is the Arctic deep water. The other branch is diverting into the Barents Sea as the North
Cape Current or later called Murman Coastal Current (Fig. 15).

The Atlantic water is isolated from the Norwegian coast by the Norwegian Coastal Current, which is a
continuation of the brackish Baltic Current fused with North Sea water and freshwater runoff flowing out of
the fjords (Fig. 18). This less saline coastal current water spreads out in a wedge-shaped form above the
heavier Atlantic water in seasonal variations. Towards the north both currents merge resulting in a salinity
increase near the coast (Fig. 15) (AnGer 1979b; Brinpueiv and Loeng 1981; M EiNnckE 1983; B RATTEGARD
and Hovtue 1995).

ANTI - ESTUARINE CIRCULATION ESTUARINE CIRCULAT

Figs. 17 (A), 18 (B): Anti-estuarine and estuarine circulation in basins with excess evaporation and with excess precipitation
respectively (from SEBoLD and BERGER 1993). The estuarine basin (A) is characterised by downwelling, hence
low fertility and high oxygen content. The estuarine basin (B) is characterised by upwelling and salinity
stratification, hence high fertility and low oxygen content. Fig. 18 (B) depicts the situation of the Baltic
Sea circulation and of many Norwegian fjords in a cross-section (compare BRATTEGARD and HoLTHE 1995). The
contrary situation of Fig. 17 (A) corresponds to the Mediterranean Sea where an under-outflow of warm saline
waters above the Gibraltar sill is spreading in the East Atlantic forming a distinct layer at ~ 1000 m depth
(compare Figs. 23-27).
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The Greenland-Iceland-Faeroe-Scotland Rise
prevents deep Atlantic water entering the Norwegian
and Greenland Seas and hence the Arctic Ocean.
Warm and saline Atlantic surface waters flowing
above this hydrological barrier system and further
through the Nordic Seas into the Arctic Ocean are
separated by cooling and freezing into ice, shallow
fresher waters, and saline deep waters which sink.
Besides eastward going currents along the Siberian
coast which take up the Siberian river freshwater
runoff, there are current motions around the
anticyclonic Beaufort Gyre centred over the Canadian
Basin and the Transpolar Drift with the main surface
outflow being the East Greenland current carrying
southward about 10 % ofthe multiyear pack ice from
the Arctic Ocean and icebergs from East Greenland
glaciers (Fig. 19).

The Arctic Ocean - largely surrounded by land masses
as being a mediterranean sea - is linked to the world
ocean by the Bering Strait (with a sill of only <45 m
depth), the Fram Strait between NE-Greenland and
Spitzbergen and minor passages to the Barents Sea.
Approximately 80% of the Arctic basin water
exchange takes place through Fram Strait while the
Bering Strait inflow passes mainly through the
Canadian Arctic-West-Greenland waterways into the
NW-Atlantic (zenkevitcn 1963; VinoGgrapov 1968;
1977; aAnceL 1979b; M EiNnckE 1983;
DunBAR 1985; BEarMAN 1989; BLEakLEY and A LEx-
ANDER 1995).

BRAMWELL

The East Greenland Current waters are less saline (31 -
34 %0) and colder (-1.5 to +2°C) (Einsele 1992) than
NEA waters derived from the subtropical NAD. Thus
markedly oceanic fronts with sharp physicochemical
gradients and strong hydrodynamics develop where
the two water masses meet (D ictrich 1964; W adhams
1979) or where mid-gyre convection occurs in the
Norwegian-Greenland Sea (A agaard et al. 1985;
Sarnthein and A Itenbach 1995) (Figs. 15, 31). The
East Greenland Current flows mainly along the
Greenland continental slope north ofthe Greenland-
Island Rise, while it enters the SE-Greenland shelf
south of the deep channel of Denmark Strait and
where the western branch of the Irminger Current is
found offthe SE-Greenland slope with the Polar Front
in-between (Fig. 15) (M almberg 1985).

The Jan Mayen and East Iceland Currents are branches
of the East Greenland Current diverting into the
Greenland Sea north respectively south of Jan Mayen

Fig. 20: Mean annual distribution of surface salinity in the
Atlantic (from BEaArRMAN 1989).
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Fig. 19: Average ice field velocity - winters 1987/88 and
1994/95 (from KREYSCHER 1998).
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Figs. 21, 22: Spreading and slow mixing of Western
Atlantic Subarctic/Labrador Sea Water at 500-
900 m depth (above) and at~ 1500 m depth (right)
characterised by changes in salinity (from
BEARMAN 1989).
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Figs. 23, 24: W-E section across the Gibraltar sill showing the surface inflow of less saline Atlantic waters and the
outflow of Mediterranean water of higher salinity at depth (from B EArRMAN 1989).

90W
-40°N

Figs. 25, 26: Distribution of temperature (left) and salinity (right) at -1000 m depth in the North Atlantic showing the
spread of Mediterranean Water (from BEarmaN 1989).

where they take part in the formation of cyclonic gyres (Fig. 15) (A arGgaarp et al. 1985; Bourke et al. 1987;
BrLinpuEIM 1989).

The relative cold, low salinity waters of the East Iceland Current characterise the northern slope of the
Iceland-Faeroe Rise from NE-Iceland towards the Faeroes and spreads at subsurface/intermediate depths
towards the Norwegian continental slope, intruding between warm more saline Atlantic water deriving from
the NAD and Norwegian Sea deep water (B Linpueiv and Loeng 1981).
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Antarctic Polar . i .. .
Zone Fig. 27: Movement and distribution of
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Conivﬁigeﬁe Fauator Convergecslw Divergence cross-section of the Atlantic. The
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temperatures > 10°C; North
Atlantic water is characterised by
asalinity > 34.8 %o (from Bearman
1989).

Warm water sphere

NADW = North Atlantic Deep Water

M = deep inflow of Mediterranean Water
at latitude 36°N

AAIW = Antarctic Intermediate Water

AABW = Antarctic Bottom Water, < 0°C

Water masses can be distinguished by their conservative properties temperature and salinity within the three-
dimensional ocean circulation. The Figures 20-27 show different water masses at different depths with diffe-
rent directions of flow. These water masses might depict also different habitats due to their distinct origin and
their physical and chemical properties even though differences are not that big to form different biogeographic
units.

Oceanic water masses (Figs. 20, 31) are quite constant in their properties thus limiting habitats of fluctuating
salinity ofbiogeographical importance geographically to coastal areas with the freshwater influx of estuaries,
melting ice or freezing sea ice with brine development.

Surface waters of the NAD flowing into the North-East Atlantic, the Norwegian Sea and even further are
exceptionally warm and saline for these latitudes, with temperature and salinity values in excess of 8°C and
35.25 %o (Figs. 15,20, 34,35).

Besides surface circulation (Chap. 3.3) there are complex patterns of deep circulation with Antarctic Bottom
Water (AABW) flowing as far as 40° Northern latitude (Fig. 27). The North Atlantic Deep Water (NADW)
lying above is derived from different sources: Dense Arctic bottom waters are formed through cooling and
sinking respectively by freezing, formation and rejection of brine in polar and subpolar regions especially
where there is a greater seasonality in the ice situation as e.g. in the Barents Sea where advection occurs
through the Novaya Zemlya-Franz Josef Land Channel and sinking into the deep Arctic Ocean (M ipTTUN
1985) or of cooling, sinking and advection of warmer currents as e.g. the West Spitzbergen Current north of
Spitzbergen (Fig. 15).

There are three main water types in the Arctic: a very cold (-1.5° to -1.7°C), low salinity (30-32%c) surface
(+ 150 m) layer being greatly influenced by the 3000 km3year freshwater mn-off from Siberian rivers, beneath
this there is a warmer (< 2.0°-2.5°C) Atlantic water layer and below a boundary at -750-1000 m, the Arctic
deep water (Zenkevitcn 1963; Vv inograpov 1968; Coacuman and A agaarp 1974; Ancer 1979b; A acaarD
1981; A acaarp et al. 1985; A acaarp and Carmack 1989). These Arctic dense bottom waters can export
significant amounts of resuspended nutrients through Fram Strait (von Bopungen et al. 1995).

Wainter convection in the Lofoten depression of the Norwegian Sea begins in October and is confined to the
first zone above the thermocline (0-50 m), but affecting all waters down to at least 2000 m in February, and
the begin of thermal stratification in April which causes a gradual rise of temperature in the layer from 600-
800 m to the surface (v inoGrabpov 1968).

Downwelling water masses by mid-gyre convection form deep and intermediate waters in the Norwegian-
Greenland Seas, called Norwegian Sea respectively Greenland Sea Deep or Intermediate Water (NSDW/
GSDW), sometimes also called Arctic Bottom Water (ABW). These very cold water masses spread south
through the Denmark Strait deep channel (sill depth > 600 m) or spill intermittently over the Iceland-Faeroe
Rise with a saddle depth of - 500 m, or through the Faeroe Bank Channel with a saddle depth of < 850 m into
the Atlantic, where they form the core of the NADW (Figs. 27, 28). Below warm and more saline Atlantic
waters there are NSDW masses which flow through the Faeroe Bank Channel bathing the southern slope of
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the Iceland-Faeroe Rise at depths exceeding -800 m. (SterAnssoN 1962,1969; STErAnsson and G uDMUNDSSON
1969; w esterBERG 1979; swirT et al. 1980; M encke 1983; swirr et al. 1983; Aacaarp et al. 1985; MaLm-
BERG 1985, 1986; BourkEk et al. 1987; BLinonemm 1990; Hansen et al. 1990; M aLmMBERG and KRISTMANNSSON
1992; ReinerT 1995; SarnTuEIN and A LTensacu 1995;). The Norwegian-Greenland Sea is believed to be one
of the most important regions of the world oceans in the formation of deep water for the global salinity
conveyor belt (Ricuter 1992; Henrich et al. 1995).

Additional components ofthe NADW derive from downwelling parts of the North Atlantic Drift south of the
Greenland-Iceland-Faeroe-Scotland Ridge, and intermediate waters of distinct characteristics as the
Mediterranean Water (temperature 12-6°C, salinity 36.2-35.2 %c) (Figs. 23-26) and Western Subarctic/La-
brador Water (temperature 3-4°C, salinity < 34.92 %c¢) (Figs. 21, 22). The Mediterranean water flows out of
as subsurface compensation to surface inflow at depths above the sills of the Strait of Gibraltar. From there
is spreads out at intermediate depths in the eastern North Atlantic (Figs. 17, 23-26). (Sverprur et al. 1942;
DunBAR 1951; Neumann 1968; DieTrRicH 1963, 1964, 1970; Coacuman and A agaarp 1974; DietricH et al.
1975; swirt et al. 1980; Aacaarp 1981; swirr et al. 1983; van pEr SpoeL and HEvyman 1983; swirr 1986;
BearMaN 1989; Broeker and Denton 1989; Tuiepe et al. 1989; Einsere 1992; sarntheN et al. 1994). At
intermediate depth there is a northward along-slope current along the Celtic and Scottish continental slope
associated with the Mediterranean water masses (Figs. 25, 26, 28) (ErLerr et al. 1980; Boorn and ErLerT

1983).
At some parts of the NEA e.g. the Denmark Strait; Rockall Bank Malin Shelf
the Barents Sea, the Faeroe Bank area, or the Rockall 0-

Trough (Fig. 28), different water masses form a
complex vertical situation. In the latter case there is
cold water with low salinity of Labrador origin filling
the bottom of the Rockall Trough with some 1000-
intrusions of extremely cold and even lower saline
waters of Norwegian Sea origin. These waters are
situated beneath a layer of warmer Mediterranean

water of higher salinity, spread between 800 and 1200 2000-
m depth and with up to 200 m vertical extension,
which again is located below the mixed Atlantic o
depth (m) F~1 Atlantic mixed water

waters (RAtz 1984; M auchLive 1990). fY 1Mediterrancan water

Labrador water
Due to the hydrological isolation in past geological L J Norwegian Sea deep water
periods (Chap. 3.1) and warmer (marine) climates Fig. 28: Cross-section of the Rockall Trough showing

(Chap. 3.4) there might have been stagnant low water masses of different origin (redrawn after
oxygenated water masses in the Arctic and RATZ 1984).

Norwegian-Greenland basins (Tuiepe et al. 1990).

The flow of NAD Atlantic water masses into the northern seas and resulting oxygen-rich deep-water formation
as described above only occurred during the last 13,000 years with fluctuations in the NAD through late
Pleistocene/early Holocene climate variations.

Upwelling occurs i.a. at locations with current divergences (oceanic equatorial upwelling, not in the OSPAR
arca) and might also occur where subsurface currents are deflected by bottom topography on a local scale,
and under the influence of winds causing off-shore movement of waters (coastal upwelling) (Bearman 1989).
Surface waters get replaced by waters from below which are often nutrient rich thus considerably enhancing
surface productivity. Strong localised offshore flows are typically associated with elongate bodies of surface
water “filaments” that differ from their surroundings (M erret and H aeprica 1997). While the enhanced
abundance of primary producers is carried further offshore in periods of intensive upwelling, herbivorous
communities are carried from eutrophic to oligotrophic waters passing through certain stages of succession
at the same time (v inocrabpov 1997). Communities in upwelling regions may be rich in biomass but are
always poor in species (Zezina 1997) and may lead to increased concentrations of foraging fish and seabirds
(GusBay 1999).
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In the OSPAR area upwelling might take place at ice edges (Dunsar 1985) and at eastern boundary currents
in response of the influence of NE-trade winds (Bearman 1989; M irteLstaenpt 1991; v an Camp et al. 1991).
The most striking location of upwelling within the OSPAR area is at Galicia/NW-Spain and Portugal off the
Iberian peninsula and is separated from the NW-African upwelling by the Gulf of Cadiz and the entrance to
the Mediterranean with its peculiar hydrographic situation (Figs. 17, 23, 24, 29, 30). Upwelling of cool and
nutrient rich waters off west and north-west Iberia starts in June close to the coast, is best developed from late
July to September by which time it may extend to 200 km offshore with surface cooling effects even reaching
as far out as 600 km, and may last till October (W ooster et al. 1976; Fraca 1981; Fiuza et al. 1982; Fiuza
1983; v areLa 1992; BopE et al. 1996). Bopk et al. (1996) showed local variations within the north Iberian
upwelling system while W ooster etal. (1976) and Fiuza et al. (1982) identified a peak in surface temperature
deficits off Lisbon and Sines, south-western Portugal. Sporadic less intensive upwelling might occur there in
winter induced by local northerly winds. Thus production within the Iberian upwelling system is highest on
the western coast off the southern half of Portugal (W varr and PErEz-G anpaRAs 1989). According to Fiuza
(1983) this is related to the topography of the south-western Portuguese shelf which is fairly narrow with a
very steep slope and several submarine canyons (Chap. 3.2), providing a steep three-dimensional upwelling
pattern. Thus thermal gradients are closer to the coast combined with southward increasing seasonal Trade
wind influence. The northern Portuguese coastal shelf is flater and widens towards the north with a fairly
two-dimensional upwelling with isotherms being parallel to the bottom topography. The southern Algarve
coast if affected directly by upwelling only under infrequent local winds but occasionally indirectly by cool
upwelled waters turning around Cabo Sao Vincente from the west coast (Fiuza 1983).

16.00 Degree C 21.00 Degree C
Cloud Mask 16.50 Degree C 21.50 Degree C
Land Mask 17.00 Degree C 22.00 Degree C
. . W ater Mask 17.50 Degree C
Fig. 29: Sea surface temperatures (SST) of NW-Africa and 13.00 Degree C 18.00 Degree C
the southern Iberian peninsula on the 11.9.1987, 13.50 Degree C 18.50 Degree C
. o - 14.00 D c
derived from IR-satellite images. Concerning the cgree & 19.00 Degree C
. h dff t' t' f . 14.50 Degree C 19.50 Degree C
OSPAR areait shows a differentiation of marine 15.00 Degree C 20.00 Degree C

climates SW of the Iberian peninsula, i.a. areas 15.50 Degree C 20.50 Degree C
ofupwelling (blue) off Portugal (from V AN C AMP

et al. 1991). Fig. 30: Sea surface temperatures of the southern Bay of
Biscay and Galicia coasts on the 6.8.1998 derived
from IR-satellite images showing a differentiation
of marine climates, i.a. areas ofupwelling (blue)
(from IEO-Santander 1998).

There are seasonal changes with the warm winterly poleward long-shore Biscayan slope Current (Fig. 15)
intermingling with the cool summery upwelling regime in spring and autumn (Frouin et al. 1990;
Koutsikorouros and Le C ann 1996). Besides upwelling there might occur downwelling phases enhancing
sedimentation of produced biomass out of the euphotic zone (Bopk et al. 1996). Below upwelling areas there
can develop hypoxic reducing zones due to remineralization processes of enhanced detritus masses (Chap.
3.1).
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Due to episodical changes in atmospheric climates coastal upwellings are liable to fluctuations which might
cause severe implications on biological patterns and human economy (Fiuza et al. 1982; Suerman 1992;
W vart and L arraNeTA 1988; W vart and PerEz-G anDarAs 1989), while > 50% of the world commercial fish
catches depend on this feature which covers only 0.1% of the world ocean surface (FAO 1972; Cox and
M oore 2000).

Large scale horizontal water movements can play an important role in the dispersal of species (e.g. van per
sroeL and Heyman 1983; Ancger 1993). Fronts depict horizontal and vertical boundaries between different
water masses and can occur at all scales of time and space i.a. as estuarine fronts, tidal fronts, coastal turbidity
fronts, shelf-break fronts, and oceanic fronts. Thus fronts can serve i.a. as distribution barriers, mixing zones,
concentration zones, nursery areas, areas oftaxonomic and ontogenetic selection, areas of enhanced production,
areas of initiation of succession, areas of vertical export, areas of horizontal transport, areas of temperature
and salinity anomalies, as ecotones, and as entire ecosystems (NeumanN 1968; Sournia 1994). Frontal regions
are often transition areas between well mixed, cold waters and stratified, warmer waters. Mixed water means
high nutrients but poor light conditions; stratified water means good light conditions but limited nutrients.
The frontal zone is a region of high production due to the compromise between adequate light and adequate
nutrients (Neumann 1968). Even less understood in their effect on biogeography are along-front flows which
are associated with all types of fronts (Sournia 1994).

The major oceanic fronts in the OSPAR area are the Polar Front, the Arctic Front, the Subarctic Front, and
marginal the Azores Front.

The Polar Front runs between the very cold Polar Waters of the East Greenland Current and modified Arctic
waters in the Greenland Basin, modified North Atlantic Water (Irminger Gyre/Iceland Basin), and Subarctic
Water (Labrador Basin). It is far less pronounced north of Iceland because of the partly similar character of
the Arctic Waters and the existence of eddies along the front indicating its possible instability (W apnams et
al. 1979).

The Arctic Front is situated between the Arctic Water 100°W 80°  60° 40° 20° O E 40°
ofthe Greenland Basin, Arctic Waters of'the northern

Barents Sea, and the North Atlantic Water of the 4

Norwegian Current and its descendants. The Subarctic

Front lies between the Subarctic Water of the Labra- NAW

dor Basin, the modified North Atlantic Water of the

Irminger Gyre/Iceland Basin, and the North Atlantic

Central Water (Sournia 1994) (Figs. 15, 31).

Interestingly the distribution ofthe Greenland halibut MNAW

(Reinhardtius hippoglossoides) in deep waters of the
North Atlantic and Norwegian-Greenland and Barents
Seas reflects the position of Polar and Arctic fronts
(TrRovanNovsky and Lisovsky 1995).

The meandering Azores frontal system lies south of
the Azores archipelago just south of the OSPAR
boundary above the MAR and separates Western
Atlantic Water from Eastern Atlantic Water. The
former is poorer in nutrients resulting in only 50-60%
ofthe chlorophyll level ofthe Eastern Atlantic Water POLAR FRONT ARCTIC FRONT
and is thus also poorer in Zooplankton (decapod) SUBARCTIC FRONT

abundance (Domanski 1986; Gourp 1985).

(SN

SAW

NACW

Fig. 31: Upper-ocean water masses and fronts in the North
Atlantic (from Dickson et al. 1988).

When parts of oceanic currents and water masses (e.g. PW: Polar Waters
NAD and descendants) are approaching the European AW: Arctic Waters
shelf (e.g. in the Bay of Biscay, the Irish Sea, the SAW: Subarctic Waters
e ’ ) > NAW:  North Atlantic Waters
English Channel, and the North Sea) intermediate NACW: North Atlantic Central Water
deep along-shore currents can form (M errer and MNAW: Modified North Atlantic Water

Haeprich 1997) and shelf-break fronts develop
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frequently were thermally stratified and unstratified waters meet. Turbidity fronts occur almost along all
coasts at some depth less than 50 m. Front development on the shelfis related to seasonally stratification of
certain nutrient poorer water masses in summer that form fronts with mixed water masses richer in nutrients.
Tidal occurrence and velocity in combination with (bottom) topography determines duration and location of
mixed waters and frontal positions. Light penetration and nutrient availability are the determining parameters
that influence phytoplankton growth and the following food web related to enhanced primary production to
congregate in the vicinity of fronts. Even benthic life might be influenced at locations with restricted flushing
ofbottom waters due to development of stratification and fronts. At such locations winter water might persist
for much of the spring and summer as a dome of cold water overlying the seabed. On the other hand localised
enrichment of bottom communities has also been described to occur below frontal zones. There are markedly
shelf-break and tidal front systems all around the shelves in the OSPAR area with implications for the biology,
e.g. shelf-break fronts are frequently separating oceanic and neritic pelagic species, (e.g. Crisp and SOUTHWARD
1953; soutuwarp and Crisp 1954; Lee 1970; PinGrEE et al. 1974; PingrEE et al. 1975; PinGrEE et al. 1976;
smvpson et al. 1977; pingreE and G rirriTHs 1978; Simpson et al. 1978; Horrican 1978,1981; LEE and R AMSTER
1981; owen 1981; sivpson 1981; BearparL et al. 1982; Rees and Hore-Jones 1982; Earcr and Fasnam
1983; HorLmE and Rees 1986; PingrEE and LE C ann 1990; PingrEE 1978, 1993; AnGEL 1993; DicKEY-C OLLAS
et al. 1996; K outsikorouros and LE C ann 1996; BEcc and Reip 1997; Longuurst 1998).

3.4 Energy balance and marine climates

Differences in salinity, nutrients, oxygen, light duration and penetration, habitat diversity,...., can influence
biogeographic patterns in local situations, but temperature, characterising water masses to a large extent, has
the most important effect on biological distribution patterns on the oceanic or global scale (e.g. HepcreTH
1957; K iInNE 1970; van pEN Hoexk 1975; Micuanex 1979; EarcL and Farnuam 1983; GrLemarec 1973, 1988;
BricGs 1974, 1995; Loncuurst 1998).

Marine climates have undergone several severe changes over geological time (Fig. 32). Realising that the
Atlantic developed from the Jurassic/Cretaceous on (Chap. 3.1) it is obvious that there have been major
changes in marine biocoenoses as well (e.g. M Enzies et al. 1973; van pEN Hoek 1975; Brigags 1970, 1974,
1987; Henricu et al.1995; sarnTueiNn and A Ltensacu 1995). Ancient thermohaline circulation patterns have
resulted in different marine climates due to different geographical constellations and different regional and
local currents as described in the chapters 3.1 and 3.3. Therefore biological patterns depending on temperature
and nutrients etc. related to currents and water masses have changed as well.

To the south and to the north of the tropical Tethys - which occupied a belt between ~50°S and ~50°N - were
warm temperate realms while the temperature at the poles fluctuated between +10° and +16°C during the
Cretaceous. Polar temperatures only dropped to a point at which the development of cold temperate floras
could have been initiated only at the beginning of the Tertiary, with winter surface temperatures of 5-8°C at
Spitzbergen from this time onward (van peEN Hoek 1975).

During the early Tertiary period, especially the upper Eocene, there was a tropical to subtropical climate in
the NEA and the Arctic (Exkman 1953; Bowen 1966). The establishment of a circum-Antarctic circulation in
the Eocene led to a temperature fall in both the southern ocean and the northern hemisphere (Govrikov et al.
1990). Global cooling effects near the mid/late Eocene and the early/late Oligocene were probably been
responsible for the establishment of cold-temperate conditions at these latitudes according to Brices (1974/
1995).

vermen (1992) highlighted the fact that several marine genera and species (several molluscs as well as the
limpet, kelp, and lobster genera Puncturella, Helcion, Laminaria and Homarus) have disjunct distributions
in shallow temperate NEA and southern Africa biota but are missing in tropical West Africa. After the final
reopening of the Bering Strait ~ 3.5 mio years ago in the Pliocene and the following interchange of cool
temperate and polar marine species through the Arctic with a massive dominance of Pacific invaders (at least
for molluscs) into the NEA (vermen 1991, 1992; Gremarec pers. com.), no such species reached southern
Africa. This provided evidence that the tropical belt acted as an effective barrier to further southward distribution
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Fig. 32: The evolution of marine surface climates. The OSPAR area is indicated red (fromMENzces et al. 1973; modified).

from Pliocene onward and even during glacial times because dispersal of the main shallow water taxa by
equatorial submergence in cold deep waters could not take place. The implications are that the trans-equatorial
distribution of shallow temperate water related species was achieved before the late Pliocene rather than
during glacial periods (v ermen 1992).

The Arctic Ocean was substantially warmer during the Pliocene than it is today (Fig. 32) so that many species
that would be unable to invade from the Pacific into the Atlantic via the Arctic today were able to do so at that
time after the reopening of the Bering Strait (vermen 1991). v ermen (1991) identified 295 mollusc species
that derived from the trans-Arctic interchange of which were 261 of Pacific and only 34 of Atlantic-Arctic

origin.

Climatic and current (and thus salinity) pattern alternations during the Quaternary period resulted in the
abundance of either warm- and cold-water relicts as characteristic features in the Norwegian coastal, Barents,
White, and Baltic Seas encountered frequently in small scale habitat areas (z enkevircur 1963; Govrikov et al.
1990; BraTTEGARD and FlorTtHe 1995).

The Arctic was isolated completely from the Pacific and partly from the Atlantic related to a sea level
lowering in the Pleistocene (Zenkevitcnr 1963; G orikov et al. 1990). During the Pleistocene the open Atlantic
sea surface temperatures were ~3°C colder during the winter and ~6°C colder than the average annual
temperatures. Therefore surface isotherms shifted that much southward that boreal floras and faunas
impoverished considerably and cold temperate/boreal species were present in the southern region of the
OSPAR area and even entered the Mediterranean Sea (e.g. Exman 1953; pe Lattin 1967; FroGet et al. 1972;
VAN DEN Floek 1975; R arrietal. 1985; M aratesta and ZarLenca 1986; R arrr 1986; Ancer 1993). Reflecting
possible causes for evolutionary spéciation the Pleistocene was largely a time of biotic impoverishment in
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northern hemisphere temperate regions rather than of spéciation and diversification despite large changes in
climate and sea level (van pen Hoek 1975; verMen 1991). Gorikov et al. (1990) proposed that the formation
ofthe Boreal biogeographic region began with falling sea surface temperatures and cold- and cool-temperate
water related fauna e.g. the peracarid crustaceans, which first appeared in the cold and glaciated times of the
Palaeozoic era, and became widely distributed in the Pleistocene epoch.

ANGeL (1979b, 1993) gives examples for marine climate and related biotic changes in the Holocene and
mentions the collapse of the Hanseatic League due to a massive decrease in herring stocks during the “Mini
lee Age” and the mass starvation that occurred in the Faeroes in the 17thcentury when the cod fishery totally
failed probably as a result of a fall in sea temperatures. At the same time cod vanished from Norwegian
waters and Iceland was entirely surrounded by pack ice in 1695. Also Exman (1953) and z exkevircui (1963)
described remarkable oceanographical and biological changes in the Arctic and Subarctic seas due to a
warming within the first half of the 20thcentury. For example L oenxc (1987), M iprrun and Loena (1987),
skiorpaL and Revy (1989), Buinouemv and Skiorpar (1993), and A nker-NiLssen (1996) described biological
effects induced by meso-scale climate variability within the last decades for the Barents Sea, Gorikov et al.
(1990) for the White Sea, Hovcarp and Bucu (1990) for the East-Greenland-Labrador Sea, D ickson et al.
(1988) for the entire northern North Atlantic, and Fiuza et al. (1982), w yarr and L arraRNETA (1988), W vaTT
and PErEZ-G anDARAS (1989), and suermaN (1992) for the Iberian coast.

The scheme of the global radiation balance (Fig. 33)
shows that the global equilibrium point of incoming 100
and outgoing radiation is presently located at ~40°N
on the northern hemisphere. Besides wind circulation
systems the oceans with the specific properties of

net loss

water and their currents (Chap. 3.3) play a significant 20

role in the global energy exchange {e.g. BEArRMAN 100

1989). Similar to terrestrial biogeography there are

latitudinal belts of biogeographic zones on the glo- d

bal scale principally influenced by patterns of solar  Fig. 33: The radiation balance for the earth-atmosphere
radiation (Chap. 3.4) and currents (Chap. 3.3) that system has its point of equilibrium between net

surplus and net loss of energy at 40° N (from

distribute characteristics of marine climates into the
Bearman 1989).

pelagial and shallow benthal of latitudes under other

atmospheric climate regimes {e.g. van pErR SpoEL and

HevyMman 1983; courer 1989; B arLey 1996). Particularly the NAD (Fig. 15) - evolving from the Gulf Stream
- supplies an enormous input of energy which lets climatic and biogeographic zones shift far northward in
the north-eastern Atlantic. Thus, especially many pelagic biogeographic boundaries fall together with surface
isotherms of the oceans (Figs. 34, 35, 104). Some isotherms have been adopted by biogeographers for
regional delimitations e.g. the Dunbar line (annual average 5°C isotherm) delimiting Boreal and Subarctic
regions and the Ortmann line (annual average 15°C isotherm) separating the tropics from the warm-temperate
subtropics (Figs. 43, 62).

When sunlight hits water, some is reflected depending on the angle ofradiation income. Most of the radiation
penetrates into the water and 99% of the energy is absorbed in the top 50-100 m in clear water, less in cloudy/
turbid water. Longer waves are absorbed first, with the shorter, higher energy waves penetrating deeper.
Depth of light penetration rules the depth of the phytal zone and thus of primary production but also depth
and the vertical extension of the mesopelagic twilight layer (Fig. 12, Chap. 3.2) determining diel migrations
of most mesopelagic organisms feeding at night in shallow depths and descending during daytime to cooler
depths to slow metabolism and to avoid predation by visually orientated predators.

However only surface waters are heated directly by absorbed solar radiation. Any heat that reaches deeper
waters must be carried there by slow diffusion or some form of faster convective mixing. Consequently cold
deep waters of higher density are situated below warm surface waters thus leading to thermal stratification in
regions without vertical convection in the water column. This effect increases with decreasing latitude creating
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Figs. 34, 35: Surface isotherms (°C) of the Atlantic in February (left) and August (right) (from Bearman 1989).

a thin separating layer, the thermocline or, combined with salinity and thus density, called a pycnocline. The
seasonal change in sea surface temperatures in intermediate temperate latitudes by atmospheric climates
results in a dependent seasonality between mixed waters in winter and stratified waters in summer. Depth and
duration of the thermocline depend on the local rate of heat input and the degree of physical mixing (wind,
currents, tides and waves).

The inclination of the earth’s rotation axis induces seasonal changes of solar radiation and therefore varying
atmospheric climates with a strong increase in radiation seasonality towards the poles. The angle ofradiation
income however is relatively low in Arctic regions even during the polar summer. Therefore the angle of
radiation refraction and penetration into the water changes with these seasonal changes due to the physical
laws of light fraction at layers of different density.

Light presence with a long insolation duration in the summer and absence in the winter thus has an
overwhelming influence on polar primary production and life cycles (Horner 1982; ALeExanper 1992;
M ELNIKOV 1997).

The thermal insulation of less dense very cold (and often less saline) waters at the surface, the albedo ofice-
covered regions, and the thermal insulation of the ice-cover itself prevents polar oceans from further vertical
freezing.
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3.5 Ice situation

Sea ice in polar regions is a substratum and habitat of outstanding ecological importance (e.g. A LEXANDER
1992; carey 1985; Dunsar 1982, 1985; Gurriksen 1984; Gurriksen and Lenne 1989; Horner 1985b;
Horner et al. 1992; Lecenpre et al. 1992; Lonne and Gurriksen 1991b; M eLNnikov 1997; saksnauc and

sksoLpaL 1989; saksuauc et al. 1994).

/ permanent
y/ Pack lee

NEWP-Northeast Water Polynya

(boundary within open water patches may develop; derived from: GUDMANDSEN et al.
1993, 1994, 1995; HIRCHEand KATTNER 1994; SCHNEIDER and BUDEUS 1994,
1995, 1997)

approx. mean extend ofthe permanent pack ice

Comment: The boundaries show absolute expansions: minimum ofthe
permanent pack ice and maximum of drift ice.

Mean extensions tend to be less extreme: limits of the permanent pack ice
further south and limits of drift ice further north.

Fig. 36: Sea ice extensions and limits (derived from: US NIC-SEA ICE D ATA

Bank; PIK/Rahnsdorf, AWI, GRIDA, Vinjh 1985, Alexander 1995,
Dunbar 1985; Dietrich et al. 1975; BRAMWELL-atlas of the oceans;
Haack-A tlas Weltmeere).
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Extensive areas of the OSPAR area
within the Arctic Ocean the
Greenland and Barents Seas have
been covered permanently and at
margins seasonally with sea ice (Fig.
36) since the middle of the Pliocene
with major fluctuations in the
Quaternary (Crark 1971, 1975).

Availability of light and nutrients
(Fig. 37) are limiting productivity
and thus are shaping Arctic food-
webs and ecosystems. Light is
varying spatially due to ice
massiveness, seasonally due to po-
lar day and night, and quantitatively
due to the angle ofradiation income
(seasonal and latitudinal variations)
and albedo of the surface medium.

The absence of diatoms in Arctic
fossil records wuntil the late
Quaternary reveals that ice thickness
was too massive for light penetration
and primary production (M ELNIKOV
1997).

According to later author the peculiar
ecological features of the Arctic sea
ice ecosystem were only acquired
-100,000 years ago thus making the
ecosystem a relative young
formation from the evolutionary
point of view. Others believe that this
ecosystem could have developed at
former ice-edges at lower latitudes
when there was a massive ice-cover.
With areduction of'sea ice thickness,
penetration of solar radiation was
promoted and hence the possibility
of photosynthesis for diatoms
(M eLNikov 1997).

The northern boundary of the .Arctic

macro-pilytai is the southern
boundary ofthe permanent pack ice



because light penetration through 1-4 m thickness of sea ice is too low to allow seaweed growth. Thus Arctic
coasts have been re-colonised by -150 species of macroalgae within the last 18,000 years after the summit of
Pleistocene glaciation of the northern hemisphere. Abrasion by ice hinders and prevents growth of algae and
other sessile benthic organisms in supra- and eulitoral depths in many places and intertidal organisms are
therefore often only found in subtidal depths (M enzies 1975; Luning 1985; B LeakrLey and ATex anper 1990).

Sea ice reduces the exchange of energy between water and atmosphere to a few percent of that which would
take place otherwise between the open ocean and the atmosphere (Bearman 1989). Even though the overall
radiation budget throughout the year is not that low in high latitudes there is only a low productivity caused
by permanent low temperatures and a long persistence of ice plates and drift ice inhibiting light penetration
into the water. Water directly below the ice cover is much more variable in temperature, salinity and density
compared to uncovered surface waters and is often stratified. These changes result from local melting processes,
brine formation due to freezing processes and freshwater runoff from glaciers and terrestrial origin. Annual
brackish water layers from melting processes are situated below sea ice and above seawater and allow only
euryhaline and brackish water tolerant species to thrive (Luning 1985).

Commonly differentiated types of sea ice are fast ice and pack ice. The former is formed and remains fast to
the coast and is attached to the shore, an ice wall, an ice front, and pack ice, while pack ice is any other area
of sea ice (WMO 1970).

When seawater freezes, most of the salt is rejected from the ice lattice resulting in a thin boundary layer of
very salty water ahead of the advancing interface. Adding more salt on the top of the layer while freezing
proceeds there might occur a “constitutional supercooling” caused by the lower temperature in the ice-water
interface compared to the one in the underlying layer. This situation creates an upward flux of heat and a
downward flux of salt through the boundary layer. Since the exchange velocity of heat is much higher, brine
pockets might get entrapped between platelets while ice-growth continues. Brine pockets and channels are
subject to further changes of their position and morphology due to different micro- and macro-scale changes
going on within the ice-structure (M aykut 1985). In contrast to the Antarctic, where most of the growing ice
is granular ice of frazil origin, most of the growing Arctic ice is congelion ice of columnar texture (SpPINDLER
1990).

Fig. 37: Microalgal production of biogenic carbon in the

N X Uptake rate (R) Area Annual production Total
o
Arctic Ocean, north of 65° latitude (from or stock (S) production
Legendre et al. 1992).
Units: A Water column production in shelf regions
carbon uptake rate (mg C m'2year4) 27000 (R) 49 132

standing stock (mg C m'"2)
area (I02m2)

B Water column production in offshore regions

production (IOKg C year4) 9000 (R) 82 0.73
Total water column production (A+ B) 2.05
C Production within the sea ice
10000 (S) O&TO  0.06-0.7 (first-year ice)
600 (R) A% 0.03 (multi-year ice) 0.09-0.73
Total Arctic production (A+ B+ C) 2.14-2.78
Fig. 38: Examples offirst-year ice-algal ) )
concentrations associated with Environment Concentration References
blooming conditions (from Freeboard (Antarctic sea ice)  11-80 mg Chi a m Kottmeier and Sullivan (1990)
Legendre et al. 1992). Garrison and Buck (1991)
Interstitial bottom ice (Arctic) 8-23 mg Chi am -2 Alexander et al. (1974)
8-26 mg Chi a m~2 Horner and Schrader (1982)
19-130 mg Chi am -2 Smith et al. (1987, 1989)
Interstitial bottom ice 2-9 mg Chi am -2 Dieckmann et al. (1990)
(Antarctic pack ice)
lee platelet layer up to 770 mg Chi @ m~2  Palmisano and Sullivan (1983),
(Antarctic fast ice) Grossi et al. (1987),
Arrigo et al. (1990)
Ice-water interface (Arctic) ~20 mg Chiam -2 Tremblay et al. (1989)
Retreating ice edge (Arctic) 10mg Chiam -3 Smith et al. (1985)
27-41 mg Chi am -3 Niebauer et al. (1990)
Retreating ice edge (Antarctic) up to >6 mg Chi am -3  Smith and Nelson (1985)
Under-ice pycnocline (Arctic) A 15mg Chi am -3 Legendre et al. (1981)
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Significant amounts of primary production in ice-covered oceans take place in localised ice-edge phytoplankton
blooms and production dynamics appear to be closely related to seasonal melting of sea ice (Helium 1994).
As an important biological substrate, sea ice has been an area of ecological research for more than one and a
half centuries (e.g. Horner 1985a). During this period many different terms have been created to describe
biota and biocoenoses related to polar sea ice covers: “brown ice”, “ankatobenthos”, “under-ice benthos”,
”inverted benthos”, “cryovegetation”, “cryoplankton”, ”cryophyton”, “cryobionta”, “cryoseston”,
“cryopelagic”, thigmotropic”, “sympagic”, “psychrophilic”, epontic”, “under-ice”, “cryointerstitial”,
“cryoepontic”,and “ice/sub-ice” faunas and floras (e.g. Gorikov and ScarLato 1973; HorNER 1985b; H ORNER
et al. 1992; Gurriksen and Lonne 1989; M eLnikov 1997).

