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Preface

Preface

This is the first official Red List for Ecosystems and
Habitat Types to be published in Norway. Red Lists

are mainly forecasts of the risk that species will die

out or habitat types disappear from Norway. The
assessments on which these are based are founded on
scientific criteria. Unlike the situation for species, there
are no internationally agreed criteria for the red list-

ing of habitat types. However, several countries have
performed Red List assessments of habitat types based
on national methodology, and the International Union
for the Conservation of Nature and Natural Resources
(IUCN) is working on a set of internationally applicable
criteria for ecosystem red listing, which is expected to be
complete in 2012.

Important aspects of the task of preparing the Red
List for Ecosystems and Habitat Types have been to
develop methodology and to test the set of criteria.
Several scientific institutions in Norway have helped
to develop the scientific basis for the methodology on
which the Red List assessments are based.

There is no internationally accepted terminology for
habitat types that provides a starting point for their red
listing. In 2009, the Norwegian Biodiversity Information
Centre presented a new system for the classification and
description of ecological variation, called “Nature types
in Norway” (NiN). This offers a new way of dealing
with ecological variation and permits the

classification of all nature in Norway. NiN is therefore
also an important scientific basis for performing
assessments of habitat types in connection with this
Red List.

The work concerned with this Red List for
Ecosystems and Habitat Types has mainly taken place
from January 2010 up to the present. Work on the set
of criteria and the methodology took place prior to that,
at the same time as NiN 1.0 was being completed. The
development of the methodology and the set of criteria,
as well as the actual Red List assessments, have been
most demanding, and the task would have been
impossible to complete without the help of many
scientific institutions. Their keen involvement has
enabled the completion of this valuable pioneering
work within a relatively stringent schedule.

The Norwegian Biodiversity Information Centre is
sincerely grateful to the experts who have been involved
in the scientific assessments. It also wishes to thank the
scientific institutions employing them for their coopera-
tion in giving these experts the opportunity to help to
prepare this Red List. Especially profound thanks are
due to Professor Rune Halvorsen at the Natural History
Museum of the University of Oslo for his assistance as
a valued advisor throughout the process, and not least
for developing the methodology and working on the set
of criteria.
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This methodology will probably result in more
countries prepating national Red Lists for Ecosystems
and Habitat Types. There is also increasing focus on
ecosystems and ecosystem services, and this kind of
publication which shows ecosystems in decline and
under pressure will be an important contribution in this
field. The Red List also uncovers many gaps in
knowledge which will be vital to address in the years to
come. The Red List for Ecosystems and Habitat Types
has been prepared to act as a tool for the manage-
ment of habitat types and biodiversity. The Norwegian
Biodiversity Information Centre hopes that it will be a

valuable contribution in this respect and will also raise
public focus and understanding regarding the loss of
biodiversity.

The Red List for Ecosystems and Habitat Types is
not intended to be a static product, but like the Red
List for Species it will be revised at regular intervals.
New knowledge, international methodology and a new
version of NiN will form important starting points for
the next version of the Red List.

This is the official Norwegian Red List for
Ecosystems and Habitat Types until a new version is
published.

Trondheim 18. May 2011

Ivar Myklebust

Director

Norwegian Biodiversity Information Centre
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Summary

Summary

This is the first official Norwegian Red List for
Ecosystems and Habitat Types. Methodology for
choosing assessment units was developed as part of the
preparatory work for this Red List. This methodology is
based on “Nature types in Norway (NiN) 1.0”, a
classificatory and descriptive system prepared on behalf
of the Norwegian Biodiversity Information Centre
(Halvorsen et al. 2009a and b). The set of criteria for
risk assessment was mainly based on the IUCN set of
criteria for the assessment of species, but these were
modified to make them appropriate to specifically assess
the risk that habitat types will disappeat. The actual
assessment work was performed by a committee
composed of the foremost experts in this country on
habitat types related to the nine thematic divisions of
the Norwegian environment that were chosen for
consideration. The committee also helped to develop
the methodology during the assessment procedure.

The Red List assessments were performed in the
NiN type levels, “landscape element” and “ecological
system”, and embrace all Norwegian territory in the
Northern Hemisphere. When no explicit assessments
were performed, this was due to lack of knowledge
about the habitat types concerned and/or their
occurrence in Norway.

This Red List covers 80 habitat types, half of which
were regarded as being threatened today. These were
allocated as follows: 2 critically endangered (CR), 15
endangered (EN), 23 vulnerable (VU), 31 near
threatened (NT) and 9 data deficient (DD). No types of
habitat are considered to have disappeared from
Norway during the assessment period, which is the last
50 years.

Since the habitat types on the Red List are not a
selection of a given number of potential assessment
units, it is not possible to produce sample statistics, as in

the case of the Red List for species. The geographical
distribution shows that the red-listed types of habitat
are fairly evenly distributed over the counties, but there
is a tendency for fewer furthest north. Separate
assessments were performed for the High Arctic
terrestrial areas (Svalbard and neighbouring islands, and
Jan Mayen). There are far fewer red-listed habitat types
there than on the mainland. The same applies to the
Arctic Ocean compared with the other marine areas.
Reduction in state was the prime reason why habitat
types were red listed when the criteria were applied.

Reduction in surface area was the second most
important reason. The criteria, and associated threshold
values, were applied based on the real risk that a habitat
type can disappear if the negative impact factors
continue to the same degree. It takes more for a type of
habitat to disappear or completely change its state than
is the case for species. For instance, the opportunities
for dispersal and genetic exchange available to species
are irrelevant for habitat types.

Impacts on habitat types, whether as a reduction in
surface area or state, caused by former or present-day
human activities are by far the most important factors
when it comes to the risk that habitat types may
disappear. Land-use changes were the impact factor
cited as important for about half of the habitat types
that were red listed. The changes in land use that were
reported to affect the largest number of red-listed
habitat types were physical encroachments on land
(development), followed by agriculture and forestry.
Changes in land use are also the most important factor
in freshwater and marine environments. Two impact
factors are associated with agriculture; one is new
cultivation and ditching, and the other is that land ceases
to be used for farming or the kind of farming changes.
In the case of fresh water, the effects of watercoutse
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development, infilling and stream blocking have had the
greatest impact during the last 50 years. In the marine
environment, dredging and infilling, aquaculture and
bottom trawling are important impact factors. After
changes in land use, pollution, climate change and alien
species are the other significant impact factors. Before
future Red List assessments are performed, it is
important to improve our knowledge of the impact
human beings are having on habitat types. The work on
the Red List for Ecosystems and Habitat Types has
revealed many fields where knowledge is lacking. To
improve precision for future revisions of the Red List,
funding should be made available to improve our
knowledge in several fields. NiN is a new way of
handling knowledge on ecology and ecological diversity.
It offers far better opportunities to systematise and use
new knowledge. New knowledge will also help to
further develop NiN. This Red List has given many
valuable inputs and contributed to this.

Knowledge about the geographical distribution and
extent of the habitat types is essential for this type of
report. Much of what we know about habitat types in
Norway is fragmentary and has been acquired
unsystematically, resulting in many of the expert
assessments being based on judgement and indirect

Fjords as a type of ecosystem are
included in this Red List for Ecosystems
and Habitat Types based on changes

in their state during the last 50 years.
Negative impacts on Norwegian fjords as
ecosystems have been documented, but
we know too little about the extent of
these changes. Because of this uncertainty,
it has not been possible to determine to
which Red List category they should be
allocated, resulting in their placement in
the data deficient (DD) category. There is
therefore a need to compile this type of
knowledge on a national level to perform
a more precise assessment of this type
of ecosystem for future red listing, From
Hardangerfjord, Hordaland.

Photo: Arild Lindgaard.
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inference. In this work, the experts have used surface
area analyses and modelling, along with existing
knowledge on the occurrence of habitat types. There is
a great potential for further developing such methods.
There is also a great need for data sets on human impact
related to land use to improve the basis to undertake
assessments and monitor changes.

The thematic chapters mention specific deficiencies
in knowledge. These are particularly noticeable for the
marine environment and fresh water. The MAREANO
project, which is surveying the marine environment,
shows the opportunities that exist in targeted efforts to
acquire knowledge, and it has been a valuable basis for
the assessments in this Red List. Another area that may
be highlighted is the need for knowledge on semi-
natural habitat types, since these have been and still are
undergoing substantial reduction.

Revision of the Red List for Ecosystems and Habitat
Types will depend upon several factors, the most
important of which will be new and improved know-
ledge, internationally accepted criteria for red listing of
ecosystems, a new version of NilN (2.0) and better
knowledge about the effects of human impacts and
measures that are implemented.
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Introduction

Introduction

This is the first official Norwegian Red List for
Ecosystems and Habitat Types. It has been compiled by
the Norwegian Biodiversity Information Centre in
cooperation with several scientific institutions. The
compilation of Red Lists, both for species and habitats, is
part of the mandate received by the Norwegian
Biodiversity Information Centre from the Ministry of
Education and Research.

A Red List for ecosystems and habitat types is a
compilation of assessments of the risk that they will
disappear from the area covered by the Red List, or will at
least lose their function there. This Red List covers the
mainland of Norway and adjacent waters, and there is a
separate assessment for Svalbard and Jan Mayen.

The Red List is primarily compiled as an aid to achieve
knowledge-based management of biological diversity, and
also to disseminate knowledge about, for example,
threatened environments in Norway to the general public
and other relevant target groups in society. A Red List
should be an instrument in the effort to preserve
biodiversity and to assess how far national targets and
international obligations are being met. Here it is
important to stress that the Norwegian Biodiversity
Information Centre is solely concerned with the produc-
tion of the actual Red List and imparting the knowledge
it contains. Relevant management authorities are respon-
sible for further actions concerning management-directed
measures. Nor does the Centre have any direct tasks
linked with the mapping and monitoring of habitats, but
it can give advice to those performing such activities.

The scientific assessments on which the Red List for
Ecosystems and Habitat Types is based were performed
by a committee of experts appointed by the Norwegian
Biodiversity Information Centre in 2009. They were
responsible for nine groups of habitat types. To
standardise the use of criteria and methodology as far as

possible, the Centre also set up a Red List Database for
Habitat Types, within which all the assessments were
made. This database (Radlistebasen for naturtyper) can
be accessed through the Centre’s web site
(www.artsdatabanken.no) and gives users insight into the
basis for the assessments made when compiling the Red
List.

In contrast to the Red List for species, there is no
agreed international methodology on which to base the
red listing of habitats. Nor is there an agreed
classification and nomenclature of habitats like the
taxonomy of species, and these deficiencies give some
methodological challenges. The Norwegian Biodiversity
Information Centre has used the new system for
describing ecological variation in Norway, Nature types in
Norway (NiN) (Halvorsen et al. 20092 and b) as the basis
for determining the habitat types that were to be assessed.
This system gives a complete classification of the
Norwegian environment on various levels, thus providing
a firm scientific foundation for the Red List through
thorough scientific definitions of all the units. “Nature
types in Norway” (NiN) also has a built-in flexibility to
enable a more detailed description of variations within
the defined types to be able to detect the full breadth of
diversity in Norwegian nature. In a Red List context, it
has therefore been necessary to develop new principles
and methods to identify relevant assessment units. The
chapter on Nature types and assessment units discusses
this in some detail.

Owing to the lack of international methodology, the
Norwegian Biodiversity Information Centre
commissioned a report from the Norwegian Institute for
Nature Research (NINA) to learn of existing experience
with such methodology and receive recommendations for
a set of criteria for the red listing of habitats. NINA
prepared this report in cooperation with the Norwegian

11
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Institute of Marine Research (Framstad et al. 2009). The
report reviews international experience with correspond-
ing investigations, assesses the IUCN methodology for
species in relation to habitats and evaluates NiN as a basis
for threat evaluation. This report has formed a valuable
basis for the work of the Centre in determining the
criteria used here. In addition to the NINA report, we
have obtained more background experience, particularly
from Finland, which published a threat evaluation of
habitats in 2008 (Raunio et al. 2008, Kontula and Raunio
2009). The Norwegian Biodiversity Information Centre
has also taken advantage of its significant experience in
the use of criteria and Red List methodology for species
using the IUCN criteria set TUCN 2001, 2008, Kalds et
al. 2006, 2010).

In 2009, the IUCN began to develop an international
set of criteria for the red listing of ecosystems. This is
planned to be completed in 2012, and is based on
experience from many countries (Rodriguez et al. 2007,
2011, Keith et al. 2009, Nicholson et al. 2009). The
Norwegian Biodiversity Information Centre is following
this work and is passing on its own experience. It is
anticipated that future revisions of the Red List for

12

Coral reef is a vulnerable (VU) type of
habitat that is threatened due to a reduction
in its state in the last 50 yeats. Coral reefs
are formed by the stony coral Lophelia
pertusa. Individual reefs may be up to 35 m
high and more than 1 km long. Areas where
many reefs occur close together are referred
to as coral reef areas. The photograph
shows a reef off the coast of Troms.
Photo: Mareano, Institute of Marine
Research.

Ecosystems and Habitat Types in Norway will be based
on agreed international methodology and criteria from
the TUCN.

This Red List covers assessment units which can be
described on the basis of NiN 1.0. This work has
revealed limitations in the present version regarding
habitats and variations that are not covered. This will be
rectified in revisions of NiN and future Red Lists.

Since too little is known about habitat types, their red
listing is challenging. The set of criteria for the red listing
of habitats includes separate criteria for changes in
condition, or state, over a period of time. Definitions of
state are based on definitions of the habitat types in the
NiN system. The evaluations made by the experts are
based on information from many sources, including
surface areas, monitoring data, surveying and available
literature. Some conclusions are also based on knowledge
about relevant environmental factors like climate and
human activities. Documentation of the knowledge on
which the Red List assessments were based is accessible
through the web site of the Norwegian Biodiversity
Information Centre (www.artsdatabanken.no).
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Terms and definitions

Part of the mandate of the Norwegian Biodiversity
Information Centre (NBIC) is to increase our knowledge
of habitats and ecosystems, including making Red List
assessments. To be able to accomplish this, the Centre has
developed a classification system called “Nature types in
Norway (NiN)” (see also the chapter on Nature types and
assessment units). This describes all ecological variation,
right from the microhabitat to the landscape level. NiN
also includes a system describing all ecological variation,
called “Sources for variation”.

The Norwegian term ‘Naturtype’ is in the Norwegian
Nature Diversity Act translated to ‘Habitat type’. This Act
also gives the basis for definitions regarding NBIC’s work
on habitats and ecosystems. Here the definition is
“Habitat type: a homogeneous environment, including all
plant and animal life and environmental factors that
operate there, or special types of natural features such as
ponds, habitat islands in fields or the like, and special
types of geological features”.

Internationally, the term ‘Habitat type’ is used in
different ways, among others in the Habitats Directive in
the European Union. The European Environment
Agency uses the following definition: “Plant and animal
communities as the characterising elements of the biotic
environment, together with abiotic factors (soil, climate,

water availability and quality, and others), operating
together at a particular scale. The term ‘habitat type’ is
often used synonymously with ‘ecosystem””. To support
this work in the EU, a classification system, EUNIS, has
been developed. However this classification contents also
other types beyond this definition.

The Convention on Biological Diversity (CBD) does
not use the term ‘Habitat type” explicitly, but defines a
‘Habitat’ as “A place or type of site where an organism or
population naturally occurs”. The CBD mainly uses the
term ‘Ecosystem’ which is defined as “a dynamic
complex of plant, animal and micro-organism
communities and their non-living environment interacting
as a functional unit”.

Both the terms ‘Habitat type’ in a European context,
and ‘Ecosystem’ in a more global context, have clear
similarities with the definitions in NiN. However, the
overall NiN system also describes variables related to
geological features, such as landforms and landscapes.
This is a broader concept which includes all natural
features, and is therefore 2 more unusual term and the
term ‘Nature type’ is used to clarify these distinctions. In
this Red List, it is only the selected levels in the NiN
system that are assessed, namely the Tandscape element’
and the ‘Ecological system’. Since these levels are more
consistent with the definitions of ‘Habitat type’ used in
Europe, this term will be used in general here.

13
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Categories and criteria for red listing
of ecosystems and habitat types

Background

In the case of species, we have a firm theoretical back-
ground through population viability analyses (PVA),

for instance, and long experience in assessing the likeli-
hood that they will die out. The theoretical background
enables us to identify which factors put species at risk

of extinction. A key aspect here is an understanding of
how different demographic variables may make a species
vulnerable for dying out. Small populations are more
vulnerable to random events (stochasticity) than larger
ones. Random variations in temperature and
precipitation, natural disasters or pure chance in repro-
ductive success or survival are more crucial when
populations are small. The IUCN set of criteria for red
listing of species ({UCN 2001) was drawn up to be able
to detect different species with different demographic
characteristics and, using a standard set of categories (the
Red List Categories), give comparable assessments of the
probability of them becoming extinct.

No corresponding theoretical background exists to
estimate the risk of ecosystems or habitat types disap-
pearing, and most habitat types are not characterised by
the rare species that are most prone to stochastic events,
but rather by the commonest species. In many cases, the
species are not exclusively associated with a habitat type
cither, and species can enter or disappear from a habitat
without necessarily affecting it significantly. If a species
disappears from a habitat, the possibility for recolonisa-
tion will therefore usually depend on its occurrence in
nearby habitats.

Vegetation types or habitats have generally been
defined on the basis of their species composition. In the
NiN system, howevet, it is the types of ground or soil
and the abiotic factors which largely define a habitat type,
and only to a minor extent the species composition. A
habitat type can cease to exist only when these abiotic
properties are changed and re-establishment of the
original species composition is no longer possible.
Changes in state due to altered environmental conditions
of species composition are often reversible if the impact
factor causing the change ceases to have effect. In most
cases, it is changes caused by human activity that bring
about irreversible changes in the habitat type.

Estimating the current risk of
disappearance

Assessments are made on the basis of conditions at the
present time and/or changes in the relatively recent past
and/or future (the previous ot future 50-year petiod).
This means that habitat types that have experienced a
substantial decrease in area or reduction in state, but
where these detetiorations have ceased more than 50
years ago, will not be able to be red listed unless the
number of localities is so small that the habitat type is
placed directly in a Red List category by applying criterion
3 (see Table 2). Consequently, the Red List assessments
do not include anything about the potential of a region
for a habitat type or previous (historical) symptoms of
threat. It only states the current risk of it disappeating
from the region concerned.

15
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Table 1. Definitions of Red List categories.

Red List categories

EX Disappeared globally | A habitat type is deemed to have disappeared globally when there is very little doubt that this is the case.

RE Disappeared Disappeared (RE). These habitat types are no longer found in Norway. They no longer exist regionally and
will not be able to return naturally, and/or the key species in the habitat type are regionally extinct and
there is little likelihood of them becoming re-established.

CR Critically A habitat type is critically endangered (CR) when the best available information indicates that at least one

endangered of the criteria 1, 2 or 4 for critically endangered is met. The risk that the habitat type will disappear from
Norway during the coming 50 years is extremely high.

EN Endangered A habitat type is endangered (EN) when the best available information indicates that at least one of the
criteria 1, 2 or 4 for endangered is met. The risk that the habitat type will disappear from Norway during the
coming 50 years is very high.

VU Vulnerable A habitat type is vulnerable (VU) when the best available information indicates that at least one of the
criteria 1-4 for vulnerability is met. The risk that the habitat type will disappear from Norway during the
coming 50 years is high.

NT Near threatened A habitat type is near threatened (NT) when the best available information indicates that at least one of the
criteria 1-4 for near threatened is met. The habitat type meets none of the criteria 1-4 for CR, EN or VU, but
is close to meeting some of these criteria now or in the near future.

DD Data deficient A habitat type is placed in the data deficient (DD) category when it is very uncertain which category is
correct and the appropriate category clearly includes the entire range from CR to LC, inclusive.

Other categories

LC Ecologically A habitat type belongs to the ecologically satisfactory* (LC) category when it fails to meet any of the criteria

satisfactory* for CR, EN, VU or NT, and is not placed in the DD, NA or NE categories.

NE Not evaluated A habitat type belongs to the not evaluated (NE) category when no Red List assessment has been
performed for it. This may, for example, be due to poorly investigated classification, very little existing
knowledge or a lack of available expertise. This category is also used for assessment units when types
overlap at different levels in the NiN system and a choice has been made as to which level the Red List
assessment will be performed on. Those which will not be evaluated are placed in NE.

