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4. STATUS AND TRENDS
IN ARCTIC BIODIVERSITY
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An accurate accounting of the status and trends of the
species of Arctic flora and fauna is impossible except
for relatively few well-known vertebrates (see Box 5
on the Arctic Species Trend Index). For many species
or species groups, we have data on distribution and
sometimes also density, but lack the record through
time to assess trends. In addition, many short-term
trends reflect cyclical patterns rather than long-term
increases or declines. Among the best known of these
cyclical patterns are those of Arctic lemmings and
lemming-dependent predators with their characteristic
3-5 year cycles (Reid et al., Chapter 3, Ims & Ehrich,
Chapter 12). Caribou populations may also fluctuate
over the course of decades, making it difficult to distinguish natural variability from new impacts such as
industrialization or climate change. For some species,
monitoring is facilitated by formation of temporary aggregations associated with seasonal habitat preferences
or predator-avoidance behaviors. Examples include

Incubating red knot after a snowfall
at Cape Sterlegova, Taimyr, Siberia,
27 June 1991. This shorebird
represents the most numerically
dominating and species rich group
of birds on the tundra and the harsh
conditions that these hardy birds
experience in the high Arctic.
Photo: Jan van de Kam.
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Box 5.
The Arctic Species Trend Index
Mike Gill, Circumpolar Biodiversity Monitoring Program, Environment Canada

1. The Arctic Species Trend Index: 2011 update

Evaluating trends in species abundance reveals much
about broad-scale patterns of biodiversity change.
The Arctic Species Trend Index (ASTI), developed for
this purpose, uses population trend data from 890
populations of 323 vertebrate species (37% of known
Arctic vertebrate species) using 1970 as the baseline year.
It is the Arctic component of a global index of vertebrate
species trends, the Living Planet Index (LPI). The ASTI
data set can be used to dig deeper and look at patterns in
species trends as well as to look at how these trends are
related to other changes in Arctic ecosystems (e.g. pelagic
fish and the Arctic Oscillation (see below)).

1.1.	Average abundance of Arctic vertebrates increased
from 1970 until 1990 then remained fairly stable
through 2007, as measured by the ASTI 2011.
1.2.	When species abundance is grouped by broad
ecozones, a different picture emerges, with the
abundance of low Arctic species increasing in the
first two decades much more than high Arctic and
sub-Arctic species. The low Arctic index has stabilized
since the mid-1990s whilst the high Arctic index
appears to be recovering in recent years and the subArctic index has been declining since a peak in the
mid-1980s.
1.3.	The trend for Arctic marine species is similar to that of
the overall ASTI, while the trend for terrestrial species
shows a quite different pattern: a steady decline after
the early 1990s to a level below the 1970 baseline by
2005.

Recent analysis has yielded the following Key Findings:
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Box 5 Figure 1. Comparison of the three year running average for the CBMP pelagic Arctic fish index
and the Arctic Oscillation (AO). Oscillation data from:
esri.noaa.gov/psd/data/correlation/ao.data
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2. Tracking trends in Arctic marine vertebrates

3. Tracking trends through space and time

2.1. 	The trend for marine fish is very similar to the trend
for all marine species, increasing from 1970 to about
1990 and then levelling off. This indicates that the ASTI
is strongly influenced by fish trends. Overall, marine
mammals also increased, while marine birds showed
less change.
2.2. 	The three ocean regions, Pacific, Atlantic and Arctic,
differed significantly in average population trends
with an overall decline in abundance in the Atlantic,
a small average increase in the Arctic and a dramatic
increase in the Pacific. These differences seem to
be largely driven by variation in fish population
abundance – there were no significant regional
differences for birds or mammals.
2.3. 	Pelagic fish abundance appears to cycle on a time
frame of about 10 years. These cycles showed a strong
association with a large-scale climate oscillation. See
Box 5 Fig. 1.
2.4. 	The ASTI data set contains population trends for nine
sea-ice-associated species. There were mixed trends
among the 36 populations with just over half showing
an overall decline.
2.5. 	The Bering Sea and Aleutian Island (BSAI) region of the
Pacific Ocean is well studied, providing an opportunity
to examine trends in more detail. Since 1970, BSAI
marine fish and mammals showed overall increases,
while marine birds declined. However, since the late
1980s, marine mammal abundance has declined while
marine fish abundance has largely stabilized.

3.1. 	Spatial analysis of the full ASTI data set (1951 to 2010)
started with an evaluation of vertebrate population
trend data from around the Arctic. The maps produced
from this analysis provide information useful for
identifying gaps and setting priorities for biodiversity
monitoring programs.
3.2. 	Mapping trends in vertebrate populations provides
information on patterns of biodiversity change over
space and time, especially when examined at regional
scales.
3.3. 	Understanding of the causes of Arctic vertebrate
population change can be improved by expanding
the spatial analysis of ASTI data to include spatial data
on variables that represent drivers of biodiversity
change.
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(Box 5. continued)
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Looking at spatial patterns in Arctic biodiversity
trends, the ASTI can be used to assess not only
areas of potential conservation concern around the
Arctic but also to assess our current and historical
monitoring coverage. With over 366 sites with trend
information in the ASTI, the locations of these sites
was not evenly spread across the Arctic region with
concentrations of monitoring efforts found in the
Bering Sea, northern Scandinavia and Iceland with
more sparse monitoring efforts in northern Canada,
northern Russia and northern Greenland (see Box
1.4 Fig. 2). This pattern largely reflects the reality
of remote areas and limited human populations
associated with areas of limited monitoring coverage.
When investigating areas showing concentrated
declines, the Labrador Sea, Queen Elizabeth Islands
and NE Siberia were three areas where broad scale
declines have been occurring. And finally, when
investigating the percent of the 366 locations with
increasing or stable populations by decade, we see
a continual decline in the percentage of stable or
increasing populations from the 1950s to the 2000s.
Analyzing the main purpose of the monitoring
programs that provided this data, it appears that
a bias towards increasingly monitoring species of
conservation concern (e.g. declining species) cannot
explain this trend.