Nowadays there seems to be an agreement to differentiate the ecological groups and subdivisions of sea ice
communities according to their location: ice-water interface at the bottom (ice algae layers frozen into the
ice; sub-ice algae mats and strands loosely attached), surface (seawater infiltrated ice-snow interface; surface
pools), and sea ice interior (interstitium between ice crystals and platelets; brine channels and crack
assemblages). Within these major types there are further variations on the base of different algal communities
(Hrrirm 1994; Horner 1985b; Horner et al. 1992). It appears that pack ice communities are dominated by
planktonic forms, while fast ice communities, at least over shallow water, are dominated by benthic forms,
including benthic diatoms and larvae of benthic organisms (C arey 1985; H orner et al. 1992). Furthermore
it is possible to differentiate between ice biocoenoses related to compact pack ice, “ice-edges”, and
”xenocryobionthic” biota distributed irregularly in the vicinity of the original sea ice biota (H orner 1985b;
M eLNikov 1997). An extensive food web is supported during the growing season by algae mainly on the
undersurface ofthe seaice. Dunsar (1977b) described the ice community as a system ofhigh local production
embedded within a low-productivity system.

The drift ice zone extends further south in the west of the OSPAR area compared to the east (Fig. 36) due to
the currents and related water temperatures (Figs. 15, 34, 35). These patterns are reflected by distribution
patterns of smaller ice related biota as well as by large predators such as Ursus maritimus (polar bear) and
pinnipeds as Odobenus rosmarus (walrus), Erignathus barbatus (bearded seal), Phoca groenlandica (harp
seal), Cystophora cristata (hooded seal), and Phoca hispida (ringed seal) that use drift ice plates as a platform
for transport, pupping and resting (e.g. Ripceway and H arrison 1981, 1989a; H ansen et al. 1996).

High concentrations of micro-algae are abundant especially at retreating ice-edges, ice-water interfaces, in
ice micro-channels, and at interstitial spaces of the ice bottom of first-year ice and play an important role in
the trophodynamics of polar marine ecosystems. Changes in light levels have been shown to be of critical
importance for the growths of under-ice algae and would also be a major controlling factor in the diversity of
phytoplankton (Hecrum 1994). Diatoms, starting in the early spring (- the time depends on light intensity
and melting processes and therefore on latitude and seasonality of the location -), further ice algae (e.g
HorNErR 1985D), and following fauna (e.g. C arey 1985) browsing on this concentrated food source build the
base of the Arctic food web (Melnikov 1997). Summer and autumn plankton have a larger component of
dinoflagellates and flagellates and in winter with small flagellates compared to the diatom dominated spring
bloom (Herrum 1994). While there are >200 species of sea ice associated diatoms in the Arctic, only two
dinoflagellates can be considered to be cryophilic (0 koLopkov and D opce 1996).

As new bottom-ice forms in autumn microalgae are incorporated into the ice and are present in brine pockets
and channels throughout the winter. Sea ice microalgae must therefore be able to survive prolonged periods
of total darkness at temperatures of -1.8°C or less and have developed different mechanisms to cope with
such conditions (PaLmisano and SurLivan 1985). With increasing temperatures in spring, brine release from
channels occurs and cells are carried towards the bottom of the ice. When light levels at the bottom reach a
certain threshold ice algae begin to divide and subsequent form a golden brown layer 3-5 cm thick. Surface
and interior ice communities are of minor importance in the Arctic compared to the Antarctic ice biocoenoses.
The presence of ice communities early in spring before the phytoplankton start to grow shows that they
provide a valuable source of food for planktonic and benthic grazers. While some ice related organisms are
only found in sea ice, there are others that also occur in the water column and sediments at high latitudes
(HoRNER 1985b).
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In relation to biological processes it is important to differentiate between first-year and multi-year ice. Species
abundance, diversity, and productivity in multi-year ice is much lower compared to first-year ice (Fig. 38).
Multi-year ice has a much smoother bottom surface than first-year ice (Horner 1985b; v inse and K vamBEKK
1991; Lecenpre et al. 1992) and also different species of sub-ice amphipods are dominant below those two
different types of sea ice (Carey 1985). Ice algal blooms and spring phytoplankton blooms can be clearly
separated in time and sometimes by species present. Species compositions might differ from year to year
however and the succession will be influenced by the age of the ice (HeLLum 1994).

Undeformed older ice in the Arctic basin has a thickness of around 3-4 m. Staying in an equilibrium of
growing from below and surface melting, the ice does not generally last more than 7 to 10 years. Over an
annual circle some 40-50 cm ofice are lost at the surface and replaced by an equal amount of new ice at the
bottom (M avkut 1985). As snow and ice melt either by increasing air temperatures or higher water temperatures
due to currents and drift processes, the ice decays with ice biota and nutrients being flushed into the adjacent
waters, giving a high input into the Arctic food web by triggering ice-edge phytoplankton blooms and associated
consumption (Horner 1985D).

But besides this input ice-edge phytoplankton blooms are also supplemented by nutrient cycles between the
sediment and the water column with the effect that primary production ofthe water column above the Arctic
shelves is about triple that of pelagic regions and which is evidence for benthic-pelagic coupling processes
(Figs. 37, 38) (Legenpre et al. 1992; BranpT 1995; BranDT et al. 1996). In addition, the influence on benthic
communities is different below ice-covered areas compared to pelagic areas without ice due to a different
vertical flux of detritus from ice-related communities.

Wind and density driven upwelling might add considerably to an enrichment of nutrients at ice-edges and
within polynyas (D unsar 1985; LonguursT 1998). Not only productivity patterns but also species composition
gives evidence for a benthic-pelagic interaction in shallow ice cover-influenced regions (C arey 1985).

Fauna in this upside-down (thigmotropic) benthic environment of the sea ice bottom appears to survive well
in the absence ofice in summer but colonises the lower layers ofice as soon as it develops. The food chains
extend beyond the ice itselfto include Zooplankton and fish in the water layer beneath the ice and beyond the
ice-edge, also supporting seabirds and larger predators. The true under-ice macrofauna is almost entirely
composed of gammarid amphipods, occupying a variety of subhabitats, while calanoid copepods are mainly
related to ice-edges.

Inside interstitial spaces and brine channels, the larvae of benthic polychaetes, pelecypods, gastropods, tunicates,
turbellarians, cirripeds, nematodes, harpacticoid and cyclopoid copepods, calanoid copepods, and rotifers
are meiofaunal members of the Arctic ice-bottoms and ice communities, while ciliate protozoans dominate
the microfauna (Carey 1985). Characteristically the larger herbivorous copepods perform deep seasonal
migrations, passing the winter in water as deep as 1000 m, partly associated with the need for several seasons
to complete their ontogenetic growths and reproduction cycle (Longuurst 1998). The amphipods Gammarus
wilkitzkii, Apherusa glacialis, and Onisimus sp. are regarded as autochthonous sea-ice associated fauna
(GurLiksen 1984; Lonne and GurLiksen 1991a, b).

Protected lagoon/

Shallow water oceanic last ice Deep water fast ice Pack ice
Embaymenttast ice
First-year ice sheet First-year ice First-year ice First-year lee
Multiyear ice sheet Multiyear ice Multiyear ice Multiyear ice
Coastal tide cracks Tidal cracks
X Pressure ridge keels Pressure ridge keels Pressure ridge keels
Rough ice
and rough ice and rough ice and rough ice
Edge ice

Fig. 39: Major sympagic faunal habitats in the Arctic and Subarctic (after Carey 1985).
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Arctic sea ice, being a heterogeneous and often patchy environment, forms different habitats (Fig. 39) with
different associated faunas which have been characterised by Cc arevy (1985). Composition and ecology of
those animals relies on regional variations of the ice habitat structure. Above that water depth determines not
only productivity patterns but also the extent of the fast, unmoving sea ice sheet attached to the shoreline and
therefore whether vagile benthic animals can actively migrate between the benthic and under-ice surfaces. At
under-ice surfaces above deep water there are different communities of gammarid amphipods, more related
to a pelagic origin, than above the shelves, where there is a close relation to the benthos. Thus in addition to
the ice structure itself the depth of water is a major criterion and has proven to be a controlling factor in the
species composition and structure ofice communities and therefore to differentiate Arctic marine environments
(Carey 1985).

3.5.1 The Northeast Water Polynya

Patches of wider and recurring open water exposures in the pack ice are termed polynyas unlike large scale
linear, but narrow open cracks that are called leads (M aykut 1985; smitu et al. 1990). Polynyas depict oasis-
like situations of non-linear open water, young ice, and newly formed ice patches within permanently ice
covered environments and thus are of high biological significance fe.g. SaLomonsen 1972; BrRowN aND
NEerTLEsHIP 1981; Dunsar 1981; HiorT ET aAL. 1983; HiorT ET AL. 1988; M assom 1988; BLEakLEY and ALEX-
ANDER 1990; FraNCE aAND SHARP 1992; HircHE AND KATTNER 1994; BranpT 1993, 1995; Fark anp MoiLer
1995; BranDpT ET AL. 1996; AMBRrROSE and Renaup 1995, 1997; PierenBURG ET AL. 1997).

While there are two common types of polynyas - the sensible heat or open ocean polynya and the latent heat
or coastal polynya (Dunsar 1981; M assom 1988; Bearman 1989; smitu et al. 1990) - the most important
polynya for the OSPAR area develops due to a different mechanism of its own (Bourke et al. 1987; D arBY
et al. 1995; Gupmanpsen et al. 1993, 1994, 1995; M arkus and Burns 1995; scunemper and Buptus 1994,
1995, 1997) (Fig. 41). The kernel of the "Northeast Water Polynya” (NEWP), lies between ~79°-81°30° N
on the north-east Greenland Shelf with an opening of 40,000-44,000 km2in summer (BranpT et al. 1996).
Opening begins in late spring (May to June) and reaches its maximum extent in late summer. An interaction

Solar Radiation

Northeast Water Polynya

> _1.0°C Melt Water Fast ice barrier
-1.25°C-- -1.25°C -

Polar Water

Thermocline

0.4 to 1.0°C Modified waters of Atlantic origin 0.4 to 1.0°C

Fig. 40: Topography and bathymetry of the north-east Fig. 41: Scheme of the NEWP formation process (from
Greenland shelf. Depth contours are in metres - Schneider and Budéus 1995).
dashed lines in areas covered by fast ice (from
Schneider and Budéus 1997).
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Opening begins in late spring (May to June) and reaches its maximum extent in late summer. An interaction
between the northward bound "North-East Greenland Coastal Current-NEGCC” (Fig. 15) i.a. with the fast
ice barrier on the Norske Or Shelf and Belgica Bank (Fig. 40), westerly winds, and the position of the Ob
Bank protecting the area from Arctic sea ice import results in open-water formation (Fig. 41) especially in
summer when the air-sea heat budged is positive. Wind influence can modify the process considerably towards
the north and north of Ob Bank where open water occasionally is formed in summer but presumably also in
winter as a latent heat polynya (Scuneiner and Buptus 1995, 1997).

Archaeological excavations (A npreasen and F ance 1994; A npreasen 1997) assessed prehistoric resource-
exploitation at sites close to the polynya coastline. This refers to a human population that must have lived on
animal food sources along the north-east Greenland coast in former times and therefore suggests the existence
of open water throughout the year. These findings might confirm the assumptions of Scuneier and B untus
(1997) of a presumed existence of permanent open-water spots from the presence of large schools of walruses
and seabirds in the area.

The biological importance of recurring polynyas in
the high Arctic environment is evident. Polynya open-
water patches show markedly differences in primary
production compared to surrounding ice covered
arcas (Fig. 42) (Fara et al. 1994; Smitu 1995; Greenland
AwmBrost and Renaup 1997; pierEnBURrG et al. 1997,
Scunemer and B uptus 1997). From this production
periodicy results a seasonally pulsed POM flux to
the seafloor below the open water patches of the
polynya, but which is not necessarily related to
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components (DeminG et al. 1995; Newron and Rowe
1995), and hence pelagic-benthic coupling in polar //
regions and found markedly higher biomass, benthic
infauna (meiofauna), macrofauna (polychaete)
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ice-free areas of the NEWP. The mechanism of

seasonal pelagic-benthic coupling and its high  Fig. 42: Integrated (upper 50 m) Chlorophyll fluorescence
significance for production, abundance and diversity 11r199re7:;'51t1ve units (from Schneider and Budeus
was also highlighted by PierenBURG et al. (1997).

The relationship between species composition of the peracarid fauna (Crustacea, Malacostraca) and
hydrographical processes influencing the NEWP production (benthic-pelagic coupling) have been described
and confirmed by BranpT (1995) and BranpT et al. (1996). These authors identified seven species assemblages
not primarily reflecting bathymetry but nutrient supply related to oceanographic factors within the polynya
area and the temporal and spatial opening of the polynya triggering primary production and benthic-pelagic
coupling processes. Branpt (1995) concluded that environmental conditions must have been stable over a
long period of time to develop the high peracarid biodiversity identified by her.

A comprehensive report ofa 1993 cruise (ARK IX/2 and 3 expeditions) to the NEWP, comprising preliminary
reports ofresearch i.a. on micro-, phyto-, Zooplankton, benthos, marine mammals, birds, and archacology, is
given by Hircue and K atTNer (1994). These reports underline the high biological evidence of the NEWP.
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While the North Water and other recurring polynyas of the Canadian Arctic archipelago are widely known
for their importance in providing winter refuge for marine mammals as well as for their properties as staging
grounds for feeding and reproduction of migrant birds during spring (Dunxsar 1981; M assom 1988; France
and suare 1992), the NEWP has gained much less attention to its significance for marine mammals in the
past. This might have been due to its more remote and isolated situation off north-east Greenland within a
massive permanent pack ice belt (Fig. 36). Different subprojects ofthe ARK 1X/2 and 3 expeditions (Flircue
and K atTNEr 1994) reported the abundance of Ursus maritimus, Phoca hispida, Evignathus barbatus, Mono-
don monoceros (narwhale), and Odobenus rosmarus in the NEWP area with latter being the most numerous
sea mammal. Cystophora cristata, and Phoca groenlandica were counted only in low numbers from helicopter
survey.

The highest significance for higher taxa related to the NEWP is given for Arctic seabirds. Larger colonies of
Rissa tridactyla (black-legged kittiwake), Fulmarus glacialis (northern fulmar), and a smaller colony of
Larus hyperboreus (glaucous gulls) are located in the vicinity of the NEWP. The fulmars are exclusively of
dark colour-phases (H Akansson etal. 1981; Franeker and W atter 1982; Fark and M orrer 1995). In addition
Fljort et al. (1983) made records of Somateria mollissima (common eider duck), Somateria spectabilis (king
eider), Pagophila eburnea (ivory guii), Sterna paradisea (arctic tern), Gavia stellata (red-throated diver),
Charadrius hiaticulata (ringed plover), Calidris canutus (knot), Calidris alba (sanderling), Stercorarius
skua (great skua), Xema sabini (Sabine’s guii), Rhodostethia rosea (Ross’s guii), and Stercorarius longicaudus
(long-tailed skua) besides migrating Arenaria interpres (turnstone) and non-marine birds. Bird records were
largely supplemented in later surveys (Hiort et al. 1987, 1988; Hircue and KatTner 1994). South of the
NEWP kernel a new colony of northern fulmars has been reported near a small coastal polynya at
Mallemukfjeld (Fark and M orLrLer 1995).

Brown and NerrLesuie (1981) mentioned another smaller recurring polynya at Scoresby Sound in the middle
of the east Greenland coast, where thick-billed murres/Uria lomvia breed besides black-legged kittiwakes
and northern fulmars.

smith et al. (1990) described the formation process of the "W haler’s Bay Polynya” which is a sensible heat
winter polynya above the shelf break north of Svalbard.

Darkness during the polar winter might hinder birds in foraging or perhaps as research might reveal the
ability of northern seabirds to feed in the dark. Since small numbers regularly winter at high latitudes in the
Canadian Arctic, some species are evidently able to forage efficiently enough to at least meet their energy
requirements for maintenance (Brown and Nerrcesuie 1981).

Open water leads measuring several kilometres have been frequently reported from the central Arctic in
summer. A decreasing trend in sea ice volume has been detected from shipboard, satellite, and submarine
measurements at least for the last forty years (AWI 2000). This was particularly the case in the summers of
1996 and 2000 which had a comparatively poor Arctic polar sea ice cover with reports of open water patches
at the North Pole itself.
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4 Biogeography

4.1 Definition

The definitions given below give an outline of'the range of ideas and tasks (marine) biogeography has to deal
with.

“Every species has three maxima of development, in depth, in geographic space, in time.

In depth we find a species first represented by a few individuals, which become more and more numerous
until they reach a certain point, after which they again diminish and at length altogether disappear. Provinces,
to be understood, must be traced back, like species, to their history and origin in past time” (ForBes 1859).

”Who can explain why one species ranges widely and is very numerous, and why another allied species has
a narrow range and is rare? Yet these relations are of the highest importance, for they determine the present
welfare, and, as I believe, the future success and modification of every inhabitant of this world” (D aArwiN
1859).

”Biogeography is the study of biological patterns that can be mapped” (M AcA rRTHUR 1972).

”A phytogeographical region is a stretch of coast with a relatively homogenous flora, which is separated
from other such parts with different homogenous floras by floristic discontinuities, which may coincide with
comparatively small stretches of coast with a rapidly changing flora or with marine or terrestrial barriers”
(van DEN HoEek 1975).

”Biogeography can be defined as the study of dispersal and patterns of behaviour of organisms in space and
time” (Cox et al. 1973) or as stated later ”"Biogeography is the study ofliving things in a spatial and temporal
context” (Cox and M 00oRE 1995).

According to Earli and Farnham (1983) biogeography has three recognised goals:

1. The delineation and characterisation of each distinct faunal or phytal area

2. The attempt to trace the history of the faunas

3. The use of zoo(phyto)geographic data to augment our knowledge about the course of evolution.

“Biogeography is the study ofthe distributions of organisms, both past and present, and ofrelated patterns of
variation over the earth in the numbers and kinds of things” (Brown and Lomorivo 1998).

B riGgas (1995), in his review of past biogeographic approaches, gave an outline of the historical development
of (marine) biogeography from its beginnings, with special emphasis on the relation to vicarianism, geology,
and plate tectonics.

Marine biogeography ofthe OSPAR area has to reflect patterns regarding evolution and ecological conditions
during certain geological time scales, from the littoral down to abyssal depths of more than 5,500 m, and
from the permanently ice-covered Arctic Ocean over seasonal shifting ice edges, vast pelagic spaces with
different currents and water masses in different depths, and along shelves under different temperature regimes
and with different substrates.

4.2 Biogeography in marine environments
The oceans contain -97% ofthe world’s water (= 1455* I06km3), they cover -71% ofthe world surface, and

88% of the oceans are deeper than 1000 m, resulting in an average depth of 3800 m of the world ocean.
About two-thirds of the biosphere are occupied by bathyal and abyssal depths (Bricgs 1995).
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In contrast to terrestrial biogeography, the physical properties of water create a very different situation over
a much wider vertical range in the fluid and three-dimensional marine environment making research and
description of marine patterns more difficult. Vertical delimitation of species distribution is even more difficult
over such a wide latitudinal range due to the phenomenon of polar emergence and tropical submergence in
thermal étages (LE Danois 1948; zZenkevirca 1948/1949; Exman 1953; Hepcreta 1957; pe Latrin 1967,
M enzies et al. 1973; van per Spoer and HEyman 1983; Gremarec 1973, 1988; LoncuursT 1998).

In addition the basis of the euphotic epipelagial and the topographical shelf break at -200 m depth is not a
clear vertical boundary for many shallow water, mesopelagic, and eurybathymetric pelagic and benthic species
(MEenzies et al. 1973; C arNEy et al. 1983; Zezina 1997) (Chap. 6.1).

On a global scale, terrestrial biogeography is principally a geography of vegetation arrangements, whereas
marine biogeography is dominated by faunal distribution patterns. Biogeographical and ecological systematics
related to terrestrial biomes {e.g. Upvarpy 1975, Scuurtz 1995) are commonly based on certain patterns of
plant growth and distribution. Latitudinal differences in the radiation budget, the availability of water and
other climatic quantities which - together with the local geology - create certain soils upon which specific
patterns of vegetation communities and structures develop. Such sociological patterns of phyto- and dependant
zoocoenoses are present on the more or less two-dimensioned terrestrial surface in a comparably narrow
vertical zone of an atmospheric environment.

Marine environments are totally different due to the different physical properties of the water, e.g. different
depths of light penetration and absorbency of the radiation spectrum with vertical and latitudinal gradients;
gradients in density; differences in salinity; different conductivity and capacity of energy; differences in
oxygen contents and in the distribution of nutrients respectively; different currents in different water masses
in different depths; ice cover and ice-water interfaces; .... The distribution of many of these factors is,
however fairly predictable these days.

These factors create a three-dimensioned situation over a much wider vertical range in a fluid environment
and terrestrial biogeographic boundaries cannot be transferred directly to the marine environment (Fig. 43)
(DuNBAR 1979; Pierou 1979; Havpen et al. 1984), even though terrestrial and marine spheres are merging in
very shallow and semi-aquatic coastal biotopes (PieLou 1979; v arentin and Jasronskr 1983; Price and
HumpHREY 1993). Another consideration is that the fluid medium provides a continuous character and
boundaries are rarely sharp.

In contrast to terrestrial biogeography where plants are used as naturally fixed indicators for specific ecological
and environmental factors, seaweeds and seagrasses as marine macrophytic counterparts, might be only of
use in sublittoral depths.

The majority of marine primary producers are pelagic phytoplankton and therefore might be moved from
optimum conditions/locations by currents. Microalgae and Zooplankton are able to survive being carried
hundreds of kilometres and can be found in substantial quantities far beyond their ecological reproduction
limits (e.g. van pDErR SpoiL and HEymaN 1983; AngeL 1993;). Even planktonic larvae of adult benthic sessile
fauna drift over wide areas.

Marine biogeographic delimitations might differ considerably or can be quite contradictory - as shown by
some examples below (Chaps. 5.1 ff)) - not only according to different ideas or methods of biogeographers
but also between flora and fauna, benthos and pelagos, or different taxonomic groups. For instance a very
large fraction of the class Polychaeta is considered to be eurybath and or eurygraph (see Chap. 4.3) and their
geographical distribution usually deviates from that of other marine taxonomic groups (FAuveL 1959; H oLTHE
1978).

One similarity to terrestrial biogeography is that there are latitudinal belts of biogeographic zones on the
global scale (e.g. Figs. 43, 48, 55, 60, 62-64). These are principally influenced by patterns of solar radiation
(Chap. 3.4) and currents (Chap. 3.3) that distribute characteristics of marine climates into the pelagial and
shallow benthal of latitudes under other atmospheric climate regimes (e.g. van per SpoeL and Heyman 1983;
Couper 1989; BaLey 1996).
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There is a general latitudinal gradient of a decrease
in pelagic, benthic, and even in deep-sea species
diversity from the equator to the poles e.g. for
isopods, brachyura, bivalves, and gastropods
(CHRISTIANSEN 1982; ANGEL 1993; REx et al. 1993;
V ErRMEN 1996). On the other hand no diversity decline
- only different diversity patterns - could be found
in northern North Atlantic and Arctic waters for
amphipods by Branpt (1995), BranpT et al. (1996),
and W eissHAPPEL and Svavarsson (1998).

Biogeographic patterns are very broad in the oceanic
pelagial and deep-sea (Figs. 104,107) due to the more
uniform environmental conditions, whereas they are
more linear and belt-like along continental slopes and
shelves due to the geophysical structure. This gets
more patchy inshore due to more various influences
in shallow near coast environments with possible
disjunctions by a variety of factors such as geological
features, tidal interactions, and riverine outflows (A N-
GeL 1993).

In deep-sea environments, under aphotic conditions
(Fig. 12), plants are absent and only faunal and micro-
organisms are of use for biogeographical
classifications in the vertical dimension.

These issues illustrate the widely different features
in biogeochemical cycles and spatial distribution
patterns of marine species that have to be taken into
account. They affect the determination of boundaries
and therefore make them difficult to define.

The presence ofa biological community might reflect
a set of known or unknown environmental conditions
that constitute the ecological niche ofits members in
the examined area. Besides a sound taxonomic
discrimination, non-taxonomic attributes, such as
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Fig. 43: The marine biogeographic zones with tropical
rainforest (black) and savannah (hatched) on the
continents (from Dunbar 1979).

Dunbar line = average 5°C surface isotherm

Ortmann line = average 15°C surface isotherm

Tropical zone = in-between 25°C surface
isotherms

numerical abundance, biomass, size spectra feeding types metabolic rates, biotic (trophic relations, competition,
predation, succession) interactions could also be used to describe the structure and function of communities

(SCOR 1994).

Marine biogeography has been subject of scientific studies for more than one and a half centuries but looking
at the very different approaches and uncertainties, it might be stated that it is still far from being sufficiently
explored. Even though records of marine organisms have improved considerably within the last decades,
knowledge about distributional patterns oftaxa and in the vast oceanic spaces still remains very poor compared

to terrestrial organisms.

Some judgement and courage is needed to fix dynamic biological features operating on such a scale as

(pseudo) static facts on a map.
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4.3 Biological types of marine distribution

The distribution of marine organisms depends on ecological barriers as stressed by BANArREscu and B o¢catu
(1978), as well as on palacogeographic and evolutionary circumstances as indicated in chapter 3.1. The
ecological barriers are different for littoral, pelagic, benthic intermediate deep, or abyssal species. For example
oceanic areas and abyssal depths might act as ecological dispersal barriers for littoral organisms whereas
shallows in non-polar latitudes hinder the distribution of abyssal species (e.g. pE LaTTiN 1967; BANARESCU
and Bogcaru 1978).

The matrix of marine distribution types of M enzies
et al. (1973) (Fig. 44) illustrates eight possible
combinations based on the autecology of species
with regard to their distribution in the three-
dimensioned marine environment.
Stenobathial was defined as indicating species with
avertical range of <300 m or 10% average ocean
STENOBATHIAL depth whereas stenothermal describes species
confined to one marine climate (e.g. boreal or
tropical). The range in salinity is so narrow
throughout the oceans - with the exception of
estuarine situations or some Low Arctic locations
- that most marine species were considered as
URYBATHIAL STENOTHERMAL being stenohaline and salinity thus notjudged as
a distribution limiting factor. Thus marine
organisms can either be eurypotent or stenopotent
related to environmental factors as depth/

Fig. 44: The eight basic types of marine species distribution ~ bathymetry and temperature with a combination
(from M Enzies et al. 1973).
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of those basic types to a different extent leading
to two general types of geographical distribution.
For example v ErMEL (1991) accentuated that the 295 trans-Arctic molluscan species having invaded from
the Pacific during the Pliocene do show a significantly broader geographical range than do taxa with a pre-
Pliocene history in the Atlantic. Additional factors and causes for geographical restriction possibly leading to
spéciation or extinction which have been suggested include anoxia (of deeper waters), trophic restriction,
competition and predation, regression and habitat loss, and climate change (cooling) (VerMen 1989).

Most deep-sea but also many pelagic organisms are eurygraphs with a wide geographical distribution due to
the rather uniform conditions in these environments (type 7). On the other hand do such endemic organisms
with stenothermal and stenobathyal potencies, and therefore often with a restricted geographical distribution
(stenographs), have a high indicative value for environmental conditions and related biogeographic
delimitations. According to M Enzies et al. (1973) and concerning figure 44 many animals of various phyla in
the nearly isothermal (hypopsychral) High Arctic are typical for type 1 (stenographs, eurybaths, stenotherms).
Type 2 (stenographic, stenobathial, stenothermal) fauna can be either of a stenobathic-shallow-water or
stenobathic-deep-sea subtype (e.g. the isopod Macrostylis affinis in the deep N-Atlantic). Eurybathial,
eurythermal stenographs (type 3) are uncommon and only seen in a few locations where shallow water
organisms extend into moderate deep (archibenthal) zones (e.g. Desmosoma laterale in the Skagerrak). Type
4 (stenographic, stenobathial, eurythermal) animals are exclusively seen in middle or lower latitude shallow
marine environments, where significant changes occur in the ambient temperature. Stenobathial, eurythermal
eurygraphs (type 6) are depicted by a large number of intertidal, shelf, and epipelagic planktonic forms with
bipolar or cosmopolitan distribution. Most deep-sea animals belong to type 7 (eurybaths, stenotherms,
eurygraphs) with a wide geographic and bathymetric distribution within the cold stenothermal environment
of'the deep-sea. Some low polar species have successfully invaded adjacent High Arctic, boreal or temperate
regions on a wide bathymetric amplitude and are therefore regarded as type 8 (eurybaths, eurytherms,
eurygraphs).
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4.4 Temporal and spatial scales

Biogeographic patterns have never been static and stable when looked at over geological time scales as described
in the chapters 3.1 and 3.4 regarding plate tectonics, climate change, adaptation, spéciation, vicariance, and
evolution or on a lower level due to changes in upwelling regions, currents, or due to salinity anomalies as

discussed in chapter 7.

Geographical scale

Hierarchy of factors Global National Regional Local

Spatial

1. Climate-latitude +im ot + +
(e.g. precipitation, seasonal variations
in day length, ice cover)

2. Sea temperature +H+ -1+ + *4b
(e.g. surface isotherms)

3. Global residual water movements —ocean ++ -i-+ + +%6
currents

4. Water quality
(a) Nutrients + “mt ++ +
(b) Temperature regime, seasonal/depth + -t + ++
(¢) Salinity + ++ + +
(d) Turbidity — <t + +
(e) Other chemical factors — + + +
(0 Biological qualities (difficult to measure) — + + +

5. Coastal geology
(a) Topography + I+ ++ +H+
(b) Substratum + -M- + ++

6. Water movement
(a) Wave action — + ++ -+
(b) Tidal currents + + +H—

7. Local effects
‘When they occur +++, e.g. thermal effluent,
harbour effects, freshwater input

Temporal

1. Short-term (to 100 years), e.g. Russell cycle — SRt + +
boundary dynamics, coastal ice patterns

2. Long-term (to 10 000 years), e.g. glaciation +H+ »+H ++ +

effects

3. Events - non-cyclical phenomena,
e.g. wrecks, artificial environments
(Mt St. Helens, Surtsey), alien species
when they occur +H+

Global: extent 5000+ km {e.g. NEA);

National: extent 1000+ km {e.g. British Isles);
Regional: extent 200+ km {e.g. the west of Scotland);
Local: extent 20+ km {e.g. Anglesey);

weighting of environmental factors:

+++ A primary factor, recorded and studied in detail;

++ A significant environmental factor often recorded and
described in detail;

+ A secondary factor, seldom recorded and occasionally
described,;

—  Not usually recorded or described;

Fig. 45: The importance of environmental factors (spatial and temporal) inrelation to geographical scale. Spatial factors
are ranked in importance in determining species geographical distributions (from E arll and Farnham 1983).
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Global effects of man-made changes concerning the marine environment such as climate change or intensive
large scale industrial fisheries might even increase the rate of change in patterns of marine biodiversity.
Although having discussed ancient biogeographic patterns (e.g. Chap. 3.1, Fig. 7) the classification resulting
from this study should reflect the present biogeographic situation.

Biogeographic patterns can differ depending on the spatial scale at which it is considered (e.g. Figs. 45,46).
The scales dealt with in this study are indicated in chapter 4.4 and are clarified further by the maps (compare
the Figs. 104, 105, 106, 107) of the biogeographic classification.

EArLL and FarNHAM (1983) presented a scheme which correlated spatial and temporal environmental factors
with possible scales of biogeography (Fig. 45). To these authors all scales they described and which should
be statistically proportioned are “biogeographic”. It was highlighted that the isolation of the influence of a
particular environmental factor on biogeographic patterns in practice proved to be difficult. The larger-scale
factors mentioned in figure 45 have been discussed above in this study.

Haury et al. (1977) as well as van per SpoeL and HeEyman (1983) regarded coarse and meso-scale patterns as
being the most important ones for pelagic zoogeographic studies despite macro- and mega-scale patterns
being substantially pelagic zoogeographic patterns (Fig. 46). According to these authors, hydrographic,
ecological, behavioural factors, and zoogeographical (planktological) patterns are most distinctive influenced
at the former scales. Regarding coarse- and meso-scale zoogeographic patterns of plankton there has generally
been so far a focus on the distribution of single species (van per Spoer and HeEyman 1983).

DOMINANT HOW BEST WHAT WE LEARN
PATTERN*) LOOKED AT
Communities ©iogoography
10* km Blom_css Evolutionary history
Species
Vectoras! Communities Biogeography Ecotooas
Co Biomass Spéciation Inter-com munity com petition
10> km Reproductive Specics ) a0
SPp R Boat places to live Hotspots within ecosystem
Vectorial Biomass Fauna.lboundanes Relationship to environmental
M®st M 10a km Reproductive Species Invasions parameters
Nekton ambit Genetic selection
10 km Vectoriel Intra-com munity com petition
Reproductive Species Upwelling responses
Coactiv® P M icronekton ambit
1 km Social Relationship to environmental param eters
Coexistence, niche partitioning
Vectorial Inter- and intra-species competition
fin® TOO m Reproductive Species Predation
Coactiv® Food densities required
10 m Social Zooplankton ambit
Relationship to environmental parameters
Vectorial Shecics ln}cr— and ‘n?&ra—spccms com petition
Social P el Niche partition
Individual Relationship to environmental parameters

*) stochastic acts on all scales

Fig. 46: Spatial scales of pelagic biological patterns (from Haury et al. 1977; van peEr Spoel and Heyman 1983).
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5 Examples of different approaches to marine biogeography of the North-East Atlantic

>

"The biogeographic method does not exist, or there are as many methods as biogeographers’

This heretical statement was made by D unar (1979) and L ongHUrsT (1998) and seems to be true at least for
marine environments.

EARLL and FARNHAM (1983) added that it was not unusual for biogeographic workers considering different
environmental groups, for example benthic or planktonic organisms, or particular-taxa to produce rather
different boundaries for biogeographic provinces or, as HEDGPETH (1957) stated, that each worker has his
own criteria.

More recently Gorikov et al. (1990) argued that the approaches of different researchers to understanding
regularities in the distribution of organisms can be quite contradictory, depending not only on differences in
the problems facing them, but also on the incompatible methodologies used by biogeographers.

Technical progress has brought major advances in marine biological research and supplies enormous amounts
of data but there are still huge gaps in knowledge about distribution patterns of marine organisms especially
of the oceanic pelagial, the deep-sea, and of high polar regions. Despite this, B rigGs (1995) noted that such
a vast amount of literature about the distribution of various marine species had appeared in the previous
twenty years (until 1994), that he was no longer able to do justice to it in a single book or to discuss the
evidence for every biogeographic subdivision. Concerning older biogeographical classifications E arLL and
Farnaam (1983) stated that only few regional faunas could be applied with much success to the shallow
sublittoral zone for various reasons before the mid-1970s:

Virtually all were compiled before SCUBA became widely used and so a number of taxa, especially

those living on (nearshore) rocky habitats, had been under-recorded, e.g. sponges and ascidians.

Most did not embody the major taxonomic survey and revisions in the 1970s.

Extensive areas of coastline between major marine stations had often been undescribed.

Progress in marine taxonomic and spatial research will of course also have its effects on views concerning
endemics, e.g. whether a taxon considered to be endemic is really endemic to a certain area or whether
distribution patterns have previously not been sufficiently explored.

At this point, also the question of modem species definitions has to be taken into account. Species that are
acknowledged in their taxonomic status by morphological attributes today and that seem to have a certain
distribution might have smaller and different distribution ranges if they turn out to be composed of several
genetically different species.

Thus modem marine biogeographic classifications have to reflect problems arising from past descriptions
and the technical limitations of the past. According to BRATTEGARD (pers. com.) and other authors the problems
of the ever changing (mostly increasing) number of accepted species and the steadily increasing number of
invalid names (synonyms) in this context have to be stressed:
Cases of one species with a distribution range over a large area that turns out to be composed of several
species (e.g. in the groups of hydroids, polychaetes, molluscs, bryozoans, echinoderms)
Cases of many different species having been described over past years and decades that, by using mo-
dern techniques, turn out to be only one or a few species (e.g. the Arctic holothurian Molpadia borealis
M. Sars, 1859).

Modern biogeography has therefore to reflect these considerations and taxonomic distribution data have to
be verified by valid and regularly updated taxonomic registers (compare e.g. the European Register of M a-
rine Species/ERMS [EU - Marine Science and Technology Programme/MAST], http://
www.erms.biol.soton.ac.uk: North East Atlantic Taxa database/NEAT [Tjamo Marine Biological Laboratory/
Sweden], http://www.tmbl.gu.se/libdb/libdb.html).
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The next chapters show that there are many approaches to this discipline. Biogeographic distribution patterns
shown by one group of plants or animals or regarding different regional or spatial aspects or by a certain
biogeographic technique can be quite different from the patterns shown by another group, region, or vertical
zone. Without trying to create a complete listing one can distinguish the following approaches which can be
combined in any combination:

taxonomic (selected organisms on different taxonomic levels),
regional,

spatial (e.g. only for a certain vertical zone),

evolutionary (phylogenetical) and palacoecological,
biophysical and oceanographical,

theoretical,

economic (e.g. for fishery or seaweed culture),

ecological (considering e.g. productivity, or special habitats as hydrothermal vents, seamounts, or ice),
autecological,

purpose guided (e.g. for nature conservation),

and vicariance (cladistic) versus dispersal approaches.

To arrive at a sound marine biogeography an integrated biogeographical approach should take account of
most of the biogeographical disciplines listed above. In particular it should integrate distribution patterns of
different biocoenoses and taxa of both flora and fauna, of sessile and mobile organisms with their varied
ecological requirements over a given geographical/oceanographical range and a three-dimensioned space,
should reveal relationships to geology, geomorphology, and oceanography and should also take into account
evolutionary, palaeoecologial, palaco-oceanographic, and palaeoclimatic aspects. Such an extensive
biogeographic classification is still missing, would afford huge efforts, and it is arguable if it ever will be
possible to integrate such diverse patterns and all these factors.

5.1 Selected examples of different approaches to marine biogeography:

Most marine biogeographic divisions for the high seas show a rough correlation with the latitudinal marine
climatic belts (e.g. van der Spoel and Heyman 1983; Couper 1989; Briggs 1974/1995; Bailey 1996; Holzel
1998; Longhurst 1998;), even though broad transitional areas have to be presumed (Hedgpeth 1957).

In the following description of different biogeographical classifications some maps (FoRBES 1859; BRIGGS
1974/1995-PELAGIAL; BRIGGS 1974/GOTTING, KILIAN, AND SCHNETTER 1982-C OASTAL REALMS/BENTHAL; HAYDEN,
RAY, and DoLaN 1984; GBRMPA, IUCN, aAND WB 1995; Hiscock 1998; LONGHURST 1998; VAN DEN H OEK
1975; ZENKEVITCH 1963; VINOGRADOVA 1979) have been transferred into the stereographic projection of the
OSPAR area for a better presentation of this particular area. Where possible the design of the original
presentation has been maintained but sometimes formerly uncoloured maps have been coloured to help
differentiate between different units.

