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1. Introduction

The Arctic hosts unique assemblages of organisms.
The size and nature of Arctic ecosystems make them
of critical importance to the biological, chemical and
physical balance ofthe globe. Dramatic climate-related
changes now underway are threatening the resiliency
and sustainability of the Arctic’s biodiversity and the
overall balance of its ecosystems. Continued rapid
change in the Arctic will have global repercussions
affecting the planet’'s ecosystems and biodiversity as
a whole. Maintaining the health of Arctic ecosystems
is also of fundamental economic, cultural and spiritual
importance to Arctic residents, many of whom maintain
close ties to the sea.

Current Arctic biodiversity monitoring efforts are
insufficient to provide an integrated picture of
the status of and trends in key species, habitats,
processes, and services. Better coordination of our
existing monitoring networks is urgently needed to
help improve our ability to detect important trends on a
timely basis, attribute these trends to their underlying

causes, and provide this information to decision
makers to facilitate effective and timely responses.

In response to the challenges facing the Arctic and our
current monitoring capacity, the Arctic Climate Impact
Assessment recommended that long-term Arctic
biodiversity monitoring be expanded and enhanced.
The Arctic Council Conservation of Arctic Flora and
Fauna Working Group’s (CAFF) primary response to
this recommendation has been the implementation
of the Circumpolar Biodiversity Monitoring Program
(CBMP).

The CBMP is working with scientists and local
resource users from around the Arctic to harmonize
and enhance long-term Arctic biodiversity monitoring
efforts in order to facilitate more rapid detection,
understanding, communication and response to
significant trends and pressures.

The Arctic’'s size and complexity represents a
significant challenge to detecting and attributing
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important biodiversity trends. This situation demands
an integrated, pan-Arctic, ecosystem-based approach
that not only identifies trends in biodiversity, but also
the underlying causes. It is critical that this information
be made widely available to those responsible for
generating effective strategies for adapting to ongoing
changes now taking place in the Arctic - a process
that ultimately depends on rigorous, integrated, and
efficient monitoring programs that have the power to
detect change within a time frame of a few years to
decades.

Towards thisend, the CBMP is facilitating an integrated,
ecosystem-based approach to monitoring through
the development of five Expert Monitoring Groups
representing major Arctic themes (Marine, Coastal,
Freshwater, Terrestrial Vegetation & Terrestrial
Fauna). Each group functions as a forum for scientists,
community experts and managers to promote, share,
and coordinate research and monitoring activities
and utilize existing data to faciliate improved and
cost-effective monitoring that has a greater ability
to detect and understand significant trends in Arctic
biodiversity.

1.1 Marine Expert Monitoring Group — Goals
and Objectives

The Marine Expert Monitoring Group (Marine
EMG)’s goal is to promote, facilitate, coordinate and
harmonize marine biodiversity monitoring activities
among circumpolar countries, and to improve ongoing
communication amongst and between scientists,
community experts, managers and disciplines both
inside and outside the Arctic.

Specifically, the MEMG’s objectives are:

+ To develop a multi-disciplinary, integrated, pan-
Arctic long-term marine biodiversity monitoring
plan that:

— Responds to identified science questions
and user needs;

— Identifies an essential set of indicators
for marine ecosystems that are suited for
measurement and implementation on a
circumpolar level;

— Makes use of existing monitoring capacity

and information (both scientific, community-
based and Traditional Knowledge);

— lIdentifies key a-biotic parameters relevant
to marine biodiversity that need ongoing
monitoring;

— Addresses current gaps in coverage (both
elemental, spatial and temporal); and,

— Identifies a core set of standardized protocols
to be implemented across the Arctic.

+ To facilitate implementation of the long-term
monitoring plan.

This background paper represents the first step
towards the development of a long-term, coordinated
Arctic biodiversity monitoring plan. The purpose of
this background paper is to facilitate the workshop
process by identifying the key elements of the plan to
be defined and agreed upon.
1.2 Timeline and Process
Co-led by Norway and the United States, and with
members from Russia, Denmark/Greenland, Canada,
Aleut International Association and Arctic Council
Arctic Monitoring and Assessment Programme
(AMAP), the Marine EMG is developing a multi-
disciplinary, integrated, pan-Arctic long-term marine
biodiversity monitoring plan based on the following
schedule:
* November, 2008: Draft Background Paper
completed
* December, 2008:
Review conducted
+ January, 2009: 1st Marine EMG Workshop
* June, 2009: Draft Integrated Monitoring Plan
(IMP) completed
*  October, 2009: 2nd Marine EMG Workshop
* December, 2009: Integrated Monitoring Plan
completed
* January 2010:
convened

Background Paper Peer

IMP implementation body

This background paper represents the first step
towards the development of a long-term, coordinated
Arctic biodiversity monitoring plan. The purpose of
this background paper is to facilitate the workshop
process by identifying the key elements of the plan to
be defined and agreed upon.



1.3 Early decisions and program limitations
The process of developing a long-term, coordinated
monitoring plan for Arctic marine biodiversity is
ongoing, with this document signifying a milestone
in its development. However, a number of events
preceded the official formation of the Marine EMG
and have framed the scope and focus for developing
an integrated monitoring plan for Arctic marine
biodiversity.

The development of the Marine EMG began in
October 2006 at a CBMP Implementation Planning
workshop in Anchorage. It was there that the concept
of the Expert Monitoring Groups was created and
work began on developing a concept for an integrated
marine biodiversity monitoring plan. These concepts
were further developed at another CBMP workshop in
March 2008 in Washington, DC.

In addition, a number of significant decisions,
influencing the focus and scope of an integrated
monitoring plan for Arctic marine ecosystems, had
been made during the initial development of the
CBMP. These decisions highlighted a network of
networks approach focusing on coordinating existing
monitoring networks and capacity and identifying
critical gaps (either geographic or thematic gaps)
in observational coverage that could be filled if new
resources became available. These decisions are
captured in the CBMP’s Framework Document and
Five-Year Implementation Plan, both endorsed by
the Arctic Council Senior Arctic Officials (SAO’s) and
Ministers.

Andrey Rykovanov

CAFF is a multinational cooperative working group
sustained by mostly in-kind resources. For a program
with such limitations, there are certain elements
that are essential if the program is to successfully
be implemented and sustained. Some of these are
summarised below.

1.3.1 Basis in existing monitoring

A carrying principle within the CBMP (a principle
endorsed by the SAOs) is that the CBMP will interact
first and foremost with existing monitoring activities,
already active or planned and preferably circumpolar
in scope. However, where appropriate (e.g., where
no circumpolar network exists), the CBMP will also
work with existing or planned regional, national or
bilateral projects that could contribute to a circumpolar
understanding of biodiversity trends. This approach
reflects the CBMP’s intention to develop plans that
reflect existing monitoring capacity. If and when
gap analyses identify new activities that are not
addressed within existing projects, the CBMP will
work to encourage the proper administrative/political
jurisdictions to facilitate or fund the suggested new
monitoring activity, or to seek funding from external
sources.

Arctic science dates back well over 100 years as
exemplified by the International Polar Year in 1882-
1883. Awealth of data on various aspects of the Arctic
marine system, including biological measurements,
exists in various forms (e.g. scientific publications,
gray literature (including industry studies), databases,
photo libraries, field books, etc.), but is often not
readily accessible. This data, in many instances,
represents cost-effective opportunities for establishing
retrospective, long-time series datasets. In addition,
the Arctic contains a number of abandoned research
sites and transects that could be re-sampled yielding
extended time-series trend data.

In addition, Arctic indigenous residents have been
observing and adapting to change for thousands of
years. These observations (Traditional Ecological
Knowledge) have been transferred from generation
to generation and provide a historical perspective
to Arctic change. While there is an opportunity,
looking ahead, to coordinate our current monitoring
approaches, there is an equal opportunity to ‘rescue’



existing information (both scientific and Traditional
knowledge) to help us understand historical trends
and put current trends in context.

1.3.2 Monitoring based on indicators

The CBMP has decided to use an indicator approach

to monitoring and reporting. An indicator is defined
here as an ecological entity for which the repetitive

measurements may reveal the status and/or trend of
the indicator itself or a larger part of the ecosystem.
Indicators could therefore be species, communities
and/or other biotic or abiotic elements or processes.

Early in the process, there was general agreement
that the number of indicators should be restricted
and, where possible, in line with the Convention on
Biological Diversity’s (CBD’s) Headline Indicators (see
Appendix 4). Ideally a small suite of robust indicators
is better than a large suite of less robust ones. And,
if not designed properly or interpreted incorrectly, a
large number of indicators and parameters may give
a false impression of precision and accuracy in status
descriptions or predictions about future trends. In
this regard, some indicators are more powerful than
others and the development of the indicators will be
hierarchical, where data permits, allowing the user
to ‘drill down’ from broad scale indicators to specific
regions, populations and/or time-series.

Sustaining long-term monitoring is challenging with a

number of barriers to continually overcome. With this
in mind, the CBMP and its Marine EMG has chosen to
focus the scope and breadth of the monitoring plan on
mostly existing monitoring capacity and a small suite
of targeted indicators and parameters representing
key trophic levels and critical ecological processes
and fluxes. At the same time, it is anticipated that the
planning process will identify critical gaps in marine
biodiversity monitoring coverage that new resources, if
found, could fill. Itis believed that a simple monitoring
plan will be more easily sustained and adopted. It
would also be able to provide adequate monitoring
coverage to allow for the detection of important
trends in a reasonable time-frame, as well as identify
emerging pressures.

At the same time it must be kept in mind that the
inherent complexity of large ecosystems challenges
our ability to detect biodiversity changes and identify
links to anthropogenic impact by using a limited set
of indicators. This represents the main challenge to
the Marine EMG — developing a long-term marine
biodiversity monitoring plan that is robust enough to
detect trends over a time frame from a few years to
decades, and simple and practical enough for large-
scale adoption and long-term sustainability.

In summary, the resulting suite of indicators for
monitoring marine biodiversity should include
core indicators measuring biodiversity, indicators
measuring general environmental data and indicators
of anthropogenic impacts as described in 2.1.




2. Design and methodology

As stated in the CBMP 5-year Implementation Plan
ch. 1IIIA “the CBMP plans to adopt an integrated
ecosystem-based approach to monitoring in its
program design, organization, and operation”.

The final design and methodology of the program are
to be discussed and finalized at the workshops.

21 Program design

In light of the aims and objectives listed in above, the
monitoring program should be designed to:

- Identify changes in biodiversity within a reasonable
timeframe (i.e. sufficient power to detect change).

- Identify possible links between biodiversity trends
(losses) and anthropogenic stressors.

- Make the above information available in such a way
that it can be used by managers and decision makers
to develop strategies on how living resources in the
Arctic may be used sustainably and on how northern
residents can adapt to changing environmental
conditions.

The CBMP 5-year Implementation Plan lists what
the ecosystem-based approach to monitoring Arctic
biodiversity implies:

» Keeping in mind the limitations described above it
must be recognized that monitoring all elements
of ecosystems - including species, habitats,
ecosystem structure, processes, functions, and
stressors to the ecosystems - is necessary to
gain a meaningful picture of what is happening
to biodiversity;

* A focus on trends, including recognition of the
dynamic nature of Arctic ecosystems and the
importance of identifying change that is outside
the realm of natural variability;

* Recognition of the interplay between terrestrial,
freshwater, and marine systems and the way it
shapes Arctic ecology and the goods and services
that Arctic biodiversity provides;

* Recognition of the dependence of Arctic
biodiversity on conditions outside the Arctic;

» Recognition of humans and their cultural diversity
as an integral component of many ecosystems;
and

* Monitoring the interactions between people and
biodiversity, such as sustainable use and the
ability of biodiversity to provide essential goods.