Box 5 Figure 2. Distribution of p
 opulation
time series data across the political
cooperation area of CAFF (red line).

caribou and beluga calving grounds, seal pupping areas,
and goose and seabird colonies. In addition, migratory
birds that breed in a dispersed fashion may aggregate
on migration or during winter at southern staging
and wintering areas, enabling satisfactory monitoring
outside the Arctic (e.g. shorebirds and some raptors).
Consequently, some of the species for which trends are
best known are highly migratory and highly social, at
least during some part of the year. Solitary or highly
dispersed species are much harder to monitor and
feature disproportionately among species for which
information is lacking. This section presents a summary
of current understanding by taxonomic6, ecosystem
and functional group in accordance with the chapters
in the assessment.
Approximately 67 terrestrial and 35 marine mammal
species are found in the Arctic, of which 19 terrestrial and 11 marine species are more or less confined
to this biome (Reid et al., Chapter 3). This represents
about 2% of the world’s estimated number of mammal species. Arctic mammals are unevenly distributed,
with more species and generally higher abundances in
the low Arctic than in nearby high Arctic areas (Fig.
6). Regions that remained largely unglaciated (e.g.
Beringia) during the last ice age now have the greatest
diversity of terrestrial species (Fig. 6). Among marine
mammals, species richness is highest in the Pacific and
Atlantic sectors of the low Arctic in the vicinity of the
Arctic gateways, which provide corridors for seasonal
migrations from temperate seas. There are several
examples of population and range changes in Arctic
mammals during historical times, in which direct actions by humans have had large effects on a number of
6 Taxonomy is the science of identifying and naming species and
other systematic groups of organisms, and arranging them into
a classification system.
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species. Overharvest has caused extinction of one species, Steller’s sea cow, as well as regional extirpations
of carnivores such as the gray wolf Canis lupus. Excessive commercial harvest extirpated the Atlantic gray
whale and NE Atlantic northern right whale. In some
areas, subsistence overharvest reduced populations of
walrus and beluga Delphinapterus leucas to low levels,
but the introduction of quotas has allowed recovery
in some populations. Humans have moved muskoxen
around the Arctic, reestablishing historically extirpated
populations such as those in Arctic Alaska and NE
Siberia. The decreasing extent and duration of sea-ice
cover due to climate change has resulted in decreased
survival and body condition in some polar bear populations. Heavy and more frequent icing events following
freezing rain and winter thaws have driven declines in
some populations of muskoxen and caribou. Proliferation of shrubs in the low Arctic is allowing Eurasian elk
Alces alces, moose Alces americanus and snowshoe hares
Lepus americanus to spread further into the low Arctic.
The amplitude and frequency of lemming cycles have
changed in some Arctic regions, likely due to changes
in timing and quality of snow accumulation in a warmer climate. The northwards expansion of the red fox
Vulpes vulpes at the expense of the Arctic fox has been
attributed to a warming climate, but recent evidence
suggests that food supplementation by humans is an
additional causal factor. Recently, several wild reindeer/
caribou populations have shown pronounced population decreases, probably related to natural fluctuations,
climate-induced crashes and overharvest, while other
populations are increasing. Among terrestrial mammals only the Pribilof Island shrew Sorex pribilofensis is
considered endangered according to IUCN criteria.
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Seabirds are prominent members of Arctic marine ecosystems. Photo: Ole J. Liodden, thick-billed murres.

Two hundred bird species, about 2% of the global
total, occur regularly in the Arctic (Ganter & Gaston,
Chapter 4). The majority of these are waterfowl, shorebirds and seabirds, with relatively few songbird species.
The Bering Strait region is the richest in species,
and for several shorebird species it also supports the
highest population densities. Most species spend only
a few summer months in the Arctic while dispersing
to virtually all parts of the globe during the northern
winter. Population trends among Arctic birds are best
known for geese and seabirds. Most Arctic-breeding
goose populations have increased markedly in the
last 30-50 years, many of them recovering from low
populations in the mid-20th century. Goose populations
breeding in the eastern Russian Arctic and wintering in East Asia (mainly China) are an exception; they
have undergone steep declines in the late 20th century.

Similarly, eight Arctic-breeding shorebird species
migrating through East Asia to winter in Australia have
suffered severe declines over the last 25 years or so.
However, nearly all shorebird populations in the West
Palearctic appear to be stable or increasing, while about
a third of the Nearctic-breeding shorebird populations
may be decreasing. Several Arctic seabirds appear to
have declined in recent decades (e.g. thick-billed murre
Uria lomvia and the ivory gull), as have several populations of sea ducks. Population sizes and trends of many
migratory Arctic birds are influenced by overharvest,
disturbance and habitat loss outside the Arctic, with
the probable extinction of the Eskimo curlew, mainly
due to hunting on its migration areas, as a grave example. Likewise, there is evidence that the critically
endangered spoon-billed sandpiper faces extinction
due to habitat loss and harvest on its wintering areas
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in Southeast Asia, while disturbance and mortality on
migration and wintering areas probably contribute to
the threatened status of the lesser white-fronted goose
Anser erythropus, red-breasted goose Branta ruficollis,
bristle-thighed curlew Numenius tahitiensis and Siberian
crane Leucogeranus leucogeranus.
Due to physiological constraints in these cold-blooded
animals, amphibians and reptiles are few in the
Arctic and only found along the southern periphery
(Kuzmin & Tessler, Chapter 5). Only five primarily boreal and temperate amphibians – four in the
Palearctic and one in the Nearctic – together with a
single Palearctic lizard range into the low Arctic with
all of them considered stable. However, population and
distribution data are lacking from most of their Arctic
ranges.
Approximately 250 marine and 127 diadromous and
freshwater fish species inhabit Arctic seas and freshwaters (Christiansen & Reist, Chapter 6). Altogether,
the 378 fish species within the Arctic correspond to
1.3% of the global total. If the adjacent sub-Arctic seas
are included, i.e. the Norwegian, Barents and Bering
Seas, the number of marine fish species rises to nearly
640. By far the highest marine diversity is found in
the ‘Arctic gateways’ i.e. the sub-Arctic seas connecting the Arctic Ocean with the Atlantic and the Pacific
Oceans. Only 63 marine fish species are considered
genuinely Arctic specialists, and none is regarded as
endangered. However, due to lack of data, 95% of the

