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Preamble

The CAFF/AMAP Workshop on a Circumpolar Biodiversity Monitoring Programwas held to
advance work on biodiversity and climate change monitoring in the drcumpolar Arctic
region under the aegis of two of Arctic Council’s working groups, Conservation of Arctic
Flora and Fauna (CAFF) and Arctic Monitoring and Assessment Programme (AMAP).

CAFF's* Strategic Plan for the Conservation o Arctic Biological Diversity (1998)” identifies
biodiversity monitoring as one of the program’'s key objectives. In addition it identifies
assesgment of climate change and UV-B impacts on Arctic ecosystems as an important task of
CAFF. In Igaluit (1998), the Arctic Council ministers direded CAFF to “ identify e ements of
a programto monitor circumpolar biodiversity” andto “ assess in collaborationwith AMAP,
the dfeds of climate dhange on Arctic e@systems” .

Since 1997, AMAP has a ministerial mandate to continue “ monitoring, data colledion,
exchange of data on impacts, and assssnent of the dfeds of contaminants and their
pathways, increased utraviolet-B (UV-B) radiation dueto stratospheric ozonedepletion, and
climate change on Arctic emsystems” .

AMAP and CAFF have organised two workshops on climate change research and
monitoring, in Rovaniemi, March 1998 and in Tromsg, September 1998. AMAP and CAFF
both participate in the USled Arctic Climate Impact Assessment (ACIA). The CAFF Working
Group discussed monitoring at its 7" meeing in Yellowknife, April 1999. The report and
relevant background documents are available at www.grida.no/caff/biodiversity.htm.
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. INTRODUCTION

The threeday CAFFAMAP Workshop on Circumpolar Monitoring Program gathered
experts from al Arctic countries (Canada, Finland, Denmark/Greenland, Icdand, Norway,
Rusda, Sweden and the United States), Russan Assciation of Indigenous Peoples of the
North and the United Kingdom, altogether 38 participants (seeAppendix 1).

The workshop began by a half-day overview sesson providing context and scope for the
discussons, followed by three modules focusing on the terrestrial, freshwater and marine
environments. Each module was introduced by 3-4 short presentations, providing examples of
rdevant ongoing work in the Arctic. The modules discussed circumpolar monitoring needs
and opportunities but focused on identifying a few (2-4) biotic dements for each
environment, which are airrent foci of nationa/international work and can serve & pil ots for
a fully-fledged circumpolar biodiversity monitoring program. Different methoddogies (i.e
plot/population based monitoring, community/college networks, and aerial/remote sensing
techniques) were also dscussed. The third day was used for workshop wrap-up and
development of conclusions and recommendati ons (seeAppendix 2).

Prior to the Workshop a Drafting Committeé' had prepared a Conceptual Framework for a
Circumpolar Biodiversity Monitoring Network, which provided a backdrop for the
discussons at the workshop (available & http://www.grida.no/caff/biodiversity.htm).

This Report provides a summary of the presentations and discussons at the workshap with
full presentations attached as appendices.

. WELCOME

Ingimar Sigurdsson, Head of Office, Ministry for the Environment.

Mr. Sigurdsson wecomed participants to the workshap. In his address he amphasised
lcdand's interest in advancing Arctic environmental cooperation, as evident eg. throuch
hosting the secrdtariats for CAFF and PAME (Protedion of the Arctic Marine Environment).
Since its establishment in 1990, the Ministry’s main focus has been on protecting the marine
environment and its living resources, espedally through pollution prevention and control.
Monitoring of biodiversity has not been a high priority so far, but has increasing weight in the
Ministry's new work plan. A new remote sensing facility is being established by the
Mapping Agency in co-operation with aher redevant institutions, and Icdand will enhance
work towards to fulfilling its obligations to the Convention of Biological Diversity. Thus the
Ministry is very interested in the workshop topic and looks forward to its recommendations.
The Ministry believes that Icdand, due to its strategic geopoliticd situation between the two
continents, could be an excdlent platform for circumpolar cooperation and eforts of this
kind. Mr. Sigurdson, finaly emphasised that the purpose of everything we do in the
environmenta arena must be to ensure human life in peacewith Mother Nature.

! Drafting Committee: Kevin McCormick (Canada), Aevar Petersen (Icdand), Christopher Brodersen
(Norway), NataliaVasslieva (Rusda) and John Bengtson (USA).



[11. MODULE 1: OVERVIEW PRESENTATIONS

The first Module was devoted to six overview presentations providing a background for the
discusgons:

Ulla Pinborg - Biological monitoring: Current Approach by the European
Environmental Agency

The European Environment Agency (EEA) misson is to ddiver timely, targeted, rdevant and
rdiable information to policy-makers and to the public for the development of sound
environmenta policesin the European Union and aher EEA member countries.

EEA rdies completely on data and information already colleded in nationd or internationd
monitoring activities as well as from a wide range of environmental institutions. EEA uses
this information as the neassary backgrourd for performing integrated analyses and reports
for dedsion-makers, aimed at understanding what happens to the a@wironment, and whether
the politicd instruments are dfedive in improving the environment. The working framework
for colleding data, for analysis and reporting is called the DPSIR-chain; from understanding
the socio-ecnomic Driving forces and the Pressures on the environment caused by these to
asessing the Status and Impad on the ewvironment to the effediveness of palitical and
societal Responses adopted and wsed.

EEA as a user of data has a basic interest in ascartaining the overage of data and its quality.
In some fidds there is a long history for precisdy defined data collections based on equally
well defined monitoring, e.g. for climate, air conditions, forest and to some etent also water
conditions. For biodiversity the @aseis different. The term biodiversity as it is defined under
the globa Convention for Biological diversity (CBD) is a very broad and variegated term,
encompassng both wildlife and domesticated organisms as wel as natural and cultivated
habitats and genes. Indicators for biodiversity as suich real to be developed with careful
consideration as to level and component e ements as well as to representativity. At the global
and European levd, severa ingtitutions are developing and producing indicators and data for
indicators, eg. OECD, Eurostat, and EEA. Furthermore, nearly al European countries are
developing their own official indicator concepts and data coll edion strategies.

Brad Griffith - Remote Sensing: Possbilities and Opportunitiesfor Biodiversity
Monitoring.

Remote sensing may be used to monitor animal distribution and movement, to inventory
habitats, and to assess within and among year habitat dynamics. Satdlli te radio-collars may
be used to identify heavily used seasonal habitats, delineate migration corridors, and assess
population affiniti es and interchange for animals.

Remote sensing of habitats is limited by the resolution of the sensors. Spatia resolution
(pixd size) ranges from 10 m to several km. Tempora resolution ranges from twice daily to
oncein 26 days. Image cost, data storage requirements, and tempora resolution are inversely
reated to pixe size Spedra and radiometric resolution determines the number of distinct
plant communities that may be identified on an image. All raw data requires substantia
processng and quality control by qualified and experienced personnd.  Multi-Spedra
Scanner (20-50 m) and Thematic Mapper (30 m) sensors are most useful for mapping plant
communities. The aility of these sensors to deted plant community change is limited by the
acauracy of a particular classification. The rate of plant community change must exceeal the
inaccuracy of vegetation maps (typically 15-25%) to be detedable; this rate of change is
unlikely to be observed in the Arctic except in cases of surface disturbance or wetland drying.
Microwave sensors are most useful for assessng ice pack dynamics, and Advanced Very
High Resolution Radiometry (1 km) is most useful for assessing plant phendogy dynamics on

landscapes.



Remote sensing has been used to 1) develop modds of spedes/habitat affinities and overlain
these moddls to identify areas of high spedes diversity; 2) document sub-Arctic wetland
drying during 1973-1998; and, 3) to establish linkages between caribou demography and
climate warming induced hebitat changes in the Arctic. Strategic implementation of remote
sensing for monitoring biodiversity will require testing the upward scalability of site based
estimates of the efects of dimate warming on \egetation phendogy, stratifying the Arctic
into zones of documented warming and cooling, and using these strata & the basis for a
circumpolar biodiversity sampling plan.

Struan Simpson - Monitoring Biodiversty and Changein the Russan Arctic:
Using Community Networksand Indigenous Knowledge

RAIPON (Rusdan Aswdation o Indigenous Peoples of the North) represents Russan
indigenous minority peoples, including the two milli oninhabiting the Russan Arctic.

Among RAIPON's planning priorities is Environmental Impact Assssment (EIA).
Enhancing its capacity to conduct EIA could be of considerable added value to Russan
biodiversity monitoring endeavours, to the work of CAFF/AMAP and the internationa
scientific community. A partnership is planned between RAIPON, the Conservation
Foundation's London Initiative on the Rusdan Environrment (LIRE) and the World
Conservation Monitoring Centre (WCMC, Cambridge), to adapt EIA methodologies to take
acoount of traditional emlogical knowledge (TEK).

Sparse population densities in the Russan Arctic is one of the limiting factors in using TEK,
but in any event an approach to indigenous peoples has to be based upon the principles of
partnership and equity. Methodologies haveto yidd information d valueto all participants.

It is proposed therefore to develop relief model (3-D) community mapping techniques as the
basic monitoring method both for nomadic and non-nomadic groups, to fadlitate origination
and community ownership of vital (ecological) knowledge while furnishing them with an
empowerment tod in their negatiation for enhanced politicd status.