One of the biggest challenges in designing an
integrating marine biodiversity monitoring plan will
be meeting the information needs that an ecosystem
based approach demands within the constraints of
a program that is both practical and sustainable. In
order to achieve this, it is suggested that the MEMG
identify a set of key biodiversity indices that will form
the core of the monitoring plan. This core monitoring
program would be the top priority for the CBMP and
its efforts to encourage Arctic marine biodiversity
monitoring. Regular reporting and archiving of core
monitoring data could also become the primary and
regular output of the programme. Recognizing that
the CBMP will be dependent on other programs to
actually carry out monitoring, this core program should
be defined as specifically as possible with guidelines
outlining, for example, the indicators to be measured,
the methods to be used, the monitoring frequency
and statistically quantified monitoring objectives.
The core monitoring program would be based on
existing/ongoing activities, but would also provide
the guidance needed to enhance existing/ongoing
activities that might not otherwise be designed to
meet the requirements of the CBMP.




While the core monitoring program should define
a set of indicators that represent direct measures
of biodiversity, it is suggested that a secondary set
of indicators be identified that will be necessary for
further interpretation of core monitoring data. These
secondary indicators will be needed to describe, for
example, changes in the environment that affect
biodiversity. These could include indicators related to
sea-ice, atmospheric conditions, physicaland chemical
oceanography, etc., that while not a direct measure of
biodiversity have an impact on the ecosystem. These
types of indicators may also be important for other
environmental/oceanographic monitoring programs
and are therefore likely being measured as part of
other monitoring efforts. The CBMP could identify
sources of this information and enter into agreements
to share data with the responsible organizations.
While the CBMP would not take on the responsibility
for gathering data on secondary indicators, through
these cooperative agreements it could exercise
influence on other bodies to help better meet CBMP
needs for this information.

Finally, the monitoring program will need to consider
data on anthropogenic stressors that may be affecting
biodiversity. As with the secondary indicators,
monitoring indicators of anthropogenic stressors falls
under the mandates of other programs (e.g. AMAP).
Examples of such indicators might include levels and
trends of pollutants, data on fisheries and marine
mammal harvests, shipping frequency, and reported
incidence of spills.

In order to maximize the availability of monitoring
data on secondary indicators and indicators of
anthropogenic stress, CBMP should cooperate
with potential suppliers of this data and coordinate
activities to optimize complimentary use of data. By
cooperating with CBMP other programs will gain
access to biodiversity data which will enhance the
interpretation of their data. For example, AMAP will
benefit from information about changing ecosystem
structure and possible evidence of contaminant related
effects. Industry will be benefit from the results when
it comes to environmental assessment.

2.2 Indicator criteria

Monitoring should be focused on developing a set

of “indices” or indicators within each ecosystem.
This should be supplemented by assessments of
changes in biodiversity and their underlying causes,
carried out on a regular basis or when needed. These
assessments will integrate the individual indicators
with a variety of other data sources (for example
research reports and indigenous knowledge).

The CBMP 5-year Implementation Plan lists criteria
that the CBMP has been adopting when working on
selection of indicators for Arctic biodiversity (see ch.
IlIC). The list below is a blend of these criteria and
criteria agreed on in the EMG discussions, in no
intended order of priority.

The indicators should be chosen based on these

criteria:

* Indicators should cover central elements in an
ecosystem: both the physical aspects (forexample
extent of sea ice) and the biological components
(such as abundance of key species and critical
ecosystem processes).

* Indicators should therefore cover common species
as well as those of public concern (e.g. red listed
species) and importance to local communities.

* Indicators should include both lower and higher
trophic levels.

* Indicators should be relatively simple to measure
allowing for repeatable, accurate measurements.

» Indicators should be reflective of and be sensitive
to ecosystem change, either through natural or
anthropogenic drivers.

* Indicators should have scientific validity as well
as relevance to, and resonance with, diverse
audiences (e.g. local communities, decision
makers, global public).

* Long data series (and the indicators derived from
them) should be continued: the value of such
datasets only increases over time

To enable the CBMP to contribute to the targets of the
CBD the choice of indicators within the CBMP should
be guided, where appropriate, by the indicators
chosen by CBD (see Appendix 4).

2.3 Linkage to stressors

It will be necessary to include indicators of pressures
from human activities in the monitoring program.



This is because humans are a natural part of Arctic
ecosystems, but increasing pressures induced by
human activities, such as fisheries, pollution from
industry, introduction of invasive species, and climate
gas emissions, are all contributing to severe changes
in natural ecosystems in the Arctic and elsewhere.

A strong motivation of the program is to assess the
effects of multiple pressures; thus, itis tempting to focus
strictly on stressor-related indicators. An appropriate
balance between indicators on biodiversity elements
and stressor-related indicators must be developed to
not only document change but to establish the causal
relationships between changes in biodiversity and
these pressures. As the knowledge base on causal
relationships increases, refocusing of effort may be
required, but an initial broad approach will be required
until such relationships are better understood. This
will require close cooperation with other agencies/
programmes that monitor indices of anthropogenic
stressors and assess their impacts. To the greatest
extent possible the CBMP should rely on these other
organizations for the provision of synthesized data on
stressors. Effective cooperation and coordination of
monitoring activities should lead to overall enhanced
assessment of impacts of marine biodiversity.

Inge Thaulow

In summary, the resulting suite of indicators for
monitoring marine biodiversity should include
core indicators measuring biodiversity, indicators
measuring general environmental data and indicators
of anthropogenic impacts as described in 2.1.

24 Program organization

The inclusion of existing research and monitoring
networks has been an essential part of the strategic
planning of CBMP. Initially, the CBMP consisted of three
networks: shorebirds, Rangifer, and The International

Tundra Experiment (ITEX). CAFF has developed
framework documents for all these networks .

The networks that will be identified as participants in
an integrated marine biodiversity monitoring plan will
need incentives to make their data available to CBMP.
These incentives include being part of a larger network
that allows access to other data and products that
allows for a greater ability to identify and understand
trends in specific Arctic regions. This can be achieved
through competent, regular, and focused feedback to
all the identified and included networks.




25 Standardization of methods

An evident part of running a monitoring program
covering large areas and potentially incorporating
many different monitoring activities and data sets is
allocating adequate resources for standardization and
meta-analysis of monitoring methods and procedures.
Where standardization of methods proves difficult or
impossible, emphasis must be laid on interpreting
the indicators in ways that enable maximum pooling/
comparison of data series (i.e. data cross-walking and
intercomparability).

This work will be initiated at the workshops, but the
continued successful monitoring effort will depend
on a continuous effort to identify inconsistencies in
monitoring methodology and the right instruments to
enable harmonisation. Implementation of standardized
monitoring protocols will depend upon identifying
relatively inexpensive, repeatable protocols that
can be implemented across the circumpolar region.
It will also be dependent on the establishment of
effective and efficient networks between the program
coordinators and the executing monitoring agencies
and/or persons.

2.6 Community-based monitoring

North America leads the Arctic in developing and
employing community-based monitoring (CBM)
approaches, thereby presenting the CBMP with an
excellent opportunity to utilize and integrate these
methods alongside science-based approaches. A
number of programs are currently underway that
employ community-based approaches to understand
changes in Arctic biodiversity (e.g. Arctic Borderlands
Ecological Knowledge Co-op and “Humans as
Sensors” and “Citizen Science” in Bering Sea Sub-
Network). There is an opportunity and need to
expand upon and replicate these efforts around the
Arctic to maximize the contributions of Arctic peoples
to biodiversity monitoring. The CBMP’s Marine
Expert Monitoring Group will draw from and identify
both scientific-based and community-
based approaches to the monitoring of Arctic marine
ecosystems. Each group will include and engage
community, scientific, and Indigenous experts. They
will not only work with existing research stations and
monitoring networks to develop integrated, forward-

relevant

looking monitoring programs, but also focus efforts on
the retrieval and use of existing historical information,
be it traditional knowledge or archived scientific data.

The Marine EMG is tasked, among other things, to
develop a monitoring plan that would integrate data
on large-scale changes in Arctic marine biodiversity
with observations of local-scale changes that are
being observed by local residents. The latter is of
direct interest and concern to coastal communities.
Designing such a monitoring plan will require sensitivity
to policy questions as well as an appreciation of the
opportunities for coastal communities to adapt and
benefit from changes that are likely to occur in marine
biodiversity. Indigenous peoples and other Arctic
residents have out of necessity and interest been
astute observers of marine and coastal conditions
and their observations provide unique and long-term
information that can also play an important role in
identifying new research and monitoring indicators
and questions.

On the other hand, the CBMP should be developing
its strategy of cooperation with the understanding
that there are different types of CBM activities that
generate different types of data. Of equal importance
is the source of data. The Arctic is home to many
Indigenous peoples but also to other residents.
Observations based on Indigenous knowledge would
normally provide deeper insights but these data are
more difficult to collect and process and therefore
much more difficult to integrate with other types of
data sets. The most common type of CBM is based on
local knowledge of the residents. When these activities
are conducted in Indigenous communities, i.e. the
majority of residents are Indigenous, the participants
who are the bearers of their Indigenous knowledge
would automatically utilize it in their observations,
both empirical and interpreting.

Currently, several terms are used to describe the
knowledge of local residents: Traditional Knowledge
(TK), Indigenous and Traditional Knowledge
(ITK), Local and Traditional Knowledge (LTK),
Traditional Ecological Knowledge (TEK), and Inuit
Qaujimajatugangit (1Q). The term that is used in
the Arctic Council’'s documents is Indigenous and
Traditional Knowledge, which refers to the knowledge
passed from generation to generation over hundreds



of years and that may exhibit a sufficient difference with
the Western Knowledge system in how the knowledge
is acquired, transferred, utilized, and preserved. This
term should be recommended for use by CBMP as it
is an Arctic Council program. Local knowledge can
be defined as any set of information or skills that any
resident of a particular location could acquire.

In understanding CBM, the most important is to
distinguish between different types of activities.
There are no accepted standards and the following
differentiation is compiled with an intention to help
physical and natural scientists who are not well versed
in the topic to better understand it.

1. Citizen science: monitoring is designed and
implemented by scientists with the assistance
of trained local residents volunteered or, more
commonly, employed as research assistants.
Methodology and data output follow the standards
of conventional (Western) science. Some of the
benefits of this type of monitoring are continuous
collection of data in remote locations and
engaging residents, especially young people, in
science. There are many successful examples of
such projects.

Local Stewardship: monitoring to document the
state of the local environment to address various
local issues is often initiated by the community but
sometimes by the local or regional government;
methodology and data output may not be
consistent and the collected data may not be
available for open distribution. A significant merit
of this type of monitoring is fairly accurate spatial
and temporal records of multiple indicators.

Humans as sensors: monitoring via surveying of
local residents’ perceptions of status and change
of various phenomena is designed by scientists
and conducted by researchers and/or trained
local assistants. The data output is processed
using sociological or ethnographic methods
depending on the type of survey used. Some
qualitative data, such as Elders stories, may be
difficult to integrate with physical/natural science
data but if taken in its entirety it could provide an
additional depth to understanding the scientific
question. In other words, one cannot extract a
word from a story and try to make sense of it.
However, more structured surveys can provide
sufficient quantifiable data that can be easily
integrated with other scientific data. This arguably
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is the only type of CBM that enables researchers
to recreate data from past periods when no data
were collected and there are gaps, as well as
to better understand temporal changes without
generating time series of observation. Similarly,
“‘humans as sensors” research provides greater
spatial information about many areas and about
a greater variety of species and populations than
accessible to conventional science.