NA Not applicable A habitat type belongs to the not applicable (NA) category when it is deemed irrelevant for evaluation at
the national level. This mainly concerns habitat types on artificial and constructed sites.

* Ecologically satisfactory means that a substantial proportion of the habitat type objects are in a very good or good ecological state and the habitat type is
sufficiently large (total surface area), occurs in enough areas and has a large enough breadth of occurrence to resist any external impacts without the risk of
significant changes in its natural occurrence and character (or long-term, human-induced occurrence and character in the case of semi-natural sites).

The Red List categories

At the outset, the categories used to indicate the prob-
ability of a habitat type disappearing from Norway are
the same as are used for species. The IUCN categories
are established as an international system, and are well
defined. In addition, the IUCN is working on a set of
criteria for the Red List assessment of ecosystems, in
which the same set of categories is being employed.

16

The NE, DD and LC categories versus
the other Red List categories

Not evaluated (NE) is used for a habitat type that has
not been assessed for red listing, This may, for example,
be because its categorisation is inadequately investigated,
far too little is known about it, or no expertise is available.
Such allocation may be relevant for some NiN habitat
types if operative criteria for recognising and delimiting
them have not been tested in the field. This category is

also used for assessment units when the types overlap at
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Figure 1. Categories used for the
Norwegian Red List assessment
of habitat types.

Adequate data Threatened

Assessed
B ——
_ LC Ecologically
g satisfactory
> DD Data deficient
— NA Not applicable
Not assessed 5

different levels in the NiN system and are only Red List
assessed at one level. Those that are not assessed will then
be allocated to NE.

Least concern (LC) (ecologically satisfactory — viable
in the case of species) is used for a habitat type when it
does not fulfil any of the critetia for the CR, EN, VU or
NT categories and is not placed in the DD, NA or NE
categories. The concept of ecologically satisfactory can
be understood as meaning that the area taken up by the
habitat type has not been significantly reduced during
the assessment period and a substantial proportion of
its occurrences are in a very good or good ecological
state. The habitat type, moreovet, occurs in a sufficient
amount and breadth of distribution to withstand any
external impacts without the risk of significant changes
in its natural occurrence and character (or long-term,
human-induced occurrence and character in the case of
semi-natural sites). If it is believed that there is a more
than 80 % probability that the L.C category is the correct
one, the habitat type is placed there.

Data deficient (DD) is used for a habitat type when
no scaled assessment of risk can be made and there is
extreme uncertainty regarding its correct category place-
ment, and the possibilities clearly embrace the entire
range of possible categories from CR to LC inclusive.
Inadequate existing knowledge may make it difficult to
perform an assessment in keeping with the criteria for red
listing, but there may, nevertheless, be sufficient general
knowledge about the habitat type to suspect, or regard it

L—» NE Not evaluated

as likely, that it may be endangered. Emphasis must also
be placed on the precautionary principle when evaluating
whether data are inadequate for the Red List assessment
of habitat types. A serious attempt should be made to
allocate the habitat type to a probable Red List category
(as in the case of species) if it is suspected not to be in
an ecologically satisfactory state (LC). The DD category
should be used when this is not possible.

Not applicable (NA) will be used for a habitat type
when it is not to be assessed at the national level. This
will mainly apply to artificial or constructed types.

The Red List criteria

The set of criteria used in this Red List for Ecosystems
and habitat Types is the first version of the criteria for
assessing habitat types. We expect this set to be revised
and improved in response to experience gained from the
first round of assessments. We will eventually acquire

a stable system that will enable direct comparison over
time. The IUCN has also begun an international effort to
develop criteria for Red List assessment of ecosystems,
which should be able to lay the premises for future
revisions (see page 20).

Some adjustments and clarifications

Framstad et al. (2009) investigated and recommended
categories and a set of criteria for assessing the risk of
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habitat types disappearing, They also considered which
levels within the NiN system are appropriate for assess-
ment and defined some terms. A need to clarify some

of the terms has, nevertheless, been felt. The terms as
they are defined in the following paragraphs are therefore
valid for the first assessment of endangered habitat types
in Norway, but the fundamental principles derive from
Framstad et al. (2009) and have been adjusted on the
basis of experience gained when using the IUCN set of
criteria for species (IUCN 2001, 2008). Since the criteria
described in this document (Table 2) are also somewhat
modified from Framstad et al. (2009), the guidelines
drawn up by the Norwegian Biodiversity Information
Centre (Artsdatabanken 2010) form the basis for the
assessments. In addition, revisions have been undertaken
during the assessment process in dialogue and consul-
tation with the appointed committee of experts.

Properties of the criteria

The criteria are used to determine whether a habitat type
is or is not threatened or near threatened, and if it is
threatened, to which category it belongs. The critetia (1-4)
are designed to be able to detect the risk of a habitat type
being lost or suffering changes in character across
different habitat types with fundamentally different
properties like extent of occurrence, response time and
resilience and/or robustness. As a result, the criteria are
applicable irrespective of the impact factors to which the
habitat type is exposed. These criteria are based on
ecological factors which ate known and/or assumed to
give an enhanced risk of disappearance, such as rapid
reduction in area, few localities and reduction, very few
localities and where one or a few events can affect the
whole or large parts of the area, and significant changes
in character and/or state. The set of criteria has been
developed with a view to uncovering symptoms of threat,
not causes.

The set of criteria
The four criteria in short are:

1. Reduction in area
2. Few localities and reduction
3. Very few localities
4. Reduction in state

All the habitat types ate to be assessed against all the
criteria when relevant knowledge is at hand, but to place

it in a category it is sufficient for the habitat to meet the
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demands of a single criterion. The highest category is the
one that is valid, and all the criteria which satisfy the
highest category must be stated.

Even though the categories for the various criteria
are based on quantitative threshold values, the system
permits the assessment of habitat types about which
there is limited knowledge. This is possible because the
expert making the assessment can employ deductions and
inferences, but it is presupposed that the assumptions on
which these are based are documented.

Criterion 1

Criterion 1 is intended to detect habitat types that have
undergone substantial changes in surface area in the
relatively recent past or are expected to undergo a signifi-
cant reduction in the relatively near future. The criterion
is divided into three, criterion 1.1 being the extent of
occurrence, and criterion 1.2 the area of occupancy. The
assessments are made quantitatively with a percentage
reduction over the last 50 years. In addition, there is an
extrapolation criterion, criterion 1.3, for 50 years ahead in
time, and more information about this can be found on
page 21.

If the cause of the reduction is known and has ceased
to be active, and its effect is reversible, when a future
Red List assessment is undertaken, the habitat type can
be allocated to a lower category or be assessed as not
threatened at all. The exception to this is habitat types
with so few localities that they are assessed using criteria
3. Supporting criteria for up- and downgrading are given
to deal with such changes within a 10-year perspective.
These are further explained on page 22.

Criterion 2

Criterion 2 is designed to identify habitat types with a
limited number of localities, and which are also undergo-
ing a reduction. The background for this is that when a
habitat type has a limited number of localities in a region,
the risk of it disappearing will increase. The criteria here
are attached to the actual number of localities. See also
the definition of locality and the section on reduction
on page 23.

Criterion 3

This criterion is designed to detect habitat types that
occupy very few localities within a region, in this case
Norway, and such habitats will naturally be rare. No
ongoing decline is required here because the risk is
attached to the rarity of the habitat type and hence the
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risk that one or a few random events may lead to its
disappearance. The danger of the habitat type disappear-
ing is not necessarily dependent upon the total area it
covers, but also on its spatial distribution. If a habitat type
can be eliminated by an event, it is more endangered than
if a corresponding area is divided among several locali-
ties spread over a large area, where several independent
events would have to occur to cause the habitat type to
disappear. This criterion, however, does not give a higher
Red List category than NT or VU. See also the definition

Criterion 4

This criterion is based on definitions of the habitat types
as they are described in the NiN system. The definitions
include more details about variations in state based on the
content of objects, regional variation and state ecoclines,
etc. If the ecological or physical conditions for a habi-

tat type are significantly changed, it will be transformed
into another habitat type, and the original type must be
considered lost. Assessments based on this criterion are

also stated as percentage changes in relation to sutface

of locality on page 23. area.
Table 2. Criteria for red listing of habitat types in 2011.
Criterion Category
CR EN VU NT

1 Reduction in surface area

11, Observed, caIcuIated,Judged or assumed reduction in 90 % 70-90 % 50-70 % 25-50 %
the extent of occurrence in the last 50 years*

12. Observed, calculated,Jydged or assumed*reductlon in ~80% 50-80 % 30-50 % 15-30 %
the area of occupancy in the last 50 years
Calculated, judged or assumed reduction in the coming

1.3. | 50 years based on 1.1 and/or 1.2 and a realistic scenario [not used] [not used] >80 % 50-80 %
for changes in important impact factors

2 Few localities and reduction

2. Number of localities and ongoing reduction < 5 localities < 10 localities = 50 = 250

localities localities

3 Very few localities
Number of localities [not used] [not used] < 5localities | < 10 localities

4 Reduction in state
The proportion of the habitat type’s surfaFe area which, Extreme Very substantial | Substantial Fairly .
in the last 50 years, has had such a reduction in state . . . substantial

4.1. o L P reduction reduction reduction .
that it is no longer regarded as being in an “acceptable (>80 %) (50-80 %) (30-50 %) reduction
state”, assessed using NiN'’s variables of condition* 0 0 ? (15-30 %)
The proportion of the habitat type’s surface area which,
on the basis of calculations or judgement, it is assumed o o

4.2. will be reduced in the coming 50 years, based on 4.1 and a [not used] [not used] >80% >0-80%
realistic scenario for changes in important impact factors

Additional criteria for up- or downgrading:

*Critetia 1.1, 1.2, 2 and 4.1 can be up- or downgraded in response to changes in sutface area and/or state, respectively, during the last 10 years

and forecasts or justified assumptions of continuing changes in the future. The category is changed as follows:

i. A previously observed negative trend has ceased in the last 10 years or is expected to cease, the reason for the reduction is known and is no
longer present and the effect is reversible: reduction of 1 step. A previously observed negative trend has shifted to a positive one in the
last 10 years or is expected to become positive: reduction of 2 steps.

ii. An accelerated negative trend in the last 10 years: rise of 1 step.

iii. A reduction in the area of occupancy (criterion 1) and/or the area with an ”acceptable state” (critetion 4) that is at least as marked as in
the last 50 years is shown to be likely given a realistic scenario for changes in important impact factors (e.g. climate) in the next 50 years:

rise of 1 step.
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As for criterion 1, the assessment is based on a 50-year
perspective. For criterion 4.1, changes in state over the
last 50 years are assessed, whereas the coming 50 yeats
are assessed for criterion 4.2. See page 17 for more details
on extrapolation. This criterion is additional to the IUCN
criteria for species.

In the case of criterion 4.1, as for criteria 1.1 and
1.2 and criterion 2, changes in this development must
be assessed for the last 10 years and/or extrapolated
forecasts for such changes in the near future. Obviously,
such assessments must be used with care and be based on
good documentation.

Existing knowledge and risk tolerance

On which data basis can assessments be made?

The experts who have made the assessments have used
the best possible information available to test a habitat
type (an assessment unit) against the set of criteria. This
includes all knowledge about the type, both its occurrence
and its ecology. The knowledge on which the assessments
are based must be documented in the criteria documenta-
tion. Assessments can be based on knowledge where the
range of uncertainty is wide. Conclusions may therefore
be: i) estimated, ii) projected, iii) inferred, or iv) suspected.
Estimated conclusions require relatively good data, but
assumptions may be made using statistical analyses or
modelling, Such assumptions must be described and
justified. Projected is like estimated, but the conclusion

is extrapolated into the future. Inferred means that the
conclusion is based on indirect evidence detived from

Figure 2. Illustration of how the extent

of occurrence is calculated as a minimum
convex polygon (thin green lines). Green
areas are occurrences of the habitat type.
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variables that are indirectly related to the habitat type in
question (e.g: felling statistics, pH in the watercourse,
harvesting of seaweed, etc.). Suspected, here, covers all
types of knowledge that can be related to the area of
occupancy, the extent of occurrence, the number of
localities or the state, including the effect of other habitat
types or ecological variables as long as the relevance of
the factor can be shown to be probable. Extrapolation of
information from closely related types and/ot ecologi-
cally concurrent species or communities can also be
made.

Uncertainty and risk tolerance

In many cases, insufficient data will be available to assess
the threat to and the Red List categorisation of the
habitat type. The assessments must then be based on
qualitative estimates made by the experts of the quantity,
distribution and state of the habitat types. It is then vital
to make the assessments as comparable and standardised
as possible. This is achieved by the experts using clear
criteria and premises for the assessments.

Additional information about the habitat types

A classification of important impact factors was under-
taken to acquire additional knowledge that might be of
use for the management of assessed habitat types. Impact
factors were classified in accordance with the system of
concepts used in connection with the 2010 Red List for
Species (Kalis et al. 2010). In addition, a rough
classification was made of where the type is to be found
in Norway (on the county level and in marine ecoregions
or maritime areas).
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Lime-rich low-herb Scots pine heath
woodland is one of four assessment units
that together comprise lime-rich Scots
pine woodland. These were assessed

as near threatened (NT) based on the
reduction in their sutface area in the past
50 years (criterion 1.2). Near Snasa, Nord-
Trondelag. Photo: Arild Lindgaard.

Documentation

The set of critetia for the Red List assessment of habitat
types is basically a quantitative method and such an
assessment should ideally be based on direct analyses of
the risk of a habitat type disappeating or of its original
state being significantly changed. However, in only very
few instances is there sufficient information about a habi-
tat type to perform such quantitative analyses. In the great
majority of cases, assessments must therefore be based
on less precise knowledge. The way is therefore paved for
being able to use a wide range of quality of knowledge
regarding the surface area and the state of a habitat type
to make these assessments. The experts performing the
assessments must use the best information available, in
combination with direct and indirect conclusions, to test a
type against the criteria. Documentation is most impor-
tant in this connection. All assessments and conclusions
made by the committee of experts must be documented
by the reasoning used being described and made avail-
able to those wishing to see it. The same principles are
followed here as in the case of the red listing of species
(Artsdatabanken 2009a). The criteria documentation is
made available through the web service of Norwegian
Biodiversity Information Centre.

Nomenclature

When the way is opened for using such a vatiable

depth of knowledge as in this instance, it is absolutely
essential that the basis on which the assessment rests

is cleatly stated. A special nomenclature is available to
show which criterion was used to assess a habitat type.
A brief summary of why a type was assessed as endan-
gered, including on which data the decision was based
and which conclusions were drawn, must also be given.
All information and data used to determine the Red List
category must also be referred to (i.e. publications, other
sources and Internet addresses).

Only the highest category and relevant criterion or
criteria are stated. If a category is up- or downgraded due
to changes in the last 10 years or the coming 10 years,
this must be indicated by the use of a © symbol after the
category. The criteria documentation must clarify whether
this refers to up- or downgrading;

Key terms

Assessment period

The 50-year perspective is based on the set of criteria
used in the Red List assessment of species, which for
the most part is based on three generations. In Norway,
at any rate on land, most of the dominant species in the
natural vegetation have a generation time in excess of 17
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years. Hence, 50 years will also be appropriate for habitat
types. A longer time perspective would also increase the
uncertainty regarding the data basis and knowledge.

The trend over the past 50 years must be examined
first when the category is being determined on the basis
of criteria 1, 2 and 4. Categorisation made on the basis
of changes during the past 50 years can then be adjusted
based on changes in the last 10 years or estimated,
inferred or suspected changes in the coming 10 years
(50 years for the supplementary criterion iii). This means
that if changes in the coming 10 years are estimated,
up- or downgrading must only take place if the change
is expected to deviate from the trend that has prevailed
during the past 50 years. In practice, this means that a
period of 60 years is assessed. In the case of an expected
or estimated change, quite strong demands on the state
of knowledge are required.

An extrapolated assessment period of up to 50 years
can be used for criteria 1.3 and 4.2, which it is envisaged
will first and foremost be used when climate change is the
threat factor. Such assessment must be based on climate
models and be documented in relation to these. Only the
lowest Red List categories (VU, NT) can be used here.

An ongoing reduction must be demonstrated if
criterion 2 is to be used. To be able to assess a habitat
type using this criterion, there must be an observed or
estimated decline of at least 10 % in the course of 50
years.

Up- or downgrading
When downgrading is undertaken due to a change
observed in the last 10 years, or an expected improve-
ment in the coming 10 years, the expert is required to
document measures or action plans that have been or
will be implemented. The response time for a habitat as a
consequence of changes in management, and any uncer-
tainty concerning the effect of the measure, is reflected in
the number of downgraded steps. Downgrading of two
steps may only take place when a positive trend has been
observed, or can be expected with a considerable measure
of confidence in the coming 10 years. In other cases, it is
only permissible to downgrade one step.

It should not be noted that downgrading from CR
to VU will not take place in practice. This is because it is
most unlikely that a habitat type that has shown a posi-
tive trend in the last 10 years covers an area that is still
reduced by more than 80 % in the past 50 years, since
this implies that the area was at some time close to zero
before the positive trend began.
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The concept of “continuing decline”

In the case of criterion 2, an continuing decline is a
recent, continuing or expected decline (it may be smooth,
irregular or sporadic) which is expected to continue

if essential measures are not implemented. To be able

to assess a habitat type using this criterion requires an
observed or estimated decline of at least 10 % in the
course of 50 years. Reduction and changes in this
context must be linked with human impact (direct or
indirect). See also “Impact factors” on page 17. Compara-
tively stringent requirements are set concerning the
knowledge on which this is based. The reduction may

be observed or estimated. The basis used for the decline
in surface area or state must be described in the criteria
documentation. The situation is different for types of
semi-natural types, i.e. types that depend upon prolonged
use or management by people to maintain their character.
When this ceases, they will pass through a succession
from, usually, more or less open habitat types, via a
gradually more overgrown state to types marked by a
dominant tree and perhaps shrub layer. The ongoing
reduction may thus be caused by natural succession where
cessation of use is the human-induced impact factor that
causes the decline.

Extent of occurrence

This is a measure of how widely distributed a habitat type
is, not one of a known or potential area of occupancy. It
is defined as the area within a polygon formed when lines
are drawn encompassing all known and assumed present-
day occurrences. It is recommended that a minimum
convex polygon that encompasses all occurrences and
where none of the internal angles exceed 180° (Figure 2)
is mainly used. The polygon can exclude very large areas
with non-relevant habitats (e.g. maritime areas or high
mountains). The basis for the extent of occurrence used
must be described in the criteria documentation.

Area of occupancy

This is an estimate of the specific area in which the
habitat type is found within its extent of occurrence. It
is calculated as the sum of known areas multiplied by the
assumed level of uncertainty. It is important to document
the means of calculation on which this is based.

If the habitat type occurs as small, dispersed units whose
areas are difficult to calculate (e.g, point data), the entire
unit may be encompassed by a 2 x 2 km square and its
area of occupancy is calculated as the sum of all 4 km?
areas.
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Figure 3. The green areas illustrate
occurrences of a habitat type. The three
smallest ones are so small that they can

3 localities 1 locality

be enclosed by a 2 x 2 km square and
are therefore regarded as a single locality
because they are exposed to the same
threatening conditions. Whether the
larger green area, which exceeds 4 km?,

is regarded as one or more localities

in accordance with criteria 2 and 3 is
determined by the conditions threatening
it. If a single event will most probably
affect the entire locality, it is to be regarded
as a single locality; otherwise, the number
of localities is calculated on the basis of

2 x 2 km squares. A river (blue) is regarded
as a single locality if, for example, a
discharge can affect the entire occurrence
downstream from the discharge.

Locality

Locality is a key concept for criteria 2 and 3. Locali-

ties, here, are all occurrences within a 2 x 2 km square.
Criterion 2 must, furthermore, make allowance for the
situation that several small, neighbouring occurrences can
be affected by the same event. Consequently, the actual
number of occurrences is not calculated, but rather the
effective number of localities in the form of a2 x 2
km area.

