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»   There are areas where the salmon is expanding north to 
the high Arctic as the waters are getting warmer which 
is the case in the Inuvialuit Home Settlement area of 
the Northwest Territories of Canada. Similar reports are 
heard from the Kolyma River in the Russian Arctic where 
local Indigenous fishermen have caught sea  medusae in 
their nets. 

 Mustonen 2007.

Summary  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 278

8.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 279

8.2. Status of knowledge  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280
8.2.1. Regional inventories   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 281
8.2.2.  Diversity of species rich and better-investigated  

taxonomic groups  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 283
8.2.2.1. Crustaceans (Crustacea)   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 283
8.2.2.2. Molluscs (Mollusca)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 284
8.2.2.3. Annelids (Annelida)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 285
8.2.2.4. Moss animals (Bryozoa)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 286
8.2.2.5. Echinoderms (Echinodermata)  . . . . . . . . . . . . . . . . . . . . . . . 287

8.2.3. The realms – diversity patterns and conspicuous taxa  . . . . . . . . . 287
8.2.3.1. Sympagic realm  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 287
8.2.3.2. The pelagic realm  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 287
8.2.3.3. The benthic realm  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 288

8.2.4. Biogeography  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 295

8.3. Temporal trends  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 298
8.3.1. Observations of trends  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 298

8.3.1.1. Studies that did not show trends  . . . . . . . . . . . . . . . . . . . . . 299
8.3.1.2. Studies showing trends where the causes may be  

other in addition to climate  . . . . . . . . . . . . . . . . . . . . . . . . . . 299
8.3.1.3. Studies showing trends likely due to climate change 

including borealization   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 299
8.3.2. Predictions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 301

8.4. Conclusions and  recommendations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 302
8.4.1. Conclusions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 302
8.4.2. Recommendations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 303

Acknowledgements  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 303

References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 304

Chapter 8

Marine Invertebrates
Lead Authors
Alf B. Josefson and Vadim Mokievsky 

Contributing Authors
Melanie Bergmann, Martin E. Blicher, Bodil Bluhm, Sabine Cochrane, Nina V. Denisenko, Christiane Hasemann, Lis L. Jørgensen,  
Michael Klages, Ingo Schewe, Mikael K. Sejr, Thomas Soltwedel, Jan Marcin Węsławski and Maria Włodarska-Kowalczuk 

Contents



278 Arctic Biodiversity Assessment

SUMMARY

This chapter brings together baseline information on the 
diversity of marine invertebrates in the Arctic Ocean 
and discusses the importance of factors that have shaped 
patterns of biodiversity.

The Arctic Ocean is here defined as the areas north 
of the Bering Strait on the Pacific side and areas with 
consistent seasonal sea ice cover on the Atlantic side. 
The known marine invertebrate fauna of this area com-
prises c. 5,000 species, representing at least 24 phyla 
with representatives in all three marine realms: sea ice, 
pelagic and benthic. About 50% of the Arctic Ocean 
overlays continental shelf areas at water depths rang-
ing from 0-500 m. This Arctic Shelf constitutes 31% of 
the total shelf area of the world. More than 90% of the 
known Arctic invertebrate species occur in the benthic 
realm. As for terrestrial environments, the most species 
rich taxon in all realms is Arthropoda, with most species 
among crustaceans, i.e. >1,500 species according to a 
recent estimate. Other species-rich taxonomic groups 
are Annelida, mainly bristle worms (Polychaeta), moss 
animals (Bryozoa) and Mollusca, including bivalves (Bi-
valvia) and snails (Gastropoda). Among the meiobenthos 
(small-sized benthic metazoans, < 1 mm) the predomi-
nant groups are free-living nematodes (Nematoda), 
followed by harpacticoids (Copepoda: Harpacticoida). 
In terms of abundance and biomass, nematodes and 
harpacticoid copepods typically dominate the meiofauna 
(as they do elsewhere), while polychaetes, bivalves and 
amphipods typically dominate the macrofauna, and echi-
noderms and crustaceans dominate the megafauna. 

The number of known marine invertebrate species in 
the Arctic Ocean is very likely to increase in the future, 
because vast areas, particularly the deep-sea basins, are 
under-sampled. For example, a recent estimate suggests 
that several thousand benthic species have been missed 
to date. Contrary to paradigms of an impoverished 
Arctic fauna due to a harsh environment, as seen in the 
terrestrial realm, the Arctic shelf fauna is not particu-
larly poor, but considered to be of intermediate richness, 
similar in overall species richness to some other shelf 
faunas, such as the Norwegian shelf. The pattern of de-
clining species richness with increasing latitude, obvious 
in the terrestrial realm, is controversial among marine 
invertebrates and conclusions depend on the taxon and 
geographic scale studied. A latitudinal decline from the 
tropics to the Arctic was seen in shelf molluscs, while 
arthropods seem to show higher diversity in some Arctic 
areas compared with some non-Arctic areas.

Due to the turbulent geological history with repeated 
glaciation events over the last 3.5 million years, together 
with in ineffective isolation from adjacent oceans, in 
situ evolution of species has been hampered, and as a 
consequence there are few Arctic endemics, at least on 
the continental shelves. However, bryozoans contain 
more endemics than many other groups, possibly partly 
related to poor dispersal in this group.The present-day 

invertebrate fauna in the Arctic is a mixture of species 
with different origins, where the majority have distribu-
tions reaching outside the Arctic, i.e. the boreal parts 
of the adjacent oceans. By and large the Arctic Ocean 
is a sea of immigrants that have dispersed from adjacent 
oceans both in historical and in recent time.

Today’s biogeographic drivers of Arctic diversity are 
clearly seen in the distributions of origins in relation to 
the two major gateways into the Arctic, i.e. from the 
Atlantic Ocean and the Pacific Ocean. On the conti-
nental shelves, the proportions of present-day Pacific 
and Atlantic species decrease with increasing distance 
from the Bering Strait and the NE Atlantic, respectively. 
Current inventories indicate that the Barents Sea has the 
highest species richness, being ‘enriched’ by sub-Arctic 
and boreal species. Today’s Arctic deep-sea floor fauna is 
most closely related to the present North Atlantic fauna, 
which in a geological time perspective contains a strong 
Pacific influence.

Like other faunal elements in the Arctic, marine in-
vertebrates are affected by climate warming. The most 
obvious effects will be on the fauna of the permanent ice 
(sympagic fauna) which will lose its habitat. However, 
detecting effects in the other realms is difficult, mainly 
because there are only few time series data available. It 
is expected that the fauna with strong boreal influence 
may show (perhaps temporarily) increased diversity, due 
to a combination of anticipated increased food availabil-
ity for the benthos and immigration of species adapted to 
warmer waters. Signs of borealization are already seen in 
marginal areas of the Actic Ocean. Long-term estimates 
of climate change effects on diversity are challenging be-
cause of the complex interactions of changes on multiple 
levels of the Arctic system.

It is recommended that conservation actions are targeted 
towards whole systems rather than individual species. 
Since system-focused conservation efforts typically focus 
on limited regions, we need to know more about diver-
sity patterns at a high spatial resolution, in particular the 
distribution of Arctic endemics in order to conserve as 
many unique species as possible. Also we need to iden-
tify the ‘biodiversity hotspots’ – the areas which harbor 
high numbers of unique species due to habitat complex-
ity and other factors.There is a demand for research to 
get a better understanding of the factors and processes 
that affect diversity. To achieve this, regional and taxo-
nomic gaps need to be closed, and time series are needed 
to address temporal dynamics and changes in biodi-
versity. However, since time is probably short before 
severe effects of climate change will appear, we cannot 
wait for a high frequency mapping of the whole Arctic. 
Instead we suggest the establishment, or in some cases 
continuation, of time series monitoring at selected sites 
in species rich Arctic areas close to the major gateways, 
as well as in some areas distant from the gateways into 
the Arctic. We also suggest protection of areas with the 
highest proportion of Arctic endemic species, as well as 
the productive polynyas where pelagic-benthic coupling 
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is strong and that are of high importance for higher 
taxonomic life. 

8.1. INTRODUCTION
In this chapter, we consider the diversity of invertebrates 
from the entire benthic, pelagic and sea-ice realms of 
the Arctic Ocean, broadly defined as areas north of the 
Bering Strait on the Pacific side and areas with consist-
ent seasonal sea ice cover on the Atlantic side (Bluhm et 
al. 2011a). This corresponds broadly to the delineation 
of the Arctic waters made in Fig. 6.4 in the fish chapter 
(Christiansen & Reist, Chapter 6), but excluding the 
Bering and Norwegian Seas. We recognize, however, 
that the literature cited below does not always follow 
this delineation.

The present invertebrate diversity in the Arctic Ocean 
area is the net result of many factors acting both in his-
torical and recent time. Like in other systems on Earth, 
species diversity in the Arctic is influenced by niche-
based factors, such as adaptation to different environ-
mental conditions and by dispersal based factors, such 
as immigration from species pools. The relative impor-
tance of these two types of factors is not always easy to 
disentangle and may vary with scale and the degree of 
connectivity to other ecosystems. 

Niche-based factors like adaptation to different environ-
mental conditions are likely to account for a significant 
part of biodiversity in the Arctic because it is far from 
homogeneous. In each of the three realms, inverte-
brate species inhabit a multitude of different habitats. 
The pelagic realm contains downwelling or upwelling 
areas, frontal zones and polynyas with a varying degree 
of coupling with the benthic realm below. The recent 
permanent ice-cover in the Central Arctic and seasonal 
ice in the rest of Arctic act as a specific habitat for sea-ice 
associated life, and within the ice realm habitats vary 
from highly productive ice edge areas to more oligo-
trophic zones in brine channels in the ice, as well as the 
ice-water interface on the underside of the ice. 

The sea floor contains considerable large scale topo-
graphic heterogeneity, for instance intertidal coastal 
areas, semi-enclosed fjords with fjord basins, estuaries 
of different sizes, an expanded shelf zone with a num-
ber of canyons (Voronin, St. Anna) and inner isolated 
depressions (like Novaya Zemlya Trench), and the deep 
sea with several basins separated by deep-sea ridges. At 
smaller scales, benthic areas contain different sediment 
habitats such as sand and mud as well as harder substrata 
like boulders and bedrocks. The Arctic Ocean covers 
a large area, of which about 50% overlays shelf zones, 
which in turn constitute 31% of the total shelf area of 
the world (Jakobsson et al. 2004). It is well known that 
diversity generally increases with the extent of an area 
(MacArthur & Wilson 1967). If so, we would expect 
a high total diversity in particular of Arctic shelf fauna 
relative to deep sea areas. 

A conspicuous feature of the sea areas of the Arctic is the 
strong gradient in salinity, both horizontally from river 
mouths out into the open sea as well as vertically, from 
close to fresh near the surface to fully marine at depth. 
Hence, in addition to seasonal ice melt, salinity gradients 
are highly influenced by freshwater inputs from mainly 
the Russian rivers, but also the MacKenzie and Yukon riv-
ers in the western part of the Arctic Ocean. These large 
rivers together with smaller ones create estuarine systems 
of different spatial sizes which often harbor a peculiar 
set of species adapted to cold water of low salinity. The 
area of most intensive fresh water impact is regarded as a 
specific zoogeographical unit (Siberian brackish shallow 
province by Filatova 1957). A consequence of high fresh-
water inputs is also the permanent stratification of the 
central Arctic Ocean with a surface salinity of less than 
32‰ and a deep water salinity of 34‰ (Gradinger et al. 
2010a), thus providing different habitats for planktonic 
invertebrates, because pelagic organisms, like benthic 
ones, have differerent tolerances for low salinity. 

Furthermore, different parts of the Arctic have differ-
ent levels of productivity (Michel, Chapter 14), which 
also may affect diversity (Currie 1991). Productive areas 
often have more species than unproductive areas, but 
the causal relationships are still unclear (Currie et al. 
2004) and firm evidence is also lacking for such effects 
on marine benthic diversity, although hump-shaped 
relationships have been reported between chlorophyll a 
and Arctic benthos richness (Witman et al. 2008). An 
example of an oligotrophic area is the Beaufort Gyre, 
as compared with a productive area in the Chukchi Sea 
shelf (Gradinger 2009) or Barents Sea shelf (Sakshaug 
1997, Denisenko & Titov 2003). 

The Arctic Ocean may be regarded as an open system 
where the strength of the connections with adjacent 
oceans has changed over the last 4 million years. Water 
currents facilitate dispersal from sub-Arctic and boreal 
parts of adjacent oceans, through the Fram Strait and 
the Barents Sea from the Atlantic, and the Bering Strait 
from the Pacific Ocean (e.g. Wȩsławski et al. 2011). 
While the connection with the Pacific has opened and 
closed over time due to varying sea levels, the deep At-
lantic entrance has been widely open. At present, there 
is some 10 times more Atlantic water than Pacific water 
flowing into the Arctic Ocean (Loeng et al. 2005). 

In addition to habitat complexity and the importance of 
recent dispersal from adjacent oceans, the turbulent geo-
logical history has also been important in shaping present 
day diversity of Arctic invertebrates. In the comparatively 
young Arctic Ocean, the evolutionary origin of marine 
invertebrates reflects a Pacific origin dating back to the 
opening of the Bering Strait 3.5 million years ago (Adey 
et al. 2008). Throughout most of the Tertiary, the Arctic 
Ocean region supported a temperate biota, and fully 
Arctic conditions developed only during the latest part of 
this period. Sea ice cover formed c. 3-5 million years ago 
(Briggs 2003). Over the last 3-5 million years, a series 
of glaciation periods with intermittent de-glaciations has 
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created an unstable environment with a series of extinc-
tion and immigration events shaping present day diversity. 
These extinction events are thought to have precluded ex-
tensive local evolution or endemism on the shelves (Dun-
ton 1992). Furthermore, events during the last 3.5 mil-
lion years have allowed great re-distributions of species in 
the boreal part of the northern hemisphere likely still af-
fecting Arctic diversity today. The most pervasive change 
occurred during the late ice-free Pliocene, after the open-
ing of the Bering Strait, when extensive transgressions of 
invertebrates species across the Arctic occurred (Vermeij 
1989, 1991, Mironov & Dilman 2010), mainly from the 
species-rich Pacific center of diversity (Briggs 2003) to 
the Northern Atlantic, an event called ‘The Great Trans-
Arctic Biotic Interchange’ (Briggs 1995). As contended 
by Briggs (2007), there is little evidence from the marine 
realm that invasions have decreased native diversity, but 
rather that they have added to the native diversity, result-
ing in an overall increased diversity. A result of this major 
transfer was therefore likely an enrichment of the North-
ern Atlantic pool of species with Pacific species. This 
pool of species may be the source of immigration into the 
Arctic Ocean in recent time.

Against this background we expect that invertebrate 
diversity in the Arctic Ocean has been shaped to a high 
degree by dispersal based factors like immigration and a 
low degree of endemism. We expect the Arctic Ocean 
to be dominated by wide-range boreal species. In this 
respect, it is interesting to compare the degrees of end-
emism in the Arctic with those in the Antarctic, another 
cold region with similar glaciation history (Krylov et 
al. 2008), but which has been much more isolated from 
adjacent oceans by the strong Antarctic Circumpolar 
Current (ACC). The ACC, formed in the Miocene, is 
the only current on Earth extending from the sea surface 
to the sea floor, unimpeded by any landmasses (Hassold 
et al. 2009). We certainly would predict a much higher 
degree of endemism in the Antarctic, which as we will 
see is in fact the case. Furthermore, given that connec-
tivity is strong between the Arctic Ocean and the boreal 
parts of the Pacific and the Atlantic oceans, we would 
not expect a markedly lower richness in the Arctic, but 
fairly similar levels of species richness as in the other 
oceans, at least in proximity to the two gateways.

In addition to the natural structuring factors, diversity 
patterns in the Arctic Ocean likely are influenced by 
variation in sampling methods as well as sampling fre-
quency. For instance, some areas have been extensively 
investigated for more than a century (Barents Sea), while 
other less accessible areas (deep Arctic basins) have been 
relatively poorly studied. This creates a challenge when 
estimating total numbers of species in the Arctic. 

The main questions addressed in this review are: 
•  Is the marine invertebrate diversity in the Arctic 

Ocean impoverished compared with adjacent areas? 
•  Are there large scale diversity patterns within the AO 

area that can be attributed to dispersal rather than 
niche adaptation? 

•  Is the turbulent geological history and openness to ad-
jacent oceans mirrored by a low degree of endemism? 

•  Are there ‘hotspot’ areas that by virtue of their spe-
cies diversity should be protected? 

•  Can we predict what the effects of global warming on 
invertebrate species diversity will be?