A few amphibians and reptiles extend
their distribution into the Arctic, such
as this moor frog of Eurasia. Photo:
Konstantin Mikhailov/naturepl.com

Arctic marine fish species have not been evaluated for
threat status according to IUCN criteria. High local diversities of fishes also occur in the mouths of the large
Arctic rivers where freshwater forms intermingle with
diadromous forms and nearshore marine species. Local
fisheries of mostly freshwater and anadromous7 fishes
along the Arctic coasts and during autumn migrations
upstream into rivers have been ongoing for centuries.
Local harvests are often quite high with fish primarily
used as food for people and dogs; limited commercial fisheries exist in some areas, although landings
are small in comparison to marine fisheries. Several
freshwater and diadromous species are listed as ‘at
some form of risk’ according to national conservation
definitions which parallel IUCN criteria; in most cases
these are taxa with limited distributions in sensitive
habitats subject to anthropogenic stressors. There are
no clear cases of extinction of freshwater or diadromous fish species, although local populations have been
extirpated in some areas. Such populations are often
unique forms, but are not described as separate species.
For marine fishes, landings from commercial fisheries
can be high, amounting for example to an excess of two
million tonnes from a single stock of Atlantic herring
Clupea harengus in the NE Atlantic. Whereas herring
and other pelagic fish stocks show negative or highly
variable trends, the overall trend for marine groundfishes, and codfishes in particular, appears strong and
positive. In 2012, the total allowable catch (TAC) for
Alaska pollock Gadus chalcogrammus in the Bering Sea
was about 1.2 million tonnes, whereas the 2013-TAC
for Atlantic cod Gadus morhua in the Barents Sea makes
history with one million tonnes – the latter quota being shared between Norway and Russia.
7 Anadromy is a particular form of diadromy in which summer
sea-feeding species return to fresh water to reproduce and/or
overwinter.
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There are upwards of 4,750 species of terrestrial
and freshwater invertebrates living in the Arctic
representing 27 classes of animals spread across at least
16 phyla (Hodkinson, Chapter 7). One class, the Micrognathozoa is known only from Greenland and the subAntarctic Crozet Island. The most speciose groups are
testate amoebae, rotifers, water bears, water fleas and
copepods, ostracods, enchytraeid worms, eelworms, spiders, springtails, mites and insects. Among insects, the
true flies (Diptera) are the dominant group. In several
groups, many species remain to be described. Representation of the known world fauna in the Arctic differs
greatly among groups. Soil-dwelling, soil-surface-living
or aquatic taxa such as testate amoebae and springtails
often represent significant proportions of the described
world species (7-18%). By contrast, the taxon with a
high proportion of free flying and plant-feeding species,
the insects, is far less strongly represented (0.3%). Arctic endemism is similarly highly variable across taxa. It is
high in enchytraeid worms (19%), mesostigmatid mites
(31%) and calanoid copepods (28%), but low in stoneflies (0%), cyclopoid copepods (0%), testate amoebae
(3%) and Collembola (3%). Some globally rare Arctic
endemic species, such as the Svalbard aphids Sitobion calvulus and Acyrthosiphon svalbardicum and several elements
of the Beringian beetle fauna, have highly restricted
distributions and appear particularly susceptible to
disturbance and climate change. Population densities
of some individual invertebrate species such as nematode worms, springtails and mites can reach tens of
thousands to millions per square meter. Life cycles are
highly variable within and among groups. Some aphids
produce 2-3 generations per year; other species, such as
some springtails, mites, craneflies and moths, have freerunning life cycles lasting from three to eight years. The
precise life-history and general biology of most Arctic
invertebrate species is unknown. Herbivorous species
are relatively few, but invertebrates play essential roles

in several ecosystem processes, especially organic matter
decomposition and nutrient recycling. They are crucial
for the pollination of many Arctic plants and serve as
the major food resource for many breeding birds and
freshwater fish species, such as Arctic char Salvelinus
alpinus. There is a lack of good quantitative data sets that
demonstrate long-term trends in Arctic invertebrate
populations and community composition. Nevertheless,
a growing body of casual observational evidence among
indigenous peoples and scientists suggests that invertebrate communities are changing. Some larger species,
notably beetle, are now being observed at sites where
they were previously unknown, and in some places the
seasonal patterns of occurrence and abundance of biting
flies is changing.
Excluding microbes, about 5,000 species of marine
invertebrates in 17 phyla are found in the Arctic
(Josefson & Mokievsky, Chapter 8). These organisms
are associated with sea-ice, pelagic or benthic realms,
with the benthic realm being clearly dominant (about
90% of described species found there). However, since
several areas, in particular the East Siberian Sea, the
Canadian Arctic and deep sea areas of the Central Arctic Basin and at the Arctic-Atlantic frontier, are undersampled, this figure is likely to increase substantially
as more studies are made. In contrast to the terrestrial
biomes, the marine invertebrate fauna is not impoverished compared with more southern biomes, but is
intermediate in species richness. Marine arthropods,
by far the most species-rich group in the marine Arctic
and accounting for 37% of all marine invertebrate
species in the Arctic Ocean, show high species richness
in the Arctic compared with some adjacent non-Arctic
areas. However, our current knowledge indicates that
the Arctic Ocean is largely a sea with species originating from outside the Arctic, and there are few endemic
Arctic species. One reason for this may be the low
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The mirid bug Chlamydatus pullus feeding in a
flower head of the dandelion Taraxacum croceum
in the preserved herb field of Østerlien near Arctic
Station at Godhavn/Qeqertarsuaq on Disko Island,
W Greenland. Photo: Jens J. Böcher.
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Purple saxifrage 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. Photo: Erik Thomsen, Zackenberg 2003.