Exceptions may, however, be made for habitat types
where a reasonably likely event caused by a known
impact factor will lead to individual area units that are
significantly larger than 2 x 2 km being completely or
largely exposed to a negative impact. This will first and
foremost concern habitat types on the landscape level,
such as water bodies, wetland massif and fjords. Since
Red List assessments of habitat types are intended to be
evaluations of risk, the actual effective number of locali-
ties must be used for the assessment in such cases. This
may, for example, be the number of stretches of river
of a given type, or the number of separate fjords. In this
context, it is an absolute requirement that the likelihood
of a real threat that can affect a large proportion of the
locality must be shown to be probable. Impact factors
may act locally, but have such a wide-reaching effect on
ecosystem functions that the entire locality will be signifi-
cantly impacted. This definition of a locality with respect
to impact factors is consistent with the IUCN definition
(for more information, see IUCN (2001)). In keeping
with the precautionary principle, the number of localities
that gives the highest category is valid.

~¢— 2km — P

1 locality (a river)

Level of uncertainty

The set of criteria permits assessments to be performed
even though a full overview of the total area taken up

by a habitat type ot the state of all the occurrences is
lacking. The level of uncertainty is an important concept
in this connection. This is a factor that is used to adjust
the extent of occurrence or the area of occupancy to the
assumed extent of occurrence or area of occupancy.

Key species

Species that are fundamentally important for the ecologi-
cal function of a habitat type, or are used to define a
habitat type in NiN or assessment units here, are termed
key species.

Assessments of state
The risk of habitat types disappeating will also be linked
with their state. If the ecological conditions for a habitat
type are significantly changed, it will become another type
and the original one must be regarded as lost.

The concept, significantly different, is based on the
definition of an ideal major type which must meet four
demands, the first of which is the most important:

1. The same ecoclines (and major complex gradients)
must be the most important ones throughout the
major type so that habitats that belong in the same
major type can be further divided up using the same
set of ecoclines.
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2. Habitats that belong to the same major type must
have a homogenous appearance (physiognomy), for
instance as a result of a community in dominating or
characterising life forms within important groups of
organisms.

3. Habitats that belong to the same major type must
have broadly the same species composition and, as far
as possible, be *naturally’ delimited from other major
types. In this context, ‘naturally’ means that there
are important differences from closely related major
types with respect to processes or patterns of species
occurrence.

4. Habitats can be placed in different major types on
the basis of fundamental differences in their mode of
formation (geomorphological processes), which give
rise to differences in important ecological functions
and/or patterns of occurrence (frequency, distribu-
tion and location in the landscape).

Point 1 refers to the ecoclines that are most important
for explaining the variation in species composition on the
spatial scales that are relevant for the habitat type level
concerned (the organisation level). Two types of habitat
that do not satisfy the demands to be regarded as belong-
ing to one and the same major type, with prime emphasis
on point 1, are defined as significantly different.
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Areas covered

The areas assessed in this Red List of Ecosystems and
Habitats comprise all Norwegian territory in the
Northern Hemisphere. That is:

* The Norwegian mainland (i.e. the mainland and
adjacent islands) (ca. 324 000 km?)

* Svalbard (Spitsbergen and neighbouring islands, along
with Bjerneya (Bear Island) and the island of Hopen,
as defined in the Svalbard Treaty, dated 9. February
1920) (ca. 61 400 km?)

* The maritime areas which, in addition to Norwegian
territorial waters (out to 12 nautical miles), comprise
the Norwegian Exclusive Economic Zone (out to
200 nautical miles, established by legislation dated 17.
December 1976) and the fishery protection zones
around Svalbard (200 nautical miles, established by
legislation dated 15. June 1977) (ca. 861 000 km?).
This amounts to ca. 1 826 000 km”.

* Jan Mayen and its fishery protection zone (200
nautical miles, established by legislation dated 23. May
1980) (ca. 293 100 km?).

No Norwegian possessions in the Southern Hemisphere
are included.

Lime-rich ponds and small lakes were
assessed as endangered (EN) based on the
reduction in their state in the past 50 years
(criterion 4). Brenney, Nordland.

Photo: Marit Mjelde.
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Practical implementation of
the Red List assessments

Committee of experts

A committee of 10 experts was set up in 2009 to perform
the Red List assessments. These experts have been
responsible for the assessment presented in this Red List
for Ecosystems and Habitat Types. The list of experts
and their affiliation is found at the very beginning of this
report. They are mainly employed at Norwegian natural
history museums, universities and research institutions.
The experts also drew on other expertise as the need
arose (see the thematic chapters).

In addition to the committee of experts, Professor
Rune Halvorsen from the Natural History Museum at
the University of Oslo helped to develop methodol-
ogy, particulatly as regards the use of “Nature types in
Norway” (NiN) in this context and the use of assess-
ment units (see a separate chapter). Expertise on spatial
data and analyses was also brought in to assist with the
basis for the assessments. Lars Erikstad (NINA) and
Vegar Bakkestuen (GBIF/NHM University of Oslo)
also functioned in an advisory capacity and contributed
information.

When the work began, a meeting was held on 12.
January 2010 to introduce the guidelines for the assess-
ment process and select the assessment units. The actual
assessment effort mainly took place from April 2010 to
February 2011, inclusive. To assist in coordinating the
use of categories and criteria, workshops were held on
13-14. April 2010, 20. May 2010 and 26. January 2011
to exchange experience gained during the assessment
process and the development of methodology.

Existing knowledge and tools
To ensure the consistent use of background information,
information was prepared for the committee of experts
regarding spatial aspects and the state of, and changes
in, Norwegian habitats that are relevant for the Red List
work. This first and foremost concerned data used to
evaluate protected areas in Norway, where representative-
ness and habitat types were central topics (Framstad et al.
2010, Blindheim et al. 2011). Statistics compiled for the
Norwegian Biodiversity Information Centre in connec-
tion with the Red List for Species were also used here
(Artsdatabanken 2009b).

Relevant supportive information, along with
guidelines for the red listing work, is available on the
Norwegian Biodiversity Information Centre web site

(www.artsdatabanken.no). To evaluate the effects of
future changes in climate, all the groups of experts
have used the NorACIA climate scenarios published by
Forland et al. (2008) and material from Bakkestuen et al.
(20092a) on how vegetation models are influenced by
various climate scenarios.

The experts have otherwise employed all avail-
able literature and knowledge within their respective
disciplines. Data available through Norway Digital and
modelling data were used to acquire data on surface areas
covered by habitats.

The assessment process

The habitat type units assessed for this Red List come
from the entire territory of Norway, including the
Norwegian Exclusive Economic Zone, Svalbard and Jan
Mayen (see page 19). The assessment units were based on
“Nature types in Norway” (NiN version 1.0) (Halvorsen
et al. 2009b), which is an all-inclusive classification system
for ecological variation in Norway (see the chapter on
Nature types and assessment units). The present process
was based on the type levels “Landscape element” and
“Ecological system”.

The assessment process mainly consisted of
two phases. The first involved sorting out the more
commonly occurring habitat types which seem to have
a stable or satisfactory ecological state. These were
allocated directly to the LC category (least concern —
ecologically satisfactory) without undertaking a more
detailed assessment. Moreover, habitat types which could
not be assessed for practical reasons were placed in the
NE category (not evaluated). Phase two comprised a
detailed assessment of the remaining habitat types, where
the selection and definition of assessment units and the
use of the set of criteria were central aspects. Adjust-
ments to the criteria were also undertaken during this
process, based on the experience of the committee of
experts and the results obtained.

The Norwegian Biodiversity Information Centre
established a central database, “Red List Database for
Ecosystems and Habitat Types”, to implement the assess-
ment work. All the assessments were performed in this
database and all the documentation, relevant sources and
important negative impact factors are recorded there. The
Red List Database for Ecosystems and Habitat Types
forms the basis for the web publication of this Red List,
with its more detailed justification and documentation of
the respective habitat types that have been assessed for
inclusion on the Red List (see www.artsdatabanken.no).
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The occurrence of habitat types that are red listed in
Norway is shown at the county level as regards terrestrial,
limnic and coastal habitats. Marine habitat types are listed
for the following maritime areas: the Skagerrak, North
Sea, Norwegian Sea, Barents Sea and Arctic Ocean (Arts-
databanken 2009a). These entities correspond with the
“Marine ecoregions” used in NiN.

Impact factors that are thought to influence or will
influence the habitat type so strongly that it has been red
listed are specified. Time periods, scale and degree of
seriousness are also specified for the impacts. The impact
factor may act directly or indirectly via, for example,
effects on the state. More detailed information on this
can be found in the guidelines for the Red List work
(Artsdatabanken 2010).

International work

Assessment of endangered habitat types and ecosystems
has received increasing focus elsewhere in the world, too.
Several countries have prepared similar reports with, for
the most part, the same aims, but using somewhat
different methodology. European nations in particular
have performed this type of work, most recently Finland
in 2008 (Raunio et al. 2008, Kontula and Raunio 2009).
As a pilot study for the Norwegian Red List for
Ecosystems and Habitat Types, the Norwegian Institute
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for Nature Research and the Norwegian Institute for
Marine Research, at the request of the Norwegian
Biodiversity Information Centre, examined international
experience in relation to the recommended criteria
(Framstad et al. 2009). Red List assessments for species
have taken place for many years and a great many
countries carry them out nowadays, mainly based on
methodology developed by the International Union for
the Conservation of Nature TUCN) (Miller et al. 2007).

In Europe, the EU has led the focus on habitat types
through its Habitat Directive from 1992 and the Water
Framework Directive from 2000. Similar focus is also
found in the Emerald Network under the Bern
Convention, which also affects Norway and Norwegian
habitat types (Directorate for Nature Management
2007a). These are not pure threat assessments, but are
evaluations founded on more overall prioritisation based
upon the qualities, functions and rarity of the habitat
types. Regional matine conventions have also considered
habitat types and assessed the threats to which they are
exposed. Examples of this are HELCOM (the Baltic Sea
area) and OSPAR (the North-east Atlantic), in which
Norway has also taken part (HELCOM 1998, OSPAR
2003).

Germany published a Red List for habitat types,
which it denoted a Red List for Biotope Types, in the
mid-1990s (Riecken et al. 1994, Blab et al. 1995). It was
revised in 2006 (Riecken et al. 20006). Austria has

Arctic steppes are found in Norwegian
areas only in Svalbard (around
Wijdefjorden). The major type itself was
not assessed as threatened, but the basic
type, wind-exposed arctic steppe, is only
found in five localities and is vulnerable
(VU), even though it is not suffering
ongoing reduction (criterion 3).

Photo: Arve Elvebakk.
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performed similar work (Essl et al. 2002). We are,
moreover, aware that threat assessments for ecosystems,
habitat types or vegetation types have been carried out in
Great Britain, Estonia, Australia, New Zealand and the
Americas (see Framstad et al. 2009, Nicholson et al.
2009).

The Finnish work on threatened habitat types from
2008 has been particularly interesting since it is a recent
work founded on earlier experience mentioned above and
was carried out within our own geosphere. Finland took
the IUCN criteria for red listing of species as its starting
point and accommodated them to a habitat type context.
This includes, for example, the consistent use of 50 years
as the investigative period, assessment of the quality
(state) of the habitat types and the use of up- and
downgrading in relation to recent changes (10 years). The
set of criteria we use in the Norwegian Red List for
Ecosystems and Habitat Types includes some of the
Finnish methodology, in addition to the IUCN set of
criteria for assessing species.

The IUCN started a process in 2008 to develop and
implement a global standard for red listing of
ecosystems. It aims to present a proposal for this at the
World Conservation Congress in 2012 (Rodriguez et al.
2011). The intention is to publish results as this process
goes on so as to have a best possible, open discussion in
international scientific circles. Here, too, it is intended to
base the work on the existing IUCN criteria for red listing
of species, which is a thoroughly tried and tested meth-
odology for assessing the risk of species becoming
extinct, and one that is applied globally, regionally and
nationally (IUCN 2008, Kalas et al. 2010). The prelimi-
nary results were published in 2011 and were based on a
review of existing experience, research and investigations
concerning Red Lists and ecosystems (Rodriguez et al.
2011).

Scientific challenges that have been identified and
emphasised in this work to date include the classification
of ecosystems. Reference is made to classical definitions
of ecosystems, which include both biotic and abiotic
components that constitute a functional entity. This
corresponds well with the definitions and principles in
NiN, but the conclusion is drawn that international
methodology must be applicable to different classifi-
cation systems and multiple scales. Furthermore, it is
scientifically demanding to decide when an ecosystem has
disappeared, particularly with a view to which changes
in state are required for an ecosystem to lose its func-
tions and integrity. Here, pragmatic and standardised
approaches must be sought that are practical to deal with,
an issue which Rodriguez et al. (2007) also discussed.

The time scale for assessing the risk of ecosystems
“dying out” is another challenge. Generation length is the
basis used for species. In the case of ecosystems, relevant
scientific work and ecosystem theory will give a basis
for evaluating relevant periods for investigation. Here,
too, the starting point is 50 years, but inclusion of the
historical distribution in a longer perspective is also being
discussed.

The proposals put forward so far will be discussed
internationally and tested on different scales and in
different geographical areas. The process of
developing criteria for the red listing of species went
on over a 15-year petiod before being officially adopted
(Mace et al. 2008). It must therefore also be expected that
a set of internationally accepted criteria will be subject to
future changes as experience increases. The Norwegian
Biodiversity Information Centre has been able to use
some of the theory in its own development of metho-
dology for this Red List for Ecosystems and Habitat
Types. The Norwegian effort will, moreover, also be able
to contribute valuable input and experience to the inter-
national process.
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Nature types in Norway (INilN)

and assessment units

Rune Halvorsen and Arild Lindgaard

University of Oslo and Norwegian Biodiversity Information Centre

The Norwegian Red List for Species is based on the
taxonomic classification of species. The species are more
or less clearly defined “assessment units” which can be
evaluated in relation to a set of criteria for red listing,
Such a set of criteria can also be applied to taxonomic
levels lower than the species level, subspecies for instance.

Ecological variation differs fundamentally from
taxonomic variation in that ecosystems and habitat types
are not natural units that can be found in nature as
objects with clearly demarcated outlines. This is because
most of the variation in nature is gradual. Gradual
variation in species composition results from the variation
along important environmental factors, being for the
most part gradual. Consequently, there are no “true” or
“correct” classifications of ecosystems and habitat types,
nor any official, global classification and nomenclature for
such types. Instead, there are many different ways of
approaching their classification, as exemplified by plant
communities, types of landscape, types of ecosystem, etc.
Over the years, different “schools”, characterised by their
own sets of classification rules, have formed (Whittaker
1962).

Types that stand out as clearly demarcated fragments
of a mosaic landscape are therefore not usually found in
nature. Moreovet, nature changes from place to place and
no two places have completely identical environmental
conditions or exactly the same species composition. An
ecosystem or a habitat type are therefore not concrete,
well-defined entities that can be recognised in the same
way as a wood anemone, a pyramidal saxifrage, a golden
eagle or a polar bear can. Such types are abstractions,
ideals that set the standard for what terms like ”bilberry
woodland”, ”dune slack” and ”hard-bottom coral garden’
are supposed to mean. Consequently, there is no set
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answer for how the vatiation in these types should be
interpreted.

A comparison of assessments of the threats facing
“nature types” (this term is used here for units of natural
variation in the broadest sense, including habitat types,
plant communities, ecosystems ot landscape types)
undertaken in other countries reveals the strong influence
of the choice of classification system and assessment
units on the result of the threat assessments (Nicholson
et al. 2009). Most threat assessments are based on the
community level (species composition), generally plant
communities or vegetation types. Nicholson et al. (2009)
used the term ”ecological communities” in their review
of 12 threat assessments for ecosystems and habitat types
in various parts of the world. There is currently no
internationally accepted standard for the classification of
such types, and ’the complex nature of ecological
variation’ makes it unlikely that there will ever be
consensus on this issue. The EU has attempted to
develop such a standard, called EUNIS (Davies et al.
2004), but even though it contains more than 3000 units
on six hierarchical levels, the system is very inadequate in
many respects, including its resolution in the northern
regions.

In 2005, the Norwegian Biodiversity Information
Centre initiated a national project to develop a typifica-
tion system for ecological variation. From 2006 to 2009,
a 13-strong committee of experts headed by Professor
Rune Halvorsen evolved a new system classifying natural
variation based on explicit ecological knowledge. This
system was named “Nature types in Norway” (Naturtyper
i Norge), or NiN (Halvorsen et al. 2009a and b).

A key aspect of NiN is the recognition that most of the
variation in nature derives from a more or less gradual
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variation in species composition in response to gradual
variations along ecological gradients. NiN is a complete,
area-covering classification of all Norwegian environ-
ments from the deepest seabed to the loftiest mountain
peak and furthest north in the Norwegian Arctic. NiN,
completed in autumn 2009 (Halvorsen et al. 2009a and b),
forms the scientific framework for this first Red List of
ecosystems and habitat types in Norway.

The preparation of this first Norwegian Red List for
Ecosystems and Habitat Types uncovered several
fundamental issues, partly connected with the choice of
assessment units. A separate study linked with assessment
units was therefore carried out so that the basis for
performing Red List assessments should be the best
possible. The results of this study enabled the full
flexibility of the NiN descriptive system to be brought
into use. In addition to the defined NiN type units (major
types and basic types), NiN contains a built-in flexibility
which, in principle, enables the description of any
variation one wishes within any of the types. A set of
explicit, agreed principles has been developed for how the
various sources of variation in the NiN descriptive
system (see below) ate to be used to define assessment
units. These principles are based on the NiN types and
the sources of variation in the NiN system being used to
define a set of “assessment units” which are then used to
assess threat in accordance with explicit principles.

Both the Norwegian Biodiversity Information Centre
and the commiittee of experts appointed to assess
whether or not the types ate threatened have helped to
draw up guidelines for the use of NilN to define “assess-
ment units”.

“Nature types in Norway” (NiN)

“Nature types in Norway” (Naturtyper i Norge — NiN) is
a new, fully area-covering system for typification and
description of ecological variation for Norway. It is based
on the definition of the Norwegian term “naturtype”
(called “habitat type” in the English translation) used in the
Nature Diversity Act, enacted on 1 July 2009: ‘z habitat
type is a homogeneous environment, including all plant and animal
life and environmental factors that operate there.... The new
NiN type system aims to be as all-embracing as possible.
It is intended to cover the entite mainland of Norway, the
Arctic islands and the marine areas that are under
Norwegian sovereignty, and also to meet the needs of as
many users as possible and, not least, to reflect the
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patterns of variation in the environment. The system will
thus be suitable as an educational tool when natural
history is being taught, right from elementary school to
the PhD level, and form a basis for research on many
aspects of ecological variation. All available knowledge on
how various environmental properties vary, and a detailed
discussion and interpretation of the definition of types,
form the theoretical fundament for NiN. This theoretical
fundament is published in a separate document
(Halvorsen et al. 2009b), which, together with desctip-
tions of types and explanations of all the terms used to
describe the variation in these types, is found in the
Nature Type database (www.naturtyper.artsdatabanken.no).
Unfortunately, this material is still only available in
Norwegian.

The structure of the NiN system can be summed up in a
single figure, the Nazure type fignre (Figure 4), used as the
entrance portal for the information in the Nature Type
database. The main features of the theoretical basis for
NiN, required to understand this figure, can be summed
in the following six points:

1. Gradual variation. Sharp boundaries do exist in nature,
for instance as a result of human activities (e.g.
between a field and a road, or between a golf course
and the woodland surrounding it). However, most of
the variation in nature is gradual (continuous); the
species composition (which species are found
together at a given place) changes gradually when the
environmental conditions gradually change. When
nature varies gradually, “naturally” demarcated types
will not exist and any division into types will be
artificial.

2. The ecocline concept. According to the definition in the
Nature Diversity Act, habitat types should be defined
on the basis of both environmental conditions and
species composition. In nature, many environmental
factors vary together (the pH and the contents of
calcium and nitrogen in the soil, for example) to form
complex environmental gradients. It is the
variation along the complex environmental gradients
that determines which species (plants, animals, fungi,
micro-organisms) can live in a given place, because all
living organisms respond to the sum of all the
important environmental factors acting upon them.
Since many environmental factors vary together, a
few, important complex environmental gradients
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determine the species composition at each individual
site. Which these are varies from site to site. One of
the most important concepts in NiN is the ecocline.
An ecocline is the gradual change in the species
composition along a complex environmental gradient.

