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Objective
To analyse the changes of Arctic marine
ecosystem of marginal ice zone

Introduction
On the ocean surface, sea ice is a dominant feature in the Arctic
marine area.
Almost half of the Arctic Ocean is covered by a permanent ice cap,
which grows and shrinks seasonally with maximum cover in March
and minimum cover in September (on changes and threats).

The conservation of biodiversity is a typical problem for the Arctic
seas, in which marine ecosystems were considered to be intact for
many years but are now under increasing external pressure from
economic activities in the ocean, as well as global environmental
changes.

SPECIFIC ICE FORMS
Peter Wadhams 1986. The Seasonal Ice Zone. The Geophysics of Sea Ice,
NATO ASI Series, 825–991, 1986.
The seasonal sea ice zone is defined as the area between the minimum
and maximum seasonal ice limits plus the region of the ice margin that is
significantly affected by the ice-ocean boundary.
This definition includes almost all of the Antarctic ice cover, the ice in the
marginal seas around the Arctic and the ice cover overlying the shelves of
the Arctic Ocean itself. Such a vast area includes a very large number of ice
types.

The seasonal sea ice zone
(main division):
Fast Ice. This is ice which grows seaward from a
coast and which stays in place throughout the
winter, while breaking up, drifting away or melting
in spring.
The Shear Zone. This ice forms when drifting
pack ice moves against a coastal boundary
which can be either fast ice or the land itself.
The Marginal Ice Zone (MIZ). The MIZ is that
part of the ice cover which is close enough to the
open ocean boundary to be affected by its
presence.
Aerial photo of the marginal ice zone in summer.
Photo: Haakon Hop, Norwegian Polar Institute.

Marginal ice (MI) is sea ice in the concentration range 0.15 ≤ c < 0.80.
The lower limit of MI (c = 0.15) is chosen to correspond with the customary
definition of sea ice extent (e.g., Comiso 2006).

The specified upper limit of MI (0.80) is equal to the maximum concentration
considered to be “close ice” in the sea-ice nomenclature of the World
Meteorological Organization (WMO 1985) and also equaled the upper
concentration limit for the National Ice Center marginal ice zone product
(NIC 2011).
Sparse ice (SI) was defined as 0.00 ≤ c < 0.15,
and pack ice (PI) was 0.80 ≤ c ≤ 1.00.

Histograms of daily MIZ width (w) for the Labrador Sea MIZ (MIZL), the
Greenland Sea MIZ (MIZG), and the Barents Sea MIZ (MIZB).
Means are shown by vertical dashed lines

Recent observations suggest that the influence of ocean waves can extend over hundreds of
kilometres into the ice-pack during the summer season when the melting pack-ice is
increasingly weakened (Barber et al., 2009). The MIZ is usually limited to an area some tens
of kilometers wide, but information on how far into the pack ice the MIZ extends is sparse.
Source: Strong C. Atmospheric influence on Arctic marginal ice zone position and width in the Atlantic sector, February–April 1979—2010 //
Clim.Dyn. 2012. V. 39. P. 3091—3102. DOI:10.1007/s00382-012-1356-6

The Marginal Ice Zone (MIZ).
Ice in the MIZ has much greater
freedom of movement than ice in the
central polar pack, and a number of iceocean-atmosphere interaction
phenomena occur which are peculiar to
this area.
As saying that the MIZ is that part of
the ice cover which is close enough to
the open ocean to be significant
influenced by its physical proximity
(e.g. waves).

The MIZ is thus largely a physical
quantity; it is the outer part of the
pack ice belt, with enhanced ice drift,
deformation, divergence and primary
production.
Source: Applied Physics Laboratory, University of Washington

Arctic Marine Ecosystem
The Arctic ecosystem has
3 main ecosystem
realms:
the sea ice
provides habitat for small
organisms and
supports larger
megafauna;
the pelagic system
includes both important
primary producers and
grazers;
the well-developed
benthic system helps
drive a complex food
web.