Sites have been established in a number of Arctic
communities to monitor marine mammal, fish and
associated environmental variables, as appropriate,
utilizing one or a combination of these approaches
often in conjunction with conventional scientific
methods. Community-based monitoring, especially
in remote regions of the Arctic, often complements
conventional scientific monitoring as it provides
continuous observations at a local and more frequent
scale, employing the capacity of local residents, who
are inthese regions year-round, observing change and
holding knowledge passed down through generations.
Indigenous and other Arctic peoples wish to impart
their environmental understanding and observations
to scientific discourse, not only because they have a
great deal to offer, but also because this exchange
represents an important step towards full participation
in resource management activities. Developing
partnerships with local residents, and committing
to programs that advance their training, is now
recognized as an integral (and in some jurisdictions
required) part of any Arctic marine research program
and is consistent with the goals and objectives of the
Circumpolar Biodiversity Monitoring Program (see
Henry Huntington. 2008. A Strategy for Facilitating and
Promoting Community-Based Monitoring Approaches
in Arctic Biodiversity Monitoring. CAFF CBMP Report
No. 13, CAFF International Secretariat, Akureyri,
Iceland).

Arctic community-based monitoring requires active
participation of Indigenous groups and other Arctic
residents, who work together to conduct research and
monitoring. Such participation will also help to ensure
that these initiatives address the priorities of Arctic
New community-based monitoring
programs should respect the wishes of Arctic
communities to be engaged early, and in all aspects
of development and implementation of research and
monitoring.  Indigenous knowledge is sometimes
considered “owned” by the knowledge holders and
western science use needs to provide appropriate
recognition and approval of each use.

communities.

It is envisioned that CBMP monitoring will build
on existing relationships and Community-based
monitoring locations, and expand to monitor additional
key variables and new locations as the plan matures.
In order to facilitate Arctic community engagement
and discuss the most appropriate means of ensuring
participation in community-based monitoring, the
CBMP is establishing a Community-based Monitoring
Guidance Group that will direct the promotion,
expansion and development of community-based
monitoring approaches and programs that serve to
improve our ability to detect, understand and report
on important trends in Arctic biodiversity.

27 Linkage to the
Assessment

Arctic Biodiversity

The CAFF Working Group of the Arctic Council is
set out to produce a comprehensive, referenced
and peer-reviewed report on status and trends of
Arctic biodiversity to be published in two parts, one
“Highlight Report” in 2010 and a fully referenced and
peer-reviewed “Scientific Assessment” by 2013.. The
timely implementation of an integrated Arctic marine
biodiversity monitoring plan will make it possible for
the outputs of this monitoring to be contributions to
the 2013 scientific assessment.



3. Focal marine areas

The delineated focal areas for “Arctic Marine” systems
are listed in this chapter but will be further described
later in the document. The actual areas selected will
not be open for discussion at the workshop, although
small adjustments might be possible and necessary,
due to ecological, practical
considerations overseen by the process leading up to
the first workshop. For purposes of framework other
relevant borders for Arctic marine areas as defined by
the Arctic Council programs are briefly highlighted.

administrative, or

31 Methods for delineating Arctic areas

There are many ways to divide the Arctic marine area.
Some delineations are purely based on ecosystem/
ecological characteristics while others are based
solely on administrative criteria, or some combination
of the two. The CBMP has decided to provide flexibility
in monitoring area delineations to allow for the use
and adoption

Canada

Fig. 3.1. Delineations of the CAFF and AMAP areas.
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There are many ways to divide the Arctic marine area.
Some delineations are purely based on ecosystem/
ecological characteristics while others are based
solely on administrative criteria, or some combination
of the two. The CBMP has decided to provide flexibility
in monitoring area delineations to allow for the use
and adoption of complete ecological units that are
of most relevance to the system being monitored.
When using ecological delineations, there are realm-
and depth-based methods, as well as methods based
on the degree of ice-cover. Effective monitoring
of biodiversity requires that an ecosystem-based
approach be used for choosing focal areas.

Each Working Group of the Arctic Council use slightly
different area definitions, as shown in fig. 2.1, but
none of these are purely based on ecological or biotic
criteria.
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3.2 Criteria for priority

The MEMG has adopted a set of criteria for choosing
focal areas that blends different sets of criteria
suggested by MEMG members, and built upon the
criteria developed at the CBMP Workshop in Anchorage
November 29-30, 2006.

To be considered an Arctic marine focal area, significant
parts of an area have to be at least seasonally ice
covered or, alternatively, have been so in the recent
past. Of note, mostArctic marine areas are experiencing
or are expected to experience development pressures
(e.g. oil and gas exploration and extraction, emerging
commercial fisheries, potential pollution from ships,
e.g. ballast water). These areas are also undergoing
other changes, e.g. due to changes in climate variability
and climate extremes (diminishing sea ice, changing
freshwater inputs, water temperature and salinity).

Considering boundaries with coastal zones, Arctic
Council definitions state that marine ecosystems
exclude intertidal areas from 0-30 m depth. Shallower
areas are included if they are relevant for the overall
dynamics in marine areas.

All Arctic marine areas selected by the MEMG are
either linked to Large Ocean Management Areas
(LOMASs), Marine Protected Areas, National Wildlife
Areas, Important Bird Areas, or other similar areas,
and would benefit from supporting biodiversity
monitoring data. These focal areas can link with the
CBD’s Ecologically and Biologically Significant Areas
(EBSAs) and will preferably link with the Coastal and
Freshwater EMG priorities, e.g. regions important for
anadromous fishes.

The following criteria for focal marine areas are
ordered by decreasing significance; none are mutually
exclusive:

Marine ecosystems for which we have long and
strong datasets and/or ongoing activities covering
all trophic levels from phytoplankton and algae
through zooplankton, benthic animals, pelagic
fish, seabirds, marine mammals, as well as key
supporting biogeochemical data. Areas for which
reasonably good long-term data do not exist will
not be included.

Biological hotspots (e.g. polynyas, marginal ice
zones), since these physically dynamic areas
are proven sources of important traditional foods,
as well as significant habitat for many marine
species:

a) Marginal ice zone (MIZ), specifically the
temporal and spatial variability of the MIZ during
the spring bloom period.

b) Polynyas should be included because they
represent areas with relatively high productivity
surrounded by low productivity areas.

Margins, boundaries and fronts - monitoring
changes in their position that could lead to changes
in biodiversity (e.g. ice edge, circulations, intruding
Atlantic or Pacific Water altering vertical structure,
river inputs)

Gateways (import and export biogeochemical
properties, including biota and invasive species,
with sea water)

Locations suitable for incorporating and/
or developing community-based monitoring
elements

Potential to conduct both sections (spatial
coverage) and moorings (temporal, especially
seasonal, coverage), using new technologies as
they become available

Low productivity systems should be included
because they may change profoundly as a
consequence of anthropogenic impact, in particular
climate change. Suggestions include the Central
Arctic Basins.

Blocking domains (e.g. sills - affect migration of
biota)
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33 Marine focal area review

Focal areas are listed in the table below.

Marine Ecosystem ‘ Areas included | Criteria Met | Comments
Atlantic Arctic Barents Sea incl. 1,2,3,4,6 Good data from existing monitoring
gateway selected fjords west and programs, no communities
east of Spitsbergen,
Greenland Sea, Fram
Strait
Pacific Arctic Chukchi-East Siberian 1,2,3,4,5,6,7
Gateway Sea, Beaufort Sea,
Northern Bering Sea
West Greenland Baffin Bay, Davis Strait, 1,2,4,5,6 Good data; gateway out of the
Arctic Gateway Labrador Sea, Lancaster Arctic; near several communities;
Sound contains the Northwater Polynya
Arctic Basin Nearby North Pole region | 1,2,5,6 Multidisciplinary data from the FSU
“North Pole” drifting stations and
recent PAICEX sea ice ecosystem
data set
Hudson Bay Hudson Bay, Foxe Basin, | 1,2,3,5,6 Has some data from MERICA,
Complex Hudson Strait GWAMM (others?); focal area of
ArcticNet; experiencing rapid
changes; close to several
communities; may have
development in future (fisheries)
Beaufort Sea — 1,2,5,6 Much data; shelf and ice edge
Amundsen Gulf — important and changing; changing
Viscount Melville — freshwater input; contains LOMA,
Queen Maud Gulf EBSA and MPA,; close to several
communities

United States Fish and Wildlife Service
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4. Brief description of ecosystems and pressures

4.1 The Arctic Pacific Gateway

4.1.1 Physical characteristics

The Bering Strait continental shelf complex
(northern Bering Sea, Bering Strait and northward
to the East Siberian, Chukchi and Beaufort Seas)
is a major gateway from the perspective of ocean,
ice, freshwater, nutrient fluxes, atmospheric fluxes
of heat and moisture, as well as fluxes of biological
organisms and organic carbon. Time-series
measurements (1990-2004) from the Bering Strait
indicate large annual variability transport (~0.4 to
1.2 Sv) and hence heat influx. Furthermore, Bering
Strait provides ~40% of the total freshwater input to
the Arctic Ocean giving it far-reaching implications
for Arctic halocline formation, basin dynamics, and
meridional overturning water on the Atlantic side of
the Arctic.

The Pacific Arctic Region is experiencing the greatest
seasonal retreat and thinning of sea ice in the Arctic,

with 2007 having the highest minimal ice extent in
the 35-year satellite data record and 2008 being
the second greatest retreat in that record. Changes
in sea ice formation and thickness influence albedo
feedback, brine formation and halocline maintenance,
so ice-ocean-atmospheric dynamics are extremely
critical for regulating climatic conditions in the Arctic,
and the whole Earth.

The shallow and dynamic Bering Strait region and
adjacent seas are a key location to monitor ecosystem
change. Apparent changes that are being observed in
the oceanographic and ice system in this region could
lead to dramatic impacts for higher-trophic level fauna,
including benthic-feeding animals such as walrus,
bearded seals, and gray whales, and pelagic-feeding
bowhead and beluga whales that are of cultural and
subsistence significance to Arctic Native peoples.
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4.1.2 Biological characteristics

Large quantities of Pacific heat, nutrients,
phytoplankton and zooplankton enter the region
through the Bering Strait in a complicated mixture
of water masses (i.e. Alaska Coastal, Bering Shelf,
and Anadyr Water, Figure above), each with unique
assemblages and quantities of plankton that are diluted
by Coastal Arctic waters carried along by the East
Siberian Current and water carried in from the deeper
waters of the Canada Basin or Chukchi Plateau. Early
in the season, the exact timing of the sea-ice breakup,
the fate of the sympagic (=sea ice) community, and
its match/mismatch to various components of the
ecosystem can have profound impacts on this system
and change the partitioning between benthic and
pelagic productivity. For the most part, the high
concentration of nutrients in Anadyr waters stimulate
massive sea ice algal and phytoplankton blooms,
that cannot be fully exploited by the zooplankton
communities. Hence, much of this high production
is exported unmodified to the benthos, resulting in
impressively high biomass of benthic infauna and
epifauna. These rich benthic communities then serve
as feeding grounds (biological hot spots) for the
bottom-feeding Pacific walrus, gray whales, and diving
birds. The huge biomass of zooplankton imported to
the Bering-Chukchi shelf in the flow of Anadyr Water
accounts for the spectacular populations of seabirds,
particularly planktivorous auklets, in the Bering Strait
region, and undoubtedly supported resident bowhead
whales prior to their decimation in the mid-1800s.

Both inter-annual and long-term variation in
climate affects the relative transport of the different
water masses through Bering Strait and hence
the composition, distribution, standing stock, and
production of sea ice communities, phyto- and

Carsten Egevér;g}i\ﬁﬁsﬂ?@—ﬁ?_-

zooplankton, and the tightness of benthic-pelagic
coupling in the Chukchi Sea. There is significant
concern that the Chukchi Sea may be undergoing an
enhancement of energy utilization within its pelagic
realm, with a consequent decline in the production
made available to the benthic communities. Resulting
changes in prey base are likely to have significant
effects on population dynamics and survival of upper
trophic level species.