degree of isolation of the Arctic Ocean from adjacent
oceans since the Pliocene. Although data are limited, a
few studies suggest that boreal species are increasing
in Arctic waters – including some invasive alien species
such as red king crab Paralithodes camtschaticus in the
Barents Sea – with negative effects on native species.
Among plants (Daniëls et al., Chapter 9), about 2,220
vascular species (including subspecies, apomictic aggregates8 and collective species) are found in the Arctic, less
than 1% of the world total. No fewer than 106 species
(about 5% of the Arctic vascular plant flora) are endemic to the Arctic. Almost all are forbs and grasses with
high ploidy9 levels. Distribution patterns and ecological
features of the native Arctic vascular plants are considered still intact, and no native species are known to have
gone extinct due to human activities. No such information is available for bryophytes (mosses and liverworts)
and algae. An estimated 900 species of bryophytes have
been recorded in the Arctic, which is about 6% of the
world’s total. They occur in almost all vegetation types
and locally dominate mires, fens and snow beds. Together with lichens, they contribute strongly to the high
species diversity of high Arctic ecosystems in particular.
Endemism is not well developed among bryophytes. A
8 Group of genetically closely related microspecies originating by
asexual reproduction through seeds.
9 Variations in chromosome number involving more than the
diploid number of complete chromosome sets.

conservative estimate of 4,000 algae species are found in
circumpolar regions, including both freshwater and marine algae (micro- and macroalgae such as kelp), which
represents about 10% of world’s recognized species.
However, only about 10% of the estimated global total
of algae has been described.
Fungi, including both ‘true’ fungi (i.e. non-lichenized
fungi, here called fungi) and lichenized fungi (lichens),
are one of the most species rich groups of organisms
in the Arctic (Dahlberg & Bültmann, Chapter 10). The
known number of fungal species in the Arctic is about
4,300, of which 2,030 are macrofungi with apparent
sporocarps and 1,750 are lichens. This corresponds
to about 4% of the presently known number of fungi
species in the world, but 10% of the global total for
the lichens alone. However, due to their largely cryptic
nature, fungi – especially microfungi – have been
insufficiently studied, and the total fungal-species
richness in the Arctic may exceed 13,000. Fungi are
pivotal in Arctic terrestrial food-webs, since vascular
plants largely rely on mycorrhizal10 and decomposing
fungi to drive nutrient and energy cycling, and lichens
such as reindeer lichens, i.e. Cladonia (subg. Cladina)
and Stereocaulon spp., are important primary producers.
Different fungal species contributes differently to these
processes. The ongoing greening of the Arctic driven
by climate change will alter fungal diversity and fungal
ecosystem services such as plant’s uptake of nutrients,
decomposition and long-term carbon sequestration in
soil. Most species appear to be present throughout the
Arctic and also occur in alpine habitats outside the Arctic. Few fungi are endemic to the Arctic. Of lichens,
10 Mycorrhiza is a widespread symbiotic relationship between
fungi and roots of most Arctic plants in which the fungus
obtains its sugars from the plant, while the plant benefits from
the efficient uptake of mineral nutrients and water by the
fungal hyphae.
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143 species have been found only in the Arctic, but it
is likely that the majority will prove to be synonyms
of other species or be found outside the Arctic. Arctic
fungi have not been evaluated for threat status, but no
species are considered endangered. In contrast, up to
296 lichens are possibly endangered, i.e. very rare in
the Arctic and either endemic (126 species) or also rare
outside the Arctic (170 species). However all rare taxa
require an evaluation of their taxonomic status. No
data on trends exist.

The golden colored blackening waxcap Hygrocybe conica var.
aurantiolutea is a colorful member of waxcaps that grows in
grasslands in the low and sub-Arctic zones. At appropriate
climatic conditions, the cryptically growing long-lived mycelia
produce sporocarps in August-September. Waxcaps are
sensitive to nitrogen, and their occurrence is strongly reduced in
temperate and boreal zones due to anthropogenic deposition
of nitrogen and fertilization. Photo: Flemming Rune, Tasiusaq at
Qassiarsuk in South Greenland, 1987.