Christopher Brodersen - Environmental Monitoring in Svalbard and Jan Mayen
(MOSJ): Hopes, Facts, and Lessons L ear ned

The goals of MOSJ areto: (1) contribute to maintaining Svalbard and Jan Mayen as ©me of
the best managed wilderness areas in the world, and (2) to detect abnarmal changes in
climate, biodiversity and cultural heritage weathering in the aea. The scope of MOSJ is to
make an integrated system for generating, analysing and presenting environmental data in a
comprehensive, accurate and economic viable way. To this effed, severa activities have
been initiated, including on: monitoring of spedes, habitats, main threats, climate change
impacts and cultural heritage @ndition; quality control at al stages; analysis, interpretation
and dstribution of data to dedsion-makers and public; initiation of relevant research. MOSJ
strategies are to: build on existing monitoring, build warning systems from low to high
resolution; link up with ather rdevant international monitoring and to focus on cost/benefit
relations.

Lesons learnt can be grouped into several categories. From an organisational point of view
it is evident that: monitoring is too we&kly expressd in national long term planning and
poorly linked to the most innovative part of the science @mmunity; the value of nature differs
vastly between responsible national and international authorities; there is gill a wide gap
between research and monitoring and monitoring seldom challenges integrated approaches. In
teems of financial constraints, research funding appears often to be short-term and
opportunistic and there is a neal for better national and internationa division d labour to



cope with monitoring costs. Professona chall enges include the following: research is a vita
part of monitoring, but research and monitoring deta ae not aways the same - there is
abundance of research data but lack of monitoring data; monitoring levels of disturbances is
very different from monitoring impads — critical 1oads and background values are known in
many cases, but the knowledge aout status and natural variability in most key parameters of
the Arctic ewironment is unsatisfactory; the nature of biodiversity monitoring demands a
multidisciplinary approach in interpreting dota and management officials often lack such
skill s; there is insufficient knowledge about combining traditional knowledge and research
and; finaly, we need more “Super-besasts’ for indicators.

O.W. (Bill) Heal - Climate Change and Biodiversity: Next Steps?

The aims and principles for monitoring of biodiversity have been identified by CAFF and
AMAP ealier megtings and in circulated papers. Monitoring is just one approach in the
portfolio of techniques used to address of inter-related environmental questions. Monitoring
focuses on the questions How is it changing? But to be useful it must be linked to Research
(Why is it changing?), Prediction (How will it change?), Policy (How should it change?) and
Asssanent (Is the palicy working?).

Why Monitor? To deted genetic, spedes, habitat, and ecsystems responses. To distinguish
natural and short-term fluctuations from long-term trends. To identify causes of change. To
test predictions. To provide erly warning d change. To evaluate dfeds of policies.

Where to Monitor? A logica spatia sampling strategy is criticd. GTOS has identified 3
main scdes - loca intensive monitoring, extensive monitoring o fewer variables less
frequently; comprehensive or census by remote sensing. Observations sould focus on areas
predicted to show warming or coding, oceanic to continental gradients, variation in wet or
dry conditions. Local and regiona climatic gradients provided powerful opportunities.
Sensitive locations are at dimatically determined margins of spedes or habitat range or where
key factors are changing e.g. permafrost.

How to monitor? Phonological observations provide sensitive measures specific to climate
change eg. arriva of migratory spedes. Phendogy is particularly suited for extensive dange
measurement by “amateur observers’ in dspersed human communities.

Next steps? Based on the generd principles and priorities, and building on existing
knowledge and predictions of change a feasible list of spedes (with dstinct trophic and
habitat characteristics) and habitats are identified as primary targets for intensive monitoring.

Kevin McCormick - Framework for a Circumpolar Biodiversity Monitoring
Network: Work of the Drafting Committee.

In 1998, the Ministers of the Arctic Council direded CAFF to identify ements of a program
to monitor circumpolar biological diversity and to assss in collaboration with AMAP, the
effeds of climate change and UV-B radiation on Arctic. At the 1999 CAFF Working Group
meding it was decided that the preparation of a conceptual framework was a key first step in
the longterm development and implementation of the monitoring program. The propose of
this framework is to:

» describe, in a succinct manner, the goal, objectives and other key parameters upon which
theinitiative will be deved oped.

+ establish a process to identify the key dements of circumpolar biodiversity which merit
priority attention.



» provide a guide for those parties developing various components of the monitoring

network so that it may be implemented in a consistent, efficient and cost-effedive
manner.

The Framework (available on request from the CAFF Secreariat) describes the goal, objedives,
scope and key planning considerations, which form the foundetion of the monitoring nework. It is
proposed that the network be based on a decentralised organisationa structure, which takes full
advantage of existing programs and institutions in the Arctic. Initial efforts will focus on priority
elements of three large emsystams - terrestrial, freshwater and marine - which have been sdeded
on the basis of accepted criteria. It is recgnised that Consideration must be given to the
management of information, particularly the sdledion of variable to be measured, the manner in
which they are measured and the approach to storing and sharing information.




IV.MODULE 2: TERRESTRIAL ENVIRONMENT

A. PRESENTATIONS
The Modul e opened with four introductory presentations:
Ingibjorg S. Jonsdottir - Thelnternational Tundra Experiment (I TEX).

ITEX is a Man and the Biosphere (MAB)/Northern Sciences Network (NSN) initiative and it
began in December of 1990 when researchers from North America Europe and Russa met at
Michigan State University and agreed to undertake similar experimental studies on plants
throughout the tundra biome. The primary focus was to be on spedes responses to natural
variation in dimate and experimental warming, with a semndary focus on ecosystem
processes and community dynamics and genetics. The warming manipulation is aided by
hexagonal Open-Top Plexiglas Chambers (OTCs) that increase the temperature within the
chambers by 1-3 °C above ambient temperature The individual sites and research groups that
build the ITEX network have been responsible for their own funding. The Danish Polar
Centre provides co-ordination and ITEX has a valuable llaboration with the International
Permafrost Association (IPA) in monitoring adive layer depth at ITEX sites. ITEX work has
already resulted in several site-spedfic international publicaions on short-term (2-5 years)
effed of temperature enhancament and two magjor syntheses. ITEX has now entered a new
phase of long-term manipulations and monitoring and o moddling individua spedes
response as well as whole plant community responses.

Ingibjorg S. Jonsdottir - Two Tundra Expeditions

Data from two tundra expeditions (organised by the Swedish Polar Research Seaetariat in
1994 and 1999, respectively), provides vauable information on \ariation in biodiversity
(species, genetic) of large number of terestria and freshwater organisms (mammals, birds,
fish, invertebrates, micro-organisms, vascular plants, mosses and lichens) aong large
geographic sedorsin the Arctic.

Don Russell — Rangifer as an Indicator of Health and Change in the
Circumpolar Arctic.

It is suggested that monitoring of Rangifer populations soud follow the lead developed at
the Rovaniemi workshop in 1999 (Human Role and Reindeer/caribou systems). That is, to
sample populations within a 3 dimensional continuum — industriali sation (heavy devel opment
to pristing), institutional control (herding to hunting) and climatic trend (warming to cooli ng).
Examples of herds that represented the extremes along this conti nuum were suggested.

We would suggest a 4 component monitoring program — herd assessment, remote sensing,
community monitoring and communications. Herd assessmentt involves integrating the
available data on sdected herds and assessng impacts of change using computer simulation
models. Using remote sensing the recant trends in early summer green-up and fall senescence
will be deermined and ongaing protocol for monitoring developed. Standard protocols need
to be devdoped and implemented in a number of communities within the ranges of the herds.
Communities are keenly interested and ideally positioned to monitoring the hedth and body
condition o reindeg/caribou as well as environmental change in general. The fourth
component, communications, is critical to ensure al partners are fully aware of the network
and can provide mnstant feedbadk.



Present North American and international initiatives that would be useful in such a
monitoring network were outli ned and suggestions for where to begin were described.

Stephen Talbot and Donald D. Walker? - The Circumpolar Arctic Vegetation
Mapping Project (CAVM) and the Pan Arctic Flora Initiative (PAF)

A new vegeation map is being prepared to provide a common legend and language for
easystems of the Arctic region. Such a map is neaded for a wide variety of purposes rd aed
to anticipated global changes, land-use planning, and biodiversity monitoring. The god's of
CAVM are 1) develop a single 1:7,500,000-scale vegetation map of the drcumpolar region,
2) develop a legend and method that can be used consistently in al the drcumpolar countries,
3) unify information existing on a wide variety of maps at different scales, and 4) establish a
model for mapping aher globa biomes such as the bored forest. Some anticipated
applications are 1) ecologicdly sound netural resource management, 2) modes of trace-gas
fluxes, and 3) ewregions mapping. Continental syntheses for North America and Eurasia will
be completed in 2001 and the final circumpolar synthesis will be cmpeted in 2002. Four
major products will be produced: 1) a photo-quality cloud-free ad snow-free false-colour
infrared image of the drcumpolar region derived from satellite imagery; 2) a map of the
rdative vegeation greenness of the drcumpolar region as portrayed by the maximum
normalised dfference vegetation index; 3) simple land cover map with eight dassss; and 4) a
gecbotanical database and derived maps of the drcumpolar arctic tundra and polar desert
region. The database will consist of an integrated map coded with landscape ad vegetation
information.

To help develop an internationally accepted termindogy related to arctic zonation and to
understand vegetation patterns related to climate and substrate, the vegetation along an 1,800
mile transect was investigated in the eastern Canadian Arctic by members of the CAVM
team. Preiminary observations dow trends in plant functiond types and dominant
communities along latitudinal, substrate, and topographic gradients. Patterns are omplex but
reognisable in the Canadian Arctic; four subzones are ddimited based on vegetation
response to temperature along the north-south latitudinal gradient: 1) cushion-forb subzone,
2) prostrate-dwarf shrub subzone, 3) ered-dwarf shrub subzone, and 4) low shrub subzone.