3. Nature type levels. Ecological vatiation is complex, in
several different ways. This can be exemplified by a
group of observers who see different properties in
the same landscape. One of the most important
forms of complexity in nature is diversity on various
spatial scales. The broader the scale on which nature is
observed, the more complex it seems — where there
are more species, the larger is the environmental diver-
sity is greater and there are more kinds of relation-
ships; between species and between species and the
environment. The diversity on a given level of scale
embraces that on all the finer scales. Biodiversity can
therefore be regarded as a hierarchy of complexity
and scale on many levels ("levels of organisation”):
gene — (protoplasm — cell — tissue — organ) —
individual — population — (species) — community —
ecosystem — landscape — region. A unit on any level in
this hierarchy contains many units on the level
beneath and together with other units on the same
level makes up one unit on the level above. The
intention is that NiN will describe this variation in
nature over the whole range of environmental
complexity and all spatial scales. Hence, a cornerstone
in the NiN classification is that the system consists of
five parallel type classifications, one for each of five
levels in the biodiversity hierarchy. These five levels,
which in NiN 1.0 are termed microhabitat, ecological
system, landscape element, landscape and seascape,
and region, are referred to collectively as nature type
levels. The nature type level is one of three ’dimen-
sions” in the NiN system.

4. Hierarchical levels. Variation within each and every one
of the nature type levels, from finer to rougher
categories, can be systematised in a hierarchy of
levels which represent different grades of similarity or
affinity, with broad, general units on higher levels,
which are divided into narrower, more specialised,
units on lower levels. Such a hierarchy may contain
few or many levels. In NiN, three levels are used and
these are basically identical in the classifications on each
nature type level (see figure 4). The principal unit on
each nature type level is called the major type.

The major types should be easy to recognise and must:

0 have a characteristic appearance [examples of
ecological system major types are open avalanche
system, geo- to supralittoral rocky shore,
driftline, kelp forest seabed and snow-bed],

0 be linked together by similarities in species
composition (for instance, the same life forms
dominate throughout the major type, like trees do
in the ecological system major type, non-wetland
terrestrial forest, which embraces all woodland
and forest that is not wetland or is not located in
the flood zone along rivers and lakes), and

0 be distinguished as clearly as possible from other
major types on the same nature type level.

None of these criteria are unambiguous. Everyone can
put different meanings to words like “characteristic”,
“common” and “clearly distinguished”. For classifi-
cation on the nature type levels, microhabitat, ecological
system and landscape element, the NiN system in
addition uses a very specific criterion which, in the
great majority of cases, unambiguously determines
what is a major type (and what is not):

o the same ecoclines must be important throughout
the major type, so that habitats belonging to the
same major type can be further divided up using
the same set of the most important ecoclines.

NiN 1.0 has 68 major types on the ecological system
level. The major type group hierarchical level provides
a practical arrangement of these 68 major types in five
rough, easily recognisable groups, marine system,
tidal system, freshwater system, wetland system
and non-wetland terrestrial system.

The third hierarchical level (under the major
type) might have been “types” or “subtypes”, for
instance “bilberry woodland” as a type in non-
wetland terrestrial forest. However, there is
considerable variation in species composition and
environmental conditions within “bilberry woodland”.
In ecological classification systems which are intended
to detect fine nuances, this detailed variation is in
most cases characterised by dividing the types into
increasingly finer “subtypes”, “sub-subtypes” and
“sub-sub-subtypes”, in other words by adding levels
to the hierarchy. Irrespective of how many types a
hierarchy for ecological variation consists of,
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considerable amounts of the ecological variation will
not be detected because each spot in nature has
unique properties. Moreover, as the number of levels
in the hierarchy increase, relationships (similatities and
differences) between the units will be increasingly
difficult to perceive. This is not least a problem when
units are defined by using many non-comparable crite-
ria, such as is the case with ecological variation.
Because there are so unbelievably many different and
non-comparable sources of variation in nature, a
large hierarchy of types below the major types will 7oz
reveal the causes of the variation in types and will
therefore tend to confuse rather than promote
overview and insight. The consequence of this is that
variation within the major types is described in a
completely new way in NilN, by using a descriptive
system as the third hierarchical level (within the major
types on each nature type level).

5. The descriptive system in NiN (“the flexible descriptive
system for full area characterisation”, which is the full
term; see Halvorsen et al. (2009b): Section E5c¢), is
based on the fact that ecological variation can be
apportioned among six qualitatively different catego-
ries, sources of variation, which can be placed in two
fundamentally different primary categories:

0 variation along ecoclines (mostly gradual variations
in environmental factors and species composition;
3 categories)

0 other sources of ecological variation (3 categories)

The most important local ecoclines ate in a class of
their own among the six sources of variation. A local
ecocline means the parallel, more or less gradual
variation in species composition and environmental
factors (complex environmental gradients) expressed
on a comparatively fine spatial scale (for example, soil
moisture, the acid-base status of the soil (“lime
richness”) and the duration of snow cover). NiN uses
local ecoclines to divide the major types into basic
types. The basic types can be looked upon as
rectangular “boxes” in a chart where the steps along
each of the most important ecoclines are ’crossed’
with one another. Basic-type figures showing how
each major type is split into basic types form part of
the description of neatly all the major types (a few
major types consist of only one basic type). A full
description of an area using the NiN system therefore
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consists of specifications of the major type and the
basic type as well as a description of other properties
within the area (the term “area unit” is used for an
area that belongs to a single type) with respect to all
sources of variation that are relevant on the nature
type level and in the major type concerned. The NiN
system thus offers the possibility to characterise the
natural variation within areas in very great detail.

. The three dimensions. The NiN system has three

dimensions: the five nature-type levels, the three
hierarchical levels and the six sources of variation.
These are illustrated in figure 4, which shows how the
NiN system is structured to deal with variation along
these three dimensions:

® The five nature type levels which, in the figure, are

stacked on top of each other and separated by
hotizontal lines, are:

O microhabitat

0 ecological system

o landscape element

o landscapes and seascapes

O region

® The (up to) three hierarchical levels on each nature
type level are stacked on top of each other
between the horizontal lines which demarcate each
nature type level):
O major type group (green boxes)
O major type (red boxes)
0O descriptive system (boxes in other colouts)

® The six sources of variation that make up the
descriptive system for full characterisation are:
O variation along ecoclines:

m local ecoclines [the most important local
ecoclines (orange boxes with black print)
are used to perform classification into basic
types (datk blue boxes); “other local
ecoclines” which “explain” variation are
used for description (orange boxes with
blue print)], in other words, the parallel,
more ot less gradual variation in species
composition and environmental factors
(complex environmental gradients) which
are expressed on a comparatively fine
spatial scales, but which have an effect that
lasts for a relatively long time. The most
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typical local ecoclines reflect vatiation in the
bottom and ground systems.

m condition or impact ecoclines (orange
boxes with blue print); in other words, the
parallel, more or less gradual, variation in
species composition resulting from vatia-
tions in condition or state, between
localities which belong to one and the same
type. The variations in condition are caused
by natural or human-induced disturbances
or other triggering factors, or the cessation
of determinative factors on artificial and
semi-natural sites (for example, regrowth
successions in former hay meadows).

m regional ecoclines (orange boxes with
blue print); in other words, the parallel,
more or less gradual variation in species
composition azd macroclimatic factors
(bioclimatic variation) on broad spatial

O other soutces of variation:

m dominance, in other words, habitat
variation related to the occurrence of
individual species or groups of species in
large numbers or high density, preferably in
the uppermost layer of the vegetation
(dominant tree species, for example), which
cannot be explained as variation along local
environmental gradients, regional gradients
or is related to condition or state, but which
is, nevertheless, important for how eco-
systems function and which species are
present.

m objects related to site condition and
history, in other words, variation related to
the occurrence of specific objects in the
environment at a lower nature type level,
including special biological, geological or
other occurrences that are not covered by

scales. any nature type level in NiN.
v Regional
REGION classification
1
region
" Landscape ciement GRS SIOR D SR
major type
LANDSCAPE AND Regional
SEASCAPE Ecological system m. t. Landscape basic type Landform variation
| 3
il Ecological Land | t
cological system m. t. andscape elemen
LANDSCAPE - g N | Otherlocal A
ELEMENT Variation in | IComplex microhabitat ecoclines The most important Regional
condition objects ecoclines Landform variation
\ Ecological system major type group
]
ECOLOGICAL Microhabitat m. t. Ecological system basict.
SYSTEM Other local A Landform
Variety of Variationin | |Complex microhabitat ecoclines The most important Regional
dominance condition objects ecoclines variation
R
\ Microhabitat major type group
| o S
MICROHABITAT ; Microhabitat basic type Regional
Dominance Other local A variation
(ecological Variation in ecoclines The most important (ecological
system part) condition ecoclines system part)
Condition or Landform Regional
Dominance impactecoclines | | Content of objects Local ecoclines variation ecoclines

Sources of variation

e
o

Figure 4. The Nature type figure which shows the NiN structure (see the text for a more detailed explanation).
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m landform variation, in other words,
variation in terrain form (variation in
surface forms in the terrain which can be
described by continuous variables such as
relative relief and terrain unevenness) and
the occurrence of discrete landforms.

On the microhabitat level the classification into types is
intended to characterise the vital necessities of individuals
and species. The microhabitat types therefore address
spatial scales down to the finest ones where small
organisms “are aware of ” variations in the medium on or
in which they live (for instance, an insect egg as the
microhabitat for a parasite and a moss as a microhabitat
for a fungus which lives inside the cells of the moss). The
six major-type groups of the microhabitat are further
divided into 32 major types.

The ecological system is the lowest type level in NiN
where the entire ecosystem, in other words the living part
(the plants, animals, fungi and micro-organisms), the
non-living part and the important processes are
collectively typified. This typification covers the entire
Norwegian mainland and the maritime areas and Arctic
islands under Norwegian sovereignty. The ecological
system types express vatiation on relatively fine spatial
scales where variation in species composition on the
bottom (in water) and the ground (on land) first and
foremost occurs. The guideline for recognising ecological
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The assessment unit “open lime-rich
shallow-soil lowland system in the
boreonemoral zone” is defined to comptise
the parts of the major type, “open shallow-
soil lowland system”, made up of basic
types 5 and 6 (lime-rich ground) and
restricted to the boreonemoral bioclimatic
zone. This is a Type 3 assessment unit,
which presupposes another impact regime
and a higher Red List category than the
rest of the major type. The major type is
not threatened (LC), and in the southern
part of the country there is, moteover, far
greater pressure in the form of land-use
encroachment and changes in state. In
Bamble, Telemark. Photo: Rune Halvorsen.

system types is a linear resolution of 25 metres and
mappability on a scale of 1:5 000. Az the outset, a type
must therefore cover 100 m? to be regarded as a separate
area unit on the ecological system level. On this level in
NiN, the typification follows a long tradition for environ-
mental typification at the “intermediate scale level”. There
are therefore many similarities between the typology on
the ecological system level in NiN and the classifications
of plant communities and vegetation types for Norway,
including Fremstad’s (1997) vegetation type classification
and the habitat type classification in the European
environmental classification system EUNIS. The ecologi-
cal system level is particulatly relevant for plants and
fungi, but also for groups of animals that are distributed
along the same ecoclines as plants (e.g. spiders, ground
beetles and plant-eating insects). Most species of larger
and/ot mobile animals like birds and mammals respond
to variations in the environment on broader scales, in
other words, the landscape element and landscape (and
seascape) levels. The ecological system typification has
two strictly hierarchical levels, the major type group (of
which there are 5) and the major types (which are the
major units in the typological system, and of which there
are 68). A typification into basic types within the major
types (based on variations along the most important local
ecoclines) is included as elements on the third level in the
hierarchy as part of a flexible descriptive system for full
characterisation of ecological systems. The descriptive
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system forms the basis for characterising the ecological
systems with respect to all six sources of variation: local
ecoclines, condition or impact ecoclines, regional
ecoclines, dominance, objects related to site condition and
history, and landform variation.

The landscape element types make up complexes of
ecological system major types, which, in nature, constitute
a functional ecological, sometimes also geomorphologi-
cal, entity and which occur within a clearly demarcated
geographical area. The landscape element typification is
not fully area-covering, but comprises selected character-
istic complexes of ecological system major types that
satisfy this definition of landscape element. The land-
scape element types may overlap, that is to say that one
point in space may fall into several types of landscape
element (both river course and active delta, for exam-
ple). The landscape element types include the water
bodies as well as the bottom and the ground. Accordingly,
river courses, lakes and fjords are important landscape
clement major types (12 major types are recognised at the
landscape element level).

Types at the landscape and seascape level represent
categories of ecological landscape. These units are
characterised by similarities in large landforms and terrain
characteristics, which are important for the occurrence of
different ecosystems. Terrain vatiation is the most
important criterion in the typification, which comprises 5
major types and 20 basic types. Neither the landscape and
seascape nor the regional nature type level, the latter
addressing bioclimatic variations on coarse spatial scales,
is used to define assessment units for red listing,

The ecological system is the central nature type level
in NiN and also the level which is first and foremost used
as the basis for defining assessment units for red listing.
However, the landscape element level is also used to
define assessment units in this Red List.

Fundamental challenges when selecting
assessment units for the red listing of
ecosystems and habitat types

The general nature of the NiN system and, not least, its
flexibility, presupposes that users perform adaptations
that are specific to their purpose before they use the
system. In #his context, NiN is used to assess the threats
to habitat types in accordance with an explicit set of
criteria for red listing, The most important fundamental

challenges when defining such assessment units can be
summarised as follows:

1. Nature types/Habitat types are not “natural”
units. In the principles for NiN, it is repeatedly
underlined that such types are not found in nature as
concrete, observable (“natural”) units. The main
reason for this is that most of the ecological variation
is gradual, in time and space. This gradual variation
can therefore not be classified into natural units, but it
may nevertheless be divided into types. Accordingly,
this #ypification can be performed in many different
ways, none of which can lay claim to be the correct one.
This means that a list of assessment units will always
be open to discussion. Threat assessments will always
be influenced by how the assessment units are
defined. The list of assessment units must therefore
be based on clear criteria for how these are set up.
The Norwegian Biodiversity Information Centre
requires that a Red List be founded on existing
scientific, empirically based knowledge.

2. For all use of surface area, occupancy and
distribution criteria, the result of a threat assess-
ment is directly dependent upon how finely
divided the assessment units are.

In NiN, the major type level is defined on the basis of
explicit criteria; a major type is a “hierarchical level”
for ecological variation defined on the basis of four
points, the most important of which is that the same
ecoclines (and main complex gradients) must remain
important throughout the major type so that areas
that belong to the same major type can be further
divided by using the same set of ecoclines (see above).
In addition, areas that belong to the same major type
must have a homogeneous appearance (physiognomy)
and broadly the same species composition, as well as
being as far as possible “naturally”” demarcated from
other major types. By “naturally”, we mean in this
context that there must be important differences from
closely related major types with respect to processes
or species occupancy patterns.

Based on this definition, 68 ecological system
major types and 12 landscape element major types
were distinguished in NiN 1.0. The variation within
each major type can be described in as much detail as
the user wishes with the help of the flexible descrip-
tive system for full area characterisation. One element
in this descriptive system is the division into basic
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Grouping of nature types to new assessment units
NiN 1.0

Ecological system, | |Landscape element,

all major types all major types

All major types All basic typesin all
(Ecological system major types major types (not
for artificial sites = NA) artificial sites)
S S I
3 [ . ]
g Mosaic type
1S Remaining Parts or combinations of remaining
= basic types basic types differentiated on the basis
\i \ of other local ecoclines, regional
. . . . ecoclines, dominance (forests) and
Revised major type classification
) . landform
(types of mosaics taken into account)
S [ E—)
\d \i \
Not
Type 1 Type2 Type 3 assessed
assessment unit assessment unit assessment unit
All RL criteria AllRL criteria RL criteria
1,2and 4
- - - - — - — — — — — —
Initial assessment may be Significantly different impact regime
at least NT in accordance than the rest of the major type:
with RL criterion 3 (very - qualitatively different impact factors
few localities) than other parts of the major type, and

- corresponding to at least 1 step higher
Red List category in accordance with RL
criteria 1, 2 and/or 4

Figure 5. The figure shows how types from the NiN system are applied for Red List assessment. A key element in the red listing work is the
concept of “assessment units”. These mainly follow the major and basic types in NiN, but under given premises units may also be defined
within these.

types on the basis of the most important local principle, paves the way for such a fine division of the
ecoclines. Variation within the basic types is described areas that (nearly) all of Norway will belong to an
with the help of the six sources of variation. Initial assessment unit which covers such a small total

steps in the process of tentative delimitation of surface atea, has such a small total disttibution and/or
assessment units made it perfectly clear that NiN, in such small occupancies that it will be assessed as
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threatened on the basis of the surface atea criteria (see
below). The way the descriptive system is used to
demarcate assessment units will therefore to a
considerable extent directly determine the result of the
threat assessments.

To make the threat assessment process meaning-
ful so that the result can achieve general acceptance,
clear criteria must therefore be set up for the degree
of detail at which major types are divided into
assessment units. It must also be clarified whether
assessment units that result from division into fine
units are also to be assessed with respect to surface-
area critetia.

3. Scale and mosaic problems. Some types, both
major and basic types on the ecological system level
(e.g. basic types of mire expanse, and the major
types, waterfall-sprayed rock and waterfall-sprayed
meadow) often or always occur in mosaics with other
types. When this mosaic consists of fragments that
are so small that each one is not mappable (100 m? on

the ecological system level), the types constitute
“repetitive fine-scale mosaics”. For these, it is not
meaningful to assess each “mosaic-fragment type”
separately with respect to threat.

4. Landscape element and ecological system. Types
on the landscape element level sometimes represent
ecosystems that are so strongly integrated that
assessment of threat on lower nature type levels is
hardly meaningful. When types on the ecological
system level are in their entirety within types on the
landscape element level, these are to be treated on one
level only (see also “Type 1 assessment types”).

Principles for defining assessment units

The following hierarchical set of selection criteria is used
as the basis for dealing with the above challenges. That
the criteria are hierarchical means that they must be
applied in the specified order.

P Alpine

- Northern boreal

Middle boreal

o Southern boreal

- — — 0T ElET [ A Boreonemoral
[ 1] 1

00 200 200 400 P

Figure 6. The regional ecocline, the bioclimatic zone, is frequently
used to define Type 3 assessment units. Source: Vegar Bakkestuen,
Natural History Museum, University of Oslo. See also Bakkestuen

et al. (2009b).

Highly oceanic
Markedly oceanic
Slightly oceanic

Indifferent section

Slightly continental

Figure 7. The regional ecocline, the bioclimatic section, can be
used to define Type 3 assessment units. Source: Vegar Bakkestuen,
Natural History Museum, University of Oslo. See also Bakkestuen
et al. (2009b).
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Figure 8. Marine ecoregions can be used to define Type 3
assessment units for marine systems. Source: The Norwegian
Mapping Authority’s Border database (ABAS), with manual editing
of the border to Russian waters in accordance with the boundary
agreement signed on 15 September 2010 (Moy et al. 2003).

The basis for threat assessment is that all major types
on the landscape element and ecological system levels
in NiN 1.0 must be assessed. The procedure used to
identify assessment units is illustrated in figure 5.

Type 1 assessment units

The identification of a set of Type 1 assessment units,

which are to be assessed with respect to all threat criteria,

is made on the basis of the following hierarchy of rules:
Threat assessments must, as a starting point, be
petformed for all major types on the ecological and landscape
element levels. Explicit exceptions to this are all major
types for artificial bottoms and sites (which are not
threat assessed and are therefore categorised as NA
— not applicable — in the Red List). Major types must,
moreover, be assessed together (as a single assessment
unit) when the following two criteria are met:
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(@) it is most likely that more than 50 % of the total
sutrface area of the habitat type occurs in repetitive
fine-scale mosaics (with each other), and

(ifymore than 50 % of the fragments in such mosaics
consist of area units that are smaller than the
minimum area for mapping on the ecological
system level in NiN. For most major types, this
minimum area is 100 m* [NiN Article 1: Flc point
1 (Halvorsen et al. 2009b)], but for woodland and
forest types it is 500 m? For some major types (e.g:
sptings), area-units are recognised as points regard-
less of the area they cover.