8.2. STATUS OF KNOWLEDGE
Estimating total species richness in the Arctic is prob-
lematic mainly due to different levels of sampling effort 
among various regions. Furthermore, the sampling 
methods are selective and often only one or a few 
methods have been used at the same time and place. For 
instance, benthic infauna and mobile epifauna demand 
different gear to be sampled adequately. The seabed is 
mostly sampled by the traditional ‘grab’ method, but as 
grabs sample a limited area of the seabed, large sporadi-
cally occurring and patchily distributed epifauna species 
are poorly represented using this approach. For epifauna 
gear like trawls, sampling large areas of the seabed are 
needed. For example, more than 337 megafauna species 
have been collected by trawl sampling in the Barents Sea 
(Anisimova et al. 2011). Echinoderms, sponges and crus-
taceans were the dominant groups in this trawl study, in 
contrast to polychaetes, crustaceans and molluscs domi-
nating grab samples (Zenkevitch 1963, Cochrane et al. 
2009, Anisimova et al. 2011). This shows the importance 
of using both gear types (Jørgensen et al. 2011) to obtain 
a more complete estimate of the species richness of a 
given locality. Only very few studies also included the 
hyperfauna, i.e. the fauna primarily dwelling in the near-
bottom water (but see MAREANO 2009). Along the 
Norwegian coast (Tromsø Flake) of the southern Barents 
Sea, 834 taxa were recorded using grab, trawl and sledge 
gear together at the same locality. Of this number, only 
128 (15%) of the taxa were sampled with more than 
one of the gear types (Mortensen et al. 2009). Also, the 
meiofauna from the soft bottom sediments could only be 
collected correctly with the use of multicorers and box-
corers, while grabs underestimated the abundance of 
small-sized benthic biota. There are obvious differences 
in sampling efforts among the different Arctic sub-areas: 
the Barents Sea has a long history of studies lasting over 
one hundred years, while the western Arctic had been 
poorly sampled until the last few decades. A west-east 
declining gradient in sampling effort is also apparent 
in the Russian Arctic from the Barents to Laptev Seas. 
Several research campains undertaken in the last decades 
improved the situation, to a certain extent equalizing 
the distribution of sampling effort across the Arctic shelf 
(Sirenko 2004). This has led to a significant increase in 
our knowledge of the spatial patterns of biodiversity in 
Arctic seas (Gradinger et al. 2010a). 

There have been several attempts to estimate total 
invertebrate diversity both for the whole Arctic marine 
environment and for certain areas. Despite methodologi-
cal shortcomings, such efforts are important and can 
provide conservative estimates. With this possible bias 
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due to different use and selectivity of sampling gears, 
under-sampling of large areas and different taxonomic 
specificity in mind, marine invertebrates in the Arctic, 
excluding the Bering Sea, comprise about 5,000 free 
living species (Sirenko 2001, Gradinger et al. 2010a, 
Sirenko et al. 2010, Bluhm et al. 2011a). This comprises 
c. 8% in pelagic taxa and some connected to the sea 
ice (c. 1%), while the major proportion, (c. 90%), are 
benthic organisms living on or in the sea floor. Over 
1,000 of these species live in the central Arctic Ocean 
of which c. 60% also occur on the continental shelves 
(Bluhm et al. 2011a, 2011b). About 75% of the known 
bottom-dwelling species are macrofauna – organisms 
larger than 1 mm. However, this high proportion is 
likely influenced by the higher taxonomic and sampling 
effort in this group. Comparatively, the microscopic 
metazoans are still under-studied. This may be a bias in 
particular when comparing biodiversity of shallow and 
deep areas, because individual sizes often decrease below 
shelf depths (Thiel 1975, Udalov et al. 2005).

The estimate by Gradinger et al. (2010a) arrived at c. 
4,200 invertebrate species representing 17 phyla in the 
three Arctic marine realms (Tab. 8.1). The most species 
rich group in all three realms is the Arthropoda, mainly 
crustaceans, accounting for more than a third of all 
species (37%), followed by Annelida (14%), Mollusca 
(12%), Nematoda (10%) and Bryozoa, Phoronida and 
Ectoprocta (together 8%). 

8.2.1. Regional inventories 

The first complete survey of marine biodiversity in the 
Russian Arctic was published by Zenkevich (1963). The 
figures provided therein reflected both real trends in 
diversity along the eastern Arctic shelf and artifacts of 
the sampling effort. Zenkevich’s review covered a half-
century of studies concentrated in the western part of 
the Eurasian Arctic. The Barents Sea displayed the high-
est species diversity – with 1,851 species of free-living 
invertebrates, due both to the longer history of research 
(beginning in the late 19th century) and the significant 
contribution of boreal species in the fauna. The number 
of species was found to decrease eastward to 522 species 
in the Kara Sea and to increase in the Chukchi Sea (820 
species) again because of the influence of the Pacific 
fauna (Tab. 10.1 in Gradinger et al. 2010a). Zenkevitch 
(1963) did not provide any information for the East Sibe-
rian Sea due to lack of data. 

This pattern on the Eurasian shelf was still apparent in 
recent reviews of the macro- and megazoobenthic fauna 
as a whole (Fig. 8.1; Piepenburg et al. 2011), as well as for 
particular taxonomic groups (e.g Bryozoa; Fig. 8.2, see 
also Tab. 8.3). An increased sampling effort in the Sibe-
rian Arctic in the second half of the 20th century modified 
the W-E Eurasian shelf pattern to some extent. The num-
ber of known species increased drastically in the Laptev 
Sea from 1932 to 2004, likely a consequence of increased 
sampling effort (Fig. 8.3; Sirenko 2004). The results of 
the surveys up to the last decade of the 20th century were 
summarized by Sirenko (2001). The total number for taxa 
increased over the last two decades for selected seas by 
as much as twice or more (Tab. 10.1 in Gradinger et al. 
2010a). For instance, the total diversity for the Arctic in-
cluding the central Arctic Basin, but excluding the Cana-
dian Arctic, was 4,784 species (Sirenko 2001). However, 
vast areas are still under-sampled, and recent estimates of 
hitherto missed benthic species amount to several thou-
sands (Bluhm et al. 2011a, Piepenburg et al. 2011).

Nevertheless, these recent compilations show outstand-
ingly high richness in the Barents Sea compared with the 
other Arctic regions (Fig. 8.1 and 8.2; see also Tab. 8.3). 
Species richness in the Chukchi Sea is comparable to that 
in the Laptev, East Siberian and Kara Seas.

The large-scale Arctic Ocean Diversity project (Ar-
cOD), completed during the last decade in the frame-
work of the Census of Marine Life, provided new species 
records, which have been incorporated in the world-
wide on-line catalogs (OBIS 2012) and have generated 
new analyses of Arctic biodiversity patterns (Gradinger 
et al. 2010a, Sirenko et al. 2010, Bluhm et al. 2011a, Pie-
penburg et al. 2011). Regional species lists were erected 
for the Russian Arctic (Sirenko 2001), Svalbard archipel-
ago (Prestrud et al. 2004), and on a smaller scale for the 
fjord Hornsund in Svalbard (European Marine Biodi-
versity All taxa Inventory site 2009), and for the White 
Sea at the vicinity of the White Sea Biological Station of 
Moscow State University (Tchesunov et al. 2008).

Table 8.1. Overview of free-living invertebrate taxa in the Arctic 
Ocean area as defined in Fig. 6.4 in Christiansen & Reist, Chapter 6, 
but excluding the Bering and Norwegian Seas. Estimates based on 
Sirenko (2001) and updates of ArcOD researchers (from Gradinger 
et al. 2010a). 
* Includes Bryozoa, ** Includes Nematoda, *** Synonymous with Tunicata.

Taxon Species 
numbers

Sea ice 
realm

Pelagic 
realm

Benthic 
realm

Porifera 163 163

Cnidaria 227 3 83 161

Ctenophora 7 7

Tentaculata* 341 341

Sipuncula 12 12

Platyhelminthes 137 >1 134

Gnathostomulida 1 1

Nemertea 80 2 78

Aschelminthes** 422 >11 16 403

Mollusca 487 5 482

Annelida 571 4 6 565

Tardigrada 7 7

Arthropoda 1,547 >20 214 1,317

Chaetognatha 5 5

Hemichordata 1 1

Echinodermata 151 151

Urochordata*** 60 3 57

Total 4,219 >39 341 3,873
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Figure 8.1. Map of the Arctic 
Ocean with superimposed 
stacked bars representing species 
numbers of macro zoobenthos 
from different shelf sea areas:  
Crustacea+Mollusca+Echinoder-
mata (blue) and Annelida (black). 
Compiled by Piepenburg et al. 
(2011). 

Figure 8.2. Map of the Arctic 
Ocean showing the distribution 
of species richness of Bryozoa 
for different shelf seas along 
the Eurasian continental shelf. 
Diameters of circles are propor-
tional to the number of bryozoan 
species given in Tab. 8.3. Species 
numbers partitioned into six zoo-
geographical affinities are shown 
from the: Barents Sea (Den-
isenko 1990), Kara Sea (Gontar 
& Denisenko 1989); Laptev Sea 
(Gontar 2004), East Siberian Sea 
(Denisenko 2010), Chukchi Sea 
(Denisenko 2008). 
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In terms of species records, the most significant addi-
tions occurred for the Laptev Sea, the Central Arctic 
Basin and the Canadian Arctic. In the last of these, the 
Lincoln Sea is the least studied large marine area in the 
Arctic. The processing and analysis of this new infor-
mation is still in progress, but a preliminary estimate 
gives a total of c. 4,600 species of benthic invertebrates 
(Bluhm et al. 2011a). The new records also enabled 
cell-by-cell area calculation of species diversity with a 
grid of 5° × 5° (Bluhm et al. 2011a). This indicates that 
the southwestern part of the Barents Sea remains among 
the most species rich areas. However, a second area of 
high diversity both in terms of observed and expected 
numbers of taxa was apparent within the outer shelf and 
slope of the Laptev Sea.

In an attempt to estimate total species richness of the 
macro- and megazoobenthic fauna on the Arctic Shelf, 
Piepenburg et al. (2011) compiled richness data for the 
groups Mollusca, Arthropoda, Echinodermata and An-
nelida. The total expected numbers of these four major 
taxa range between 2,596 and 3,116 (2,856±260) spe-
cies. Assuming that these four taxa comprise 2/3 of total 
diversity (using calculations based on Sirenko (2001)), 
the authors concluded that about 3,894-4,674 (4,284 ± 
390) macro- and megabenthic species can be expected to 
inhabit the Arctic shelf regions (Piepenburg et al. 2011). 
This was in reasonable agreement with previous findings 
of Sirenko (2001) who reported c. 3,000 taxa for the 
above-mentioned four groups.

An estimate of the total number of benthic invertebrate 
taxa in the Arctic deep sea by Bluhm et al. (2011b) was 
1,125. However, as pointed out by the authors, this was 
a very conservative estimate, because the deep sea is still 
severely under-sampled. Hence it also is no surprise that 
over half of all benthic species listed for the deep Arctic 
have so far only been recorded in that area once or twice. 

Another approach in estimating total species diversity is 
based on the All-Taxa-Biodiversity-Inventory first per-
formed in terrestrial ecosystems (Sharkey 2001, Nichols 

& Langdon 2007). The first complete survey of this kind 
in the Arctic was done at the White Sea Biological Sta-
tion situated on the Arctic Circle on the western White 
Sea shore (Tchesunov et al. 2008). The 50-year-long 
survey, summarized by 71 specialists, reported 6,008 
extant species from an area of 40 km2 that included both 
marine and terrestrial environments (Tchesunov 2008). 
Among the metazoans, 43% of the species were marine, 
9% from freshwater and 48% inhabiting terrestrial 
biotopes. Among the marine metazoans, Arthropoda 
(Crustacea and Pantopoda) were the most diverse group 
comprising 335 species, followed by Annelida (Poly-
chaeta, Oligochaeta and Hirudinea) with 136 species, 
Nematoda (mainly free-living) with 131 species, Mol-
lusca with 113 species, Ectoprocta with 66 species and 
Cnidaria with 53 species. This small marine area of c. 
30 km2, with water depths ranging from 0 to 100 m, 
contained 61% of the total number of species known in 
the White Sea so far (Sirenko 2001, Tchesunov 2008). 
The macrobenthic fauna of the White Sea is close to be-
ing completely described, as species accumulation curves 
are close to the plateau for the whole sea and for its parts 
(Berger et al. 2001). The list of marine invertebrates is 
also close to being complete (Sirenko 2001). 

A second ongoing program towards a complete inventory 
of local marine fauna is in Hornsund, Svalbard, an area of 
c. 50 km2 from the intertidal to 280 m depth (European 
Marine Biodiversity All taxa Inventory site 2009). As of 
January 2012 more than 1,400 marine taxa have been 
recorded in this area, which has been regularly sampled 
over recent decades. The data allow extrapolations based 
on species accumulation curves which forecast over 2,000 
metazoan species to occur in that region. 

Altogether, despite differences among the different studies 
of sampling effort and methods, there is fair agreement 
among the authors with regard to the species number esti-
mates. The existing conservative estimations for the Arc-
tic Ocean area are approaching 5,000 metazoan species, 
and further increase is expected mainly in less investigated 
taxonomic groups (primarly meiobenthic) and areas (deep 
sea basins, E Eurasian and Canadian Arctic).

8.2.2.  Diversity of species rich and better-
investigated taxonomic groups

8.2.2.1. Crustaceans (Crustacea) 

Crustaceans is probably the most species rich inverte-
brate group in the Arctic Ocean area, dominating the 
pelagic, benthic and sympagic realms. Species richness 
of this group in the Arctic seems to be even higher than 
in adjacent oceans areas of similar size (Archambault 
et al. 2010). Altogether, a recent inventory (Tab. 8.1; 
Gradinger et al. 2010a) estimated over 1,470 crustacean 
species in the Arctic, representing 95% of all Arctic 
marine arthropods. Among Crustacea the Amphipoda 
represents the most species rich sub-group (Tab. 8.2). 
However, small-sized, infaunal organisms like Harpac-
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Figure 8.3. The number of macrofauna species in the Laptev Sea 
over time, likely illustrating effects of increased sampling effort.
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tiocoida, Ostracoda or some families of minute Am-
phipoda, are little understood and every year brings 
discoveries of new species. Also, the number of known 
harpacticoid species nearly doubled from 110 in 2000 (P. 
Rybnikov in Sirenko 2001) to 213 in 2010 (Chertoprud 
et al. 2010). Even in the better known large epibenthic 
and hyperbenthic crustaceans groups like decapods, 
more species may be expected to be discovered in the 
future. The regional diversity of harpacticoids varied 
greatly: 179 species had been reported from the central 

Arctic Basin, 185 and 153 from the White and Barents 
Seas, respectively, and from 40-50 species for the Sibe-
rian and Canadian Seas (Chertoprud et al. 2010). 

Crustaceans play a key role in the pelagic and sea ice 
domains (Michel, Chapter 14), where copepods and 
amphipods, respectively, are the dominant metazoan 
taxa in terms of biomass and energy flow through the 
Arctic system’s realms (Iken et al. 2005, Wȩsławski et 
al. 2007). Soft sediments, especially in the deep sea, 
contain considerable numbers of crustacean species, 
yet polychaete worms and bivalve molluscs are more 
important here than crustaceans in terms of biomass and 
carbon remineralization. The cold water of the Arctic 
generally results in slow growth and high longevity 
among invertebrates and seasonally abundant, but other-
wise sparse, food sources. This combination has permit-
ted several herbivores to attain record sizes within their 
group, namely Copepoda, Amphipoda and Mysida. High 
lipid content, in particular for the large pelagic copepods 
Calanus hyperboreus and C. glacialis, makes large crusta-
cean herbivores a rich source of energy and high quality 
prey for top predators, such as whales and seabirds. A 
limited number of crustaceans are commercially and/
or subsistence-harvested in the Arctic. Examples include 
fisheries of the northern shrimp Pandalus borealis, which 
brings substantial income to Greenland and Norway, and 
the red king crab Paralithodes camtschaticus fishery in the 
Barents Sea. In the 1960s, the red king crab was first 
introduced to the Russian part of the Barents Sea, and 
then spread naturally to the Norwegian sectors. Another 
crab of economic importance, the snow crab Chionoecetes 
opilio, was observed in 1969 in the Russian Barents Sea, 
and in 2001 in the Norwegian part of the Barents Sea. 
Similar to the red king crab, this species seems to be 
permanently established in the Barents Sea and may be 
a potential species for harvest in the future (Pavlov & 
Sundet 2011).