4.1.3 Pressures

Heat and freshwater flow through Bering Strait has
increased significantly in recent years. Visual and
passive acoustic surveys suggest that gray whales
are occupying the Chukchi and western Beaufort seas
longer, potentially competing with bowhead whales
for prey and interfering with subsistence hunting of
the latter species. Sea ice decline means that tens of
polar bears and, in 2007, tens of thousands of walrus
now must haul-out on land resulting in increased
mortalities and confrontations with Arctic residents.
Furthermore, recent dramatic reductions in seasonal
ice cover has opened this region to increased oil and
gas exploration, exploratory fisheries and fosters
the establishment of trans-Arctic shipping routes in
the very realistic scenarios of a seasonally ice-free
Arctic.

The Pacific Gateway also represents a pathway
for pollutants into the Arctic from the Pacific, and
has been shown to be the primary entry point of
hexachlorocyclohexane (HCH) within
The region also receives atmospheric deposits of
persistent pollutants, including POPs and mercury,
derived largely from Asia. The levels of POPs in
predatory marine mammals and seabirds are found
at levels of toxicological significance.

seawater.
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4.2 The Arctic Atlantic Gateway

4.21 Physical characteristics

Barents Sea

The Barents Sea is a shelf-sea covering an area of
about 1.4 million km2. It is bounded by the coasts
of Northern Norway and Northwestern Russia in the
south, Novaja Zemlja archipelago in the east, Svalbard
and Franz Josef Land in the north and the Norwegian
Sea in the west (figure 3.1.2a). An average depth of
the Sea is of about 230 meters, but there are several
depressions with depths between 300-350 meters.
Three main currents system flow into the Barents Sea
that determine the main water masses: the Norwegian
coastal current and the Murman coastal current, the
Atlantic current and the Arctic currents system. The
Atlantic water is warm and saline compared with the
Arctic water masses, with the Polar front formed in the
area of their interaction. The position of the Polar front
is largely determined by bottom topography in the

west and more influenced by prevailing weather and
current conditions in the eastern part of the Barents
Sea.

The Barents Sea is partially covered by ice. The area
covered has declined during the last three decades,
and recently, there has been four years when all sea
ice has melted during the summer (2001, 2004, 2006
and 2007).

The Greenland Sea

The Greenland and Norwegian Sea is approximately
2.585.000 square km and is bounded by the Arctic
Ocean, Svalbard, Norway, Faroe Islands, Iceland and
Greenland. The continental shelf extends east from
the Greenland coast and has a width of more than 300
km close to its northernmost part, becoming narrower
further south. Off the shelf, waters reach depths of
more than 3000 m.
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Figure 4.2.: The Barents Sea and the main current systems (red: Atlantic current,

Norwegian coastal current)
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A submarine mountain ridge extends across the
North Atlantic from Greenland to Scotland, known
as the Iceland-Scotland Ridge (IS-Ridge). It forms
an efficient barrier between abyssal basins of the
Arctic and the North-Atlantic. The water depth at the
top of the ridge is commonly around 300-400 m, but
it is transacted with deeper sills mainly between the
Faroes and Shetlands, and to a lesser extent between
Iceland and Greenland. Bottom water temperature in
the Greenland and Norwegian Sea, north of the IS-
Ridge, remains constant at -1°C from about 600 to
1200 m and down to the greatest depths of 5.600 m.
However, because of the Norwegian Atlantic Curent,
the surface water of the greater part of the Norwegian
Sea is relatively warm northward from the Faroese
Islands towards the northern coast of Norway. Closer
to the top at the northern slope of the 1S-Ridge, the
bottom water temperature reaches 2° or 3°C; and
slightly further to the southern side, the bottom water
temperature may increases rather abruptly to about
5° or 8°C, sometimes within a distance of less than 20
km, for instance off the South-East coast of Iceland.

The Greenland and the Norwegian Sea is the Arctic
Ocean’s main outlet to the Atlantic. On the surface
layers, the East Greenland Current transports cold and
low salinity Polar Surface Water and sea ice during
spring and summer. The deeper layers are crucial
to the global seawater circulation, as the waters that
have lost heat to the atmosphere change buoyancy,
sink and contribute to the North Atlantic Deep Water.

Ice is present in the Greenland Sea year round in
the form of icebergs, fast ice and drift ice. Icebergs
are released by Greenlandic glaciers. The fast ice is
stable and anchored to the coast, covering fjords and
the outer coast. In some areas a stationary or semi-
permanent shelf made up from fast ice is present year
round. The drift ice consists of a mixture of multi-year
and first-year ice floes of various sizes and densities
that are transported southwards by the East Greenland
Current. A shear zone with year round open cracks
and leads may occur between the fast ice and the drift
ice.

The largest polynyas of the Greenland Sea are the
North East Water (NEW) off Kronprins Christian Land,
the waters off Wollaston Forland and the mouth of the
Scoresby Sound.
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Figure 4.3 The Greenland Sea and its surface
currents

4.2.2 Biological characteristics

Barents Sea

The Barents Sea is highly productive, particularly so at
the polar front, the marginal ice zones and the edge of
the continental shelf in the western Barents Sea. The
biogeographic boundary between the Atlantic boreal
and the Arctic biogeographic zones is located in the
western part of the Barents Sea. The zooplankton
community is dominated by Calanus species, with
different species being important to the south and
north of the Polar front (C. finmarchicus in the south
and the more lipid rich C. glacialis in the north). The
main planktivorous fish are capelin, herring and blue
whiting, the latter is a boreal species that in recent
years has been found in large numbers in the Barents
Sea. Cod is the most important large predatory fish.
Other important fish stocks are haddock and pollock.
Greenland halibut, two species of redfish and coastal
cod were once abundant, but are now severely
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overfished. Several species of whales and seals,
a polar bear population of about 3000 individuals
and several species of sea birds are also found
in the Barents Sea. A considerable amount of the
primary production is channelled through deep-water
communities and benthos. Zoobenthos is a good
indicator of climate changes and its structure and
biomass vary under water temperature changes.

Greenland Sea

The key zooplankton species are copepods of the
genus Calanus. Polar cod is very abundant, both
pelagic and in association with the ice, and constitute
a major food resource for seals, whales and seabirds.
Other important fish species are Arctic cod, Greenland
halibut and Arctic char. Capelin occurs in the south-
eastern offshore waters.

Several species of seabirds are locally abundant in
summer and spring, many breeding in colonies close
to the polynyas. In spring and autumn, millions of
seabirds migrate through the area on their passage
from Svalbard and Russian breeding sites to Canadian
wintering sites. The most numerous species are
common eider, thick-billed murre, little auk and ivory
gull.

Several species of cetaceans feed in the Greenland
Sea during the periods with open water. Polar
bear, walrus, ringed seal, bearded seal, narwhal
and probably bowhead whale are found in the area
throughout the year. There are globally important
whelping grounds for harp seals and hooded seals.

The Iceland-Scotland Ridge marks a well known
biogeographic boundaries between the benthic biota
between of the Arctic and the North Atlantic Boreal
Region. This boundary largely coincides with the
transition between colder and warmer water masses
which cover the sea floor. Characteristic species of
the Arctic benthic fauna of the Norwegian and the
Greenland Sea, reach their southern limit at the
ISRidge, for example the molluscan species Yoldia
limatula, Thracia myopsis, several Buccinum, Colus,
and Boreotrophon, although the most high-arctic
species like Portlandia arctica, Macoma loveni and
Pandora glacialis do not reach it. Collaterally the 1S-
Ridge forms a connection between the European and
the American shallow water faunas, with Iceland and
the Faroes as “stepping stones”.

4.2.3 Pressures

Barents Sea

The main human driver in the Barents Sea is the
fisheries. Despite overfishing, the cod stock remains
large in Barents Sea. Overfishing is a persistent
problem and probably hampers recovery of species
like redfish and coastal cod.

If climate warming continues as predicted by IPCC,
this will undoubtedly have large impacts on the
Barents Sea ecosystem. In the long run, climate
change may therefore become the main driver in the
Barents Sea. An important question is whether fishing
pressure reduces the resilience of populations to
changes caused by climate fluctuation.

To date, there have been few large incidents related
to ship traffic and oil and gas activities, and these
activities should not be considered primary drivers
at present. The risk of accidents in the future may
however become considerable. In addition, oil and
gas activities may affect the system indirectly through
global warming caused by their products.

There is little pollution in the region, but persistent
organic pollutants transported from outside the
area through ocean and atmospheric currents do
accumulate in the food chain. High concentrations
are found in top predators such as polar bears
and glaucous gulls, and may affect individuals and
populations of such species.

Greenland Sea

Human uses of natural resources, such as fishing and
mining, are limited to the southern parts. Subsistence
hunting (marine mammals and seabirds) and artisanal
fishing take place near Scoresbysund. Tourism is a
growing industry.

Contaminants such as hydrocarbons and heavy
metals are transported from other areas and have been
documented in the food chain of the Greenland Sea
(eg. in polar bears). There is an ongoing programme
for oil exploration that can potentially develope into
drilling and extraction, if suitable hydrocarbon deposits
are found in the area.



4.3 Beaufort Sea — Amundsen Gulf — Viscount Melville

— Queen Maud

4.3.1 Physical characteristics

This region is relatively shallow throughout, with an
average depth considerably less than 200m, and has
two particularly shallow areas, one being the Queen
Maud Gulf and the other located at the boundary
between Viscount Melville and Lancaster Sound.

Two different patterns of ice cover are present in
this ecoregion. The northern part is characterized by
the presence of pack ice, whereas the southern part
has seasonal ice. Some data suggest that Viscount
Melville Sound has a permanent ice cover, but the
tracking of marine mammals in this area implies
that there are enough gaps in the ice for them to
breathe.

4.3.2 Biological characteristics

The most important biological feature in this
ecoregion is the shallow water boundary between
Viscount Melville Sound and Lancaster Sound,
which is also associated with a permanent plug of
ice in the Lancaster Sound west of Somerset Island.
Combined, the shallow water and the ice plug create a
boundary between western and eastern populations
of belugas and possibly bowhead whales, and a
western boundary to the narwhals from Lancaster
Sound. This boundary area and its longitude to the
south also correspond to a general boundary for
seabirds and waterfowl, dividing populations (e.g.
Common Eider (Somateria mollissima), King Eider
(Somateria spectabilis), Thick-billed Murre (Uria
lomvia) and Northern Fulmar (Fulmarus glacialis))
which in winter migrate to western and eastern

Fig. 4.4: Beaufort Sea — Amundsen Gulf — Viscount Melville — Queen Maud
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areas. The northern edge of this ecoregion also
represents a boundary for marine mammals and
seabirds, as this is where permanent ice cover
begins. Both bowhead whales (Balaena mysticetus)
and beluga whales (Delphinapterus leucas) are
found in the Beaufort Sea, and belugas migrate into
the Amundsen Gulf and Viscount Melville. Overall,
this region contains a mix of Pacific and true Arctic
species.Please refer to www.atlas.gc.ca to locate the
specific geographic places mentioned.

The southern part of this ecoregion can be considered
a subregion based on freshwaterinfluence and primary
productivity. The Beaufort Sea is characterized by
the presence of a polynya, which coincides with the
Mackenzie River freshwater plume and the Beaufort
gyre. Queen Maud Gulf also has a strong freshwater
influence. High primary productivity in this region
coincides with the Mackenzie River freshwater plume
in the Beaufort Sea, extends into the Amundsen Gulf
and partly into the Dolphin and Union Strait.