Source: The Arctic Marine Biodiversity Observing Network

Key role plays not charismatic species like Ursus Maritimus
Microscopic algae living in the sea ice (ice algae) and the underlying water
column (phytoplankton) constitute the foundation of the Arctic marine
ecosystem.
Changes in the timing of ice algal and phytoplankton blooms and their relative
contribution to total Arctic primary productivity (PP) will determine the amount of
energy available to ice-associated and pelagic ecosystems, respectively, and
the transfer efﬁciency of organic carbon from the ice–ocean surface to deeper
layers and benthic ecosystems
The loss of ice obviously entails the loss of the ice-associated biological
community, including over 1000 species of sympagic algae inside the ice and at
the under-ice surface (e.g., Cota and Smith 1991) and a food web of
invertebrates, including several species of ice amphipods, which depend on
these algae (Werner 1997, Renaud et al. 2008).
The characteristic communities of the permanent, multi-year ice under surface
maybe lost before being investigated in detail (Wassmann et al. 2011).

Main environmental factors (MIZ)
1.
2.
3.
4.

Temperature
Salinity
Nutrients
Light

Different environmental variables have different effects on organisms. Many
plants or animals thrive best at moderate temperatures – the intermediate
optimum. If it becomes warmer or colder the situation deteriorates.

Marine life forms are fundamentally well adapted to natural variations in
environmental conditions. They can even tolerate extreme situations for a
limited time.

Biological systems under
stress

Climate change is altering some habitats so
severely that the stress becomes too great
for many species.
Where several unfavourable factors
combine, the cumulative effect can cause
the extinction of species.

UNIS MUSEUM

Northern Hemisphere sea ice simulation by global
climate models

Changes in sea ice extent as simulated by CMIP5 models over the second half of
the 20th century and the whole 21st century under RCP2.6, RCP4.5, RCP6.0 and
RCP8.5 for (a) Northern Hemisphere February, (b) Northern Hemisphere
September. The solid curves show the multi-model means and the shading
denotes the 5 to 95% range of the ensemble. The vertical line marks the end of
CMIP5 historical climate change simulations.
Source: The Intergovernmental Panel on Climate Change (IPCC)

Key role plays not charismatic species
Microscopic algae living in the sea ice (ice algae) and the underlying water
column (phytoplankton) constitute the foundation of the Arctic marine
ecosystem.

Changes in the timing of ice algal and phytoplankton blooms and their relative
contribution to total Arctic primary productivity (PP) will determine the amount of
energy available to ice-associated and pelagic ecosystems, respectively, and
the transfer efﬁciency of organic carbon from the ice–ocean surface to deeper
layers and benthic ecosystems
The loss of ice obviously entails the loss of the ice-associated biological
community, including over 1000 species of sympagic algae inside the ice and at
the under-ice surface (e.g., Cota and Smith 1991) and a food web of
invertebrates, including several species of ice amphipods, which depend on
these algae (Werner 1997, Renaud et al. 2008).
The characteristic communities of the permanent, multi-year ice under surface
maybe lost before being investigated in detail (Wassmann et al. 2011).

The Arctic Ocean: a changing physical and
dynamical environment
Tipping elements in the Arctic environment and marine ecosystems, indicating the likely time scale of
reaction once tipping points are exceeded, whether they are already acting (i.e., the elements experience
changes consistent with those expected under climate change have been already reported), and the likely
consequences of these elements reaching a tipping point.