8.2.2.2. Molluscs (Mollusca)

Sirenko’s (2001) compilation of invertebrates from 
the Eurasian Arctic seas lists 485 species of Mollusca, 
including 304 species of Gastropoda, 140 Bivalvia, 23 
Aplacophora, two Scaphopoda, eight Polyplacophora 
and eight Cephalopoda. No representatives of Monopla-
cophora have been recorded from the Arctic seas. The 
majority of the mollusc species live on the sea bottom. 
A recent review of the macro- and megabenthic fauna of 
Arctic shelf seas, undertaken within the ArcOD frame-
work by Piepenburg et al. (2011), yielded a total of 392 
species of Mollusca, with 205 species of Gastropoda 
and 156 Bivalvia. These numbers represent a very small 
fraction of the global species richness of marine mol-
luscs, estimated to be about 52,000 (Bouchet 2006). 
The clear decline of mollusc diversity in the Arctic seas 
compared with lower latitudes has been reported in 
studies of different molluscan groups at different spatial 
scales. Roy et al. (1998) reported a clear latitudinal 
decline from the tropics to the Arctic in species num-
bers of prosobranch gastropods occurring along the 

Table 8.2. Summary of the Arctic crustacean fauna inventory 
(based on Sirenko 2001 list) updated with new descriptions and 
distribution records from the Census of Marine Life (Bluhm et al. 
2011a). Crustacea represent the largest component of the Ar-
thropoda, which is the most speciose phylum in the Arctic.

Class Order Number of species in 
the Arctic marine area

Branchiopoda Cladocera 4

Malacostraca Stomatopoda 0

Nebaliacea 1

Amphipoda 577

Decapoda 72

Amphionidacea 0

Euphausiacea 7

Cumacea 59

Isopoda 102

Lophogastrida 0

Mysida 33

Tanaidacea 11

Mictacea 0

Bochusacea 0

Spelaeogriphacea 0

Anaspidacea 0

Bathynellacea 0

Maxillopoda Calanoida 114

Cyclopoida 4

Siphonostomastoida 1

Mormonilloida 1

Poecilostomatoida 14

Monstrilloida 2

Platycopioida 1

Harpacticoida 207

Cirripedia Thoracica 13

Ostracoda Halocyprida 28

Myodocopida 8

Palaeocopida 0

Platycopida 1

Podocopida 210

Remipedia Nectiopoda 0

Pentastomida Cephalobaenida 0

Porocephalida 0

Total 1,470
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Pacific and Atlantic coasts of North America. A similar 
pattern was described for bivalves of the North Pacific 
continental shelf (Jablonski et al. 2000). The substantial 
differences between Arctic and tropical mollusc diversity 
has also been detected on a local scale. A comprehensive 
assessment of shelled benthic molluscs in Kongsfjorden, 
W Svalbard (Włodarska-Kowalczuk 2007) reported 87 
species, while a species inventory of a tropical coastal 
site of similar area in New Caledonia recorded as many 
as 2,738 species (Bouchet et al. 2002). Clarke (1992) 
noticed that widely accepted paradigms of latitudinal 
clines in the seas are based mostly on patterns described 
for taxonomic groups producing calcareous skeletons, 
i.e. Mollusca and Foraminifera. He hypothesized that 
the sharp decrease of richness of these taxa in polar 
waters may be at least partly explained by the high costs 
of calcification at low temperatures. The diversity of the 
Mollusca is especially low in Arctic Ocean deep basins. 
Bluhm et al. (2011b) reviewed the macrobenthic data 
from Arctic bottoms deeper than 500 m, resulting in a 
total of only 70 species of molluscs. Bouchet & Waren 
(1979) explained the low diversity and high endemism of 
molluscan fauna in northern deep-sea basins by several 
factors, including the young age of present-day environ-
mental conditions, isolation from the Atlantic and Pacific 
pools of species, habitat homogeneity and absence of 
geographic isolating barriers in the Arctic abyssal area. 

8.2.2.3. Annelids (Annelida)

Annelida is the second most species rich phylum in the 
Arctic, after the Arthropoda (Tab. 8.1). Most annelids in 
the marine realm are Polychaeta, or bristle-worms, with 
the remainder among the Clitellata, representing leeches 
and oligochaetes, with few or no bristles. The family 
Siboglinidae, previously treated as the phyla Pogonophora 
and Vestimentifera, also known as beard worms, is now 
recognized within the Polychaeta (Rouse 2001). There-
fore, updated compilations using older species lists should 
take care to include these taxa within the Annelida.

Sirenko (2001) recorded 517 species of Annelida 
(Polychaeta, Oligochaeta and Pogonophora) for Eura-
sian seas and the Central Arctic Basin, updated to 571 
by Gradinger et al. (2010a) for the whole Arctic north 
from Fram Strait and including the Barents Sea. Zhirkov 
(2001) reported 670 polychaete species in the Arctic 
delimited by the Faroe-Iceland Ridge from the Atlan-
tic, accounting for c. 4.5% of the world’s bristle-worm 
fauna. Of the species listed by Gradinger et al. (2010a), 
four species are ice-associated and six have a pelagic 
lifestyle, with Tomopteris being perhaps the most famil-
iar of the pelagic genera. The remaining annelids are 
benthic, with an important role in seafloor function-
ing, especially in soft sediments, where their burrowing 
activities enhance important processes such as irrigation, 
oxygenation and remineralisation. On hard substrates, 
encrusting and suspension-feeders predominate. Areas of 
mixed substrates often support a high species richness, 
both in terms of numbers of species and functional traits 
(Cochrane et al. 2012 and references therein). 

Various reviews of circumpolar annelid species richness 
show high richness in the Barents, Beaufort and Chukchi 
seas, with far fewer species recorded from the East Sibe-
rian and Laptev shelf seas (Fig. 8.1, 8.4; Sirenko 2001, 
Piepenburg et al. 2011).

A decline in polychaete species richness was found along 
a transect with a minimum in the central Arctic basin 
(Renaud et al. 2006), but no such trend was evident 
between the Norwegian and Barents Seas (Renaud et al. 
2009). Polychaete diversity (but not necessarily species 
richness) in the Barents Sea was highest in the northern-
most, heavily ice-influenced areas, but equivalent trends 
were not seen in a comparative study off Greenland 
(Ambrose et al. 2009). Generally, annelids comprise 
about 10% of all species recorded across the study area, 
with the least in the central basin (9%) and most in the 
Chukchi Sea (16%). In the majority of areas, fewer than 
40% of the total number of annelid species recorded 
from Arctic seas were present, whereas more than 70% 

Siboglinidae
Clitellata

Polychaeta

% of Annelida
% of all species

N
um

be
r o

f s
pe

ci
es

%

0

10

20

30

40

50

70

60

80

White
Sea

Barents
Sea

Kara
Sea

Laptev
Sea

East Siberian
Sea

Chukchi
Sea

Canada
Basin

White
Sea

Barents
Sea

Kara
Sea

Laptev
Sea

East Siberian
Sea

Chukchi
Sea

Canada
Basin

0

50

100

150

200

250

350

300

400

Figure 8.4. Upper panel: Numbers of annelid species recorded 
from each of seven regional Arctic seas (Sirenko 2001). Note: 
current values are expected to be somewhat higher, but updated 
records in this format are not available at this time. Lower panel: 
Proportions of annelid species numbers from each of seven 
regional Arctic seas and of the total number of all species recorded 
from the Arctic seas. Data source as for panel above. 



286 Arctic Biodiversity Assessment

of all species were represented in the Barents Sea (Am-
brose et al. 2009). Habitat complexity is likely to influ-
ence the number of species present in a given area, but 
in the case of the Barents Sea, a range of biogeographical 
affinities (Zenkevich 1963) most certainly also contrib-
utes to its high species richness. Examples of particularly 
species-rich taxa in the Barents Sea are the scaleworms 
of the genus Harmothoe and the spionid genus Spio, which 
have six and seven species occurring in the Barents Sea, 
respectively, but maximally two and three species, re-
spectively in the other Arctic seas.

In a comparison of the diversity of soft-bottom poly-
chaete assemblages in an Antarctic and two Arctic fjord 
localities of similar environmental settings, the total 
number of species and ES(50) were not significantly dif-
ferent, nor were the shapes of the species accumulation 
curves (Włodarska-Kowalczuk et al. 2007a). At both 
poles, the same families (Terebellidae, Ampharetidae, 
Maldanidae, Spionidae and Polynoidae) also dominated 
species numbers.

As in other areas, Arctic polychaetes include a diverse 
array of feeding types with many in the guild of deposit 
feeders (e.g. Iken et al. 2010). An interesting example of 
habitat adaptation is the spionid Scolelepis squamata, whose 
juveniles inhabit the seasonal fast ice to feed on the early 
ice algal bloom rather than spending that life stage in the 
water column, as elsewhere (Bluhm et al. 2010).

8.2.2.4. Moss animals (Bryozoa)

Bryozoans are colonial suspension-feeding species at-
tached to firm substrates such as stones, macroalgae, 
shells etc. They are one of the most diverse systematic 
groups of benthic invertebrates in the Arctic seas. Early 
estimates arrived at c. 340 species in the Arctic region 
(Gontar & Denisenko 1989). However, reviews of older 
literature, not previously accessible, e.g. by Osburn 
(1955), recent field investigations and taxonomic harmo-
nization (Denisenko 1990, 2008, 2010, 2011, Gontar 
2004, Denisenko & Kuklinski 2008), as well as descrip-
tions of species new to science (Gontar 1996, Kuklinski 
& Taylor 2006, Denisenko 2009), have increased the 
total bryozoan species number to 370 partitioned among 
two classes, three orders, 42 families and 94 genera. We 
believe, however, that the actual species number will 
be higher still, as some regions in the Arctic seas are 
understudied due to intensive ice-cover, such as the East 
Siberian Sea and the Canadian Arctic Archipelago. It is 

also likely that identification using scanning electron mi-
croscopy will reveal new taxa of bryozoans. We selected 
the Bryozoa to demonstrate how species richness for an 
individual taxon may differ among regions of the Arctic 
(Tab. 8.3) and how similarities in the faunal communi-
ties can illustrate regional patterns. 

As is the case for several other groups, the highest spe-
cies richness is recorded in the Barents and Chukchi 
Seas, likely resulting from the influence of relatively 
warm water currents entering the Arctic Ocean from 
the Atlantic and Pacific Oceans (Gontar & Denisenko 
1989, Denisenko 1990, 2008). The share of Arctic spe-
cies is relatively high in the Laptev and East Siberian Seas 
(Fig. 8.2), and in the western part of the Chukchi Sea. 

Gontar & Denisenko (1989), using presence-absence 
data, showed that the bryozoan fauna of the southwest-
ern part of the Barents Sea differed strongly from the 
Siberian and adjacent seas (Kara, Laptev, East Siberian 
and Chukchi Seas). In another study using data with 
relative dominance, Denisenko (1990) demonstrated 
segregation of bryozoan fauna of the Laptev and East Si-
berian Seas from that of the Barents and Kara Seas. The 
bryozoan fauna of the southwestern part of the Barents 
Sea is closely related to that of the northern coast of 
Norway, and the bryozoan fauna of the Chukchi Sea had 
a stronger relationship (similarity) with Bering Sea fauna 
than with bryozoans of the East Siberian Sea (Denisenko 
1990). The latter had a fauna similar to the Laptev Sea, 
and the Canadian Arctic Archipelago bryozoan fauna 
was dissimilar to the other faunas (Denisenko 2010). 
Visual inspections of species lists appear to show that 
the composition of Canadian bryozoans is similar to the 
bryozoan fauna of the eastern and northwestern parts of 
the Barents Sea and the Kara Sea. The degree of bryo-
zoan endemism in the Arctic seems higher than in most 
other groups, and endemism of bryozoans is globally 
high, which has been attributed to restricted dispersal in 
this group, having demersal larvae and sessile adults (e.g. 
Barnes & Griffiths 2008). Compared with another cold 
environment, the Antarctic, endemism in the Arctic is 
considerably lower, maybe half of the percentage in the 
Antarctic (c. 60%; Barnes & Griffiths 2008). This may 
result from the fact that during the cold period the Ant-
arctic has been much more isolated than the Arctic with 
the strong Antarctic Circumpolar Current as a dispersal 
barrier. The cold periods in the two polar regions seem 
to be of approximately the same duration (Krylov et al. 
2008). 

Table 8.3. Species richness 
estimates of the bryozoan fauna 
in the Eurasian seas of the Arctic 
and in the Canadian Arctic Archi-
pelago (Denisenko 2011). 

Sea or area Number 
of species

Source

Chukchi Sea 197 Denisenko 2008, Denisenko & Kuklinski 2008

East Siberian Sea 137 Denisenko 2010, 2011

Laptev Sea 170 Gontar 2004

Kara Sea 186 Gontar & Denisenko 1989

Barents Sea 284 Denisenko 1990, 2009, Gontar 1996, Kuklinski & Taylor 2006 

Canadian Arctic Archipelago 98 Powell 1968
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8.2.2.5. Echinoderms (Echinodermata)

Echinodermata is probably the best known phylum in 
the Arctic, likely because of relatively large body size 
and use of primarily epifaunal habitat. The current 
echinoderm species inventory holds a total of c. 160 spe-
cies in all five living classes (Sirenko 2001, Sirenko et al. 
2010), but depends on how the Arctic area1 is defined. 
The number of sea stars is highest (c. 80), followed by 
brittle stars (c. 34), sea cucumbers (c. 32), and a few 
sea urchins (c. 13) and feather stars (4). Considering a 
larger undefined Arctic area, Smirnov (1994) listed 183 
echinoderm species. In contrast to many other Arctic 
taxa, the echinoderm fauna is relatively well known, 
although a new species of sea cucumber, Elpidia belyaevi, 
was recently described (Rogacheva 2007).

Echinoderms typically dominate Artic epifaunal com-
munities in abundance and often also in biomass. These 
are slow growing animals with usually long life cycles 
(Bluhm et al. 1998, Blicher et al. 2007). They represent 
a variety of feeding habits – many sea stars are predators, 
scavengers or omnivores; the basket stars Gorgonocepha-
lus spp. and the Arctic feather stars are filter-feeders; 
Ophiura sarsi and other brittle stars, the mud star Cteno-
discus crispatus, the deep-sea urchin Pourtalesia jeffreysii 
and several sea cucumbers, such as Kolga hyaline, are de-
posit feeders (Iken et al. 2005). Echinoids and ophiuroids 
contribute greatly to benthic remineralization in coastal 
areas and on Arctic shelves (Ambrose et al. 2001, Blicher 
et al. 2009, Blicher & Sejr 2011),

Echinoids can be very abundant in coastal areas (Blicher 
et al. 2007, 2009, Gundersen et al. 2010), and ophiuroids 
can form dense beds attaining densities of > 100/m2 and 
biomass of > 1 g C/m2 on shelves and in the deep-sea 
(Piepenburg 2000, MacDonald et al. 2010, Blicher & 
Sejr 2011). Often one particular species contributes the 
majority of this dominance in a region, for example the 
brittle star Ophiura sarsi on the Chukchi and Beaufort Sea 
shelves (Bluhm et al. 2009, Rand & Logerwell 2010), 
Ophiocten sericeum on Eurasian shelves and Ophiopleura 
borealis on continental slopes (Piepenburg 2000).

8.2.3.  The realms – diversity patterns and 
conspicuous taxa

8.2.3.1. Sympagic realm

The sympagic realm, or the system connected to perma-
nent sea ice, provides habitats for both macrofaunal in-
vertebrates and meiofaunal organisms that live in brine-
filled networks and pores in the ice or at the ice-water 
interface. Meiofauna are dominated by acoels, nema-
todes, harpacticoid copepods and rotifers. In coastal ice, 
polychaete and other larvae may be a temporary part of 
the fauna (Gradinger 2002). The ice-water interface un-

1 Southern boundary roughly used here: Bering Strait, Fram 
Strait, western border of Barents Sea, Baffin Bay.

der the ice provides microhabitats for endemic macrofau-
na, mainly gammaridean amphipods (Bluhm et al. 2010). 
Biodiversity in sea ice is low relative to water column 
fauna and benthic interstitial fauna, with only a few spe-
cies per higher taxonomic group (Gradinger 2002). This 
is in part related to the extreme conditions in sea ice, 
with temperatures dropping below –10 °C and salinities 
higher than 100‰ during winter and early spring. Also, 
in terms of body size, organisms are constrained by the 
diameters of the brine channels (Krembs et al. 2000).

Across the entire Arctic, the most common amphipod 
species occurring under the ice are Apherusa glacialis, 
Onisimus glacialis, O. nanseni and Gammarus wilkitzkii (e.g. 
Gradinger et al. 2010b). These ice-associated crusta-
ceans are key prey species for the macroscopic food web 
of the ice pack, in particular the polar cod Boreogadus 
saida, which in turn provides primary prey for ice seals. 
Gradinger et al. (2010b) suggested that sea ice pressure 
ridges may function as refuges for ice fauna during the 
summer melt period. 