4.3.3 Pressures

Several anthropogenic pressures affect this marine
area in the western Canadian Arctic and these may
be delivered in a site-specific or an area-wide fashion.
Moreover, these pressures may interact to result in
cumulative effects on this ecosystem. Site-specific
pressures and their context include items 1-3 below;
area-wide pressures include items 4-6 below.

1) Hydrocarbon developmentand related infrastructure
such as shipping have become an issue after a hiatus
of approximately 20 years, with renewed interest
in developing nearshore gas wells (and subsea
pipelines) in the vicinity of the Mackenzie Shelf. Many
ancillary activities causing ecosystem disturbance are
anticipated to accompany increased exploration and
development.

2) Nearshore subsistence harvests and fisheries
for marine mammals, birds and fishes are of local

concern. Overall, harvests are not large, are typically
near to community locations, and are generally co-
managed in a sustainable manner. At present, stocks
of commercially viable species are not known to exist
in the area but this may change.

3) General shipping consists mostly of annual
resupply to remote communities. Increased ship traffic
associated with ecotourism (e.g. ice-strengthened
charter ships) is occurring through the area. While to
date there have been no serious grounding incidents
(despite poorly charted waters) nor appreciable
hydrocarbon spills, these could become major future
stressors. Development of land-based metal mines
and other non-renewable resources in the central
Arctic may ultimately drive development of deepwater
port construction and increased shipping.

4) Climate change and increased climate variability is
perhaps the most significant overall stressor for the
area because it is or will result in significant follow-on
effects directly and indirectly upon this ecosystem, e.g.
shoreline erosion, permafrost degradation, increased
precipitation and freshwater inputs to marine areas.
Ecosystem restructuring is likely underway and will
continue as climate change continues in the area.

5) Contaminants and other pollutants are delivered
throughwide-scaleairborneorwaterbornemechanisms
and both of these are delivering persistent pollutants
from more southerly areas. Land-based effects driven
by climate change (e.g. permafrost degradation,
slumping into freshwater systems) are likely delivering
more nutrients and possibly more heavy metals to
freshwater systems and into the marine environment
via major north-flowing rivers.

6) Other potential stressors such as ultraviolet
radiation increases may also be occurring; however,
the significance of such is unknown at present for the
marine system. Introduction of invasive species (e.g.,
via ballast water exchange or inadvertent transport)
is considered to be a risk. Local development may
increase pressures on local renewable resources.
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4.4 The Arctic Basin

4.41 Physical characteristics

Geographically, the Arctic Basin is considered as a
deep basin of the central part of the Arctic Ocean,
surrounded by adjacent seas: Kara, Laptev, East-
Siberian, Chukchi, Beaufort, and Lincoln Seas.
It is customary the dividing of the Arctic Basin by
Lomonosov Ridge onto two sub-basins: Eurasian and
Amerasian ones.

The high latitudes consist in the presence of a polar
day and polar night whose duration increases in the
direction to the geographical pole. As the Arctic Ocean
is not symmetric relative to the pole, the amount
of the solar radiation (and the heat) coming on the
underlying surface is different in the Arctic Basin and
on its periphery. An important climatic feature of the
average annual variation of the air temperature in
the Arctic Basin consists in its slight fluctuations in
the time period from December to March and in the
absence of a distinct annual minimum. On the most of
the Arctic Basin there are no time periods with a steady
positive average daily temperature. However, the total
duration of the time period with positive temperatures
is sufficient to provide for annual melting of the snow
cover and partially of the ice cover.

An important characteristic of the Arctic Basin consists
in presence of the permanent ice remaining after
summer ice melting. Seasonal ice is mostly formed
on the ice-open area of the Arctic Seas during winter.
The area of the sea-ice cover at the moment of its
maximum development is formed by the areas of the
Arctic Basin (4.47 min. km?) and areas of the Lincoln,
Beaufort, Chukchi, East Siberian, Laptev and Kara
Seas (3.96 min. km?) which makes the sum total of 8.43
million km2. Because of the geographical position of

I Nicklen

epicontinental seas of the North Atlantic (Greenland,
Norwegian, Barents, and White Seas), the Canadian
Archipelago and the North Pacific (Okhotsk and Bering
Seas), the seasonal sea ice formed at their areas are
not participated in supporting of the sea-ice cover
balance in the Arctic Ocean. According to the data of
ice satellite observations in 1973-76 (NASA, 1987),
the permanent ice occupied 70-80% of the Arctic
Basin area and interannual variability of this area
does not exceed 2% and the seasonal ice occupies
6-17% (pre-melting period of the middle 70th). During
the period of active sea ice melting (last decade), the
permanent ice area decreases to 6% in February
2008, but the seasonal ice area is recently increasing
rapidly (Figure). Two general directions of ice drift are
outlined: the Transpolar Drift from the western side
of the Arctic Basin across the geographical pole and
through the Fram Strait, and a clockwise Beaufort
Gyre. Current drifting buys experiment (IABP)
indicates very remarkable changes in direction and
rates of ice drift in the Arctic Basin as well as the
mooring experiment in the vicinity of the North Pole
(NPEL) and time-series measurements during the
IPY (PAICEX) show large variability transport of heat
with warm Atlantic water to the ice.

Both sea ice and water of the upper Arctic Basin are
recentlyunderremarkable climate variations. Recently,
it is very important to show: How will recent warming
in the Arctic affect physical, chemical and biological
properties of the low atmosphere-sea ice-upper
ocean system? Do the recent remarkable shrinking
and melting of permanent sea ice cover and warming
and freshening of surface water in the Arctic Basin
connect with globally processes in a whole scale of
the Arctic Ocean? Still now, information about

21




22

£} 4
D ST [ Lf

I e

February Average (1985-2000)

o 1T 2 3 4

Figure 4.5

February 2008

Sea Ice Age (years)

5 6 7 8

Arctic Sea ice age and extent in February 2008 (right) compared to the average for 1985-

2000 (left). The area and thickness of sea ice that survives the summer has been declining over the past
decade. Whereas perennial ice used to cover 50-60% of the Arctic, it covered less than 30% in 2008—down
10% from 2007. The ice that remains is also getting younger. In the mid- to late 1980s, over 20% of Arctic sea
ice was at least six years old; in February 2008, just 6% ice was six years old or older. Source: http://nsidc.

org/data/seaice_index/n_plot.html

these questions is still insufficient, however, the
knowledge is very important for assessment of the
Arctic sea-ice cover condition and modeling of climatic
and ecological processes in the nearest future.

The North Pole region in the Arctic Basin is a key area
to monitor both environmental and biological change.
Long-term science and action plans need to be similar
during research period as well as field observations
need to be done with same sampling strategy,
field and labs equipment, using same methods of
measurements, scheduled samplings, fixation etc.
Main priorities need to be focused on observations
of snow, sea-ice cover and 0-1000-m water column
dynamic, and included albedo measurements,
CTD casts, hydrological samplings, and ecosystem
studies.
4.4.2 Biological characteristics

Since F. Hansen’s “Fram” expedition well known that
the Arctic Basin is non-wilderness world but very
miscellaneous by sea ice microorganisms, phyto- and
zooplankton species, fishes and benthic fauna. In this

permanentice-coveredArcticBasin, theorganicenergy
requirements for the high trophic level organisms are
supported by sea-ice flora photosynthesis during
short summer period. Phytoplankton production is
negligible in comparison to the sea ice biota.

Under conditions of a stable climate, permanent
sea ice represents an integral stable ecological
system with a constant species composition of the
flora and fauna. The system stability persists due to
average equilibrium thickness supported by summer
ice thawing from above and winter compensation
ice growth from below. This property, which can be
referred to as sea ice cover homeostasis, the ability
to retain its average equilibrium thickness, is of great
ecological significance. In geographical scale of the
Arctic Ocean, the balanced relationship between
regions of multiyear ice production and output from the
basin, from one hand, and mechanisms maintaining
a constant species composition of ice organisms
within the vertical crystalline structure, from another
one, determines the stability of the permanent sea ice
ecosystem in the Arctic Basin.



Observations carried out over the last decade revealed
appreciable changes in the qualitative and quantitative
composition of the sea ice biota in the Arctic Basin
compared to the composition in the middle 1970s. For
example, the total list of ice algae identified for that
period comprises more than 200 species and an order
of magnitude lessinlastdecade. The prevalence of sea
diatoms was a significant feature of sea ice biota in the
1970s, and their domination greatly decreased in the
past decade. The sea ice fauna composition has also
changed. Such mass representatives of protozoans
and invertebrates as foraminifers, tintinninids, mites,
nematodes, turbellarians, rotifers, copepods, and
amphipods inhabiting the ice mass in the 1970s were
rarely encountered in the last decade.

Recentreduction of seaice extentand decreasing ofice
thickness is not a fact of the complete disappearance
of sea ice cover in the Arctic Ocean. In fact, a reduction
of multiyear ice surface leads to increasing of ice-free
areas where seasonal ice is formed in winter. Now,
in the Arctic Basin it observes the intensive process
in reconstruction of sea-ice cover from domination
of multiyear ice onto domination of seasonal ice. If
this dynamic will be continued the Arctic Basin will be
similar to the Southern Ocean where seasonal ice is a
dominant component reaching more 80% of its surface
(NASA 1983), by another words, in time marine Arctic
is getting more features of marine Antarctic.

443 Pressures

Melting of sea ice has remarkable increased in last
decade. It suggests changes in composition, structure
and function of the sea ice and the upper ocean
ecosystems. Field observations in the Arctic Basin
during the SHEBA experiment 1997-1998, “Arctic-
2000” expedition, ICEX-2003 ice camp expedition,
North Pole-32, 33, 34 ice drifting stations in 2003-
2006, the number of ice-breaker cruises at “Polar
Stern”, “Healy”, “Oden” as well as observations
conducted during the IPY 2007-2008 have revealed
many facts of changes on different environmental
and biological levels. Such evolution may result in
reorganization of the whole lower trophic structure of
the ocean and, probably, may affect the ecology and
dynamic of marine ecosystems, and fishes, birds, and
mammals included.

In spite that the central part of the Arctic Basin is
not a region for fishery, oil and gas exploration,
nevertheless, this region has played and will play in
future very important role in redistribution of pollutants
due to ice drift and/or currents between coastal and
shelf areas and the Arctic Basin peripheries far from
sources of pollution.

Figure 4.6 : Hudson Bay Complex
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4.5 Hudson Bay Complex

4.51 Physical characteristics

This system is initially characterized by degree of
enclosure, with the mouth of Hudson Strait as its
eastern boundary and the Fury and Hecla Strait as
its western boundary. Depth is approximately 200m
for Hudson Bay and Foxe Basin, with greater depth
in Foxe Channel and Hudson Strait. Water flow
unites the various parts of this ecoregion. Tides are
an important physical oceanographic feature, which
control mixing in the whole complex. Another strong
influence comes from the large input of freshwater
from Quebec, with the plume starting in James Bay
and following the Quebec coast to the north, all the
way to the tip of Labrador. Because of this freshwater
influence, stratification in Hudson Bay is from north
to south and west to east. Ice cover in this system
is seasonal, with the presence of two polynyas, one
in northwestern Hudson Bay and another in north
western Foxe Basin. Foxe Basin and Hudson Bay
are characterized by cyclonic circulation systems.
4.5.2 Biological characteristics

One biological property shared throughout the system
is high primary productivity, which is only found to be
low in the center of Hudson Bay. This high productivity
is partly the result of strong tidal mixing. There is also
a change in Pandalus species at the mouth of Hudson
Strait; P. montagui in the Strait, P. borealis outside.