5.1.1 Forbes and Godwin-Austen (1859): 4 natural history ofthe European Seas

Building on the early approaches of e.g. Loven (1846) and W oopwarp (1856) it was probably Edward
Forbes who started marine biogeography as a subject of science in the 19thcentury with his publication, completed
posthumously after his early death by R. Godwin-Austen.

The outcome of Forbes’ extensive dredging experience and information brought together from around Europe
combined with geological and palacoecological reflections resulted in a quite detailed descriptions of regio-
nal species distribution, aspects of ecology, and seabed characteristics that would be described today as
communities and biotopes.

Forbes, being of Scottish origin, named a large province that covered the Irish, British, and southern North
Sea coasts and even the entire Baltic Sea as being Celtic and also introduced the term Lusitanean for the
warm temperate province in the eastern north Atlantic, Mediterranean, and Black Sea. He further subdivided
the seas into 5 zones of depth.
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Fig. 47: Biogeographical provinces of Forbes (1859),

redrawn in a projection of the OSPAR area. 1o o
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5.1.2 Exman (1935/1953): Zoogeography of the Sea

The work of Ekman (in an earlier German and later revised English version) has long been a key text for
marine biogeographers.

Combining faunistics with taxonomy, ecology with its fundamental science, physiology, oceanography, present
and past climatology, geology, geomorphology, and palaeontology, his comprehensive summary of the
distribution of many groups was primarily systematic and regional in scope rather than quantitative.

It may be significant that Ekman, even though he has been cited by most marine biogeographers, did not
present any map of a biogeographic régionalisation showing boundaries of the major divisions he described.
This was probably due to the fact that biological boundaries in the water are mostly continuous and gradually
changing in space and time and therefore ill-defined as a line on a map. For the North-East Atlantic, the
palaeoconditions and present species distribution were described for faunas of the Mediterranean-Atlantic
warm water shelf, the European Boreal North Atlantic, the Arctic, a Polar-Arctic subregion, the Deep-Sea
(Atlantic, Arctic), the Epi- and Bathypelagial.

Ekman stressed the importance of a hierarchical ranking within taxonomic levels and their phylogenetic
relationships. He also considered ecological adaptations and the use of statistics to characterise certain
geographical delimitations which reflect historical changes in community structures due to changing
environments.

5.1.3 Briggs: Marine Zoogeography (1974) | Global Biogeography (1995)

For many years the classification prepared by Bricas (1974) supplemented Exman’s (1935/1953) work as
standard literature for marine biogeography. In other publications (e.g. Brices 1966, 1970, 1984, 1987,
1994) he had already stressed the role of geology and related evolution for spéciation processes (*’vicarianism”),
dispersal, and biogeography.

Distinguishing between pelagic and benthic realms, Briggs published a marine biogeographic classification
and maps that were only slightly different in 1995. The North-East Atlantic had been divided into three
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provinces, the Mediterranean-Atlantic (Warm-temperate), the Boreal (Cold-temperate), and the Arctic.
Having focussed his work to a large extent on finfish he referred to endemism rates for invertebrates and fish
for regions and provinces and reinforced his faunal boundaries with the rather similar floral delimitations of
M icuanek (1979). Oceano-pelagic and coastal benthic boundaries merge into each other and latitudinal or
temperature related boundaries were usually indicated at places of greater change in the inshore biota. For the
deep-sea he only proposed one bathypelagic region covering all the oceans except the Arctic basin. There
was also a vertical zonation of the benthos with one zone from 200-2000 m, and an other one from 2000-
6000 m, and a horizontal régionalisation according to vinoGgrapova (1979) (Fig. 6.1.2.6).

ABV

Oceanic plankton groups:

Cold Arctic
North Boreal

NB

South Boreal
W-T Warm-Temperate

Fig. 48: Pelagic Realm (after Briggs 1995, redrawn).

Comment:

48

The 1974 classification from Briggs showed
only one zone of Cold-temperate waters which
comprised the North and South Boreal zones
of 1995. The North Sea seems to be classified
Warm-temperate now but was part of the
Cold-temperate waters before. This
inconsistency might be due to cartographical
inexactness concerning the northern warm-
temperate boundary. Presumably the North
Sea should be then in the South Boreal zone.

Mediterranean'
Atlantic

Region )
Lusitanean
Province

Fig. 49: Benthal/Coastal Realms (after Bricgs 1995,
redrawn).

Comment:

The 1974 classification of Briggs for Coastal
Realms did not incorporate the English coast
along the western English Channel in the
Lusitanean province.



5.1.4 Day and Roff (1999)'

Planning for Representative Marine Protected Areas: A Frameworkfor Canada’s Oceans

In this approach, modified by R orr and T avyror (2000), a stringent hierarchical classification system has
been developed. According to the authors, this should make it possible to predict the expected marine biological
inventory on the basis of physiographic features related to the specific level of enduring or recurrent habitat
characteristics (Fig. 50). Based on ecological principles, the determination ofthe physical habitat type diversity
should basically be related to a community-level analysis of marine systems.

Using GIS software, the different levels ofthe hierarchy could be overlain with each other to produce seascape-
level boundaries.

At the lowest level of the hierarchy (level 8), seascape units are defined.

At level 6 natural regions can be distinguished, here defined as broad oceanographic and biophysical areas
characterised by similarities in water-mass characteristics and sea-ice conditions.

At the lower levels of the hierarchy, the seascape-level parameters are applicable to either the pelagic or the
benthic ecological realm. These criteria of stratification, slope, exposure and substrate are merged into the
GIS with the natural region boundaries. The combination of a pelagic layer overlying a benthic layer forms
ecologically unique conditions. Each set of unique conditions defines a habitat type, or seascape, creating the
basic functional unit of the hierarchy. Each seascape, therefore, has a unique set of characteristics formulated
from the combination of all levels of the hierarchy.

Biological Factors Oceanographic Factors Physiographic Factors
Predation Productivity Geological activities

Resources (nutrients and food) Water masses and salinity Geographical position and latitude
Competition Temperature Geological history of the ocean
Life-history patterns Temperature gradients, temperature basin

Mutualisms anomalies and upwellings W ater depth

Opportunist and equilibrium lee cover and ice scour Relief (slope)

species Segregation of benthic and pelagic Substrate (sediment) particle size
Recruitment mechanisms realms Basin morphometry (topography)
Migrant species W ater motions Geology (rock type)

Larval dispersal Convergences and divergences Substrate heterogeneity
Buoyancy and sinking Stratification, mixing regime and

Desiccation resistance nutrients

Osmotic tolerance Light penetration and turbidity

Spatial and dimensional use Depth and pressure

Patchiness Tidal amplitude and currents

Seasonal cycles Exposure (to atmosphere and waves)

Biological succession Tsunamis, storm surges, hurricanes

Human activities and water spouts

Fig. 50: Factors determining or correlated with, or controlling the nature and distribution of marine biota (from D Ay
and R o ff 1999).

A simplified overview of the hierarchical system is given below:

Level 1: Environment Type
Freshwater lotie (streams and rivers), Freshwater lentic (lakes), Estuaries (junctions of fresh and marine
waters), Marine (seas and oceans)

Level 2: Geographic Range
Division between the Arctic and Atlantic Oceans based on sea-ice frequency and previously defined extents
of the Arctic and Atlantic basins.

Level 3: Temperature

A combination of temperature and sea-ice frequency differentiates also between the Pacific, Atlantic and
Arctic Oceans, with further subdivision into definable thermal regimes.
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Arctic Waters (avg. temp < 0°C, ice 9-12 months)

Subarctic Waters (avg. temp >0°C ice 6-9 months)

Boreal Waters (avg. temp. > 0°C, ice 1-6 months)

Temperate Waters (avg. temp > 0°C <18°C, ice < 1 month)
Subtropical Waters Subtropical (> 6°C winter, > 18°C summer)

Level 4: Sea-ice Cover
Permanent Pack lee, Seasonal lee, Variable lee, No lee, Polynyas

Level 5: Segregation of Pelagic and Benthic Environments
Level 6: Vertical Segregation

Pelagic Realm
Segregate the water column by depth intervals at level 6.

Segregate the pelagic zone into stratified, nonstratified andfrontal regions at level 7.

Benthic Realm

Discrimination of community types by depth, which is a correlate for light and pressure.

Pelagic and benthic zones of the ocean:
1- Nearshore euphotic (0-50 m)

2 - Pelagic euphotic/epipelagic (0-50 m )
3 - Dysphotic/epipetagic (60-200 m )

4 - Aphotic/mesopelagic (200-1000 m)

5 - Aphotic/bathypelagic (1000-2000 m)

6 - Aphotic/abyssal (> 2000 m)

Level 7: Mixing and Wave Action

Pelagic Stratification: The stratification parameter (S) distinguishes regions of the water column that become
stratified during the seasonal heating cycle from those that remain vertically mixed. Frontal zones between
these two regions are productive areas that represent one type of temperature anomaly. The stratification
parameter also describes the broad-scale type of summer nutrient regime: impoverished surface waters in
stratified areas versus regions of vertical nutrient replenishment. The stratification parameter also accounts
for the effects of tidal amplitude within the pelagic realm. The effects of major ocean currents will already

have been accounted for in the distribution of temperature at level 3 of the hierarchy.

stratified (S>2); frontal (1<S<2); nonstratified (S<1)
Benthic Exposure and Slope:

benthic offshore (dysphotic) low slope (<1°);
benthic nearshore (euphotic) sheltered: fetch <250 km;

Level 8: Benthic Substrate

high slope (>1°)
exposed: fetch > 250 km

Rock/boulders (incl. bare rock); Pebbles/gravel/coarse sand; Fine sand; Mud/silt
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515 Earn and Farnham (1983)

Earce and Farnuam (1983) stressed the continuous character of marine biogeographic patterns. Despite this
phenomenon there are boundaries or discontinuities which occur where there is a high frequency of
distributional range terminations.

According to these authors, biogeographic provinces should be defined by the proportion of endemic species
with endemism rates exceeding 25% beginning to suggest arcas where spéciation had taken place during
evolutionary processes sufficient to warrant the designation as a province. The area around the British Isles
was regarded as a transition area, lying to the south of the Boreal province with strong warm temperate
influence especially at the western approach and, to a lesser extent, Arctic influences from the north (Figs.
51-53). These patterns were underlined by tables of northern distributional limits of southern faunal elements
and southern distributional limits of northern faunal elements. Despite general gradual biogeographic changes
along the north-eastern Atlantic coasts a discontinuity of floral distribution patterns between Clare Island and
the Faeroes had been emphasised by EarcL and Farnuam partly on the base of data of van pen Hoek and
Donze (1967).

Different environmental factors (temporal and spatial) have been discussed of which biogeographic variations
should be regarded at different geographic scales and biogeographical levels (Fig. 45).

Place R C P R+C+P (R+C(/P R/P Reference (R+Q/P R/P
Newfoundland 55 23 41 119 1.9 1.3 Hooper et al. (1980) .
Greenland 38 36 68 142 1.1 Lund (1959) Arctic 2 L5
Iceland 83 54 72 209 1.9 1.1 Caram and Johnson (1972)
Faroes 83 44 73 200 17 Borgesen (1905) Cold temp.  2-3 1.5-3
Helgoland, Germany 73 53 56 182 2.2 1.3 Kornmann and Sahling Warm temp 3-5 3-4
(1977) ’
Netherlands* 62 58 54 174 22 1.1 Den Hartog (1959) Tropical 5 4
British Isles 334 115 207 656 2.2 1.6 Parke and Dixon (1976) P
Ireland 246 87 147 480 2.3 1.7 Guiry (1978)
Roscoff (NW France) 286 96 160 524 2.4 1.8 Feldmann (1954); Feld- . . .
mann and Magne (1964) Fig. 51 left and Fig. 52 above: Ratios of
f)\?rlt\:[lighe . %ig Zg ‘;g ;gg g; 55 érdre (1970)98 ) red (R), green (C), and brown
. iterranean . T oppejans (1980 i -
Albergs (Med.) 259 79 88 426 3.8 2.9 Feldmann (1937) (P) alg.ae in the North-East
Canaries 202 69 55 326 4.9 3.7 Borgesen, in Feldmann Atlantic used for the
o (1937) delimitation of provinces.
Trlnldgd 71 38 24 133 4.5 3.0 Richardson (1975) Th floristi h teristi
E. Africa 327 143 97 567 4.9 3.4 G. Lawson (unpublished) ese Tloristic charac eI:lS 1cs
Texas 53 21 14 88 5.3 3.8 Edwards (1970) are based on the higher
Jamaica 161 123 47 331 6.0 3.4 Chapman (1961, 1963) dominance of brown algae in
* Indigenous and drift species. colder waters and the higher
preponderance ofred and green
algae in warmer waters (from
80N 80N EArLL and FARNHAM 1983).
— Limit of pack lee
«me Limit of drift lee
70N 70N
60N 6ON
SON 50N

I TArctic Province

Warm-Temperate
Lusitanian Province

Cold-Temperate
Boreal Province

Fig. 53: The biogeographical provinces of the North-East Atlantic based on
the classification of BrigGs (1974) (from E ARLL and FARNHAM (1983).
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5.1.6 Hayden, Ray, and D olan (1984): Classification of Coastal and Marine Environments

This classification, combines the faunal provinces of Brices (1974) with physiographic features divided into
ocean realms (currents) and coastal realms. It was prepared for the IUCN for nature protection purposes.

D ietricH’s (1963) classification of oceanic regions was merged with annual average atmospheric circulations
to get a system of natural oceanic regions but only for surface waters.

120-w;' ‘
D (JPM -

40°w;

Oceanic Realm

Direction ofSurface Currents:

L variable eastward

1 weak and variable

Il e: strong equatorwards
trade-wind currents

Coastal Realm:
M) : Arctic
Ai : Subpolar
Western temperate

Fig. 54 Classification of Coastal and Marine Environments (from H AyDEN et al.

1984, redrawn).
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20 W!

Faunalprovinces, after Briggs 1974:
(6] Arctic

© East Atlantic Boreal

Q Lusitanean

m mm mm boundary of
marginal seas

1 1 Arctic marginal sea ?
S j Subpolar marginal sea ?

1 limits of pack-ice ?

Although Brigas’ (1974) classi-
fication had been followed clo-
sely for the zoogeographical part
of the classification, oceanic is-
land had been fallen biogeogra-
phically into oblivion.

For coastal realms currents, wind-
streams, coastal geomorphology,
temperature and salinity were
considered. These coastal realms
were assumed to coincide with
the boundaries of biotic pro-
vinces.

Marginal seas are situated bet-
ween coastal margins and conti-
nents or between two coastal
margins and are classified accor-
ding to the adjacent coastal realm
they are associated with.

The result is a two-dimensional
classification with the following
fundamental biomes: open
oceans, coastal margins, marginal
seas, and marginal archipelagos.

Furthermore the authors sugge-
sted the development of matrices
which cross-reference provinces
with habitats to ensure that all
habitat types are included within
representative protected areas.
They also emphasised a further
development ofthe third vertical
dimension and the fact that it
would be equally important to
align marine vegetation patterns
to this system.



5.1.7 GoLikov, D OLGOLENKO, M axiMmovicH, and ScarrLato (1990)

According to these authors this interrelated landscape and flora-faunistic approach is based to a great extent
on the analysis ofthe modern distribution of qualitative composition and quantitative development of species
populations and higher taxa applied to the three principles of biogeography: provinciality, zonality, and
history.

Gorikov et al. emphasised the role of age and place of origin of the different floras and faunas with succession
and sources of formation in different world regions, different latitudes, and different depths.
Ecophysiological adaptations should have been related to species level, while morpho-functional adaptations
became distinct during the emergence of higher taxa. Physical and chemical environment changes preceded
spéciation and caused emergence of new species related to the formation of certain water masses. Therefore,
as a result, species of each biogeographical group are associated in their distribution with definite water
masses comprising a hydrobiocomplex.

Genetical sources from where distribution, adaptation, and spéciation had taken place should have spread
with the longest time for evolution from tropical regions to temperate and even cold regions. The Arctic
region being the youngest biogeographic formation in terms of hydrological and biological appearance is
mostly under control of North Atlantic waters but with most inhabitants being of Pacific origin.

The hierarchical system of a landscape-geographical approach, integrating bio-ecological elements into
landscape divisions, was analysed in the second part of this classification. In rising hierarchical levels these
elements in landscape divisions are: Individual — Monocene + Monotope -a Population -a Democene +
Ecotope — Biocenosis —a Ecosystem —» Association -A Facia -o Biome -A Formation. Subdistricts appear
to be the first flora-faunistic biogeographical divisions. Districts are characterised by the presence of original
intraspecific forms. Endemics on species level are peculiar to provinces, genera to subregions, which frequently
have endemic families, super-regions may contain original orders, while kingdoms include even whole classes.

Tropic kingdom

borders ofregions

borders of subregions I Caribbean tropical subregion
Iborders ofprovinces . . . .
I Mediterranean-Lusitanic subtropical
subregion

Temperate/Coid kingdom
Atlantic boreal region
IV Celtic low boreal subregion
8 Baltic province
9 North Sea province
V  Norwegian high-boreal subregion
10 Barents Sea province
11 Scandinavian province

Arctic region
VI Virginian low boreal subregion
13 Virginian province
VII Eurasian subregion
14 Estuary-Arctic interzonal province

Fig. 55: Biogeographical division of the kingdom of temperate and cold
waters of the northern hemisphere on flora-faunistic genetical basis
(from Gotikov et al. 1990, modified).
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5.1.8 GREAT BARRIER REEF M ARINE PARK A UTHORITY, THE W ORLD BANK, IUCN-CNPPA (1995):

A Global Representative System ofMarine Protected Areas

Arctic: BLEAKLEY and A LEXANDER; Northeast Atlantic: G UBBAY

(Baltic: EsPING and GRONQVIST; North West Atlantic: M ONDOR, M ERCIER, CROOM and W OLOTIRA)

This heterogeneous classification has been used by different authors to describe biogeographically
representative regions and zones in which a system of MPAs should be established. The presence of rare
biogeographic qualities or representative of a biogeographic “type” were named as the first criteria for the
selection of priority areas for conservation.

20°wy TiST

40 W

<ss\il/

Arctic

BalticA
alltic k

North East Atlantic

10°W\

CNPPA Marine Regions and Biogeographic Zones

Arctic:

1 High Arctic Oceanic
I High Arctic Coastal
III Arctic Coastal

IV Arctic Maritime

V  Norwegian Coast

North East Atlantic:
I Boreal-Arctic

I Boreal

III Boreal-Lusitanean
IV Lusitanean-Boreal
V  Lusitanean
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Balltic.
I Skagerrak
II  Kattegat

(North West Atlantic)

Comment:

Indistinct boundaries around the area
between south Norway and the Shetland
Islands might be due to incompabilities
in the designation of'the different authors

Large parts of the Arctic and the
NEA classification have been
integrated in this map presenting the
OSPAR area while parts ofthe Baltic
(Skagerrak, Kattegat) and the NWA
are covered only marginally.

The Arctic has been subdivided into
the High Arctic that experience per-
manent pack ice and low
productivity with life cycles adapted
to very strict timetables.

Subarctic areas, with their
extraordinary high productivity and
biomass, are in striking contrast to
the Arctic. Further subdivisions were
made due to oceanic character versus
coastal margin realms.

The whole of Norway with its
character of a double (S-N, O-W)
biogeographic gradient and which
has a complete boreal nature was
incorporated into the Arctic marine
region for practical purposes.

The North-East Atlantic region was
divided into northern Boreal and
southerly Lusitanean subregions with
further subdivisions that indicate the
continuous character of change in
faunal and floral distribution.

The Azores (and Madeira) depict a
separate biogeographic zone even
though not marked on the map.

Fig. 56: CNPPA Marine Regions and
Biogeographic Zones (from
KELLEHER et al. 1995, redrawn).



5.1.9 Hiscock (1998): Biogeography of'the North-East Atlantic

This biogeographic scheme is presented in an extensive work about “Benthic marine ecosystems of Great
Britain and the north-east Atlantic” which was largely based on benthic classifications of communities and
habitats of the BioMar-project/JNCC-MNCRs (UK and Ireland).

The classification itselfis based on areview of diverse sources and earlier works of different biogeographers
and thus delimitations of the different coastal benthic units are rather similar to the one developed in this
study.

The seas around Great Britain are regarded as
being centred in the Boreal region despite a great
range of different physical and chemical
conditions.

Although many biogeographical changes are
considered to occur gradually over large distances,
the seas in this area include boreal-arctic and
especially at the south-western approach boreal-
lusitanean characteristics, thus leading to a great
variety in marine biodiversity.

A marked biogeographic change on the northern
coast of Spain has been described but without furt-
her consideration in the map.

Arctic region Lusitanean region (warm temperate)
Flg 57: Biogeography of the North-East Atlantic I__ I Arctic-boreal province | Lusitanean-boreal province
(from Hiscock 1998, redrawn). i Lusitanean province

Boreal region
. (cold temperate)
Comment: Shown classified areas are

incomplete to the north and south due to a
different cartografical projection.

1 Boreal-arctic province
r~1i Boreal province

I I Boreal-lusitanean province

5.1.10 Gremarec 1968/1998/2000

The NE-Atlantic was divided on the basis of the distribution ofbivalves at a species level into Cold (Arctic),
Cool, Mild, and Warm Temperate subprovinces being covered by the OSPAR area (Fig. 60) with further
consideration of a Subarctic/Arctic-Boreal subprovince north of the Lofoten Islands.

GrimArEec identified 22 bivalves of true Arctic character within the group of cold origin in the OSPAR area.
Another 65 species of an Arctic-Boreal group of which 2/31d are of amphiatlantic character are penetrating
southward by submergence into bathyal étages as far as the Bay of Biscay (Fig. 58).

The bivalves group of warm origin, which might have survived in bathyal depths during the Pleistocene,
consist of 173 species (Fig. 59).
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The 61 most eurythermal species have a distribution range from Gibraltar to the Lofoten. A cool temperate
subprovince between 64° and 68° northern latitude is marked by a nearly equal presence of cool temperate
and arctico-boreal species. Another 36 cool temperate species reach along the Finnmark coast, which might
be declared as a subarctic subprovince.

A mild temperate subprovince covers the areca from St Jean de Luz (Gulf of Gascony) to the Trondheim
Fjord (Norway, 64°N) and can be further subdivided due to northern limits of species of warm origin: 6
species as far as Brest/Brittany; 14 species to the western Channel, Irish Sea and western Ireland; 7 species to
the Orkney-Shetland channel; 17 species to the southern North Sea and 26 species as far as Trondheim.
Being a region of transition there is also a rich proportion submerged arctico-boreal species.

The warm temperate subprovince, with 42 species of warm origin, stretches along the Iberian coasts with the
exclusion of the Galician region around Cape Finisterre with its mild temperate character due to upwelling
waters.

cool temperate
subprovince

ampftiatlantic / /L

Temperate

Province 173 mild temperate
subprovihce

. mt
Arctic
Wt
warm temperate
subprovince
Troplcal (lusitanean * mediterranean!

Province

(subtropical - outer tropical!

Fig. 59: Bivalves of the NEA of warm origin (from

. GLEMAREC 1998, modified 2000).
N f Arctic-Boreal

1 65 sp

Mild
Temperate
Warm Temperas

Inner Tropical

Fig. 58: Bivalves of the NEA of cold origin (from

Fig. 60: Atlantic provinces and subprovinces based on
GLEMAREC 1998).

bivalve distribution limits (from G LEMAREC 1998).
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5.1.11 Backus, Crapock, HAEDRICH, and Rosinson (1977):
Atlantic Mesopelagic Zoogeography

On the base of 1,022 midwater trawls, mostly at depths from 240-800 m at day and < 200 m at night and
collections from 531 neuston stations in the Atlantic between ~ 65°N and 40°S, a system of mesopelagic
zoogeographical regions, provinces, and distribution patterns had been discriminated by B ackus et al. (1977)
and B ackus (1986) with data of mesopelagic fish records and boundary delimitations given by B ackus and
crapock (1977a, b).

Fish data, having been collected mostly on transects, were examined for faunal change. Locations along the
transects of marked faunal change were examined for evidence of physical change. The physical change was
assumed always to exist and was generally readily detectable in the presence of a marked faunal change, with
which it was assumed to be directly related. Such physical changes were related to and identified with some
widespread oceanographic circulational feature. Furthermore this circulational feature was plotted with the
use of physical oceanography and thus was taken as the faunal boundary.

Using this procedure an Atlantic Subarctic” region and a "North Atlantic Temperate” region, later subdivided
into the “Northern Gyre”, ”Azores-Britain”, "Mediterranean Outflow” provinces, were identified for the
OSPAR area (Fig. 61). The “North Atlantic Subtropical” region with its "Northern North African Subtropical
Sea” province is touched only marginal. The Subarctic region is characterised by its very low diversity and
the myctophid species living there which also occur in the adjacent temperate seas. The Arctic was not
thought likely to contain a mesopelagic fish fauna although B ackus (1986) published a more generalised
biogeographic map including the Arctic with a delimitation against the Atlantic Subarctic based on D unsar
(1951).

OSPAR
boundary

JANTIC
SUBTROP CAL

Fig. 61: Mesopelagic ichtyogeographic classification (from Backus, Cradock, Haedrich, and Robinson 1977; clipped
and OSPAR boundary added): The heavy lines set apart the regions, the light lines the provinces according to
the following numbers: 1. Atlantic Subarctic; 2. Northern Gyre; 4. Azores-Britain; 5. Mediterranean Outflow;
10. Northern North African Subtropical Sea;
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5.1.12 van der Spoel and Heyman (1983): A Comparative Atlas of Zooplankton

This Atlas contains a remarkable extensive selection of maps dealing with pelagic biogeography. Only few

examples can be presented here.

Showing dominantly Zooplankton (e.g. Fig. 62), but also phytoplankton (Fig. 63), ichtyoplankton, and
vertebrate patterns (fishes excluded), meso- and bathypelagic patterns, and maps of oceanographic features,
resulting general biogeographic pattern (Fig. 64), the following pelagic patterns were distinguished:

* beltshaped patterns latitudinal wide ranging and
partly with species submergence;

* Dbeltshaped patterns with warm-water ranges and
cold-water ranges;

* oceanic or central-water with cold-water and
tropical patterns;

* not-beltshaped oceanic patterns;

* endemic patterns;

* neritic patterns with warm-water patterns and
cold-water ranges;

» distant-neritic patterns;

» disjunct or continuous distributions;

® different types of spéciation;

« different types of allopatric abundance;

« different types of sympatric abundance;

« distributions grouped around a faunal centre.
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1 = Arctic area

2 = Subarctic area

3 = Northern Temperate area

4 = Northern Subtropical area

5 = Northern Subtropical-Terminal area

6 = Equatorial area

dotted = areas of strong mixing water masses

Fig. 62: Zooplankton geography (from van DER SPOEL and
HEevyMAN 1983; clipped).
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1= Arctic area

2 = Arctic-Boreal area

3 = Northern Transitional area
4 = Tropical area

Fig. 63: Phytoplankton geography (from vanx pErR SPOEL
and HeymaN 1983; clipped).
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1 = Arctic zone

2 = Subarctic zone

3 = Cool-Temperate zone

4 = Warm-Temperate zone

5 = Tropical zone

9 = Dunbar line (5°C average isotherm)

10 = Ortmann line (15°C average isotherm)

Fig. 64: Pelagic biogeographic zones (from van DER SPOEL
and Hevman 1983; clipped).



5.1.13 vroncuurst (1998): Ecological Geography

Focussing his work on pelagic surface production patterns, Longhurst evaluated mainly phytoplankton
chlorophyll distribution and density data gained from Coastal Zone Colour Scanner (CZCS) images of the
NIMBUS satellite system.

These and other oceanographic data sets, such as sea surface temperatures, were obtained in short time
intervals for several years, and assessed with regard to plankton productivity patterns with a view to predicting
dependent biological patterns.

Polar, Westerly Winds, Trade Winds (= Tropical), and Coastal Boundary biomes were differentiated because
of the different processes leading to dependent characters of mixing and layering (Longhurst 1995). Biome
zones were characterised by a quantification oftaxonomic and aggregated trophic plankton groups in percentage
of carbon biomass. These biomes are delimited by frontal boundaries and contain various provinces
distinguished by different patterns of productivity. Three major provinces were incorporated in the Polar
biome because of their similar characteristics. But it was stated that the geographical limits might change
seasonally even far beyond the polar fronts. The Westerlies biome was regarded as a transition between the
Polar and Trade Wind biomes, showing characteristics of each. The Coastal Boundary biome shows much
more diversity in its patterns due to a wide temperature range and seasonality, with patterns being formed by
the interaction of oceanic circulation, tides, and continental topography.

Longhurst criticised classical marine

biogeography amongst other things for its lack in

methodology, for insufficiencies related to

difficulties in plankton taxonomy due to common § Boreal Polar Prov
phenotypic variations, and vaguenesses related to BPLR

species emergence <» submergence, and

expatriation.

On the other hand this approach did not give any Atlantic
descriptions of shallow and deep benthic and

bathypelagic ecology. ARCT NECS

Also patterns of the neritic coastal fringe Subaretic

.. . ) . k - fn
shoreward ofthe coastal turbidity fronts, occurring Atlantic  Province Lrés
Arctic * Northeast-
along almost all coasts, could not be handled by Province i<i' , Atlantic ¢
the evaluation of satellite images. | Shelves"
¢ >provincef
NADR

Longhurst further suggested the use of such
ecological geography as a framework for
systematical biogeography as a fill-in, as far as
taxonomic patterns are known.

North Atlantic Drift Province

Eastern
; (Canary)

North Atlantic Subtropical Gyral 0 . Coastal

Province « W Province
NAST(W) NAST(E)
36°/v
I
40°W 300V 20°W\ 10°W\

Atlantic Polar Atlantic Westerly Atlantic Coastal

Biome: Winds Biome: Biome:
ARCT NADR NECS
BPLR NAST (East & West)  CNRY
SARC

Fig. 65: Ecological geography (from LonGHURrsT 1998,
redrawn).
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5.1.14 PRUD’HOMME VAN REINE and VAN DEN HOEK (1990):
Biogeography of Macaronesian Seaweeds

Partly integrating former publications (PrRub’HoMME vaN REINE 1988; PRUD’HOMME vAN REINE and VAN DEN
Hoek 1988) and data about the seaweed biogeography of the Macaronesian mid-Atlantic islands, these authors
statistically identified a Macaronesian biogeographic seaweed region in sensu strictu comprising the Madei-
ra, Canary (L/F and OC groups), and Salvage islands and archipelagos (Fig. 66). These four island groups
were closely related to the Western Mediterranean region with imprints from eastern America (largely
Caribbean) that make them distinct from the subtropical West-African flora. This could be due to a similar
temperature regime or due to currents (Fig. 15) and possibly thereby implied dispersal patterns. In contrast to
this, the Azores were only related to the Macaronesian region in a wider sense with their impoverished flora
even closer related to species of amphiatlantic distribution. Only 189 seaweed species have been recorded
for the Azores with 10 ofthose as being endemic (Prup’HomMmE van ReEINE 1988). Affinities of theses “chance
survivors of chance invasions” were partly closer to the WM, NCWT, and SCWT regions than to other
Macaronesian groups. The boundary between the Ct and NCWT regions in this classification roughly
corresponds with the discontinuity described by EarcL and Farnuam (1983) and van peEnN Hoek and D onNzE
(1967), while the boundaries between the NCWT, SCWT, and subtropical West-African regions depict furt-
her subdivisions of the former Lusitanean province of the warm-temperate Mediterranean-Atlantic region of
vaN DEN Hoek (1975) (Chap. 5.1.16).

Fig. 66: Biogeography of Macaronesian
Seaweeds (from PruUD’HOMME
VAN REINE and VAN DEN H OEK

1990):

AZ Azores
CAN  Canary Islands (OC and L/F

together)
CAR Caribbean
CT CT Europe: Scotland, Norway,

North Sea and Baltic
CTA NE America, north of Cape

Cod
NCWT]j r CVI Cape Verde Islands
CTA L/F Lanzarote, Fuerteventura and
. A surrounding islets
WTA AASCwirCwMI MAD  Madeira Archipelago
’ Macar, s.s.  Macaronesia sensu strictu
see / (L/F, MAD, OC, and SAL)

insert ' NCWT NE Spain, Atlantic France, S,
SUBTR.AFR. SW, and NW England, Wales,
Ireland (Northern cooler warm

~ \CAR\ CVI temperate areas)

oC Canary Islands except L/F
SAL  Salvage Islands
0 0.. SCWT Morocco (excl. former Spanish
Sahara), Atlantic SW Spain,
Portugal (Southern cooler
warm temperate areas)
Subtr. Afr.  NW Senegal (North of
Gambia), Mauretania, former
Spanish Sahara
Tr. Afr. From Gambia to Congo Rivers
WM  Western Mediterranean
WTA NE America between Cape
Canaveral and Cape Cod

SAL

insert
oC SUBTR.AFR.
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5.1.15 LLORIS, RUCABADO, and FIGUEROA (1991):

Biogeography ofthe Macaronesian Ichtyofauna

An inventory of 913 fish species (102 chondrichtyes and 811 osteichtyes) of the Macaronesian region was
examined for geographical provenience and relationships between the species. A similarity analysis between
the archipelagos Azores, Madeira, Canaries, Cape Verde, and an African Site - neighbouring the Canaries
and adjacent areas to the south - gave affinities in shared species according to figure 67, which were also
attested by the statistical analysis of genera and families.

Ofthe whole Macaronesian region 16.4% ofthe species were identified to belong to the Atlanto-Mediterranean
group, 13.4% were endemics with a centre around Madeira, 11.9% were Amphiatlantic species, 7.3% were
Cosmopolitan species, 6.8% were Boreal species, 24.9% were assigned to Equato-Guinean origin, and 24.2%
were Circumglobal species.

Analysing families, the Azores showed a closer affinity to Madeira within the Macaronesian archipelagos,
but they were quite isolated on generic and even more on species level.

Overall the Macaronesian region was regarded as an ichtyofaunistic crossroad (Fig. 68). There was a high
degree (43.4%) of Amphiatlantic, Circumglobal, and Cosmopolitan species merging with a ’septentrional/
northern” group (Boreal, Atlanto-Mediterranean, Endemics) of 27.2%, and the southern Equato-Guinean
group (29.4%), with the latter two groups give the Macaronesian region its predominant character but without
being a biogeographical unit in its own right. The resulting hierarchical ranking is shown in figure 69.

25

Fig. 68: Distribution model for the Macaronesian region
as being an ichtyofaunistic transition area
(Continuous trace is used for dominant faunae)
(from Lroris et al. 1991):

1 and M: Atlanto-Mediterranean;

2: Amphiatlantic;
3-6: Circumglobal and Cosmopolite;
4: Boreal;
Fig. 67: Exclusive and mostrelevant species groups ofand 5: Equato-Guinean
E: Endemic

between the different Macaronesian geographic
units. To note, the northern group (41 species),
common to all localities except the Cape Verde
islands, is composed mainly by equatorial species
(46%) (from Lroris et al. 1991).

61



SEPTENTRIONAL KINGDOM

ATLANTO-BOREAL REGION (Holarctic)

ATLANTO-MEDITERRANEAN PROVINCE

MADEIRAN DISTRICT
SAHARIAN DISTRICT

EQUATO-GUINEAN PROVINCE

ATLANTO-TROPICAL RECION (Paleotropical)

Fig. 69: Hierarchical proposal ofbiogeographic levels for
the studied area (from L roris et al. 1991).

5.1.16 va~ ven Hoex (1975): Phytogeographic (Seaweed) regions and provinces

In series of publications (as van pex Hoek and Donze 1966, 1967; van pen Hoek 1975; 1979; 1982a, b, c;
1984; 1987; van pen Hoek and BreemanN 1989; van pen Hoek et al. 1990; Prup‘HoMME vaN REINE and van
peN Hoek 1988, 1990) van pen Hoek dealt with distribution patterns of seaweeds in the North Atlantic and
possible causes. This was based on a survey of algal phytogeography along the European Atlantic coasts. For
the first time he pointed out that the discontinuities between the cold Arctic waters of Spitzbergen and cold
temperate waters of Scandinavia and between cold and warm temperate waters at around Clare Island/W-
Ireland could be proved statistically, correlated with surface temperatures, and (van pexn Hoek and D oNzE
1967). This was enforced by laboratory experiments about the ecological amplitude of species (van pen
Hoek 1982a, b) and led to this phytogeographic classification. The boundaries were mainly confined to

> 4

~  Eastern
m province

'Cold temperate
Amphiatlantic-
Boreal
region A

( Warm

; temperate
Mediterranean-
Atlantic-region
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surface isotherms with the Amphiatlantic-Boreal

region lying between the 10°C summer-isotherm to

the Arctic and the 10° winter- or 15° summer-

isotherm to the warm temperate Mediterranean-

Atlantic region (vaN peEN HoEek 1975).

For the OSPAR area, van pen Hoek (1982a) further

identified the following distribution groups, including

key species, with the help of the recognition of

southern/warm and northern/cold lethal, growth,

reproduction, and complex boundaries:

- Arctic group

- Amphiatlantic temperate group

- Amphiatlantic temperate group with a southern
boundary near a summer isotherm

- Amphiatlantic temperate group with a southern
boundary near a winter isotherm

- Amphiatlantic tropical-to-temperate group

- Amphiatlantic tropical-to-temperate group with
northeastern extension

- Amphiatlantic tropical-to-temperate group with
northwestern extension

- Warm temperate Mediterranean-Atlantic group

Fig. 70: Phytogeographic (seaweed) regions and provinces
(from va~ pEN Hoek 1975; redrawn).



5.1.17 Lu~iNe (1985): Marine Botany

In his book about marine botany L univg (1985) gave detailed descriptions of seaweed ecology, distribution,
physiology, and human use with a focus on the North Atlantic.

Reflecting isotherms as being the most decisive factor for marine distribution patterns his classification is
closely related to the biogeographic schemes of Bricss (1974) and M icnanek (1979).

For the North Atlantic the isotherms used are the 10°C summer and 0°C winter isotherm to delineate between
the Arctic and the cold temperate regions, and the 15°C summer and 10°C winter isotherm between the cold
temperate and warm temperate regions. This approach is broad and should be modified to take account of
peculiarities of the different coastlines and substrates. They do however coincide with temperature boundaries
of many seaweed groups e.g. they are exact for laminariales which follow the 20°C summer isotherm in their
southern distribution limits.

This author also assumes the existence of northern (corresponding to the winter isotherm) and southern
(corresponding to the summer isotherm) lethal, reproduction, growth, or complex boundaries for seaweeds
given by van peN Hoek (1982a, b) with regard to the northern hemisphere.

The Subarctic region of BORGESEN &JONSSON (1905/1908) and M icnanek (1979,1983) has been incorporated
into the Arctic region of LuniNG

(1985) because there are no

Subarctic endemic seaweeds and

such a delineation seemed to be

difficult due to a indistinct

delimitation from  northern

boundaries of cold temperate

seaweeds.

Liining gives aboundary between the
cold temperate and the warm
temperate region at west Ireland and
the western Channel.

Fig. 71: Groups of marine biogeo-
graphic regions (from LUNING
1985):
A:  Arctic region
K:  Cold temperate region
W:  Warm temperate region
T: Tropical region
S:  Subantarctic Island region
Ant: Antarctic region
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5.1.18 ALvAREZ, G ALLARDO, RIBERA, and G ARRETA (1988):
A reassessment ofNorthern Atlantic seaweed biogeography

Statistical relationships between species numbers of whole seaweed floras as well as major taxonomic groups
of 25 regions of the North Atlantic Ocean and the Mediterranean Sea and geographical factors as latitude,
longitude, average temperatures in February and August, tidal height, and coastal length have been sought by

the authors.