Ice faunal abundances vary widely in time and space and 
with ice thickness, with peak densities typically found 
in the bottom 10 cm of the cores, where environmental 
conditions are most favorable. Generally, densities are 
much higher in coastal fast ice (during peak season up to 
c. 250,000 individuals/m2) than offshore pack ice (typi-
cally < 10,000 individuals/m2) and during the spring 
compared with other seasons (Bluhm et al. 2010). A 
suite of grazing species takes advantage of the early ice 
algal bloom at times when the pelagic blooms have not 
yet developed.

8.2.3.2. The pelagic realm

A conspicuous element of Arctic zooplankton includes 
large herbivorous copepods, such as Calanus glacialis and 
C. hyperboreus, which may occur in high abundance and 
biomass. While these large species have received most 
of the attention, there are over 100 other mostly smaller 
species of copepods (Kosobokova 1980). Among non-
copepod groups, larvaceans may be abundant in polyn-
yas and in the central Arctic (Kosobokova et al. 2011). 
According to Sirenko (2001) and Sirenko et al. (2010), 
the multicellular holoplankton in the Arctic consists of 
about 300 species, of which half are copepods, with the 
remainder including 50 species of cnidarians.

A zooplankton survey of the upper 100 m of the wa-
ter column in the Arctic Canadian Basin (Hopcroft et 
al. 2005) showed that abundance was dominated by 
the small copepods Oithona similis, Oncaea borealis and 
Microcalanus pygmaeus and the larvacean Fritillaria borealis 
typica. Biomass was dominated by the large copepods Ca-
lanus hyperboreus, Calanus glacialis and Paraeuchaeta glacialis 
and the chaetognath Eukrohnia hamata. Later, Kosobok-
ova & Hopcroft (2010) surveyed the mesozooplankton 
in the same area down to 3,000 m depth and found 
a diverse fauna of 111 species of which c. 50% were 
copepods. While most of the diversity occurred deeper 
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than 100 m, c. 50% of the biomass was concentrated in 
the upper 0-100 m layer. Depth preferences were found 
to be species specific, with different species dominat-
ing in different depth layers. Zooplankton diversity in 
the Canadian, Nansen, Amundsen and Makarov Basins 
was recently reviewed by Kosobokova et al. (2011). They 
reported a total of 174 species representing the Cnidaria, 
Ctenophora, Mollusca, Annelida, Nemertea, Crustacea, 
Chaetognatha and Larvacea; 70% of the species were 
crustaceans, with copepods as the most diverse group. 
They also found a great number of unrecorded and 
undescribed species in the bathypelagic layers, several 
of them endemic to the Arctic Ocean, but distributed 
across the different basins, suggesting low efficiency of 
topographic dispersal barriers between the basins.

Ctenophores and jellyfish are understudied groups in the 
Arctic and yet likely important invertebrate predators 
in the pelagic realm. Purcell et al. (2010) studied the 
distribution of these groups in the western Arctic Ocean 
and found an abundant ctenophore fauna shallower than 
35 m water depth. Here the characteristic species are 
Dryodora glandula, Beroe cucumis and Bolinopsis infundibu-
lum, occurring over a stratum with the large scyphome-
dusae Chrysaora melanaster, introduced into the Arctic 
with warm Pacific water. Some molluscs are important 
in the pelagic realm. The pteropod gastropods, especial-
ly Limacina helicina, are a trophic link between plankton 
and higher trophic levels, as is the squid Gonatus fabricii, 
feeding on a variety of fish and marine invertebrates 
and preyed upon by sperm whales Physeter macrocephalus, 
seals, porpoises and birds (Gardiner & Dick 2010). 

8.2.3.3. The benthic realm

More than 90% of the invertebrate species described 
from the Arctic are benthic, and most of these are 
macrofauna (Sirenko 2001, Gradinger et al. 2010a). 
The highest number of species has been recorded from 
the Barents Sea, partly because it has been intensively 
studied in the past, and partly because of enrichment by 
boreo-Atlantic species (Cochrane et al. 2009, Wȩsławski 
et al. 2011). Sediments are mostly muddy on the outer 
shelves and in the central basins, as well as in some fjord 
basins. This provides extensive habitats for soft sediment 
fauna, including infauna and some epifauna. Coarser 
substrates like sand and gravel dominate the inner 
shelves (c.f. Bluhm et al. 2011a and references therein). 
Larger and/or more extensive hard substrate occurs in 
some localities with strong currents, such as the Bering 
Strait and Barrow Canyon, where suspension-feeders 
occur in high numbers. Nearshore locations are often 
affected by ice scouring, often resulting in a relatively 
impoverished fauna (Conlan et al. 2008). Examples of 
benthic habitats in eastern Baffin Bay are shown in Fig. 
8.5. Solid substrates like rocks, boulder fields etc. have 
less spatial extension than accumulation bottoms.

While the diversity of macro- and megafauna is dominat-
ed by the phyla Annelida, Arthropoda, Mollusca, Echi-
nodermata, Bryozoa, Cnidaria and Porifera, the smaller 

sized meiofauna (< 0.5 mm) is dominated by Nematoda 
and harpacticoid Copepoda. Less common are Kinohyn-
cha, Tardigrada, Rotifera, Gastrotricha and Tantulocarida 
(Mokievsky 2009a, Gradinger et al. 2010a). 

Because of the comparatively high number of benthic 
invertebrate species and habitats, the benthic realm has 
been subdivided into the following sub-realms or major 
habitats: glacial fjords, intertidal zones, shelves to shelf 
break at c. 500 m depth, and the deep-sea. 

Glacial fjords
Glacial fjords are deep marine inlets carved out by 
glacial scouring, usually longer than wide, with a re-
stricted water circulation in deeper parts due to sills at 
the fjord mouth (Syvitski et al. 1989). The fjord basins 
are filled with sediments, often loose muds, while hard 
bottom – gravel and rocks – can be found on steep sides 
of the fjords and at outer banks. Tidal glaciers are often 
located at the heads of the fjords, such that inner ba-
sins can be heavily influenced by glacial or glaciofluvial 
sedimentation. The soft-bottom fauna responds to the 
gradients of glacial sedimentation by clear changes in 
species composition, diversity and functional complex-
ity (Włodarska-Kowalczuk et al. 2005). Glacial bays 
are inhabited by the communities dominated by small, 
mobile, surface-detritus-feeding polychaetes and bivalves 
(Włodarska-Kowalczuk et al. 1998). Suspension feeders, 
sedentary and tube-dwelling animals are eliminated from 
glacial bays by heavy mineral sedimentation, instability of 
sediments and low supply of organic matter. Protobranch 
bivalves (Portlandia, Yoldiella) are the most common 
dominants near glacier areas (e.g. Syvitsky et al. 1989, 
Aitken & Fournier 1993, Renaud et al. 2007, Włodarska-
Kowalczuk 2007). Central basins of Arctic fjords host 
much more diverse macrobenthic communities with 
tube-dwelling polychaetes (the genera Prionospio, Maldane, 
Spiochaetopterus, Heteromastus) and suspension-feeding bi-
valves (Bathyarca, Astarte) among the dominants (Holte & 
Gulliksen 1998, Sejr et al. 2000, 2010, 2011, Włodarska-
Kowalczuk & Pearson 2004, Glahder et al. 2005, Renaud 
et al. 2007, Josefson et al. 2008). 

Both species richness and diversity usually decrease as 
one move from shelf toward the fjord heads, as reported 
from Svalbard fjords (e.g. Holthe & Gulliksen 1998, 
Włodarska-Kowalczuk et al. 2005, Renaud et al. 2007, 
Włodarska-Kowalczuk et al. 2012), Greenland (Schmid 
& Piepenburg 1993, Sejr et al. 2000) and the Canadian 
Arctic (Farrow et al. 1983). These patterns are stable 
in time (Renaud et al. 2007, Kedra et al. 2010) and are 
also apparent at lower taxonomic resolution (Włodarska-
Kowalczuk & Kedra 2007). The tendency of decreasing 
species diversity in inner fjord basins is accompanied by 
simplification in the composition of functional groups 
(Włodarska-Kowalczuk et al. 2005, Somerfield et al. 
2006, Włodarska-Kowalczuk & Wȩsławski 2008) and 
a decrease in spatial heterogeneity in species distribu-
tion (Kendall et al. 2003, Włodarska-Kowalczuk & 
Wȩsławski 2008).
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Meiofauna in fjords has attained much less attention 
than macrofauna. The few published studies show that 
the glacial or glacio-fluvial inflows in inner fjord basins 
result in changes similar to those observed for macro-
zoobenthos, i.e. a decrease in diversity and standing 
stocks (Somerfield et al. 2006, Włodarska-Kowalczuk et 
al. 2007b, Grzelak & Kotwicki 2012).

Several species have a wide depth distribution, e.g. the 
annelids Prionospio steenstrupi, Chaetozone setosa (or Chae-
tozone complex) and Maldane sarsi that were among the 
dominating species on the Beaufort Sea shelf (Bilyard 
& Carey 1979) and the shelf and slope west of Svalbard 
(Włodarska -Kowalzcuk et al. 2004). Sejr et al. (2010) 
found that the total macrofaunal species richness in 
Godt haabsfjord and in an area offshore in W Greenland 
was in the upper range of values reported from the Cana-
dian Arctic and the Norwegian shelf. The work of Curtis 
(1972) suggested a diverse polychaete fauna in Canadian 
Arctic fjords. Aitken & Fournier (1993) described the 
macrofauna inhabiting three fjords of eastern Baffin 
Island and compared it with earlier studies of Syvitski et 
al. (1989). Aitken & Fournier (1993) found that the mac-
robenthos communities in the fjords were comparable in 
composition to the fauna on the Baffin Island continental 
shelf and in E Greenland fjords, and that there was a con-
sistent sequence of communities going from the head to 
the mouth of the fjords. Conspicuous species of the head 
community were the bivalve Portlandia arctica, followed 
by the polychaete Onuphis conchylega, and at the fjord 
mouth the maldanid polychaete Asychis biceps.

Arctic shallows and littoral zone
In shallow coastal areas below the inter-tidal zone, 
with suitable benthic substrate and moderate ice scour-
ing, the bottoms are covered by macro-algal forests, 
so-called kelp beds. These beds may support a diverse 
and productive benthic invertebrate fauna. In a study 
of kelp-associated fauna in the Hornsund fjord in W 
Svalbard, Włodarska-Kowalczuk et al. (2009) found an 
invertebrate species richness of 11.5 species per indi-
vidual algal plant that was consistent among different 
algal species. Among 403 plant specimens, a total of 
208 invertebrate species were found with the highest 
number of species found in the Bryozoa (70), Polychaeta 
(52) and Hydrozoa (37). The most common species 
were the bryozoans Tricellaria ternata, Celleporella hyalina, 
Eucratea loricata, Cibrilina annulata and Crisia eburnea; the 
gastropod Margarites helicinus and the barnacle Balanus 
balanus. Estimating the total number of species using an 
extrapolation method yielded 259 species, considered 
lower than for similar assemblages at lower latitudes. In 
a shallow sound (2-10 m) in W Greenland, dominated by 
soft bottom and partial ice cover during winter, Blicher 
et al. (2011) found macrozoobenthos in high abundance 
(> 7,000/m2), with a total of 120 species at 15 stations. 
The most common taxa were the polychaetes Cistenides 
granulata, Owenia fusiformis, Ampharete acutifrons, species of 
Pholoe and Polydora, and the bivalves Macoma calcarea, Mya 
neoovata and Crenella decussata.

While the substrate of kelp beds as well as deeper (> 20 
m) shelf bottoms may support a high diversity of inver-

Figure 8.5. Photographs of the 
sea floor from eastern Baffin Bay 
in W Greenland, showing different 
benthic habitats. (A) soft mud, (B) 
soft sediment with shells and stones, 
(C) gravelly bottom and (D) boulder 
bottom (from Sejr et al. 2011).

A)

C)

B)

D)
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tebrates, the intertidal bottoms generally contain an im-
poverished fauna, likely due to ice scouring (Wȩsławski 
et al. 2011). In comparison, littoral zones without ice 
souring such as the non-Arctic Holandsfjord in northern 
Norway and Kachemak Bay in S Alaska have high species 
richness. In contrast, more ice scour at littoral zones like 
the Beaufort Sea shores or the Godhåbsfjord, W Green-
land, yields richness up to two orders of magnitude 
lower than the sites in Norway and Alaska (Wȩsławski et 
al. 2011).

Also the intertidal benthic communities tend to move 
downward to upper subtidal with latitude, as clearly 
seen along the western coast of Novaya Zemlia (Zenk-
evich 1963). The same occurs along the Eurasian coast 
from west to the east. The reduction of tidal amplitude 
eastwards from the Barents Sea and severe ice condi-
tions force macrobenthic species to avoid the uppermost 
meters of the shelf zone. However, this zone is severely 
under-sampled, as most studies in the Arctic shallows 
were done by research vessels with depth restrictions. 
Only a few studies describe the fauna and communities 
between 0 and 10 meters in the area from the SE Barents 
Sea to the Chukchi Sea. Using SCUBA equipment, such 
studies were done in the Baydara Gulf of the Kara Sea 
(Kucheruck et al. 1998), Franz Joseph Land, Novosibirsk 
Islands and Chauna Bay (Golikov 1990, 1994a, 1994b, 
1994c, Golikov et al. 1994). Work in the eastern Arctic 
confirmed that the high Arctic intertidal almost lacks 
macrobenthos eastwards from the Barents Sea. Benthic 
communities, which are quite species rich close to the 
shore in the western Kara Sea, tend to shift to deeper 
water eastwards, where the upper depth limit of per-
manent macrofauna is reported to be at several meters, 
below the zone of ice scouring (Golikov et al. 1994). 
Although being devoid of macrofauna, the intertidal and 
upper subtidal zone is inhabited by meiofauna, which is 
rich in abundance (Sheremetevsky 1897) and assumedly 
also diverse. This may also be the case for macrofauna 
where the effects of ice conditions are relatively mild, 
even at very high latitudes (79° N at Svalbard), with 
an intertidal zone that can harbor over 40 macrofauna 
species that also contribute considerable biomass (e.g. 
Wȩsławski et al. 2011). 

Open shelf 
About half of the Arctic Ocean area overlays shelf zones, 
i.e. areas at water depths down to 200-500 m. There have 
been great differences in investigation effort between the 
eastern and western Arctic. The wide open shelf of the 
Eurasian Arctic is covered much more densely by sampling 
points than the shelves of the North American Arctic. 
This could possibly be explained by differences in ice 
conditions, which has allowed exploration of most parts of 
Eurasian shelves without icebreakers. However, significant 
progress was achieved in exploration of the western Arctic 
during the last decades, and now the total sampling effort 
is more equal (Bluhm et al. 2011a and Fig. 1 therein). 

In reviewing historical and recent benthic records, Cus-
son et al. (2007) found higher species richness in eastern 

than in central and western parts of the Canadian Arctic 
shelf. The total number of taxa of macrozoobenthos 
reached c. 1,000 in the Canadian Arctic Archipelago. 
Using the same data as Cusson et al. (2007), Witman 
et al. (2008) searched for general relationships between 
productivity and benthic species richness in the Canadi-
an Arctic. They found that the shape of the relationships 
varied with community type, with negative linear rela-
tions restricted to sessile epifauna, while hump shaped 
relations occurred in Arctic macrobenthos (mixed 
epifauna, infauna). Furthermore, significant effects of 
chlorophyll a co-varied with the effects of salinity, sug-
gesting that environmental stress as well as productivity 
influences diversity in the Canadian Arctic.

Conlan et al. (2008) studied spatial distribution of mac-
rozoobenthos on the Canadian Beaufort shelf in relation 
to different habitats and reported a total of c. 500 taxa. 
These taxa occurred in varying densities in four different 
types of communities: (1) a community from the fast ice 
and flaw lead regions of the Beaufort shelf, dominated 
by the polychaete Micronepthys minuta and the bivalve 
Portlandia arctica and some amphipods, (2) a shelf slope 
community dominated by the polychaetes Maldane sarsi, 
Lumbrineris impatiens and Tharyx sp., a sipunculid and 
the bivalves Bathyarca sp. and Yoldiella sp., (3) a shallow-
water community in an upwelling area dominated by the 
amphipods Ampelisca macrocephala and Photis sp., two spe-
cies of ostracods and the polychaete Barantolla Americana, 
and (4) a community from the Cape Bathurst polynya, 
dominated by burrowing polychaetes such as Maldane 
sarsi, and the sediment-surface-feeding polychaetes Ter-
ebellides stroemi, Melinna cristata and Tharyx sp., together 
with the brittle star Ophiocten sericeum.