The relevance to the CAFF/AMAP initiative is that CAVM is the firs portraya of the
vegetation o the whole arctic in dgtail. This aubdivision of the landscepe into units that are
reatively homogeneous will provide a framework for planning and sampling. The integrated
mapping procedure incorporates climate, parent material, and topography into a unified
legend approach that is emlogically meaningful. Globa moddling efforts can use plant
functional types to goup the multitude of plant spedes into more manageable groups
considered important to ewsystem function. Reaive vegetation geenness products have
been aready prepared for the globe and North America axd are extremey useful for
examining spatial patterns of biomass production and for modelling the dfeds of climate
change

The Pan-Arctic Flora (PAF) projed began as a biodiversity projed with the am of a
comprehensive inventory of the actic flora. The goa of the projed is unified view of the
arctic vascular plant flora. PAF is a separate, independent project working in parald with
CAFF. PAF will provide a chelist as a standard source for plant names. It will dso
provide detailed data on the distribution of plants and a serve as a source for rare plant
documentation. Long-term PAF aims are 1) production of a critical Panarctic Flora based on
one or several consensus fecies concepts; 2) establishment of databases for information on

2 University of Alaska Fairbarks



arctic vascular plants; and 3) establishment of information exchange about the unified
treatment of arctic plants.

B. DISCUSSIONS

Two breskout groups were formed to dscuss monitoring of the terrestrial environment®. The
group’s main doservations and conclusions are summarised below.

Criteria for Choosing the Elementsin a M onitoring Program.

Based on the draft Conceptual Framework for a Circumpolar Biodiversity Monitoring
Network, the following criteria were emphasised for guiding the seledion of dements in the

program:

Environmental criteria

» Thebiological components sould have a circumpolar distribution/re evance.
Components ould be important to ecsystem structure/function.
Components sould be disposed to monitoring d phonological changes.
Vulnerable species and habitats need special consideration.
Regional expansion and contraction/extirpation o spedes (spedes moving in and out
of an areg are good indicators of change.
Peripheral spedes can be most sensitive to change and may serve as early warning
systems.

YV VYVVYVY

Socio-emnomic aiteria
» Some of the spedes and habitats included must be subjed to human exploitation.
» The omponents/methods in the program should make it possible to include loca
inhabitants in a community-based program.
» The omponents in the program must be understandable and familiar to decision-
makers.

Feasibility ariteria
» Cost effedive monitoring methods should be available or posdble
» Tothe extent posgble work should build on existing networks in the Arctic countries.
» Data acess and management must be apart of each o the cmponents.
» Theinitia network should have a potentia for expansion.

Potential Elements of the Network*

Potential biotic dements of a monitoring program were discussed, using Table 3 in the Report
from the IASC Workshop on Climate Change (Tromsg, 1999), as a basis.

% Moderators and rapporteurs: Snorri Baldursson, Kevin McCormick, Ivar Mycklebust and Don Russl|

“Note: Most of the recommendations from the AMAPICAFF Srarvik Workshop o Biologicd Methods (19%)
and the AMAP/CAFF Rovaniemi Workshop a Climate Change (1998) are still valid, and provide important
guidelines for further discussion ona drcumpolar monitoring program for biodiversity



Species

Vulnerability Socio-economic Ecological
threat importance importance
Mammals:
Reindea/Caribou Pasture dange Herders, hunting Pasture graze
Parasites Prey source
Arctic fox Prey shift
endangered spedes Culturd, tourism Predator, scavenger
Small rodents Food quelity change Indiread through food | Key prey,
web vegetation impads
Birds:
Geese Pasture/flyway change | Hunting, tourism Pasture graze
Climate signal
Waders Pray shift
Endangered spedes Culturd, tourism Predator, scavenger
Passerines e.g. Snow
bunting, Lapland | Climateindicators Indirea through food | Kay prey
bunting Food change web
Ptarmigans Food change Hunting Shrub gaze
Gyrfdcon Food shift,
Endangered spedes Culturd Predator
I nvertebrates:
Ants Habitat Indiread through food | Scavenger
web
Moths Food quelity Indiread through food | Climateindicator,
web defoliating spedes
HabitatsEcosystems
Vulnerability, Soci o-eanomic
threat importance

Timberline forest

Climate dhange/di spersal

Subsistence'herding/loggng

Wetlands Permafrost Conservation
Dry heahs Reduced precipitation Conservation
Riparian Flooding Conservation
Estuaries Flooding, sealevel Conservation, fishing

Special Programs

In addition to specific spedes and habitats/ecsystems, the group discussed the following
programs and opportunities: ITEX (International Tundra Experiment) as an orgoing and
succesdul research network on vascular plants; CPAN (Circumpolar Proteded Areas
Network) as an existing circumpolar network supported by CAFF, and; community based
networks as an gpportunity for low-tech gathering of long-term data series, espedally those

related to phendogy of plants and animals.

Genetic Diversity

Spedes diversity is low in the Arctic compared to more southern regions. However, this low
spedes diversity may be partialy compensated for by high genetic variety, as many Arctic
spedes are widespread and composed o distinct populations or genetic morphs.  The
workshap agreed to highlight this fact. However, due to the fact that techniques/methods to
monitor genetic diversity are still evolving, the workshop proposed that this type of

monitoring should rot, at present, beincluded in a circumpolar monitoring program.




Where to Monitor ?

Not much time was left to discuss where to focus the monitoring efforts, but some points for
further consideration can be mentioned:

— Choose areas aubjed to maximum change and poll ution;

— Choose north-south transeds;

— Choose migration gadients (reindeer, geese, waders etc.);

-  AMAP map should be mnsidered.

Group conclusions

Priorities — elements ready for networking:

Reindear/caribou are of key emlogicd and socio-emnomical importance in the terrestria
Arctic ewironment. They are the only spedes monitored circumpolar today and should
therefore be included in a Circumpolar Biodiversity Monitoring Program.

The Internationd Tundra Experiment (ITEX) represents an existing circumpolar network
focusing on impacts of dimate dange on Arctic vegetation. ITEX has arealy provided
important information and time series. Hence ITEX should be induded as the main vegetation
element in the program.

International networks already exist for geese and waders and these networks hould be
consulted/approached with a propaosal for alinkage to a circumpolar monitoring program.

Arctic protected areas (PAS) represent habitats/ecosystems/landscapes of speda importance
They may be looked at as reference points in a changing environment.  Long-term monitoring
is’was carried out in many PAs in the drcumpolar Arctic. The Circumpolar Proteded Areas
Network (CPAN) Strategy and Action Plan includes monitoring provisions for
implementation by Arctic countries. Thus CPAN provides an excdlent opportunity to
implement harmonised monitoring activities on acircumpolar basis.

Community networks/voluntee programs are epedaly vausble for phondogica
observation eg. of ground vegetation (flowering time ec.), migraory birds (arriva and
nesting dates etc.), snow cover and seerice dianges. Also the linkage between remote sensing
and “traditional methods’ should be encouraged and an arena for this coud be the 6"
circumpolar symposium on remote sensing, Ydlowknife 12-14 June. Community networks
provide an excdlent opportunity to be further explored.

Elementswherefurther devdopment isneeded —to earlytoincludein acircumpolar program

Monitoring d arctic fox and rodents is done in some of the Arctic countries, athough for
quite different reasons —i.e in Icdand Arctic fox is abundant and controlled through hunting;
in northern Scandinavia it is red listed as rare species. The rodent cycle in the Arctic is still
not fully understood and this might be a reason to exdude rodents from the drcumpolar
program at present.

Passrines as a group are good climate indicaors, but only the Nordic countries have eisting
activities in Arctic areas. For the same reason as mentioned above for small rodents,
ptarmigans might be difficult to include in a circumpolar program.

Careful thinking is needed before habitats/ecosystems are included in a circumpolar program,
and this might be a subjed for an expert group as for example the CAFF Hora Group. Among
the ecosystems discussed wetlands should be given top priority due to status of knowledge,
existing monitoring and networks.

10



Although monitoring of genetic diversity is not advanced enough to be incorporated into a
circumpolar monitoring program, further research should be encouraged (e.g. through IASC).
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V. MODULE 3: FRESHWATER ENVIRONMENT
A. PRESENTATIONS

The Module opened with threeintroductory presentations:

Erik Jeppesen - NORLAKE: Cross-system analysis of the variation in biological
structure and dynamics of North Atlantic lakes related to variations and changes in
climate and land use.

NORLAKE is a joint Nordic research project included in the North Atlantic research
programme initiated by the Nordic Ministers' Council. The projed includes 14 research
groups from Denmark, lcdand, The Faroe Idlands, Sweden and Norway. The primary
objedive of NORLAKE is to ducidate how variation and changes in dimate and land use
influence biologicd communities, trophic interactions and biodiversity of North Atlantic
lakes - on a short-term and a long-term scale. We exped to establish conceptual and empiricd
models for foreasting the dfeds of climatic dhanges on arctic lake ewosystems. The
approach includes comparative aosssystem analyses of data from approx. 300 North
Atlantic lakes covering a wide temperature gradient ranging from oceanically influenced
lakes in the Faroe Islands and over sub-arctic lakes in Icdand, western Greelland and
northern Norway to high Arctic lakes in Greenland and Svalbard. Additional data from |lakes
in Antarctica and eastern Arctic Canada are included.

During the first three years of the projed (1999-2001) we focus on qualitative and
guantitative changes of flora and fauna, trophic interactions and biodiversity in lakes along
the sdected climate gradient. As far as possble from the data avail able we also study how
differences in land-use influence the lake ewosystems in the different geographical (climate)
regions. We aim at identifying threshads for changes in the lake eosystem and to ducidate
the time scale of such changes. We indude cntemporary data, palaeoemlogical data ad
results from studies using stable isotopes for identifying food web interactions. Further
information: http://thule.oulu.fi. NARP/

Arni Einarson - Monitoring the Lake Myvatn Ecosystem

Lake Myvatn is a biodiversity hatspot. It is a shallow eutrophic lake whose e©logy is closdy
conneded with the Mid-Atlantic rift volcanism in lcdand. Situated at biogeographical
crossroads between the Nearctic and Palearctic and the Arctic and Boreal zones it has a
unique spedes composition, waterfowl, espedally ducks, being the most characteristic
animas.