Compared to the seaweed distribution analyses of van pen Hoek (e.g. 1975,1979, 1982a, b, c,...), focussing
on rhodophyta and backed up by ecological laboratory testing, these authors used all seaweed floras and
records of distribution patterns from various authors. Their analysis revealed that tidal height appeared to be
inversely related to species numbers, especially of rhodophyta, whereas chlorophyta and phacophyta species
numbers were directly related to seawater temperatures in August and February.

In contrast to other biogeographic
classifications, A Lvarez et al. drew
the boundary between the cold-
temperate and the warm-temperate
regions in the North Sea, with regard
to a cold water related flora of Den-
mark, and including the whole Bri-
tish and Irish mainlands in the warm-
temperate region. The affinity
between Arctic zones proved to be
somewhat low, perhaps due to
restricted data taken only from Ca-
nada, southern Greenland, and Spitz-
bergen (Svalbard).

The authors found a segregation
between western and eastern Atlantic
cold- and warm-temperate floras in
contrast to0 vAN DEN HOEK’s (1975)
amphiatlantic groups.

Coastal length was lacking statistical
significance with species numbers.

The most surprising result was the
sharp discontinuity between the
eastern North Atlantic and the
Mediterranean and a new distinct
region of North-West Africa
comprising the Canary Islands. In
this sense, with regard to the OSPAR
area, it is a pity that they did not
include any data of the Azores and
Madeira to show the biogeographic
relationships
Macaronesian archipelagos and the
north-western African, Iberian and
Mediterranean floras.

between the
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Region name

Tropical Western Atlantic region

Warm temperate Western Atlantic region

Cold temperate Western Atlantic region

Arctic Atlantic region (America-Greenland)

Arctic Atlantic region (Europe)
Cold temperate Eastern Atlantic region
Warm temperate Eastern Atlantic region

Subtropical Eastern Atlantic region

Tropical Eastern Atlantic region

Mediterranean region

Approxima
latitude ext

28 N-0
37 N-28 1
60 N-37 1
75 -60 N
80 N-71 1
71 N-58 1
59 N-361
36 N-13 1
13 N-0
46 N-36 1

Fig. 72: Phytogeographic regions along the North Atlantic and the
Mediterranean coasts as shown by seaweed flora affinities (from
ALvaRrgz et al. 1988).



5.1.19 Michanek (1979): Phytogeographic provinces and seaweed distribution

This classification was developed as part of an evaluation of seaweed distribution for an economic use of
harvestable plant resources and production data (M icianek 1983).

The warm temperate region shows isotheres (summer maxima) of ~ 20-25° C, surface temperatures usually
~ 17°-25° C in summer, 10°-20° C in winter, and seasonal temperature variations of ~ 10° C. The delimitation
against the cold temperate or boreal region in the NEA follows mainly van pen H ok and D onze (1967) with
a transition between warm Lusitanean and cold boreal waters at the entrance of the English Channel and
between Clare Island/W-Ireland and the Faeroes. Apart from regions of upwelling water, is transparent and
productivity is generally low. Eurythermie tropical species adapted to temperature changes and able to withstand
lower winter temperatures are included as well as boreal species that can endure high summer temperatures.
The genera Cystoseira and Sargassum partly replace Laminaria and Fucus which stretch into warm temperate
waters from the boreal region. Saccorhiza polyschides is best developed in warm temperate waters.

The cold temperate region is characterised by a strong seasonality with winter temperatures between 0° C
and +10° C, annual variations in coastal waters of 10°-20° C and great differences between top surface layers
and strata below in summer. Phycologically, this is the biogeographic zone of highest developed kelp and
rockweed vegetation, particularly the genera Laminaria and Fucus in the Atlantic. The cold temperate region
has also assimilated eurythermie species of warm temperate origin. Some of those survive the low winter
temperatures as sterile winter stands, or hibernate as spores, zygotes, or microscopic gametophytes. A
delimitation against the Subarctic region is supported by the other floral discontinuity between Spitzbergen
and Scandinavia mentioned by van pen Hoek and Donze (1967).

The Subarctic region shows usually but not necessarily seasonal sea ice cover. It stretches along the Murman
coast to the point of regular coastal ice in winter, and, according to D unsar (1951, 1953) consists of mixed
Arctic and Atlantic waters. Surface temperatures may rise to 5° C in the summer. The genera Alaria, Aga-
rum, and certain Laminaria and Fucus species characterise this region. They are not necessarily confined to
Arctic waters but make up a bigger part of the total biomass.

The delineation between the Arctic, which has almost
all the year round ice cover, and the Subarctic regions
was fully adopted from D unsar (1951, 1953).

Fig. 73: Geographical distribution of marine algae.
Delineation of climatic regions refer to coastal
littoral and sublittoral waters (from M icHANEK
1979, clipped).

A: Arctic

S: Subarctic

C: Cold temperate
W: Warm temperate
T: Tropical
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5.1.20 HELa and Laevastu (1961): Natural regions of'the oceans

Heia and Laevastu made their biogeographical analysis in relation to near surface hydrographical factors
(e.g. shelfareas; current regimes with related boundaries as convergences; temperature regimes) that influence
distribution and abundance of species important to the fishing industry (Fig. 74). Criteria mentioned were
presence and abundance of adult species, sporadic, erratic, and very rare occurrence, and abundance criterions
for spawning areas. An applied branch of marine biogeography should deal with distribution and abundance
of fishery resources and their population dynamics according to the authors.

— ' 'm BOUNDARIES OF THE RESIONJ
----- BOUNDARIES OF THE SURFACE »ATERS

Natural regions of the oceans.

{OBEK "lk-'f."i"

Fig. 74: Natural regions of the oceans (from HEeLa and L aevastu 1961; clipped).

5.1.21 suerman and Arexanoer (1986):

Large Marine Ecosystems (LMEs), as global units for marine resources management

The concept of Large Marine Ecosystems has been presented and discussed in a series of publications (e.g.
suerMAaN et al. 1983; suerman and A Lexanper 1986, 1989; A LExanper 1992; SnErMaN and L aucHLIN 1992;
suermaN et al. 1990, 1991, 1992, 1993; suerman 1993, 1994; suerman and Buscu 1995).

This concept emerged after the 1982 UNCLOS agreement which stated that national EEZs can be established
up to 200 nm from the baselines of territorial seas and granted coastal states sovereign rights to explore,
manage, and conserve the natural resources in this zone. So far 49 LMEs have been identified under the lead
of ICES synthesising fisheries, environmental, and productive information. Large Marine Ecosystems are
relatively extensive regions, generally greater than 200,000 km2 characterised by a distinct bathymetry,
hydrography, productivity, and trophically dependent populations.

They may be within or beyond the boundaries of EEZs (Fig. 75). They might be identified and made up of
submarine topography, hydrographic regimes, trophically dependent populations, commercial species, and
an intersection of national claims (Suerman and A Lexanper 1986; suerman 1993).

LMEs are subject to increasing stress from growing exploitation of fish and other renewable resources,
coastal zone damage, river basin runoff, dumping of urban wastes, and fallout from aerosol contaminants.
The LME-concept can be used to monitor living marine resources, the “health” of their habitats, and to
control the structure and functioning of biological communities but the emphasis is largely on the management
of marine resources, in order to sustain useable biomass yields with a strong focus on exploitable fish.
Comparative studies with LMEs could contribute to improvements in forecasting regional and global trends
in marine biomass yields.
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Fig. 75: LMEs of the North-East
Atlantic (from suerMaN and
A LEXANDER 1986):

17: East Greenland Shelf
18: Iceland Shelf

19: Barents Sea

20: Norwegian Shelf

21: North Sea

48: Faeroe Shelf

23: Celtic-Biscay Shelf
24: Iberian Coastal

5.1.22 punsar (1951/1985): The Arctic Marine Ecosystem

DunBsaAr has published in a series of publications (1951, 1953, 1955, 1963, 1968, 1972, 1977a, 1979, 1982,
1985) a concept for the differentiation between marine Arctic and Subarctic regions. For the upper water
column (200-300 m at least), marine Arctic were distinguished from Subarctic regions and open from semi-
closed water bodies. In the latter region Arctic waters mix with North Atlantic and North Pacific waters and
D unsar identified a good correlation of temperature regimes, biological production, and biogeography.

The Arctic proper was biogeographically
characterised by the ecological significance of'its
ice cover in combination with strong seasonality
and differences in productivity.

Fig. 76: Arctic ecosystems (from D unsar 1985).
marine Arctic = central white areas
marine Subarctic = dark-stippled

terrestrial Subarctic/high latitude forest =
hatched areas
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5.1.23 zenkevitcn (1963): Zoogeographical (benthos) zonation of'the Arctic

z enkeviTcH collected an enormous amount of information about marine “Biology ofthe Seas ofthe U.S.S.R.”
and adjacent seas in his outstanding work.

He was one ofthe first people to describe the occurrence of deep-sea species in shallow Arctic waters with a
completely bathyal fauna emerging as shallow as 100-200 m depths in Siberian coastal waters, a pseudo-
abyssal fauna at> 200 m in the Barents Sea and at only 40-50 m depth in the Nowosibirsk shallows. Z enkeviTcu
underlined the difficulties of distinguishing between the sublittoral, bathyal, and abyssal in this region and
emphasised the absence of a littoral fauna and flora as being characteristic for the high Arctic. For example
he gave a bathyal benthos ratio of 7% abyssal, 14% bathyal, and 30% sublittoral Arctic endemic species
together with 2% abyssal, 5% bathyal, and 42% sublittoral species of wider distribution. Hence 72% of the
bathyal fauna were sublittoral forms with only 19% being true bathyal and 9% of abyssal origin. Four
possible reasons for this unusual emergence were given: low surface temperatures of the high Arctic; small
annual temperature fluctuations; comparatively low water transparency; and obscurity caused by the ice
cover which lasts almost all the year. Thus deep-water fauna with a clear cold-water stenothermy and a
negative phototropism finds no obstacles to expanding into comparatively higher levels.

The boundaries between the Arctic and the boreal regions in the North Atlantic were not the same for the
bottom and the pelagic fauna. The pelagic boundary in the Barents Sea lies much farther to the north and east
than the benthic boundary due to considerable temperature differences between the upper water body of
Atlantic waters and the colder sea floor. This contrasts with the region influenced by the cold East Greenland
current where patterns are reversed.

The western part of the White Sea was
indicated as having a distinct boreal and
much more seasonal and brackish
character even if not marked on the map.

ZENKEVITCH also stressed the
dissimilarity between Arctic and Pacific
bottom faunas caused by the shallow
Bering Strait.

I: Abyssal Arctic subregion

1I: Lower Arctic shallow subregion

Il1lal: High Arctic shallow marine province;
Siberian region

I11a2: High Arctic shallow marine province;
North American Greenland region

dotted line: propagation ofthe boreal littoral

fauna north- and eastwards

Fig. 77: (after Zenkevitch 1963, redrawn).
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5.1.24 Menzies, George, and Rowe (1973):
Abyssal Environment and Ecology ofthe World Oceans

M enzies (1963) and M enzies et al. (1973) regarded the Arctic as being a separate zoogeographic region not
related to the deep Atlantic. Below 2000 m there was made only a distinction between the Norwegian and the
Eurasian basins in the former work. These provinces were differentiated into 5 hypothetical provinces in the
later publication (legend to Fig. 78).

The Arctic divisions as well as those of the other oceans and regions (Fig. 78) were based on differences in
seafloor topography, water masses, and especially temperature of depths > 4000 m, but not confirmed by
faunistic material. Vertically the Arctic was subdivided into an oligohaline shallow shelf faunal zone along
Murmansk and the Canadian archipelago, a nearshore shelf faunal zone, an archibenthic zone of transition,
and abyssal faunal provinces as indicated in the legend below.

In a later publication (M enzies 1975) the biogeographic classification of Zenkeviten (1963, Chap. 5.1.23)

was widely adopted for the Arctic region consisting of a:

High Arctic abyssal region including the deep-seas of the Arctic and the Norwegian-Greenland basins;

High Arctic shallow region between the abyss and the shore;

High Arctic brackish water subregion surrounding the Siberian, Canadian, and Alaskan shores where the
fauna must adjust to seasonal changes in temperature and salinity;

Boreal littoral faunal region from Norway that represents the faunal penetration (summer) by the warm
Norwegian Current;

Low Arctic shallow region between the High Arctic brackish water subregion and the High Arctic central
regions. This is transitional between the Boreal Norwegian fauna and the High Arctic fauna; this time
obviously referring to Arctic-Atlantic relations.

Arctic Deep-Water Region

Norwegian province

Greenland-Fram province

Eurasian province 02
Siberian province

Canadian province

Hhb LA

Atlantic Deep-Water Region
Northwestern Atlantic province
North-Southeastern province
Caribbean-Gulfprovince
Mediterranean province

1
AW~

Antarctic Deep-Water Region
-la  Atlanto-Indian Antarctic area
E-1la(1) Eastern South Atlantic subarea
E-1a(2) Western South Atlantic subarea
E-la(3) Southeastern Indian subarea

mm o000 WwEmmwoww

Fig. 78: A hypothetical scheme of lower abyssal zoogeographic regions,
provinces, and areas (from M enzies et al. 1973, clipped).
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5.1.25 zrzina (1997): Biogeography ofthe Bathyal Zone

This species-level biogeographic approach is based on the distribution of recent brachiopods. According to
the author, it should allow the detection of the recent causes of distribution patterns and the distinction
between actual and historical causes. The distribution of brachiopods that live on the outer shelf edges, and
on the slopes of continents, islands, seamounts, and underwater ridges was examined at depths between 200-
3000 m.

There were discriminated the following depth-related changes within the limits of the bathyal zone:

1.) The reduction of the number of latitudinal (climatic) faunistic belts from 7 global latitudinal belts at
depths less than 700 m to 3 latitudinal belts of depths deeper than 700 m. Differences ofphysical characteristics
of water masses below 2000 m are regarded as being that negligible, that hence the most important
biogeographic difference lies in food supply. Food supply related to the regional productivity and depth was
regarded as an important factor to the distribution of macrobenthic animals.

2.) The diminishing number of species, and

3.) The decreasing number of geographic faunistic elements with increasing depth. Correspondingly areduction
in number of faunistic provinces was identified. The simplification in the biogeographic structure of the
bottom fauna down the slopes correlates with the simplification in the structure of the water masses.

Zezina stated that the productive potential of the upper slope is similar to the one on the continental shelve,
that many systematic groups such as bivalves, gastropods, stalked crinoids, brachiopods, and fishes attain
their maximum species number in the bathyal zone, and that regions of upwelling disturb the normal structure
of bathyal benthic assemblages. The bathyal zone may have acted as a refuge and reserve for recolonisation
ofthe shelves in periods of global climate change, which might be indicated by the occurrence of many relic
species, some of which are the most primitive extant members of their groups.

Latitudinal (climatic) belts:
I, limits of tropical species distribution; II, limits for northern and southern subtropical species;
III, limits for low boreal and antiboreal species; IV, limits for the most cold-water species.

Geographic elements (indicated only the ones with relevance for the OSPAR area):
1, Caribbean; 2, West African; 4, East Pacific; 5, West Atlantic; 6, East Atlantic together with Mediterranean and
Lusitano-Mauritano-Mediterranean; 13, West European; 17, North Atlantic;

Fig. 79: Geographic elements ofrecent brachiopods as distributed in latitudinal belts (from zZeziva 1997).
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5.1.26 v noGrapova (1997):

Zoogeographic demarcation ofthe abyssal and hadaizones ofthe ocean

This classification of abyssal and ultra-abyssal (hadai) zones > 3000 m depth appeared in 1956 and was
published up to 1997 with only minor changes (e.g. Vinocrabpova 1956, 1959, 1979, 1997).

A major conclusion was that the geographical extent of species’ ranges is related to their degree of
eurybathymism and that groups with a high proportion of true stenobathyal abyssal species show a high
degree of endemism. In analysing relationships between adjacent regions and factors controlling distribution
attention was given to fringe-like species ranges near the base of continental slopes, determined by nutritional
conditions.

In the review 02000 species of deep-sea macrobenthos she identified ~ 85% of species which were confined
to only one ocean (32.5% Atlantic, 35.6% Pacific, 16.8% Indian) whereas ~ 4% were cosmopolitans. Thus
she contradicted former opinions of a universal uniformly abyssal fauna.

Furthermore she recognised that the
difference between faunas of diffe-
rent regions increases with depth.

Regional separations of the rather
extensive regions had been
emphasised as occurring through
macrorelief features like mid-ocean
ridges, elevations or continents.
Productivity of the ocean surfaces
was recognised to influence the
geographical distribution of the
deep-sea fauna with latitudinal
boundaries at ~35°-40°N but the
outcome for the régionalisation of
the North Atlantic was not mapped.
This scheme might have been altered
due to meridional deep-sea current
patterns which influence the
deposition of detrital snow.

The Arctic comprising the Arctic and
Norwegian-Greenland basins was
regarded as a subregion of an
Atlantic deep-sea region but with a
high degree of endemics in some
faunal groups.

Fig. 80: Zoogeographic demarcation of
the abyssal zone of the ocean
(from viNoGgrapova 1997,
redrawn)
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5.1.27 v wocravova and z ezinva (1998): Zoogeographic régionalisation ofthe benthal in the range of
continental shelfand slope, and ofabyssal and ultra-abyssal zones

This map is a synthesis of former presentations by the two authors {e.g. VinoGrapova 1979, 1997; ZeziNna
1997) and is based on brachiopods of shelf, sublittoral, and continental slope zones on the one hand and
various systematic animal groups of abyssal and ultra-abyssal zones on the other hand. Only one group of
organisms - brachiopods - have been referred to in this map because it was necessary to apply the same
uniform criteria for assessing the similarity and distinction of different faunas throughout the ocean floor.
Benthic abyssal faunas were noted for their high degree of endemism with many endemic genera and even
some families occurring only locally in the ocean. Major differences are between the Pacific, Antarctic, and
Atlantic Oceans and a mutual relationship between the abyssal benthic fauna of the Arctic and the Atlantic
was stated.

Regions Subregions Provinces
Subregion boundaries
Boreal-Arctic I-I  North Atlantic boreal I-lI-a  North American Provinee boundarics
1-1-b  North European rovince boundaries
1-2 North Pacific boreal 1-2-a Asiatic-Aleutian
I-1-b  North American I- XV Regions
I3 Arctic t,2.3 Subregions
Amphiatlantic tropical II-1  Atlantic-Central American 1I-1-a  Caribean a,b,c Provinces

11-1-b  Brazilian

II -2 Luzitano-Mauritanic (subtropic)

Ultra-abyssal provinces
II -3 Mediterranean (subtropic)

W est African tropical

Atlantic deep X1V -1 Atlantic XIV-I-a Northern Atlantic
XIV -1-b  Western Atlantic

X1V-l-c  Eastern Atlantic
XIV -2 Arctic

Fig. 81: Zoogeographic régionalisation of the benthal in the range of continental shelf and slope (I, II, III), and of
abyssal and ultra-abyssal zones (XIV) (from V woGrapova and Zezina 1998, clipped).
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6 A Biogeographic Synoptical Synthesis of the OSPAR Maritime Area
(An integrated biogeographical approach of the North-East Atlantic area)

6.1 Criteria for the biogeographic classification of the OSPAR area

Forses (1859) distinguished provinces by stating “a province is distinct so far as it is supposed to contain a
certain amount of specific forms which have not been found in some other part of the same sea or ocean, but
it has never any stronger support than that of negative evidence”. According to W oopwarp (1856) ”a province
should have one-halfofits species peculiar to it”. Provinces established on the mixed or intermediate character
of its fauna, should not be of like value with the others (Forses 1859). But even Scuenk and Keen (1936)
who propagated the mid-point-range method (1937) proposed a subjective definition for a province (H epGrETH
1957). Clearly razor-sharp limits can never be drawn as stated by M icuanek (1979).

The hierarchy of Havpen et al. (1984) used the term "realm” for a major subdivision of the world consisting
of several “regions” within which there are "provinces”. The later can be justified as separable either on
account of endemism or by a characteristic biotic association. Hence “"biome” signifies an ecological formation
in biophysiognomic terms being an ecological conceptualisation in contrast to realm” that describes a
geographic division.

According to Briggs (1995) two fundamental divisions of the marine biome are those between the benthic
realm and the pelagic realm, and each of these may be subdivided into a number of depth zones (Fig. 12) as
well as into a series of horizontal regions, provinces, and subprovinces. The continental shelves are considered
to be part of the benthic realm including the neritic water column. The eastern Atlantic has been identified as
belonging to the hierarchical level of a region by B ricgs (1995).

Provinces are subjective appraisals of biogeographic specialists dividing traditionally major temperature
realms into provinces according to Hepcretu (1957). For other authors provinces describe an index of 50 %
endemism (W oopwarp 1856), or marine temperature regimes according to Vauuan (1940), STEPHENSON
(1947), or to some extent to Dunsar’s view (1979) (Fig. 43). Statistical analyses and divisions after the
ranges from mid-points of all species can distinguish provinces (Scuenk and Keen 1937; Exman 1953) but
latter method does not take into account presence of different species due to different habitats and special
features out ofthe “normal range”, e.g. cold-water species within regions ofupwelling in a warmer surrounding,
and has been regarded as impractical on this level (Heparern 1957).

Within a biogeographic province there should be subareas, each of which supporting its own endemic biota,
as stressed by v ermen (1996). Counting and reporting species of a given biogeographic province on a larger
scale (e.g. boreal region/BRiIGGS 1974; cool-temperate zone/VAN per Sroer and Heyman 1983) might therefore
be misleading in characterising the whole province. Documentation of species-level patterns in space and
time has to reflect the appropriate geographical (and time) scale.

Lioris et al. (1991) discussed the ranking of biogeographical units in a hierarchy with regard to the
Macaronesian region and stressed the insufficiency of such a system in a dynamic situation on the temporal
scale.

One of the central ideas of biogeography is that geographical subdivisions associated with a specific physio-
oceanographic regime support a characteristic account of endemic organisms or related biocoenoses.

Thus the most logical procedure in marine biogeography is to look for natural floristic and faunistic boundaries
(frontiers) and to compare them with areas of changing environmental factors to seek a causative relationship.
If one defines types of ranges in order to combine different species with similar geographical ranges into
groups there is no reference to the systematic position ofthe species or their genetic and cladistic relationships.
The species-level approach allows detection ofthe recent causes of distribution patterns and enables a distinction
between actual and historical causes. All taxa higher than species can show historical relationships between
faunas but do not necessarily reflect the strength of contemporary biogeographical barriers. For instance
there are no planktonic and few benthic endemics between the Middle and the North Atlantic above species
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level. The conclusion is that there is a recent biogeographical boundary but with not enough time as needed
for the development of endemics in higher taxa (zezina 1997).

As mentioned in chapter 5 there is no approved methodology for marine biogeography and also in this case
the methods used follow a certain purpose (getting practical and useful units for a representative system of
MPAs). Exman (1953) and van pen Hoek and D onze (1967) did not find any effective barrier to distribution
along the European coasts but more a Boreal province which is bounded by intermediate zones with
representations from both neighbouring faunas. Facing this situation and the circumstance that endemism
rates obviously differ considerably between different species groups and their taxonomic levels, other criteria
for abiogeographic description ofthe OSPAR area had to be developed. Starting with a given region (OSPAR
area) that had to be classified, endemism rates of certain taxa could not be used to classify the whole three-
dimensioned space with its very different ecological conditions because of quite contradictory results in
different taxonomic groups at different regions or bathymetric zones. It was therefore clear that different
criteria needed to be used for this region-based biogeographical classification.

Another relevant fact is that the Atlantic, being the youngest ocean (Chap. 3.1), has had the least time to
develop a broad selection of endemic species. This is even more valid for the North Atlantic and the Arctic
due to major fluctuations in climate regimes (Chap. 3.4; Fig. 32) since the late Tertiary. Among biogeographers
there has been a lot of debate about the question how long spéciation needs to take place and the means by
which it is forced (e.g. Bricss 1995).

Conspicuous and coherent geographical entities vertically delimited by the outer shelf-break (Chap. 6.2.)
have been characterised by described biogeographic patterns but mainly in relation to water mass characteristics.
Above the 1000 m isobath there were defined three pelagic provinces (Cold Arctic Waters, Cool-temperate
Waters, Warm-temperate Waters) (Chap. 6.3.1; Fig. 104) which function as higher units for the hierarchical
differentiation of shelf, upper continental slope, neritopelagial, and ice-cover influenced areas (Chap. 6.3.2;
Figs. 104, 105).

In Arctic regions the role of ice related biocoenoses and ice-edge phytoplankton blooms as a base for arctic
food webs is evident (Chaps. 3.5; 3.5.1). On the other hand the ice cover is limiting ordinary marine biotic
patterns by reduction of incoming radiation (Chap. 3.4) and thus suppression of algal growth. High
phytoplankton concentrations and an enhanced pelagic productivity are restricted to marginal ice zones and
polynyas. Therefore character and duration of ice cover i.a. acting as a substrate for biota and in addition
fresh water influence (Chap. 3.3) combined with water depths/shelf-influence (benthic-pelagic coupling, see
chapters 3.5; 3.5.1) serve as criteria for a differentiation and classification of Arctic provinces.

The designated “biological shelf’ areas, unlike the geographical/topographical shelf of < 200 m depths,
build one unit together with the overlying neritopelagial waters (van per SpoeL and Hevman 1983; B rigas
1995) and the ice cover (inverted benthal) in Arctic areas. Above that they are characterised by current
patterns and water masses of a specific temperature regime and physio-oceanographical features as e.g.
upwelling areas, banks and seamounts, ice-edges, and polynyas which shape biological distribution patterns.

However within shelf, neritic, and ice-cover influenced provinces covered by the OSPAR area and presented
in the classification of this study, there are partly such high biotic similarities between subordinate provinces
within one superordinate pelagic province characterised by water masses (Cold Arctic, Cool-temperate, Warm-
temperate) (Chap. 6.4), that there can be rarely given a differentiation criterion with an endemism rate being
valid for the entire area and its organisms. Therefore a province of this study describes more a geographic
division with physiographic peculiarities that support certain species assemblages and biocoenoses and the
hierarchical relationship in the context of the entire Atlantic-Arctic Ocean system.

It is important to bear in mind that delimitations marked on the biogeographic maps (Figs. 104-107) are
rarely sharp biological distribution limits but in most cases gradual transition zones like a sequence of species
arrayed along a gradient and with only more or less distinct discontinuities in the geographical replacement
of species within the biotic assemblages.
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The biogeographic patterns found (Chaps. 5.1 ff.; 6.2; 6.3.1-6.3.3) have been put into order producing a
scheme of the hierarchical biotic relationships and reflecting the fitting into the context of the entire Atlantic-
Arctic Ocean realm system (Chap. 6.4) and furthermore transferred into maps (Figs. 104-107).

In this study the terminology of H avpen et al. (1984) as cited above has been used for describing different
aspects of biogeography with biomes as an conceptualisation of ecological formations in biophysiognomic
terms. The hierarchical line realms - region - subregion - province - subprovince, describe geographic
hierarchical subdivisions.

In this study the term province describes a geographical unit with either a higher rate of or peculiar endemism,
or more often an oceanographic constellation that supports a characteristic biotic association.

The term zone is used in this study for a vertical delineation between different bathymetrical strata (Chap.
6.2).

Where existing, the traditional systematic nomenclature has been used to name the different biogeographic
provinces (abandoning the Celtic province of Forees 1859). However the term “Lusitanean” which is
commonly used synonymously to "warm-temperate”, derived from the Latin Portuguese name, does often
not seem to be adequate to describe species with a distribution range up to northern Scotland or even beyond.

6.2 The vertical zonation

Vertical zonation and delimitation of distribution patterns is even more complicated than in the horizontal
dimension.

As steeLe (1975) pointed out “there is no reason to expect the biogeographic regions to have the same
distribution at the surface as in the deeper waters. The distribution of each should be considered separately
and cannot be represented by a single line on a map”. "Beyond the limits of shelves, with increase in depths
and decrease of differences in the temperature-salinity characteristics in different climate zones, the borders
of biogeographic subdivisions tend to expand” as considered by Govrikov et al. (1990), being valid for the
pelagos as well as for the benthos. Generally speaking the geographical extent of species’ ranges is related to
their degree of eurybathy and increases with increasing depth or, in other words, the greater the amplitude of
vertical distribution of a species the wider its range (V inoGrapova 1997).

Availability of light is a characterising factor in the vertical dimension especially for phytal life being in
addition highly dependent on epipelagial surface temperatures (M icuanek 1979; van pen Hoek 1982a, b;
LuNiNG 1985; Avvarez et al. 1988; van pen Hoek et al. 1990). In addition to temperature, being the most
decisive factor, changes in light conditions, hydrostatic pressure and pycnoclines, changes in sediment structure
and availability of nutrients, isotherms and thermoclines, different currents in different water masses in
different depths, perpendicular turbidity currents on slopes, disturbances in environment conditions, and a
lot of additional factors form complex patterns of vertical zonation being different in different latitudes due
to different water masses and the phenomenon of emergence and submergence (Chap. 3.2).

Below the euphotic zone, deep-sea communities are entirely dependent on the rain of detrital material and
some rare larger carcasses from the pelagic realm and to lesser extent on downslope transport of matter
(Chap. 3.2). The only exception to this is in the extraordinary hydrothermal vent communities around the
oceanic ridges, which are essentially independent ofresources from the overlying water column and are self-
reliant on a chemosynthetic sulphur economy (Jannascu and M otte 1985; Grasste 1985, 1986; P arson et
al. 1995; van Dover 1995; saLpanna et al. 1996; DEessruvEREs and Seconzac 1997; Gesruk et al. 1997,
TUNNICLIFFE ET AL. 1998).

In an early treatise (VinoGrapova 1962) about the “vertical zonation in the distribution of deep-sea benthic
fauna in the ocean” v inocrapova identified a maximum species number of sponges, holothurians, and decapods
at depths of -2500-3000 m. This correlates with Pinepa and Caswerr (1998) who stressed the parabolic
curve shape of macrobenthic diversity with maxima of gastropods and polychaetes at about 3000 m depths
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as being typical bathymetric patterns on slopes, but which was already emphasised by Rex (1981, 1983). In
the Arctic a maximum diversity in isopod species has been described as lying between 320 and 1100 m
(SvavarssoN 1997; svavarsson et al. 1990), or 750-1000 m (Svavarsson et al. 1993), respectively -800 m
(SVAVARSsoN 1987). No depth related diversity patterns could be found in Arctic waters for amphipods by
BraNDT (1995), Branor et al. (1996), and W rissnappeL and Svavarsson (1998).

Ribbon-like arrays of species distribution changing with depth on the NW A continental slope were described
by Rowe and M enzies (1969) being influenced by sediment change and currents. Rex (1977) showed that
faunal similarity decreases very rapidly below -1000 m with faunal replacement being much more rapid in
the epifauna than in the infauna on the NWA slope. G arpiner and Haepricu (1978) analysed upslope and
downslope distribution boundaries of echinoderms, crustaceans, fish, and molluscs and recognised a zone of
dense boundary concentration between 1200 and 1600 m.

H aeprich and M erreT (1990) concluded that they could find little evidence for faunal zonation or communities
from their examinations of demersal fish in the North Atlantic but the same authors published an atlas of
demersal fishes in the North Atlantic with distinct vertical zonations (H aepricu and M errer 1988), and
developed a scheme ofindividual bathymetric ranges in the Porcupine Seabight with a distinct discontinuity
at - 1500 m on the base of their analyses (Fig. 83). This emphasised a pronounced and common basic change
in the near bottom fish fauna at around 2000 m at the slope/rise transition (M erreT and H aepricu 1997).
viNnoGgrapov (1968) described markedly vertical discontinuities in pelagic taxonomic composition at -1000
m and -3000 m in Subarctic waters and presented a scheme of the vertical zonal subdivision of the pelagic
fauna (Fig. 82).

An even more detailed scheme of vertical subdivisions related to latitudinal differences was presented by van
peR SpoEL and HEeymaN (1983). Ancer (1991,1993) showed a constant maximum species richness of planktonic
ostracods at 1000 m depth along the 20°W meridian between ~3°N and ~45°N. There is a clear break in
vertical species ranges for chaetognaths at 500 m in the NEA according to PierroT-BuLts (1997). C arRNEY et
al. (1983) stressed that light intensity and temperature have been looked at but biological interactions as
predation and competition had received almost no attention for explanation of vertical pelagic patterns.
Fasuam and Foxton (1979) emphasised the 1000 m isobath being a vertical delimitation between layers
above that are affected by diurnal migration effects and layers below that differed little between day and
night. M errer (1986) further segregated meso- and bathypelagic ichtyofauna on the continental slope into
obligatory or facultative pseudooceanic species.

Briggs (1995) noted that macroinvertebrate distributions general tend to show major changes in species
composition between 400-600 m, about 1000 m, and between 1400-1600 m. G ace and Tvrer (1991) indicated
exactly the same discontinuities for benthic zonations. They also showed the marked change at 1000 m depth
and suggested a further break at -2000 m for four main echinoderm groups in the Rockall Trough (Fig. 89).
Le D anois (1948) has previously recognised a markedly change in species composition below 1000 m and
set the influence of the continental margin on fauna at a vertical delimitation of 1000 m. A very drastic
change in macrofaunal composition between the upper continental slope which had close similarities with
the shelf and the lower continental slope and rise of the NWA was presented by Rowe et al. (1982) (Fig. 85).
Also the analysis of Hecker (1990) showed a clear discontinuity between the upper and middle continental
slope off New England (Fig. 86). Grassie et al. (1979) classified the vertical distribution of different
macroinvertebrates in the NWA (Fig. 87). Their clusters showed marked discontinuities between 530 m and
1102 m for gastropods, 478 m and 1102 m for ophiuroids, whereas the cluster discontinuity was deeper for
polychaetes between 1400 m and 1750 m as well as for cumaceans with a gap between 1102 m and 1470 m.
Similar vertical distribution patterns were found by Sisuet (1977,1979) for echinoderms. Soutnwarp (1979)
described a distinct discontinuity for pogonophores at > 1000 m between more locally distributed upper
slope species above and species below which tend to show more widespread horizontal distributions.

Because the greatest vertical changes in temperature, salinity, and 0 2concentration all occur within the top
1000 m there would be no great changes in environments influencing zonation below according to C arRNEY et
al. (1983). These authors assume a distinct shelf fauna above 1000 m, a distinct abyssal fauna below 2000 m,
and an indistinct slope fauna recruiting immigrants from both zones above and below. Zezina and V inoGraDOVA
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(1998) combined shelf, sublittoral, and continental slope on the one hand and abyssal with ultra-abyssal on
the other hand for their classification and used a delimitation between their benthic units that seem to follow
roughly an isobath between 700-2000 m.

This vertical boundary of 1000 m was used also for the high latitude and Arctic units despite the phenomenon
of polar emergence. A agaarp et al. (1985) described a pronounced Atlantic water influence down to depths
of nearly 1000 m in the northern seas. Svavarsson (1997) accentuated a depth of 1000 m being a vertical
boundary below which the diversity ofisopods differs considerably between North Atlantic and Arctic waters
on either side of the Greenland-Iceland-Faeroe Rise. svavarsson et al. (1990) found a significant zonation on
the upper continental slope from an analysis of the Greenland-Norwegian Sea with a discontinuity of eight
shallow boundaries and twelve deep boundaries between 800 and 1200 m depth with depths > 1000 m being
a major distinction for their sampling stations related to species composition (Fig. 90). v inoGgrapova (1997)
argued that the Arctic deep-sea fauna might have been formed by repeated descents of the shelf fauna under
the influence of temperature and salinity oscillations and regarded the Arctic basin being populated by a
pseudo-abyssal fauna. On the other hand she also used an isobath somewhere at ~ 2500 m depth in her
zoogeographical map to delimit the Arctic deep-sea basins from shallow seas.

The geographical as well as the vertical distribution of polychaetes usually deviates from that of other taxonomic
groups (Fauver 1959; Hortue 1978; Grassie and M acioLex 1992) as being also visible in figure 87. 1t was
shown for terebellomorpha polychaetes with a distribution centre in the deep Norwegian-Greenland basin
that ”Arctic” elements colonise the benthal of adjacent areas in decreasing diversity with decreasing depth
(Hortue 1978).
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mesopelagic) layer —
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Upper subzone of the
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Deep-sea zone: below 2,500(3,500) m
750(1,000) m Lower subzone of the Level of oceanic deep-
d water: 2,500(3,500)—
eep-sea zone, or abys-
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Fig. 82: Scheme of the vertical zonality of the pelagic fauna (from vV iNoGraDOV 1968).
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Fig. 83: Individual bathymetric ranges of deep demersal fish species on the slope and rise of the Porcupine Seabight and
Abyssal plain (from M erreTT and H aepricua 1997).
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Fig. 90: Vertical classification of
sampling stations after species
composition in the Norwegian-
Greenland Seas within a

05 bathymetric range from 845-
3709 m (from Svavarsson et al.
1990).

0.0

Tuier et al. (1996) compared adaptations of species to cold environments of polar and deep seas. In general
deep-sea organisms encounter higher temperatures and considerably higher pressures to which they have to
adapt in morphology and physiology. Availability of nutrients is another important factor that differs
significantly in both environments with consequences for foraging behaviour and metabolism. However
many deep-sea species have been found emerging to very shallow Arctic waters and, vice versa, some shallow
water low Arctic species descending into deep Arctic waters. M apsen (1961) delimited the depth of faunal
change composition in the Arctic with 12-360 m, Gorikov et al. (1990) described the boundary between
Arctic ”deep-sea” and shallow Atlantic boreal biogeographic units in the White Sea, Norwegian fjords, and
eastern parts of the Barents Sea being at 40-30 m depth, or sometimes even shallower, whereas Menzies et al.
(1973) indicated even depths < 10 m. HessLer et al. (1979) and Kussaxin (1973) described the emergence of
deep-sea isopods in shallow waters of the Arctic, as well as of Norwegian and West-Swedish fjords. Dahl
(1979) mentioned the presence of deep-sea gammarids at 800 m or 400 m respectively off Norway. Z enkeviTcH
(1963) introduced the term “pseudo-abyssal” for shallow waters in the Arctic (e.g. 150 m in the White Sea,
200 m in the Barents Sea) showing fauna of a dominant bathyal character. Boucuer and W aren (1979)
suggested an upper limit of 1200 m for Arctic abyssal fauna besides records of abyssal molluscs at 20 m
depth at NE-Greenland and set out the occurrence of bathyal fauna all along the continental slopes of NE-
Greenland, Spitzbergen, Siberia, and Norway reaching up into shallow waters. In addition they described the
distribution of this emerged bathyal fauna extending amphiatlantic submerged southward as far as the Bay of
Biscay and the northern USA.

Menzies et al. (1973) emphasised an “Archibenthal Zone of Transition” (AZT), beyond which are deep sea
species and which could be arrayed again in different bathymetric strata. Following this idea might justify a
concept of a biological shelf boundary instead of using the topographical/geographical shelf boundary (200
m isobath) for a vertical zonation. This concept is dividing species of eurybathic and/or eurygraphic and/or
eurythermie ecological behaviour which live in archibenthal depths from pure” deep-sea species. In addition
there is the phenomenon of polar emergence and tropical submergence of marine species which is related
mainly to the thermal potencies of marine species, which applies to a lot of species of both, benthos and
pelagos, and which makes vertical differentiation on a global (OSPAR) scale even more difficult (Lt D anois
1948; zenkeviten 1948/1949; Exman 1935, 1953; Hepgretn 1957b; pe Latrin 1967; vV iNoGraDOV 1968;

GrEMAREC 1973; M ENziEs ET AL. 1973; van DER SPOEL AND HEYMAN 1983; VinoGcraDOvVA 1997; ZEZINA 1997).