The large scale patterns in community distribution along 
the Eurasian coasts was summarized by Spiridonov et 
al. (2011), and it was shown that there was a shift from 
patchily distributed diverse communities in the western 
part of the area (Barents Sea) to more homogeneous dis-
tributions of main community types in the Siberian Arc-
tic. The communities closer to the coast were dominated 
by bivalves (notably the genus Tridonta,Macoma calcarea, 
several nuculids, Portlandia species, Astarte crenata, Yoldia 
hyperborea, Ciliatocardium ciliatum) and were substituted 
seawards by ophiuroids (e.g. Ophiocten sericeum, Ophio-
cantha bidentata and Ophiopleura borealis) (map 2.4B in 
Spiridonov et al. 2011).

The ‘Boreo-Arctic Macoma community’ sampled by 
grab and described by Thorson (1957) was dominated 
by the bivalve species of the genera Macoma and Astarte. 
This is a common macrobenthic community of Arctic 
shelf sediments (Longhurst 2007). Of the shelf mac-
rofauna reviewed by Piepenburg et al. (2011), the most 
widely distributed polychaetes were Onuphis conchylega, 
Aglaophamus malmgreni, Eteone longa, Lumbrineris fragilis, 
Nicomache lumbricalis, Pholoe minuta and Scalibregma infla-
tum. The most common molluscs were, in addition to 
the two above mentioned bivalve genera, Musculus niger, 
Serripes groenlandicus and Yoldiella lenticula. The most 
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common crustaceans were the amphipods Ampelisca es-
chrichti, Anonyx nugax, Arrhis phyllonyx, Byblis gaimardi and 
Haploops tubicola, and the cumaceans Diastylis spp. and 
Leucon nasica. In echinoderms, the most common species 
were Ophiocten sericeum, Ophiura robusta and Ophiacantha 
bidentata (Piepenburg et al. 2011). All of these species are 
common also in boreal areas outside the Arctic. 

The large standing stocks of widespread bivalves that 
dominate biomass in some shelf areas sustain the popu-
lations of gray whales Eschrichtius robustus and walrus 
Odobenus rosmarus (Longhurst 2007). For instance, in the 
Macoma calcarea community in the central Chukchi Sea, 
the greatest biomass of benthos was 4,232 g/m2, with an 
average of 1,382 g/m2 for the investigated areas ( Sirenko 
& Gagaev 2007). Likewise, bivalves in the shallow 
coastal areas and banks off the Greenland coast provide 
important feeding items for walrus and the two eiders, 
common Somateria mollissima borealis and king eider S. 
spectabilis (Born et al. 2003, Boertmann et al. 2004, 
Blicher et al. 2011). 

A study of the benthic fauna of the southern part of the 
Kara Sea (Jørgensen et al. 1999) reported nearly 500 
taxa, consisting mainly of Crustacea (28%), Polychaeta 
(26.5%) and Mollusca (21.5%). There was a strong 
dominance of species with a Boreal-Arctic distribution 
(70.6%). However, there also was a clear increase in 
the proportion of Artic species going from marine to 
estuarine conditions and in a west to east direction, in 
agreement with the findings of Denisenko et al. (2003b). 
The most conspicuous species, proceeding from marine 
to estuarine conditions, were the polychaete Spiochaetop-
terus typicus, the bivalves Tridonta borealis, Serripes groen-
landicus, Portlandia arctica and, in the area with lowest 
salinity, the Arctic bivalve Portlandia estuariorum and the 
polychaete Marenzelleria arctia. The last of these has re-
cently emmigrated into the Baltic Sea (Bastrop & Blank 
2006). The megafauna and hyperfauna of the Kara Sea 
were not sampled at these locations, but if sampled they 
would most likely have resulted in a higher total number 
of taxa for the area. Similarly, Denisenko et al. (2003b) 
studying the macrozoobenthos of the Pechora Sea (SE 
Barents Sea) reported > 500 species consisting of Poly-
chaeta, Mollusca, Crustacea, Echinodermata, Bryozoa 
and Cnidaria. Most species (69%) had a wide boreal-
Arctic distribution, while only 15% were restricted to 
the Arctic.

Studies on macrofauna and productivity in the Barents 
Sea and on the influence of Arctic and Atlantic waters 
were conducted by Cochrane et al. (2009). While they 
showed a different faunal composition under the two wa-
ter masses, they found no typical Arctic fauna under the 
Arctic water mass. Instead many species, many of them 
with a southerly boreal distribution, occurred under both 
water masses. These results led the authors to predict 
that a potential northern shift in the border of the Arctic 
water body would make the two water mass communities 
more similar in composition. Nearly 15 dominant species 
and taxa form about 90% of the biomass of macrozoob-

enthos in the Barents Sea. Conspicuous species are the 
bivalves Tridonta borealis, Serripes groenlandicus, Macoma cal-
carea, the polychaete Spiochaetopterus typicus, the sipuncu-
loid Golfingia margaritacea, the sea star Ctenodiscus crispatus 
and several sponges (Denisenko 2004).

Sirenko et al. (1996) sampled the supra-benthic fauna, i.e. 
the fauna on the sediment and in near- bottom water in 
the Laptev Sea, from shelf depths down to the deep sea. 
They found 139 species in total, consisting of cnidarians, 
annelids, molluscs and arthropods, and species that are 
considered pelagic or benthic. Of these species 51 were 
recorded for the first time in the Laptev Sea area.

Compared with the shelf macrozoobenthos, the meio-
benthos, including the protozoan Foraminifera, has 
received much less attention. Metazoan meiobenthos 
includes a wide range of higher taxa among about half of 
the known phyla (Giere 2009, Mokievsky 2009a). The 
most abundant and diverse metazoan meiofaunal taxa on 
the shelf are Nematoda, Harpacticoida and Turbellaria. 
There are more or less complete species lists for the 
White Sea area, where the small-sized biota represent 
the most significant component of newly described spe-
cies. Among the 104 species new to science described 
from the vicinity of the White Sea Biological Station, 25 
were free-living nematodes and 23 were crustaceans, 
mainly harpacticoid copepods (Tchesunov 2008). 

The total species number of Arctic metazoan meiofauna 
represents c. 25% of the total number of known meta-
zoan species (Mokievsky 2009a). In local Arctic sea 
faunas, this value varied from 6% to 20%, reflecting 
mostly differences in sampling effort rather than true 
differences in diversity. Very preliminary observations of 
overall meiobenthic diversity in the Russian Arctic seas 
are given in Spiridonov et al. (2011) (Fig. 8.6). Nema-
todes and harpacticoid copepods were the most diverse 
groups. The diversity of harpacticoid copepods was 
reviewed by Chertoprud et al. (2010). 

Exept for the White and Barents Seas, the diversity of 
meiobenthos is likely underestimated in Arctic sub-are-
as. An almost overlooked meiofaunal group, likely due to 
inadequate sampling methods, is the free-living acoelo-
mate flatworms (Turbellaria). Recent studies also show 
that this group plays an important role in sea-ice com-
munities (Gradinger et al. 2010b). From what is known, 
the species diversity of turbellarians in the Arctic ap-
pears quite low, although the total number of species re-
ported for the Barents Sea exceeds 100 (Sirenko 2001), 
or slightly less than half the number of nematode species 
in that area. Nearly the same figures were reported from 
ArcOD data, 134 species of benthic plathelminths com-
pared with 403 species of benthic Aschelminths, which 
includes Nematoda (Tab. 8.1; Gradinger et al. 2010a). 
However, in the well studied areas outside the Arctic, 
the proportion of turbellarians is higher. For the North 
Sea, the list of species includes 735 species of nema-
todes, 515 species of harpacticoids (Heip et al. 1983) 
and 400 species of turbellarians (Martens & Schockaert 
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1986). The German Wadden See, one of the best inves-
tigated areas in the world in terms of meiofauna, is home 
to 364 species of turbellarians, 333 of nematodes and 
and 119 of harpacticoids (Gerlach 2004). Therefore, at 
present it remains to be seen whether or not the relative-
ly low proportion of turbellarians in the Arctic is related 
to poor knowledge or represents a true phenomenon. 

The diversity of the less-studied meiofaunal taxa, such as 
Gastrotricha, Loricifera, Kinorhyncha and Tardigrada, 
is almost unknown from the eastern Arctic and Arctic 
deep-sea. While all these groups were reported from the 
Arctic (e.g. Mokievsky 1992, Soltwedel & Schewe 1998, 
Soltwedel et al. 2000, 2009b, Vanreusel et al. 2000), 
most were not identified to the species level. 

Deep-sea 
The deep-sea invertebrate fauna is the least studied fau-
nal component in the Arctic Ocean (Piepenburg 2005). 
The macrofauna was sampled on the continental margin 
down into the deep-sea (3,000 m) west of Svalbard by 
Włhodarska-Kowalzcuk et al. (2004). Contrary to the 
general parabolic bathymetric pattern of benthic diver-
sity in the temperate North Atlantic outside the Arctic, 
they found a decreasing species richness with increas-
ing water depth, and the diversity at depths lower than 
1,000 m was much lower than in comparable temperate 
areas. They concluded that this was due to geographic 
isolation of the Greenland-Icelandic-Norwegian Seas 
from the Atlantic pool of species, rather than to differ-
ences in productivity, as the macrobenthic biomasses on 
the continental margin off Svalbard were comparable to 
those recorded at lower latitudes. 

Kröncke (1994) studied macrozoobenthos in the area 
between Svalbard and the Makarov Basin, reporting 
low species abundance, biomass and species number (42 

species from 30 sites and a total sampled area of 7.5 m2, 
500 µm mesh). The most common species was the am-
phipod Jassa marmorata. Four years later, using the same 
methodology, Kröncke (1998) described the macrofauna 
of the western Eurasian Arctic Ocean on a transect from 
the North Pole across the Amundsen Basin and Gakkel 
Ridge, towards the Morris Jesup Rise and the Yermak 
Plateau. The species richness found this time was higher, 
108 taxa from 17 sites, and it was concluded that the 
findings contradicted the hypothesis of declining species 
richness with increasing latitude, with richness compara-
ble to levels in Antarctic and even tropical regions. The 
most species rich groups in this study were Polychaeta 
and Crustacea, the latter represented by mainly Cuma-
cea, Isopoda and Amphipoda. The macro- and megaben-
thic fauna in the Arctic Canada Basin was investigated 
by Bluhm et al. (2005). Based on samples sieved through 
a 250 µm mesh, they reported a total of 90 benthic in-
vertebrate taxa from six sites at the 640-3,250 m depth 
interval, representing four different biogeographic af-
finities and at least three isopod species new to science. 
The identified species were dominated by cosmopolitan 
boreo-Arctic and boreo-Atlantic species. The former 
was exemplified by the bivalves Cuspidaria glacialis and 
Dacrydium vitreum, the amphipod Aceroides latipes and the 
polychaetes Maldane sarsi, Terebellides stroemi and Lumbrin-
eris fragilis. The latter was characterized by the bivalves 
Yoldiella frigida and Bathyarca frielei. An example of the 
very small group of Arctic endemics was the bivalve 
Nucula zophos. A scaphopod, Siphonodentalium lobatum, 
was reported as the most common mollusc species in 
Arctic deep-sea basins (Bluhm et al. 2005). 

The larger free-living nematodes in the deep-sea Canada 
Basin were studied by Sharma & Bluhm (2011). The 
study considered individuals larger than 250 µm, of a 
group that in benthic surveys is often categorized as mei-

Figure 8.6. Map of the Russian Arctic showing the distribution of meiofauna diversity for different areas (from Spiridonov et al. 2011).  
Sizes of the cakes relates to total number of taxa are indicated above each cake.
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ofauna (≥ 32 µm to 1 mm). At the 640-3,848 m depth 
range they found 84 genera among 25 families, with to-
tal abundance varying from 0 to 6,800 ind./m2. Domi-
nant families were Comesomatidae and Oncholaimidae 
and dominant genera Sabatieria and Viscosia. Deubel 
(2000) studied macrofauna on the Lomonossov Ridge, 
northern Laptev Sea, at 500-4,170 m, finding 474 taxa 
from a sampled area of 20.5 m2 using a 250 µm mesh. 

In comparison with macrofauna, the deep sea mei-
ofauna (< 0.5 mm) has received very little attention. 
For example, a study in the Fram Strait yielded 180 
nematode genera (Fonseca et al. 2010). The number of 
putative species found in one locality at about 2,300 m in 
Fram Strait was 367 (Hasemann & Soltwedel 2011). The 
repeated survey on the Yermak Plateu (north of Spitsber-
gen, Svalbard, at the depths 700-1,200 m) gave the fig-
ure of 200 putative species distributed within 89 genera 
(Soltwedel et al. 2009b). Elsewhere, on a single transect 
in the central Arctic Ocean, more than 110 genera of 
nematodes were found (Vanreusel et al. 2000). Even less 
is known about other meiofaunal groups, which are rep-
resented in the Arctic deep-sea by a relatively long list of 
high taxa. For example, beside nematodes and harpacti-
coids, the Yermak Plateau also has polychaetes, ostraco-
ds, kinorhynchs, bivalves, gastropods, tanaidaceans and 
tardigrades (Soltwedel et al. 2000). The meiofauna of 
the area west of Svalbard was predominantly nematodes 
and harpacticoids, but also included polychaetes, gastro-
trichs, kinorhynchs, tardigrades, rotifers and tantulo-
carids. Very few species from all these groups have yet 
been described from the Arctic. Even for nematodes, the 
number of known species is low if compared with the 
potential diversity in the deep sea (Miljutin et al. 2010). 
More detailed studies in eastern Arctic seas will surely 
increase the known figures for Arctic meiofauna. 

Recently, in a circumpolar review, Bluhm et al. (2011b) 
assessed biodiversity of the benthic deep-sea fauna oc-
curring deeper than the shelf break at 500 m. They 
reported 1,125 taxa from the deep-sea area bounded to 
the Atlantic by Fram Strait. Dominant species groups in 
decreasing order of species numbers were Arthropoda, 
Foraminifera, Annelida and Nematoda. The highest 
abundances, up to c. 10,000 ind/m2, were generally 
found on the shelf slopes. Many of the deep-sea species 
(61%) also occurred on the shelf, such as the polychaete 
Myriochele heeri, the tanaid Pseudotanais affinis and the sea 
star Pontaster tenuispinus, suggesting a shelf origin of these 
species. Similarly, Bilyard & Carey (1979) reported 
maximum diversity and abundance of polychaetes at the 
outer shelf and upper continental slope in the western 
Beaufort Sea. Abundant species in this area were the 
widespread boreal polychaetes Maldane sarsi, Heteromastus 
filiformis and Terbellides stroemi. Other major findings in 
this review were that species composition of polychaetes 
indicated a strong influence from the Atlantic, that mod-
ern Pacific elements were lacking, and that there was 
no barrier effect of the mid-Arctic ridges. As in several 
other habitats and realms, the Arthropoda was the most 
species-rich phylum. 

The HAUSGARTEN case study
The recognition in the recent past that oceans are highly 
dynamic systems has led to new strategies in studying 
marine ecosystems, with the goals of achieving a more 
comprehensive understanding of marine processes and 
of developing predictions of potential system changes. 
Snapshot observations are no longer considered suffi-
cient, as only long-term investigations allow the as-
sessment of environmental factors that determine the 
dynamics, structure and complexity of marine com-
munities. This is particularly obvious for the rapidly 
changing Arctic systems. Thus, in 1999 the German 
Alfred Wegener Institute for Polar and Marine Research 
(AWI) established the first and only Arctic deep-sea 
long-term observatory to detect and track the impact of 
large-scale environmental changes in the transition zone 
between the northern North Atlantic and the central 
Arctic Ocean (Soltwedel et al. 2005). The HAUSGAR-
TEN observatory is located in Fram Strait, the only deep 
water connection between the central Arctic Ocean and 
the Nordic Seas, where exchange of intermediate and 
deep waters takes place. Hydrographic conditions in the 
area are characterized by the inflow of relatively warm 
and nutrient-rich Atlantic Water into the central Arctic 
Ocean (Rudels et al. 2000). Advection and the physical 
properties of these waters primarily control the climate 
of the Nordic seas and the entire Arctic Ocean (Karcher 
et al. 2011). Multidisciplinary research activities at 
HAUSGARTEN cover almost all compartments of the 
marine ecosystem, from the pelagic zone to the benthic 
realm, with the main emphasis on benthic processes.