In 1974 the area was made a nature reserve after a controversy over a hydropower scheme.
An emlogical fidd station was established and among its main tasks has been the monitoring
of the wildlife. The basic idea was to use waterfowl as indicators becuse they could be
counted quite easily and all the different spedes have ther spedal ewlogica requirements -
they form an ecological spedrum. Furthermore we had a historical record of egg harvest and
fishing going back to the turn o the cetury. The Arctic char was on included in the
programme. It was early realised that whatever changes would be recorded we would need to
know if the changes were locally induced or perhaps becuse of something happening on the
wintering grounds (most of the birds are migratory). So, in 1977 we started monitoring the
food resources, that is the dironomid midges, using spedally designed window traps to
colled the inseds. The main populations of chironomids owed dramatic and quite regular
fluctuations. Simple regression models indicated that the duck populations responded to those
fluctuations both in the production of young and in return rate between years. The next
guestion was about the mechanism driving those fluctuations  in the late 19 eghties we
started monitoring other compartments of the food web, like benthic Cladocera and the most
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abundant fish spedes the three-spined sticklebad, also monitoring aher lakes in the
neighbourhood for comparison. We aso took sediment cores to get a paleolimndogica
perspedive, extending the record some 2000 years bad in time. Paralld to the monitoring
program we are running research projeds in cooperation with the University of Icdand to test
catain hypotheses about the cusal rdationship within the eosystem. In the near future we
will be entering an experimental phase where these hypotheses will be tested further.

Hilmar Malmquist - M onitoring Biodiversity in Nordic Riversand L akes

In 1996 the Working Group on Monitoring and Data (NMD), under the Nordic Ministers
Council, asked for a joint Nordic projed focusing an recommendations for biologica
monitoring in Nordic rivers and lakes. The result of this projed is now in the form of a fina
draft, ,, Biological Monitoring in Nordic rivers and lakes. (Skriver, J. ed.)*, to be published
this yea (2000) in the Nordic report-series , TemaNord“. The purpose of the project has
been firstly, as dated in thereport, ,,to deveop strategies for biological monitoring expressed
as general emlogical quality, biodiversity, threatened spedes etc. and secondly, to give an
input at the Nordic as well as the European level to comnon operational methods of
sampling, data treatment and analysis by using a multivariate approach as well as an
earegion approach. The aim has not been to prepare and design one Nordic monitoring
programme for ecological quality in rivers and lakes, but to reat genera agreament on
common approaches and methods which will make eisting and future monitoring activities
in the Nordic cuntries comparable. Standardised methods for instance will enhance inter-
and intra-country comparisons. Finaly the projed will identify the needs for further research
and development at a Nordic and at a European leve.

B. DISCUSSIONS

Two breakout groups discussed monitoring of the freshwater environment®. The groups
main abservations and conclusions are summarised bel ow.

Why Monitor Arctic L akes?

Arctic lake eosystems are wmmonly dosed systems. They can be onsidered as archives
acaumulating and storing historic as well as current information of environmental changes
occurring in the surrounding landscape & wel as from nore distant sources at lower
latitudes. Sediment core profil es provide indicators of paleoclimatic episodes. Beause of the
extreme sengitivity of many spedes of the current flora and fauna their responses to eg.
cdimate danges may be dealy observed, espedally when spedfic key indicators with a
narrow temperature range ae monitored and studied in detail .

What to Monitor on a Circumpolar Basis?
The freshwater group identified 2 key  ements:

« Arctic char, as a drcumpolar and highly temperature sensitive freshwater fish. Its
social, cultural, economic, ewlogical, and sdentific significance is well documented.
The Arctic char may be used as an indicaor of a temperature change on both the
spedes andalldic digtribution leve.

«  Freshwater lake eosystems as auch, as they refled an integrated response to various
types of environmentd stress induding acidification, increased nutrition loading,
pollution, introductions of new spedes, dimate dange dc.

5M oderators and Rapparteurs: Johan Hammer, Jarle |. Holten, Gunrer Steinn Jonsson and Aevar Petersen
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Approach

The breakout groups discussed freshwater monitoring in some detail and dserved that
monitoring should be arried out at three leves. intensive sdedive sites (few sites, many
observations); extensive sites (many sites, few observations); remote sensing.

Intensiveleve (Tier 1):

Monitoring should be arried out at an emsystem leve including various functional dements
at community, spedes, and geneleve inthe
- Pdagic habitat: Current composition of zooplankton, and phytoplankton, including
algae pigmentation.
- Littoral zone: Current composition d chironomids and macrophytes.
- Sediments: Diatom and chironomid profil es.
- Fish: Arctic dhar; population structure and intra-spedfic variation at a protein locus
documented to be associated with temperature (EST-2* 1ocus).

Extensive levd (Tier 2):

The group identified 4-indicaor spedes/genera:
- Oldsguaw duck (Clangula hyemalis) indicative of fish-empty lakes
- Loons (Gaviaspp.) indcative of lakes with fish
- Arctic char (Salvdinus alpinus sp. complex)
- Lepidurus arcticus (Notostraca), narrow temperature range

Speda attention should aso be paid to invading rew spedes, especialy at spedes
distribution borders

Remote sensing (Tier 3):
- Changes in terestria vegetation as early warning for changes in the aguatic
ewsystems
0 Sediment quality/quantity?
0 Nutrient loading, DOC, DON?
- Some sensors may reach down to 10 meters. Actual variables to be measured by
remote sensing may include
0 lce @ver duration
o0 Chlorophyll — phytoplankton
0 Maaophyte phenoogy

Where to M onitor?
The groups made the foll owing doservations on site seledion principles and aganisation:;

« Integration and co-location o aquatic and terestrial monitoring programme. Sded
landscapes including the dements of lakes, rivers and a dosdy interacting terrestria
environment.  Stratify sample sites  (intensive and extensive) by parent
material/bedrock/geology — as key factors aff eding response

« Link to existing monitoring programmes, e.g.
- ITEX (International Tundra Experiment)
- NORLAKE (Nordic Lake Survey)
- Biologica Monitoringin Nordic Rivers and Lakes

« Link to existing long-term assesgment programmes, e.g.
- Counting fence operations by DFO in Canada.
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« Link to exigting programs of assssment and sustainable use of fishery resources by
indigenous people in Alaska, Canada, Sweden €tc.

Concluding Remarks

Most countries do rot yet have &isting monitoring schemes for freshwater habitats, but may
list a number of assesament programs.

The Arctic countries are not yet ready to produce a fully-fledged monitoring program for
freshwater key dements. There is a nead to improve our understanding o how already
ongoing monitoring retworks address the isaue of recording evidence of a climate change

Both groups focused on lakes, while rivers, estuaries and lagoons were only briefly discussed.
Large rivers are pemanent habitat to numerous organisms, and present means of
transportation of both organisms and matter. Lagoons form transitional emsystems between
marine and limnic ecosystems, commonly demonstrating higher biodiversity than surrounding
habitats.

Two key dements and a series of indicators on community, species and gene levels being
sensitive to climate danges were identified and listed. Three levels of monitoring intensity
were suggested.

It is important to include monitoring of other biotic and abiotic dements adong with the
indicator spedes, in ader to understand the recorded response.

The concept of setting up a monitoring network and linking people of various origin and
disciplines together is highly appredated, although the group did not yet consider it feasible,
dueto lack of further guiddlines.
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VI. Module 4;: Marine Environment

A. PRESENTATIONS

The Marine Environment Module began by four introductory presentations;

Petter Fosaum - Marine Biodiversity in Relation to Climate and Water Masses

Marine biodiversity is phyletic diverse, however, there are much fewer known marine spedes
than terrestrial. Espedally in the Northern hemisphere there is a south-north gradient with
highest biodversity in the tropical aress. There is dso a depth dependent variation in
biodiversity with the highest biodiversity at intermediate depths. There is much higher benthic
than pelagic biodiversity. At soft bottom the biodiversity is dependent on particle-size, at hard
bottom the biodiversity is dependent on large structuring aganisms. The pdagic biodiversity
is dependent on key organisms.

Some benthic research is carried ou by the Universities of Oslo, Bergen, Trondhem and
Svalbard and some benthic investigations are aso carried aut by the oil industry. Scentists at
Aquaplan NIVA are moperating with Russan scientist regarding the benthic biodiversity in
the Barents Sea region and NIV A is monitoring the benthic biodiversity at fixed station along
the wast connected to the JAMP program (OSPAR).

In Norwegian waters physical parameters are monitored with regularity, on fixed stations,
along transects and with area coverage. Zooplankton is monitored with regularity aong four
sedions and with one area coverage in the whole Barents Sea each autumn. Several fish
spedes are monitored regularly with combined acoustic and trawl surveys. In these surveys
all boycott are identified and registered both from bottom and pdagic trawl catches. In the
future it would be better to monitor the marine biodiversity in restricted water masses than in
fixed sedion and stations along the wast.

David Irons- Seabird Monitoring in the Circumpolar Countries

Seabirds in Alaska ae monitored at 12 sites annually and another 16 sites every three years.
Murres (Common (Uria aalge) and Thick-billed (Uria lomvia) and Blad-legged Kittiwakes
(Rissa tridactyla) are monitored at most sites. Other spedes also monitored, but at fewer
sites. At the annual sites we mlled data on several reproductive parameters such as nesting
phenology, clutch size hatching sucoess fledging success and overall productivity. Data on
diets and survival are mlleded at a few sites. Population levels are determined every one to
threeyears at each site.  The objedive of this monitoring is to deted population changes and
to coll ed data that may help in determining the cuse of those changes.