As mentioned in chapter 3.1 there might be hypoxic conditions below highly productive surface waters in
regions of upwelling. Vertical zonation as well as horizontal distribution patterns can differ considerably in
those regions (M erreT and H aepricu 1997).

The approach of this study is based on an appreciation, that the boundary between the “biological shelf’
(including the archibenthal) and the deep sea biome shifts from roughly < 2000m depth in the south of the
OSPAR area (36° N latitude) to less than 100 m depth in the high Arctic. However, to get practical and useful
units as described in chapter 1 the biogeographic maps show a vertical subdivision at the 1000 m isobath
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instead of several ribbon-like fringing isobathymetric layers along the continental slopes for a vertical zonation
of the benthos which would somehow have to be combined with bathymetric strata of the pelagos.

This approach has been taken in the knowledge that the appropriate delimitation for a higher statistical
percentage of deep sea species is suggested to be at greater depths in the south and more shallow in the

Arctic.

Thus, figure 91 shows the first main biogeographic
segregation between oceanic holopelagic and
deep-sea areas and neritic shelf and upper
continental slope areas using the 1000 m isobath
for delimitation. The 1000 m delimitation of
biogeographical units between shallow and deep
seas in the Arctic and the Norwegian-Greenland
basins follow the outer continental margin, which
is deeper in the Arctic than at many European
continental shelf breaks at mid-latitudes.
Concluding it should be stressed that this vertical
delimitation should not be regarded as depicting
an upper limit for Arctic deep-sea species due to
the well known fact that deep-sea species might
virtually crawl up the beaches” in the Arctic and
due to the aim of'this study to designate a practical
number of biogeographic units in spite of three-
dimensioned patches multiple strata/layers. Rat-
her it depicts more a lower limit of some Arctic
shallow water (sublittoral) species (ZENKEVICH
1963) despite the polar submergence of some
shallow cold water species into deeper Arctic
waters (M enzies et al. 1973).

While the exact depth boundaries may differ
amongst the different biogeographers, methods,
taxonomic groups, and regions a lot of evidence
has been published using the 1000 m isobath for
adelimitation between shallow water species and
influences and organisms ofthe deep-sea for both
regions to the north and south of the Greenland-
Iceland-Faeroe Rise. Thus the explanations given

topographical shelf &upper continental slope (< 1000m depth)

holopelagial and deep-sea
200 m isobath

Fig. 91 : neritic and oceanic areas ofthe OSPAR Maritime Area.

in the text above and in chapter 3.2 as well as the figures 82-90 and additional references (e.g. GrassLe et al.
1979; G ace and Tyrer 1991) give the justification for this vertical delimitation concerning the pelagial and

at the same depth for the benthal.

6.3 Characteristics of the different biogeographical units

6.3.1 Holopelagial

The oceanic pelagic ecosystem which is by far the largest on earth as well as in the OSPAR area shows
latitudinal diversity patterns similar to other ecosystems (Fig. 104). However large scale diversity ofthe open
ocean at a species and an ecosystem level is comparably low but it is comparatively rich at phylum level. For
example, of about 14,000 marine fish species, in the Atlantic has only ~ 600 oceanic pelagial species of
which are ~ 500 deep-demersal fish the rest is related to shallow and coastal waters. Focal exceptions of
higher diversity are typically those of boundaries between different oceanic water masses where different
faunas get mixed together. These frontal zones are generally unstable and may shift seasonally by hundreds



of kilometres or alter periodically. On the other hand high species diversity in the pelagial is commonly
associated with regions of low productivity that lack strong seasonality in the production cycle (A nGeL 1993).

Pelagic biogeography is often dealt with in combination with geographical patterns of productivity and
biomass (e.g. Longuurst 1995, 1998). Occasionally both are mixed up, but in sensu stricta it should reflect
patterns of species distribution in space and time (Chap. 4.1). This is especially difficult since most pelagic
organisms are very wide spread in the oceans or even globally, and pelagic boundaries are usually dynamic
and shifting in seasonal cycles or, periodically, even fading away (e.g. Brinoueiv and Loeng 1981; L oeng
1987; M iptTuN and LoenG 1987; Dickson et al. 1988; skioLpaL and Rey 1989; w vart and L ARRANETA 1988;
W vatt and PEREZ-G ANDARAS 1989; HovGArDp anDp Buch 1990; Brinpuemv and Skiorpar 1993; A NKER-NILs-
sen 1996). This is because pelagic boundaries are defined mainly by water masses, frontal zones, divergences,
and convergences (van per SpoeL and Hevyman 1983; Ancer 1993).

Plankton taxa show geographic variations with different forms in different areas, ecophenotypic variations
with different forms in different environmental conditions, seasonal variations, chronological variations
(referring to geological periods), and ethological variations resulting in infraspecific spéciation. These variations
can merge with each other or can be discontinuous and thus can make taxonomic identification in relation to
geography rather difficult (van per SpoeL and Heyman 1983). In addition there are frequently sympatric
species abundance and range overlapping as shown by e.g van per Spoer and Hevyman (1983), Semina
(1997), or the Continuous Plankton Recorder survey (e.g. Harpy 1956, 1958, 1971a, b; Lucas and G LovER
1973; coLesrook 1964, 1978; W arner and H ays 1994).

According to van per SpoeL (1994b) there are two types of abiotic component in each pelagic biotope.
Firstly those that are geographically bound which are relatively stable and predictable including solar energy
flux, day length (Chap. 3.4), ice-cover (Chap. 3.5), bottom topography (Chap. 3.2), and current direction
(Chap. 3.3). Secondly there are those components that are geographically independent and that shift with the
watermass and eddy-structure, which tend to be determined by the hydrodynamics of the system on which
they depend and which form the real pelagic substratum” including salinity, temperature (Chaps. 3.3; 3.4),
0 2content, associated organisms, and nutrients.

Pelagic biogeographical patterns and ranges are
difficult to determine and might be misleading unless
total life history ofthe respective species is considered
due to the phenomenon of expatriation. The
distribution of individual taxa show little if any
coincidence with the quite sharp boundaries that
emerge from analyses of communities. Pelagic
species are constantly dispersed well beyond their
reproductive/normal ranges by diffusion and
advection in currents and meso-scale eddies into
localities where they may persist but not breed. While
restricted expatriation is a common phenomenon,
long range expatriation also occurs, distinctly
influencing the overall distributional patterns.
dotted = warm-water populations Expatriatiated plankton can be found within its nor-
dark = cold-water populations mal reproductive range, in an area where reproduction
is possible, dislocated into a non-sterile expatriation
area, or dispersed far beyond its reproduction
possibilities into a sterile expatriation area (H AEDRICH
and Jupkins 1979; van pEr SroeL and HEyman 1983;
ANGeL 1993). Expatriation areas of phytoplankton

Fig. 92: Example for long-range expatriation in diatoms
(from van per SpoEL and Hevyman 1983, clipped).

are even larger than those of Zooplankton. In the NEA tropical species may drift as far as 65770° Northern
latitude (Fig. 92) (van peErR SpoeEL aND HEYMAN 1983; Semina 1997).
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PCHs: G. pachyderma sinistral
PCHd: G. pachyderma dextral
BUL: G. bulloides

DUT: G. dutertrei
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RBR: G. ruber

SAC: G. sacculifer

TRC: G. truncatulinoides
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RBR Fig. 93: Foraminiferal zonations in pelagic sediments. The
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DUT RR sAC polar, subpolar, transition, subtropical, and
tropical (from Bercer 1974, clipped).
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Pelagic palacobiogeography as well as sedimentology (e.g. for questions of palacoclimates, palaeocirculation,
palaeco-sealevels) analysing fossil records of shell bearing plankton organisms in marine sediments (Fig. 93)
has to reflect the expatriation phenomenon as well as the problems of calcareous dissolution resulting from
the CCD (Chap. 3.1) and therefore has to be very careful in its conclusions (e.g. Bercer 1974; Haq et al.
1977; HermaN 1979; TuuneLL and BeLyEa 1982; van pER SroeL and Heyman 1983; Haq 1984; BoLTovskoy
1994; okoropkov and Dobce 1996).

Oceanic biogeography of pelagic assemblages matches the patterns of large-scale circulation as characterised
by the distribution of water masses (e.g. Fasuam and AnGer 1975; van per SpoeL and PierroT-BuLts 1979;
vaAN DER SPOEL and HEyman 1983; AnceL 1993; semina 1997) but dominant factors and factor combinations
that determine distribution patterns apart from temperature still remain elusive. Individual species ranges
might seldom match the water mass distribution, although community structure does show a reasonable
relationship as A nGeL (1997) stated. However some water masses have a faunal assemblage associated with
them, and there are some that do not. For example Fasuam and A ncer (1975) could not find any specific
assemblage related to the Mediterranean intermediate water in the NEA (comp. Chap. 3.3). Although physical
mixing resulting from currents and eddies generates patchiness that may persist for months and even years, it
prevents the establishment of meso-scale ecosystem diversity and may limit spéciation by enhancing gene
flow through advection (A nceL 1993).

The structure and dynamics of oceanic food webs are strongly influenced latitudinally and are expressed
together with species richness throughout the water column to a depth of ~2000 m. There is a stepped change
from more continuous production conditions at subtropical latitudes over dynamic and strong mixing in
temperate waters and highly seasonally pulsed production cycles at high latitudes (A nGger 1993). These
differences are related to a decrease in the duration of annual stratification from year-round layering of
waters in low latitude regions over strong seasonal changes with periods of mixed isothermal conditions in
Subarctic regions to permanent cold waters of the high Arctic. Prolonged periods of mixing in Subarctic
regions thus prevent the establishment of species groupings within certain layers of boreal waters (V inoGrapov
1968; v inocrabpova 1968; AncgeL and Fasuam 1975).

crarke (1992) queried the existence of a longitudinal cline in species diversity in marine communities but
ANGEL (1993) and A~nGEeL and Fasuam (1975) demonstrated a significant cline in longitudinal diversity in a
transect between 10°N and 60°N along 20°W in the NEA with a diversity peak at 18°N (Fig. 94) and an
abundance peak for ostracods at 30°N. Bapcock and M errert (1977) showed differences in latitudinal
distribution of mesopelagic fishes between 11°N and 60°N with swimbladderless fishes by far dominating
towards the south of the survey area and swimbladdered fishes showing an abundance peak at ~ 30°N.
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Fig. 94: Variations in the total numbers of four pelagic taxa
collected in the water column to depths of 2000
m at a set of standing stations in the NEA
approximately along 20°W (from ANGEL 1993).
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Fig. 95: Scheme ofvertical migration of oceanic plankton
(from Vinogradov 1968).
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Pelagic species ranges are defined by environmental
factors. Limiting factors can only be met by the
species with an absolute reaction of either being ab-
sent or present. Other factors are tolerated for example
by adaptation or by genotypic variation which creates
characters that interact with the marine climate and
water mass factors (van per SroeL 1994). However,
PierrOT-BuLTs and van per SpoeL (1979) stressed the
point that ecological barriers determining populations
should not be confused with ecological boundaries
limiting the area of optimum conditions of a species
and as a consequence the area of its highest
abundance. Phytoplankton seem to have even much
wider distribution ranges than Zooplankton, thus
BEekLEMISHEV (1977) and semina (1997) identified
only three phytoplanktonic regions in the world ocean:
arcto-boreal, tropical, and notal-antarctic.

Vertical diversity in the water column can be very
high, as e.g. AngeL (1991) showed with 320 species
of just four taxa (fish, medusae, mysids, and
ostracods) in the North Atlantic but also around half
of the global inventory of e.g. planktonic ostracods
can occur at a single locality (A ngeL 1993).

Vertical movement of pelagic organisms may be
seasonal, diurnal, ontogenetic, related to feeding and
self-protection, or an up- and downward move
following the isotherms (Fig. 95). These vertical
migrations are triggered by light, temperature, or food
supply are ecologically determined. Consequently the
vertical patterns are seldom stable in space and time
(ViNoGrADOV 1968; van pErR SpoeL and HEYMAN
1983). In cold-water regions the seasonal vertical
range of interzonal species can be very wide with the
bulk of their populations inhabiting depth down to
2000-3000 m for long periods. In contrast only
occasional individuals descend deeper than 1000 m
in tropical regions (Vv woGrapov 1997).

With seasonal variability in solar radiation and
dependant climatological features (Chaps. 3.3; 3.4;
3.5) increasing towards the north there is an increase
in seasonal vertical migrations with multi-annual
Zooplankton lifecycles adapted to it (Fig. 95)
(ViNnoGraDOV 1968).

Besides these seasonal vertical migrations there are
diumal/diel migrations between mixed surface and
mesopelagic layers with a lower boundary of SOO-
SOO m (700-1000 m) depth thus resulting in groups
of organisms that spend day and night in different
depth zones and even different water masses (Fig.
95). The intensity of vertical migration differs in
species or groups of organisms (H aepricu and



M ErreT 1988; M ErrET and H aepricH 1997) as well as with latitude with a decrease from 30°N towards the
north and south. B ackus et al. (1977) denied mesopelagic patterns for fish in Arctic waters but M asNUssoN
(1996) gave evidence i.a. for myctophid species by analysing deep-scattering layers in the Irminger Sea
which is strongly influenced by the cold East Greenland current of polar origin to the west with diurnal
migrations between -450 m and -750 m depth.

Some species even change from being non-migrant at the extremities of their range to strong migrants towards
the centres (AnGeL and Fasuam 1975). In addition the diurnal vertical migration of a species might be diffe-
rent in different water masses. Looking at diurnal vertical migration patterns, it is difficult to determine
whether zoogeographical or ecological differences are the reason (van per Sroer and Hevyman 1983). As
isothermal conditions begin to develop in northern surface waters in autumn vertical migrations become
slightly longer, however the water stratification may stop them altogether in summer (VinoGgrapov 1968).
Besides diurnal migrating fauna, there commonly occur expatriated or submerged organisms in those
mesopelagic layers ”to even more confuse the biogeographer”, as LonguursT (1998) stated. At some locations
mesopelagic organisms might not even perform diurnal migrations as described by A ~ceL et al. (1982). This
might have been due to the situation ofhorizontal and vertical watermass boundaries at the location examined.
In some regions some organism groups might perform diurnal vertical migrations only affecting the epipelagial,
whereas others do not migrate at all as M avcas et al. (1999) showed.

For phytoplankton in oceanic regions the lower vertical boundary is the pycnocline because it restricts the
upper mixed layer depth and therefore prevents neutrally buoyant phytoplankton cells sinking into insufficiently
illuminated layers (Semina 1997).

Coldwater organisms show the phenomenon of polar emergence and tropical submergence in thermal étages
as depicted in the chapter 3.2 and figures 13, 14. Latter figures shows different pelagic biotopes related to
their vertical location due to this phenomenon in a N-S ocean cross-section (Lt D anois 1948; Zenkevitcu
1948/1949; Exman 1953; HepcretH 1957; bEL ATTIN 1967; VINOoGRADOV 1968; GLEMAREC 1973,1988; M ENzIES
et al. 1973; van per Sroer and Hevyman 1983; v inoGrabpova 1997; Zezina 1997; Loncuurst 1998;).

There are fundamental faunal differences between neritic and oceanic pelagic habitats with pronounced
changes in species abundance, composition and diversity and with an inverse relationship of species richness
and planktonic biomass from neritic to oceanic waters across the shelf break. It appears to be as difficult for
many oceanic species to persist in inshore waters as it is for neritic species to persist in oceanic waters
(Haepricu and Jupkins 1979; van per SpoeL and Hevman 1983; Ancer 1993). Hence neritic species might
show local endemisms, while very few oceanic species are endemic to such localised regions (Pierrot-Bults
1997).

Pelagic primary production is restricted to a few ten meters of the epipelagial and is represented by only
-3500-4500 phytoplankton species compared to -250,000 of flowering plants providing terrestrial primary
production (Sournia et al. 1991) but although productivity per area unit is lower in the ocean it accounts for
a third of the annual global carbon fixation due to the huge world ocean surface (A~ceL 1993).

The trend from seasonal pulsing of production at high latitudes to more continuous production at lower
latitudes (A ncGeL and Fasuam 1975) related to latitudinal oceanographic differences as mentioned above is
also recognisable from the figures 96-99.

Pelagic distribution and productivity patterns are mostly related to large-scale oceanographic features.
LoNGgHURST (1995, 1998) (Chap. 5.1.13) distinguished four major pelagic biomes:
Westerlies biome, where the mixed layer depth is forced largely by local winds and irradiance;
Trades biome, where the mixed layer depth is forced by geostrophic adjustment on an ocean-basin scale
to often-distant wind forcing;
Polar biome, where the mixed layer depth is constrained by a surface brackish layer which forms each
spring in the marginal zone;
Coastal biome, where diverse coastal processes force the mixed layer depth.
Those biomes/regions can be differentiated du to their oceanographic characteristics (e.g. seasonality, mixing

85



versus stratification, trophic status, planktonic life cycle characteristics), but also by a quantification of thus

induced plankton groups in terms of biomass.
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Fig. 96:

Fig. 97:

Fig. 98:

Fig. 99:

Boreal winter (December-
February); climatological
(1978-1986) seasonal seas
surface chlorophyll field
obtained with Coastal Zone
Color Scanner sensor (NASA/
Goddard Space Flight Centre).
Color is a log scale for
chlorophyll: purple = <0.06 mg
Chinr3, orange-red = 1-10 mg
Chinr3(fromLonghurst 1998,
clipped).

Boreal spring (March-May);
climatological (1978-1986)
seasonal seas surface
chlorophyll field obtained with
Coastal Zone Color Scanner
sensor (NASA/Goddard Space
Flight Centre). Color is a log
scale for chlorophyll: purple =
<0.06 mg Chi m'3, orange-red
= 1-10 mg Chi nr3(from
Longhurst 1998, clipped).

Boreal summer (June-August);
climatological (1978-1986)
seasonal seas surface
chlorophyll field obtained with
Coastal Zone Color Scanner
sensor (NASA/Goddard Space
Flight Centre). Color is a log
scale for chlorophyll: purple =
<0.06 mg Chi nr3 orange-red
1-10 mg Chi nr3 (from
Longhurst 1998, clipped).

Boreal fall (September-
November); climatological
(1978-1986) seasonal seas
surface chlorophyll field
obtained with Coastal Zone
Color Scanner sensor (NASA/
Goddard Space Flight Centre).
Color is a log scale for
chlorophyll: purple =<0.06 mg
Chinr3 orange-red = 1-10 mg
Chim 3(fromLonghurst 1998,
clipped).



The figures 96-99 (LonagrursT 1998) show the average pelagic surface productivity ofthe NEA and adjacent
seas differentiated in four seasons received from cumulated (eight years) satellite images of chlorophyll
selective spectra. Clearly visible are ice-edge related phytoplankton blooms in Subarctic waters and major
trophic differences between oligotrophic permanently stratified oceanic waters south of -45 °N and northern
waters of higher trophic level, influenced by fronts, upwellings, and mixing above continental shelfregions.
Also observable is the influence of the Norwegian and North-Cape Currents in winter, spring and summer
with a differentiation of Barents Sea waters. Not visible are the Iberian upwelling (comp. Figs. 29, 30), the
Azores Front, and polynyas respectively the actual ice cover.

While the amphipods Gammarus wilkitzkii, Apherusa glacialis, and Onisimus sp. are regarded as
autochthonous sea-ice associated fauna (G urriksen 1984; Lonne and Gurriksen 1991a, b), the copepod
Calanus glacialis is characteristic for the pelagic Cold Arctic W aters province (Fig. 104). Amphiprora
paludosa var. hyperborea is typical for phytoplankton in this region (Semina 1997). Diversity of the Greenland
Sea pelagos is higher and more clearly pronounced than the one of the Arctic Basin (VinoGrapov 1968)
which is further evidence for the High Arctic Maritime province integrating a combination of pelagic and
ice-cover related classification characteristics. The cluster analysis of O koLopkov and D opce (1996) showed
a clear distinct segregation of this province against the adjacent areas for planktonic dinoflagellates. The
waters of the Norwegian and Greenland Seas were segregated from each other in species number and
composition but with a closer relationship in-between the two than between the Greenland Sea and the Arctic
Basin. Further characteristics of the ice-cover related cold water biotic structures have been given in chapter
3.5.

There is a geographical differentiation within the copepod genus Calanus with the species C. glacialis being
typical for the high Arctic and restricted to waters north of the Polar/Arctic Fronts, C. finmarchicus, having
the widest range, is the dominating and characteristic copepod for Subarctic (mixed Arctic and Atlantic
waters - sensu D unBaRr) and cool-temperate regions, and C. helgolandicus has more affinities to warm- to
cool-temperate regions, being restricted to waters south of the Polar/Arctic Fronts. C. hyperboreus has a
distribution range within Arctic to Subarctic waters that is located between C. glacialis and C. finmarchicus.
Between either of those species there are commonly areas of sympatric regional overlapping or “pseudo-
sympatric” presence in different vertical layers with different properties. Populations get often expatriated
e.g. C glacialis south-westward by the East Greenland Current, C. finmarchicus southward by the Canary
Current/Subtropical Gyre, and C. helgolandicus north-eastward by currents related to the NAD or the
Mediterranean intermediate water (Chap. 3.3) (CuanG-Ta1 SHin 1979; FLEMINGER and HuLsemanN 1977; van
pER SPokL and Hevyman 1983; vinoGrapov 1968). C. hyperboreus shows seasonal migrations over a vertical
range of < 600 m while C. glacialis moves less than 170 m (v inoGgrabpov 1997).

Many relative stenobiontic species inhabiting intermediate layers in the Norwegian sea and a whole series of
oceanic Atlantic species are introduced into the Arctic basin together with the intermediate Atlantic water
(£150 m to -750-1000 m; Chap. 3.3). In this layer species abundance of the plankton is higher than in layers
above or below it. The enrichment of Arctic basin fauna associated with the inflow of these waters is not
limited exclusively to this layer. Most of the species of Atlantic water origin ascend into the layers of upper
intermediate waters (300-100 m) or even above this to the 100-50 m layer. Another group of species inhabiting
the layer of Atlantic waters descends to the deeper mixed intermediate waters in the Nansen Basin, where
many of them have maximum numbers. Ofthese many are endemic to the Arctic Ocean or even the Nansen
Basin, such as e.g. Pseudochirella spectabilis, Chiridiella reducta, and Scaphocalanus polaris (ViNoGrRADOV
1968).

The main difference between the tropical to warm-temperate regions and the cool-temperate to Subarctic
regions is the sharp seasonal variation of external conditions (intensity of solar radiation, temperature, and
water stratification) in later regions, while in the former such conditions vary negligible. The same factors are
responsible for the differences in species composition, life cycles, ecology, vertical distribution, and trophic
relationships (Vv iNnograpov 1968).

Fasnam and Foxton (1979) identified 14 groups of decapods on a transect along 20°W between 11°N and
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60°N. They discriminated a major pelagic boundary at ~46°N (53°N) which correlates well with the
delimitation between the Warm-temperate and Cool-temperate provinces given in this study.

van Soest (1979) highlighted watermass boundaries being pelagic biogeographic barriers and indicated
boundaries at ~70°N separating polar from northern temperate/Subarctic surface waters and at ~45°N separating
Subarctic from subtropical surface waters in the eastern ocean basins. These definitions matches the pelagic
boundaries of this study as well. Bekremisuev (1977) and semina (1997) distinguished phytoplankton regions
of the world with a boundary between their tropical and the arcto-boreal region as well at the latitude of the
English Channel entrance. North of this boundary there is a zone of mixing of tropical and arcto-boreal
species reaching to south Iceland and south-west Norway.

The mesopelagic fish classification of Backus et al. (1977) (Chap. 5.1.11) differs from the overall pelagic
classification given in this study mainly in discriminating an Atlantic Subarctic region and province which
was characterised by a strong seasonality, most significant in solar radiation, much colder waters, and a
southern boundary following the oceanic Polar Front of D ietricH (1964). On the other hand no myctophid
species are restricted to this region and those species living there also live in the adjacent temperate seas. The
main difference between these two mesopelagic regions are a very low diversity with Benthosema glaciale
covering 96% of all myctophid species in the Atlantic Subarctic region but a much higher productivity
compared to the North Atlantic Temperate region.

According to (VinoGrapov 1968) the winter convection in the far north Atlantic extends to a depth of 1000
m without reaching the cold demersal waters from the Norwegian Sea. The shifting stratification of northern
surface waters and the prolonged periods of completely isothermal conditions prevent the establishment of
groupings of species associated with certain limited layers ofthe surface zone (v nocrapov 1968). He indicated
a southern boundary for his temperate-subarctic region, which comprises Arctic, northern transitional, and
Boreal biologic regions, at 40-45°N.

Despite having drawn different boundaries for their mesopelagic classification B ackus et al. (1977) argued
that most of the myctophid fishes of the North Atlantic Temperate region either live in the Atlantic Subarctic
or the North Atlantic Subtropical region. This differentiation is also evidence for and matches the delimitation
between a Cool-temperate Waters province and a Warm-temperate Waters province given in the classification
of'this study with the temperate water provinces depicting also aregion of gradual change and biotic transition
(Fig. 104). With regard to the mesopelagial, the temperate region cools much more rapidly with depth, it is
less saline, and productivity is much higher due to a complicated interplay of seasonal changes in the vertical
stability of the upper part of the water column, in wind, and in solar radiation (Chap. 3.4) compared to the
adjacent subtropical region (B ackus et al. 1977). Their Azores-Britain province shows marked differences
between the north-eastern and south-western corners but with no apparent physical or faunal boundary in-
between thus marking a gradual transition according to the surface and near-surface flow ofthe NAD (Chap.
3.3).

okoropkov and D opcE (1996) presented maps of the distribution ofthe planktonic dinoflagellates Ceratium
arcticum and Dinophysis norvegica that closely match the area of the cool-temperate waters province with a
southern boundary at the latitude of the English Channel.

It has been suggested that the life history of Calanus finmarchicus is adapted to exploit the slope current
along the shelf-break to the west of Britain so that it maintains its position in the NEA (Ancer 1997).

Van der Spoel and Heyman (1983) showed maps with the distribution of Coccolithus pelagicus, Limacina
retroversa forma retroversa, Nitzschia cylindrica, as well as ofthe humpback whale Megaptera noveangliae,
that approximately match the area or boundaries of Cool-temperate waters as distinguished in this study
(Fig. 104). Lucas and Glover (1973) showed maps with the distribution of Euchaeta norvegica that give
further evidence for a delimitation of this province. Ceratium arcticum and Coscinidiscus oculus-iridis as
Arcto-Boreal species have their southern boundary at the English Channel as well as Ephemera (Navicula)
planamembranaceae according to Semina (1997). Latter species, as a being a Boreal-Atlantic species, has a
northern boundary at south-Greenland, south Iceland, and south-west Norway.



Warm-temperate waters comprising the Boreal-Lusitanean province with the warm water western approach
of the British Isles were shown by van per SpoeL and Hevman (1983) or Lucas and Grover (1973) as
inhabited by the plankton species Peraclis reticulata, Pterotrachea spec., Rhizosolenia bergonii, whereas
the entire temperate provinces have been characterised by Diacria trispinos atlantica and Sagitta tasmanica.

Van der Spoel and Heyman (1983) showed maps with the distribution of Histiotheuthis bonelli, Eucalanus
hyalinus, Pulleniatina obliquiloculata, Thysanoessa gregaria, Euphausia americana, Sagitta serratodentata
serratodentata, that approximately match the area or boundaries of Warm-temperate waters as distinguished
in this study (Fig. 104). The subspecies Sagitta serratodentata atlantica has a distribution comprising the
warm-temperate pelagic province including the neritic Boreal-Lusitanean province as northern boundary
according to Pierrot-Bults (1997). The same applies to Planktoniella sol (Semina 1997).

Lucas and Grover (1973) showed maps with the distribution of Fuchaeta acuta that give further evidence
for a delimitation of this province. According to PierroT-BuLts and van per SpoeL (1979) the Eucalanus
elongatus group has its northern boundary exactly at the northern delimitation ofthe warm-temperate province
of this study.

The mesopelagic Mediterranean Outflow province of (Backus et al. (1977) is characterised by the dominating
area of intrusion and strongest influence of warm (10°C) and high salinity (35.7%0) water between upper
Atlantic mixed water and North Atlantic deep water or Labrador water respectively (Chap. 3.3, Figs. 25-28).
Regarding the bathypelagial, maps from van der Spoel and Heyman (1983) show the distribution of
Cyclothone pseudopallida, C. atraria and Limacina helicoides as being characteristically for the deep North
Atlantic province (Fig. 107) south of the Greenland-Scotland ridge system. For demersal fish the fauna off
Iceland, the Norwegian Basin, and the Rockall Trough in archibenthal/bathyal depths were very similar
(Haedrich and M erret 1988; M erret and Haedrich 1997).

According to the general tendency of deeper waters to increase uniformity with depth there are more species
with wide distributions in the bathypelagial, partly showing tropical submergence, and in the abyssopelagial
(VAN Soest 1979).

At abyssopelagial depths of > 2700 m the same water mass of North Atlantic deep water is ubiquitous with
several faunal elements being also ubiquitous (Angel 1993).

6.3.2 Benthal and Neritopelagial of the Shelf and Upper Continental Slope and Ice-Cover biomes

Reasons and evidence forjoining the shelf with the upper continental slope for this biogeographic realm of
this classification have been given in chapter 6.1.

For a correspondence of the neritopelagial with the ”shallow” benthal delimitations there was given further
evidence by Bricas (1995) who considered the continental shelves to be one unit ofthe benthic realm together
with the overlying neritic water column and van per SeoeL and Heyman (1983). Later authors presented a
map with a delimitation of the neritopelagial according to their ’distant-neritic” concept. This map shows
neritic distribution ranges reaching far beyond the shelfbreak, also to about the 1000 m isobath. This closely
match the delimitations given in the classification of this study. For the OSPAR area they showed nearly the
same boundaries between North-East Greenland and South-East Greenland, the Warm-temperate and Cool-
temperate waters/Lusitanean-Boreal and Boreal-Lusitanean provinces, the Skagerrak and West Norwegian
subprovinces, and the West Norwegian and Finnmark subprovinces.

The role of sea-ice as a substrate being comparable and partly closely related to the benthal has been described
in the chapters 3.5 and 3.5.1 and is thus regarded also by pelagic biogeographers as e.g. van per SpoeL and
Hevyman (1983).

Temperate water masses:

According to Exman (1953) and semina (1997) the Warm-temperate (Lusitanean) and Cool-temperate (Boreal)
provinces lack a truly epipelagic endemic fauna thus being populated mainly by cosmopolitan species. This
oceanic holopelagic uniformity gets more divers and specific in neritic regions.
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Similar to the pelagial, there is a latitudinal cline of species diversity away from the equator on continental
shelf areas. For instance C nristiansen (1982) pointed out the existence of 200 brachyura crab species along
West African coasts, 112 species at the Iberian peninsula, 47 species north ofthe English Channel, 31 species
along the Norwegian coast, and only 2 species penetrating into the Spitzbergen/Svalbard area.

Apart from this latitudinal cline there are areas of higher biodiversity in regions of transition where species
which have their centre of distribution elsewhere are still able to survive and reproduce in the periphery of
their range enriching local biocoenoses. Additionally, a variety of habitats (soft and hard substrates, mixed
and stratified waters, fronts) enriches local diversity of marine species. Such areas of enhanced marine
biodiversity are e.g. in the western English Channel and the whole transition area between warm-temperate/
Lusitanean organisms and cool-temperate/Boreal organisms on the West-European shelfbetween the Gironde
estuary and NW-Scotland (Lusitanean-Boreal and Boreal-Lusitanean provinces) and the transition zone
between Boreal and Boreal-Arctic forms from about the Shetland Islands to the middle ofthe Westnorwegian
subprovince (from the Hardangerfjord to Haltenbank).

scuorr et al. (1978) argued that the correlation between species diversity and shelf area would improve if
only the habitable shelf area was used while the proportion of shelf habitats suitable for certain benthic
organisms varies with latitude. These considerations apply to much ofthe North Sea and the French Atlantic
coast south of the Gironde estuary, where soft substrates dominate and ratios for in- and epibenthic fauna and
macroalgae differ considerably from hard substrate areas of the same latitude and oceanographic regime.

EkmaN (1953) and van pen Hoek and Donze (1967) concluded that ”no effective barrier to distribution is to
be found along the European coasts and therefore sharply defined limits obviously cannot be expected. The
Boreal province was therefore supposed to be bounded by intermediate zones with representations from both
neighbouring faunas.

A sharp break in trophic relationships from stable to seasonal productivity at ~45°(40°)N on the other hand
results in a similar decline in species as highlighted by Tavior and Tavior (1977) for gastropods. This
change in seasonality is encountered by different feeding strategies changing from specialised behaviours of
gastropods in stable (sub)tropical conditions to opportunistic feeders in high latitudes (Tavror and TavLor
1977).

Units of warm-temperate water masses:

Due to current patterns (Chap. 3.3) and long intercontinental distances the Atlantic ocean acts as a distribution
barrier for many benthic shelf and neritic species. This has resulted in a pronounced oceanic character of the
Azores subprovince with a comparably low diversity and few endemics. Macaronesia in a wider sense
includes the Cape Verde, Canary, Madeira, Salvage Islands and archipelagos (for some authors also a stretch
of the west African coast), and the more isolated Azores, being the only part of Macaronesia situated within
the OSPAR area.

Lroris et al. (1991) regarded the Macaronesian region as an ichtyofaunistic crossroad, where amphiatlantic,
circumglobal, and cosmopolitan species merge with a northern (”septentrional”) group (Boreal, Atlanto-
Mediterranean, Endemics) and a southern (”meridional”) Equato-Guinean group. This picture of Macaronesia
as a biogeographic meeting point was confirmed by santos et al. (1995) although later authors criticised an
incorrectness in the database of former authors. Within Macaronesia the Cape Verdean Islands do show
already a markedly higher tropical character while the Azores have a somewhat impoverished biodiversity
with a more oceanic character (Turkay 1982; PRup’HoMME vaN REINE and van peN Hoek 1988; L Loris et al.
1991).

Nevertheless Prubp’uoMmE van REINE 1988; Prup’HOMME vaN R EiNE and van peN Hoek (1990, Chap. 5.1.16),
Lroris et al. (1991, Chap. 5.1.15), and santos et al. (1995) came to the conclusion that waters around the
Azores show the poorest species representation compared to adjacent regions and have very few endemics.
This restricted diversity might possibly be due to their geographical and oceanographical isolation and only
a very narrow fringe of shallow waters hindering colonisation of the island’s margins by littoral organisms.
The drop of sea temperatures during the Pleistocene is believed to have resulted in a mass extinction with a
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too short period for species differentiation after recolonisation (Santos et al. 1995). Despite the fact that
dominant surface current patterns reach the Azores from the west, littoral fauna and flora show affinities with
the eastern Atlantic coasts. Intermediate waters of Mediterranean origin (Fig. 25-27), together with a chain of
seamounts and small islets between the Azores and the African coast, large scale eddies, and the topographic
features of the Portugal-Azores rise (Fig. 10) could have provided stepping-stone patterns for a spreading of
Lusitanean/Mediterranean species (Santos et al. 1995), while surface current patterns (Fig. 15) - approaching
the Azores mainly from the west (Gould 1985; Kleine and Siedler 1989; Santos et al. 1995) - depict a
hurdle for species dispersal due to great distances separating the Azores from the American coasts.

The Azores therefore are regarded as a subprovince with a more temperate character and with a closer
affinity to Madeira within the Macaronesian province which again seems to be quite separated from the
Lusitanean province described by Bricas (1974) or the Mediterranean.

The Lusitanean province has been differentiated into a Northern and a Southern Warm subprovince
with a Cool subprovince in-between.

Briggs (1974) set outendemism rates of ~40% for echinoderms and ~50% for fishes for the whole Lusitanean
(warm temperate Mediterranean-Atlantic) province and van den Hoek (1975) gave ~40 % for seaweeds.

The figures 29, 30 as well as the “Times Atlas and Encyclopaedia of the Sea” (Couper 1989), show high
phytoplankton productivity at the Cool Lusitanean subprovince which is characterised by moderate seasonal
upwelling of cold water during summer months and related nutrient enrichment of coastal waters off west
Portugal and north-west/north Spain (Galicia, Asturias, Cantabria) (Chap. 3.3). "Northerly” macroalgae,
invertebrates and lichens which otherwise do not occur south of Brittany re-appear along the coasts bathed in
cool upwelled waters (Lami 1931; Fischer-Piette 1955). These summery cold upwelled waters segregate the
Warm Lusitanean subprovince into a southern part along the Gulf of Cadiz and the Algarve and a
northern part along the Basque and Aquitaine coasts (Gulf of Gascony) (Figs. 29, 30) (Fischer-Piette
1957; W ooster etal. 1976; Fraga 1981; Fiuza etal. 1982; Fiaza 1983; W yatt and L arrafieta 1988; W yatt
and Perez-Gandaras 1989; M ittelstaedt 1991; Van Camp et al. 1991; Varela 1992; Bode et al. 1996).
This seasonal variability in western and northern Iberian coastal waters has different effects on sessile benthic
organisms in contrast to the mobile pelagos that might move to preferred optimum conditions. Both warm
Lusitanean areas do also show a considerable proportion of sediment dominated sublittoral and coasts besides
a different hydrological regime in contrast to the predominantly rocky coasts of the cool subprovince. These
markedly differences have influences as well on littoral organisms as on patterns pelagic species composition
and productivity. Ibafiez et al. (1989) described a marked discontinuity in intertidal ichtyofauna along the
northern Spanish coastrelated to the different hydrological regimes. Such discontinuities between the northern
warm Lusitanean and the cool Lusitanean subprovinces have been described as well by Sauvageau (1897);
Lami 1931,1933; Fischer-Piette andPrenant (1956), Fischer-Piette (1935,1938, 1952,1953, 1955,1957,
1963), van den Hoek and Donze (1966, 1967), and G allardo et al. (1985) for benthic algae, invertebrates,
and lichens. Above thatibanez etal. (1989) accentuated an increase in diversity and southern species abundance
towards the Basque coast in contrast to a low diversity in the upwelling influenced regions of Galicia and
Portugal.

Another striking difference is the different current regime during the winter half-year in this region with local
circulation patterns altering the oceanographic constellation. While facing cool upwelling waters during the
summer there flows a warm coastal current around the Iberian peninsula from Portugal to the inner Bay of
Biscay up to the Basque country on the other hand (Frouin 1990) (Fig. 15). In addition, there is a patchwork
of different water masses on the northern Bay of Biscay shelf. Surface/coastal waters are seasonally and
locally influenced by a near coast warm water tangue in autumn and cool and locally fresher water masses
with an inverted stratification in winter as described in chapter 3.3 (Pingree and LECann 1990; Koutsikopoulos
and LECann 1996). These give further evidence for a differentiation between the Northern Warm Lusitanean
and the Lusitanean-Boreal (sub)provinces.
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There are several rias and submarine canyons indented into the Iberian continental slope as well as multiple
seamounts off the Iberian coast partly reaching with their summit into shallower depths of the Lusitanean
waters (Chaps. 3.1; 3.2). Only poor knowledge exist about the biogeographic relations and entire vertical
zonation of these topographic features. Roux (1985) described an enhanced diversity of crinoids and abundance
at greater depths in this region due to the seasonally increased nutrient input which is caused by upwelling
waters.