The observatory currently comprises 17 sampling sites 
along a bathymetric transect (1,250-5,500 m water 
depth) and along a latitudinal transect of c. 150 km, 
following the 2,500 m isobath. The central HAUSGAR-
TEN station, at 2,500 m, serves as an experimental area 
for unique biological short- and long-term experiments 
to determine the factors controlling biodiversity on the 
deep seafloor (Premke et al. 2006, Gallucci et al. 2008a, 
2008b, Kanzog et al. 2009, Guilini et al. 2011). Work 
on the small benthic biota (size range: bacteria to mei-
ofauna) focuses on in situ experimental work. Short-term 
study aspects include investigating the effects of sporadic 
food supplies, the reduction/prevention of food/energy 
supply, and the effects of physical disturbances. These 
experiments are intended to elucidate how the small 
benthic biotas interact with each other and with their 
changing environment. Benthic long-term studies at 
Hausgarten comprise biochemical analyses to estimate 
the input of phytodetrital matter and to assess activities 
and biomasses of the small sediment-inhabiting biota. 
Covering all size classes from bacteria to megafauna, a 
temporal assessment of the distribution patterns of ben-
thic organisms is a major goal of these studies.

The metazoan meiobenthic studies at HAUSGARTEN 
between 2000 and 2004 revealed densities ranging on 
average from 149 to 3,409 ind./10 cm2 (Hoste et al. 
2007). Nematodes dominated at every depth and sam-
pling year (85-99%), followed by harpacticoid copepods 



294 Arctic Biodiversity Assessment

(0-4.6%). Based on density of individuals, the bathym-
etric transect could be roughly subdivided into a shallow 
part between c. 1,000 and c. 2,000 m water depth, with 
equally high nematode and copepod densities (c. 2,000 
nematodes and 50 copepods/10 cm2), and a deeper part 
between c. 3,000 and c. 5,500 m, with clearly lower 
nematode and copepod densities (c. 600 nematodes and 
11 copepods/10 cm2). 

Compared with deep-sea studies from the North Atlan-
tic, the nematode community at HAUSGARTEN was 
characterized by very high species numbers, even though 
the number of genera was in the same order of magni-
tude (Hoste 2006). In the Arctic, there were relatively 
more rare genera and more species representing less than 
1% of the overall nematode abundance. However, the 
overall nematode community structure at HAUSGAR-
TEN was similar to other typical deep-sea communities, 
with dominant genera such as Amphimonhystrella, Acan-
tholaimus, Halalaimus and members of the Desmoscoleci-
dae and Monhysteridae. The nematode community com-
position changed gradually with water depth (Fig. 8.7). 
Differences were mainly due to variations in the relative 
abundance of genera rather than the presence/absence of 
genera. Some indicator species were found at most water 
depths, especially within the groups Monhysteridae, Xy-
alidae and Desmoscolecidae. Totaly, 640 morphotypes 
belonging to 152 genera and 33 families were recorded 
there with a prominent gradient in species richness: 432 
putative species were found at 1,200 m depth, 361 at 
2,500 m and 264 at 4,000 m (Hoste 2006).

Aside from water depth as the main factor accounting 
for differences in nematode communities, inter-annual 
variability in nematode community structure was ap-
parent, with high relative abundances of Dichromadora, 
Microliamus and Tricoma. This was found to be related to 
high food availability (Hoste 2006). 

Harpacticoid copepods, the second dominant group 
within the meiobenthos at HAUSGARTEN, comprised 
89 species (Hoste 2006). Dominant families of copepod 
species numbers included the Ectinosomatidae (23.5%), 
Cletodidae (15.5%), Danielsseniidae (14.0%), Miracii-
dae (12.0%), Argestidae (7.5%), Ameiriidae (7.5%) and 
Huntamaniidae (5.0%). The female to male ratio was ap-
proximately 2.5:1. The copepod community comprised a 
wide range of body shapes, with members of each of the 
three ecotypes: endobenthic, epibenthic and interstitial. 
The bathymetric distribution of harpacticoid copepods 
could be divided into two depth ranges: 1,200-2,000 m 
and 2,500-5,000 m. according to the relative proportion 
of general body shapes or ‘living forms’: at the shallower 
part of the transect, the relative proportion of bur-
rowing species was higher, whereas interstitial species, 
determined by body shape, were dominant at the deeper 
sites (2,500-5,000 m water depth). As with nematodes, 
harpacticoid diversity was higher at the upper part of the 
transect (Hoste 2006). Other meiobenthic groups found 
there were polychaetes, gastrotrichs, kinorhynchs, tar-
digrades, rotifers and tantulocarids. These groups were 
found in very low abundances, less than 2% of the total 
(Hoste et al. 2007). 
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Macrofauna in the HAUSGARTEN area was sam-
pled twice during summer, for a bathymetric study 
along a depth gradient from 200 to 3,000 m in 2000 
(Wȩsławski et al. 2003, Włodarska-Kowalczuk et al. 
2004), and to study horizontal distribution patterns 
along an isobath at approximately 2,500 m in 2003 
(Budaeva et al. 2008). Macrofaunal sample species rich-
ness decreased with water depth. There was, however, 
no clear bathymetric pattern in diversity measures; the 
classic increase of species richness and diversity at mid-
slope depths was not observed. According to Włodarska-
Kowalczuk et al. (2004), Shannon-Wiener diversity was 
the highest at 525 m (H’(log e) = 3.54) and lowest at 2,025 
m depth (H’(log e) = 1.46). Species richness and diversity 
at the deep stations were much lower than in comparable 
studies from the temperate North Atlantic. Włodarska-
Kowalczuk et al. (2004) related this finding to the geo-
graphic isolation of the Greenland-Icelandic-Norwegian 
Seas from the Atlantic pool of species.

Budaeva et al. (2008) sampled three sites along a 26 km 
transect along the 2,500 m isobath. Three box corers 
(0.25 m2) were taken at each site, yielding a total of 
3,714 specimens, belonging to 59 taxa. Total biomass 
ranged from 2.31 g ww/m2 to 6.41 g ww/m2. Dominant 
taxa of the macrofauna were the sponge Tetractinomorpha 
sp., the bristle worms Myriochele heeri and Galathowenia 
fragilis, the cumacean crustacean Diastylis polaris, the 
sipunculid Sipunculus sp., the snail Mohnia mohni and the 
bivalves Bathyarca frielei and Tindaria derjugini. Budaeva 
et al. (2008) discussed their findings in the context of 

results published by Włodarska-Kowalczuk et al. (2004) 
and suggested that the macrobenthos in the HAUSGAR-
TEN region is organized at three spatial scales: commu-
nities that replace each other along the depth gradients, 
species assemblages that contribute to the heterogeneity 
within each vertical zone, and single-species patches that 
create variability at the local scale.

Large-scale distribution patterns of epi/megafauna organ-
isms were assessed using a towed photo/video system 
(Ocean Floor Observation System). As many megafaunal 
organisms from deep-sea environments are character-
ized by rare occurrence, it is advantageous that camera 
systems can survey transects at the scale of kilometers 
without causing disturbance or altering the habitat (This-
tle 2003, Soltwedel et al. 2009a, Bergmann et al. 2011).

As elsewhere, megafaunal assemblages along the bathy-
metric transect of the HAUSGARTEN observatory are 
characterized by zonation, and the structure of benthic 
assemblages from different depths varies in terms of 
species composition, diversity and functional ecology 
(Soltwedel et al. 2009a). At HAUSGARTEN, megafau-
nal densities ranged between 11 and 38 ind./m2, with 
highest densities at 1,650 m and lowest at 3,000 m 
depth. The number of taxa ranged from four at 5,500 
m to 27 at 1,650 m water depth. The Shannon-Wiener 
diversity index (H’(log2)), ranged from 0.34 at c. 1,700 m 
to 2.58 at c. 2,600 m.

The deposit-feeding boreo-Arctic brittle star, Ophiocten 
cf. hastatu, dominated the continental margins up to 
depths of c. 1,300m (Fig. 8.8), at mean densities of 17 
ind./m2. In contrast, at a nearby station, only some 300 
m deeper, small amphipods dominated the fauna (37 
ind./m2). Deeper, at c. 2,500 m water depth, the de-
posit-feeding Arctic-boreal sea cucumber, Kolga hyaline, 
and suspension-feeding sea anemones accounted for the 
majority of megafaunal organisms, at densities of four 
and three ind./m2, respectively. The suspension-feeding 
boreo-Arctic crinoid, Bathycrinus carpenterii, (5 ind./m2) 
and sea anemones (2 ind./m2) were the most abundant 
groups seen at c. 3,000 m water depth. The sea cucum-
ber (Elpidia heckeri, 30 ind. / m2) dominated the Molloy 
Hole. The zonation patterns appear to be controlled 
primarily by food availability (Soltwedel et al. 2009a).

8.2.4. Biogeography
Biogeography is generally understood as the study of 
broad-scale distribution patterns of species and their 
derivation in both a short- and long-term perspective. 
In recent time, this field forms an important component 
of the discipline macroecology together with ecology 
(Briggs 2007). Biogeography may help us to understand 
how some of the species diversity patterns we see today 
in the Arctic Ocean have been generated.
 
The Arctic invertebrate fauna on the seafloor is charac-
terized by species with several different biogeographic 
affinities, with origins inside and outside the Arctic. 
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Considering the post Pliocene period, there are essen-
tially four main groups with different affinities, although 
the groupings may vary somewhat among authors and 
taxonomic groups: 
1.  Widespread boreo-Arctic species found all over the 

Arctic and in sub-Arctic seas. There are, for instance, 
many representatives of this group among annelids. 

2.  Boreo-Arctic species of Atlantic origin. This is the 
largest group among echinoderms and the speciose 
crustaceans, accounting for c. 85% of the crustacean 
species in today’s Arctic.

3.  Boreo-Arctic species of Pacific origin. This is a small-
er group in echinoderms restricted to the Chukchi 
Sea area (Sirenko 2001) and accounting for less than 
10% of the crustaceans. 

4.  True Arctic species, including endemics only found 
in the Arctic. The number in this group is gener-
ally small but varies among taxonomic groups and 
accounts for instance for some 10% of the crustacean 
species and up to 30% of all bryozoan species. 

The distribution patterns of species within these catego-
ries reflect the recent geological history of the Arctic but 
likely also reflect current dispersal barriers. In general, 
the true Arctic group is a minority, with relatively few 
endemic species. This is in contrast to the Antarctic 
which harbors many more endemics, attributed to the 
long history of geographic isolation by the Antarctic 
Circumpolar Current (e.g. Clarke et al. 2004, Hassold et 
al. 2009). The openness of the Arctic Ocean to the Pa-
cific and the Atlantic Oceans during the last c. 4 million 
years probably has precluded extensive in situ evolution 
of species here. 

Historical redistributions
The origin of a species is to some extent also related to 
the time period being considered. When we look only 
at the post-Pliocene period, a major part of the fauna is 
related to that of the North Atlantic, but when including 
a longer time period, the picture changes. In the later 
part of the Pliocene, extensive transgressions of spe-
cies between the Pacific Ocean and high latitudes of the 
Atlantic Ocean, via the Arctic Ocean, are thought to 
have taken place c. 3.5 million years ago, with the direc-
tion primarily from the Pacific to the Atlantic (Golikov 
& Scarlato 1989, Vermeij 1989, Briggs 2003, Vermeij & 
Roopnarine 2008). Consequently, many of the boreal 
species found in the northern Atlantic since the Pleis-
tocene and now regressing towards the Pacific on the 
Eurasian side of the Arctic are possibly expatriated 
Pacific species that have evolved further to become sec-
ondary Atlantic species. This is for instance seen in the 
asteroid echinoderms (Mironov & Dilman 2010), where 
several Atlantic taxa have closely related congeners in 
the Pacific, such as the species pairs of Pteraster obscurus 
– P. ornatus (Asteroidea) and Gorgonocephalus arcticus – G. 
eucnemis (Ophiuroidea) (Smirnov 1994). The hypotheti-
cal schemes of these redistributions (Mironov & Dilman 
2010), based on species distribution maps, are supported 
now by the first gene-geographical studies on Arctic 
marine invertebrates (Addison & Hart 2005, Nikula et 

al. 2007, Hardy et al. 2011, Carr et al. 2011). Since the 
Pliocene, some echinoderms endemic to the Arctic may 
also have evolved (Smirnov 1994), such as the echinoid 
Pourtalesia jeffreysii. The importance of this ‘The Great 
Trans-Arctic Biotic Interchange’ (Briggs 1995) may 
have been an ‘enrichment’ of the North Atlantic species 
pool, because as pointed out by Briggs (2007), there is 
little evidence from the marine realm that invasions have 
decreased native diversity, but have instead resulted in 
an overall increased diversity. This pool of species may 
be a great source of immigration into the Arctic Ocean 
through the Atlantic gateway in recent time.

Historical extinctions
Later, in the Pleistocene Quarternary period, starting c. 
2 million years ago, glaciation periods nearly eradicated 
the shelf fauna (Dunton 1992), e.g. via ice standing on 
the shelf sea floor in glacial periods. Moreover, during 
maximal glaciation, the sea level was c. 100 m lower 
than today (Hopkins 1973, Fairbanks 1989), and large 
emergent areas of the shelf were dry or not covered by 
ice (Chukchi, Beaufort and East Siberian Seas). During 
that time, the submersed ice-free parts in these areas 
may have acted as a refugium for some shelf species. If 
this was the case, the Beringian refugium was important 
both for marine and terrestrial species. The effects of 
these historical extinctions are likely seen in the bristle 
worms (Polychaeta), with littoral and shelf areas down 
to 300 m dominated by boreal-widespread species and a 
corresponding near absence of endemic species (Bilyard 
& Carey 1980). This, and relatively low species richness, 
was attributed to invasions in inter-glacial periods during 
the Quarternary (Bilyard & Carey 1980). The changing 
relative influence of the Pacific on the littoral fauna cor-
relates well with distance from the Bering Strait, with 
highest proportion of Pacific species in the Chukchi Sea 
(Fig. 3 in Dunton 1992). The development of population 
genetic analyses will provide more opportunities to trace 
the species redistribution on a geological time scale and 
to evaluate cryptic species diversity in light of historical 
isolation (Carr et al. 2011).

Present patterns
There are several different biogeographic schemes for the 
Arctic (Zenkevitch 1963, Larsen et al. 2003, Spalding et 
al. 2007, Zhirkov 2010), all of them dividing the Arctic 
Ocean into a deep-sea region with its own fauna and a 
number of shallow water (shelf) sub-divisions. One of 
the most prominent boundaries, separating the Arctic 
from the sub-Arctic, crosses the Barents Sea, from NW 
to SE (Fig. 8.9; Denisenko 1990). Although the exact 
positions of the boundaries may vary depending on taxo-
nomic group, they broadly reflect the hydrological and 
climatic influence on the distribution of species with dif-
ferent biogeographic affinities. A second zoogeographical 
border in the Arctic is situated in the East Siberian and 
Chukchi Sea areas. However, the exact position of the 
border is still unclear (Mironov & Dilman 2010). There 
are also gaps in knowledge of species distributions in this 
region, many of which have eastern or western distribu-
tion limits. This applies to shallow-water and deep-water 
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species. The boundary in this region likely reflects the 
meeting of waters with Arctic and Pacific origin. 

Differences in affinity composition among regions 
The Atlantic boreal influence is apparent in zooben-
thic assemblages of the Barents Sea, a shelf sea at the 
entrance of the Atlantic, where boreo-Atlantic species 
dominate in areas influenced by Atlantic and Arctic 
water masses, and only few species can be characterized 
as truly Arctic (Cochrane et al. 2009). In the adjacent 
more easterly Kara Sea shelf, Jorgensen et al. (1999) and 
Denisenko et al. (2003a) reported c. 20% true Arctic 
species, c. 70% widely distributed boreal species, with 
the rest dominated by Atlantic boreal species and only 
few of Pacific boreal origin.

Biogeographical zonation in the Russian Arctic, recently 
reviewed by Spiridonov et al. (2011), is strongly influ-
enced by freshwater outputs from the large Siberian 
rivers. The cold brackish shallow zone along the Rus-
sian Arctic coast harbors a number of relict species: the 
isopod Saduria sibirica, the bivalves Cyrtodaria kurriana and 
Portlandia aestuariorum and some others (Filatova 1957, 
Gurjanova 1970). Most of these species are not true en-
demics of the Arctic. During historical changes in their 
distributional ranges, many of the shallow water species 
found refuges in the Baltic Sea and North Pacific Ocean.