CAFF, and the Circumpolar Seabird Working Group, have developed an International Murre
Consarvation Strategy and Action Plan. Part of the strategy was to bring together the existing
monitoring data that had been collected by the CAFF nations. Already the results $ow
promise as global patterns of changes in murre populations are becoming evident and appear
to be rdated to climate change. Preliminary results suggest that murre populations in areas of
warming have dedined and murres in areas of coding have increased in numbers. This
serves as an example of the value of joining the data from the CAFF nations to hdp
understand how and why popul ations fluctuate globally.

Norman W. Green - Benthic biodiversity monitoring in selected Norwegian
programmes.

Exampl e results from marine benthos investigations are presented. Spedes gructural patterns
are the basis for distinguishing spatial or temporal gradients. The ewironmental monitoring
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of petroleum activities on the Norwegian shelf reveal that biodiversity indices alone are not
enough to determine the extent of influences. Multivariate techniques are more sensitive. The
Coastal Monitoring Programme - Long term nonitoring o environmental quality in the
coastal regions of Norway — have no dear gradient or e&fect to relate changes to but
multi variate techniques have shown that for soft bottom stations aong the southern coast of
Norway there are distinct influences of location (east/west aspect) and sample depth.

Coastal Monitoring Programme for hard bottom benthos (0-30m depth) using multivariate
techniqgues has indicated influences of temperature danges (winter minimum).
Correspondence analyses such as Canonica (CCA) has been found to be auseful tool for
determining which external factors (or combination thereof) most influence spedes
groupings. Though these techniques may be more complicated they may be vauable to
determine “key” monitoring variables and provide a sensitive means of early warning. The
importance of harmonisation of programmes/data is dressed. There is dso considerable work
within the OSPAR, ICES and EEA that should be taken into acount when evaluating and
devel oping biodiversity-related programmes in the Arctic region.

Jorundur Svavarsson — BIOICE (Benthic Invertebrates of |celandic Waters).

One of the largest international scientific dforts in the North Atlantic and the Nordic Seas
(Greaeland, lcdand and Norwegian Seas) during this decale is the BIOICE (Benthic
Invertebrates of lcdandic Waters) projed. Starting already in 1991 (formally in 1992), the
BIOICE projed is a base-line study focusing on the distribution and abundance of benthic
invertebrates in lcdandic waters. Its objedives are to provide general information on the
benthos, alowing evaluation o patterns of species diversity, interactions between benthos
and fish, life habits of individual spedes, etc.

Though dealing with lcdandic marine benthic invertebrates, the projed is more than just a
local inventory. The waters around Icdand can be regarded as the boundary between the
Arctic and the North Atlantic Oceans. Much of the exchange of water between the Arctic and
the North Atlantic Ocean ocaurs in Icdandic waters and the fauna in this area ranges from
truly boreal forms to high-arctic species. Solid knowledge of the distribution and diversity of
benthic animals in this area is important for further understanding of the origin of the Arctic
fauna and Atlantic-Arctic interactions.

As a part of BIOICE, samples have been colleded in 13 cruises and sampling will continue at
least until the end of the yea 2002. To date 1118 samples have been taken with a variety of
sampling gea a 465 stations a depths between around 20 and 2500 metres. The samples are
sorted at the Sandgerdi Marine Centre, Sandgerdi, lcdand, and distributed to around 110
spedalists participating in the projed, located in 20 countries.

The BIOICE projed has drealy increased considerably the knowledge of distribution of
benthic invertebrates in an area where the Arctic meds the North Atlantic Ocean. These
studies have shown that most of the species in Icdandic waters are restricted to ether the
Nordic Seas or to the North Atlantic Ocean. The results obtained from the BIOICE projed are
fully comparable to results obtained from other studies in the Arctic and adjacent waters
(BIOFAR and aher studies) due to the same methodology being used.

B. DISCUSSIONS

One breakout group® discussed monitoring gpportunities for the marine environment:

® Moderators/Rapparteurs: Kit Kovacs and Helgi Jenson
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Opportunities

The focus of this workshop is on the monitoring o biotic dements to deted change as a first
step towards the monitoring of circumpolar biodiversity, building on existing programs.
What existing programs should CAFF build ypon?

Marine Mammals:

The Polar Bear Agreement organises regular international workshaps, which produce
excdlent summaries of the status of polar bears on a drcumpolar scale.

The workshop supports the CAFF/AMAP Ringed Seal Monitoring Initiative that has been
proposed by the US.

Harbour sedls are ahighly temperature-sensitive spedes, which exist in the Arctic at the aldge
of their range. Therefore, their distribution is likely to be sensitive to climate change.

Seabirds

The Murre Monitoring Program, which has been developed by the CAFF Circumpolar
Seabird Working Group (CSWG) to implement provisions of the International Murre
Consarvation Strategy and Action Plan, is seen as a carefully planned program and a modd to
follow for other types of biota.

A monitoring program for eiders should be developed as a part of CAFF's Circumpolar Eider
Conservation Strategy.

The group reagnises the importance of monitoring assemblages of marine seabirds rather
than relying on singe-spedes databases wherever posdble, espedally where those species
occupy different parts of the food web. This approach may provide information about broader
marine eosystem responses to change.

Marine Fish

The group recognises that commercia fish stocks and bycatch are monitored closdy be
respedive governments, and that this information could be part of a biodiversity monitoring

program.

However, important Arctic species such as polar cod and sand lance are not monitored. They
neverthe essremain key species in the food web, and the posshbility of monitoring them in the
future should be @nsidered.

Benthos

A number of studies of soft- and hard-bottom benthic communities have been dae in the
boreal Arctic. Only a few of these are long-term studies. As an example, the group reagnises
the value of international projeds duch as the BIOICE projed.

The workshop encourages creation d a communication retwork among scientists gudying
soft- and hard- bottom benthic communities © that, through international workshops, they
can explore the potential offered by benthos as a monitoring tool, and develop standard
methods for benthic community measurement and assesgment.

In this regard, the workshop requests CAFF/AMAP participants to scope out the eistence of
benthic (soft and rocky bottom) studies via a nework, and determine what international
bodies are relevant to their work.
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VIl . Module 5: General Conclusions and Recommendations
A. WORKSHOP CONCLUSIONS

Approach and Main Initial Focus of Work

The workshop noted that the biodiversity concept is extremely broad and complex and that
the design and implementation of a fully-fledged Circumpolar Biodiversity Monitoring
Program might be a too ambitious task, at the present time, for providing any practical results.
Hence the initid focus should be on making use of existing programs and scientific interests,
through a networking strategy focusing onfew key e ements of the Arctic biota.

While onsiderable uncetainty still exists about the exact nature of the future impacts of
global climate dange there @n no longer be aty doubt that major changes in the dimate
have occurred in reant decales in the Arctic, with visible and measurable impacts following
the dimate dhanges. Greater impacts are likdy in the future and while some of them will be
positive, others will be detrimental to biodiversity and to human activities. The nead for
documentation of change in biologicd dements and assessment of both biological and socio-
emnomic impads is growing, and monitoring of biodiversity is one of the tods that must be
developed in a circumpolar context. Hence the workshop agreed that biological impacts of
climate dange shauld be the main initial focus of work towards establishing a circumpolar
monitoring program.

Networking and Community Involvement

The workshop reagnises the potential benefits of community observations in contributing to
the understanding of change in hebitats and ewsystems. There are dear efficiendes and
advantages to having people who live on the land participating in the monitoring process
Similarly, indigenous and local knowledge @n provide insights and doservations that may be
difficult to dotain by other means. The workshop therefore, encourages further work on
ensuring incorporation d indigenous and local people in monitoring programs.

The workshop reamgnises the importance of networking, i.e. the @ming together of or
communication among experts to provide solutions to biodiversity issues, and encourages
networking as fundamental to the succesful synergy and development of a biodiversity
monitoring program. Such networks are also a @st effedive way to explore the “nead” for
and o “interest” in multil ateral coll aboration.

Remote Sensing

The workshop reagnises the importance of remote sensing in habitat mapping and its
potential importance as a useful tool in monitoring cetain aspeds of terrestrial, freshwater,
and marine habitats. Issues of the limitation of current technology, such as resolution, are also
recognised.
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Further Work and the Way Ahead.

The workshop agreed to focus initialy on creding vduntary networks of experts dealing with
the foll owing key spedes/dements:

Media/environment | Spedes/program Co-ordinator/netmaster
Terrestrial Reindeea/caibou Don Russl| russell @ecgce.ca
ITEX Ingibjorg S. Jonsddttir i§ @systhbot.gu.se
Geese To ke identified
Waders Hans Meltofte/Ellen MEL@dmu.dk
Pierce
Wetlands To ke identified
Freshwater Arctic char Johan Hammar johan.hammar@
fiskeriverket.se
Marine Ringed sed Kit Kovacs kit.kovacs@npolar.no
Polar bea To ke identified
Murre David Irons david_irons@fws.gov

The mandate of the networks is initially to explore the “need” for and “interest” in a
circumpolar collaboration in rdation to the wider Framework for a Circumpolar Biodiversity
Monitoring Network. The Drafting Team will devdop formal Terms of References for the
networks and identify a few initial questions for them to explore. The @-ordinators should
report progressto CAFF VI in fall 2000 (Trondheim, September 6-8).

It was pointed ou that use of the CAFF/AMAP websites would facilitate the flow of
information and should therefore be an important part of the networks.

The workshop emphasised that athough only a few spedes/items were sdeded and
prioritised as a starting point, the importance of induding dhe spedes/trophies in the
programme shoud nat be forgotten or overlooked. Therefore the spedes/item chosen for the
different media have to be looked at in connedion with the reports from the different sessons
(terrestrial, freshwater and marine) with the view to expand when such becmes feasible or
necessary.