Although this system is treated as a single ecoregion,
it contains several ecological subdivisions. In terms
of species distribution, there is a southern distribution
limit for Arctic specialist waterfowl species, at the
mouth of Foxe Basin. There are generally no
seabirds in central Hudson Bay and Foxe Basin due
to the absence of breeding cliffs, but they are present
in Hudson Strait. These seabirds, mostly thick-billed
murres, feed primarily on capelin (Mallotus villosus),
sand lance (Ammodytes spp.) and benthic organisms.
For marine mammals, bowhead whales are found
primarily in Hudson Strait and Foxe Basin, whereas
narwhals are found near Southampton Island, and
beluga whales in Hudson Bay and Ungava Bay.
Rosewellton Strait to the west of Southampton Island

was historically an area of high bowhead harvests.
Walrus (Odobemus rosmarus) are found in Foxe
Basin and on the Coats and Mansel Islands, whereas
Harbour seals (Phoca vitulina) are found from the
northern shore of Hudson Strait and south into
Hudson and Ungava Bays. Shrimp (Pandalus spp.)
and Greenland halibut (Reinhardtius hippoglossoides)
occur in the Hudson Strait and Ungava Bay. On the
basis of these distributions, three subregions could
be defined: Hudson Strait, Hudson and James Bays,
Foxe Basin. The area surrounding Southampton
Island might be considered a fourth subregion.

4.5.3 Pressures

The main human drivers in Hudson Bay have been
created by (past) commercial whaling and indirectly
by global warming. The bowhead whale population
that used the greater Hudson Bay region as a calving
area was decimated to unsustainable levels around
1915. The bowhead population has partly recovered
leaving the ecosystem to respond to the initial
removal of considerable living biomass responsible
for consuming huge quantities of zooplankton and
the current revival of consumption of the basal trophic
level. Ecosystem ramifications are unknown.

There is continued loss of sea ice extent, thickness,
and duration within the Hudson Bay region due to
global warming. Understood ramifications include
decreasing fitness of polar bears and seals and the
displacement of Arctic cod as the primary forage fish
to recent invasive species: sandlance and capelin.
Another invasive species, the killer whale (Orcinus
orca) arrived into the region around 1950 because of
the loss of sea ice in Hudson Strait and the growing
population of orca predators is thought to be creating
considerable predation pressure on marine mammals
such as bowhead, beluga, and narwhal whales.

With the loss of sea ice, the port of Churchill
may become a significantly greater marine traffic
destination. Greater ship traffic and oil and gas
activities are considered likely and therefore the risk
of accidents in the future may be considerable.



4.6 Baffin Bay — Davis Strait — Lancaster Sound

4.6.1 Physical characteristics

There is a very well defined shelf line off north eastern
Baffin Island, separating the shallow inshore from
the deep (>1000m) offshore. Lancaster Sound is
characterized by depths typical of the continental
shelf.

Davis Strait is characterized by the presence of
seasonal ice, with the duration of the ice cover being
longer on the inshore than offshore regions. The
inshore area of Davis Strait is also strongly influenced
by tides and the input of freshwater. The southern
boundary of Davis Strait is associated with the northern
limit of a warm deepwater mass; the boundary was
drawn from north of Cumberland Sound (Cape Dyer)
to Greenland. This ecoregion includes a polynya (the
Northwater Polynya), which starts at the mouth of
Lancaster Sound and goes north to Cape Dunsterville
on the eastern shore of Ellesmere Island.

4.6.2 Biological characteristics

Primary productivity is relatively high in Lancaster
Sound, Prince Regent Inlet, and

at the entrance of Admiralty Inlet, all along the northern
and eastern coasts of Baffin Island, and becomes
substantially lower as you move offshore. The southern
boundary identified by bottom water temperature also
corresponds to limits in the distribution of marine
mammal and of large colonies of Northern fulmars and
black-legged Kittiwakes (Rissa tridactyla). Shrimp
(Pandalus borealis) and Greenland halibut occur in
the southern portion of this ecoregion, and may be
found further north, but there is no available fishery
data. Turbot are produced in the offshore regions and
then move inshore towards

Baffin Island, demonstrating the connectivity within
the ecoregion. It also represents part of the wintering
area of narwhals. Seabirds, belugas, and narwhals

]
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Fig. 4.7: Baffin Bay — Davis Strait — Lancaster Sound
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are present throughout Lancaster Sound and their
distribution ends at the shallow water/ice plug
boundary with the Viscount Melville region. Marine
mammals (belugas, narwhals) and seabirds migrate
seasonally from Lancaster Sound to the eastern coast
of Baffin Island. Seals are found into the southeastern
part of the Arctic Archipelago and their distribution
determines the boundary between Lancaster Sound
and the Arctic Archipelago ecoregions in this area.

4.6.3 Pressures

The distribution of marine fauna could be affected by
climate change, including the expansion of ranges
northward, and introduction of species. The loss of
sea ice associated with climate change may increase
shipping in the Arctic and related activities could
have unfavourable environmental impacts. These
include releases of substances through emissions to
air or discharges to water; accidental releases of oil
or hazardous cargo; disturbances to wildlife through
sound or sight; collisions with whales or birds attracted
to lighted ships; and the introduction of invasive alien

United States Fish and Wildlife Service

species in ballast water and cargo, as well as via
hull fouling. Unfavourable environmental effects are
also associated with shipping infrastructure such as
dredging shipping lanes and port developments.

Hydrocarbon development and related infrastructure
also poses a threat to Arctic ecosystems as discussed
in previous sections. Seismic activity, construction
of artificial islands and ice roads in shallower areas,
dredging, shipping, and over-wintering of heavy
equipment all are anticipated as this activity increases
in degree and scope. The nature and consequences
of activities in deeper water on the shelf break to the
Arctic Basin remain unknown at present. The ever-
present threat of an oil spill under ice is an unknown
risk.

Emerging commercial fisheries for turbot and shrimp
have the potential to affect the abundance of these
species; there are also risks related to bycatch
associated with this activity. Trawling and deep sea
gillnets may affect deep water corals.




5 Expert Workshops

Broad expertise (both scientificand community-based)
on various aspects of Arctic marine ecosystems must
be brought together to design a monitoring plan that
will effectively:

1. Identify trends in biodiversity
2. ldentify possible links to anthropogenic activities/
causes of these trends

Two workshops will be held to: design an integrated
Arctic marine biodiversity monitoring plan: identify
the networks to be involved; and produce an
implementation plan.

51 First Workshop (Tromsg)

The first workshop will focus on developing the
integrated monitoring framework for Arctic marine
biodiversity. This would include identifying what to
monitor (indicators), when (over what time period
and how often) and where (geographic locations
associated with selected focal marine ecosystems).
The first workshop will focus on identifying what
monitoring is required within the focal
ecosystems described in chapter 4. Work to date by the
Marine Expert Monitoring Group has determined that,
based on a number of criteria, these are the highest
priority focal marine ecosystems for the Arctic marine
biodiversity monitoring plan. It is not the intention to
revisit the choice of focal marine ecosystems during
the workshop.

marine

To design the biodiversity monitoring plan, it will

be necessary to address the following overarching

questions:

*  How should the monitoring plan be designed to be
able to detect trends in marine biodiversity in the
Arctic and to identify links between such trends
and anthropogenic activities or impacts?

* What criteria should be used to choose common
and standardized indicators (parameters) and
monitoring sites?

+  What existing and ongoing monitoring activities/
programs can be used to build the integrated
monitoring plan?

+ These discussions should produce an outline
of the monitoring plan. At the same time, we
can already anticipate some of the changes
in biodiversity that might occur in Arctic marine
environments. The workshop will therefore
continue with the following questions:

+ Of the biodiversity trends we might expect in
Arctic marine environments, which ones will the
monitoring plan likely be able to detect?

*  Which trends will the plan likely be unable to
detect?

»  This will provide the background for the last two
questions:

*  What are the major gaps in current monitoring?

+  What new and existing data and/or projects could
be developed to fill these gaps?

5.2 Second Workshop (Washington)

The second workshop is intended to produce a draft
Integrated Monitoring Plan for marine biodiversity.
This monitoring plan is one of several that together will
contribute to the Circumpolar Biodiversity Monitoring
Program?2.

The following questions should tentatively be the main

issues for the second workshop:

+ What organizations and networks are responsible
for the monitoring found relevant during the first
workshop, and which organizations are the main
users of the monitoring information?

* What organizational structure (e.g. network, or
network of networks) will be necessary to organise
the relevant monitoring programs and activities to
form and implement an integrated Arctic marine
biodiversity monitoring plan?

+  What resources will be required to develop and
implement the monitoring plan, recognizing
that some elements may be dependent on the
continuation of programs that are the responsibility
of single countries?

+ What critical gaps remain, and what approaches
should be considered to fill these?

2 Biodiversity monitoring plans are also being developed for coastal, freshwater, terrestrial vegetation and terrestrial fauna ecosystems.
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6. Data management

A key objective of the Circumpolar Biodiversity
Monitoring Program (CBMP) is to create a publicly
accessible, efficient, and transparent platform to
house information on the status of and trends in Arctic
biodiversity. This objective will be instrumental in
achieving the Program’s mandate to report on trends
in a timely and compelling manner so as to enable
effective policy responses.

Data sources, formats, and subjects range widely
across the Arctic marine biodiversity research and
monitoring community. The challenge is to access
and manage the immense, widely distributed, and
diverse amount of Arctic marine biodiversity data from
the multitude of contributors, levels and formats. A
related challenge is effectively correlating biodiversity
data with physical, chemical and other data in order
to better understand the possible causes driving
biodiversity trends at various scales (regional to
global).

Meeting these challenges will significantly improve
policy and management decisions through improved
access to current, accurate and integrated information
on biodiversity trends and their underlying causes at
multiple scales.

6.1 Purpose of data management

Efficient data management is fundamental to the
success of the CBMP. It provides the means to
connect individual partner networks and indicator
development efforts to an integrated whole that can be
communicated effectively to a range of audiences and
stakeholders. Executed correctly, data management
can fulfill the following functions for the CBMP:

*  Quality ensures that the
source datasets and indicator development
methodologies are optimal and that data integrity
is maintained throughout processing steps.

assurance -

* Consistency across indicators and networks —
encourages the use of common standards and
consistent reference frames and base datasets.

« Efficiency — reduces duplicate efforts through

sharing metadata, methodologies and

experiences.

»  Sustainability — ensures archiving capability and
ongoing indicator production throughout the
CBMP.

+ Enhanced communications — produces (and
distributes) information  products through
integrated Internet services, making indicator
methodologies accessible and providing metadata
on source datasets.

* Improved linkages — ensures complementarity
between various networks and partnerships
and with other related international initiatives,
such as the CBD Clearing-House Mechanism,
other indicator processes (national, regional and
global), multinational environmental agreements
(MEAs), and global assessment processes
(such as Global Environment Outlook and the
Millennium Ecosystem Assessment).

+ Enhanced credibility —provides transparency and
certainty with respect to methodologies, datasets,
and processes.

The implementation of the Marine Biodiversity
Monitoring Plan will rely on the participation of many
partners on multiple levels.
friendly metadata and data management system will
enable this collaboration to occur. It will provide unique
opportunities for monitoring networks to exchange
data, draw comparisons between similar data sets,
and correlate biodiversity data with the physical and
chemical data derived from other networks external
to the CBMP.

An efficient and user-

A roadmap for data management (CBMP Data
Management Strategy) has been developed to guide
the management and access of metadata and data
amongst and between the CBMP networks.

6.2 Key elements of CBMP data management
6.2.1

The web-based portal as a data interface

Modern management toolkits and new computational



techniques are required to address the data
management challenges posed by a complex global
initiative such as the CBMP. A state-of-the-art web-
based and geo-referenced digital toolkit is envisioned
for the management of CBMP data in order to ensure
optimum data quality and quantity.