Microbes, defined here as bacteria, archaea and single
celled eukarya (protists), are ubiquitous and diverse
members of all biological communities with c. one million cells per milliliter of seawater and most freshwaters and contributing to the complexity of microbial
food webs with a multitude of trophic interactions
(Lovejoy, Chapter 11). The historic dichotomy of autotrophic ‘algae’ and heterotrophic ‘protozoa’ is not borne
out in modern classification systems, and many photosynthetic microalgae (Daniels et al., Chapter 9) are also
heterotrophic. This mixotrophic life style is particularly
common in Arctic marine and freshwaters enabling
photosynthetic organisms to maintain active populations over the winter and under ice when sunlight is
limited. Indeed, microbial community interactions and
dominant species largely determine the efficacy of the
biological carbon pump, where carbon dioxide is drawn
down from the atmosphere and sequestered in the deep
ocean. However, there is a lack of long-term comprehensive baseline data on microbial biodiversity in terrestrial, freshwater and marine systems, which largely
impedes understanding ecosystem structure and resilience11 over both local and regional scales. Because of
11 Resilience is the capacity of a system to absorb disturbance
and reorganize while undergoing change so as to still retain
essentially the same structure, function and identity.
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For terrestrial ecosystems the expected effects of
global warming are increasingly being seen in empirical observations (Ims & Ehrich, Chapter 12). June
snow cover has decreased by 17.8% per decade since
satellite records began in 1979 (Fig. 7), i.e. more than
the concomitant reduction in Arctic summer sea ice.
Vegetation seasonality in the Arctic region has had a 7°
latitudinal shift equator ward during the last 30 years,
and plant flowering has advanced up to 20 days during
one decade in some areas. As a result, primary productivity and vascular plant biomass (‘greening of the tundra’) have increased rapidly – in particular in terms of
increased growth and expansion of tall shrubs. Other
plants belonging to the lowest vegetation stratum,
i.e. cryptogams such as mosses and lichens, have been
found to be declining in abundance. Altogether, these
structural changes alter the function of the ecosystem
in terms of reduced albedo, increased soil temperature,
higher ecosystem respiration and increased release
of trace gases. The extent of greening (both earlier
onset in the season and increased plant biomass) as as12 A heterotroph is an organism that relies on other organisms
for food.
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June snow cover extent

their small size and often large populations, microbes
in principle may have global distributions as they are
transported by moving masses of air and water. Since
for the most part they cannot be identified morphologically, sound historical records are lacking, and new
tools are being used to taxonomically identify these
small species from DNA and RNA collected from the
environment. In the Arctic, where terrestrial, freshwater and marine heterotrophs12 and microalgae are
particularly poorly known, this approach has been used
to identify likely Arctic endemics among mixotrophic
microalgae and heterotrophic single-celled grazers.
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Figure 7. Trends in terrestrial June snow cover 1967-2012
based on averages for the North American and Eurasian continents, virtually all of it in the Arctic. Values are standardized
anomalies with respect to the 1988-2007 mean. Solid lines are
five-year running means (adapted from Derksen & Brown 2012).
The combined influence of the timing of snow melt and the
length of the growing season is of major importance for the
functioning and feedback dynamics of Arctic Ecosystems.

sessed by remote sensing is, however, regionally highly
heterogeneous, which to some extent can be due to
spatial variation in the rate of climate change, but also a
host of other factors including anthropogenic stressors.
Changing abundances of keystone herbivores, such as
lemmings, reindeer/caribou, geese and insects, sometimes accentuate the greening of the tundra, and sometimes counteract it. Consequences of regional collapse
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of lemming cycles, human-induced overabundance of
ungulates and geese, and new phenology-driven trophic
matches and mismatches are also beginning to be seen
as cascading impacts in terrestrial food webs with
negative consequences for endemic Arctic species and
positive effects for expanding boreal species. Among
such impacts are reproductive failures in caribou (phenological mismatch with food plants) and in lemming
predators and their alternative prey (resulting from collapse of cycles), as well as the spread of new insect pest
species and plant pathogens north to the forest-tundra
transition zone.
Arctic freshwater ecosystems are important
trans-ecosystem integrators (i.e. they link terrestrial,
freshwater and oceanic environments) of multiple
environmental and anthropogenic drivers and stressors (Wrona & Reist, Chapter 13). Hence, freshwater
ecosystems and their related structural and functional
biodiversity serve as important ecological transition zones within and between ecosystems since they
concentrate key processes and drivers. Freshwater
ecosystems are undergoing rapid environmental change
in response to the influence of both environmental and
anthropogenic drivers. Primary drivers affecting the
distribution, abundance, quality and hence diversity of
freshwater ecosystems and associated habitats include
climate variability and change, landscape-level changes
to cryospheric components (i.e. permafrost degradation, alterations in snow and ice regimes) and changes
to ultraviolet (UV) radiation. Directly and indirectly,
these drivers and interactions among them are being
increasingly shown to affect the types, number and
The Arctic is richer in wetlands than most
other biomes on Earth. Photo: Patrick J.
Endres/AlaskaPhotoGraphics.com

distribution of freshwater ecosystems in the Arctic
region and, correspondingly, associated biological and
functional diversity. Observed changes in freshwater
geochemistry including enhanced nutrient additions
(eutrophication) arising from the release of stored
nutrients from thawing permafrost and deepening of
the active layer, increases in the length of the open
water season related to diminishing ice cover duration,
warmer winter and spring water temperatures, and
enhanced UV radiation regimes have been shown to
affect the resource availability, productivity and trophic
interactions and dynamics of freshwater organisms. For
example, changes in ice regimes, increased terrestrial
productivity combined with permafrost degradation of
tundra and associated slumping into water bodies (both
of which are effects of climate change) may increase
freshwater habitat suitability, food availability and use
by migratory waterfowl and aquatic mammals, thereby
increasing the ‘natural eutrophication’ of Arctic lake,
pond and wetland ecosystems. Moreover, other secondary environmental and anthropogenic drivers that are
gaining circumpolar importance in affecting Arctic
freshwater ecosystem quantity and quality include increasing acidification and pollution from deposition of
industrial and other human activities (wastewater, release of stored contaminants, long-range transport and
biomagnification of pollutants), landscape disturbance
from human development (dams, diversions, mining, oil
and gas activities, together with development of linear
corridors like roads, trails and cut lines, and population
increase) and exploitation of freshwater systems (fisheries, water withdrawals).
The marine Arctic spans a wide range of environmental conditions including extremes in temperature,
salinity, light conditions and the presence (or absence)
of sea ice, leading to diverse Arctic marine ecosystems (Michel, Chapter 14). Approximately half of
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the Arctic Ocean area overlays shelf areas, i.e. areas
with water depths < 200 m. Consequently, the Arctic
Ocean has the most extensive shelf areas of the world
oceans, accounting for nearly 30% of the global shelf
area. The Arctic marine ecosystems are experiencing
rapid changes in their chemical, physical and biological