The “single topic” approach adopted as a practical way of initiating the work on building a
circumpolar biodiversity monitoring program should not overlook the importance of spedes
interactions or connedions between different media. An example is the influence of land use
on freshwater 1ake systems and the processss in estuaries.

B. WORKSHOP RECOMMENDATIONS

1. The workshop remmmends a pragmatic approach to establishing a Circumpolar
Biodiversity Monitoring Program, i.e. through the initial credion of voluntary expert
networks for reindee/caribou, ITEX, Arctic char, waders, ringed seals and seabirds.

2. The workshop recommends that networks be also established for geese, wetlands and
polar beas, once mardinators have been identified, and that CAFF/AMAP explore the
feasibility of induding also Arctic fox, rodents and pas<erine birds.

3. The workshop recommends that proteded areas be included in a circumpolar monitoring

program and that CAFF harmonises on a circumpolar level and implements monitoring
provisions of the CPAN Strategy and Action Plan.
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10.

The workshop recommends that community networks/volunteg programs be established
for phenological observations of ground vegeation migratory birds, snow cover and sea
ice danges, and aher smple indicators for change.

The workshop recommends that CAFF/AMAP work to establish a drafting committee on
the incorporation of local and indigenous people in community based monitoring
programs based inter alia onlocd and indigenous knowledge

The workshop recommends that CAFF/AMAP consider the monitoring of harbour seals
inrdation to climate dhange.

The workshop recommends that CAFF implement an eider monitoring initiative as son
as possble.

The workshop requests CAFF/AMAP to scope out the eistence of benthic (soft and
rocky bottom) studies via angwork, and determine what international bodies are rd evant
to their work.

The workshop recommends that CAFF/AMAP organise more topic-related meetings and
workshaps in order to increase the knowledge of what is currently being done
consoli date information onwhat monitoring studies are on-going, and where to change or
add to existing programs.

The workshop recommends CAFF/AMAP to help fund and revitalise rdlevant existing
regional and drcumpolar programs (e.g. ITEX) holding long term datasets. CAFF/AMAP
should more arefully “scope’ such programs assst with their i mplementation.

The workshop encourages IASC to develop methodology and research dreded at
circumpolar monitoring o genetic diversity.
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Appendix 1
CAFF/AMAP Workshop on a Circumpolar Biodiversity Monitoring Program

Revised Agenda

Sunday 6 February
Arrival at Hotel Loftleidir, registration

Evening — informal get-together

Monday 7 February
09:00-12:00, SESSION I: INTRODUCTORY PRESENTATIONS (15 min each)

1. Welcoming Address — Ingimar Sigurdsson, Ministry for the Environment, Iceland

2. Biological monitoring — Work under Pan-European Biodiversity and Landscape
Strategy — Ulla Pinborg

3. Remote sensing — possibilities and opportunities for biodiversity monitoring - Brad
Griffith, USA.

4. Community networks and indigenous knowledge: possibilities and opportunities
for biodiversity monitoring - Struan Simpson

5. Implementation of an Integrated Monitoring Program for Svalbard and Jan Mayen
- Christopher Brodersen, Norway

6. CAFF/AMAP climate change and biodiversity — Bill Heal, UK.

7. Framework for a Circumpolar Biodiversity Monitoring Network: work of drafting
committee - Kevin McCormick, Canada.

13:30 — 17:00, SESSION Il: MONITORING TERRESTRIAL BIODIVERSITY (Moderators:
Kevin McCormick and Snorri Baldursson)

» Short introductions (10 min presentations)

* Inga Svala Jonsdottir — ITEX and Tundra Northwest 1999
* Don Russell — Caribou

» Steve Talbot and Skip Walker— CAVM/Pan Arctic Flora

* Discussions:
- 2-3 key species/communities
- biological methods, remote sensing, TEK
- opportunities (ongoing programs)
- recommendations/conclusions and next steps

Tuesday, 8 February

09-12:00, SESSION Ill: MONITORING FRESHWATER BIODIVERSITY (Johan Hammar and
Gunnar Steinn Jonsson)
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* Short introductions

» Erik Jeppesen — NORLAKE

* Arni Einarsson — Lake Myvatn

* Hilmar Malmquist — Monitoring Biodiversity in Nordic Rivers and Lakes

+ Discussions:
- 2-3 key species/communities
- biological methods, remote sensing, TEK
- opportunities (ongoing programs)
- recommendations/conclusions and next steps

13:30 — 17:00, SESSION IV: MONITORING MARINE BIODIVERSITY (Kit Kovacs and
Helgi Jensson)

* Short Introductions (10 min):

» Petter Fossum — Marine Biodiversity in Relation to Climate and Water Masses

* David Irons — Seabird Monitoring

* Norman Green - Benthic biodiversity Monitoring in Selected Norwegian
Programmes

* Jorundur Svavarsson - BIOICE

* Discussions:
- 2-3 key species/communities
- biological methods, remote sensing, TEK
- opportunities (ongoing programs)
- recommendations/conclusions and next steps

Evening: Official Dinner at Naustid, A bus will leave Hotel Loftleidir at 19:30.
Wednesday, 9 February

09:00-12:00: SESSION V: SYNTHESIS (Moderators from sessions 1I-1V) and
Workshop Close
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Ulla Pinborg, Projed manager for Biodiversity
The European Environment Agency

Biological monitoring — current approach by the EEA

The European Environment Agency (EEA) misson isto deliver timely, targeted, relevant
and reliable information to pdicy-makers and to the public for the development of sound
environmental policiesin the European Union and other EEA member countries.

EEA does not perform data olledion and monitoring, but relies completely on data and
information alrealy colleded in national or international monitoring adivities as well as
on statistics and reports produced by the wide range of environmental institutions. EEA
uses thisinformation as the necessary badkground for performing more and more
integrated analyses and reports. In doing so, EEA works closely with the European
Commisson and ather Community institutions as well as with member countries. The
reports dall be used to understand what happens to the environment and whether the
politicd instruments are dfedive in improving the environment.

The working framework for colleding data, for analysis and reporting is cdled the
DP3R-chain ; from understanding the socio-emnomic Driving forces and the Presaures
on the environment caused by these to asessng the Status and Impad on the
environment to the dfedivenessof paliticd and societal Responses adopted and used.
This entail s accessto a wide range of data and information on the main topics such as
water, air, land use, soil, waste and naturally also on biodiversity. In al work it is
necessary to use an approac which istargeted towards those environmental issues,
which are most basic and need most attention. These issues change over time and thusthe
priorities of work have to be adjusted acordingly over time.

As EEA isdependent on data olleded by member countries and ather bodes, it is
equally dependent on the acces quadlity, reliability and coverage in topic, space ad time
of those data. Sincethe analyses and the reports are to be used to suppat deasions and
policies at Community level and to assst member countries, data must be comparable
and harmonized and must also be of a charader which allow integrated assesgnents.

In using information to consider policy deasions, deasion makers cannot ded with the
overwhelming amounts of datain existence The data needsto be analysed and given
meaningful interpretations in such away that the resulting data will function asindicaors
of the main problems and their causes and diredions.
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EEA asauser of datahasabasic interest in how data ae being colleded and in
ascertaining the cverage of data. In some fields thereisalong history for preasely
defined data wlledion based on equally well defined monitoring. Thisisthe cae for
some of the international environmental conventions and EU diredives and concerns for
instance dimate, air conditions, forest and to some extent also water conditions. For
biodiversity the cae is different.

The term biodiversity asit is defined under the global Convention for Biologicd diversity
(CBD) isavery broad and variegated term, encompassng both wildlife and damesticaed
organisms as well as natural and cultivated habitats and genes. Indicators for biodiversity
as such need to be developed with careful consideration asto level and component
elements as well to representativity. The higher and more general the aggregation, the
lower the information content and dired applicaion on individual cases. The higher the
detail, the lower the wide usefulness From the dements and processes monitored thereis
adired line to which indicaors can in the end be developed. The discussons on
indicators and monitoring are interlinked.

At the global and European level, severd ingtitutions are developing and producing
indicaors and datafor indicaors, OECD, Eurostat, EEA. In January 2000the
biodiversity indicaorsto be suggested used under the CBD were discussd at the
SBSTTA medingin Montred. These naturally will have to be seen in the light of other
alreay existing initiatives and a thorough coordination will be necessary in the next few
yedas.

There ae many other indicator initiatives for biodiversity. Nealy al European countries
are developing their own official indicator concepts and data olledions, and they base
much data on spedes and habitats on data olledion on field monitoring schemes, done
by national authorities or performed by NGOs or scientists. But there ae dso awide
range of other initiatives deding with both monitoring and indicaor development, which
are central to aspeds of biodiversity diredly or indiredly.

At thisworkshop we will be presented with information on several such initiatives. In
January EEA held a small workshop an Biodiversity Monitoring, involving some of the
large site based environmental monitoring systems. In Decanber of last yea aworkshop
was held in Stockholm on cost effedive indicators for biodiversity, looking at the same
time into what should be monitoried to oltain the data. And the projed NoLimits has
spent much time investigating monitoring adivities in more general.

When EEA looks into adivities in monitoring and indicator development, the am is not
scientific analysis, but asindicaed above apragmatic goproacd in order to identify and if
possble seaure accssto information targeted at suppating dedsion making and in doing
S0 to avoid overlaps, but asgsting initiatives in coming closer to ead other, benefiting
from collaboration.