The deep sea areas (below 300 m) have a different long-
term history than shallower areas, as Pliocene glacia-
tions affected these habitats differently. The bathyal 
parts of the Arctic Ocean have likely not been affected 
by ice groundings during glacial periods and have a 

long history of relative isolation from other oceans, in 
particular from the Pacific due to the shallowness of the 
Bering Strait (70 m). As a result, the bathyal contains a 
more endemic fauna with few Pacific elements, as seen 
in the Polychaeta (Bilyard & Carey 1980) and several 
other groups (Vinogradova 1997). Examples of deep-sea 
endemism include sea cucumbers (Holothuroidea) of 
the genera Elpidia and Kolga, occurring with four other 
endemic species in the Arctic, at that time considered 
endemic (Rogacheva 2007). However, two of these 
species, Elpidia glacialis and Kolga hyalina, were later 
recorded at 2,700 m depth in the sub-Arctic Norwegian 
Sea (MAREANO 2009, Mortensen et al. 2009), indicat-
ing that they were not true Arctic endemics.

The differential effects of glaciation history on shelf and 
deep-sea areas are now also seen in the bathymetric 
distributions of species and differences in endemism 
between thes areas. There are probably more endemic 
species in the deep sea areas of the Arctic Ocean than 
on the shelf. While glaciation likely eradicated the fauna 
on large parts of the shelf, the deep-sea was not directly 
affected in this manner. For example, the Pacific boreo-
Arctic echinoderms have a limited bathymetric range in 
the Arctic (often < 100 m), while the Atlantic boreo-
Arctic species are mostly eurybathic. This is believed 
to be the result of substantial shelf glaciation on the 
Atlantic side that caused primarily eurybathic species to 
escape to great depths for survival, and later re-invade 
the shelves when conditions changed (Nesis 1983). In 
contrast, the Pacific side of the Arctic lacked significant 
shelf glaciation. As a consequence, only about two dozen 
echinoderm species occur deeper than 1,000 m in the 
Arctic Basin (Anisimova 1989). 

The latitudinal gradient
A strong spatial pattern in biogeography (macroecology) 
is the relationship between species richness and climate, 
and because climate changes with latitude, there is often 
a relationship between richness and latitude. Warm and 
wet areas often harbor more species than cold and dry 
areas (Currie et al. 2004). Broadscale richness patterns 
of several terrestrial and freshwater organism groups in 
the Arctic agree with this pattern, showing decreased 
richness with increasing latitude (see Fig. 2.1 in Payer 
et al., Chapter 2). It is not clear, however, if richness of 
marine invertebrates follows this pattern. 

Indeed, this general idea of lower diversity in the Arctic 
due to a harsh climate, but also in relation to the Ant-
arctic, has recently been questioned regarding marine 
invertebrates (Kendall & Aschan 1993, Kendall 1996, 
Ellingsen & Gray 2002, Piepenburg 2005, Włodarska-
Kowalczuk et al. 2007a). As more biodiversity investi-
gations in the Arctic are accumulating, indications are 
that the Arctic harbors a higher diversity of invertebrate 
fauna than previously thought. The Arctic shelf fauna is 
similar in overall species richness to other shelf faunas, 
such as that of the Antarctic shelf (Piepenburg et al. 
2011) or the Norwegian shelf (Ellingsen & Gray 2002), 
and intermediate on a global scale. 

Figure 8.9. Biogeographic borders in the Barents Sea based on 
species distributions of bryozoans. Average position of the border 
with 50:50% of Atlantic boreal and Arctic species numbers is 
indicated by the purple line, and the red and yellow lines indicate 
the extreme positions of the border in cold and warm periods, re-
spectively. Area III between them is the transitional zone between 
the Atlantic boreal and the Arctic regions. Thus, area I always has > 
50% Atlantic boreal species, and area II always > 50% Arctic species 
(after Denisenko 1990). 
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However, changes in diversity with latitude may dif-
fer depending on taxonomic groups and the geographic 
extent of the analysis conducted. The decline in diversity 
with increasing latitude, going from tropical to high 
Arctic conditions, obvious in the terrestrial realm, was 
seen in molluscs (Roy et al. 1998, Jablonski et al. 2000). 
In contrast, arthropods, by far the most species-rich 
group in the Arctic, showed high species richness in the 
Arctic compared with some adjacent non-Arctic areas 
(e.g. Archambault et al. 2010), and earlier studies of 
the speciose arthropod group Peracarida did not find a 
latitudinal gradient in species richness (Brandt 1997), 
nor was there a latitudinal gradient in nematode rich-
ness in the worlds oceans (Mokievsky & Azovsky 2002). 
An explanation of the relatively high species diversity 
in parts of the Arctic could, as described above, be the 
extensive immigration of species from the large species 
pools in the adjacent oceans, from the Pacific to a great 
extent in late Pliocene and from the Atlantic afterwards 
until recent time.

A conspicuous feature of Arctic marine invertebrate 
biodiversity in general, is the strong influence from 
faunas in adjacent sub-Arctic and boreal parts of the 
Atlantic and Pacific Oceans. To a large extent, the 
Arctic Ocean is populated by widespread amphi-boreal 
species together with a great proportion of species of 
post-Pliocene Atlantic origin and to a lesser extent of 
only recent Pacific origin or true Arctic species. Thus 
the Arctic Ocean is largely a sea of immigrants with only 
few endemic species. The dramatic geological history of 
the Arctic Ocean in conjunction with the low degree of 
isolation from adjacent oceans has probably precluded in 
situ evolution of species, and the species pool in the Arc-
tic Ocean has been differentially affected by immigration 
through the two major marine gateways into the Arctic 
Ocean. Thus, the stronger Atlantic influence compared 
with the Pacific may have partly resulted from the closed  
Bering Strait prior to the opening 3.5 million years ago. 
During this same time, the much wider Atlantic gateway 
was open, allowing an influx of species into the Arctic. 

Hotspots – or just species-rich areas
One recent popular conservation strategy, mainly based 
on terrestrial experience, is to protect as many unique 
or endemic species as possible, by protecting so-called 
biodiversity hotspot areas. Such areas should contain “ex-
ceptional concentrations of endemic species that are un-
dergoing exceptional loss of habitat” (Myers et al. 2000). 
As seen above, there are relatively few endemic marine 
invertebrate species in the Arctic, based on our present 
state of knowledge. Therefore it is doubtful if hotspots, 
in terms of endemic marine invertebrates, exist at all in 
the Arctic. A major exception may be species within the 
ice realm, and particularly so the unique millennia-old 
ice shelves (see Michel, Chapter 14). Furthermore, there 
are areas in the Arctic that contain high numbers of 
both widespread and true Arctic species, which are very 
likely to undergo rapid habitat change due to climate 
warming. The most obvious area of this kind is the Bar-
ents Sea (including the Kara Sea) area. This area, with 

its distinct zoogeographical border, may be the region 
with the highest number of species within the Arctic 
(e.g. Gradinger et al. 2010a). Although this can partly 
be explained by relatively higher investigation efforts 
compared with other regions, the elevated richness is 
also seen to be due to high production and species en-
richment from the Atlantic Ocean (Denisenko & Titov 
2003, Cochrane et al. 2009, Wȩsławski et al. 2011). 

Unlike the Barents Sea area, the East Siberian Sea does 
not show a particularly high species diversity. However, 
it is also the least studied of all Arctic shelves. Based on 
present-day knowledge, species richness is higher in the 
adjacent productive Chukchi Sea (Grebmeier & Barry 
1991), at least for groups such as shelf macro- and mega-
zoobenthos (Piepenburg et al. 2011) and bryozoans (Tab. 
8.3). However, relatively high species diversity is also 
known on the outer shelf and slope of the Laptev Sea, 
investigated during recent decades (Bluhm et al. 2011b). 
Similar to the Barents Sea area, the Chukchi Sea region 
is enriched by species from the adjacent Pacific Ocean. 
The Labrador-Baffin Bay-W Greenland area, which is 
very much influenced by the Atlantic, also shows high 
species richness (Piepenburg et al. 2011). This leads to 
the conclusion that areas close to entrances of the two 
major gateways into the Arctic may be considered spe-
cies rich because they are enriched from the large species 
pools in the adjacent Atlantic and Pacific Oceans. These 
areas correspond to the ‘areas of advection’ proposed by 
Wȩsławski et al. (2011). This means that many of these 
species here are not unique to the Arctic, but common 
further south. 

Other hotspot-like areas may be polynyas, i.e. produc-
tive ice-free areas within the sea ice with rich pelagic life 
and strong pelagic-benthic coupling (e.g. Brandt 1995, 
Ambrose & Renaud 1995, see also Michel, Chapter 14). 
A high diversity of benthic peracarida crustaceans has 
been reported from such areas (Brandt 1995). It is not 
clear if Arctic endemics are also more speciose in such 
areas. Polynyas are certainly of conservation relevance 
because of high benthic biomass, often molluscs, sup-
porting many bird/mammal stocks (see also Michel, 
Chapter 14).

8.3. TEMPORAL TRENDS

8.3.1. Observations of trends
To date only a few time series of biological parameters 
have been collected in the Arctic and only for a lim-
ited number of taxa and regions (e.g. Wassmann et al. 
2011). Nonetheless, some show substantial change in 
both pelagic and benthic habitats, although examples are 
most common from the benthic realm. These changes 
include shifts in distribution ranges as well as levels of 
abundance and biomass. Most of the observed changes 
are near the Arctic margins rather than in the central 
Arctic. Some of these series did not show clear trends, 
while some temporal studies do show trends that can be 
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explained by climate change, particularly by the boreali-
zation of Arctic marginal sea areas. 

8.3.1.1. Studies that did not show trends

Studies of macrobenthos in Onega Bay in the White Sea 
showed no major changes in dominant species between 
the 1950s and the 1990s (Solyanko et al. 2011a), and 
studies in the adjacent Gorlo Strait showed a similar 
result, i.e. no change in the biogeographic structure 
covering the period from 1920s to 2004. Also, there 
was no addition of North Atlantic species in the 2000s 
to those previously recorded in the area, leading to the 
conclusion that current climatic changes have not yet 
influenced the Gorlo Strait area (Solyanko et al. 2011b).

Berge et al. (2009) described changes in the community 
structure of decapods in Isfjord, Svalbard and found 
increases over the first half of the century for the spider 
crab Hyas araneneus and the hermit crab Pagurus pube-
scens, considered generalist species, while the specialist 
shrimps, Lebbeus polaris and Spirontocaris spinus, decreased 
in abundance. There was no change, however, in deca-
pod species composition over the last 50 years. 

Feder et al. (2005) studied the epibenthic fauna in the 
southeastern Chukchi Sea in 1976 and found that large 
crustaceans dominated abundance, while echinoderms, 
mainly composed of sea stars, dominated biomass. An 
investigation of the same area more than 20 years later 
(1998) did not show significant changes in biodiversity, 
while abundance and biomass had increased for the most 
dominant taxa such as the snow crab and the echino-
derms Ophiura sarsi and Stongylocentrotus droebachiensis.

Renaud et al. (2007) reported high temporal stability of 
benthic community structure over decades in Van Mi-
jenfjord, Svalbard, and the apparent absence of response 
to climate change was attributed to characteristics of 
semi-enclosed fjords counteracting the influence from 
the adjacent open sea.

No clear trends of change were found in abundance and 
composition of meiobenthos on the Yermak Plateau 
north of Svalbard during the ten year period 1997-2006 
(Soltwedel et al. 2009b), or for meiofauna abundance 
from 2000 to 2004 in the eastern part of Fram Strait 
(Fig. 8.10; Hoste et al. 2007) .

8.3.1.2.  Studies showing trends where the causes may 
be other in addition to climate

The benthos survey in 1968-1970 (Antipova 1975) 
showed a large decline in total biomass almost through-
out the Barents Sea compared with previous surveys in 
1924-1935. A considerable alteration in the distribu-
tion of boreal and Arctic species was observed, and the 
decline in biomass was mainly at the expense of boreo-
Arctic species. The decline in the benthos biomass was 
suggested to be related to climate changes (Fig. 8.11). 
However, intensive bottom trawling started early in the 
20th century and might be the most compelling rea-
son for biomass decline. Thus, while the distribution 
ranges of species could be affected by changes of water 
temperature, the total benthos biomass is likely mostly 
a consequence of disturbance caused by bottom gear 
(Denisenko & Titov 2003), an impact well established, 
for example, for the North or Irish Seas (Kaiser & Spen-
cer 1996, Hill et al. 1999). While a single trawling event 
affects an area not exceeding several thousand square 
meters, the result of continuous trawling affects the en-
tire ecosystem of the sea. Thus, small-scale impacts, re-
peated many times over a long period, result in changes 
affecting an entire marine basin (Mokievsky 2009b).

Blanchard et al. (2010) described temporal variability in 
macrobenthic communities over > 35 years (1971-2007) 
in an Alaskan glacial fjord on the southern border of the 
sub-Arctic, where they found a lack in long-term stabil-
ity. Apart from a readjustment after a major earthquake 
in 1964, long-term climatic trends, in particular in the 
period 1989-2007, were seen as the major factors affect-
ing stability of community structure. 

8.3.1.3.  Studies showing trends likely due to climate 
change including borealization 

Within the invertebrates, documented distribution shifts 
are more numerous in the benthic than pelagic realm, 
because benthos are easier to quantify due to their sessile 
habits, and the typically longer benthic life spans result 
in less seasonally modulated abundance and distribution 
that better integrate changes over longer time periods 
(e.g. Blacker 1957). Temporal studies are mainly avail-
able from areas close to the two major gateways into the 
Arctic, the Atlantic and the Pacific gateways.
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Figure 8.10. Metazoan meiofauna densities along the bathymetric 
HAUSGARTEN transect from 2000 to 2004 (redrawn from Hoste et 
al. 2007).
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The Atlantic gateway
In the deep Fram Strait, seafloor photographs taken at 
c. 2,500 m water depth in 2002 and 2004 indicated a 
striking decline in megafaunal densities and a decrease 
in trophic diversity (Bergmann et al. 2011). Inclusion 
of more recent footage from 2011, however, indicates a 
return to 2002 levels (M. Bergmann, unpubl. data). The 
rise of bottom water temperatures at HAUSGARTEN 
and the increased importance of Atlantic water masses in 
recent years could lead to severe changes in the produc-
tion in the water column. The ‘Atlantification’ scenario, 
which is currently often suggested as the most likely 
outcome of global change in Fram Strait, may lead to 
retention of particles in the upper water column and less 
food reaching the seafloor, such that the benthic com-
munities will be impoverished in the long run (Forest 
et al. 2010). Only continued observation will allow us 
to judge if the interannual changes witnessed are tied to 
climatic fluctuations such as the Arctic oscillation or are 
instead a consequence of the effects of global warming.

In the North Atlantic, a general warming of the ocean 
was observed in the 1920s and 1930s which resulted 
in a northward range expansion of several temper-
ate fish species and benthic invertebrates, like the sea 
star Asterias rubens, the polychaete Nereis virens and the 
sea urchin Echinus esculentus along the coasts of Green-
land and Iceland (Jensen 1939). In the Barents Sea, the 
warming resulted in a northward expansion of Atlantic 
species along the west coast of Svalbard (Drinkwater 
2006). In the same area, several quantitative surveys 
(Denisenko 2001, Denisenko & Titov 2003) have also 
made it possible to evaluate the state of the benthos in 
the Barents Sea in specific climatic or historical periods. 
The benthos survey in 1924-1935 (see Zenkevitch 1963 
for a review) was important as it probably represented 
the ‘near-natural’ state of that community before the 
increasing anthropogenic impacts on the Barents Sea, 
including impacts from intensive bottom trawling. The 

survey was made in a climatic period with temperatures 
close to long-term means (Fig. 8.11). 

On a more local scale, decadal time series exists from 
several fjords. Glacial fjords are marine environments 
sensitive to natural and anthropogenic impacts – in par-
ticular the deep basin components with stratified salinity 
and restricted water exchange (e.g. Blanchard et al. 
2010). Several studies have described temporal trends of 
invertebrates in such environments (Renaud et al. 2007, 
Blanchard et al. 2010). As reviewed by Wȩsławski et al. 
(2011), there are observations of different trends in mac-
rofauna diversity in different parts of the Svalbard fjords 
– increasing trends of species richness at the mouth due 
to immigration with intruding Atlantic water and stable 
numbers in the inner parts, as in the Van Mijenfjord 
example. 