Type 2 assessment units

The identification of a set of Type 2 assessment units
which, like the Type 1 assessment units, are to be assessed
with respect to all Red List criteria, is done by
performing a prior assessment of all the basic types within
the major types on the ecological system and landscape
element levels. This prior assessment implies an estima-
tion of the number of distinct localities and/or the total
extent of surface area units and/or 4 km?® grids where the
basic type occurs in Norway (see the chapter on Red List
assessments and figure 2 for the definition of localities).
The objective of this prior assessment is to identify as
assessment units all basic types which may, potentially, be
threatened or near threatened in accordance with the
criteria for rarity (Red List criterion 3, very few localities
(see the chapter on Red List assessments)). All basic types
which meet these requirements constitute Type 2 assess-
ment units which are assessed with respect to all Red List
criteria, including criterion 3.

The justification for including Type 2 units is that the
basic types represent combinations of the most impor-
tant complex environmental gradients for the species
composition within each major type. Rare combinations
of environmental factors often host species with
restricted ecological amplitudes, which are naturally rare
when their preferred living place is rare.

Type 3 assessment units

The identification of Type 3 assessment units, which are
only to be assessed with respect to Red List criteria 1, 2
and 4, presupposes the occurrence of a “significantly
different impact regime”, which means that it is
subjected to qualitatively different impact factors than
other parts of the major type. Impact factors are assessed
as qualitatively different when they give a basis for
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allocation in at least a 1 step higher Red List category
in accordance with Red List criteria 1, 2 and/or 4.

To detect the variation attached to different impact
factors, the “sources of variation” in the NiN system can
be used to define Type 3 assessment units. This is relevant
whete the major and/ot basic types in NiN have a
considerable breadth of vatiation in Norway, and/ot
where there is a substantial variation in impact factors
(type and intensity) along the relevant ecoclines (e.g. along
regional ecoclines).

For all basic types (and major types) that do not meet
the requirements for Type 2 assessment units, a separate
assessment is performed for all type units and for all
combinations of:

a. other important local ecoclines which are included
in the descriptive system for the major type

b. regional ecoclines (within “NilN frameworks” —
bioclimatic zones and sections on land, marine water
bodies and marine ecoregions — see figures 6, 7 and 8)

c. dominance in types of forest where this is included
in the descriptive system for the major type

d. landforms in river courses, lakes and wetland
massifs, which are included in the descriptive system
for the major type because they are important for the
hydromorphological characterisation of these
ecosystems. Other landforms may be taken into
account when they are included in the descriptive
system for the major type.

This separate assessment implies an evaluation of impact
factors and the patterns of change (surface area, distribu-
tion, state) to which these give rise. “Type 3 assessment
units” are identified as combinations of the stated

sources of variation that are characterised by a signifi-
cantly different impact regime, compared to the rest
of the “Type 1 assessment unit”. In this context the
term “significantly” means that other impact factors must
be relevant, the impact is different and the patterns of
change as shown to differ.

To avoid very long lists of assessment units based on
all combinations of sources of variation, the procedure
paves the way for the formation of groups within an
assessment unit based on combinations of basic types
and sources of variation that are characterised by the
same impact regime.

Figure 5 shows the hierarchical set of selection criteria
for assessment units for red listing based on NilN.

Assessment units

The procedure for selecting assessment units implies that
threat assessments are to some extent integrated in the
selection process. This may at first sight appear disordetly,
but we believe it is absolutely essential, for several
reasons. One reason is that it will otherwise scarcely be
possible to find general criteria to select a manageable
number of units, which is a precondition for the work-
load required for Red List assessment to be within
realistic limits. Another reason is that it is not a question
of a full integration of the selection of assessment units
and the actual threat assessment. Even though not all
potential assessment units are explicitly evaluated with
respect to all possible criteria (nor is there any point in it
— see the discussion above), the above procedure will be
transparent in that all the choices are documented and all
the assessment units are defined with the help of the NiN
code system.
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This is the first official Red List for Ecosystems and
Habitat Types in Norway. It is based on the first version
of a new system to describe ecological variation, called
“Nature types in Norway” (NiN), and is necessarily
marked by the ongoing development of methodology
and gaining of experience, as well as reflecting limitations
in existing knowledge. It is vital to bear these aspects in
mind when the results presented in this publication are
being interpreted and used.

This Red List is based on two type levels defined
in NiN, the “landscape element” and the “ecological
system” levels. These embrace 80 major types which,
in turn, are divided into basic types. However, the types
defined in the NiN system may themselves span a
considerable diversity of environmental conditions and

relevant impact factors. It will therefore also be necessary
to employ the “sources of variation” used in the NiN
system to define more refined units than the major and
basic types and to assess a possible Red List allocation
of these separately. The concept of “assessment unit” is
therefore used here as the basis for Red List assessment.
Such assessment units are major types and basic types as
described in NiN, as well as units within the major types
that are defined by a specific combination of sources of
variation (see the chapter on Nature types and assessment
units). This Red List uses the term “habitat type” for both
the types defined in NiN and the “assessment units” that
are given a Red List category.

This Red List cannot produce statistics detived from
the red listing in the same way as the Norwegian Red List

Sand-dune system is a vulnerable (VU)
type of habitat and is affected by many
impact factors. Alien species may also be a
significant factor that reduces the state of
this habitat. Jeeren, Rogaland.

Photo: Arild Lindgaard.

41



General results Norwegian Red List for Ecosystems and Habitat Types 2011

Red List for Ecosystems and Habitat Types

Categories:

RE - disappeared, CR - critically endangered, Criteria:
EN - endangered, VU - vulnerable, NT - near threatened, 1 - Substantially reduced surface area
DD - data deficient 2 - Few localities and reduction
3 - Very few localities
° - Denotes upgrading or downgrading 4 - Reduced state
Assessment units Categories Criteria

Marine deep sea

Coral reef VU 4.1
Cold seep DD

Mud volcano VU 3.
Hydrothermal vent NT 3.
Coral garden NT 4.1
Radicipes coral garden VU 2.
Marine shallow waters

Fjord DD

Wedge-shaped inlet DD

Kelp forest seabed NT 1.2
Skagerrak sugar kelp forest EN 1.2
North Sea sugar kelp forest VU 1.2
Maerl bed DD

Tidal zone

Lagoon and rock pool DD

Active delta NT 1.2;4.1
Active marine delta VU 1.2
Tidal meadow NT 1.2;4.1
Southern tidal meadow EN 4.1
Sand-dune system VU 4.1
Southern fixed dunes EN 1.2
Fresh water

River course NT 4.1
Oxbow lakes, meanders and flood channels EN 4.1
Lake NT® 4.1a(1)
Low-turbidity lime-poor lake Vu° 4.1a(1)
Low-turbidity intermediate lake VuU° 4.1a(1)
Lime-rich lake EN 4.1
Lime-rich ponds and small lakes EN 4.1
Wetland

Wetland massif NT 1.2;4.1
Centric raised bog VU 1.2;4.1
Coastal bog VU 1.2;4.1
Palsa mire EN° 4.1b
Seepage spring and spring-fed fen NT 1.2;4.1
Lowland spring fen expanse VU 4.1
Norway spruce spring woodland VU 4.1
Thermophilous spring woodland VU 1.2;4.1
Lowland spring DD

Mire expanse NT 1.2;4.1
Lime-rich lowland mire margin EN 1.2;4.1
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Assessment units Categories Criteria
Mowable mire expanse EN° 4.1b
Alluvial mire, mire margin and mire woodland NT 1.2;4.1
Mowable mire margin CR° 4.1b
Lime-rich lowland mire margin EN 1.2;4.1
Arctic-alpine shallow wetland NT 4.1
Semi-natural sites and boreal heath

Semi-natural grassland VU 1.2;4.1
Hay meadow EN 1.2;4.1
Coastal heath EN 4.1
Boreal heath DD

Woodland

Continental forest river gorges NT 4.1
Tidal-zone forest NT 1.2
Almond willow scrub NT 1.2
Violet willow scrub NT 1.2
Coastal Norway spruce forest EN 4.1
Grazed woodland NT 1.2;4.1
Coastal thermophilous Scots pine woodland EN 1.1
Rich mesophilous boreal deciduous woodland DD

Lime-rich beech woodland VU 2.
Lime-rich low-herb Norway spruce forest VU 4.1
Tall-herb Norway spruce forest NT 4.1
Calcareous tall-herb Norway spruce forest NT 4.1
Low-herb oak woodland NT 1.2
Low-herb Scots pine heath woodland NT 1.2
Lime-rich low-herb Scots pine heath woodland NT 1.2
Lime-rich Scots pine lichen woodland NT 1.2
Calcareous Scots pine lichen woodland NT 1.2
Lime-rich small-leaved lime woodland VU 2.
Ultramafic woodland NT 1.2
Bedrock, bare rock, mass-movement slopes and other shallow-soil systems

Bird cliff VU 4.1
Clayslide NT 2.
Gully VU 1.2
Open alluvial system NT 4.1
Waterfall-sprayed rock and meadow NT 4.1
Earth pyramid CR 2.
Cave Vu° 4.1b
Kettle-hole heath DD

Open lime-rich shallow-soil lowland system in the boreonemoral zone VU 1.2
High Arctic terrestrial areas

Bird cliff NT 4.2
Thermal spring VU 3.
Lime-poor mire NT o
Arctic permafrost wetland NT 1.3
Polar desert NT 1.2
Wind-exposed arctic steppe VU 3.
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for Species (Kalis et al. 2010) because it is not based on
a fixed number of potential assessment units from which
the red-listed units are a selection. In other words, it is
impossible to say what percentage of Norwegian habitat
types are red listed. It will be more relevant to view the
estimated area of red-listed habitat types relative to the
total surface area of Norway.

This Red List for Ecosystems and Habitat Types
contains 40 threatened habitat types. Of these, 2 are
critically endangered (CR), 15 endangered (EN) and 23
vulnerable (VU). A further 31 were classified as near
threatened (NT) and 9 were allocated to the data defi-
cient (DD) category. The DD category is used for habitat
types when the correct categorisation of the unit is
extremely uncertain and the unit may in principle belong
in any category from CR to LC inclusive (Figure 9). No
habitat types are assessed as having disappeared (RE)
from Norway during the assessment period concerned
(restricted to 50 years back in time; historical changes are
therefore not taken into account).

A separate Red List assessment has been made for
Svalbard and Jan Mayen, called here the High Arctic
areas. Several of the habitat types are found on the
Norwegian mainland as well as in the High Arctic areas,
but these are assessed separately. This version of the Red
List for Ecosystems and Habitat Types deals only with
the terrestrial High Arctic areas, not the freshwater envi-
ronment in the High Arctic.

The nine thematic chapters of habitat types that were
assessed contain a varying number of red-listed habitat
types. This variation does not just indicate which main
categories of the environment are most highly

Categories
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threatened, but to some extent it also reflects the freedom
which the methodology gives the experts to define assess-
ment units and the variation in the level of knowledge
and the diversity of various impact regimes.

Criteria

The chapter dealing with the set of criteria for Red List
assessment describes four main criteria (1-4). Criterion

1 concerns habitat types whose surface area has been
significantly reduced, criterion 2 habitat types with few
localities and ongoing reduction in surface area, criterion
3 habitat types with a natural occurrence of very few
localities without ongoing reduction, and critetion 4 habi-
tat types whose state is being significantly reduced.

Figure 10 and Table 3 show that 32 of the habitat
types placed in categories CR, EN, VU and NT on the
Red List for Norway and adjacent maritime areas were
allocated on the basis of criterion 1, 6 on critetion 2, 5 on
criterion 3 and 42 on criterion 4. These add up to more
than the total number of red-listed habitat types because
a given type can be listed on the basis of more than one
criterion.

Criteria 1 and 4 were most frequently applied during
the assessments. These criteria are based on the known
or estimated area of occurrence or occupancy of the
assessment unit, and they assess the percentage reduction
in surface area and/or state. Criteria 2 and 3, which are
based on the assessment unit having a small number of
localities in Norway, were less used because the threshold
value for assessing a habitat type as being threatened due

Figure 9. Distribution of red-
listed habitat types in Norway
determined by category.
Represents data from

80 types of habitat.
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Figure 10. Distribution of
threatened and near threatened
habitat types determined by
criteria for red list assessment in
Norway.

to a small number of localities is so low that few habitat
types satisfy it. This is in accordance with the principle
that the Red List must contain assessments of the real
risk that habitat types can disappear. Moreover, it takes
more for a habitat type or an ecosystem to disappear
from Norway than for a species to do so.

Geographical distribution

Information on the geographical distribution of red-
listed habitat types is useful as a basis for a more targeted
focus on surveying, monitoring and management. This
Red List shows the counties where the red-listed habitat

types are known to occur. In the case of the High Arctic
areas, a differentiation is also drawn between Svalbard
(including the islands of Hopen and Bjorneya) and Jan
Mayen. Marine habitats are apportioned between five
marine ecoregions: the Skagerrak, North Sea, Norwegian
Sea, Barents Sea and Arctic Ocean.

The red-listed habitat types are faitly evenly distri-
buted through Norway, but have a tendency to decrease
northwards (Figure 11). They are also comparatively
evenly distributed over the maritime areas, except the
Arctic Ocean. In general, there are fewer red-listed habitat
types in the Arctic than further south, since the diversity
of habitat types is smaller and the impact factors differ in
the north (see also Table 4).

Table 3. The use of various criteria for red listing of habitat types (1 — Substantial reduction in surface area, 2 — Few localities and
reduction, 3 - Very few localities, 4 — Substantial reduction in state) in a variety of habitat type themes.

Red List criteria

Themes

1 2 3 4
Marine deep sea 1 2
Marine shallow waters 3

Tidal zone

Fresh water

N
N | b

Wetland 9 15
Semi-natural sites and boreal heath 2 3
Woodland 10 3 6
Bedrock, bare rock, mass-movement slopes 2 2 4
High Arctic terrestrial areas 2 1
Total 32 6 5 42

45



General results

Norwegian Red List for Ecosystems and Habitat Types 2011

400

The distribution of red-listed habitat types in the
counties and maritime areas gives no indication of how
the number of localities or the proportion of their
surface area are distributed within and between counties
and regions, just whether the habitat is known in that
area. An interesting feature is, nevertheless, that counties
with a low total surface area in the central part of south-
eastern Norway have just as many red-listed habitat types
as counties with a larger surface area.

It should also be stressed that there are many gaps in
our knowledge of habitat types in Norway, their distribu-
tion and the factors affecting them. As our knowledge
gradually increases, we will be able to draw up a better
Red List. Many types of habitat on this present Red
List are widely distributed in Norway, too, and may be
looked upon as being quite “common”, but here it is the
percentage-wise reduction in state and/or surface area
that determines the allocation. The county lists of habitat
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Known, present-day occurrences
of red-listed habitat types

Figure 11. Distribution of red-listed habitat types
by the county in 2011. Based on data from the
Red List database and concerns known,
present-day occurrences.

Data from the Red List database for
ecosystems and habitat types in 2011

@ 41-49habitats

Kilometer ‘ 50 - 58 habitats

types on the Red List can be found by performing a
search via wwwartsdatabanken.no.

Impact factors

Habitats are red listed either because there are very few
localities in Norway or they have suffered substantial
reductions in their surface area or state. The reductions
may be caused by human-induced and/or natural impacts.
Here, we will summarise the human-induced impacts on
red-listed habitats that are assumed to be most important
causes of reductions in their surface area or state. Details
about the types in question can be found in the Red List
database for habitat types (www.artsdatabanken.no).

The five most important impact factors which are
highlighted on a global scale as the greatest threats to
biodiversity are habitat change, pollution, climate change,
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Table 4. The number of red-listed habitat types in Norwegian counties and maritime areas (marine ecoregions) based on data in the Red
List database and the present-day occurrences assessed by the committee of experts on the basis of available knowledge. High Arctic
terrestrial areas are not shown here because they only concern Svalbard and Jan Mayen and are dealt with in a separate chapter.

o =
£ si.2 g
g 55 .z 2 2§ ¢ « § 85 5«
s2i2i3zisrisesiii, it
€ 23 32 %8s 5 ST 6 ET T ETE E ¢ EE
Themes d 828 asfrpzdezg2s822EEiazsia
Marine deep sea 2 00 0 0 0 0 1 1 2 2 1 2 2 2 2 2 2 2 4 5 3 3
Marine shallow waters 5 5 0 0 5 5 5 5 5 5 5 5 4 4 4 4 4 4 0 4 4 5 5
Tidal zone 6 6 1 1 6 6 6 6 6 7 7 7 7 6 5 5 5 5
Fresh water 7 7 7 7 7 7 7 5 7 7 5 5 5 7 7 7 7 7
Wetland 1313 14 14 14 13 14 14 15 13 13 13 13 15 14 14 10 8
Semi-natural sites and boreal heath 3 2 3 3 3 2 3 4 4 4 4 4 4 4 4 4 3 3
Woodland 0 14 12 13 14 1113 7 6 7 11 11 12 13 12 12 7 5
Bedrock, bare rock, mass-movement slopes
and other shallow-soil systems 7 7 6 7 7 7 7 6 6 6 6 6 6 7 7 7 7 7
Total 53 54 43 45 56 51 55 48 50 51 53 52 53 58 55 55 45 41 2 8 9 8 8
invasive species and overexploitation (Millennium taken place in Norway over the past 50 years due to
Ecosystem Assessment 2005). Based on the evaluations various physical encroachments and changes linked with
given by the experts regarding the effects of human farming and forestry. It is also important to bear in mind
activities on the red-listed habitats, impacts in the shape that changes in surface area may reduce both the areas
of changes in surface area are by far the most important directly and the state of the habitat types.
when it comes to the risk of ecosystems and habitat types About half of the 80 habitat types on the Red List are
disappearing, This applies to about half the threatened negatively affected by earlier or current changes in surface
and near threatened types of habitat (Figure 12). It is area. The most important types of changes in surface
probably a result of the significant changes that have area are physical encroachments (development projects),

Both lakes and river courses were assessed
as being near threatened (NT) in Norway
due to changes in their state over the past
50 years. Watercourse regulation is an
important contributory factor here. Sauda,
Rogaland. Photo: Lars Erikstad.
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forestry, agriculture and encroachments in freshwater and
marine environments (Figure 13). In the case of habitats
affected by forestry, it is particularly clear felling, felling in
general and transformation that affect the state of various
kinds of woodland and forest. As regards agriculture, it is
partly new cultivation and ditching, where wetland habitat
types (types of mire) have been particularly negatively
affected, and partly the cessation of grazing and haymak-
ing on formerly farmed land.
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Figure 12. Changes in surface
area, pollution, climate change,
alien species and excessive
harvesting are the five major
threats to biological diversity
globally. In Norway, changes
in surface area ate by far the
most important impact factor
for habitat types in relation to
both reduction in surface atea
and reduction in state. Other
and unknown factors include
disturbance by humans and
impact from indigenous species.

Freshwater habitat types have suffered significant
losses of area and degradation, especially through hydro-
electric schemes in the past 50 years. In addition, infilling,
drainage and blocking of streams are important impacts
on red-listed freshwater habitat types. In marine areas,
dredging and infilling, aquaculture and bottom trawling
are the most important impacts.

Pollution is the next most significant impact factor
after changes in surface area. This applies first and fore-

Palsa mires were assessed as endangered
(EN) and the most serious impact factor
here is climate change. The habitat is
characterised by a turf mound (palsa) with
an ice core. A warmer climate causes the
ice core to thaw, thus reducing the state
of the habitat itself. The climate change
is particulatly taking place in southern
Norway, as here on Kattuglehoi, Dovre,
but is also expected to increase in the
north. Photo: Rune Halvorsen.
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Figure 13. Changes in surface
area are cited as the most
important impact on red-listed
habitat types in Norway. The
figure shows the number of
red-listed habitat types that
are thought to have been or
are being negatively affected
by some selected categories of
human-induced impacts and
environments.*

most to freshwater habitat types, but also those in marine
areas and the tidal zone (lagoon and rock pool). The
most important kind of pollution is input of nutrients
and organic substances, but inorganic toxicants are also
mentioned. Some terrestrial habitat types are also affected
by pollution, particularly atmospheric pollution like acidi-
fication and mono-nitrogen oxides (NO ). The impact of
acidification is declining (ceased and/or historical), but
acidification may be noticeable for some time to come.