The EEA work in the next yeasisforeseen to consist of steps on paralel, interlinked
traks:
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Reporting obigations
Overview of reporting obligations for EU Member States and the Community

The STAR and ROD Databases (biodiversity part)

Indicators

Follow up and assstanceto the Commisgon on indicaors for CBD. Which data
sets exist, how are they colleded, are they available and how can they be analysed
for indicators

Assstanceon the EU Healline indicaors

Assstanceto Joint Questionnaire OECD/Eurostat (wildlife, agriculture, forestry,
land use, landscgpe dc)

Asgstanceto Joint Questionnaire FAO/Eurostat (forests)

Development of EEA Environmenta Signal indicaor based report

Development of EEA broad integrated reports, based on indicators

Monitoring overview, discussion and assistance to coordination

Identificaion and asgstanceto development of monitoring for implementation
and management under the EU Diredives for Birds and for Flora, Fauna and
Habitats (coll aboration with the Commisson and Member States)

Genera badkground monitoring (CBD and diredive relevant, general status and
trend relevant)

Possbili ties for coordination and development between large monitoring
networks (NatureNet thinking)

Accessto information

Development of accessto the EUNIS database
Development for the Commisson of the European Community Cleaing House
Medhanism for Biodiversity (EC CHM). To be launched April 2000

In the spring 2000a report will be published by EEA on the findings and analysis from
the January workshop an Biodiversity Monitoring and ealy 2001areport on Europe's
Biodiversity will be published. For thisreport an overview of monitoring initiatives and
programmes is foreseen.
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Indicators

* Follow up and asgstanceto the Commisgon on
indicatorsfor CBD. Which data sets exist, how are
they colleaed, are they avail able and how can they
be analysed for indicators

» Asgstanceon the EU Headlineindicators

» Asgstanceto Joint Questionnaire OECD/Eur ostat
(wildlife, agriculture, forestry, land use, landscape
etc)

» Asgstanceto Joint Questionnaire FAO/Eurostat
(forests)

* Development of EEA Environmental Signal
indicator based report

« Development of EEA broad integrated reports,
based on indicators
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Monitoring overview, discusson and @sstanceto
coordination

 |dentification and asgstanceto development of
monitoring for implementation and management
under the EU Directivesfor Birdsand for Flora,
Fauna and Habitats (collabor ation with the
Commisson and M ember States)

» General background monitoring (CBD and
directive redlevant, general status and trend
relevant)

» Posshilitiesfor coordination and development
between lar ge monitoring networ ks (NatureNet
thinking)

Accessto information

* Development of accessto the EUNIS database

* Development for the Commisson of the European
Community Clearing House M echanism for
Biodiversity (EC CHM). To belaunched April
2000
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Circumpolar Biodiversity Monitoring Programme

Monitoring Biodiversity and Changein the Russan Arctic

Possibilities and opportunitiesfor biodiversity monitoring using community
networ ks and indigenous knowledge

Presentation to CAFF Workshop, 7-9 February 2000
by Struan Simpson, Conservation Foundation, London

1. Introduction

Inter-governmenta concern for the status of indigenous peoplesis recognised in
Agenda 21 and incorporated in the terms of the Arctic Environmental Protection
Strategy (AEPS).

A circumpolar environmental monitoring scheme envisaged by CAFF/AMAP
acknowledges the potential value of traditional ecological knowledge (TEK) and local
expertise to combat pollution, conserve biodiversity and monitor climate dange.

Concurrently, UNEP-Grid Arendal refersto aNordic programme for capacity
building & participation of Russa's indigenous peoples in sustainable development of
the Arctic, highlighting the need for funding which can co-ordinate mmplementary
programmes and encourage complementary initiatives.

CAFF is considering a three-layered approach to monitoring, i.e.:

1. Conventional biological plot-based approad;
2. Remote sensing;
3. Community-based initiatives (TEK) on a drcumpolar scale

RAIPON (Russian Association d Indigenous Peoples of the North)
represents Russian indigenous minorities, estimated at 210,000 people,
67,000 d whom comprise goproximately 3.35% of the two million
inhabitants of Arctic Russa.

RAIPON has made an overall assessnent of common problems relating to
environment and natural resources. In March 1999, it determined the following order
of priority for project development:

Networking

Communications

Environmental Impact Assessments (EIA)

Legal Regime

Regiona Environmental Information

Small BusinessDevelopment

Enhanci ng the apacity of the RAIPON network to conduct EIA could be of
consderable added value to Rusgan biodiversity endeavors, to the work of

ok wdE
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CAFF/AMAP and relevant institutions among the international scientific community.

A partnership is envisaged between RAIPON, the Conservation Foundation's London
Initiative on the Russan Environment (LIRE) and the World Conservation
Monitoring Centre (WCMC, Cambridge), expanding on the excdlent relationships
that already exist between RAIPON and the Arctic scientific community.

Funding, inevitably, is required and it is proposed to apply to a number of agencies
for support in asssting RAIPON explore the potential of the indigenous peoples
whom it represents, to influence the management of biodiversity conservation,
pollution prevention and control, environmental health and livelihood alternatives.

2. Approach

The project’s objedive isto assst the integration of indigenous knowledge of
biodiversity and changing landscgpe into policymaking and managing environmental
and hedth issuesin the Russan Arctic.

Indigenous peoples probably would best be left to their own devices were it not for
the life stressesimposed uponthem by natural resource exploitation, pollution and
changing patterns of land tenure, as well as the pressures upon them to integrate with
Russgan society.

But at the same time, scientists need data to measure and interpret the impact of these
and other factors on fragile Arctic ecosystems (in which landscapes have been
traditionally managed in order to sustain ecological balance and support livelihood
activities). Indigenous peoples need information that will define and re-enforce their
status and reedsin achanging and urcertain seaular environment.

Distribution of Minority Ethnic Groupsin the Rusgan Arctic

Russan Arctic Okrug/Region Predominant All groups
Ethnic Groups | as% of total
pop.
East Siberian Highlands Chukotka AO Eastern | Chukchi 9.75
Sakha
Central Siberian Plateau Sakha Republic Even & Evenk 5.98
West Siberian Lowland Taimyr AO Dolgan 15.64
Y amalo-Nenets AO Nenets 6.08
Khanty
Ural Mountains Nenets AO Nenets 12.00
East European Plain Murmansk Oblast Saani 0.16
ALL 3.36

AO=Autonomous Okrug

Thetotal population of indigenous peoplesis approximately 210,000, dispersed aaoss
an area of about 7.0m. km? (more than twice the areaof India). This representing
about 40 percent of Russan territory, in five republics, ten administrative areas
(oblast) and eight autonamous regions (okrug).
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The entire population of this area, native, settlers and others (around 20m. people)
has a density of 0.28 people per km2. India, by contrast (but typicd of tropical Asia
and indeed some African countries) has a population density upwards of 175 people
per kn?. Population distribution in Siberia, outside the urban townships, can thus be
said to be sparse.

Population density clearly is one of important factors in designing approach and
method, espeaally in the distinctions between settled and nomadic groups.

However, whatever methods may be alopted, an approac to indigenous peoples has
to be based upon the principles of partnership and equity. While the scientific
community is driven by the imperative for valid, objedive data, subs stence peoples
are oncerned more with subjedive matters and how these might aff ect their daily
lives.

Thus, method hasto be designed in such away asto yield information of value to all
participants, to the scientists and to the people who would be reauited for fieldwork.
This suggests an alignment of natural and social sciences, whatever the focus of study
might be.

Some of the factors that need to be taken into consideration in determining approach,
method and desired outcomes are & follows:

Socio-economic:

» Disruption of indigenous livestock econamy (reindeer herding, hurting,
fishing)

» Adjustmentsto changesin land tenure (from coll ectivisation to private
ownership)

» Lossof livelihood, high morbidity and mortality, eroson o social and
family structure

» Ladk of indigenous influence in local bureaucracies and administrations

* Lad of a mherent state policy towards these regions. (Taking land use
and resource management as central arenas of negatiation between
indigenous peoples and government, there is a complex web of separate
and conflicting state agencies whose legal statusis uncertain. Moreover,
conflicting interest groups include various factions among indigenous
people themselves).

Ecological:

» Air, land and water pollution by industry and the military. Of all global
biomes, the Arctic is the most aff ected, according to al global circulation
models (GCM)

» Contamination of the food web (by heary metals, POPs and radioactivity)
vianational and trans-nationa pathways (atmospheric, riverine and
marine)

» Lossof biodiversity (species reduction from habitat degradation, pollution
and disturbance).
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It iswidely accepted that indigenous peoples’ relationship with their environment is
unique, productive and basicdly sustainable. Y et thereis considerable bureaucratic
reluctance to admit of the value of their ecological knowledge and opposition to
demands for native self-government, their aspirations for land ownership and
community life.

There is however, agrowing public gpreciation d indigenous survival and
subsistence skills, in keeguing the environment freeof pollution, and in upholding
traditional spiritual and family values (Krupnik, 1996).

Specific objectives are therefore to:

» Equip theindigenous peoples of the Arctic with the practical tools and
mechanisms (skills) which can integrate their knowledge within environmental
monitoring and reporting and reporting systems,

» Enabletrained indigenous individuas to become multipliers of these skillsin their
own communities,

» Create astructure of mutually beneficial cooperation between indigenous
communities, the scientific community, NGOs and relevant regional and Federal
governmental institutions of the Arctic Council countries in programmes designed
to protect the environment.

3. Method

Adopted methodologies not only need to be suitable to the scientific purpose, but also
matched to the skill s, commitment and expedations of the participants. These
methodologies must be simple enough to be used by everybody and be efficiently
applied to cover critica aspects of biodiversity that are valid within scientific
programmes (e.g., CAFF and AMAP). Moreover, the output must provide ather
tangible benefits or at least be percaved as leading to amelioration o some of the
negative aspects of people'slives.