The distribution of benthic species along the French Atlantic coast was described and mapped e.g. by Fi-
scHer (1943) and crisp and Fiscuer-PieTTE (1959). Former authors had given a list of northern organisms
with southern distribution boundaries and southern organisms with northern distribution boundaries along
the French Atlantic coast, whereas Evans (1957) focused on the vertical zonation of the littoral fringe along
the Atlantic coast of France. Many northern boreal and even boreal-arctic forms are known to occur submerged
at greater depths in the Bay of Biscay where some of them have their southern distribution boundaries
(Boucuer and W aren 1979; Roux 1985; Gremarec 1998, 2000/pers.com.).

The Lusitanean-Boreal province is additionally characterised by the stationary bourrelet froid” water
mass and an influence from warm water masses, derived from the NAD, overflowing the broad continental
shelf and taking part in the formation of the Ushant (Ouessant) Front west/north-west of Brittany (Chap. 3.3,
Figs. 10, 15) (pingree 1993; pingree et al. 1975; Pingree et al. 1976). Marine biodiversity is high due to a
wide variety of soft and hard substrate habitats and due to the situation ofbeing a region of transition where
southern Lusitanean and northern Boreal species merge.

South of the Gironde estuary there are predominantly soft substrates which cause a major change in the
character of marine biocoenoses. Thus the boundary between the warm Lusitanean and the Lusitanean-
Boreal provinces is also one of a different benthic substrate. Some biogeographers regard the differentiation
between those two provinces as an artefact (D auvin 1997; GLiEmarEc pers. com.) but due to the actual large
scale differences in marine life it might be justified to reflect these differences also in this classification.

Further evidence for a discrimination between both provinces had been given by Soutuwarp (1979, 1985),
who described a clear faunistic difference and a discontinuity in the presence of Pogonophora species between
the shelf margins and upper continental slopes of the northern Bay of Biscay, Celtic and Hebridean shelves
(Lusitanean-Boreal and Boreal-Lusitanean provinces) and those of the southern Bay of Biscay and Portugal
(Lusitanean province). Similar differences concerning echinoderms have been described by sisuer (1977).
The brachyura crab Hyas coarctucs as being a cool-temperate indicator has been recorded as far southwards
as to the French Gironde estuary (Curistiansen 1982).

v aN DEN Hoek and Donze (1967) emphasised the outstanding species richness of the algal floras of NW-
Spain and NW-Brittany which might be caused by the abundance of species related to different water masses.
Thus different biota meeting at these localities enhance diversity and give evidence for biogeographic
boundaries in these areas.

Foraes and Gopwin-AusTen (1859) stressed the presence of Lusitanean forms around the Channel Islands
which were absent from the south-western coasts of England and Fiscuer-Piette (1936) described the
biocoenotic difference on either side of the western English Channel. Cc risp and Soutnwarp (1958) gave a
detailed description of the biogeographic boundary situation for invertebrates and macroalgae in the English
Channel. The main difference is between the warmer, slightly more saline western basin with less extreme
variations and the impoverished eastern (Boreal) basin where many southern warm-temperate/Lusitanean
species fail to penetrate into. The other delimitation is between the warmer French (Lusitanean-Boreal) and
the slightly cooler English (Boreal-Lusitanean) coasts of the western English Channel basin. Others (E kman
1953; HormEe 1961,1966; C aBiocu 1968; BekLEmIsnEy 1977; C aBioch etal. 1977; FLEMINGER and H ULSEMANN
1977; M icuanexk 1979; PierroT-BuLTs and van peEr SpoiL 1979; EarLL and Farnuam 1983; Havpen et al.
1984; Gorikov et al. 1990; Bricas 1974, 1995; Gussay 1988, 1995a; o xoLopkov and D opGe 1996; SEMINA
1997; Hiscock 1985, 1991, 1998) confirmed this phenomenon which might underline a biogeographic

92



delimitation between the warmer Lusitanean-Boreal province and the cooler Boreal-Lusitanean province
in the western English Channel and a further delimitation against the Boreal province having its south-
western boundary in the eastern English Channel (Figs. 104, 105, 106).

Even for mesopelagic fish the delimitation between the Mediterranean Outflow and Azores-Britain provinces
had been given approximately at the area/latitude ofthe western English Channel entrance/Brittany by B ackus
et al. (1977) (Chap. 5.1.11; Fig. 16).

Biogeographic changes within the NEA temperate region have otherwise a more continuous character, as
indicated by the continuously graduated colour range in the figures 15, 104 (related to surface temperatures).
Along the western and southern coasts ofthe British Isles up to the Orkney-Shetland channel sublittoral biota
do show pronounced Lusitanean affinities (Earrr and Farnwam 1983; M itcuere et al. 1983; G ussay 1995;
Hiscock 1985, 1991, 1998). crisr and soutuwarp (1958) and G ussay (1988) have published lists of species
associated with areas of distinct marine climate regimes or having their distribution boundary around the
British Isles.

Units of cool-temperate water masses:

According to curistiansen (1982) the brachyopods Hyas araneus and H. coarctucs might be indicators for
cool-temperate shelf provinces having a distribution range from shelves south of England (north of the
French Gironde estuary) to north of Spitzbergen and the western Barents Sea.

The “Times Atlas and Encyclopaedia ofthe Sea” (Courer 1989) also included the Boreal-Lusitanean province
and the south-eastern North Sea in its Atlantic warm temperate marine biogeographic area. This boundary in
the western English Channel correlates also with the one given by Zezina and vinoGgrapova (1998) with
brachiopods for the benthic realm of the shelf and continental slope. Warm waters deriving from the NAD
(Fig. 15) characterise the Boreal-Lusitanean province (Figs. 105, 106) with its broad Celtic shelf (Fig. 10)
and warm water species are able to appear at comparable high latitudes to the west of south-west England,
Ireland, and Scotland. Thus, this province is also an area of enhanced marine biodiversity and of transition as
shown by Earce and Farnuam (1983) and M ircuere et al. (1983) with an decreasing south to north gradient
in southern warm-temperate (Lusitanean) forms. C nristiansen (1982) highlighted the number of 60 brachyura
crab species if the south and west coast of the British Isles are included versus a number of 47 species
occurring otherwise north of the English Channel in the NEA. Scottish sea lochs are richer in many species
groups, sublittoral communities, and habitats compared to south-western Norwegian fiords as revealed by
CconNor (1991).

A biogeographic discontinuity between Clare Island and the Faeroes was stressed by EarrL and FARNHAM
(1983) (Chap. 5.1.5) on the base of data of van pen Hoek (1975) (Chap. 5.1.16). According to vANDENH 0EK
(1975) and va~ pEN Hoek and D onze (1967) this region is an area of transition where many southern species
reach their northern limit and a considerable number of northern species also reach their southern limit with
a comparatively low endemism rate of ~11% for cold-temperate seaweeds. The phytogeographical boundary
between the cool-temperate/Boreal and the warm-temperate/Lusitanean (Lusitanean-boreal) provinces to the
west of the British Isles drawn by e.g. van pen Hoek and Donze (1967), van pEN Hoek (1975), M icHaNEK
(1979), Luning (1985), and Prup’nomME vaN REINE (1988) lies in-between those boundaries described for
faunal patterns in the Faeroe Channel, respectively Orkney-Shetland Channel, and in the English Channel
(e.g. Backus et al. 1977; Bricgs 1974; Gussay 1995; Hiscock 1998).

The Shetland-Orkney channel represents both a northern and eastern boundary for many southern species
with many species not being found in other locations in the North Sea (EarrLr and Farnnam 1983; Gussay
1988; Hiscock 1985). An even much stronger boundary is the Faeroe channel. Rather complex current
patterns separate cold water, cool temperate-boreal, and warm temperate water related organisms within a
comparatively small geographical area between the Faeroe shelf on the one side and the shelf around the
Shetlands, Orkneys, and the northern Scottish tip together with the Wyville-Thomson Ridge, Bill Bailey’s
and Faeroe Bank on the other side (M eincke 1983; W esterBerRG 1979). To the south the Celtic/Scottish shelf,
Anton Dohrn and Hebrides Terrace Seamounts, Rockall Plateau, the Porcupine, Hatton, Lousy, George Bligh,
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and Rosemary Banks are influenced at shallower depths by the warm NAD and at intermediate depths by the
more warm and saline Mediterranean intermediate water masses as far as they may reach to the north (Chap.
3.3). There was also given a boundary for mesopelagic fish between their Subarctic and Azores-Britain
provinces by B ackus et al. (1977) in this area (Chap. 5.1.11; Fig. 61).

Waters of the enclosed Irish Sea tend to be colder than warm NAD-descendant currents on the Scottish/
Hebridean and Celtic shelves around. Several frontal systems develop seasonally in the Irish Sea and marked
seasonally changing front systems are formed either in the North and St. George’s Channel (Islay and Celtic

Sea Fronts) and in the English Channel between cooler Boreal and warmer (Lusitanean) waters (Crisp and
SoutHwaArD 1953; PinGrEE et al. 1976; PingrEE and GrirriTn 1978; Lee and Ramster 1981; simpson 1981;

EarcL and Lasuam 1983; crise 1989). Especially € risp and Soutnwarp (1953), Soutawarp and Crise (1954),

and crisp and KniguT-Jones (1955) pointed out differences in the distribution of intertidal organisms related

either to Lusitanean character on the western approaches or Boreal character within the Irish Sea. BEarpaLL

et al. (1982) and Dickey-Corras et al. (1996) described distinct differences in the mix of plankton species

found on either side of the Western Irish Sea Front whereas Rees and Hore-Jones (1982) and Bec and RED

(1997) described implications and patterns of seabirds associated with frontal systems in the Irish Sea and
HorMmE. REEs (1986) revealed a high benthic diversity enrichment below the Western Irish Sea Front.

Although biogeographic differences between the Irish Sea and the adjacent seas might be only of minor
character there had been given evidence for the incorporation ofthe cooler Irish Sea into the Boreal province
and a delimitation against the Boreal-Lusitanean province by Crisp and Soutnwarp 1953, 1954; SoutHwARD
and crisp 1954; crisp and KniguT-Jones 1955; PingrEE and G rirrite 1978; Simpson 1981; Crisp 1989;
Gussay 1995; Hiscock 1998; ELLis et al. 2000/in press, and many species distribution maps of van per Spoel
and Heymann 1983. M ackie (1990) and M ackie et al. (1995) described benthic communities in the Irish and
adjacent Celtic Sea with a differentiation to substrate types and confirmed the Lusitanean influence to the
south of the Irish Sea.

Shelf-break and tidal front systems (e.g. Islay, Western Irish Sea, Celtic Sea, Scilly Isles, and Flamborough
Fronts) around the British Isles and their biological implications had been described by e.g. Ccrisp and
SoutawarDd (1953); soutnwarp and Crisp (1954); C risp and K NniguT-JonNes (1955); Lee (1970); PiNnGrEE et al.
(1974); pivgree et al. (1975); pincree et al. (1976); simeson et al. (1977); Pincree and G rirritus (1978);
smveson et al. (1978); Horrican (1978, 1981); Lee anp RamsTer (1981); smvpson (1981); BearpaLL et al.
(1982); rRees and Hore-Jones (1982); crise (1989); Pingree (1978, 1993); Dickey-Corras et al. (1996);
BeGG and REemp (1997); LonguursT (1998), whereas Rees et al. (1999) made a recent comparison of benthic
diversity in the North Sea, English Channel, and the Celtic Sea.

The Boreal province consists of the North Sea with adjacent shelf areas north of Scotland, the eastern
English Channel, and the Kattegat. The main current of the North Sea, a branch derived from the NAD/
Norwegian Current, enters the North Sea north of Scotland and runs through the North Sea in a counter
clockwise direction (Fig. 15) with tides swelling around three amphidromic centres. The enclosed nature of
the North Sea and the Irish Sea with their retained water bodies result in limited water exchange, greater
seasonal fluctuations with lower winter temperatures compared to open oceanic areas, and different nutrient
(and pollutant) dynamics with resulting implications on marine diversity and productivity.

Descriptions of benthic macrofaunal communities ofthe North Sea have been given i.a. by G emarec (1973),
sarzwepiL et al. (1985), B asrorp et al. (1990), R eise and B artscu (1990), K ronkE (1992), and K uniTzER et
al. (1992),.

Current patterns in the Skagerrak and Kattegat are complex. On the southern side of the Skagerrak there is a
current of higher salinity entering the western side of the Kattegat from the North Sea around the Jutland
peninsula, while on the eastern side of the Kattegat salinity gets reduced by the brackish Baltic Current which
merges with deep saline Atlantic water upwelling from the Norwegian Deep trough on the northern side of
the Skagerrak (Skagerrak subprovince of the Norwegian coast province) (Figs. 15, 18).

The southern coast of the North Sea is characterised by the tidal Wadden Sea with its special ecological
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conditions (W orLrr 1983; REise and B artscu 1990; Beukema 1992; Lozain et al. 1994).

The southern subprovinces of Norway and the South Iceland-Faeroe province, as delimited in this classification,
have close affinities to the character of the Boreal province (e.g. as classified by Earrr and F arnuam 1983)
but still have peculiarities that make them different as described below. A segregation of those provinces
depends on the scale of biogeography and criteria for the classification. The record table of NEA cool-
temperate brachyura of c uristiansen (1982) seems to be a valuable tool for an identification and segregation
of the Boreal provinces as classified hereby from other adjacent Boreal-Arctic and Boreal areas as e.g. the
W-/S-Iceland, Norwegian subprovinces, the Belts, and the western Baltic Sea.

The Swedish west coast is influenced by the brackish Baltic outflow (Fig. 15). The surface water salinity
commonly gets reduced to 10 %c by these water masses, whereas there is a deeper water layer of -30 %o
(Hiscock 1998). M icnanek (1979) described difficulties in a biogeographic delineation on the Swedish west
coast in the vertical as well as in the horizontal dimension. Vertically there is an upper southern flora related
to warm surface waters in the summer, while at the same time water below the discontinuity layer (-15 m) is
cold and the flora has northern affinities. This would correlate with the étage concept of Gremarec (1973,
1988). Horizontally there are 3-5° C higher surface temperatures inside a fringe of skerries, bays and fjords
compared to the adjacent open sea on the Swedish west coast with related effects on species composition.

The special character of the Norwegian (and Russian Murman) coast province was described as incorporating
a triple biogeographic gradient with one Boreal to Arctic gradient from Sweden to far beyond the Russian
border and an other fully marine to freshwater thermal and haline gradient from the Norwegian Sea and the
shelf through coastal sounds to inner estuarine fjord systems (Fig. 18) and from the intertidal zone to the
deepest basins of fjords and the shelf (Zenkevitch 1963; Brattegard and Holthe 1995). The margin off the
SW-Norwegian coast is separated from the rest of the European continental shelfby a trough, the Norwegian
Deep, which originates in the Skagerrak and sweeps northward parallel to the Norwegian shore (Figs. 10,91)
(Groombridge and Jenkins 1996). Brattegard and H olthe (1995) differentiated Atlantic, coastal, and brackish
water masses with related and partly variable currents and seasonally shifting isohalines which together
characterise the Norwegian coast. Typically, deep Atlantic saline water flows over a sill into deep fjord
basins, whereas abrackish surface layer merges with saline water and mixes with water masses ofthe Norwegian
coastal current, which is a continuation of the brackish Baltic current. The saline Norwegian current of NAD
origin and the brackish Norwegian coastal current merge towards the north (Fig. 15) (Blindheim and Loeng
1981 ;B rattegard andH olthe 1995). A vertical border between the Atlantic-Boreal and Arctic biogeographical
regions lies at depths of 30-40 m in the Norwegian fjords according to Golikov et al. (1990). The present
marine fauna was established after the last deglaciation with an immigration of boreal forms and a retreat of
cold-water Arctic forms along the Norwegian coast with cold- and warm water relics being distributed in
disjunct patterns and “endemics” being regarded as artefacts (Ekman 1953; Brattegard and Holthe 1995,
1997; Gubbay 1995).

The region from the Hardangerfjord to Haltenbank within the Westnorwegian subprovince is a transition
area with a high biodiversity and where Boreal and Boreal-Arctic forms both occur (B rattegard andH olthe
1995). The Westnorwegian and Finnmark subprovinces were indicated by Couper (1989) to have a high
production with an extraordinary high Phyto- and Zooplankton biomass. The record table of NEA cool-
temperate brachyura of C hristiansen (1982) seems to be another valuable tool for the delimitation of the
different Norwegian coast provinces and a segregation from other adjacent Boreal-Arctic and Boreal areas as
W-/S-Iceland, Shetland, North Sea, and Kattegat.

C onNoR (1991) revealed that south-western Norwegian fjords are less rich in species, sublittoral communities,
and habitats due to a smaller tidal range and low salinity conditions compared to Scottish sea lochs, although
fish, bryozoans, sponges, and calcarcous tubeworms are better represented in Norwegian fjords.

The complete absence ofthe Arctic sea urchin Echinus acutus in British waters which, on the other hand, is
abundant in shallow depths in south-west Norway and the extreme abundance of Strongylocentrotus
droebachiensis in Norway compared to isolated populations of Shetland underline the biogeographical
difference (Bratrecarp and Hortue 1997; Hiscock 1998). But there were also described the southern
(Lusitanean) forms Octophialucium funerarium, Upogebia sp., and especially Palinurus elaphas in SW-
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Norwegian waters (Tamss-Lycue 1958) which might be related to the flow path of Atlantic water masses of
the NAD/Norwegian Current system flowing along the (Boreal-Lusitanean) west British shelves and before
approaching SW-Norway (Fig. 15). The Norwegian Deep channel might be a deep-water pathway for
eurythermie Arctic-boreal species, where they can migrate ’submerged” as far to the south as the Skagerrak
(Bricggs 1974).

Although being dominantly of cool (cold) temperate (boreal) character and showing many similarities with
the South Iceland-Faeroe Shelf and northern Boreal provinces, there have been adopted the subdivisions of
BRrRATTEGARD and HorthE (1995,1997) for the Norwegian Coast province in this study, even ifthe subprovinces
seem to be of a comparably detailed level. Other biogeographers include the whole Norwegian coast together
with southern Iceland and the Archipelagos in-between in a Boreal-Arctic (Hiscock 1998) or cool temperate
(Gremarec 1998/2000/pers. comm.) province which might be also acceptable. However a major biogeographic
discontinuity had been described also at the latitude of the Trondheim fjord (~ 63°30°-65°N) (B RATTEGARD
and Hovtue 1995; Ccuristiansen 1982; Gussay 1995; Gremarec 1998/2000/pers. comm.).

The Skagerrak subprovince reflects the brackish influence of the Baltic surface current which merges to
some extent with deep saline Atlantic water that wells up from the deep Norwegian trough. According to
HeLa and Laevastu (1961), suerman and A Lexanper (1986), and Gorikov et al. (1990) this subprovince
does not differ much from the adjacent Boreal North Sea areas, but, on the other hand, it contains Boreal,
Boreo-Arctic, and Arctic isopod communities related to the different water masses (Hurt 1941). Also
occurrence of cold-seep endemics in the deep Skagerrak (G orikov et al. 1997) might give this subprovince a
distinct character.

The Finnmark subprovince along the Murman coast is characterised by a high abundance of Arctic-Boreal
forms, a high tidal range (< 4.17 m), a high seasonality and meso-scale variability related to the effects of
warm Atlantic and cold Barents Sea/Arctic waters that influence biological patterns especially of pelagic
biota. Following a spring development of diatoms, there is a high peak in Phaeocystis dominated phytoplankton
in May and lesser peaks conditioned by peridineans from July to September. Littoral biocoenoses underlie a
considerable regrouping every seasonal cycle due to the extreme seasonality (zenkeviten 1963). ”Atlantic-
Boreal-temperate” terebellomorpha polychaetes penetrate far north-east in coastal and fjord areas of the
Finnmark where the temperature is relative high and stable (H ortue 1978).

In contrast to Brattecarp and Horrue (1995, 1997) however, some other biogeographers (e.g. Forses and
G opwIN-A USTEN 1859; Curistiansen 1982; Hiscock 1998; GrLemarec 1998/2000/pers. comm.) described the
southern boundary for many Arctic forms and a northern boundary for many southern organisms at the
Lofoten islands.
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and Iceland to SE-Greenland with Thysanoessa
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neritopelagic distribution pattern (Fig. 100). The
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Arctic faunas.

The South Iceland-Faeroe Shelf province is influenced by complex current patterns. A branch of the cold
East Greenland Current - the East Iceland Current - submerges with its cold polar water masses along the
northern slope of the Iceland-Faeroe Rise and towards the Norwegian continental slope in-between NAD
water masses above and Norwegian Sea Deep Water (NSDW) below. The surface waters at the southern
slope ofthe Iceland-Faeroe Rise are influenced by warm and more saline Atlantic waters ofthe NAD and the
Irminger Current which is deflected towards the south-west, while cold deep waters from the Norwegian
Basin intermittently overspill the Iceland-Faeroe Rise with a saddle depth of ~ 500 m between Iceland and
the Faeroes and ~ 850 m at the Faeroe Bank Channel. This cold Norwegian Sea Deep Water flowing through
the Faeroe Bank Channel bathes the southern flanks ofthe Iceland-Faeroe Rise at depths exceeding ~ 800 m.
A weaker and variable eastern branch ofthe Irminger Current flows clockwise around NW-Iceland transporting
slightly warmer and Atlantic surface waters of higher salinity to shallow near-shore areas of North Iceland
(Chap. 3.3) with implications on local diversity (Stefansson 1962, 1969; Stefansson and Gudmundsson
1969; W esterberg 1979; Blindheim and Loeng 1981; Meincke 1983; Malmberg 1985, 1986; Blindheim
1990; Hansen etal. 1990; M alm berg and Kristm annsson 1992; Reinert 1995). Thus, biogeographic patterns
are different according to depth and related to water masses, and at shallower depths also to habitat diversity
(Kotthaus andK reeft 1967; Haedrich and K re fft 1978; Svavarsson etal. 1993; W eisshappel and Svavarsson
1996; M erret and Haedrich 1997).

Shallower waters show impoverished Boreal biogeographic patterns, although this province is situated already
at comparatively high latitudes. Intertidal and subtidal patterns around Iceland show rather more a clockwise
dropping out of species than a replacement by northern Arctic species and reflect the patterns of different
substrate types and habitats instead of temperature boundaries. No endemic Arctic species were recorded at
such shallow waters at Iceland (IngoLrsson 1996). There are only very few records of Lophelia pertusa
corals to the south-east of Iceland and on the Iceland Faeroe Rise despite a high abundance on the banks
south of the Faeroes (Freperiksen et al. 1992; R oGers 1994; M agnUsson and M acnUsson 1995) and it is not
quite clear by which factor the abundance is limited in this area.

Already Forses (1859) described the marked biological differences between the north(east) and the south
and west coast of Iceland. Exman (1953) pointed out the differences between north and south ofthe Greenland-
Faeroe-Scotland Ridge system and Earll and Farnham (1983) indicated the absence of the typical boreal
species Alcyonium digitatum along the northern coast. The record table of NEA cool-temperate brachyura of
Christiansen (1982) discriminated also the different Icelandic shelf provinces and described differences from
other adjacent Boreal-Arctic and Boreal areas as e.g. the Norwegian subprovinces, Shetland, and the North
Sea. M agnUsson and M agnUsson (1995) gave a valuable characterisation of the Icelandic waters for fishes
on the continental slope.

Arvarez et al. (1988) found a new floristic area comprising Iceland, the Faeroes, and Shetland islands by
clustering seaweeds in relation to possibly distribution limiting factors.

Gammaridean amphipod diversity in shallow to intermediate depths was compared between the Reykjanes
Ridge area south-west of Iceland and the Kolbeinsey Ridge area north of Iceland by W eissuarpreL and
svavarsson (1998). Temperature, rapidly declining with increasing depth, is the most important environ-
mental variable for the differentiation of species composition and distribution in the northern area. Depth
worked out to be the most important environmental variable for the southern area, explained by a shorter
evolutionary time for shallow water organisms after the Pleistocene glaciations. Related to the origin and
character of three different water masses there was identified a benthic zonation off the northern Icelandic
coast: Shallow coastal areas bathed in slightly warmer North Atlantic Water of higher salinity, an intermediate
deep (~250-350 m) zone adjacent to the north, which is influenced by polar water masses of the East Iceland
Current with a slightly lower salinity, and further to the north a deeper zone lying in very cold Norwegian Sea
Deep Water also with a lower salinity (W eissuappeL and Svavarsson 1998).

The entire region is characterised furthermore by a strong seasonality, most significant in solar radiation, and

cool waters with a very high productivity. Especially Zooplankton biomass is indicated as being extraordinarily
high (Courer 1989).
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Units of cold Arctic water masses:

Marine biology occupies a dominantrole in the Arctic ecosystems, and many nearshore terrestrial ecosystems
depend heavily on marine biological production immediately offshore even though solar insulation is available
only seasonally and often screened by snow and sea ice. (ALexanper 1992; BLeakiey and A LExanper 1995).
The development of phytoplankton of the Arctic basin is closely bound up with ice conditions (Chap. 3.5).
The mass development ofthe spring plankton (mainly diatoms) coincides with melting ofthe ice and penetration
of light into the water column. There is a gradient from the seas adjacent to the Pole with less than a month
(August) to the south-west of the Barents Sea with about eight months of vegetation period (ZenkeviTcH
1963).

The Arctic, with an age of ~ 3.0-3.2 mio years (to other opinions with its present appearance only 2.5-1.8
mio years [Gorikov et al. 1990]) and being -20 mio years younger than the Antarctic cold water system, has
had comparably fewer time to develop endemics. Consequently there are very few endemics at higher
taxonomic levels (Bricas 1995), although there are significant numbers of endemic species. ZENKEVITCH
(1963) considered more than 50% of the Arctic basin slope fauna to be endemic to the Arctic Ocean. The
Arctic and Arctic-cold boreal fauna was described as descending from evolutionary centres in the Pacific
despite the present hydrological situation (e.g. M enzies et al. 1973; Boucuer and W aren 1979; Gorikov et
al. 1990; B rigGs 1995). Dunton (1992) highlighted the paradox that the Arctic fauna shows high affinities to
a Pacific origin whereas the Arctic macro-flora seems to be entirely of Atlantic origin. BoucHeT and W ARrEN
(1979) indicated 83% endemic shell bearing Arctic deep-sea molluscs.van pen H oek (1975) gave an endemism
rate of only 6% for seaweeds. According to Svavarsson et al. (1993) the endemism rate for Arctic asellote
isopods on species level is < 30% at depths < 500 m, < 50% at depths < 750 m, but increases to > 60% at
depths > 750 m, and up to > 90% in the deepest abysses of the Arctic Seas.

Species number is poorer but number of individuals higher in the extreme habitats ofthe Arctic, according to
Thienemanni law. PauL and M enzies (1974) emphasised that this rule of oligomixity applies also to the
Arctic benthos where benthic biomass is extremely low especially in the high Arctic region.

The Arctic basin is an enclosed mediterranean sea with a very limited water exchange with the world ocean.
Only a minor inflow (~ 30%) takes place through the Bering Strait with a sill depths of < 45 m, most of
which passes into the NW-Atlantic through the Canadian Arctic West-Greenland waterways, whereas the
major inflow (~ 70%) happens through submerging water at the eastern side of Fram Strait along the continental
margin around Spitzbergen/Svalbard, besides freshwater runoff from (Siberian) river catchments and glacial
meltwater. The only outflow from the Arctic Ocean occurs on the western side of Fram Strait which is also
the only deep-water connection with depths > 2600 m between the Arctic and the Norwegian-Greenland
deep-sea basins (Chap. 3.3; Figs. 10, 15).

Hortue (1978) showed that elements with an Arctic affinity were able to survive all over the area whereas
Atlantic Boreal-temperate elements failed to colonise cold, deep, or shallow highly variable basins by analysing
the distribution of terebellomorpha polychaetes of the entire northern European waters from the eastern
English Channel to Svalbard/Spitzbergen.

For the eastern boundary between the Cold Arctic and the Cool-temperate biogeographic provinces in the
North Atlantic it was stated that it is not the same for the bottom and the pelagic fauna (e.g. Zenkevitcu
1963). The pelagic boundary in the Barents Sea lies much farther to the north and east than the benthic
boundary (compare Fig. 104 and Figs. 105, 106) due to considerable temperature differences between the
upper water body of warmer Atlantic waters and the colder sea floor. This is contrary to the western North
Atlantic region which is influenced by the cold East Greenland current and patterns are vice versa with a
pelagic boundary shifting farther south-west towards Newfoundland.

A subdivision of'the East Greenland coast into a Subarctic and (High) Arctic region by D unbar (1985, Chap.
5.1.22) and Ekxman (1953) corresponds well with the delimitation given in this study which separates the
North-East Greenland Shelf province from the South-East Greenland and North Iceland Shelf province.
Latter region is characterised by water masses ofthe cold East Greenland current with lower salinity with its
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periodically and seasonally fluctuating ice cover, drift ice and very cold Norwegian Sea Deep Water respectively
Greenland Sea Deep Water masses overflowing the sill of the Greenland-Iceland rise in Denmark Strait with
a saddle depth of ~ 600 m. A branch of the cold East Greenland Current - the East Iceland Current - bathes
the northern Icelandic coast with fluctuating intensity and in interference with the shallow warmer near-coast
north-eastern branch of the Irminger Current. The cold polar waters of the East Iceland Current submerge
along the northern slope ofthe Iceland-Faeroe Rise towards the Faeroes and the Norwegian continental slope
into intermediate depths with intermittent overspills across the rise into the North Atlantic basin (Chap. 3.3)
(AaGcaarp and Coacuman 1968; STeranssoN 1962, 1969; sTeraAnsson and GupmunbpssoN 1969; v inie 1980;
BrinpuEIM and Loenc 1981; M eiNncke 1983; M aLmBerG 1985, 1986; BourkEe et al. 1987; Brinouemm 1990;
M ALMBERG and K risTMmanNNssoN 1992;).

Temperature, rapidly declining with increasing depth, was identified to be the most important environmental
variable for the differentiation of species composition and distribution in bathymetric belts, which are composed
of different water masses offnorthern Iceland (W eissuarreL and Svavarsson 1998). The north-eastern branch
ofthe Irminger Current with warmer and Atlantic waters of higher salinity is phasing out in a shallow fringe
near the northern Icelandic coast (IngoLrsson 1996). This stretch with its still slightly boreal character is part
of the South Iceland-Faeroe Shelf province. Adjacent to the north there is an intermediate deep (~ 250-350
m) zone, which is influenced by polar water masses of the East Iceland Current with slightly lower salinity,
and further to the north a deeper zone lying in very cold Norwegian-Greenland Sea Deep Water of also
slightly lower salinity, both with different species compositions (W eissuarper and Svavarsson 1998). In
contrast to these findings concluded B ranpt (1993) and Branp and Pierensurc (1994) that differences in
peracarid crustacean assemblages on a transect of the Kolbeinsey Ridge were probably due to sediment
composition and and food supply rather than to hydrographic conditions.

A (notyet clustered) analysis of the distribution of benthic macro-organisms comparing Jan Mayen, Svalbard
(Spitzbergen), and Bear Island (G urLiksen etal. 1999) gave evidence for biogeographical differences between
Jan Mayen and the other areas and justifies an incorporation of Jan Mayen in the South-East Greenland -
North Iceland Shelf province. Such species with a different distribution were e.g. the crustaceans Balanus
balanus, Hyas araneus, Hyas coarctus, the sea anemone Hormathia nodosa, the ascidians Boltenia echinata,
Halocynthia pyriformis, Styela rustica, and the echinoderm Ctenodiscus crisatus which were absent at Jan
Mayen but common at Svalbard/Spitzbergen (G urriksen et al. 1999). Hyas araneus and H. coarctus were
described for North and East Iceland on the other hand (C nrisTiansen 1982).

v an DER SpoieL and Hevman (1983) presented a distribution map of the neritic species Pontegenia inermis,
which is endemic to the Subarctic regions, on the western side of the Atlantic and thus only distributed along
the South-East Greenland coast but not at the eastern Subarctic coasts in the OSPAR area. Further evidence
for a separate South-East Greenland - North Iceland Shelfprovince was given by A Lvarez et al. (1988). They
revealed in their statistical analysis of relationships between seaweeds and possibly distribution limiting
factors that the southern Greenland seaweed flora appeared to be segregated from those floras of Arctic
Canada and Spitzbergen/Svalbard.

The Times Atlas and Encyclopaedia of the Sea” (Courer 1989) shows the world’s highest benthic biomass
and PierroT-B uLTs (1997) also a very high phytoplankton productivity in the area of the South-East Greenland
and North Iceland Shelf province.

There is a subdivision in the permanently pack ice-covered high Arctic between the deep-water High Arctic
Maritime province and a shallower North-East Greenland Shelf province due to differences in species
composition, abundance, and productivity related i.a. to pelagic-benthic coupling as described in chapter
3.5.

The higher and more clearly pronounced diversity of the Greenland Sea pelagos compared to the one of the
Arctic Basin (Vinocrapov 1968) gives further evidence for a combination of pelagic and ice-cover related
classification characteristics to segregate the “impoverished” High Arctic Maritime province.

Also zezina and VinoGgraDovA (1998) gave delimitations between high Arctic deep water, Barents Sea, North-
East Greenland, and South-East Greenland shelves for the benthic realm that correlate with the classification
given in this study.
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Due to remoteness and inaccessibility of the ice-covered region, marine biological research on the North-
East Greenland Shelf had not produced much information on biogeographical data in the past, but had
dominantly focussed on the feature of the Northeast Water Polynya (NEWP) in the last decade (Chap. 3.5.1).
ExmaN (1953) considered the North-East Greenland waters being of high Arctic character north of 68°N in
contrast to a low Arctic region to the south-east of Greenland. C uristiansen (1982) indicated the absence of
brachyura crabs as a characteristic for NE-Greenland. Southerly species with long larval stadiums cannot
drift against the cold East Greenland Current and larvae do not have sufficient time to complete their
development with a plankton bloom lasting only 1-1.5 months, besides surface waters being too brackish for
many larvae to survive.

The Barents Sea province is influenced by an ice cover, shifting seasonally over a wide range, and different
water masses which give this province its fluctuating, heterogeneous, and seasonally influenced character:
warm and saline descendants ofthe NAD and cold Arctic water masses and currents of lower salinity besides
freshwater influence and ice-edge dynamics. Dense warmer and modified Atlantic water of higher salinity
intrudes the deeper part of the Barents Sea below the brackish surface layer and transformed bottom water
which increases towards the eastern part. More brackish and warmer water masses of the coastal current
characterise the Finnmark subprovince to the south. The Arctic Front is more clearly pronounced in the
western part, but more diffuse in the eastern part where there is extensive mixing between Atlantic waters and
Arctic water masses of the Persey Current and formation of Arctic Deep Water takes place (Chap. 3.3; Fig.
15). There are seasonal, short-term, and long-term variations in ice conditions in the Barents Sea with a
decrease 0f40% ofthe permanent ice covered area during the last 23 years. The maximum seasonal extension
however did not show a significant decline in the same period (Blindheim and Loeng 1981; Vinje 1980,
1985; skjoldal and Rey 1989; Loeng 1991; Vinje and Kvambekk 1991). These highly dynamic situation
finds its expression in pelagic as well as in benthic biological patterns (e.g. Zenkevitch 1963; Rey and Loeng
1985; Hassel 1986; Dragesund and Gjoszter 1988; Mehlum 1989, 1990; Lonne and G ulliksen 1991a, b;
Sakshaug et al. 1994; Hansen et al. 1996; Gjgszter 1994, 1997; Gjoszter and Ushakov 1997; Mehlum et
al. 1998).

More than 20% ofthe Barents Sea shelfis shallower than 100 m but there are several troughs deeper than 400
m and the shelf-break is comparatively deep in wide parts, reaching down to 400-600 m before the shelf
“breaks” into the Norwegian and Arctic basins (Fig. 10) (Gioszter 1997). There are different boundaries
between the Arctic and the Atlantic boreal faunas for the pelagial and the benthal in the Barents Sea as
mentioned above (compare Fig. 104 and Figs. 105, 106) (e.g. ZenkevircH 1963; DraGesund and GiosETER
1988). The fauna impoverishes towards the north and the east in the Barents Sea, due to a decreasing influence
of warm saline Atlantic waters.

Phytoplankton production seems to be more related to seasonal changing light conditions and water
stratification then to the retreat of the ice-edge (Rev and Loenc 1985). However, the shifting Arctic Front
(Chap. 3.3, Fig. 15) as well as sea ice in its varying extension and structure has important effects on
phytoplankton and the following food web as described in chapter 3.5. The different and changing structures
ofthe ice margins in the Barents Sea with leads and ice edges result in a diversified distribution and foraging
behaviour of marine birds (M enrum 1989, 1990; Hunt et al. 1996; M eurum et al. 1998).

Fish species can be classified into Arctic, Arctic-Boreal, and Boreal zoogeographic groups related to the
hydrographic gradient in the Barents Sea (Ekman 1953; DracesunDp and GigszTer 1988). The capelin (Mal-
lotus villosus) plays a major role in the Barents Sea ecosystem i.a. as a nutrition base for seals, whales, and
birds (e.g. ANkErR-NiLsseN et al. 1996; H ansen et al. 1996; GigsaTer 1997; M enLum et al. 1998).

Disappearance ofboreal and Subarctic forms, being replaced by high Arctic species, result in patchy patterns
of benthic biota and distribution of benthic biomass. A gradient of impoverishment of the qualitative
composition of benthos and plankton can be observed along the Murman coast towards the north-eastern
parts of the Barents Sea and beyond Novaya Zemlya. Latter islands are a distinct biogeographical boundary
(zenkevircu 1963). Especially the fauna and flora of the upper layers are particularly affected by the saline
gradient and brackish layering, caused by melting processes and terrestrial runoff, and the influence of long
and extreme ice conditions. Some littoral populations have vanished in northern and eastern parts of the
Barents Sea due to coastal ice. The shallows in the south-eastern and central Barents Sea and the southern and
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eastern slopes of Spitzbergen show the richest benthos in species numbers whereas the south-western half of
the Barents Sea has quantitatively the richest plankton.

The border between the Atlantic-Boreal and Arctic biogeographical regions lies at depths of 30-40 m in the
White Sea, and eastern parts of the Barents Sea according to Gorikov et al. (1990). A more differentiated
map of zoogeographical subdivisions, reflecting the complicated situation of the Barents Sea, was given by
zenkeviten (1963, p. 175). Benthic biomass in the Barents Sea is extraordinary high (Zenkevitcn 1963;
courer 1989). Richness in pelagic and bottom life is ensured by strong vertical circulations and saline input.
For the Barents Sea, providing one ofthe highest fishery yields, it is remarkable that nearly all main commercial
fish (cod, haddock, bass, coalfish, capelin, and herring, excluding Arctic cod) are at extreme limits of their
distribution and feed only in the Barents Sea but they breed mainly outside the Barents Sea in the coastal
waters of Norway (Zenkevircu 1963; Dragesunp and Groseter 1988; GiosazTer 1994; Fiansen et al. 1996).
The temporal meso-scale physio-oceanographic variability of the Barents Se ecosystem has great implications
on production, abundance and species distribution (Bracker 1957; Loenc 1987; M iprrun and L oenc 1987,
Sksorpar and Rey 1989; Brinoueim and Sksorpar 1993; A NkErR-NiLssen 1996).