Environment

Time scale

Consequences

Air and seawater
temperature

Acting decades

Ice melting, acceleration of metabolic processes, ozone
loss

Sea ice

Acting decades

Changes in albedo, increased heat flux and gas exchange

Greenland ice
sheet and
glaciers

Acting centuries

Sea level rise possibly affecting deep-water formation

Permafrost

Acting decades

Thermokarst processes, increased freshwater and organic
carbon discharge, increased methane emissions

Submarine
Possibly acting
Increased methane emissions
methane hydrates decades to century
Arctic ozone
layer

Acting decades

Source: Carlos M. Duarte and etc., 2012

Climate change increased UV radiation

Human activity

Acting decades

Increased risk of pollution, ice loss and
ecological impacts

Boreal forest dieback

Decades

Reduced natural CO2 sinks

Peat desiccation, decomposition and
burning

Acting decades

Increased CO2 emissions

Ocean acidification

Acting Decades

Reduced CO2 sink potential, reduced
calcification

Increased primary production

Acting decades

Increased organic carbon supply

Shift from diatoms to picoautotrophs

Acting decades

Reduced C flow in the food web, reduced
C sink capacity

Enhanced Community Respiration
relative to Production

Possibly acting
decades

Reduced C flow in the food web, reduced
C sink capacity

Decline of Calanus glaciaris

Uncertain
decades

Impacts on the food web (fish, whales,
birds)

Decline of apical consumers (e.g.,
walrus, polar bear)

Acting decades

Top-down effects on the food web

Decline in vulnerable calcifying
species

Acting Decades

Ocean acidification impacts on sensitive
calcifying organisms

Loss of sea-ice community (e.g., algae,
amphipods)

Acting decades

Impacts on the food web

Biological

Results of mathematical modeling of ice extent (S)
and annual primary production (APP) (Barents Sea)
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V. A. Ryabchenko, V. A. Gorchakov,
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Spring bloom progression in the marginal ice zone according to Wassmann et
al. (2006) (a) and future scenario with thinner sea ice (b). Red colour illustrates
sea-ice algae, whereas green colour is phytoplankton in water column.

Changes in the timing of ice algal and phytoplankton blooms and their relative contribution to
total Arctic primary productivity (PP) will determine the amount of energy available to iceassociated and pelagic ecosystems, respectively, and the transfer efficiency of organic carbon
from the ice–ocean surface to deeper layers and benthic ecosystems.

Current primary production regime in Arctic
shelf seas:
(a) with highest food quality during the ice
algal and phytoplankton blooms.
Calanus glacialis efficiently uses the highquality ice algal food in early spring to fuel
reproduction, which allows the offspring
(nauplii and copepodites) to fully exploit the
high food quality in the later occurring
phytoplankton bloom. This perfect primary
producer–grazer match ensures high
population biomass of C. glacialis. Future
primary production regime (b) with shorter
growth season for ice algae due to earlier ice
break up, will lead to shorter time between
the two PUFA-peaks associated with the
ice algal and phytoplankton blooms. This
decrease may lead to a mismatch between
primary producers and the ontogenetic
development of the offspring. Because C.
glacialis requires roughly 3 weeks to develop
to first feeding nauplii stage (NIII) after
spawning, it may partially or totally miss the
high-quality phytoplankton bloom during its
most critical growth phase.
Soursce: Global Change Biology (2010), doi: 10.1111/j.1365-2486.2010.02175.x

Effects of changing
temperature on
benthic marine life

Matishov G.G., 2011

Lack of Information?

NOAA_Atlas_NESDIS_78

Summary and conclusion
•

Studies need to be done in a regional context due to the unique nature of both ice
physical and biological parameters on gradients in latitudes, and from the shore
across the shelves to the deep sea.

•

Sea ice studies need to be part of larger interdisciplinary investigations providing
the context and synergetic strength to understand the current state and potential
impacts of loss of ice in the ecosystems.

•

Coupled biogeochemical models should be developed to assess and predict the
impact of changes in sea ice parameters on sea ice biodiversity and productivity.

•

Models that link sea ice productivity to pelagic and benthic realms should be
developed as well. Such a model will help understand how alterations in the
primary production regime in ice and water will cascade through the entire food
web, affecting net production, structure and species composition.
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