Climate change is reported to be an impact factor
for 17 red-listed habitat types, particulatly in wetland
systems. It is also a relevant factor for High Arctic types,
earth pyramids, and indirectly for marine types like coral
reefs and kelp forests. Alien species are reported to be
an impact factor for sand-dune systems, open lime-rich
shallow-soil lowland systems in the boreonemoral zone
and several kinds of woodland, in particular. Harvesting
is not a particularly important impact factor for habitat
types and ecosystems. Secondary effects may occur when
harvesting affects seabird populations, for example,
and consequently a habitat type like a bird cliff, which
depends upon these populations for its existence.

A comparatively large proportion of impacts fall into
the category “other and unknown”, and some of these
may indirectly affect the state of the habitat type. Exam-
ples include recreation and tourism, and sea urchins as
indigenous species that may seriously affect kelp forests.

However, the main reason why the “other and unknown”
proportion is comparatively high seems to be that the
classification of impact factors is largely accommodated
to species and must be improved upon to be better able
to detect impact factors that are relevant for ecosystems
and habitat types.

The need for knowledge

Our knowledge of ecosystems (habitat types) in Norway
is limited and varies a great deal both regionally and
between different types and groups of types. NiN 1.0 is
a new theoretical platform to define types and ecologi-
cal variation. The intention with NiN has been to use

as much of the available knowledge about Norwegian
nature as possible to place this in a system based on
general principles. During the preparation of NilN 1.0,
priority was given to describing the broad aspects of the
variations in types, including identifying and describing
the most important sources of ecological variation. Less
emphasis was placed on details and on detailed descrip-
tions of the individual types and the diversity within
them. The committee of experts for the red listing of
ecosystems and habitats used NiN as the basis for its
work. Since much of the existing information on habitat
types has not been “translated” into NiN concepts, some

*Physical encroachment includes development (roads, housing and business properties, etc.); forestry includes felling and related activities

like afforestation, transformation, etc.; agriculture includes changes or intensification in the use of farmland and the effects of ceasing to use

previously farmed areas; fresh water includes dredging, dumping, watercourse regulation, changes to channels, drainage, etc.; marine includes

dredging, infilling in the shore zone, bottom trawling, petroleum activity, aquaculture, etc.
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difficulty was experienced in interpreting the data in a
NiN context.

The work performed to prepare the NiN publications
revealed that knowledge is lacking about the distribution,
diversity and species composition of many habitat types.
However, a principal aim of NiN from the start has been
to draw up a general infrastructure to describe ecological
variation and to use this to systematise existing knowl-
edge about habitat types and ecosystems in Norway and
extend it when new knowledge becomes available. This
paves the way for a more systematic, targeted accumula-
tion of knowledge. The work performed by the experts
in assessing the red listing of ecosystem and habitat types
has already given many valuable contributions to the
next version of NiN and shows that, when NiN is used,
problems are identified and in many cases also possible
solutions to these problems.

The criteria used for red listing identify three areas
where there is a need for more knowledge. They are
data on surface area (the area of occurrence and the
total surface area of the localities), locality data (coor-
dinate-fixed habitat type figures) and changes in state.
Knowledge about the occurrence and distribution of the
habitat types in Norway is essential to be able to assess
threat. The Red List assessments have revealed many
cases where our knowledge of specific habitat types is
limited and where we only know of a (probably small)
selection of localities. In such cases, the experts have used
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Semi-natural habitat types, like coastal
heath (EN), are negatively affected when
traditional land-use ceases. The state of
coastal heath is particularly dependent
upon grazing and burning, When

these practices cease, the area becomes
overgrown and the state of the habitat
is changed, as here at Qygarden in the
county of Hordaland. Afforestation and
nitrogen input may accelerate an existing
negative impact. Photo: Rune Halvorsen.

levels of uncertainty to estimate the probable actual total
surface area and/or the number of localities. The levels
of uncertainty partly result from analyses and modelling
of surface areas, and partly from the best judgement of
the experts. General data on surface areas, along with
expert evaluations, can form a basis to place data from
different surveys into an overall context. The definitions
in NiN provide a good basis for using modelling and
analyses to assess habitat types, also by making use of
existing sources of data like geology, terrain forms, water
occurrences, current conditions, depths, area cover-

age, etc. The work on the Red List for Ecosystems and
Habitat Types has shown that there is a great potential for
using such methods to generate new knowledge in both
ecological/biological and geological/geographical fields.

Some types of habitat were placed in the data defi-
cient (DD) Red List category. This category indicates
a great probability that the habitat type satisfies critetia
required for it to be placed on the Red List, but too little
is known about it to allocate it to its correct category. It
is especially important to obtain more knowledge about
habitat types classified as DD, because they are probably
experiencing reduction, often due to negative impact
factors.

All the experts have pointed out specific gaps in exist-
ing knowledge. These are comparatively large in some
fields, partly because no systematic acquisition or compi-
lation of knowledge has taken place, partly because it is
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difficult and expensive to obtain the knowledge. Marine
areas are particularly challenging in this respect. They

are very complex, and obtaining good, detailed data on
surface areas demands substantial resoutces. The MARE-
ANO programme is at the forefront when it comes to
surveying marine habitats and acquiring knowledge about
them and their species. It is responsible for much of the
modern knowledge on the marine environment in this
part of the world, and the NiN system will be further
developed in cooperation with the MAREANO scien-
tists. It is therefore vital to continue the MAREANO
programme and similar efforts to be able to improve

our knowledge of the marine environment throughout
Norwegian waters.

To gain an overview of the ecological variation over
large areas, like the seabed, requires methods which,
based on point data, transect data, recording of habitats,
dredged samples, etc. permit modelling of the probability
that certain habitats occur over a larger area based on
mapping of variations in topography, geology, etc. Much
of our knowledge on habitat diversity in marine shallow
waters is based on modelling, for example of kelp forests
along the Norwegian coast. MAREANO also uses this
approach to construct distribution and habitat type maps
of maritime areas. The further development of this
methodology and its application in new areas will provide
valuable knowledge and give a still better basis for
assessing the threat to habitat types.

The knowledge that exists concerning types of
habitat in fresh water varies greatly and is lacking in
many areas. On the ecological system level in NiN, fresh
water is divided into habitats based on bottom condi-
tions (freshwater bed). For many years, limnologists have
typified water bodies as a whole, and not the beds and the
water bodies separately. Even though basic knowledge to
undertake an ecological system classification of fresh-
water bed types is limited, NilN classified freshwater beds
into habitat types on the ecological system level, whereas
water bodies were classified on the landscape element
level (Halvorsen et al. 2009a and b). The proposed
classification of freshwater beds in NiN 1.0 is tenta-
tive, and it is vital to learn more about the relationships

between the occurrence of species and environmental
conditions on the bed. Another important step in this
work will be to obtain cartographic data on the depths of
lakes. On the landscape element level, too, there is a need
to improve the system used to describe the diversity using
the “sources of variation” concept.

The Red List assessment of ecosystems an habitat
types in the High Arctic areas was restricted to terrestrial
areas. Future revisions of the Red List should also include
investigations of fresh water in these areas, provided
sufficient is known about them.

Awnthropogenic impact represents a gradual variation from
environments created entirely by man (artificial sites)
via those marked by moderately intensive, long-term
management (semi-natural sites) to natural sites that are
only slightly affected. Drawing the distinctions between
artificial sites, semi-natural sites and natural sites is a key
element in NiN (Halvorsen et al. 2009b). Even though
semi-natural sites are dealt with separately in this Red
List, habitat types that are marked by some human impact
also occur within the other thematic areas. Examples
are hay fens and grazed woodland, defined in NiN as
natural sites, although they clearly show human influence.
Changes in farming methods and cessation of farming
are also negative impact factors for several other habitat
types, such as southern tidal meadows and open lime-rich
shallow-soil lowland systems in the boreonemoral zone.

A general conclusion from the work performed on
the Norwegian Red List for Ecosystems and Habitat
Types is that more needs to be learnt about the influence
of farming and the utilisation of the environment down
the years, and its significance for biological diversity.
There are also gaps in knowledge on the occurrence and
distribution of semi-natural habitat types. The changes
in Norwegian farming over the past 50 years, partly
through intensification and mechanisation and partly due
to areas being laid fallow, have caused major changes in
the landscape, especially in the lowlands of Trendelag,
south-eastern Norway and Rogaland. This has cleatly
led to substantial negative changes in biological diversity
(Norderhaug et al. 2010), but the extent of these changes
is insufficiently known.

51



Norwegian Red List for Ecosystems and Habitat Types 2011

52



Norwegian Red List for Ecosystems and Habitat Types 2011

Presentation of the 2011 Red List for Ecosystems and Habitat Types

Presentation of the 2011 Red List
for Ecosystems and Habitat Types

Both a printed version and a searchable Internet database
(www.artsdatabanken.no) of this Red List for Ecosystems
and Habitat Types ate available. The Red List covers nine
thematic divisions of the Norwegian environment and
the following nine chapters present the results of their
assessment. Each chapter includes two tables, one giving
the assessment units and how they are defined in accord-
ance with the NiN system, and the other is the actual Red
List of the ecosystems and habitat types classified accord-
ing to the CR, EN, VU, NT and DD categories.

These thematic chapters also contain systematically
presented information on the assessment units, the
most important impact factors, existing knowledge and
knowledge that is required. In addition to the names of

the habitat types and the Red List categories, the Red List
tables also show the criteria on which the categorisation is
based and in which counties or maritime areas the habitat
types are known to occur.

Morte information on the habitat types can be found
by performing a search in the Red List database (only in
Norwegian) via the Norwegian Biodiversity Information
Centre web page (www.artsdatabanken.no). This particu-
latly concerns documentation on criteria and surface area,
which explains why the habitat type has been allocated
to the Red List category concerned. The database also
provides information on the background for definitions
of assessment units, more details on negative impact
factors and references.

Active delta is a red-listed habitat that was
assessed as near threatened (NT) based on
an overall assessment of both freshwater
and marine deltas. However, the basic
type, active marine delta, was assessed as
vulnerable (VU) because it has suffered
more reduction in surface area during the
last 50 years. Gaulosen, Sor-Trondelag.
Photo: Arild Lindgaard.
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Marine deep sea

Pél Buhl-Mortensen
Institute of Marine Research (IMR)

In the NiN system, marine deep sea covers habitats under
the major type, aphotic seabed, and a number of special
habitats that are defined as separate major types. It covers
all habitats where there is too little light for plants to live.
In addition to those dealt with below, this also includes
soft, semi-stable and stable aphotic seabed.

NiN version 1.0 is the basis for definitions of assess-
ment units in this Red List. This results in some devia-
tions from habitat types defined in other contexts (e.g;
OSPAR), where deep-sea sponge aggregations, for
example, are listed as endangered habitats (OSPAR 2008).
It is important that NiN extends its system to include this
type of community, too.

Lophelia pertusa is the most important reef-building,
deep-water coral in Norwegian waters. The habitat type
this coral forms is described at two levels in the NiN
system, the ecological system (coralline seabed [M6]) and
the landscape element (coral reef [6]). Only the landscape
element was assessed here since this level covers the
impact on all scales which are relevant for coral reefs as a
unit. The habitat type has a wide geographical distribution
and is found in large parts of the world, but nowhere else
are so many reefs recorded as in Norwegian waters. The
main occurrences are on the Norwegian continental shelf
from the More coast northwards to western Finnmark. In
the Skagerrak, three quite large reefs are known off
Hvaler, and they extend into Swedish waters near Koster.
Several reefs have been protected, including some near
Hvaler, Rost and Tautra. Based on an estimate of the
total number of reefs, the proportion of protected reefs
is less than 20 %. Extensive investigations have been
undertaken in recent years to survey the reefs.

Coral garden [M7] is a major type consisting of the
basic types, hard-bottom coral garden and soft-bottom

coral garden. These are both dominated by soft corals
(Gorgonians). Hard-bottom coral gardens dominate in
terms of area and the predominant species is bubblegum
coral (Paragorgia arborea). This is a very fragile species that
is vulnerable to contact with fishing gear. Soft-bottom
coral gardens occur in both fjords and the deep ocean.
The bamboo coral, Isidella lofotensis, is the dominant
species forming soft-bottom coral gardens in fjords,
whereas in deep waters it is first and foremost the sea
whip, Radicipes sp., which dominates. Radicipes coral garden
is therefore defined as a separate assessment unit in this
context. It covers a very small area with relatively few
localities. It was found for the first time in Norwegian
waters during MAREANO surveying in 2009 (MARE-
ANO 2009). Extensive signs of bottom trawling were
also observed in the area where the habitat occurs (the
Bjorneya Slide). Like other large corals, this species is
sensitive to the physical disturbance caused by bottom
trawling;

NiN describes cold seeps [M2] as areas on the seabed
where gases or fluids emerge that have about the same
temperature as the surrounding sea water. Cold seeps
atise when gas and/or fluid seep slowly out or are
explosively ejected from pockets below the seabed.
Where the sand is fine grained, depressions form in the
seabed because the current removes the fine material.
These depressions may be up to 10 m deep and 60 m
broad. There are two main categories of cold seeps,
pockmarked seabed, where water and gases emerge, and
mud volcanoes, where methane hydrate is emitted. Many
potential localities containing cold seeps are implied by
detailed bathymetric surveying, but the proportion of
these that are active is not known.
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Mud volcano [M2; 2] is a basic type under cold seep,
and the habitat is represented by just a single locality. It is
in the Norwegian Sea and is named the Hikon Mosby
Mud Volcano; it is quite well studied (e.g. Perez-Garcia et
al. 2009). There are estimated to be seven localities of
hydrothermal vents [M3] based on information given on
maps and in text by Pedersen et al. (2010), who described
all the Norwegian occurrences that are known. Two
localities are found near Jan Mayen, and a cluster of five
is known on the Mohn Ridge (Loki’s Castle).

Algal gyttja seabed [M4] is where seaweed remains
accumulate after being transported by currents and
sinking into deep sites near the coast where they are
broken down. These sites are important for recycling
nutrients in the ecosystem. Their distribution is pootly
known, and the existence of any impact factors threate-
ning this habitat is not known either.

Assessment units

The areas that were assessed cover the waters around the
Norwegian mainland, which, in addition to Norwegian
territorial waters (i.e. all marine areas within the territorial
limit), include the Norwegian Exclusive Economic Zone
(200 nautical miles, ca. 965 000 km?) and the Fishery
Protection Zones, including the territorial waters around
Svalbard (200 nautical miles, ca. 861 000 km?) and Jan
Mayen (200 nautical miles, ca. 293 000 km?).

Coral reefs, as described on the landscape element
level, and coralline seabed, as described on the ecological
system level in NiN, are identical areas. Consequently,
only the landscape element level was assessed because it
covers the impacts on all scales that are relevant for coral
reefs as a unit.

Because the threat status for major and basic types is
identical in the majority of cases, the assessment was
mostly performed at the major type level, but the follo-
wing exceptions were made.

Coral gardens occur in both fjords and the deep
ocean. The occurrences of soft-bottom coral garden in
the deep ocean (see Radicipes coral garden) are defined
as a separate assessment unit on the basis of the type of
water body (Arctic intermediate water), the small number
of known localities and a known negative impact factor
(bottom trawling). The species composition is, moreover,
significantly different from other soft-bottom coral
gardens. In the fjords, Isidella lofotensis is the dominant
species forming soft-bottom coral gardens. This species
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does suffer damage, but not so much as the major type.
Mud volcano was assessed because it is represented by
only a single locality. Scientific sampling is taking place,

but other ongoing impact factors are not known.

Existing knowledge

The most important existing knowledge was results from
the MAREANO project (www.mareano.no), especially
maps of the distribution of vulnerable types of habitat.
Information on the general distribution of important
species that are typical for the various habitat types that
were assessed is gathered in a report from 1997
(Brattegard and Holthe 1997), and a subsequent updated
version. Relevant summarising information was also
published in the 2010 Norwegian Red List for Species
(Oug and Buhl-Mortensen 2010).

The area of occupancy for coral reefs can be
calculated on the basis of the average surface area of
known coral reefs (6528 m% Mortensen et al. 2001)
combined with an estimate of the total number (6000) of
coral reefs in Norwegian waters derived from recent
surveying of coral areas (Fossa et al. 2002;

WWW. mareano.no).

The need for knowledge: Species living on the
seabed are not evenly distributed, but occur patchily in
association with various environments and types of
seabed or habitat. Better surveying of habitats in deep
water is required to be able to assess the state of the
habitats and biological communities. This is also most
valuable information in connection with overall
(ecosystem-based) management of the marine areas. For
a long time, there has been a widely accepted opinion that
deep-water habitats are largely homogenous and
characterised by silty sediments. Recent research (e.g:
MAREANO) has shown that environments, seabed
conditions and species compositions can vary over short
distances, even in deep water. Many areas in deep water
prove to have characteristic compositions of species even
though they cannot be classified as belonging to a special
type of habitat. It is therefore an interesting and impor-
tant task to describe habitats in deep water better.

The marine areas that have to be surveyed are large,
and investigations are time consuming and expensive.
This is why MAREANO (www.mareano.no) has evolved
a strategy where detailed information on the composition
of sediments and bottom fauna from selected localities is
used to perform full coverage habitat modelling, Detailed
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bathymetric maps generated by multi-beam echo soun-
ders are valuable for this modelling, Without such maps,
the possibility of constructing full coverage maps of
habitats in deep water would have been very restricted.

The results of such habitat modelling have been very
promising, giving an accuracy of around 80 % for many
habitat types. However, not all habitats are equally simple
to predict. Investigations of the seabed using video
filming and dredging gear are therefore irreplaceable.

Information on the environment on and near the
seabed is very limited as regards geographical resolution.
No adequately precise maps exist that depict temperature
conditions (annual maximum, minimum and mean) and
bottom currents. These factors are of great significance
for the distribution of the species that define the types of
habitat.

Results

Ten types of habitat were assessed, and six were red
listed. Two of these were separate assessment units under
the major type, cold seep. These two variants of cold
seep and coral reef were red listed as vulnerable (VU).
Too little is known to assess cold seep, but the degree of
impact suggests that the correct category is somewhere
from L.C to CR. Cold seep was therefore allocated to the
data deficient (DD) category. Bottom trawling may have a

Radicipes coral garden was assessed to be a
vulnerable (VU) habitat type in Norway. It
is dominated by the scleractinian Radicipes
sp., which, in Norway, is only found on the
Bjornoya Slide in the northern part of the
Egga Margin (700-900 m depth). Photo:
MAREANO/Institute of Marine Research.

negative impact on these types of habitat. More know-
ledge will help us to determine the correct Red List
category in a future revision. In addition, hydrothermal
vent and coral garden were assessed as near threatened
(NT).

In general, a limited number of localities (criteria 2
and 3) and a reduction in state (criterion 4) were decisive
for the assessment. An assessment of changes in the state
of coral gardens is based on assessments of the quantity
of Paragorgia arborea. This dominating species in coral
gardens is very fragile and is vulnerable to contact with
fishing gear. Even though the scale of the reduction in
area and state of Radicipes coral garden is not known,
the threat status and the limited number of localities
form the basis for assessing this habitat as vulnerable
(VU) in Norwegian waters.

Coralline seabed was not evaluated (NE) because the
habitat type as such was dealt with at the landscape
element level (coral reef).

The most important impact factors

Knowledge about the effects of impact factors on types
of habitat in deep-water areas is in general too spatse.
This particularly applies in relation to increased particle
content in the water. The petroleum industry, aquaculture
and fishing with bottom trawls all cause locally elevated
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figures for particle content. Without a better understan-
ding of this impact factor it is impossible to propose
scientifically justifiable safety zones for habitats in
deep-water areas. The most important impact factor for
all the assessed habitats is habitat impact. Studies have
shown that the proportion of physically damaged coral
reefs is large. It is estimated that between 30 and 50 % of
the reefs off the Norwegian coast are more or less
damaged by bottom trawling. Recent monitoring has
demonstrated several new cases of reef damage. If
trawling continues on a large scale in areas with Lophelia
reefs, there is a danger that damage will accumulate over
time and several reefs can disappear altogether, as
observed in some areas off central Norway. Bottom
trawling on the continental shelf is responsible for the
greatest impact on coral reefs and soft-bottom coral
gardens. The area where Radicipes coral garden occurs is
used to trawl for Greenland halibut and this fishing is
leaving obvious marks on the seabed made by the trawl
doors, as well as coral debris.