The Barents and White Seas show warm- and cold-water relicts as characteristic features resulting from
climatic alternations in the Quaternary period encountered frequently in small scale habitat areas (zZenkEviTCcH
1963).

The White Sea should be regarded as a subprovince of the Barents Sea depending on the scale of the
biogeographical hierarchy used. Evidence for such a subdivision of the semi-closed epicontinental White
Sea was given generally by Dunbar (1951, 1953), Golikov et al. (1990), and especially by Zenkevitch
(1963).

The White Sea, with a maximum depth of 330 m, was indicated to have a distinct boreal and much more
seasonal and brackish (summery stratified in surface 4-10 %¢ and depths 21-34 %o layers) character compared
to the Barents Sea and is furthermore influenced by a high tidal range (< 8.5 m) with strong tidal currents in
the Gorlo-channel. Below the fresher surface layer there is a strong salinity gradient between the western and
the eastern coast of the Gorlo-channel connecting the White and the Barents Sea due to the influx of the
NAD-North Cape current descendant, also expressed in the abundance of related biota. Ice-cover lasts for
more than half of the year, with landfast ice and ice-floes even remaining longer, but there are warmer
summers of continental climate type in contrast to the south-western Barents Sea area. Ekman (1935, 1953)
regarded the White Sea as an isolated high Arctic relict region and presented distribution maps of the post-
glacial relic Portlandia arctica in the White Sea isolated from the Barents Sea, whereas Pandalus borealis
was shown to be present in the Barents Sea but absent in the White Sea.

Also Longrurst (1998) gave the White Sea a character different from the Barents Sea (Boreal Polar province
versus Atlantic Subarctic province) in his classification.

RipGwAY and H arrison (1981b, 1985) and H ansen et al. (1996) presented distribution maps and descriptions
of Phoca hispida (ringed seal) that excludes the White Sea despite its rather similar character to the northern
and eastern Baltic Sea where this marine mammal species occurs. Also Halichoerus grypus (grey seal),
Phoca vitulina (harbour seal), Erignathus barbatus (bearded seal), Balaenoptera acutorostrata (mink whale),
and Lagenorhynchus albirostris (white-beaked dolphin) live in (parts of) the Barents Sea but does not seem
to enter the White Sea according to descriptions of these authors. The majority of the Phoca groenlandica
(harp seal) population that feeds in the Barents Sea in summer breeds on the White Sea ice (BENJAMINSEN
1979; Dracesunp and GioszTer 1988).

There are very few endemics in the White Sea but a certain number of warm- and cold-water relics and a flora
and fauna of very impoverished Barents Sea character, due to the harsh climatic conditions. The White Sea is
the western distribution limit of a series of Pacific Ocean forms and shows similarities with the Baltic Sea,
resulting from post-glacial connections, at the same time. There is a vertical differentiation with predominating
high Arctic pseudo-abyssal animal forms at depths, low Arctic forms characteristic for the upper 30-40 m,
north-boreal communities in the littoral zone, and thermophilic and oligohalophilic forms in the summery
surface layer (zexkevircn 1963; Gorikov et al. 1990). The White Sea neritic waters have been classified as a
region of its own but with relations to the Barents Sea by Okoropkov and Dopce (1996) on the base of
planktonic dinoflagellates (Figs. 101,102). Those planktonic dinoflagellates ofboreal origin which penetrate
from the White Sea into the Barents Sea were regarded as allochtonous immigrants.
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6.3.3 Deep-Sea

The abyssal of the world ocean is characterised by rather monotonous environmental conditions without
sharp gradients including low temperatures (e.g. < 0°C in the North Polar and Norwegian-Greenland basins
and ~ 2°-8° C in the NEA and NW A basins; except at hydrothermal vents), absence of light, high hydrostatic
pressure increasing with depth, mainly soft muddy bottom substrates, and extremely limited food resources.
While annual/seasonal fluctuations in temperature stop at about 200 m depth (Exman 1953) there are even
major seasonal pulses and inter-annual variations in the vertical flux of particulate organic matter to large
areas of the deep-sea (e.g. Tvier 1988; TuieL et al. 1989; Rice et al. 1994; SCOR 1994).

Besides a differentiation in central ocean and ocean margin localities, the benthos is confined to soft sediments,
rare hard substrates, and more ”oasis”-like communities of hydrothermal vents and cold/hydrocarbon seeps.
On a global scale there is a logarithmic decrease in biomass with increasing depth and less clearly in latitudinal
patterns (SCOR 1994).

Until only two decades ago the deep-sea was believed to be relatively poor in species and to be globally quite
homogeneous in species distribution and abundance but the last decades have revealed a quite high diversity
ofbiota that live on the vast muddy bathyal slopes and abyssal plains. These uniform deep-sea conditions led
earlier deep-sea scientists as e.g. participants of the Danish Galathea expedition (e.g. KirkeGaarD 1954;
BruUUN 1956, 1957; M apsen 1961; w orrr et al. 1961; Hansen 1967; Knupsen 1970) to the assumption of
deep-sea species being mainly cosmopolitans. Representatives of all major classes of marine invertebrates
and fish got adapted to such environments (ViNnoGgrapova 1997). Even in these remote depths a single square
meter may contain up to 250 species of macro- and meiobenthic invertebrates (Smitu et al. 1998). Deep-sea
sediments have been estimated to harbour between 500,000 and maybe exceeding 10 million species of
macrobenthos with the former number being considered low (Grasste and M acroLek 1992; smitu et al.
1998). Locally there might be a high diversity of biological distribution patterns on spatial scales from
millimetres to kilometres due to variations in food input as e.g. seasonal phytodetritus pulses from surface
blooms or carcass falls, biogenic disturbance as e.g. bioturbation or megafaunal predation, or environmental
heterogeneity caused by physical features as e.g. benthic storms, substrate differences or different water
masses, etc. (GrassLe 1989, 1991; Rex et al. 1997). Gace and Tvyrer (1991) and G ace (1997) considered
different types and strengths of currents in the deep-sea (Chap. 3.3) to contribute to habitat heterogeneity and
thus deep-sea biodiversity on > kilometre scale. D avron and HessLer (1972) emphasised biological disturbance
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to be an important factor for maintaining diversity in the deep-sea. Jumars (1976) stressed the circumstance
that biocoenotic compositions and distribution patterns might differ considerably within short distances and
between different taxa. As in surface ecosystems it seems likely that an integration of both ecological and
evolutionary processes contribute to shaping patterns of biodiversity in the deep-sea and that their effects
depend on spatial and temporal scales (Rex et al. 1997). Thus, macrobenthic species richness in the deep-sea
can be substantially greater than in shallow waters (Gace and TyrLer 1991; Grassie 1991; Gage 1996,
1997).

But there are also a number of deep-sea settings where species richness is low and dominance is high due to
Thienemann’s law concerning extreme environments. According to GrassLe (1989) and Levin and G AGE
(1998) such environments include oxygen minimum zones beneath upwelling regions, isolated basins,
hydrothermal vents, or aspects of seamount biota (Zezina 1997).

There exist(ed) three main views about deep-sea marine zoogeography, as ViNnoGrapova (1997) set out:

- Species distributions are global or at least extremely wide ranging due to the absence of ecological barriers
in a widely homogeneous deep-sea;

- Deep-sea communities are limited by topographic and meso-scale water mass features in multiple basins;

- Deep-sea species are related to ~ 4 ocean divisions with several hierarchical subdivisions according to the
taxonomic level,

At this point, again the question of modern genetically based species definitions has to be taken into account.
Assumed wide distribution ranges of morphologically determined deep-sea species might change ifthey turn
out to be composed of several different species (compare Chap. 5).

Rex et al. (1993) stated a ”latitudinal species-diversity gradient” (LSDG) for small benthic deep-sea
invertebrates or Rex et al. (1997) more generally described a decreasing diversity related to latitudinally
changing environmental factors from equatorial/tropical latitudes to the poles. This is similar to the decline
in species diversity in the pelagial, the shallow coastal seas, or of terrestrial flora and fauna. G Ace and M Ay
(1993) on the other hand stressed the vertical gradient of diversity increase with increasing depth and compared
it with the gradient when one descends from mountain tops to sea level.

The geographical extent of species’ ranges is related to the amplitude of vertical distribution and increases
with depth or in other words the greater the eurybathy of a species the wider its geographical range and the
more the distinctness of deep-sea faunas the deeper the environment (Rex 1981, 1983; viNnoGrapov 1997,
V INOGRADOVA 1997; ZEzINa 1997).

The large scale distribution of deep-sea organisms is mostly related to temperature as determining environ-
mental factor similar to shallow water patterns. However LEvin and G ace (1998) tried to reveal other factors
as oxygen, depth, sediment organic carbon content, particle size, latitude that could be responsible for species
diversity control, but did not find a master variable. These factors might show higher significance on smaller
scales of deep-sea species distribution. G eorGe (1979) considered pressure to be an important environmental
factor in the deep-sea which created three different adaptive strategies: pressure-sensitive species that might
immigrate to moderate depths only with physiological stress, metabolically insensitive deep-sea colonisers,
and species being only capable to adapt to moderate pressure ranges. Availability of food is an other determining
factor for deep-sea distribution patterns. Presumably less than 3% ofthe surface primary production reaches
the abyssal depths > 3000 m (THieL et al. 1989; Sokorova 1997). With increasing depth food becomes
increasingly scarce what has its reflections in feeding patterns. Below 3000 m the energetic costs for active
forage become too high. Thus feeding patterns of carnivores change from being active to a more ambush
type, as well reflected by their morphology and physiology (THieL et al. 1996; ViNnoGgraDOV 1997).

Spatial heterogeneity in the deep-sea varies with time as concerning the seasonally varying pulse of organic
carbon flux from the surface ofboth temperate and subtropical latitudes and physical variability with current
variations from semi-diurnal tides to seasonally changing abyssal currents (TvyLer 1988, 1996). Besides
polar regions, where both highest and lowest flux levels have been recorded, there is a linear relationship
between vertical organic carbon flux and surface primary production (Lampitt and Antia 1977). Vertical
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nutrient flux can be unpredictable as e.g. fall oflarge carcasses or aggregations of macrophytes, or seasonally
predictable as e.g. rain of POM with peaks in the northern NEA in July which might have implications on
reproductive cycles of deep-sea organisms (TyLer 1988).

The abyssal plains below the centres of the subtropical gyres are generally regarded as being food-limited
oligotrophic areas, or sometimes called abyssal deserts, induced by low surface production (G age and T YLER
1991; Rowe 1996).

There have been made several comparisons between seasonally influenced stations at the Porcupine Seabight
Abyssal Plain (PAP) and subtropical oligotrophic stations mainly at the Madeira Abyssal Plain (MAP) regarding
phytodetritus deposition, consumption by nano-, meio-, and macrofauna and probably related megafaunal
patterns (e.g. IOSDL Deepseas Programme) (e.g. TrieL 1983; THieL et al. 1989; Rick et al. 1994). THiEL et al.
(1989) estimated 0.3-3% of the spring surface primary production to sediment to the deep-sea floor in the
centre of the West European basin which lies in-between the higher productive European shelf-break frontal
areas and the subtropical oligotrophic mid-ocean areas. It was assumed that sinking duration is 4-8 weeks
from euphotic surface waters to 4500 m depth. Detrital material could be classified into the categories snow,
aggregates, flocs/flakes, and particulate matter. Such particle size differences might be related to deep-sea
species diversity as emphasised by Etter and Grassie (1992). The fresh phytodetritus was colonised by
benthic foraminifers, nematodes, harpacticoids and kinorhyncha copepods as well as holothurians, amphipods,
and actinians feeding on this food source. Seasonal phytoplankton partieel flux that produces a patchy detrital
layer in the Porcupine Seabight was documented by BiLLeT et al. (1983). Accumulation was observed from
April to July in depths between 1370 and 4100 m with an assumed sinking rate of 2000 m in 2-3 weeks. It
was considered whether this seasonality is responded by reproductive cycles of deep-sea echinoderms.
Nematode abundance, biomass, and vertical distribution was significantly related to different phytodetritus
deposition patterns of the PAP and oligotrophic stations (L amssHEAD et al. 1995; V aANrREUSEL et al. 1995).
M erreTT (1987) argued whether a considerable vertical and horizontal variation in the pelagic and benthic
standing crop which is related to differences in seasonal surface production is responded by different
assemblages of abyssal demersal fish species. He described a marked faunal change between areas of
permanently stratified waters to the south and winterly mixed waters to the north of a boundary at ~ 40°N in
the eastern North Atlantic. Southern assemblages consisted mostly of negatively benthic to close neutraly
buoyanced benthopelagic microphagous feeding small species whereas northern communities were
predominated by large swimbladdered benthopelagic macrophagous rattails.

Similar differences between a northerly station with dominating necrophagous fish in the northern PAP and
two southerly stations with markedly dominance of scavenging decapods (Plesiopenaeus armatus) on the
subtropical MAP have been described by Tuurston et al. (1995) or regarding abundance, biomass, structure
of abyssal invertebrate megafauna by Tuurston et al. (1994, 1998). Later works emphasised the presence of
particle-selective phytodetrivorous holothurians on the Porcupine Seabight Abyssal Plain.

Organic matter in the sediment and in suspension close to the bottom (benthic boundary layer/BBL) is the
main food source for most benthic deep-sea invertebrates. The suprabenthic pelagic zone seems to be inhabited
by a distinct community ofnektonic and planktonic species quite different to that living at comparable depth
in abyssopelagic zones above the BBL (ANGEL and B aker 1982; Erris 1985).

According to Sokorova (1997) deposit-feeders (benthophages) predominate in eutrophic regions below high
surface production, while in oligotrophic regions, where sedimentation rates are low and organic matter is
rare, suspension-feeders (sestonophages; triptono-, detritus-, and zoophages) predominate but in a very low
population density. Besides this two basic types there are carnivores (predators and scavengers) in the deep-
sea. Conditions are generally more eutrophic in the deep Atlantic compared with other oceans (SokorLova
1997) and especially in the abyssal of the south-western oceanic OSPAR area with decreasing trophical
status towards the south (compare Figs. 96-99). Sokorova (1997) delimited the central oceanic eutrophic
area of the North Atlantic against the near-continental eutrophic hemipelagic sediment section at ~20°W and
across the Newfoundland Basin on the western side of the OSPAR area (Fig. 103).

SOKOLOVA (1997) distinguished three main types of species distribution due to feeding habits: near-continental,
oceanic, and panthalassic (for species which penetrate from eutrophic into oligotrophic areas).

According to this differentiation there has been reported a predominance of deposit-feeders in the Norwegian
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Basin, the Iberian Basin and the Bay of Biscay
(SoutnwARrD and SoutHwARD 1967; THIEL 1972; LAU-
BIER and S1BUET 1977; GrassHorr 1985; Sisuer 1977,
1979, 1985; sokorova 1997) and primarily
holothurians universally throughout the North Atlantic
with a changing ratio concerning suspension-feeder
predominance towards the oligotrophic central
Atlantic Ocean (SokorLova 1997).

Others as e.g. HessLer and Jumars (1974) and

PaTERsON et al. (1998) rejected Sokorova’s theory

and furthermore could not find particularly abyssal

trophic groupings, diversity and community structures

directly related to production. However these authors

used polychaetes for their analyses, an organism  NC: Near Continental Eutrophic
group that had proven already in relation to other ~ O¢: Oceanic Eutrophic

quest19ns (c9mpare Chap. 6.1) to show a dIStrll).utlon Fig. 103: Trophic areas of the North Atlantic deep-sea
behaviour different from other deep-sea organisms. (from SokoLova 1997, modified).

Differences between the physical characteristics of the water masses deeper than 2000 m are very small,
almost negligible, and hence the most important biogeographical differences are regarded by most scientists
as lying in differences of food supply (Briggs 1995; vVinoGrapova 1997; ZEzina 1997; LoNngHURST 1998)
besides a differentiation between deep moderate cold Atlantic and very cold Arctic waters within the deep
OSPAR area. But on the other hand the descriptions of Zezina (1997) might be also interpreted in that way
that bathyal distribution patterns still underlie much more thermal influences than abyssal patterns.

M enzies et al. (1973) and V woGrapova (1979,1997) regarded topographical features of the deep-sea bottom
as e.g. mid-ocean ridges as possible distribution banders for abyssal organisms. This view had been criticised
by M onnioT (1979) who could not regard the MAR to be a zoogeographical barrier for tunicates. She
accentuated the MAR to be rather aboundary zone of convergence where the faunas of different basins (e.g.

around the Azores triple junction) are superposed and furthermore that the geological age and processes of
the basin development has great relevance for North Atlantic deep-sea zoogeography.

TuursTtoN (1990) found little evidence for a segregation of different deep-sea entities in analysing necrophagous
amphipod distributions between 8°-50°N in the Atlantic Ocean at abyssopelagic depths between 3144-5940
m. He regarded this species group as being panoceanic with a wide bathymetric range.

SoutHwARrD and SoutawarD (1967) and Soutawarp (1979) identified different abyssal pogonophore species
compositions in the western and eastern basin of the North Atlantic separated by the MAR. GRrassHOFF
(1985) considered 75% ofthe gorgonarians, pennatularians, and antipatharians found in the Bay of Biscay at
bathyal depth to be endemic to the Atlantic, with ~40% to be confined only to temperate latitudes of the
deep NEA and abyssal species of these groups to have mainly a wider distribution range.

CLARKE (1962), with data of molluscs, compared i.a. the Labrador with the Norwegian, the Newfoundland
with the Westeuropean-Iberian, and the North American with the Canaries basins and gave evidence for a
differentiation between a western and eastern deep-sea province in the North Atlantic. He presumed deep-sea
fauna of distinct basins to be related to adjacent contiguous shallow water faunas. H AEpricH and M ERRET
(1988) and M errET and H aAEpricH (1997), on the other hand, found strong similarities between demersal fish
in archibenthal and bathyal zones of the Norwegian Basin, officeland, and in the Rockall Trough.

Vingradova (e.g. 1956,1959,1979; 1997) (Chap. 5.1.26) differentiated three provinces in the North Atlantic
with an Arctic (comprising the Norwegian-Greenland basin) subregion without giving clear evidence for her
subdivisions concerning the North Atlantic at the area covered by the OSPAR convention. A synthesis of the
classifications of Zezina (1997) for the bathyal (200-3000 m) and of Vinogradova (e.g. 1979) for the abyssal
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and hadai zones (> 3000 m) was given in a zoogeographical world map of the benthos (Vinogradova and
Zezina 1998) (Chap. 5.1.27).

The deep Arctic and Greenland-Norwegian basins are filled with very cold Arctic waters of <0° to -1.9° C
which overflows the Greenland-Iceland-Faeroe-Scotland Rise at certain localities and in irregular quantities
(e.g. Westerberg 1979; Swift et al. 1980; M eincke 1983; Swiftetal. 1983; M almberg 1985,1986; Bearman
1989; Blindheim 1990; M almberg and Kristmannsson 1992) (Chap. 3.3). With regard to the distribution of
water masses with Antarctic deep water reaching far north in the northern hemisphere and into the North
Atlantic basins, overlain by Labrador and Mediterranean intermediate waters (Chap. 3.3) and uniformly cold
temperatures with 2-8° C in the Atlantic, the Greenland-Iceland-Faeroe-Rise depicts a markedly biogeographic
banier (e.g. Ekman 1953; Dahl 1979; Svavarsson et al. 1990, 1993; W eisshappel and Svavarsson 1996;
Negoescu and Svavarsson 1997) even if there are mutual relationships between the deep-sea faunas of the
North Atlantic and the Arctic (Bouchet and W arén 1979; Svavarsson 1987; Svavarsson et al. 1993;
Vinogradova and Zezina 1998). Zenkevitch (1963) indicated species of the genus Themisto to be key species
for the differentiation between Arctic and Atlantic abyssal forms on either side of the topographical barrier.
Svavarsson et al. (1993) segregated asellote isopods of different taxonomic levels according to Boreal or
Arctic affiliations and described different horizontal and vertical distribution patterns north and south of the
Greenland-Iceland-Faeroe Rise.

The formation of a saline and cold Arctic water mass corresponded with the emergence of related pseudo-
abyssal Arctic genera and species and took place during the partial isolation ofthe Arctic from the Atlantic in
the early Pleistocene, ~ 1.8 mio years ago, according to Golikov et al. (1990). Bouchet and W arén (1979)
presumed the Arctic mollusc fauna to be largely reminiscences of the former old Pacific fauna before the
formation of the Bering Strait and highlighted the zoogeographic homogeneity of the deep Arctic and
Norwegian-Greenland seas.

There has been frequently stated a poverty in Arctic deep-sea endemics and/or diversity which was mainly
explained by the relative young age of the deep northern seas and long geological/hydrological isolation or
additionally by special ecological conditions (e.g. D ahl 1972; D ahl etal. 1976; Bouchet and W arén 1979;
Sibuet 1979; Svavarsson 1987; Grassle 1989; Svavarsson et al. 1990, 1993).

M erret (1987) and M erret and Haedrich (1997) pointed out differences between abyssal (4090-5440 m
depth) demersal fish assemblages in the eastern North Atlantic basin that might be linked to overlying
production regimes. Later authors described a northern abyssal group north of ~ 45°(41°)N, a southern
abyssal group south of 22°N, and intermediate groups in-between.

Svavarsson et al. (1993) discussed the relatively low endemism rates of Arctic deep-sea organisms on higher
taxonomic levels i.a. as possibly resulting from low oxygenated abyssal depths during some epochs of the
Tertiary. However, later authors indicated arecent endemism rate for Arctic asellote isopods on species level
being > 60% at depths exceeding 750 m which is below the Iceland-Faeroe Rise saddle depths, and up to
>90% in the deepest abysses of the Arctic Seas, whereas only one single endemic asellote isopod genus was
known from these northern deep-seas. Most Arctic deep-sea asellote isopod genera and species were considered
to have their distribution centre in the North Atlantic from where they have originated with a predominance
of eurybathic species ranges (Svavarsson 1987; Svavarsson et al. 1993).

Dahl (1979) described a high rate of gammaridean (amphipodean) species endemism of the Norwegian
abyssal plain (~2500-3700 m) and a low affinity to the adjacent North Atlantic abyssal areas but emphasised
the high affinity to Arctic and high boreal North Atlantic faunas on shallow shelves and upper continental
slopes.

Sibuet (1979) differentiated i.a. the European, Norwegian, Greenland, and Labrador basins in analysing
asteroid similarities at depths of 1800-3000 m and 3000-5000 m. Differences, but also a high degree of
similarity were found between the Greenland and Norwegian basins, however the European and Labrador
basins were quite dissimilar to the former and showed higher similarity only at depths of 3000-5000 m. She
concluded with a confirmation of the isolating effect of topographical barriers or ecological conditions to
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biogeography in deep-sea basins. In a later publication she documented also differences in holothurian and
asteroid abundance that were much higher in the Greenland, Lofoten, and Norwegian basins compared to the
Porcupine and Bay of Biscay basins, whereas ophiuroids were nearly absent in former basins (SisBuet 1985).
ViNoGraDova (1997) argued that the Arctic deep-sea fauna might have been formed by repeated descents of
the shelf fauna under the influence of temperature and salinity oscillations resulting in a splitting off deep-sea
sibling species and regarded the Arctic basin to be populated by a pseudo-abyssal fauna of deep-sea fishes,
sponges, bivalves, and echinoderms. Similar were findings of Kussakin (1973) or of Just (1980a) who
distinguished amphipods ofthe North Polar Sea to belong mainly to genera of the adjacent shelves from the
sublittoral to bathyal slopes, whereas asellote isopods were identified to belong mainly to widespread deep-
sea genera. Also HEessLer et al. (1979) regarded deep-water isopod families to have evolved in deep waters.
H aepricH and KrerrT (1978) presumed recent Arctic deep-sea fishes to be secondary invaders from shallower
depths and did not find fishes that evolved or radiated primarily in deep Greenland Sea Waters.

M apseN (1961) considered the upward vertical emergence of deep-sea species in the high Arctic to be not
only facilitated by similar cold temperature conditions but probably also by the absence of light throughout
most of the year and the darkness in the water column resulting from the polar night, ice cover, and the low
angle of radiation income.

According to Gorikov et al. (1990) the bathyal appears to harbour the most ancient representatives of the
present-day fauna from the historical and genetical point of view, a paradigm that needs further analysis.

zezina (1997) regarded mid-oceanic parts of the bathyal zone to possess very important biological
characteristics with many endemic species. One major difference is that species which are living on the main
continental slopes are absent in the bathyal of oceanic islands or the bathyal of mid-oceanic features. These
mid-oceanic regions are usually poorer in species diversity compared to the near-continental parts of the
bathyal zone, e.g. for the Pacific was given a ratio of 18/82%, whereas it was suggested that these regions
depict marginal distribution areas or even areas of expatriation of many bathyal species usually living on
slopes. These communities appear to be oligo-mixed (low divers) but with comparably numerous specimens
of few species which makes this communities attractive for fishery exploitation (zZezina 1997).

Seamounts might be exceptional deep-sea features to these considerations and might show considerably
higher biodiversity (BOEHLERT and GENIN 1987; W iLsoN and K AUFMANN 1987; RoGERS 1994; ZEzINA 1997) as
far as not being already destroyed by fishery activities (ROGERS 1994; KosLow and GowLETT-HoLMEsS 1998;
Koscow et al. 1999).

Seamounts have been defined as undersea mountains which rise steeply from the sea bottom to below sealevel
with an elevation > 1000 m and a limited extent across the summit. They can be further classified by their
elevation heights, shape, and summit depth (Rocers 1994). There are close similarities of biotic patterns of
seamounts with those of emerged oceanic islands as has been shown between the Great Meteor Seamount
and the Canary Islands and Madeira (W iLson and K aurmaNN 1987). Formation and locations of seamounts
within the OSPAR area are described in the chapter 3.1.

Depending on morphological shape, latitude, stratification, and location within currents there might be complex
thermohaline and flow patterns around seamounts on different scales from local to oceanic. The hydrological
features associated might comprise i.a. internal wave reflection, local upwelling, tidal amplification, meso-
scale geopotential height perturbations, deflection and modification ofthe incident flow, trapped thermohaline
fronts, and closed circulation patterns by eddy trapping so-called Taylor columns (Ropen 1987).

Steep seamount slopes swept by accelerated currents can provide a hard substrate habitat diversity in exten-
sive areas in otherwise soft sedimentary environments. These different hydrographical as well as morphological
aspects have important effects on pelagic and benthic ecosystems above and on seamounts. For some marine
biota they may be considered as islands separated by deep ocean areas. However, biological communities at
seamounts may differ qualitatively and quantitatively from continental shelf and slope counterparts at similar
water depths (BoenLeErT and G ENIN 1987).

Different ways of recruitment of species to seamounts by different patterns of larval behaviour and flow
patterns were considered by BoenLErT and M unpy (1993) and R oGers (1994). Above some seamount summits
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there were recorded enhanced concentrations of plankton throughout the water column, concentrated by
different mechanisms, which trigger the abundance of taxa of higher trophic levels, and often result in an
intensive exploitation of commercial interesting fishes (Boenrerr and GeniN 1987; RoGers 1994; ZEzina
1997; Kosrow and GowLeTT-HoLMEs 1998; K osLow et al. 1999). Benthic biological patterns of seamounts
in the NEA are still not fully understood and due to the nearly complete destruction of the original benthic
status of many seamounts by deep fisheries there is no possibility anymore to get a baseline of original
biocoenoses for a future monitoring or nature conservation purposes (R 0OGERS pers. comm.).

Seamount biota reflect patterns of nearest continental areas at high latitudes, whereas community structures
depend on summit depth at lower latitudes (W iLson and Kaurmann 1987). Shallow (< 1000 m ) seamounts
represent equal proportions of regional and widespread species, while deeper seamounts are dominated by
cosmopolitans. Latter authors considered that seamounts might provide stepping stones for the transoceanic
and latitudinal dispersal of species. Endemism rates of particular seamounts were estimated to be 15.4% at
maximum for invertebrates and 11.6% among fishes on a global scale with an increase in population divergence
and spéciation with increasing distance from continental margins and varying depths. W iLson and KAUFMANN
(1987) suggested four main biogeographic categories of seamount biota: provincial, widespread to
cosmopolitan, endemic, and exotic.

Cold water coral reefs/bioherms of the ahermatypic reef-forming scleractinian species Lophelia pertusa
and to a lesser extent other hard corals as e.g. Madrepora oculata, Dendrophyllia cornigera, and Solenosmilia
variabilis are other special features ofthe intermediate deep seas and have attracted much attention to science
because of their outstanding role and status in biology, ecology, and geology as well as because their recent
threat from fisheries (e.g. Lt D anois 1948; Tamss-Lycue 1958; W iLson 1979a, b; Z iBRowius 1980; F REDERIKSEN
et al. 1992; Jensen and FREDERIKSEN 1992; M orTENsEN et al. 1995; Freiwarp 1998; R oGers 1999).

Hard substrate - at least a small solid piece as a pebble or a worm tube - and the presence of Atlantic oceanic
water masses with temperatures between 4°-12°C seem to be requirements for L. pertusa to exist in the NEA
(TamBs-LycHe 1958; WiLson 1979b; Freiwarp 1998). For example in Norwegian fjords L. pertusa presence
is restricted to such fjords that show an estuarine circulation (Fig. 18) with oceanic water influx at depths
(FrRewaLD 1998). Within the OSPAR area L. pertusa has been recorded from the Azores area and all along
the European continental margins with associated banks and seamounts from the Straits of Gibraltar to
Finnmark in Norway (RoGers 1994). Only very few records were described from south of Iceland and the
Iceland-Faeroes Rise, possibly indicating too low temperatures. Regarding the global scale of all records
known so far, there is an overwhelming concentration in the NEA giving the OSPAR area global significance
for this species. The bathymetric range of L. pertusa abundance stretches from nearly 2000 m at the Azores,
> 1000 m in the Bay of Biscay and Porcupine Seabight and Bank/West Ireland to 50 m in Norwegian and
Swedish fjords with a main bathymetric presence between 200-400 m on the Scottish/Facroese/mid-Norwegian
shelves/slopes (LE D anois 1948; FreperikseN et al. 1992; RoGers 1999; skioLp pers. com.). L. pertusa and
other deep-water reef forming corals are often distributed on topographic highs as e.g. margins, pinnacles,
ridges, and seamounts where currents support such suspension feeding organisms and sweep surfaces clear
of fine sediments which might enhance settling (FrRepERIKSEN et al. 1992).

Providing a hard substrate in deep-water environments with several different microhabitats within a colony
there is an enormous amount of species associated with reefs/bioherms of L. pertusa (JENsexN and F REDERIKSEN
1992; MorTeENSEN et al. 1995; Rocgers 1999). Being fragile in their structure L. pertusa and associated
biocoenoses are severely vulnerable to impacts from e.g. fisheries or oil industry.

Hydrothermal vents (HTVs) are very special features within otherwise food-limited deep-sea environments
depending on allochtonous input from surface waters. Catalysed by free living and endosymbiotic
hyperthermophilic archaebacteria there have evolved communities entirely based on chemoautotrophic
processes. 93% of the vent fauna (367 species/1998) are endemic to these ecosystem and new to science
(CuEVALDONNE 1997; TunnicLirri et al. 1998).

When seawater gets in contact with hot lava in the earths’ crust at volcanic active locations, compounds as
metal sulphides and methane derived from the reaction with crustal rocks at high temperatures are taken up
to the seabed surface when the superheated water emerges again. Dissolved metal sulphides precipitate when
cooled, forming large black clouds in the water and may build massive chimneys so-called "black smokers”
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consisting of metal sulphides. At lower temperatures the sulphides mainly precipitate within the earths’ crust
rocks and fluids emerge cloudier as "white smokers”.Reduced chemical compounds, mainly sulphides besides
methane, are used by thermophilic chemlithoautotrophic archaebacteria as a source of energy to reduce
carbon dioxide and assimilate organic carbon. Bacteria grow most abundantly in the shallow vent crust
where upwelling hot, reducing hydrothermal fluid mixes with downwelling cold, oxygenated seawater. The-
se chemolithoautotrophic bacteria can build mats on vent surfaces or form ekto- or endosymbiontic associations
with certain invertebrates which depict the particular HTV fauna (Jannascu and Motrte 1985; GaGe and
TyLer 1991; Nicoras 1995).

The first HTV at the Azores Triple Junction was discovered only fairly recently in 1992 and discovery of
further sites as well as knowledge about geological, geochemical, and biological peculiarities advanced only
after 1993. The Menez Gwen field was discovered in 1994 (Saldanha 1996), while detection ofthe Rainbow
field was in 1997, and of'the Saldanha HTV field in 1998. Faunal communities at the Azores Triple Junction
HTVs differ considerably from the HTVs TAG (26°N; 3625-3670 m depth) and Snake Pit (23°N; 3420-
3480 m depth) that were detected further south on the MAR (outside the OSPAR area) earlier in 1985 or
from Broken Spur (29°N; 3400 m depth) discovered in 1993 and depth was considered to be probably one
shaping factor on geochemistry and biology (Van Dover 1995; SaLpanua et al. 1996). Deep-water and
shallow-water HTVs show striking differences in their associated fauna with increasing pressure with depth
providing effects on HTV chemistry and biology (RoGers 1994).

So far four locations of hot deep-sea HTV fields are known within the OSPAR area (Fig. 107) at the Azores
Tripel Junction (Chap. 3.1). Every field represents distinct geological, geochemical and ecological
characteristics which have been summarised by Santos (2000). Comprehensively described these are from
north to south:

Menez Gwen (37°51°N, 31°31°W): 855 m depth; Tnax < 281°C; small chimneys and mounds consisting of
white anhydrite - rich in baryte - and pillow lava around; located in a small summit graben of an axial high
in the centre of the MAR segment; patchy mussel beds and some shrimp swarms besides other vent (35
species identified), or frequent commensalous or opportunistic fauna;

Lucky Strike (37°18°N, 32°16°W): 1620-1730 m depth; Tnax < 292°-333°C; with 21 active chimneys -
which are distributed around a fossil lava lake in the central caldeira of an axial volcano - it is one of the
largest HTV fields along the MAR; sulphide structures are covered by mussel beds and i.a. shrimp patches at
chimneys and fissures (highest biodiversity of HT Vs at the Azores Tripel Junction: 66 species have been
identified) besides other vent fauna;

Saldanha (36°56°N, 33°41°W): 2200 m depth; the active site is located in the axial discontinuity between the
FAMOUS and AMAR segment of the MAR with fluids - which do not exit through chimneys but in a
diffuse fashion directly out of the seafloor - not yet sampled; large water column methane anomaly; but yet
no fauna only bacterial filaments were recorded;

Rainbow (36°14°N, 33°57°W): 2300 m depth; Tnax < 360°C-400 °C; located in the axial discontinuity south
ofthe AMAR segment it is one of the most active and the largest HTV fields along the MAR with about 10
groups of very active black smokers with chimneys and massive sulphides; 32 different species have been
identified; fauna is shrimp dominated, with lesser abundance of mussels at areas of lesser activity; but the
biomass is small and many chimneys have no animals;

santos (2000) proposed a differentiation of four habitats related to hydrothermal activity at the Azores

Tripel Junction according to temperature and substratum related faunal differences:

- Hot areas (100°-350°C) with sulphide substrates inhabited by bacteria and archaebacteria;

- Warm areas (20°-40°) of still hot sulphide chimney environments inhabited by shrimps (Rimicaris
exoculata, Mirocaris fortunata, Chorocaris chacei), bacteria, and occasional gastropods (Shinkailepas
sp.) and the crab (Segonzacia mesatlantica) on the lower limits;
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- Colder areas (2°-20°C) on sulphide bedrock where fluids are less aggressive, inhabited by dominant
mussel beds (Bathymodiolus azoricus) intermingled with commensalous polychaetes (Branchipolinoe
seepensis, Amathys lutzi) and crabs (Segonzacia mesatlantica), partly covered by limpets (Lepetodrilus
sp.), and with the gastropod (Phymorhynchus sp.) on the lower limits of this zone;

- Border areas without fluid influence with a character like the adjacent deep-sea but with more abundant
fishes (Cataetix laticeps), crabs (Chaceon affinis), and apparently some sea urchins and sessile fauna
(e.g. anthozoans) on rocky substrate.

TunnicLIFre et al. (1998) assumed a Pacific origin for Atlantic HTV fauna that could have spread through the
Tethys Mediterranean Sea, but clustering allozyme and morphological data sets from bathymodiolid mussels
from MAR HTVs, on the global scale the ones from the Atlantic differed considerably from those of the
GulfofMexico or from the Pacific (Vv an Dover 1995). Also Gesruk et al. (1997) stated that there seem only
few species to be common to both Oceans despite present knowledge of faunas from both Pacific and
Atlantic black smokers is still poor.

Besides the outstanding status in deep-sea biology and evolutionary interests there has been stated a relative
poverty in species diversity related to hydrothermal vents at both in soft sediments and on hard surfaces
(GRASSLE 1989).

Shallow water and cooler HTV sites have been recorded from the Steinaholl (Grimsey) vent field (250-350
m depth) on the Reykjanes Ridge south-west of Iceland (e.g. German et al. 1993) and from the Kolbeinsey
Ridge (70°-110°C; 100-106 m depth) north of Iceland (e.g. FRicKEetal. 1989; v AN DovEer 1995) (Fig. 107).
These HTV sites do show only communities of thermophilic chemoautotrophic archaebacterial mats, and
opportunistic boreal megafauna (Fricke et al. 1989), but yet no higher taxa oftypical HTV species have been
detected (VAN Dover 1995; Gesruk et al. 1997).

In addition to the southern MAR sites further hydrothermal activity was assumed in the deep Norwegian-
Greenland Sea on Mohns Ridge (2600-2660 m depth) from detection of a density plume associated with
fresh sheet and pillow basalts, hydrothermal sediments, minor temperature anomalies, and unusual abundance
of sponges (Fig. 107) (Vv an Dover 1995) and at the Tjoernes Fracture Zone north of Iceland (ScuoLTeN et al.
1999).

Further hydrothermal sites in the Arctic part of the OSPAR area were detected with a submarine volcano on
the Knipovich Ridge (76°48’N, 3500 m depth) in the northern Norwegian Sea (PEpeErSEN and SUNDVOR
1998; sunpvor 1997) besides the "Haakon Mosby Mud Volcano” (72°N, 1250 m depth) which is part of the
Bear Island submarine fan complex on the western Barents Sea continental slope (VocT et al. 1997).

The hydrothermal activity on the Knipovich Ridge was indicated by near bottom temperature anomalies near
the north flank of the submarine volcano, the presence of low-temperature hydrothermal mineralisation, Fe-
Mn oxyhydroxide crusts on dredged basalts, and hydrothermal mound-like structures detected by camera at
the rift valley (Pepersen and Sunpvor 1998; Sunpbvor 1997) and by the presence of archaebacteria and
bacteria in basalt from this low-temperature hydrothermal site (THorseTH et al. 1995).

The ”Haakon Mosby Mud Volcano” shows temperature anomalies in the water column directly above the
volcano centre while emitting thermal and dissolved methane plumes. Sediment cores of the centre are rich
inhydrogen sulphide gas and methane hydrate crystals. Methane hydrates are scattered across the sea floor in
small fragments and extensive patches and numerous tube worms in the sediment were observed by video.
Further examinations showed that microbial methane oxidation forms the base of the food chain of a benthic
community which is dominated by two species of pogonophorans with endosymbiotic methanotrophic bacteria
and probably attracting populous demersal fishes at this site (Voart et al. 1997).