Web-based portals provide a convenient data search,
discovery, entry and compilation point and enable
worldwide access to data. The web-based portal will
serve several purposes for the CBMP. First, it will
provide geo-referenced access to data from within
partner networks and a common platform with multiple
entry points for data access, integration, harmonization
and delivery. Second, it will enable a wide range of
user groups to analyze trends, synthesize data, and
produce reports with relative ease.

The CBMP is developing a web-based data portal
(using Seabird productivity data as the pilot) that will
act as a common entry point for a broad spectrum of
users, including the Marine EMG and its associated
partners. The portal will be compatible with ongoing
initiatives such as the Global Biodiversity Information
Facility (GBIF), CBD and International Polar Year
(IPY) and will allow limited and controlled access to
many decentralized and distributed databases.

6.2.2 Metadatabase

The CBMP is developing a metadatabase that will
track current monitoring programs and the data
they collect. The relevant Arctic marine biodiversity
monitoring programs identified by the Marine Expert
Monitoring Group will be input into this metadatabase.
The searchable metadatabase will be housed online
for easy access and updated periodically.

6.2.3 Data and metadata standards

In order for the various networks involved in
implementing the Marine Biodiversity Monitoring Plan
to collaborate, input and share data and metadata,
common data and metadata standards need to be
chosen.

The CBMP has chosen the Federal Geographic Data
Committee (FGDC) standard to ensure compatibility
with the Global Earth Observation System of Systems
(GEOSS) program. Data standards are more
complex in nature as different data standards are
needed for spatial and non-spatial data. The resulting
implementation plan will have to include identification
of the data standards to be used.
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The program lists on the following pages are inventory lists of existing monitoring capacity in the Arctic nations

as reported by the MEMG members. The submitted information has in some cases been simplified and

transferred from one format to the present tabular format. This procedure might have caused errors and/

or inaccuracies. The original inventory lists will be available at the workshop and upon request.

explanations can be found in the original lists.
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Appendix 2 Related processes — learning experiences

Below you will find an overview bringing to attention
related processes and/or process elements. These
processes will be briefly described (1-2 paragraphs),
and elements of potential value to a CBMP Marine
Monitoring Program will be emphasized.

Weblinks are embedded within the project titles (Ctrl-
click to follow link):

Management plan for the Barents Sea

This management plan was launched 2005 and is
based on an ecosystem approach. One part of the
plan is establishment of an extensive monitoring
program that covers several of the major elements of
the Barents Sea ecosystem (see chapter 7 for details).
Data on human activities are also assembled. Reports
on the state of the ecosystem are published annually.

Ecosystem Studies of of Sub-Arctic Seas
(ESSAS)

The goal of the ESSAS Program is to compare, quantify
and predict the impact of climate variability and global
change on the productivity and sustainability of
Sub-Arctic marine ecosystems.

Barents Sea Impact Study (BASIS)

The Barents Sea Impact Study (BASIS) is a Global
Changeresearch projectdeveloped underthe auspices
of the International Arctic Science Committee (IASC).
After a planning phase of five years (1992-1996), a
research proposal was submitted in 1997 to the IV
Framework Environment and Climate Programme
of the European Commission. This proposal was
accepted and did received funding for an initial period
of two years (1998-1999). The study was finished in
1999, but leaves behind useful data.

Bering Sea Impact Study (BESIS)

This study of the consequences of climate change for
Alaska and the Bering Sea region was completed in
1999. This was a research project, but the study might
cover some monitoring data.

NOW (International North Water Polynya Study)
This is a research network that brings together

Canadian and foreign expertise in Arctic oceanography
to study and model the climatic and oceanographic
mechanisms of formation of the North Water Polynya,
the biological production taking place within and around
its ice boundaries, and the fate of this production in
the ocean.

MOSJ (Monitoring program for Svalbard and Jan
Mayen)

This monitoring program has been established to
assess whether the goals are achieved for Norwegian
environmental monitoring of Svalbard and Jan Mayen.
The monitoring program covers climate, elements of
marine and terrestrial biota and human activities. It
overlaps partly the monitoring program of the Barents
Sea management plan.

CAFF/AMAP Coordinated Monitoring Effort (CME)

The aims of CME are to:

* Form a more complete picture of the overall state
of Arctic ecosystems, and their extent of structural
integrity, resiliency, and sustainability

+ Identify and/or quantify stressor affecting
sustainability of Arctic ecosystems, and therefore

the Arctic’s living resources

+ Seek efficiencies of operation as directed by the
Senior Arctic Officials (SAO’s)

Objectives:

- As far as possible take advantage of

approaches already accepted by the Arctic Council

(e.g., integrated ecosystem-based approach, large

marine ecosystems) bring the existing data of the

two monitoring programs together where possible for

analyses.

» To achieve a more cost efficient collection and
storage of data, and a better use of the data
collected in assessments and research.

* Identify areas of commonality (species and/
or sites and/or ecosystems), where data from
the two programs already exist within national
monitoring programs and analyze how the data
overlap, where the linkages are, what the data is
signifying, and where the gaps lay.
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+ Based on the gap analysis, initiate projects to fill
these gaps.

» Establish better linkages between the findings of
this coordinated monitoring program with those of
other programs, within and outside the Arctic, in
order to broaden the scope of understanding of the
potential impacts of Arctic and global change.

+ Communicate the findings of this coordinated
monitoring effort in published reports and maps, for
use by policy-makers, environmental managers,
indigenous people’s organizations, international
organizations, and the general public.

ArcticNet studies

There are several pertinent projects being funded
through ArcticNet (e.g. Marine biological hotspots:
ecosystem services and susceptibility to climate
change).

Sustained Arctic Observing Network (SAON)
SAON has been formed to develop a set of
recommendations on how to achieve long-term Arctic-
wide observing activities that provide free access
to high-quality data on a number of central physical,
biological and social elements in the Arctic.

BEST (Bering Ecosystem Study)

The 2004 BEST Science Plan outlines a multi-year
research initiative to improve understanding of the
effects of climate variability, at multiple temporal
and spatial scales, on eastern Bering Sea marine
ecosystems. Social scientists have developed a parallel
science plan, Sustaining the Bering Ecosystem,
which outlines a community-based research program
focused on the residents of Bering Sea communities
and their need to understand how climate variability
will affect their future. These two plans have been
integrated into an implementation plan for a single
program that will study the ecosystem as a whole,
including the social implications of climate change and
the roles of people in the system.

This research program outlines a multi-year research
initiative to improve understanding of the effects of
climate variability, at multiple temporal and spatial
scales, on eastern Bering Sea marine ecosystems.
Social scientists have developed a parallel science
plan, “Sustaining the Bering Ecosystem”, which outlines
a community-based research program focused on the

residents of Bering Sea communities and their need
to understand how climate variability will affect their
future. These two plans have been integrated into
an implementation plan for a single program that will
study the ecosystem as a whole, including the social
implications of climate change and the roles of people
in the system.

NPRB-BSIERP (North Pacific Research Board/
Bering Sea Integrated Ecosystem Research
Program)

Climate models predict warming in the Bering Sea
region over the next 30 years. On the southeastern
shelf of the Bering Sea, this projected warming will
profoundly alter ecosystem structure by changing
pathways of energy flow and the spatial distribution
and species composition of fish, seabird and marine
mammal communities, thereby affecting commercial
and subsistence fisheries. Building from that conceptual
framework, the BSIERP study focuses on a series of
explicit, testable hypotheses.

Russian-American Long-term Census of the Arctic
(RUSALCA)

RUSALCA implements long-term monitoring of
physical, chemical and biological components in the
Chukchi Sea encompassing Russian and US territory.
A set of moorings monitors physical characteristics
across Bering Strait and on the shelf at high data
collection frequency (annual) and biological sampling
every 4-5 years.

Pacific Arctic Group (PAG)

The Pacific Arctic Group is a forum for collaboration
and coordination with a focus on fostering information
transfer and field planning amongst individuals,
institutions and countries working in the region of the
Pacific Arctic. Membersip includes representatives
from China, Korea, Japan, Russia, Canada and the
USA. The Pacific Arctic Region is loosly defined as
the areas lying between Russia and the United Statesd
(Bering Strait) and extends northward including the
Beaufort Gyre and Arctic Ocean and south including
the Bering Sea. Of the many themes covered by PAG,
themes 4 and 5 are of particular interest to CBMP:
Theme 4: Identify and monitor ecosystem and biological
indicators and chemical tracers (e.g., ice, water column,
benthic, higher trophic organisms, isotopes and trace
gases) of climate change in the Pacific Arctic.



Theme 5: Investigate sea ice thermodynamics
including sea ice thickness, extent, and its interactions
with ocean and atmospheric forcing in the Pacific
Arctic region. Investigate sea ice dynamics such as
sea ice drift, interactions between different ice packs.

Alaska Ocean Observatory System (AOOS)

The Alaska Ocean Observing System’s mission is to
improve the ability to rapidly detect changes in marine
ecosystems and living resources, and predict future
changes and their consequences for the public good.
When fully developed, AOOS will:

+ Serve as the Alaska regional node for a national
network of observing systems;

+ Systematically deliver both real-time information
and long-term trends about Alaska’s ocean
conditions and marine life;

* Provide to the public Internet access to cost-free
data and information on coastal conditions; and

*  Supply tailored products to meet the needs of
mariners, scientists, industry, resource managers,
educators, and other users of marine resources.

Alaska Department of Fish and Game

The Alaska Department of Fish and Game’s mission
statement is “To protect, maintain, and improve the
fish, game, and aquatic plant resources of the state,
and manage their use and development in the best
interest of the economy and the well-being of the
people of the state, consistent with the sustained yield
principle.”

Core Services:
* Provide opportunity to utilize fish and wildlife
resources;

» Ensure sustainability and harvestable surplus of
fish and wildlife resources;

*  Provide information to all customers;

* Involve the public in management of fish and
wildlife resources; and

* Protect the state’s sovereignty to manage fish
and wildlife resources.

Goals:
*  Optimize economic benefits from fish and wildlife
resources.

*  Optimize public participation in fish and wildlife
pursuits.

* Increase public knowledge and confidence that
wild populations of fish and wildlife are responsibly
managed.

North Slope Borough, Department of Wildlife

Management

The Department of Wildlife Management facilitates

sustainable harvests, and monitors populations of

fish and wildlife species through research, leadership,
and advocacy from local to international levels.

As the North Slope Borough’s budget declines, the

department will focus on diversifying funding and

concentrating on subsistence species of the highest
interest to the North Slope residents.

Circumpolar Monitoring Strategies for ringed
seals and beluga whales

Background documents have been developed as
result of an initiative taken by the US Marine Mammal
Commission. The documents have been finalised and
can be downloaded from the CBMP website (http://
www.cbmp.is).

Arctic ROOS

This is an observing system that has been established
by a group of 14 member institutions from nine
European countries working actively with ocean
observation and modeling systems for the Arctic
Ocean and adjacent seas. One of the goals of Arctic
ROOS is to contribute to the legacy of IPY, maintaining
cost-effective and useful observing systems after the
end of IPY.

Molecular Microbial Biodiversity of Arctic Seas
(MMBOAS)
This project on microbial biodiversity has been
taking place over the past six years using ships of
opportunity.

Bering Sea Sub-Network

International  Community-Based
Observation Alliance for Arctic Observing Network
(BSSN) is a project involving six local indigenous
communities in the Bering Sea region, three in
Russia and three in Alaska, to monitor and share the
environmental changes they observe. Changes could
include the shift of southern species north, distribution
and abundance of fish and other temperature-

Environmental
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sensitive species, changes in ice patterns, and
weather observations. Relevant as community-based
monitoring.