Fishing with long lines and nets is an impact factor for
hard-bottom coral gardens. Bottom trawling may also be
a negative impact factor for cold seeps, in that the
carbonate substrate may be removed or damaged. The
habitats can also be affected by activities connected with
oil and gas recovery. If pipe-laying and platform installa-
tion take place in areas with coral reefs and gardens, the
corals may be crushed and sediment whitled up. These
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activities now take place in a very small part of the areas
known to have these habitats. Impacts from oil spills may
occur if the oil infiltrates water bodies in deep water, o is
transported to the seabed with dispersants. Estimates of
the scale of such accidents are very uncertain.

Discharge of particles (superfluous fodder and faeces)
from aquaculture facilities may negatively affect species
that filter water (like those forming coral reefs and
gardens). The scale of this impact factor is not known.
The same goes for the scale and effects increasing
quantities of nutrients discharged from land are having
on coastal coral reefs and gardens.

No ongoing human activities are known to be having
negative impacts on mud volcano and hydrothermal vent.
However, sampling is taking place in connection with
research. This activity is very limited and takes place in
controlled forms; it is not envisaged to be having a
significant negative effect. The hydrothermal vents
contain valuable minerals. If their extraction is permitted,
it may substantially affect the habitat.

Coral reefs and coral gardens may be particulatly
negatively affected by climate change. Changes in
temperature, pH and current patterns may change the
area of occurrence of the characteristic species which
define these types of habitat. These are so far future
impact factors, for which various scenarios are decidedly
uncertain.
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Table 5. The assessment units, their location in the NiN system and sources of variation.

Abbreviation for level:
LE - Landscape Element
ES - Ecological System

as they are described in NiN version 1.0
(www.naturtyper.artsdatabanken.no).

Habitat types on the major type level are marked in bold type.
The type code refers to the major type and possible basic types

Landform variation:
MW - Marine water bodies

Sources of variation

Assessment unit Level Type code Landform variation
Coral reef LE 6

Cold seep ES M2

Mud volcano ES M2;2

Hydrothermal vent ES M3

Coral garden ES M7

Radicipes coral garden ES M7;1 MW-Y4

Categories:
RE - disappeared, CR - critically endangered,

DD - data deficient
° - denotes up- or downgrading

Criteria:

1 - Substantial reduction in surface area
2 - Few localities and reduction

3 - Very few localities

4 - Reduction in state

EN - endangered, VU - vulnerable, NT - near threatened,

Red List for Marine Deep Sea

Additional criteria:

a - The category is downgraded because of changes in the
last or the coming 10 years

b - The category is upgraded because of changes in the last
or the coming 10 years

(1)/ (2) - Number of steps downgraded

County and Marine ecoregions occurrence:
e - Known or assumed known present occurrence
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Marine shallow waters

Kjell Magnus Norderhaug
Norwegian Institute for Water Research (NIVA)

Marine shallow waters are defined here as types of seabed
in the euphotic zone of the NiN marine systems [M].
These habitats are on the seabed below the tidal zone,
where sufficient light penetrates for algae to be able to
grow (the compensation depth). Marine ecology publica-
tions define the compensation depth as 0.3-1 % of the
light intensity at the surface of the sea, i.c. a depth of
between 20 and 40 m in most places along the Norwegian
coast.

At the ecological system level in the marine systems,
six major types are relevant for assessment. Kelp forest
seabed [M10] contains kelp forest composed of various
species of kelp, the most important of which are tangle
(Laminaria hyperborea) and sugar kelp (Saccharina latissimay.
They are among the most productive ecosystems on the
Earth (Abdullah and Fredriksen 2004) and house a rich
community of algae and animals (Christie et al. 2003).
Some of the large production is exported to other coastal
ecosystems (Vetter 1995). Kelp forests are also
important nursery areas for fish, including coastal cod
(Gadus morbua) (Norderhaug et al. 2005). Kelp forest is
estimated to cover up to about 8640 km? in Norway.

The major type, euphotic stable seabed [M11], covers
various kinds of seabed that are not dominated by kelp
forest. Consequently, there is considerable variation in the
dominant species of algae or attached animals, not least
because it spans a significant vatiation along important
environmental gradients.

The basic type, euphotic semi-stable seabed [M13],
covers all the systems on semi-stable seabed in saltwater
above the compensation depth, that is, substrates
dominated by sand and gravel (as well as stone-dominated
ones that are very exposed to waves), consolidated clay
and biogenic substrates like shell sand (remains of shells

from lime-forming organisms deposited after their death)
and maetl gravel. Shell sand is regarded as a pootly
renewable resource (Oug and Moy 2005, Directorate for
Nature Management 2007¢). The most common species
of unattached calcareous algae in Norwegian waters is
Lithothamnion glaciale, which grows along the entire coast.
The two southerly species, Phymatolithon calcarenm and
Laithothammion corallivides, are often called “true maetl” and
are rare in Norway.

Euphotic soft seabed [M15] is found in bays and other
places protected from waves and currents. Modelled data
show that it covers some 715 km?. Sublittoral eelgrass
meadow is an important subtype of euphotic soft seabed.
These meadows have high biological production and a
rich diversity of animals and attached algae (Fredriksen et
al. 2005). Common eelgrass (Zostera marina) grows here
and there on sandy and muddy bottoms in shallow watet.
It covers some 290 km?. Dwarf eelgrass (Zostera nolti) is
red listed as endangered (EN).

Anoxic seabed [M5] is a major type found in many
fjords with a very shallow sill where the bottom water
may be permanently oxygen-free (anoxic). Fjords with
naturally low oxygen content mostly occur in southern-
most and western Norway. Framvaren (Vest-Agder) has
permanently oxygen-free bottom water with the highest
concentration of hydrogen sulphide (H2S) known in any
marine water body, and the sediment is completely dead.
Areas with periodically low oxygen content in the bottom
water will lack some species which require permanently
good access to oxygen. The species composition will
therefore be unusual. In fjords with permanently anoxic
bottom water, the sediment acts as an archive where
historical information on the conditions in the fjord is
preserved. This habitat must not be confused with
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oxygen-deficient eutrophic areas (Directorate for Nature
Management 2007c).

High-energy seabed [M9] is hard seabed (dominated
by stones, boulders and bedrock) that is regulatly in
contact with water which is regularly in such motion that
algae (seaweeds) cannot dominate. It is found on the
outermost coast. Its surface area has not been calculated.

Hydrolittoral rocky shore [S4] is a major type in tidal
systems, but is dealt with under marine shallow waters.
The habitat comprises rocky shores (i.e. boulder- and
bedrock-dominated shores) that are stable even during
periods with strong waves and powerful currents. It is
situated in the hydrolittoral part of the tidal zone (i.e. that
which is covered by seawater more than half the time)
and generally covers small areas, but occurs as a narrow
strip along most of the long Norwegian coastline.

Two major types in the landscape element level are
relevant for assessment, fjord [4] and wedge-shaped inlet
[5]. A fjord is a long, narrow, marine inlet that is deeper
landward of a marked sill near its mouth. A fjord there-
fore has limited exchange of bottom water. Norwegian
fjords have a total sutface atea of about 89 000 km?
(Norway Statistics). A wedge-shaped inlet is a shallow,
narrow, marine embayment that is not glacially over-
deepened and therefore lacks a marked sill and has a
more or less evenly increasing depth out towards its
mouth, resulting in its bottom water being regularly
exchanged. The surface area of wedge-shaped inlets has
not been calculated.

Assessment units

The major units at the landscape element and ecological
system levels which describe habitat types in the marine
euphotic zone were assessed. At the landscape element
level, these are fjord and wedge-shaped inlet, even though
parts of these habitat types may be within the aphotic
zone. The assessment concentrated on the coast of
mainland Norway, because little is known about the
coasts of Svalbard, Jan Mayen and Bjornoya.

Within the major type, kelp forest seabed, the variants,
Skagerrak sugar kelp forest and North Sea sugar kelp
forest, were also assessed regionally because they have a
different impact regime from the major type. Sea urchins
have grazed large areas of kelp forest seabed to a marine
desert from central Norway northwards (Norderhaug and
Christie 2009). Rapidly growing filamentous algae and
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sediment have replaced kelp forest seabed in large parts
of the Skagerrak and western Norway (Moy et al. 2008).

Shell sand is commercially exploited in euphotic
semi-stable seabed, which was assessed. We found no
cause to allocate the basic type to a higher category than
this major type; euphotic shell sand bed [M13; 6] was
consequently not assessed separately. Occurrences of
unattached coralline algae (maetl beds) were assessed
separately. Phymatolithon calcareun and Lithothammnion
corallioides (maerl) are often found growing together at a
depth of 10-20 m on sand, mud or gravel, particularly in
areas with moderate to high water movement, but
protected from strong waves.

Shallow soft-bottom areas (including sublittoral
eelgrass meadows) are thought to be particulatly at risk
when development takes place in the shore zone, and
they were specially assessed. However, they were not
regarded as warranting higher categorisation than the
major type, euphotic soft seabed (LC), and were therefore
not differentiated as a separate assessment unit.

Existing knowledge

Subsea mapping requires different methods than those
employed on land. Aerial photographs and satellite
images are of limited use for identifying marine habitat
types. Mapping must therefore mostly take place
indirectly by analysis and modelling using data on physical
conditions compiled with biological data from dredged
samples or photographs. This means that marine areas in
general are pootly surveyed, and little is generally known
of their reference state and current state.

Kelp forest seabed (only the variant, tangle forest, was
included in the model) was modelled for mainland
Norway (NIVA model). Sugar kelp is probably greatly
reduced due to grazing by sea urchins in central and
northern Norway (Gundersen et al. 2010) and more
knowledge about the scale of this impact is required. The
distribution of tangle forest around Svalbard and Jan
Mayen is not included in the model either. What little is
known about the state for Svalbard and Jan Mayen
suggests that this varies and sea urchin grazing largely
takes place locally (Norderhaug and Christie 2009 and
references therein). The distribution of sugar kelp was
only modelled for the Skagerrak, and the assessment for
the North Sea is based on field studies (Moy et al. 2008).
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Euphotic semi-stable seabed

Data on shell sand were requested from the county
authorities and calculated on the basis of data received
from the counties of Aust-Agder, Vest-Agder,
Hordaland, Nord-Trendelag and Troms. Knowledge on
the distribution of maerl beds is mostly based on
scattered, random observations, and in practice the
distribution must be regarded as unknown (Directorate
for Nature Management 2007c). The largest occurrences
of shell sand are generally found in places with strong
currents and at depths of 10-30 m, and probably occur in
the counties of Rogaland and Hordaland.

Euphotic soft seabed

Data on soft seabed are modelled predictions of the
occurrence of areas of shallow seabed covering the
counties of Ostfold, Akershus, Oslo, Buskerud, Vestfold,
Telemark, Aust-Agder, Vest-Agder, Hordaland, Sogn &
Fjordane, Sor- and Nord-Trondelag and Troms. The
models used predict the situation at a depth of 25 m, and
include bathymetric figures in the sea and heights on land
to be able to identify flat areas in the shore zone. The
criteria used to identify these areas include slope and
depth (Rinde et al. 2006). Aerial photographs were used
to verify the models, and photographs from Oslofjord,
Trondelag and Troms show that their precision is about
50 %.

Sugar kelp forest is a habitat type that has
been greatly reduced in many areas. The
reduction has been greatest in the Skagerrak,
where it is now assessed as endangered (EN),
and the North Sea, where it is regarded as
vulnerable (VU). The reduction of sugar kelp
is estimated to be 80 % in the Skagerrak, but
the biological state varies from year to year.
Photo: Hartvig Christie, NIVA.

The distribution of sublittoral eelgrass meadow was
predicted with the help of a NIVA model (Rinde et al.
2006), which only covers the Skagerrak. The calculations
for developments in the shore zone and shallow areas
were carried out using a digital coast line over construc-
tions in the shore zone. The digital coast line was provi-
ded from Marine primary data from Norway Digital.
Significant data are lacking to perform precise calcula-
tions. It is not known just when the developments took
place, and there are no good criteria to determine impact
zones in marine areas. The calculations are therefore
conservative and uncertain.

Anoxic seabed

Data on naturally oxygen-poor fjords were calculated on
the basis of McClimans (1978, Regional College in Bodo
for the Municipal Habitat Surveying Programme). The
surface area covered by the major types, euphotic stable
seabed and high-energy seabed, is not known. However,
the distribution of small areas of hydrolittoral rocky
shore has been modelled (Soldal et al. 2009).

The assessments for fjords and wedge-shaped inlets
were performed on the basis of key reports and publicati-
ons, and databases like Miljostatus.no (Climate and
Pollution Agency). The state of contamination in fjords is
being monitored by NIVA for the Climate and Pollution
Agency.
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Results

The table below summarises the assessment units in the
marine euphotic zone. Kelp forest seabed was assessed
as near threatened (NT) due to sea urchin grazing in
northern Norway and the death of sugar kelp in the
Skagerrak and the North Sea. Since the degree of threat
varies regionally and with the characteristics of the
habitat, two assessment units of kelp forest seabed,
Skagerrak sugar kelp forest and North Sea sugar kelp
forest, were assessed as endangered (EN) and vulnerable
(VU), respectively. It has not been possible to assess the
risks for fjord, wedge-shaped inlet and maerl bed, but
if more knowledge had been available they would
perhaps have been categorised as endangered or near
threatened. They were therefore allocated to the data
deficient (DD) category.

In 2008, there were restrictions on eating fish and
shellfish taken from 2.7 % of Norwegian fjords, and this
figure has increased during the past 10 years (sources:
Norway Statistics and Miljestatus.no). However, pollution
affects larger areas (Norwegian Pollution Control Autho-
rity 2000, Green et al. 2010). As no national evaluation
exists for the surface areas of fjords and wedge-shaped
inlet whose state has been reduced due to pollutants and
eutrophication, these habitats are allocated to the data
deficient (DD) category.

It is not known whether there is a reduction in “true
maet]” (coralline algae). Consequently, maerl bed was allo-
cated to the data deficient (DD) category. Most of the
basic types in euphotic semi-stable seabed were assessed
as ecologically satisfactory (LC). In Hordaland, where
most shell sand is extracted, up to 0.2 % of the recorded
area is removed each year. A few types that were assessed
as L.C were close to being allocated to DD. Based on
currently available knowledge, it is calculated that 1.6 %
of the ateas of shallow seabed (euphotic soft seabed
shallower than 2 m) have disappeared due to develop-
ment in the shore zone. The figure varies from 0.3 % in
Finnmark to 5 % in the Skagerrak and 20 % in Oslo. The
considerable scarcity of knowledge means that the
assessment is close to deserving categorisation as DD,
and special means of assessing the effect of development
in the shore zone should be developed. Current
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knowledge suggests that the total reduction in the surface
area of sublittoral eelgrass meadow in the Skagerrak due
to development in the shore zone is about 5 %, but varies
from 2.5 % in Ostfold to 15 % in Oslo. Since time-seties
data imply that there is no majort, systematic reduction of
eclgrass vegetation in the Skagerrak (e.g. Johannessen and
Sollie 1994), the unit was not assessed separately.
However, as mentioned above, owing to lack of data, this
is also close to being allocated to DD. As the total surface
area calculated for oxygen-poor fjords is small, it is close
to the limit for assessment as near threatened (NT).
There is little reason to believe that the other assessment
units which were allocated to least concern (LC) are
threatened.

The most important impact factors

Habitat types in the euphotic zone are found in coastal
areas that are under various kinds of pressure. Develop-
ment of habitats is a threat to species and habitat types
on land and in the sea. Harbours and areas in wedge-
shaped inlets and fjords have suffered contamination
from various kinds of human activity for a long time.
Pollutants are deposited on the seabed and along with
ongoing discharges they exert a significant burden on
organisms and the ecosystem. The substances may lead to
increased mortality, retard growth or reduce the repro-
ductive ability of marine organisms. Fjord and coastal
areas are also exposed to eutrophication originating from
agriculture, forestry, aquaculture and sewage works. There
is considerable development pressure in the shore zone in
many fjords and coastal areas, especially in the Skagerrak.
However, little is known about the significance of
pressure for underwater habitats (see Existing know-
ledge). Other impact factors originating from the land are
fresh water, particles and nutrients brought by rivers and
originating from agriculture and municipal sewage
treatment plants, for example (Moy et al. 2008). These are
expected to increase due to ongoing climate change
(Norderhaug et al. 2009). The coastal ecosystems are also
affected by commercial fishing (Moksnes et al. 2008,
Syvertsen et al. 2010). Knowledge of the reasons for
observed and ongoing, large-scale changes along the
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coast, including changes in the distribution of kelp forest
and sea urchins in northern Norway and of sugar kelp
forests and filamentous algae in southern Norway is
largely lacking (Norderhaug and Christie 2009, Syvertsen
et al. 2010).

Kelp and shell sand are commerecially exploited. Some
170 000 tonnes of tangle are harvested annually along the
Norwegian coast between Jeren and Trondelag, The
annual harvesting efficiency for the entire coast of More
is calculated to be a few percentages of the total standing
kelp biomass, and the effects are assessed as small (Rinde
et al. 2006). The Geological Survey of Norway (e.g. Boe
and Ottesen 1996) has mapped occurrences of shell sand
with a view to potential commercial extraction.
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Table 6. The assessment units, their location in the NiN system and sources of variation.

Abbreviations for levels:
LE - Landscape Element
ES - Ecological System

Habitat types on the major type level are marked in bold type.

as they are described in NiN version 1.0
(www.naturtyper.artsdatabanken.no).

Regional ecoclines:
ME - Marine ecoregions

The type code refers to the major type and possible basic types

Sources of variation

Assessment unit Level Type code Landform variation
Fjord LE 4

Wedge-shaped inlet LE 5

Kelp forest seabed ES M10

Skagerrak sugar kelp forest ES M10; 1 ME-1

North Sea sugar kelp forest ES M10; 1 ME-2

Maerl bed ES M13
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Categories:

DD - data deficient

Criteria:

3 - Very few localities
4 - Reduction in state

° - denotes up- or downgrading

RE - disappeared, CR - critically endangered,
EN - endangered, VU - vulnerable, NT - near threatened,

1 - Substantial reduction in surface area
2 - Few localities and reduction

Red List for Marine Shallow Waters

Additional criteria:

a —The category is downgraded because of changes in the

last or the coming 10 years

b - The category is upgraded because of changes in the last

or the coming 10 years

(1)/ (2) - Number of steps downgraded

County and Marine ecoregions occurrence:
e - Known or assumed known present occurrence
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Tidal zone
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The Norwegian coastline, excluding Svalbard, is calcu-
lated to be 83 280 km long, 25 148 km on the mainland
and 58 133 km on islands (Statens kartverk 2010/SSB).
Many of the islands are on the strandflat, a type of
landscape that is globally rare and mainly a result of the
many ice ages Norway has experienced (cf. landscape
major type 1 in NiN). The strandflat is well developed
between the counties of Rogaland in the southwest and
Finnmark in the northeast, inclusive, and is broadest on
the Helgeland coast, the southern part of the county of
Nordland.

Since the Norwegian coastline is an emergent coast,
land uplift means that in most parts of the country what
was part of the tidal system 100 years ago is now elevated
and farther from the sea. The land uplift makes the
distinction between sea and land far from permanent. It
results in new atreas continually being added to the shore
zone from below, while what was once part of the shore
zone is raised and becomes gradually less influenced by
the sea. What are now mudflats or other kinds of
shallow-water areas can develop into tidal meadows over
decades or centuries. The land uplift does not take place
smoothly, but has varied over time from the end of the
last Ice Age up to the present day, and also varies along
the coast (Ramberg et al. 2008).

The coast is the zone where saline and less saline
environments meet and areas that are submerged most of
the time abut on areas that are predominantly dry land. It
therefore exhibits particulatly great changes in living
conditions for organisms over short distances. The
salinity varies along the coast from south to north and
locally from the heads of fjords to the coast proper, as
well as in lagoons and rock pools and near the mouths of
rivers and streams. The tides, flowing and ebbing twice a
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day, also influence organisms in the shore zone to varying

degrees depending on the exposure and the geographical
location on the coast. There are large variations in the
climate and physical geography along the Norwegian
coast, which spans over nearly 14 degrees of latitude and
stretches from the outer coast into deep fjords. This is
reflected in large regional variations in vegetation types
and habitats, even in a European perspective (Fremstad
1997, Halvorsen et al. 2009b). The biodiversity is also
greatly affected by settlement and agricultural activity
which, ever since human beings first reached this country,
have been concentrated along what is, or once was, the
coast.