Annual population growth rate
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Figure 8. In 1987, the breeding population of common murre Uria aalge in
the Barents Sea collapsed as a result of
concomitantly low populations of their
preferred prey, 0-group Atlantic cod Gadus
morhua, capelin Mallotus villosus and
0-group Atlantic herring Clupea harengus.
These low fish population levels were
probably caused by a combination of
climate variability, ocean current variability
and overharvest with different weight of
these causes between populations. Since
such a situation of concomitantly low
populations has not occurred since then
(upper panel), the annual common murre
population growth on Hornøya in NE
Norway has remained high, and the murre
population on this island is now higher
than before the collapse (from Erikstad et
al. 2013).

-1.4
2010

characteristics together with unprecedented socio-economic pressures. Changes in the distribution and abundance of key species and cascading effects on species
interactions, structure and functionality of marine food
webs are already being observed. Range extensions are
taking place throughout the Arctic, with a northward
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50 µm

Protostrongylus stilesi, a lung nematode typical in Dall’s sheep
Ovis dalli from the Brooks Range and Alaska Range of the
western North American Arctic, and in muskoxen in the Brooks
Range and Arctic Coastal Plain of Alaska and Yukon Territories,
Canada. Shown is the tail end of an adult male with characteristic copulatory structures which are important in diagnosis of
these miniscule parasites. Photo: E.P. Hoberg.

expansion of sub-Arctic species and a narrowing of
Arctic habitats. Range expansions associated with shifts
in the distribution of Pacific and Atlantic water masses
are already influencing the distributions of invertebrate and fish species and that of parasites, particularly
among seabirds (Hoberg & Kutz, Chapter 15). Changes
in water mass distribution also have downstream
impacts on sub-Arctic marine systems through transArctic transport of marine species (Michel, Chapter
14). The rapid decline in summer sea ice extent, with
an overall average sea ice loss of 39% in September
2010-2012 compared with the 1979-2000 average and
occurring faster than predicted by climate models, if
maintained, is predicted to lead to a largely summer
ice-free Arctic Ocean within the next 30-40 years.
The impacts of the ongoing changes in sea ice are seen
at all ecosystem levels, from the composition of protist
communities to the distribution and abundance of top
predators such as killer whales Orcinus orca and polar
bears. Unique Arctic ecosystems, such as multi-year
ice and millennia-old ice shelves are currently in rapid
decline. Marine resource exploitation is also changing. In addition to a renewed interest in hydrocarbon
exploitation, some fisheries have shifted. For example,
landings in W Greenland have shifted, as in other
areas of the North Atlantic, from a strong dominance
of Atlantic cod to northern shrimp Pandalus borealis
(Christiansen & Reist, Chapter 6, Michel, Chapter 14).
Another example is the significant population changes
in fish and seabirds that happened in the Barents Sea in
the late 1980s (Fig. 8).
Parasites represent in excess of 40-50% of the
organisms on Earth, are integral components of all
ecosystems, and have considerable involvement in at
least 75% of trophic links within food webs (Hoberg &
Kutz, Chapter 15). Recognition of this complex web of
interactions serves to establish the remarkable signifi-
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cance of parasites in ecological structure and biodiversity. Macroparasites (worms and arthropods) and
microparasites (viruses, bacteria and protozoans) have
at least one life stage that must live on or in another
species, or host. Parasites are taxonomically complex
and diverse, even in high latitude systems characterized by relatively simple assemblages, and are considerably more species rich than the vertebrate hosts in
which they occur. Based on global estimates, there
are between 75,000 and 300,000 species of helminths
(worms) that infect terrestrial and aquatic vertebrates.
In the Arctic, diversity for helminths in marine fishes
(c. 3,780 species), freshwater fishes (720), birds (1,700)
and mammals (900) is estimated near 7,100 species,
but this value is conservative. As a generality, species
richness for parasites declines on a gradient from south
to north in terrestrial, freshwater and marine systems
reflecting an interaction of historical processes and
current ecological conditions. However, even for the
best known host species, there is a general lack of longterm and comprehensive baselines for parasite biodiversity in the Arctic, and considerable cryptic diversity
represented by currently undescribed species remains
to be documented. Paradoxically, the presence of diverse assemblages of parasites is indicative of a healthy
ecosystem because their presence denotes stability and
the maintenance of connections among fishes, birds or
mammals within and across complex food webs. Parasites are particularly sensitive to ecological conditions,

Many human-introduced alien species are
found in the sub-Arctic and will probably be
able to spread northwards in a warming climate
putting indigenous species under pressure.
One such species is Nootka lupin spreading
extensively in Iceland and also found in
S Greenland. Photo: Sigurður H. Magnússon.