There is a discussion about palacotectonic controls of HTV biogeography also concerning the recent
biogeographic differentiation between vent sites of different segments on the MAR. Ongoing discussions
concern faunal relations of Atlantic sites south ofthe Greenland-Iceland-Faeroe Rise, of putative or detected
low-temperature vent sites on the Arctic ridges, and faunal communication and biogeographic interrelations
with the Pacific sites through the Arctic or the Tethyan Central American connection or regarding putative
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South Atlantic vent sites that may have seeded Atlantic HTV fauna from the proto-Indian Ocean (V AN D OVER
1995; TunnicLirre et al. 1998). Interesting in this sense is the detection of fossil hydrothermal pyrite chimneys
with a fossilised worm assemblage in Ireland dated to an age of 350 mio years (Banks 1985) (comp,
development of the Atlantic by seafloor spreading, Chap. 3.1). Banks (1985) was not able to identify the
worm taxonomy, but it would be of particular interest because presently there are no living vestimentiferan
tube worm assemblages known from Atlantic/MAR HTVs unlike their present dominance at HTVs in the
Pacific (Gesruk et al. 1997).

Other geochemically driven communities are those of'so called cold seeps which are another deep-sea reducing
habitat. These much less characterised deep-sea chemosynthesis-based autotrophic communities are fuelled
by chemoautotrophic endosymbiontic bacterial oxidation of geogenic or biogenic methane rich fluids, oxidation
of sulphides, or sulphate reduction coupled with methane oxidation by thiotrophic bacteria. Composition
and origin of fluids are various on passive margins with liquid (crude oil), gas, and solid (methane hydrate)
phases, while on active margins methane rich fluids are related to the thermogenic or biogenic decomposition
of matter. (Gas hydrates are only stable in their solid phase in the low temperature-high pressure environment
ofthe deep seafloor.) Dominating higher cold-seep symbiont-containing species are bivalves, pogonophores,
sponges of which are a large majority endemic to a seep area. The symbiont-containing species are mainly
endemic to the cold-seep ecosystem and a biodiversity as high as at HTVs was detected at several seeps
(siBueT and OrLu 1998). Since there is no active geological subduction zone in the OSPAR area latter authors
did not give a cold-seep account for the OSPAR area, whereas Gesruk et al. (1997) and Gussay (1999) cited
some endosymbiont bearing organism records in pockmarks and seeps in the shallow North Sea and in the
Norwegian deep trough especially in the Skagerrak. In addition methane hydrate based communities were
recorded from the “Haakon Mosby Mud Volcano” in the deep Norwegian Sea, as described above.

These cold-seeps - together with other deep-sea reducing habitats as wrecks, large (e.g. whale, tree) carcasses,
and sunken organic waste lumbs - are considered to be probably stepping stones for larval stages and the
oceanic dispersal of some HTV species (Gesruk et al. 1997; Tunnicrirre et al. 1998; BETT pers. com.).

In addition to the extraordinary biota described above, there are occasionally brine seeps with specialised
biocoenoses in the deep-sea. Furthermore, living bacteria were discovered in deep subsurface sediments
several 100 m below the ocean floor (GaGe and TyrLer 1991).

Looking at general deep-sea patterns however - still lacking sufficient information on deep-sea species and
their spatial and temporal distribution patterns - marked differences in composition of biocoenoses were
described only between the deep waters of the Arctic including the Norwegian-Greenland basins and the
remaining North-East Atlantic concerning the OSPAR area. Thus, it might be yet too uncertain to split off
parts of the North Atlantic Abyssal Province for the designation of an additional West Atlantic Abyssal
Province and an additional East Atlantic Abyssal Province as did v inoGrapova (1979) (Fig. 80), a combination
of a West-European and a East Atlantic/Lusitano-Mauretano-Mediterranean with a North Atlantic bathyal
unit as shown by zZeziva (1997) (Fig. 79), or a segregation of biogeographic units related to different trophic
situations (Sokorova 1997) (Fig. 103).

Cox and M OORE (2000) stated that it is impossible to identify different biogeographic areas upon the deep-
sea floor of a single ocean, or even to draw up lists of faunal differences between one ocean and another, due

to still deficient information on deep-sea benthos.

The partly contradictory information and considerations argued above resulted in a classification of an Atlantic
region with an Arctic and an Atlantic subregion in the deep OSPAR area. The latter with a North Atlantic
province. The most striking factor for the determination of deep-sea species distribution patterns is the
temperature difference on either side of the Greenland-Iceland-Faeroe-Scotland Rise. Regarding this
differentiation, the emergence ofdeep-sea species in cold shallow waters ofthe Arctic as mentioned in the
chapters 3.2 and 6.2 has to be kept in mind.
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Regarding other properties than endemism rates, further subdivisions of the deep North-East Atlantic and
Arctic might be possible. Subdivisions to the north and south of Fram Strait and between eutrophic temperate
and at oligotrophic oceanic regions due to different production regimes in the epipelagial above as well as
below upwelling areas off the Iberian coast or off the West-European continental slope for a diversified input
of nutrients might be discussed.

6.4 Scheme and maps of the hierarchical biogeographic subdivision of the North-East Atlantic
and Arctic Oceans within the boundaries of the OSPAR area

The following classification scheme has been elaborated according to considerations given above, an exten-
sive evaluation of biogeographic references exceeding the frame of this study, and diverse personal
communications.

This scheme shows the hierarchical relationships, affinities, and the fitting into the context within the entire
Atlantic-Arctic Ocean realm system, for a clarification of terms see chapter 6.1. Where existing, the traditional
names have been used to name the different biogeographic provinces. Water masses correlated with
biogeographic patterns have been used for structuring the different entities because single taxonomic/species
relations would not be of use for the description of the entire OSPAR area in this integrated approach.

Overall important is to bear in mind that delimitations marked on the following maps are never sharp biological
distribution limits (there are only very rare exceptions) but in most cases gradual transition zones with only
more or less distinct discontinuities in the replacement of species within the biocoenoses. This applies especially
to the transition areas along the Lusitanean-Boreal transition along the western approach to the British Isles
and the Wyville Thomson Ridge-Faeroe Bank areca, the Boreal-Subarctic transition belt from Iceland, the
Faeroes, Shetlands to along the Norwegian coast, and in the Finnmark-Barents Sea-White Sea area.

Concerning the biogeographic maps it should be noted that there is a different western boundary in the
western Barents Sea for the benthic and the pelagic realms.

The Azores, that are an oceanic island archipelago of volcanic origin (Chap. 3.1), do not have a shallow
continental shelf but relatively steep slopes. Thus, as “emerged seamounts”, vertical patterns are more
comparable to this oceanic feature. Even though not connected by a shelf platform they form nevertheless
one biogeographical unit together (Figs. 105, 106).

The cooler Irish Sea waters could not be delineated against surrounding warmer waters in the pelagic map
due to graphical problems in the colour graduation.

The hydrothermal vent at Mohns Ridge (Fig. 107), so far known, is still putative as described in chapter
6.3.3.
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IHOLOIPELAGIC biome (< 1000 m depth):

Atlantic region

East Atlantic Temperate subregion:

water masses/pelagic provinces: Warm-temperate waters

water masses/pelagic provinces: Cool-temperate waters

Arctic region (no further subdivision in subregions and provinces)
water masses/pelagic provinces: Cold-Arctic waters

BENTHAL and NERITOPELAGIAL of the SHELF & UPPER CONTINENTAL SLOPE

(< 1000 m depth), and ICE-COVER biomes:
Atlantic region
East Atlantic Temperate subregion:

water masses: Warm-temperate waters
provinces: Macaronesia: Azores subprovince
Lusitanean
subprovinces: Cold Lusitanean, Warm Lusitanean (N and S)
Lusitanean-boreal

water masses: Cool-temperate waters
provinces: Boreal-lusitanean
Boreal
Norwegian Coast
subprovinces: Finnmark, Westnorway, Skagerrak
South Iceland - Faeroe Shelf

Arctic region
water masses: Cold Arctic waters
provinces: High Arctic Maritime
North-East Greenland Shelf;
South-East Greenland - North Iceland Shelf
Barents Sea
subprovince: White Sea

DEEP-SEA biome (pelagial and benthal > 1000 m depth):

Atlanto-Arctic deep-sea region

Atlantic subregion
province: North Atlantic province (water masses: ~ 2°-8° C)

Arctic subregion (water masses: < 0° C)
province: no further subdivision within the OSPAR area
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Arctic region: East Atlantic Temperate subregion:

Cold Arctic W aters province \ i Cool-temperate Voters province

approx. mean extend of .
the permanent pack ice Warm-temperate W aters province

area where the Polar and Arctic

Fronts are seasonally and

episodically shifting and frontal

systems are subject of changes 3
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Fig. 104: Biogeographic classification of the pelagial (< 1000 m depth) of the OSPAR Maritime
Area. The 1000 m isobath segregates the neritopelagial from the holopelagial.
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Fig. 105: Biogeographic classification of the benthal and neritopelagial of the shelf and upper
continental slope (< 1000 m depth), and ice-cover biomes of the OSPAR Maritime Area.
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Fig. 106: Biogeographic classification of the benthal and neritopelagial of the shelf and upper
continental slope (< 1000 m depth), and ice-cover biomes combined with the superordinate
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Fig. 107: Biogeographic classification of the deep-sea (pelagial and benthal > 1000 m depth) of the
OSPAR Maritime Area with some selected isobaths and features shown.
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7 Discussion and Conclusion

The biogeographic classification suggested in this study is the first one which integrates holopelagic (epipelagic
and mesopelagic), benthic and neritopelagic phytogeography and zoogeography of “’shallow” shelf and
slope zones (including sea ice), and zoogeographical deep-sea patterns. This classification differentiates
three major realms in one classification system covering the vast OSPAR area with its very different regional
and spatial situations.

It is sobering to find out just how little is still known about larger-scale distribution patterns in the marine
realm as CraMmEe (1997) stated. Despite research techniques and thus records of marine organisms as well as
evaluation techniques have improved considerably within the last decades, knowledge about marine taxa
and especially large-scale distribution patterns in the vast oceanic spaces still remain very poor regardless
that huge amount of literature on the subject of marine biogeography that one is hardly able to overlook
(Briggs 1995). EarrLL and FarnuaMm (1983) argued that the fact that years of marine biological studies did
not prolifer any precise biogeographical province boundaries that can be applied to the NEA probably could
reflect the rather artificial nature of such classification exercises. The concepts of particular biogeographic
provinces could probably only have an application at the broadest scale according to these authors. They did
right to criticise the frequently cited standard works of Exman (1953) and Briggs (1974) as being too
superficial and patchy. Knowledge about species distribution patterns in the vast and varied North-East
Atlantic area still remains poor even if there do exist already a lot of different approaches to marine
biogeography. Further research has to be done to gather data to assist the tasks, such as monitoring future
protected areas, protection measures, and possible long term and/or man made changes.

Biological distribution boundaries are seldom as sharp as lines in a map might suggest. In most cases -
except created through e.g. fronts, water mass overspills and stated in the text - horizontal and vertical
boundary lines in biogeographical maps should be regarded as boundaries with a certain continuum. The
degree of change might be again different with different taxa.

Species distribution is limited by various environmental factors which show major differences in their limiting
effects on different taxa, which might be again different on the different geographical levels. Determining
factors are very different in the polar-subtropical extension and again different in the vertical dimension. For
most species it is temperature, in some areas and for some species the light is strongly influencing patterns
(e.g. in phytogeography, in mesopelagial zoogeography, in Arctic and Subarctic biogeography), to other
species (e.g. deep-sea scavengers) it is the availability of food which seems to be the main limiting factor for
distribution patterns.

Thus, on a large scale like reflecting the OSPAR area, it is difficult to consider all factors and patterns at all
sub-scales in all three dimensions and biogeographic distribution patterns shown by one group of plants or
animals.

Regarding different regional or spatial aspects or using a certain biogeographic technique can lead to quite
different results from the patterns shown by another group, region, vertical zone or revealed by another
technique.

Marine macrophytes are fixed in their location, they grow along coastal fringes and are vertically distributed
only down to sublittoral depths. Thus, the description of seaweed and seagrass distributions (e.g. BORGESEN
1902, 1908; BorGESEN and JonssoN 1905/1908; D avy pE VIrRviLLE 1940; DEN HArRTOG 1970; IrRVINE 1974,
1982; IrviNE et al. 1982; G arrarpo et al. 1985; Sourn and TitTtLey 1986; BreemanN 1988; TirTLEY et al.
1982, 1985,1989; Lroris et al. 1991 ; and references therein) is somewhat more easy to analyse statistically
than the distribution of mobile organisms in vast and dynamic oceanic spaces. V an pEN HoEek (1975) even
stressed that seaweed biogeography can be more easily investigated compared to land flora biogeography
because of the fringing and linear character of seaweed distribution along the coasts in contrast to plane
terrestrial plant distribution. Phytogeographical results are therefore less contradictory than biogeographic
maps produced for various faunas associated with different ecological biomes.

118



There is a discrepancy in views of planktologists and benthologists about a delimitation between the warm
temperate/subtropical and cool temperate/boreal units within the NEA. While many benthologists seem to
prefer a boundary at the western English Channel there were been presented biogeographic classifications
and maps mainly of ecologically orientated (nutrient based) pelagic works (e.g. ViNoGrRaDOV 1968; B ERGER
1974; HerMAN 1979; PierrOT-BULTS and vAN DER SPOEL 1979; PRUD’HOMME VAN REINE and VAN DEN H OEK
1990; AnGeL 1991 ; LonguuUrsT 1998) that show or mention a boundary between warm temperate/subtropical
and cool temperate/boreal units at about 40° N in the NEA. Especially AxGer (1991) stressed this pelagic
boundary at 40°N and referred to satellite images where it should be clearly marked. However on the satellite
image provided by LonguursT (Figs. 96-99) this boundary appears only in spring and far less pronounced in
autumn. Conversely there is evidence for certain discontinuities on the latitude of the English Channel entrance
(e.g. ForBEs and GopwIN-AUSTEN 1859; FiscHER-PIETTE 1936; Exman 1953; Crise and Soutawarp 1958;
HoLME 1961, 1966; Backus et al. 1977; BekLEMISHEV 1977; FLEMINGER and HULSEMANN 1977; M ICHANEK
1979; EarRLL AND FArRNHAM 1983; HAvDEN et al. 1984; Gorikov et al. 1990; Bricgs 1974, 1995; Gussay
1988, 1995a; O koropkov and DobpGe 1996; Semina 1997; Hiscock 1985, 1991, 1998) while M cinTyrE and
Bt (1967) and AnGeEL (1979b) marked both boundaries. AnGeL (1979b), AnGEL and Fasuam (1975), and
Fasuam and Foxton (1979) presented more differentiated schemes of various pelagic boundaries related to
different species groups and water masses in a vertical cross-section between 10°N and 60°N. However
boundaries/zones were not the same for ostracods and decapods. To achieve a consistency and congruency
between the classifications for the holopelagial on the one hand and the neritopelagial and benthic coastal
units of the southern OSPAR area for which evidence was given in this study on the other hand, I set the
boundary at the latitude ofthe English Channel entrance. Both delimitations might be somewhat arbitrary for
the holopelagial due to a more gradual change in oceanic temperate waters but the difficulty of ”drawing
lines in the water” had to be tackled somehow.

Backus et al. (1977) and LonguursT (1998) and some other research on the pelagial (e.g. some maps of van
pER SPoEL and H Eyman 1983) classified the very south-eastern corner of the pelagial of the OSPAR area as
belonging to a ”“mid-oceanic unit” of the northern Atlantic subtropical gyre. Such a separation might be
possible since this area lies in an oligotrophic region just in-between the NAD and a large scale meander of
the northern branch of the Azores current that gives this area probably a different character. But this was not
considered to make sense because the area is rather small and this classification should distinguish practical
biogeographic units.

As Earce and Farnuam (1983) and Hiscock (1998) had set out, there had been only limited sampling by
dredges on soft substrate seafloors or in very shallow littoral environments concerning biological records of
the benthal before the introduction of scuba diving. Deeper hard bottoms had to be left out in past! Many
biogeographic classifications however had been elaborated before or used data that had been gathered before.
With the use of modem diving techniques and remotely operated sensor and sampling techniques our view
and existing biogeographic descriptions might get enhanced, renewed, or possibly even changed when all
new data will be reviewed and compared with the old ones.

In this study the Barents Sea has been designated as one unit despite the northern and south-eastern stretch of
this province having different ice regimes and also different benthic biocoenoses. Thus, the shallow stretch
between Spitzbergen and the Franz Josefarchipelago, being nearly permanently ice covered but lying above
the West Siberian continental shelfunlike the High Arctic Maritime Province, could otherwise be designated
as being a part of a "High Arctic shallow marine province” as did ZenkevircH (1963). This would also
correspond with the delimitation between the marine Arctic and Subarctic regions of Dunbar (1985) and
remarks of Gorikov et al. (1990). But regarding the arbitrary OSPAR boundary in this region and reflecting
the need for a practical number of biogeographic units (Chap. 1) the northern and south-eastern parts of the
Barents Sea have not been split off.

Similar reflections apply to the (nerito)pelagic subdivision of the Barents Sea. Being rather a region of
transition between the seasonal changing influence of warm waters from the Norwegian current and cold
arctic waters contrasting boundaries between pelagial and benthal are difficult to define (see Chaps. 6.3.1;
6.3.2). Actually there is a south-western part which is more influenced by the warm descendants ofthe NAD
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and northern, eastern, and south-eastern parts that are influenced by cold Arctic waters and fluctuating ice
covers (Fig. 4.3). Such differences are reflected in the classification of LongHUrsT (1995,1998; Chap. 5.1.13)
with his delimitation between his Boreal Polar Province and Atlantic Subarctic Province. Also abundance
patterns of sea mammals as Megaptera novaeangliae (humpback whale) and Phoecena phoecena (harbour
porpoise), both with cool temperate Atlantic-Subarctic distributions and Monodon monoceros (narwhale)
and Delphinapterus leucas (white whale) both with cold Polar-Arctic distributions given by Ringway and
HarrisoN (1985, 1989) and H ansen et al. (1996) indicate such a subdivision.

The southern subprovinces of Norway and the South Iceland-Faeroe province as delimited in this classification
have close affinities to the character of the Boreal province as classified together by e.g. E arLL and F ARNHAM
(1983) or BrigGs (1974,1995). Others joined a belt from south Iceland over the Faeroes and Shetlands to the
south and middle of Norway and named it Boreal(-Arctic) province (ForBes and GopwiN-A USTEN (1859);
Hiscock (1998), Scandinavian province (Gotrikov et al. 1990), or Atlantic Subarctic province (B Ackus et al.
1977).

In fact this area is a transition area between cool-temperate and boreal-arctic species distribution areas but
with a horizontal boundary which is difficult to delimit. In this region cold-stenotherm forms are to be found
at greater depths than more eurytherm boreal organisms thus making a horizontal discrimination even more
difficult due to this vertical differentiation. But the (sub)provinces, as classified in this study, still have
peculiarities that make them different as described in chapter 6.3.2. A segregation of those provinces depends
on the scale of biogeography and criteria for the classification.

The areas along the Norwegian coast have been assigned by G Limarec (1998/2000 pers. comm.) on the base
of bivalve distributions to his cool temperate and mild temperate provinces to the north and south of the
Trondheim Fjord (~ 64°N) with a possible further Subarctic subprovince north ofthe Lofoten Islands. However
BRATTEGARD and H oLTHE (1995) took much more groups of marine organisms into account for their subdivision,
thus I followed their delimitations for my classification.

The classification of the area between the Gironde estuary and St. Jean de Luz in the south-eastern corner of
the Bay of Biscay (Gulf of Gascony) might be further discussed. According to Grimarec (1998/2000 pers.
comm., see also D auvin 1997) it belongs to his mild temperate province and the Bay of Biscay should be a
whole with larger-scale differences in benthic substrate characteristics creating artefacts. In contrary the
mouth of the Gironde has been characterised as a biogeographic boundary by Crisp and FISCHER-PIETTE
(1959), soutuwarp (1985), GusBay (1995), and Hiscock (1998).

Concerning the deep-sea there was paid more attention to questions of vertical zonation of distribution
patterns and to problems of the trophic situation (C-, N-, and energy fluxes) in the past than to a horizontal
differentiation of the distribution of deep-sea taxa. It will be hercules task to explore and describe differences
in bathymetric patterns in species’ ranges at different latitudes with an accurate delineation as GAGe and M ay
(1993) considered and TrursToN et al. (1998) argued that deep-sea biogeographic patterns remain subject to
speculation.

There had been taken a single vertical boundary for a subdivision of the biogeographic classification of this
study for practical purposes. A lot of evidence for a vertical biogeographic boundary at about 1000 m depth
between shallow and deep-sea organism assemblages has been given in chapter 6.2 for temperate as well as
for Arctic regions. The vertical boundary of 1000 m was used also for the high latitude and Arctic units
despite the phenomenon of polar emergence. A acaarp et al. (1985) described a pronounced influence of
Atlantic water masses down to depths of close to 1000 m in the northern seas and also Svavarsson et al.
(1993) highlighted a vertical discontinuity in species compositions at-1000 m in the Norwegian-Greenland
Sea.

For the horizontal classification of the deep-sea there exist still quite contradictory and varying descriptions.
For example Sokorova (1997) (Fig. 103) emphasises a longitudinal subdivision of the NEA at ~20°W in
contrast to M ERRETT (1987); Tuier (1983); Tuier et al. (1989); Rice et al. (1994); Tuurston et al. (1994,
1995, 1998);.... who stress otherwise a latitudinal segregation between eutrophic and oligotrophic regions at
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~40°N. For this study have been designated only two major units for reasons given above and contradictory
and still insufficient information about deep-sea patterns.

Further subdivisions ofthe Arctic subregion” and the "North Atlantic Province” due to a different character
ofpelagic marine snow/phytodetritus and therefore a different input of nutrients in areas with a high productivity
below upwellings and closer to the shelf/continental slope might be possible. In the sense of ongoing discussions
about the importance of the trophic situation for deep-sea distribution patterns (e.g. BiLet etal. 1983; T nieL
1983; sisuet 1985; M errET 1987; THieL et al. 1989; ETTer and Grasste 1992; Rex et al. 1993; Rick et al.
1994; Briges 1995; L amssueap et al. 1995; L ampirt and A ntia 1997; M errET and H aepricH 1997; REX et al.
1997; vinograpova 1997; Zezina 1997; Longuurst 1998; Tuurston et al. 1994, 1995, 1998; Bert pers.
com.; TuieL pers. com.) there could be suggested the designation of an oligotrophic ”High Arctic Deep-Sea
Basin” north of Fram Strait as a subdivision of the ”Arctic subregion” and additional subdivisions of the
deep "North Atlantic Province”. These could distinguish areas of higher nutrient input and therefore higher
biomass, abundance, diversity and different assemblage compositions of deep-sea species north of a boundary
at ~ 40°-45°N and oligotrophic oceanic abyssal areas to the south (comp. Figs. 69-99). Further subdivision
could reflect a differentiation between “shelf/slope-influenced” bathyal areas and oceanic abyssal regions
similar to vV inoGrapova and Zezina (1998) (Chap. 5.1.27).

Besides spatial dimensions the time factor has to be taken into account. Biogeographical patterns aren’t and
have never been static. Changes in the designated biogeographical zones and biocoenoses described here
may take place due to terms of evolution as well as related to global effects of manmade changes in the
marine environment such as climate change and industrial fisheries. Alterations of currents, water masses,
frontal and upwelling areas and therefore biogeographic fundaments have not only been reported from the
”El Nifio-Southern Oscillation” area in the Pacific but also from upwelling areas at the Iberian coast (W varr
and L arraNETA 1988; W vyarT and PerEz-G aNDARAS 1989; Suerman 1992), according to the Russel Cycle in
the Western English Channel (Soutnwarp 1980), and from the "Great Salinity Anomaly 1968-1982” (D ickson
et al. 1988), with evidence from the East Greenland Sea (HovcArp and Bucn 1990), as well as from the
Barents Sea (Bracker 1957; BLinoneiv and Loenc 1981; Loeng 1987; M iptTun and Loeng 1987; SkioLpaL
and Revy 1989; Brinouemv and Skiorpar 1993; A nker-NiLssen 1996), the White Sea (Gorikov et al. 1990)
and the entire Arctic (Zenkevitcu 1963).

The construction of ocean-connecting channels (Suez-Canal; Panama-Canal; Rhine-Danubian-Canal; Baltic
Sea-Volga-Don waterways) has opened pathways that connect the North Atlantic with the Indian and Pacific
Oceans as well as with the Caspian Sea for marine, brackish-euryhaline, anadromuous or katadromuous
organisms. Together with an increased shipping around the globe, anthropogenic dispersal of organisms
beyond their natural boundaries might result in a fading of distinct biogeographic patterns, original biocoenoses,
and partly in a decrease of original species abundance due to competition advantages of invaders. Neobiota
abundance has increased considerably within the last ~ 150 years in European waters, (e.g. Exman 1953;
crisp 1958; Por 1978; verMEL 1978; FaArNuaMm 1980; B arnEs and Hucues 1988; CosTtELLO et al. 1996; Eno
et al. 2000).

The physio-oceanographic concept of Day and Roff (1999) (Chap. 5.1.4) is one of the few approaches that
tries to reflect benthic and pelagic environments in all three dimensions. The applicability of this concept and
whether the expected communities are really found in the physiographically defined units has still to be
proven. Some details of their concept does not seem to be applicable to a wide area such as the OSPAR area
which also includes warm-temperate regions. Their concept might not be able to cope with very fluctuating
(seasonally and episodically) environments as e.g. the Barents Sea concerning all levels and the six fixed
depth intervals do not necessarily reflect biological patterns. In addition, depth patterns are much different
e.g. off the Straits of Gibraltar, on the MAR, in the Rockall Trough, and on the continental slope north of
Svalbard (Spitzbergen) or on the continental slope north of Greenland in the Arctic basin.

However, the classification concept seems to be quite valuable to be used for a marine classification on
marine landscape/seascape-feature level (see L arroLey et al. 2000a, b) and community level between
biogeographic subprovinces and habitat classifications as e.g. presently prepared with BioMar or the EUNIS.
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Ecological geography as described by planktonic and productivity patterns (Loncuurst 1998) might enhance
the ideas of pelagic patterns and even habitats considerably (e.g. oceanic and shelf-sea fronts as ecotones; the
shallow pycnocline as habitat and boundary) but as cited by L onguurst (1998) in the image ofrain forests in
Brazil, Papua-New Guinea, and the Congo being ecologically quite similar but taxonomically totally diffe-
rent, this problem would also apply to many biogeographically different but ecologically similar (similarly
productive) marine regions.

With regard to future work the evaluation and integration of satellite images, e.g. showing the character and
distribution of'ice, plankton, salinity and energy flows, and new oceanographic techniques as e.g. multibeam
scans could be useful. However, difficulties in the meso-scale classification of large ocean areas by satellite
images are obvious, as e.g. visible in the figures 96-99 (Chap. 6.3.1).

But combined with species distribution data and transferred into a Geographic Information System (e.g.
ERMS, OBIS), such tools would provide a temporal, continuous, and area covering monitoring and make
the designated units more precise (see also Chap. 8). Also effects of protection measures in the vast OSPAR
area could possibly be surveyed by using these tools.

The question remains whether further subdivisions of this classification are suitable for the purposes of the
OSPAR-convention (see Chap. 1).
To fill the gap between the provinces/subprovinces ofthis biogeographical classification and the recent work
on a hierarchical habitat classification within OSPAR/EUNIS/ICES further subdivisions of already identified
biogeographic units on additional meso-scale classification levels should be made related to oceanographic
features as

e.g. related to lower levels of the classification system of D oy and R orr (1999) (Chap. 5.1.4);

to lower levels of the comparative scheme of E arrLr and Farnuam (1983) (Fig. 6.1.5);

marine landscape/seascape-feature level of L arroLey et al. (2000a, b);

or additionally related to these proposed features:
clusters of benthic substrates on meso-scale level e.g. derived from multibeam scans predicting meso-
scale benthic communities on this basis and integrating existing meso-scale benthic community
classifications (e.g. sarzweper etal. 1985; Gremarec and Baven 1987; M ackie 1990; R eise and B aArTscH
1990; kronkE 1992; KuniTzer et al. 1992; Gremarec 1973, 1995; M acxie et al. 1995; Hiscock 1991,
1995, 1998);
meso-scale fronts (e.g. Pingree and G rirritn 1978), eddies, mixing (e.g. PinGree 1978), stratification
(e.g. PiNGREE et al. 1976), convergences, divergences, turbidites;
nutrients and productivity patterns.
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8 Outlook

Reflecting the complexity of marine biological distribution patterns a modern marine biogeographic
classification that covers the OSPAR Maritime Area or the entire European seas in a consistent and comparable
way is still missing. Such a categorisation should integrate patterns of all marine taxa (flora and fauna) in all
three-dimensioned spatial magnitudes to describe the frame of Europe’s marine biodiversity.

In future times distribution patterns might change faster than so far either due to an increase in climate change
and by natural or anthropogenic dispersal and human impacts. Dispersal of species is an everyday occurrence
and inexorable continuing process but some anthropogenic activities, e.g. industrial fisheries, discard ofbilge
water, deliberation of genetically manipulated organisms, and intentional deliberation have had already their
impacts on patterns of biodiversity.

New records of species also raise the question as to whether they have been introduced (when? from where?)
or whether they represent natural extensions in range or have always been present but undetected (EarLL and
FarnHam 1983; Thiel pers. com.).

With the development of digital databases a freer exchange of biogeographic information will be facilitated,
provided data-sets and formats are compatible with each other (Krause and A ncer 1994). Extensive marine
biological databases exist for example with the European Register of Marine Species (ERMS) of the MAST/
EU (http://erms.biol.soton.ac.uk/), the North-East Atlantic Taxa (NEAT) project ofthe Tjimo-Marine Biological
Laboratory/Sweden for marine invertebrates (http://www.tmbl.gu.se/libdb/taxon/taxa.html), or at Norway’s
“Direktoratet for Naturforvaltning” (Bratrecarp and Hortue 1995,1997; Gurriksen etal. 1999). The second
stage ofthe ERMS project and the Ocean Biogeographic Information System (OBIS) ofthe Rutgers University/
New Jersey, USA (http:/www.imcs.rutgers.edu/OBIS/index.html) are first attempts for the tremendous task
tojoin such taxonomic data with geographical references which, when sufficient complete, could be used for
biogeographic statistics, computing of three-dimensional distribution schemes and, production of customised
maps for general or specific applications. Besides traditional approaches for research and description of the
world’s biosphere and more modern application-related biogeographic approaches for e.g. purposes of mari-
ne nature conservation and resource management, future applications could integrate the phenological monitoring
and documentation o f”’global climate change” effects on the marine environment, provided methods ofresearch
as well as data presentation are comparable and temporal data-sets are of sufficient duration to exclude short-
time fluctuating effects.

High species diversity in the pelagial is commonly associated with regions of low productivity that lack strong
seasonality in the production cycle but also with the confluence of different water masses in highly productive
frontal zones (A~GeL 1993). For the case that species diversity is considered as a principal criterion for nature
conservation strategies, these strategies have to realise that a broad biological diversity is linked to ecological
processes and often related to a lower trophic status as described above. But on the other hand, nature
conservation strategies should also aim at the protection of highly productive areas with probably lower diversity
that suffer most from overexploitation.

Protection measures are advised also for the deep-sea, an area that is out of mind of most conservationists.
Species, threatened relatively new but already most at risk, include mesopelagic and slope fishes (as e.g. ling,
blue ling, tusk, roundnose grenadier, black scabbardfish, orange roughy, red sea bream, and deep-water sharks)
with long lasting juvenile stages before their first reproduction. Since many of the stocks concerned extend
beyond national waters or EEZs international conservation action is demanded (e.g. SAR bulletin 21.4/2000).

With regard to the intended purpose of this study to be used within a framework of implementing i.a. MPAs

concerning Annex V ofthe OSPAR convention it should be noticed that species at limits of their geographical
distribution range may be especially vulnerable to environmental (natural and anthropogenic) stress.
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9 Summary

This paper presents a description of oceanographic features that influence marine biogeography ofthe North-
East Atlantic and the adjacent Arctic Ocean, a broad review of existing different approaches to marine
biogeography concerning i.a. the OSPAR area, and a resulting synoptical biogeographical classification of
the OSPAR area on different hierarchical levels.

This classification is the first to integrate different pelagic, shallow water benthic and neritic, ice-cover
influenced (~ inverted benthos), and deep-sea distribution patterns in a single (OSPAR) region-based marine
biogeographic approach.

In addition to aspects of other biogeographic approaches described in the chapters 5.2 ff., an integrated
biogeographical approach has been elaborated. This approach integrates distribution patterns of different
biocoenoses and taxa of both flora and fauna, as sessile and mobile organisms have extremely varied ecological
requirements over the given geographical/oceanographical range and in a three-dimensioned space, also
taking into account evolutionary and palacoecologial aspects.

Temperature and to a lesser extent salinity are the most decisive factors to characterise water masses in their
property to affect distribution patterns. But it is also important to take into account availability of food and
changes in sediment structure, hydrostatic pressure, isotherms and thermoclines/pycnoclines, changes in
light conditions, different currents in different water masses at different depths, alongslope and perpendicular
turbidity currents on slopes, and disturbances in environment conditions. There are also other factors which
together form complex patterns of vertical zonation and that are different in different latitudes, due to diffe-
rent water masses and the phenomenon of polar emergence and tropical submergence, and due to a different
seasonality. Special features as seamounts, hydrothermal vents, cold seeps, cold water coral reefs/bioherms
and the North East Water Polynya have been taken into account and discussed even though they are not
biogeographic units of their own according to this classification.

In the deep-sea food (POM) is only available by a scarce allochtonuous input through surface - deep-sea
coupling. A rare exception are those biocoenoses that rely on chemolithoautotrophic archaebacteria fuelled
by sulphides or methane of hydrothermal vents and cold seeps. There is a biogeographic differentiation
within the four known black and white smoker associations in the OSPAR area south of the Azores and even
more pronounced differences from lower temperated hydrothermal locations in the northern seas. Biologic-
functional correlations show that a real distinction of deep-sea (abyssal) faunal distributions from vertical
migrating species and species with a high ecologic-vertical amplitude (Chap. 4.3) can be made only beyond
depths with influence of light and input (e.g. of nutrients) from shelf areas (Chap. 6.1). Therefore, to get a
number of practical and comparable units in spite of multiple isobathymetrical fringing belts and layers, the
upper slopes of continental platforms, banks and islands (archibenthal depths of 200- -1000 m) have been
joined with shelf areas.

According to the requirements to get practical and useful units for nature protection purposes coming out of
Annex V/Appendix 3 of the OSPAR convention this classification makes only one vertical division of the
marine space and differentiates two deep-sea units (Arctic subregion, North Atlantic province) (Chap. 6.3.3;
Fig. 107). This concept also reflects the phenomenon of polar emergence and tropical submergence of mari-
ne species, and applies to benthic and pelagic organisms.

Water temperature, fronts, and nutrients are the most decisive properties and factors for pelagic realms. Thus,

the resulting subdivisions of the large scale water masses (holopelagial) are the ones which are superordinated

to coastal neritic and benthic, Arctic ice influenced, and deep-sea entities. Dividing the water body of the

OSPAR area into three entities:

(Holo)Pelagic biome (< 1000 m),

Benthal and Neritopelagial of the Shelf and Upper Continental Slope (< 1000 m), and Ice-cover
biomes,

Deep-Sea biomes (Pelagial and Benthal > 1000 m),
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further subdivisions have been identified and designated on different levels of a biogeographical hierarchy
using the traditional systematic nomenclature where this exists (Chap. 6.4). Above the 1000 m isobath three
pelagic provinces (Cold Arctic Waters, Cool-temperate Waters, Warm-temperate Waters) were defined (Chap.
6.3.1; Fig. 104). These function as higher units for the hierarchical differentiation of the ”shallow” benthic,
neritopelagic, and ice-cover influenced areas, thus leading to 18 subunits (11 provinces and 7 subprovinces)
(Chap. 6.3.2; Figs. 104, 105).

In Arctic regions the role of ice related biocoenoses and ice-edge phytoplankton blooms as a base for arctic
food webs is evident. On the other hand, the ice cover is limiting ordinary marine biotic patterns by reducing
incoming radiation and thus by suppression of algal growth and above that by abrasion of sessile organisms
at the littoral zone. High phytoplankton concentrations and an enhanced pelagic production are restricted to
marginal ice zones and polynyas. Thus, ice-edges and polynyas, even though seasonally changing, are very
significant for production in the high Arctic as well as for the composition and abundance of pelagic and
benthic species. Therefore character and duration of ice cover i.a. acting as a substrate for biota and in
addition fresh water influence combined with water depths/shelf-influence (benthic-pelagic coupling) serve
as criteria for a differentiation and classification of Arctic provinces.

The designated “biological shelf” areas, unlike the geographical/topographical shelf of < 200 m depths,
build one section together with the overlying neritopelagial waters and the ice cover (inverted benthal) in
Arctic areas. Furthermore the different units are characterised by currents and water masses of a specific
temperature regime and physio-oceanographical features as e.g. upwelling areas, ice-edges, and polynyas
which shape biological distribution patterns.

The identified biogeographic units have been transferred into maps (Figs. 104, 105, 106, 107) and further
presented, discussed, modified, and adopted at the OSPAR meetings at Oban/Scotland and Brest/France in
1999, and at the Isle of Vilm/Germany and Southampton/England in 2000 i.a. for the use within work for the
OSPAR Annex V/Appendix 3 MPA-process.

Lower levels of biogeographical distinction are proposed to be identified on the level of meso-scale seascape-
feature and community levels, macrobenthic community classifications, nutrient and productivity patterns,
meso-scale fronts, eddies, mixing and stratification patterns, etc. above more differentiating habitat
classifications (e.g. EUNIS).
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The ministerial meeting of the ,,OSPAR Convention for the Protec-
tion of the Marine Environment of the North-East Atlantic* adopt-
ed a new Annex V to the OSPAR Convention in 1998.

Besides programmes of the OSPAR Convention for the prevention
from pollution with hazardous and dangerous substances and the
input of nutrients this new Annex V together with the Appendix
3 inter alia aims for the establishment of a representative system of
Marine Protected Areas (MPAs) within the OSPAR maritime area.

The German Federal Agency for Nature Conservation conducted
this study to identify biogeographical units of the North-East At-
lantic and Arctic Oceans with relevance for the OSPAR maritime
area to distinguish biogeographically representative areas for use
within the OSPAR MPA-process. Such measures are particularly
pressing according to the present situation of loss and change of
marine biodiversity, and according to the related urgent call by the
OSPAR Convention for action to protect, conserve and restore ma-
rine biological diversity against increasing anthropogenic threats.

Together with a broad presentation of oceanographical features
which are the basis for marine biogeographic patterns, a selection
of different biogeographic approaches to marine biogeography is
presented in this work. A resulting synoptical new biogeographic
concept which is a mainly watermass related ecosystem approach
integrates the complex biogeographical distribution patterns of the
pelagos and benthos in oceanic, neritic, and deep-sea spaces. This
study might also serve as a compendium for marine biogeography
of the North-East Atlantic.
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