Beuchel et al. (2006) studied the temporal variability of 
hard bottom macrobenthic diversity and composition on 
rocky banks of Kongsfjorden (Svalbard) over a period 
of 23 years (1980-2003). They reported a correlation 
between benthic diversity and the North Atlantic Oscil-
lation (NAO) index (and related temperature of the 
West Svalbard Current), as well as a clear change in the 
composition of dominants that followed the shift of the 
NAO index from positive to negative mode. Similarly, 
in the Arctic rocky littoral zone at Svalbard, Wȩsławski 
et al. (2010) observed a change in diversity over 20 years 
with increasing temperatures. They reported a twofold 
increase in intertidal diversity, with an upward shift in 
algal occurrence on the coast. Sub-Arctic boreal spe-
cies colonized new areas, while Arctic species retreated. 
The newcomers to the intertidal zone were present in 
1988 in the subtidal zone. In the same fjord, Kedra et al. 
(2010) showed long-term changes in species composi-
tion in relation to Atlantic influence of soft sediment 
benthos. Most recently, a climate-driven regime shift 
was suggested to explain the abrupt changes in macroal-
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gal cover in the rocky intertidal of two Svalbard fjords, 
one of them being Kongsfjorden (Kortsch et al. 2012). 
These changes occurred in the period 1995-2000 and 
had significant impacts on invertebrate abundances. 
The ecological processes thought to drive the observed 
regime shifts were suggested to be likely to promote 
the borealization of these Arctic marine communities 
in the coming years. Hence, a shift from long-lived, 
slow-growing Arctic benthic species to faster-growing 
temperate species on Svalbard reflects increasing water 
temperatures (e.g. Wȩsławski et al. 2010).

The main observed changes in crustacean diversity 
attributed to climate warming in the past decades are 
shifts in species distribution, with increasingly more 
boreal species advancing north with the West Svalbard 
Current and with Pacific waters into the Arctic basin 
(Wȩsławski et al. 2011). For the moment, this results in 
an increase in species count, as the species pool in lower 
latitudes is richer than in the Arctic. The fast shrinking 
multi-year pack ice cover that houses unique ice-associat-
ed species results in a diminished space for these species, 
which will consequently diminish their population size. 

Climate change has also resulted in increased growth 
rates of mollusc species on the coast of NE Greenland 
(Sejr et al. 2009) and in species shifts of molluscs in 
Svalbard (Berge et al. 2005). Of five species of bivalves 
found in deposits of the Holocene Thermal Optimum 
in Svalbard and subsequently went extinct, the blue 
mussel Mytilus edulis was again recorded here in 2004 
(Berge et al. 2005). This change agrees with Salvigsen et 
al. (1992), who predicted that in the course of climate 
warming, the populations dwelling at lower latitudes 
will recolonize theArctic coasts. The settlement of Myti-
lus edulis, which occurred in the outer part of the Isfjord, 
was possibly due to the elevated water temperatures and 
unusually high Atlantic water transport from the West 
Svalbard Current in 2002 (Berge et al. 2005). 

The Pacific gateway
In the Bering and Chukchi Seas, data spanning several 
decades indicate that ocean warming has induced a shift 
in the species dominating biomass (Grebmeier 2012). 
Similarly, there have been northern range extensions 
in some epifaunal crabs, chitons and bivalves in the 
Chukchi Sea (Sirenko & Gagaev 2007). The change in 
distribution of female snow crab to the north in the Ber-
ing Sea (Orensantz et al. 2004) and a probable increase 
of that species in the Chukchi Sea (Bluhm et al. 2009) 
may also be related to climate change. However, ob-
served trends in terms of benthic invertebrate biomass 
are not coherent and include (1) decreasing infaunal 
and/or amphipod biomass in the northern Bering Sea 
(Moore et al. 2003, Dunton et al. 2005, Grebmeier et 
al. 2006, Coyle et al. 2007), and (2) increased epifaunal 
biomass in the northern Bering and southern Chukchi 
Seas (Feder et al. 2005, Hamazaki et al. 2005, Bluhm et 
al. 2009). The example of biomass decrease could per-
haps be interpreted in support of the prediction that the 
current benthos-favoring pelagic-benthic coupling will 

shift toward a pelagic-dominated system (e.g. Carroll & 
Carroll 2003, Grebmeier et al. 2006; see also Michel, 
Chapter 14). On a regional scale, biomass changes could 
also result from spatial community-wide shifts, specifi-
cally a northward displacement as documented in the 
Bering Sea (Mueter & Litzow 2008).

While changes in the ranges of species distribution appear 
primarily tied to water temperatures, changes in biomass, 
other than those related to harvests, result from a combi-
nation of shifts in energy flow or benthic-pelagic coupling 
and environmental conditions. For example, the increase 
in biomass of jellyfish in the Bering Sea throughout the 
1990s was followed by a biomass collapse in 2000, with 
subsequent stabilization (Brodeur et al. 2008). These dy-
namics were linked to a number of factors, including ice 
cover, wind mixing, and sea surface temperatures, as well 
as prey availability, specifically juvenile Alaska pollock 
Gadus chalcogrammus and zooplankton.

8.3.2. Predictions
Like other organisms in the Arctic, marine invertebrates 
are likely affected by climate warming, and as described 
above some effects are already documented from the 
margins of the Arctic Ocean. However, major effects of 
warming are anticipated on the sympagic fauna which 
will lose its habitat as the ice disappears. We do not, 
however, expect major reductions of invertebrate species 
diversity due to global warming as large shelf areas in the 
Arctic Ocean area are already populated by species with 
more southerly origin, and because there are few en-
demic Arctic species. On the contrary, the Arctic faunal 
component with strong boreal influence may show in-
creased diversity due to immigration of species adapted 
to warmer waters (e.g. Wȩsławski et al. 2011). From a 
long-term perspective there is concern that, due to the 
retreat of ice cover, we will see a new Pacific-Atlantic 
trans-Arctic interchange of species, as probably occurred 
3.5 million years ago in the warm Pliocene period (Ver-
meij 1989). Vermeij & Roopnarine (2008) have made 
such predictions for present-day Arctic molluscs.

As a consequence of increased temperatures and in-
creased advection, Wȩsławski et al. (2011) predicted 
a northward spreading of boreal species through the 
gateways to the Pacific and the Atlantic, thereby increas-
ing diversity in the ‘advective areas’ on the Arctic side of 
the gateways. 

Little is known about the time scale over which the 
immigration of species into the Arctic Ocean has taken 
place. Some immigration certainly took place immedi-
ately after termination of glaciation, but it is most likely 
that immigration, and local extinction inside the Arctic, 
is an ongoing process. In fact, the proportions of re-
cently immigrated species from the Atlantic and Pacific 
at least qualitatively mirrors the current differences in 
water flows from the two oceans, with Atlantic flow 
many times that of flow from the Pacific (ACIA 2005). 
This indicates that, today, the potential for import of 
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propagules to the Arctic would be far greater from the 
Atlantic than from the Pacific. 

Furthermore, according to some authors (e.g. Den-
isenko 2007, Cochrane et al. 2009), due to less ice 
cover, production will increase in these areas, such as 
the Barents Sea, and consequently have the potential to 
support higher diversity. However, in other areas such as 
the Beaufort Sea, ice retreat will occur from shallow to 
deep sea areas and less production will reach the benthos 
there.

Whether increased production will result in increased 
species richness will depend on the productivity level in 
the hump-shaped relationship between productivity and 
richness (Witman et al. 2008). Some work has described 
increased benthic richness in productive areas (Brandt 
1995 in a polynya, Carroll et al. 2008 under a polar 
front). There are, however, few studies supporting that 
such changes have taken place. 

The temporal changes are multi-scale and include 
processes with different characteristic time scales from 
decades to thousands of years. Short-term fluctuations 
mostly affect species distribution ranges and abundances, 
while long-time changes are responsible for significant 
recombination in faunal composition. The time scale 
should be taken into account in any attempt to forecast 
future changes in Arctic biota. 

Consequently, an important question is the extent to 
which the invasions of boreal and otherwise widespread 
species into the Arctic have affected native diversity. 
This is difficult to assess at this point, but species with 
Arctic and other origins to some extent do co-exist in 
the same local areas. Nevertheless, there is concern that 
human-induced invasions of alien species, such as the 
introduction of red king-crab in the Barents Sea (Sokolov 
& Miljutin 2008), could alter the composition of bottom 
communities (Frolova et al. 2003, Rzhavsky et al. 2004, 
Oug et al. 2011). The impact by the red king-crab would 
then be an impoverishment of the native fauna, because 
it consumes a wide spectrum of prey (Oug et al. 2011).

Another threat following climate change is the acidifica-
tion of the sea with detrimental effects on species with 
calcareous skeletons or shells like molluscs. Comeau et 
al. (2012) predicted that, with the acidification expected 
in Arctic waters, populations of a key Arctic pelagic mol-
lusc – the pteropod Limacina helicina – could be severely 
threatened due to hampering of the calcification pro-
cesses (see also Michel, Chapter 14). 

Thus, several studies refer to temperature rise resulting 
from climate change as the most important factor con-
tributing to changes in biodiversity. However, change in 
temperature is not the only factor directly affecting ma-
rine invertebrate diversity in the Arctic Ocean. Different 
types of human activities, made increasingly possible by 
retreat in ice cover as consequence of climate change, 
have potentially important consequences for Arctic 

biodiversity. Some of them are not specific to the Arctic 
but are common for every type of marine systems of 
any latitude (Mokievsky 2009a). These activities include 
trawling of the bottom of the ice-free sea, other types 
of sediment disturbance such as from pipeline construc-
tion, dumping, development of port infrastructure, as 
well as pollution from various sources such as increased 
shipping and offshore oil and gas drilling. All of these 
could seriously affect Arctic invertebrate diversity at dif-
ferent geographic scales. 

8.4.  CONCLUSIONS AND 
 RECOMMENDATIONS

8.4.1. Conclusions

The Arctic Ocean area hosts c. 5,000 species of marine 
invertebrates, which is a similar level as is found in the 
other polar environment, Antarctica, and is considered 
intermediate on a global scale. Arthropoda, mainly crus-
taeans, is the most speciose group and does not exhibit 
the decreasing richness with increasing latitude as found 
in Mollusca.

Although the Arctic contains great morphological heter-
ogeneity and a vast number of environmental gradients, 
giving the opportunity for extensive niche adaptation, 
Arctic diversity seems largely a result of extinctions and 
dispersal events over the last c. 4 million years. Most 
species have origins from outside the Arctic, and overall 
there are few species endemic to the Arctic. The degree 
of endemism varies greatly among different taxonomic 
groups, where bryozoans for example seem to have a 
relatively high degree of endemism possibly partly due to 
their sessile habits and, maybe more importantly, poor 
dispersal ability.

The glaciation history of the two polar oceans seems 
fairly similar, but unlike the Antarctic which has a long 
history of geographic isolation, the Arctic has been, and 
is, open towards the two major oceans, the Pacific and 
the Atlantic, although the strength of the connections 
have varied over the last c. 4 million years. This is a 
likely explanation for the very low degree of endemism 
in the Arctic compared with the Antarctic. Today’s 
biogeographic drivers of Arctic diversity are clearly seen 
in the distributions of origins in relation to the two 
major gateways into the Arctic, i.e. from the Atlantic 
and Pacific Oceans, respectively. On the continental 
shelves, the proportions of present-day Pacific and 
Atlantic species decrease with increasing distance from 
the Bering Strait and the NE Atlantic, respectively. 
Current inventories indicate that the Barents Sea has 
the highest species richness, being ‘enriched’ by boreal 
and sub-Arctic species. Today’s Arctic deep-sea floor is 
most closely related to the present North Atlantic fauna, 
which in a geological time perspective contains a strong 
Pacific influence. The regional species richness is highest 
in Arctic regions close to the two gateways, the Chukchi 
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Sea for the Pacific and, even higher, the Barents Sea/
Kara Sea for the Atlantic. These observations together 
with the distribution patterns of zoogeographical af-
finities indicate the importance of dispersal through the 
gateways into the Arctic Ocean. 

While areas within the Arctic with high species rich-
ness have been identified, such as the Barents Sea, it is 
uncertain if there are real ‘hotspots’ of diversity, i.e. 
areas with high diversity of unique or endemic species 
in the Arctic. This is because many of these species may 
be abundant in waters to the south and thus not unique. 
The polynyas, ice-free areas within the area of sea ice, 
may be hotspots in terms of energy flow (Michel, Chap-
ter 14), where benthic and pelagic invertebrates provide 
food for dense aggregations of birds and mammals.

There are already clear signs of global warming effects 
on invertebrates, for instance northward expansion of 
several boreal species. As would be predicted, this bore-
alization has so far occurred in the margins of the Arctic 
Ocean, primarily at the two major gateways to the bo-
real parts of the Atlantic and Pacific. The rapidly melting 
sea ice means loss of habitat for sympagic fauna.

In addition to temperature rise, global change will acidify 
the oceans, and there is a great concern that this will neg-
atively affect calciferous invertebrates like several benthic 
as well as pelagic molluscs. Experimental work shows 
that acidification hampers shell formation in wing snails.

8.4.2. Recommendations
It is recommended that conservation measures are 
targeted towards whole systems rather than individual 
species. Specifically, there are urgent needs to document 
and understand Arctic biodiversity patterns and process-
es to be able to prioritize conservation efforts. 
 
We need more inventories 
•  This includes the need to know where the highest 

diversity occurs in the Arctic, particularly for endemic 
species, in order to conserve as many unique species 
as possible. Hence, there is a need for: 

•  Detailed surveys of diversity in hitherto understudied 
areas like the East Siberian Sea and the Canadian Arc-
tic, together with deep-sea areas of the Central Arctic 
Basin and at the Arctic-Atlantic frontier. Studies are 
also needed in the shallow subtidal to 12 meters, 
which still is an understudied area.

•  Increased sampling and taxonomic effort on poorly 
investigated groups, including several among the mei-
ofauna.

•  Establishing and continuing several observation sites 
for long-term monitoring of marine ecosystems in 
different parts of the Arctic proper to obtain a more 
holistic view of the changing Arctic. The existing bio-
logical stations together with marine protected areas 
could serve as a base for such long-term observations.

•  A priority focus on consistent time series monitoring 
at sites in the species-rich Arctic areas close to the 

major gateways, as well as in some areas distant from 
the gateways. Given the likelihood of little time before 
more severe climate change effects will be manifested, 
this entails both the establishment of some new sites 
and the continuation of monitoring at existing sites 
such as the White Sea Biological Station, the Green-
land Ecosystem Monitoring in Godthåbsfjorden in W 
Greenland and Young Sund in NE Greenland, and the 
HAUSGARTEN observatory west of Svalbard. The 
number of observatories in both deep and shallow 
waters has to be increased to include a wide spectrum 
of testing areas and communities. Repeated sampling 
should be conducted in the places of former studies, 
like those of Golikov (1990, 1994a, 1994b, 1994c) in 
the Laptev and West Siberian Seas. These studies pro-
vide a sufficient background to evaluate any changes in 
recent community structure and composition. 

We need research to understand maintenance of  diversity 
so it is recommended: 
•  To quantify immigration rates of boreal species into 

the Arctic and investigate the possible influence of 
global warming on these rates.

•  To investigate whether or not immigration of boreal 
species ‘enriches’ native diversity, and whether immi-
grants have a negative influence on the native fauna.

•  To further implement molecular taxonomy to discover 
the likely presence of sibling species and to reveal 
historical migration patterns. The most optimistic 
estimates predict a diversity of ‘molecular operational 
taxonomic units’ as much as three times the number 
of described morphological species, even in such well 
studied groups as the Polychaeta (Carr et al. 2011). 

•  To investigate how increased primary production, 
which may be one consequence of shrinking ice cover, 
affects species diversity both in the pelagic and the 
benthic systems. This could be performed in connec-
tion with polar fronts and productive polynyas.

•  To investigate how climate change influences changes 
in biogeographic distributions, specifically the boreali-
zation process, habitat loss for sympagic fauna and the 
distribution of calciferous fauna.

Based on present knowledge we recommend protection 
of the following areas: 
•  Polynyas which are areas known to be important for 

maintaining seabird and mammal populations. These 
areas should be closed for fishing as well as petroleum 
extraction. The latter is necessary because it is virtu-
ally impossible to clean up oil in waters with broken 
ice.

•  Large estuaries, which harbor several of the unique 
Arctic species. 
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Wȩsławski, J.M., Włodarska-Kowalczuk, M. & Legezynska, J. 
2003. Occurrence of soft bottom macrofauna along the depth 
gradient in High Arctic, 79°N. Polish Polar Res. 24: 73-78.
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Purple saxifrage Saxifraga oppositifolia is a very common plant in poorly vegetated areas all over the high Arctic. It even 
grows on Kaffeklubben Island in N Greenland, at 83°40’ N, the most northerly plant locality in the world. It is one of the first 
plants to flower in spring and serves as the territorial flower of Nunavut in Canada. Zackenberg 2003. Photo: Erik Thomsen.