Changes in the human environment (socid, political, ideologica, demographic and
economic) are taking place much faster than climate change (Vitebsky, 1996), and it
is of course these changes that are more goparent and more worrying to the people
experiencing them.

AMAP citesthe rights of Arctic residentsto good information about their
environment at the same time recognising that they also have knowledge that can
assg in an overall understanding of environmental damage. By these tokens, the
methodol ogies adopted by this projed should amagamate the dforts of both socia
and natura scientists.

In principle therefore, it is s1ggested that the mechanics of community mapping are
developed as the basic monitoring method in the Rusgan Arctic, both for nomadic
and non-nomadic groups.

The method has ®vera advantages and hes been used in anumber of developing
countries as a prelude to devising resource management strategies. Community
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mapping alows communities to be both the originators and owners of their vita
(ecologicd) knowledge, which furnishes them with an empowerment tool in both
scientific and political circles.

Eseentially, community groups would devise their own maps to plot ealogical,
biologicd and sociologically significant charaderistics of the landscapesin which
they function, which would be subject to scientific validation.

It is proposed therefore:

* Though discussons between RAIPON and LIRE/WCMC in May 2000, to
establi sh the protocols for integrating the knowledge of Russan indigenous
communitiesin biodiversity monitoring;

» Determine which scientific and civil society organisations are working in these
areas, and which aspects of their programmes would be mutually complementary
to this project and haw they could re-enforce other initiatives on bodiversity
monitoring;

» At aworkshop planned for September/October 2000, decide gproach and design
methodologies,

« At alater workshop/seminar, possbly Spring 2001, establish a programmeto train
indigenous people to train indigenous communitiesin monitoring and reporting
ontheir environment as a aitical input to presently established Arctic initiatives
(Circumpolar Biodiversity Monitoring Programme);

» Agreaments neel to be reached on the regions and sites that shoud be involved
the first stages of the projed;

e Particular attention will be paid to the mechanics of developing community
networks and how best these can be managed;

» Also the manner in which information and data should be colleded, as“ground
truth” for digitising in remote sensing and GIS.

4. Training Workshops

Two workshopsin Russawould seek to assessthe potentia for utilisng indigenous
peoples skills and experience in order better to manage environmenta change and
reach consensus on a ammmon set of monitoring targets throughout the Arctic, based
upon community mapping principles. The first workshop would aim to construct a
template for the Russian Arctic focusing on specific sites, as the basis for formulating
a'training the trainers approach in the organisation of environmental monitoring, and
covering five major areas.

* Anintroductionto Arctic biodiversity: the charaderistic features of
biodiversity on a drcumpolar scale, addressing phenology of climate
change, pollution and biodiversty in general. Topicsto be vered shoud
include how to construct a greening index, based, for example, on larch
trees, dwarf birch or first flowering of Catha spp. Lichen can be recruited
for measuring air pollution and radiation, and selected fish spp. for the
state of freshwater systems. Selected bird spp., among others, could serve
to monitor biodiversity in managed and urmanaged aress;

» Review monitoring schemes currently used by indigenous peoples and
local communities throughout the Arctic;

* Explore a ommon basic strategy and methodologies for monitoring
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biodiversity in the Russan Arctic, focusing upon community mapping
tedhniques;

* Devise a ommon database structure suitable for scientific analysis and to
enable information sharing and communication ketween indigenous
groups;

» Define and expand locd needs for supplementary data on, for example,
environmental hedth topics.

Priority areasfor indigenousinvolvement in biodiversity monitoring, suggesting
some key elements of community mapping

MAMM ALS THREATS REMARKS

Rare & vulnerable Over hurting Politically sensitive
marine

Terrestria Over hurting

BIRDS

Econamic As migrant Changes in food source
INSECTS

Attradive/keystone | Habitat loss local

spedes pollution

HIGHER PLANTS

Rare species Land use management

Exotic species

Terrestria vegetation

Agquatic flora

Analysis and discussion of the factorslisted in these two tables $ould take account of
settlement characteristics, traditional cultures and ingtitutions, gender issues, health
care and disease vedors, education, employment and commerce, water management,
pollution, regulatory frameworks and inter-community relationships.

We ae seeking to develop methods which can monitor change and set the priorities
for in-puts and interventions in biodiversity management and for the desired
improvement of the social status of indigenous peoples.

Priority areasfor environmental health monitoring

DIET Resource Trophic level

Hunting

Fishing

Cultivation

Gathering

Imported foods

RENEWABLE
RESOURCES
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NON-RENEWABLE
RESOURCES

WATER QUALITY

SANITATION

MEDICINAL PLANTS

5. Outputsfrom September 2000 wor kshop

Expected results:
Priorities for biodiversty, environment and hedth monitoring according to the
knowledge and perceptions of indigenous peoples community groups.
An agendafor afollow-up workshop(s) to train the trainers.
Long-term commitment of indigenous communities to biodiversity, environmental
and hedth monitoring.
Closer co-operation ketween scientific community, local and federal
administrations, and indigenous peoples, each learning to understand and work
with the other.
A method is siggested which could permit indigenous people to own their data
and apply them to pditica and/or scientific ends as appropriate to their needs.

Struan Simpson
Conservation Foundition
1 Kensington Gore
London SW7 2AR
T-+44 171 591 3111

F-+44 171 591 3110
Struan@agn.apc.org
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CAFF/AMAP Workshop
on
Circumpolar Biodiversity Monitoring Program.

February 7-9, 2000
Hétel Loftleidir, Reykjavik, Icdand.

Session |11. Monitoring Freshwater Biodiversity
»BIOLOGICAL MONITORING IN
NORDIC RIVERSAND LAKES."
By
Hilmar J. Malmquist
Natural History Museum of Kdpavogur
Digranesvegur 12, 200 Kapvogur, Icdand.
E-mail: Hilmar.Mamquist@kopavogu.is

Icelandic representant in the Nordic project:
Biological Monitoring in Nordic Rivers and Lakes.
Co-ordinator in the Icdandic project:

Ecological Survey of Icelandic lakes: A Standardised Database.
Participant in the Nordic projed:

NORLAKE.

In 1996 the Working Group on Monitoring and Data (NMD), under the Nordic
Ministers Council, asked for ajoint Nordic project focusing on recommendations for
biologica monitoring in Nordic rivers and lakes. The result of this project is now in
the form of afina draft, , Biological Monitoring in Nordic rivers and lakes. (Skriver,
J. ed.), to be published this year (2000) in the Nordic report-series,, TemaNord* .

The purpose of the projed has been firstly, as dated in the report, ,to devdop
strategies for biological monitoring expressed as general ecological quality,
biodiversity, threatened species etc.“ and secondy, to give an input at the Nordic as
well as the European level to common operational methods of sampling, data
treatment and analyss by using a multivariate approach as well as an eregion
approach.” The am has not been to prepare and design one Nordic monitoring
programme for ecological quality in rivers and lakes, but to reach genera agreement
on common approaches and methods which will make existing and future monitoring
activities in the Nordic ocountries comparable. Standardised methods for instance will
enhance inter- and intra-country comparisons. Finally the projea will identify the
needs for further research and development at a Nordic and at a European level.

There ae severa sensible and urgent arguments for a project of thiskind. The Nordic

countries have vast water resources and a tradition for monitoring environmental
condtions in freshwater. Impacts of acidificaon, eutrophicationa and physical

Appendix 3-15



alterations have been monitored in both national and inter-Nordic programs during the
last decales. Due to close ailtural relations, methodologicd approach is quite similar
among the Nordic countries. However, genera ecologica quality, biodiversity
included, has received limited attention urtili now. Generally, past monitoring
programs have dedt with single species or very few animals or populations, isolated
from the rest of the living and abiotic environment. Therefore, since changes in
populations may be due to a number of simultaneously occuring presaures, both
naturd and anthropogenic, cause-effect data ae missng, hence the tod for
management is also missng. This drawback cdls for a more ecologicaly oriented
biologicad monitoring in the future. There ae dso international obligations calling for
such an approach. The Convention of Biologica Diversity from Rio being a
prominent example. All the Nordic courtries have signed the CBD and hence they
have obligations to implement it. Similarly, the Nordic countries, as other nations
party to the European Union or the European Econamic Zone, must comply with EU-
directives relating to the freshwater environment, especially the Water Diredive.

In the report, major threats to the freshwater environment are identified and summary
given of ongoing monitoring programs at a national scae. It is recommended to focus
on three indicator groups, macrophytes, macroinvertbrates and fish. The latter two,
but not maaoinvertebrates, have snce long been monitored in the Nordic countries. It
is emphasised that future biologicd monitoring shoud be based upon existing
monitoring programs as much as possble. Also, to enhance explanatory power of the
data, monitoring of the threeindicator groups sould preferably be crried out at the
same site. The neal of collecting supplementary abiotic, environmental parametersis
stressed. Further, stratification at various levels are recommended in order both to
cover natural heterogeneity in freshwater ecosystems and to reduce counfoundng
effects of variability on the monitoring data. It is e.g. recommended to adopt the
ecoregion approad, developed by the Nordic countries.

Whithin each indicator group, several indicator species, sensitive for different
impads, are identified. In general, however, a wmmunity approac is favored in the
monitoring programs. Also, within eadh indicator group, recommendations for using
particular indicator metrics for assessng ecologicd qudity are put forth. These range
from single species and diversty indicies to more cmbined integrity metrics,
reflecting various bilogical functions and human impacts. In order to be operational,
indicaor metrics of eomlogicd quality shoud idedly be compared with an
undsturbed situation. The importance of identifying reference or pristine cnditionsis
addressed and suggestions put forth as how to establish them. Suggestions for
predictive modelling are presented in the report and so are recommendations on
sampling methods in detail for each indicator group.
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Power Point Presentations
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