environmental perturbation, migration pathways and
habitat use because transmission is most often directly
linked to food habits and foraging behavior for hosts.
Relatively few invasive species, i.e. human-introduced alien species that are likely to cause economic or
environmental harm or harm to human health, are currently known in the Arctic (Lassuy & Lewis, Chapter
16). However, ecosystem altering invasive plants are
known to have invaded the low Arctic in Alaska; over
a dozen terrestrial invasive plant species are already
known from the Canadian low and high Arctic, and
15% of the flora from the high Arctic archipelago of
Svalbard was reported to be alien. Nootka lupin Lupinus
nootkatensis has now invaded disturbed sites and subArctic heathland vegetation in almost all of Iceland and
even occurs in SW Greenland but without spreading
into the tundra vegetation so far. The status of aquatic
invasive species in the Arctic and sub-Arctic is less well
known, but benthic communities in northern Norway
and the Kola Peninsula are already likely facing significant disturbance from the introduced red king crab.
Genetic perspectives are keys to understanding
population fluctuations, identifying and characterizing endemic species, tracking the invasion of species,
recognizing emerging pathogens, revealing the status
of threatened species, and demonstrating adaptations
that allow species to thrive in the Arctic environment
(Cook, Chapter 17). To mitigate the impact of climateinduced perturbations, an essential first step is to
develop an understanding of how high latitude species
and ecosystems were influenced by past episodes of
dynamic environmental change. A history of ecological
perturbation and faunal interchange in both terrestrial
and aquatic environments driven by cyclical changes
in climate is a general theme for high latitude biota.
Reconstruction of past Arctic climates and biomes has
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been accomplished over different time scales using
the fossil and sub-fossil remains of organisms such as
diatoms, dinoflagellate cysts, beetles, chironomid midge
larvae, ostracods and testate amoebae (Hodkinson,
Chapter 7), in addition to the pollen record. Molecular
genetics provides another powerful window into past
change in Arctic populations. Integrated genetic studies
have indicated the importance of mechanisms for episodes of geographic expansion (or retraction), genetic
introgression, altered levels of sympatry and parasite
host colonization in establishing broader patterns of
biodiversity (Hoberg & Kutz, Chapter 15). Understanding that Arctic systems have evolved in this crucible
of dynamic change provides an analog for identifying
the possible outcomes of accelerated global warming
and environmental change. DNA-based views, especially when integrated with ecological niche or other
modeling approaches, provide a basis for exploring
how biomes and individual species will respond in the
future and thus are a key component of an advanced
early-warning system for natural systems in the Arctic.
Yet, because Arctic environments are remote and difficult to access and few specimens are available, there is
limited information about geographic structure or the
genetic basis for adaptation for most species. A number
of Arctic species are now experiencing a reduction in
their distributions, abundance and ability to exchange
individuals among populations that will ultimately reduce population variability. These factors will hamper

5 µm

Microorganisms play a significant functional
role in all Arctic ecosystems. Here is an epi-
fluorescene micrograph from a northern Baffin
Bay water sample. Bacteria and the nucleus
of single celled eukaryotic plankton appear in
blue. The smaller points are bacteria and the
larger are Eukarya. Photo: Connie Lovejoy.
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or dampen the capacity for adaptation under changing
conditions and perhaps the potential to maintain resilience under exposure to novel pathogens and parasites.
When considering biodiversity, it is essential to recognize and understand the functional significance
of the various species and species groups within Arctic
ecosystems. By functional significance we mean the
precise quantifiable role of each group of organisms
in driving the essential ecosystem processes, such as
primary production, decomposition and nutrient cycling that sustain life in the Arctic. This is particularly
important for the less charismatic and often microscopic groups of organisms, including some plants,
many invertebrates, many fungi, phytoplankton and
bacteria, which are of overriding ecological significance in terms of energy flow through ecosystems yet
frequently receive less attention and recognition than
their ecological importance warrants. An example is
the functionally highly important decomposer microorganisms that are responsible for the greater majority
of soil respiration during the decomposition process
(Heal et al. 1981). The chemical breakdown of cellulose
and lignin, the major components of soil leaf litter,
is almost exclusively the preserve of these microorganisms, together with a strictly limited number of
soil invertebrate species. Soil invertebrates, however,
accelerate the decomposition process by reducing litter
particle size and by feeding on and thus stripping out
senescent microfloral colonies, thereby re-stimulating
their activity. Microorganisms are the groups primarily responsible for the release of the major greenhouse
gasses carbon dioxide and methane from tundra soils
and are of paramount importance in contributing to
change within the Arctic climate system. The actual
composition of biodiversity in terms of its more cryptic
components may determine whether the Arctic will
become a source or a sink for greenhouse gases in a

warming climate, and whether the Arctic amplification
will become stronger or weaker.
Provisioning and cultural services are two of
the ecosystem services provided by Arctic biodiversity,
along with regulating and supporting services (which
were not addressed in the ABA due to lack of information) (Huntington, Chapter 18). These services change
over time for various reasons, but on the whole are
relatively strong, with few signs of serious declines.
There have been major changes in at least some aspects
of reindeer herding, but these are predominantly
the result of societal changes such as the break-up of
the Soviet Union and its support system for remote
herders. In some North American migratory caribou,
rapid recent declines have forced heavy reductions in
subsistence harvest. Commercial fisheries remain major
economic activities in the Barents and Bering Seas and
in Greenland and Icelandic waters, even if some areas
have seen major shifts, such as the cod-to-shrimp transition in SW Greenland (Christiansen & Reist, Chapter
6). Traditional hunting, fishing and gathering remain
essential contributors to diet and to overall well-being
in many Arctic communities, although such foods provide smaller proportions of daily energy intake than in
the past. Sport fishing and hunting are increasing as the
Arctic becomes a more popular destination for tourists,
with the potential for additional stress on mammal,
bird and fish populations. Perhaps as an indication of
the increasing global scarcity of wild places and species,
Arctic wildlife and wilderness are increasingly valued
by people around the world simply for existing as they
are (Huntington, Chapter 18). In other words, these
services remain strong in the Arctic.
Trends in disturbance, feedbacks and conservation are not as positive in outlook (Huntington,
Chapter 19). Increasing industrial activity is leading to
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nearly nonexistent. Protective measures for species are
increasing, which may indicate greater commitment
to this conservation method, but could also indicate
that more species are in need of protection. On a more
positive note, the involvement of local communities in
monitoring and conservation activities appears to be
increasing.