Census of Marine Life - ArcOD (Arctic Ocean
Diversity) or http://www.arcodiv.org

The CoML is a 10-year international collaborative
effort involving researchers from more than 80
nations. ArcOD is a CoML project aimed at making
an inventory of biodiversity in the Arctic sea ice, water
column and sea floor from the shallow shelves to the
deep basins using a three-step approach: compilation
of existing data, taxonomic identification of existing
samples, and new collections focusing on taxonomic
and regional gaps. A second CoML project, NaGISA,
assesses biodiversity in nearshore areas (<20 m)
on a global scale including the Arctic, using a set of
standardized sampling protocols. While neashore
regions are generally not a focus of the CBMP, they
may be included in some areas. All CoML projects
make their data publicly available through the OBIS
database.

OBIS

OBIS (Ocean Biogeographic Information System) is a
fully georeferenced species presence and distribution
database established by the Census of Marine Life
program. It is an evolving strategic alliance of people
and organizations sharing a vision to make marine
biogeographic data, from all over the world, freely
available over the World Wide Web. It is not a project
or program, and is not limited to data from CoML-
related projects. Any organization, consortium, project
or individual may contribute to OBIS.

CBIRD
CBIRD is a seabird expert group under CAFF. These
experts cooperate in planning, design and reporting of
arctic seabird monitoring, CBIRD will be the relevant
“organization” to serve data on seabird indicators into
CBMP.

IUCN Polar Bear Specialist Group (PBSG)

The Polar Bear Specialist Group is the international
expert group on polar bears, serving under auspices
of the IUCN Species Survival Commission. The
group meets regularly, every 4th year at present,
and discusses status and knowledge gaps regarding
management and the future survival of polar bears.

The group has been collaborating with the CBMP for a
while, and will be the relevant body to decide on what
polar bear monitoring activities can be implemented
within CBMP.

AKMap (Alaska Department of Environmental
Conservation)

The Alaska Department of Environmental
Conservation’s policy is “To conserve, improve,
and protect its natural resources and environment
and control water, land, and air pollution, in order to
enhance the health, safety, and welfare of the people
of the state and their overall economic and social well
being”.

Its primary services are to:

* Provide policy direction for the department, and
relentless coordination of investment and service
delivery,

* Ensure that public concerns are fully considered
in department decisions and actions,

+ Establish department objectives and assures
performance,

+ Serve as spokesperson for the Governor on
environmental matters,

» Serve as judge for administrative appeals,

*  Adopt all department regulations.

US Interagency Agreements (BWASP, COMIDA,
BOWFEST)

U.S. Inter-agency agreements have been established
between the Minerals Management Service (MMS),
Department of Interior (DOI) and the National Marine
MammalLaboratory (NMML),AlaskaFisheries Science
Center (AFSC), National Marine Fisheries Service
(NMFS), National Oceanographic and Atmospheric
Administration (NOAA), Department of Commerce
(DOC). The intent of these agreements is to conduct
surveys of bowhead whales (Balaena mysticetus) and
other marine mammals in the Alaskan Arctic.

these

The following projects are included in

agreements:

BWASP: The intent of the Bowhead Whale Aerial
Survey Project (BWASP) is to conduct surveys of
bowhead whales (Balaena mysticetus) during their



fall migration through the western Beaufort Sea.
In 2008 these surveys were extended across the
northeast Chukchi Sea to document marine mammal
distribution for most of the period from mid-June to
mid-November. More>

COMIDA: The goal of the Chukchi Offshore Monitoring
in Drilling Area (COMIDA) study is to augment scientific
knowledge about the distribution and abundance of
marine mammals in the Chukchi Sea Planning Area
(CSPA). Results of COMIDA research will facilitate
mitigation related to oil and gas development.

BOWFEST: The Bowhead Whale Feeding Ecology
Study (BOWFEST) is a multiyear MMS-funded
study started in 2007 that focuses on late summer
oceanography and prey densities relative to whale
distribution over continental shelf waters within
100 miles north and east of Point Barrow, Alaska.
Increased understanding of bowhead behavior and
distribution is needed to minimize potential impacts
from petroleum development activities.

NABOS (Nansen and Amundsen
Observational System)
The maijor objectives of this project are the following:

Basins

» To quantify the structure and variability of the
circulation in the upper, intermediate, and lower
layers of the Eurasian and Canadian Basins;

+ To evaluate mechanisms by which the Atlantic
Water is transformed on its pathway along the
slope of the Eurasian and Canadian Basins;

» To evaluate the impact of heat transport from the
Atlantic Water on ice;

» To investigate the strength and variability of the
Fram Strait and the Barents Sea branches of the
Atlantic Water;

+ To estimate the rate of exchange between the
arctic shelves and the interior in order to clarify
mechanisms of the arctic halocline formation;

+ To evaluate the storage and variability of heat
and fresh water, particularly within the halocline
of the Canada Basin;

« To quantify Pacific water transport, variability, and
water-mass transformation mechanisms from the
Chukchi Sea shelf toward the Eurasian Basin.

Shelf-Basin Interaction (SBI) (completed)
U.S. funded research aimed at understanding how
the Arctic Ocean margins (from the shore to the basin)
function within the arctic system as a whole.

Study of Environmental Arctic Change (SEARCH)
SEARCHisaU.S. interagency effort to understand the
nature, extent, and future development of the system-
scale change presently seen in the Arctic. These
changes are occurring across terrestrial, oceanic,
atmospheric and human systems, including:

* Increased air temperatures over most of the
Arctic;

+ Changing ocean circulation and rising coastal
sea level;

* Reduced sea ice cover; and

*  Thawing permafrost.

The core aim of SEARCH is to understand the recent
and ongoing complex of interrelated pan-arctic
changes. These changes are affecting ecosystems,
living resources, and the human population, and are
impacting local and global economic activities.

Currently nearly 70 projects are funded as SEARCH
activities by U.S. agencies. Many more SEARCH-
related projects are supported through other
programs.

Other relevant processes not described in detail:

+ Beaufort Gyre (Canada/US)

+ C30

» CASES (completed)

+ CCAMLR

»  Circumpolar Flaw Lead-Canada (CFL)
+  COMAAR

+ European Marine Strategy

+ LME/PAME LME

» National Monitoring of the Marine Environment
and Living Resources

+ OSPAR/JMP

Second International Conference on Arctic
Research Planning (ICARP II)
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Appendix 3 Marine Expert Monitoring Group — members

and associates

Norway (co-lead)

Co-lead/Member:

Reidar Hindrum, Senior Adviser
Directorate for Nature Management,
International Division,

N-7485 Trondheim

Associates:

Dr. Ingrid Bysveen, Senior Adviser
Directorate for Nature Management,
Marine Division,

N-7485 Trondheim

Dag Vongraven, Senior Adviser
Norwegian Polar Institute,
Environmental Management Office,
Polar Environmental Centre,
N-9296 Tromsga

Dr. Per Arneberg, Senior Adviser
Norwegian Polar Institute,
Environmental Management Office,
Polar Environmental Centre,
N-9296 Tromsg

Mrs. Julia Tchernova, Secrerary
Norwegian Polar Institute,
Environmental Management Office,
Polar Environmental Centre,
N-9296 Tromsg

US (co-lead)

Co-lead/Member:

Kathleen Crane, PhD, Mission Coordinator
Arctic Research Program,

NOAA Climate Program Office,

1100 Wayne Ave., Suite 1202

Silver Spring, MD 20910-3282

Associates:

Dr. Sue E. Moore

NOAA/Fisheries, Office of Science and
Technology,

7600 Sand Point Way,

NE, Seattle, WA 98115-6349

Dr. Russ Hopcroft

Institute of Marine Science,
120 O'Neill

P.O. Box 757220

University of Alaska Fairbanks,
Fairbanks, AK 99775-7220

Katrin lken, PhD

Institute of Marine Science,
University of Alaska Fairbanks
Fairbanks,

227 O'Neill, P.O. Box 757220
AK 99775-7220 USA

Russia

Member:

Igor A. Melnikov, PhD, Senior Scientist
P.P. Shirshov Institute of Oceanology, RAS
Moscow, Russia

Phone: +7 (495) 124 20 18

Cell: +7 916 604 3131

Email: migor39@yandex.ru

Associates:

Boris I. Sirenko, PhD, Head of Laboratory
Russian Academy of Science

Zoological Institute

Marine Research Laboratory

Nina V. Denisenko, PhD, Senior Scientist
Russian Academy of Science

Zoological Institute

Marine Research Laboratory

Olga S. Liubina, PhD, Head of Division
Russian Academy of Science,
Murmansk Marine Biological Institute,
Benthos Division,

Canada

Member:

Jill Watkins, Ph.D., Senior Scientific Advisor
Ocean Sciences - Canadian Hydrographic
Service, Oceanography and Climate Branch,
Science Sector, Fisheries and Oceans Canada,
615 Booth Street,

Ottawa, ON K1A OE6, CANADA

Associate:

Dr. Jim D. Reist

Research Scientist,

Arctic Fish Ecology and Assessment Research
Section,

Fisheries and Oceans Canada

501 University Crescent

Winnipeg, Manitoba, Canada, R3T 2N6




Greenland

Member:

Fernando Ugarte, Head of Department
Greenland Institute of Natural Resources
Department of Birds and Mammals

Box 570, 3900 Nuuk, Greenland

Associate:

Aili Labansen

Greenland Institute of Natural Resources
Department of Birds and Mammals

Box 570, 3900 Nuuk, Greenland

Iceland

Member:

Dr. Gudmundur Gudmundsson, Head of
Collection and Systematics Department &
Curator of Marine Invertebrates, Icelandic
Institute and Museum of Natural History,

Po Box 5320, Hlemmur 3, 112 Reykjavik, Iceland

CBMP

Chair:

Mike Gill, Chair,

Circumpolar Biodiversity Monitoring Program
91780 Alaska Highway,

Whitehorse, Yukon, Canada

Y1A 5B7

AMAP

Member:

Jason Stow, Environmental Scientist
Northern Contaminants Program,
Department of Indian Affairs and Northern
Development,

456 Dominion St. Winnipeg MB, R3G 2M9

Aleut International Association

Member:

Victoria Gofman, Executive Director

Aleut International Association

333 West 4th Avenue, Ste 301, Anchorage,
Alaska, US 99501

Associate:

Andrea Grant-Friedman, Ph.D.

Data Manager, Bering Sea Sub-Network
Aleut International Association

333 W. 4th Avenue, Suite 301
Anchorage, AK 99501 USA

PAME

Member:

Soffia Gudmundsdottir
Borgum, Nordurslod
PAME Working Group
Akureyri

Iceland
pame@pame.is
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Appendix 4 CBD Headline Indicators

Sustainable use

Threats to biodiversity

Ecosystem integrity and ecosystem goods and services

Status of traditional knowledge, innovations and Practices

Status of access and benefit-sharing

Status of resource transfers

Area of forest, agricultural and aquaculture
ecosystems under sustainable management
Proportion of products derived from sustainable
sources

Ecological footprint and related concepts

= Nitrogen deposition
# Trends in invasive alien species

Marine Trophic Index

Water quality of freshwater ecosystems

Trophic integrity of other ecosystems

Connectivity / fragmentation of ecosystems
Incidence of human-induced ecosystem failure
Health and well-being of communities who depend
directly on local ecosystem goods and services
Biodiversity for food and medicine

Status and trends of linguistic diversity and
numbers of speakers of indigenous languages
Other indicator of the status of indigenous and
traditional knowledge

Indicator of access and benefit-sharing

Official development assistance provided in
support of the Convention
Indicator of technology transfer