Use in modern media is of decisive importance to the survival of
indigenous languages. Photo: Magnus Elander.

disturbance in more and more areas, especially through
construction of new roads. Modern construction, extraction and transportation techniques, however, offer
the potential for developments to have less impact than
they used to, but the overall trend is towards a greater
human footprint in the Arctic. Feedbacks within the
climate system tend to exacerbate greenhouse gas
induced warming in the Arctic (see Section 5.2.1).
Terrestrial protected areas are a major contributor to
Arctic conservation, but marine protected areas are

The Convention on Biological Diversity (CBD) recognizes that linguistic diversity is a useful indicator of
the retention and use of traditional knowledge, including knowledge of biodiversity. Twenty-one northern
languages have become extinct since the 1800s, and
10 of these extinctions have taken place after 1990,
indicating an increasing rate of language extinction
(Barry et al., Chapter 20). Thirthy languages classified
as critically endangered are in dire need of attention
before they, too, are lost forever. Over 70% of the
indigenous languages of the North are spoken only in
single countries, and so are particularly exposed to the
policies of a single government, which may also allow
more responsive conservation of these languages as
no cross border efforts are required. The remaining
languages are spread across a number of jurisdictions
and are therefore subject to differing approaches when
it comes to addressing their revitalization. Language revitalization is possible, and there are multiple examples
to illustrate it. However, the investment of time and
resources needed to make revitalization a reality is a
matter that needs to be addressed sooner rather than
later. Many northern indigenous groups have already
begun working on language revitalization, viewing it as
an important component of their identity. In this context, the CBD provides an opportunity for indigenous
peoples of the North to maintain their subsistence and
traditional lifestyles. It expands the role and scope of
conservation measures and allows a deeper understanding of relevance of indigenous cultures, practices and
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languages in the context of biodiversity conservation.
Article 8j of the Convention has enabled local communities to become actors in biodiversity discussions in
the North and helps to contribute to the preservation
of ‘knowledge and practices’ of indigenous peoples,
including their languages.
Considering all aspects of biodiversity, the most
prominent climate related changes in Arctic
biodiversity are northward (and upward on mountain slopes) range shifts observed by both scientists and
Arctic residents in mammals, birds, amphibians, fish,
terrestrial and marine invertebrates, parasites, plants
and marine plankton (including new pest and invasive species) (Reid et al., Chapter 3, Ganter & Gaston,
Chapter 4, Kuzmin & Tessler, Chapter 5, Christiansen
& Reist, Chapter 6, Hodkinson, Chapter 7, Josefson &
Mokievsky, Chapter 8, Daniëls et al., Chapter 9, Lovejoy, Chapter 11, Ims & Ehrich, Chapter 12, Wrona &
Reist, Chapter 13, Michel, Chapter 14, Hoberg & Kutz,
Chapter 15, Lassuy & Lewis, Chapter 16). Decreasing extent and duration of annual sea-ice cover are
impacting marine species, including some polar bear
and walrus populations, and heavy and more frequent
icing events have caused declines in some populations
of muskoxen and caribou (Reid et al., Chapter 3). Lemming cycles have changed in some Arctic regions likely
due to changes in timing and quality of snow accumulation, with consequent impacts to lemming predators
and alternative prey (Reid et al., Chapter 3, Ims &
Ehrich, Chapter 12). Earlier snowmelt is stimulating
advanced plant and arthropod phenology in some areas
resulting in potential timing mismatch with caribou
and bird migrations and reproductive cycles (Reid et
al., Chapter 3, Ganter & Gaston, Chapter 4, Hodkinson, Chapter 7). Rapidly increasing primary productivity, vascular plant biomass and shrub extension has
resulted in ‘greening of the tundra’ and a transforma-

tion of some low Arctic to sub-Arctic conditions, while
cryptogams have been found to be declining in abundance. These vegetation changes involve higher ecosystem respiration and increased release of trace gases
(Ims & Ehrich, Chapter 12). Floristic changes have
also been observed in moist to wet sites such as snow
beds, mires, fens and shallow ponds, likely resulting
from habitat warming and/or drying of the substrate
associated with climatic warming and earlier snow
melt (Daniëls et al., Chapter 9). Climate-related shifts
in range and seasonal movement patterns have altered
predator-prey relationships, resulting e.g. in changes
in diet of seabirds (Ganter & Gaston, Chapter 4).
Similarly, distributions and rates of infection by such
diverse pathogens as lungworm (in caribou/reindeer
and muskoxen), helminths, protozoans (in salmon) and
avian cholera have changed under a regime of contemporary warming and increasingly benign environments
(Hoberg & Kutz, Chapter 15). Marine Arctic ecosystems are also experiencing dramatic climate-related
changes that impact their chemical, physical and
biological characteristics. Changes in the distribution
and abundance of key species and cascading effects on
the species interactions, structure and functionality of
marine food webs are already being observed (Josefson
& Mokievsky, Chapter 8, Michel, Chapter 14, Hoberg
& Kutz, Chapter 15). The impacts of rapidly declining
summer sea ice cover are seen at all ecosystem levels,
from the composition of protist communities to the
distribution and abundance of top predators. Unique
Arctic ecosystems, such as multi-year ice and millenniaold ice shelves, are currently in rapid decline (Michel,
Chapter 14). Further, apparent expansion of parasites in
alcid seabirds from the Bering Sea through the Arctic Basin has coincided with the development of new
oceanic current patterns linked to climate warming
(Hoberg & Kutz, Chapter 15).