NiN distinguishes tidal systems (the tidal zone is also
referred to as the seashore, intertidal zone and foreshore)
as one of five groups of major types in the ecological
system, mainly because of the great variation in the
species present from lowermost to uppermost in the tidal
zone. NiN demarcates the tidal zone downwards towards
marine systems at the lowest, normal, low-tide mark and
upwards towards terrestrial systems and habitat types at
the highest, normal, high-tide mark or the limit of regular
influence from wave action or sea spray. “Normal”, here,
also encompasses the zone for spring tides and wave
exposure (Halvorsen and Norderhaug 2009).

The habitat types dealt with here can be grouped in
several major types, mainly according to their position in
the shore zone, the substrate and its stability, water
saturation and salinity.

Deltas occur in both fresh and brackish water. A delta
traditionally embraces the river course and the adjacent
floodplain, along with freshwater or saltwater systems
close to the river mouth. The active delta sezsz NiN
embraces only areas strongly influenced by present-day
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sedimentation. This is a somewhat more testricted
definition of delta than that used in the Elvedelta
database, for example, where the landform, delta (sensu
NiN), forms the basis for surface area estimates.

Lagoons and rock pools, that is, brackish water in the
tidal zone on soft bottoms and bedrock, respectively, are
basic types in the landscape element, lagoon and rock
pool. Since definitions of what are called lagoon here,
differ from one scientific discipline to another, the term
may deviate from that used in the NiN system.

Assessment units

NiN divides the tidal zone into habitat types at two levels
that are relevant here, the landscape element and the
ecological system (symbols and numbering accord with
Halvorsen et al. 2009a):

Landscape element: two major types were assessed:
lagoon and rock pool [LE 3] and active delta [LE 7].
Active delta is divided into the two basic types, active
freshwater delta [1] and active matine delta [2]. Active
marine delta falls into another category than the major
type and is dealt with separately.

Four major types of ecological system within tidal
zone systems were assessed: driftline [S3], geo- to
supralittoral rocky shore [S5], tidal shingle and sand shore
[S6] and tidal meadow, marsh and swamp [S7]. Hydrolit-
toral rocky shore [S4] is dealt with under marine shallow
waters.

Based on an assessment of the level of threat and
relevant impact factors, two units, tidal meadow [S7; 1-8]
and southern tidal meadow [S7; 1-8], are distinguished
under tidal meadow, marsh and swamp. The basis for
distinguishing these as separate assessment units is
discussed in Results.

We have also looked at a major type from the non-
wetland terrestrial system recognised in the NilN system,
sand-dune system [T13]. This embraces the white, grey
and brown dunes, and dune slacks. Sandy shores in front
of the dunes are classified under tidal zone systems: tidal
shingle and sand shore [S6] and poly- to euhaline tidal
sand shore [2]. Southern fixed dunes [T'13; 3] are distin-
guished as a separate assessment unit under the major
type, sand-dune system.
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Existing knowledge

The most important existing knowledge has been
information which the Norwegian Biodiversity
Information Centre has provided especially for the
project, in particular the NiN reports (e.g. Halvorsen et al.
2009a, b) and references therein. These references atre the
most important ones linked with Norwegian seashores,
including reports prepared during the mapping of
seashores in Norway (e.g. Elven and Johansen 1983,
Lundberg and Rydgren 1994). Overviews of vegetation
types and endangered vegetation types in Norway
(Fremstad 1997, Fremstad and Moen 2001) have been
most valuable. Other recent sources include reports
deriving from the project, “Scientific assessment of
Norwegian habitats” (Framstad et al. 2010, Blindheim et
al. 2011) and work performed in connection with the
2010 Norwegian Red List for Species (Fjellberg et al.
2010).

Little information is available concerning the surface
areas taken up by habitat types in the shore zone. With
respect to all the major types of seashore and sand dunes,
the Norwegian Ministry for the Environment report,
NOU 2004:28, concluded in general that the “Total area
is not known” or, regarding subtypes, they “Amount to
very small areas”. Almost nationwide, regional investiga-
tions of seashores were carried out in Norway over a
15-year period from about 1975-90. They are considered
to cover the habitat types fairly equally. The investigations
mainly covered shores with surficial deposits and types
like geo- to supralittoral rocky shores; mudflats and
lagoons were not systematically mapped. The objective
was to acquire overviews and a basis to enable the
preparation of regional conservation plans, and most
emphasis was placed on large, representative localities. In
the north, this was generally the first time the localities
had been investigated, whereas in the south there were
more often earlier investigations to compare with, and
changes over time could therefore be noted and
demonstrated (Lundberg and Rydgren 1994). The
regional investigations differ from one another as regards
evaluating the need for continued use to maintain the
habitat types. In northern Norway, this was generally not
considered necessary and in some cases regulation or
limitation of the use of rough grazing was even recom-
mended, partly because of the experience that new,
heavier strains of domestic livestock trampled through
and could seriously damage the tidal meadows (Elven et
al. 1988). In the south, the use of rough grazing was
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emphasised as being essential to maintain the habitat
types.

Data on habitats in the tidal zone, based on seashore
investigations, are often not fed into the Nature database
maintained by the Directorate for Nature Management,
which aims to record all occurrences of valuable habitat
types in Norway. Surface areas cited in the Nature
database generally cover much more than the classifying
habitat type; an example is the occurrences of tidal
meadow, marsh and swamp in Nordland, which the
database claimed in February 2011 amounted to just over
200 localities with a total surface area of 125.7 km?
whereas the surface area assessed by the experts, based on
the seashore reports for Nordland, was only about 10.7
km? Surface areas for the vatious basic types of the
ecological system can therefore only be estimated by
detailed reading of regional reports, but these too often
lack figures for the surface area. The most recent of these
reports, for southernmost and south-eastern Norway,
respectively, are based on fieldwork completed 20 years
ago. These are relatively old data when it comes to habitat
types that depend upon continued use for grazing and/or
haymaking to prevent them becoming overgrown (see
Brandrud in Fremstad and Moen 2001, pp. 169-170).

We have used the Nature database together with the
regional seashore investigations and the Elvedelta
database to estimate and calculate surface areas for habitat

types in the tidal zone.

Sand-dune system is an endangered type

of habitat in Norway and was categorised

as vulnerable (VU). Established sand-dune
systems in the boreonemoral (southerly) zone
are endangered (EN) due to a substantial
reduction in their surface area in the past 50
years, especially through new cultivation. The
photograph also illustrates another impact
factor that is increasing in this habitat type,
the alien species, Japanese rose (Rosa rugosa),
originally from Asia. Selje, Sogn & Fjordane.
Photo: Arild Lindgaard.

Lars Erikstad (Norwegian Institute for Nature
Research) has undertaken modelling and surface area
calculations of marine deltas, wind-transported sand,
mudflats, lime-rich geo- to supralittoral rocky shores and
the percentages of bedrock and surficial deposits on the
coast. The modelling was based on “the sutficial deposits
database” maintained by the Geological Survey of
Norway (NGU), and this was compared with topographi-
cal maps to get an indication of the possible surface areas
for these types. The quality of the NGU Quaternary
geological maps varies from one part of the country to
another. Maps on various scales form the basis for the
database, and they are only 1:250 000 in some areas,
allowing only cursory analyses. It is beyond the scope of
the present project to estimate the uncertainty of the data
resulting from these analyses in general. Some results
from this modelling are given below.

The percentage-wise amounts of bedrock and
surficial deposits on the coast are divided into 4 classes:

a) sand and gravel: 14.1 % of the calculated coastline,
amounting to 11 668 km of the Norwegian coastline
(total length 83 281 km)

b) clay: 8.6 % of the calculated coastline, amounting to
7129 km of the coastline

¢) outwashed stones and block fields: 8.2 % of the calcu-
lated coastline, amounting to 6796 km of the coastline

d) bedrock: 69.3 % of the calculated coastline, amounting
to 57 672 km of the coastline
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Coastline composed of carbonate-rich bedrock: the
estimated total area is about 7.7 km? (based on an average
width of 2 metres). The area comprises 2.3 km? of
marble coastline, 3.3 km? of dolomitic limestone coast-
line, and 2.1 km? of calcitic limestone coastline. Dolo-
mitic coastlines predominate in the counties of Troms
and Finnmark, marble coastlines in Nordland, and calcitic
limestone coastlines occur here and there along the whole
coast. 32 % of the catbonate-rich coastline is found in
southern Norway and 68 % in northern Norway, and
these are comparatively small areas.

Wind-transported sand: based on the NGU database,
the total surface area of wind-blown sand up to 5 km
from the coastline is estimated to be 56.5 km?, whereas
calculated from topographical maps it amounts to about
52 km? As far as we can judge, this difference mainly
concerns areas classified as lakes or mires/wetland on
topographical maps. The figures for areas of wind-blown
sand in northern Norway are divided between the
habitats, open land 90.7 %, developed area 0.3 %,
wooded land 6.3 % and arable land 2.7 %. Corresponding
figures for southern Norway are: open land 44.2 %,
developed area 1.1 %, wooded land 7.5 % and arable land
47.2 %. The figures for open land can be interpreted as
concerning the sand-dune system sezs« NiN, in addition
to areas of embryonic shifting dunes and poly- to
euhaline tidal sand shores. In northern Norway, this
amounts to 16.3 km? (90.7 % of all the area of wind-
blown sand) and in southern Norway 15.0 km? (44.2 %
of all the area of wind-blown sand).

Mudflats: the total surface area is estimated to be 585
km? 181 km?* of which is in southern Norway and 404
km? in northern Norway. This atea also includes lagoons
and low-lying stretches of larger rivers. We have not
distinguished between mudflats in areas of brackish water
and salt mudflats.

The total estimated surface area of marine deltas is
mainly based on information taken from the Elvedelta
database. Erikstad’s analyses showed that there are
approximately 424 brackish-water deltas in Norway,
which means that some 250 small brackish-water deltas
are not in the database. The analysis of the surface area
of all the brackish-water deltas shows an average of 19 %
on open land and 32 % on sea, amounting to approxi-
mately 51 % of the delta areas. This can be interpreted as
the proportion of active delta sezsz NiN.
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Results

Table 7 summarises the assessment units in lagoon and
rock pool, active delta, sand-dune system and tidal
system, along with the allocated Red List categories and
the criteria on which the assessment was based. In
general, the reductions in surface area (ctiterion 1.2) and
state (criterion 4.1) have been decisive for the assessment.

Southern tidal meadow was assessed as endangered
(EN), because of the very marked reduction in state due
to overgrowing. Tidal meadow [S7; 1-8] as such was
assessed as near threatened (NT) because of fairly
marked reductions in its state and area of occupancy
throughout the country. As regards the major type, tidal
meadow, marsh and swamp, the situation is that tidal
meadows that become overgrown in the south are often
transformed into the basic types of helophytic tidal
swamp [S7; 10, 12], so that the net area of the major type
is not appreciably altered. A change in the use of out-
fields (e.g. the cessation of haymaking or grazing) is very
important for semi-natural types of habitat, such as tidal
meadows that are dependent upon traditional land-use
for their maintenance. In the south, tidal meadows
become overgrown with common reeds and swamp
woodland, whereas overgrowing in the north is different
because the large helophytes are lacking (Fremstad and
Moen 2001). No data on changes in northern Norway
have been available until recently, but the Vesterilen
district is now estimated to have suffered a 10 % reduc-
tion in the surface area of tidal meadow over a 20-year
period (Tombre et al. 2005, Temmervik et al. 2010);
however, this is only based on remote sensing,

Sand-dune system was assessed as vulnerable (VU)
based on a reduction in its state due to traditional
land-use being abandoned and also a reduction in area
(due to new cultivation, building development and
erosion). A regional subtype of the sand-dune system,
southern fixed dunes [T'13; 3], has been distinguished as
a separate assessment unit, mainly because new
cultivation has reduced its surface area.

Active delta was assessed as near threatened (NT)
due to faitly substantial reductions in its state and area of
occupancy, and active marine delta was assessed as
vulnerable (VU) owing to substantial reductions in its
state and surface area, mainly because of building and
hydroelectric developments, river embankment construc-
tion, and sand and gravel extraction.

Data are inadequate for a precise risk assessment for
lagoon and rock pool combined or separately, and these
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are therefore placed in the data deficient (DD) category.
Rock pools on bedrock are scarcely an endangered
habitat. Lagoons are probably endangered or near
threatened, but in the manner the habitat is defined in
NiN neither their area nor their state are well known. The
NiN definition of lagoon does not correspond with the
concept of lagoon as used and defined by marine
biologists (e.g. Skreslett et al. 2006). A definition of water
bodies in the tidal zone that can be generally accepted in
the various biological circles should therefore be sought.
We assume that lagoon is a habitat that is undergoing
pressure from development projects and perhaps eutro-
phication, in common with many others in the shore
zone.

Another type that was difficult to assess due to
scarcity of data concerning its surface area and, in part,
biological variation was lime-rich upper geo- to
supralittoral rocky shore [2]. It takes up only small
areas, and since these are exposed to pressure from
development projects the habitat is probably endangered
and should be investigated in more detail.

The most important impact factors

Habitat types in the shore zone are thought to be
suffering ongoing reduction in surface area and state due
to building development and new cultivation, and also
because they are becoming overgrown as a result of
traditional land-use having ceased. In general, pressure
from development projects on land in the shore zone is
high, and measures and encroachments often take place
bit by bit, without any overall plan or agreed basic
knowledge about their consequences (Stokke et al. 2009).
Building development is assumed to be at its maximum in

the populous parts of southern Norway, but there may be
good reason to look more closely at this assumption.
Land uplift obviously does not compensate for this
reduction in area, but the annual growth in surface area
resulting from land uplift has not been calculated.

The coast and the strandflat have been and, to some
extent, still are very attractive for settlement and roads.
Approximately 25 % of the coastline is now affected by
development (SSB 2010), but there are large regional
variations. In south-eastern Norway, where the popula-
tion is most heavily concentrated, more than 2/3 of the
coastline is affected by development (SSB 2010), whereas
outer coastal areas elsewhere have been abandoned or are
only sparsely populated. In spite of legislation embodied
in the Planning and Building Act, the process is still
taking place. This, together with changes due to hay-
making and/or grazing having ceased, means that
investigations that date back several decades are
unreliable.

The effects of climate change have not been assessed.
A rise in sea level will lead to increasing erosion and salt
impact on the land.
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Table 7. The assessment units, their location in the NiN system and sources of variation.

Abbreviations for levels: Regional ecoclines:
LE - Landscape Element BZ - Bioclimatic Zones
ES - Ecological System

Habitat types on the major type level are marked in bold type.
The type code refers to the major type and possible basic
types as they are described in NiN version 1.0
(www.naturtyper.artsdatabanken.no).

Sources of variation

Assessment unit Level Type code Regional ecoclines
Lagoon and rock pool LE 3

Active delta LE 7

Active marine delta LE 7;2 BZ-A;B1,B2
Tidal meadow, marsh and swamp ES S7

Tidal meadow ES S7;1-8 BZ-A2-7,B1
Southern tidal meadow ES S7;1-8 BZ-A1
Sand-dune system ES T13

Southern fixed dunes ES T13;3 BZ-A1
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Categories:
RE - disappeared, CR - critically endangered,
EN - endangered, VU - vulnerable, NT - near threatened,

DD - data deficient
° - denotes up- or downgrading

Criteria:

1 - Substantial reduction in surface area
2 - Few localities and reduction

3 - Very few localities

4 — Reduction in state

Red List for the Tidal zone

Additional criteria:
a —The category is downgraded because of changes in the

last or the coming 10 years
b - The category is upgraded because of changes in the last

or the coming 10 years
(1)/ (2) - Number of steps downgraded

County occurrence:
e - Known or assumed known present occurrence
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“Nature types in Norway” (NiN) (Halvorsen et al. 20092)
recognised the following major types of freshwater
habitats: the landscape element types, river course [1], lake
[2] and active delta [7], and the ecological system types,
freshwater spring bed [F2], aphotic freshwater bed in
permanently stagnant water [F3], other aphotic freshwater
bed [F4], euphotic inorganic hatrd freshwater bed [F6] and
euphotic inorganic soft freshwater bed [F7]
(Artsdatabanken 2010).

According to NiN, lakes are depressions in the terrain
that are filled with fresh water. Lakes receive water from
precipitation and through seepage and inflowing streams
and rivers, for example. Water is lost through evaporation,
seepage into the ground beneath the lake and outflowing
rivers and streams. Lakes may be defined as bodies of
standing fresh water which has a certain residence time.
River courses are occurrences of running fresh water
which has a high throughput velocity and a short resi-
dence time. A delta is a complex depositional landform
that builds up around the meeting point between a river
and a lake if sediment supply is sufficiently high and the
sediments are not regularly eroded. An active delta
embraces the river course, the adjacent floodplain and the
freshwater or marine systems beyond the river mouth,
which are strongly marked by sedimentation.

Lakes and rivers cover 6 % of the land area of
Notway. Lakes are calculated to take up 18 312 km?

5.7 % of the area of Norway (Statens kartverk 2010).
This only includes lakes whose surface area exceeds

300 m* Only 2163 of the 243 000 lakes that are larger
than 2500 m? (nve.no) have a sutface atea exceeding

1 km? Their area, however, amounts to 10 200 km?
(Schartau et al. 2008), corresponding to 55 % of the total
surface area of lakes in Norway. Rivers with foreshores

amount to 1228 km?, i.e. 0.4 % of the area of Norway
(Statens kartverk 2010). This figure only includes river
surfaces that are broader than 15 m and longer than

100 m; hence, all rivers and streams that are narrower
than 15 m are excluded from the surface area assess-
ments. Most Norwegian rivers are small and have a
catchment atea of less than 10 km? and a length of a few
kilometres; only 14 are more than 200 km long (Schartau
et al. 2008).

There are 290 river deltas (freshwater and brackish-
water deltas) in Norway that are larger than 0.25 km?
(Elvedeltadatabasen.no). The total surface atea of
freshwater deltas is estimated at 300-350 km?, but the
active part of the delta area is probably substantially less.
Some 400 areas comprising meanders, flood channels and
oxbow lakes are recorded in the Nature database. These
amount to a total surface area of 95 km?* (possibly
including some areas of dry land) and, according to
Olsen and Blindheim (2009), they include all the most
important areas of this kind in Norway.

Freshwater bodies in Norway are clearly dominated by
lime-poor (low alkalinity) and nutrient-poor lakes and
rivers (Henriksen et al. 1997). The flora and fauna are
therefore characterised by species that are adapted to this
environment.

Assessment units

When deciding on which habitat type level it is most
expedient to perform Red List assessment, consideration
must be given to which units it is possible to determine
the size of and on which level data and expertise are
available and are believed to be available in the near
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future. In the case of fresh water, it is in practice
impossible to either perform a Red List assessment or
determine the surface areas of the major types in the
ecological system. However, it is possible to determine
the surface areas of major and basic types belonging to
the landscape element.

Criteria for classifying water bodies in Norway were
drawn up in connection with the Water Framework
Directive. The most important ones are ecoregion,
climate zone, calcium, humus content and size
(Direktoratsgruppa for Vanndirektivet 2007, 2009). These
criteria have resulted from statistical analyses of several
types of biological data (Solheim et al. 2003, Solheim and
Schartau 2004).

An objective when selecting the assessment units has
been to find a system that is manageable for both the
management and the research sectors, and, if possible, to
employ the same system for different kinds of assess-
ment, for instance, the Red List assessment of habitat
types and to evaluate the ecological state of water bodies.

We have based our selection of assessment units for
fresh water on the three major types of landscape
element in fresh water: lake, river and active freshwater
delta. These, in turn, are divided into basic types determi-
ned by the most important local ecoclines and landscape
formations that emerged through the work on the Water
Framework Directive (see above).

Lakes. The basis for developing biological conditions
differs greatly between ponds and small lakes on the one
hand and lakes on the other. We have therefore undet-
taken Red List assessments of both categories, and have
drawn the following distinctions as regards their surface
area: ponds (< 0.001 km?), small lakes (0.001-0.025 km?
and lakes (> 0.025 km?). Latet, when more data ate
available, it would be wise to consider the need to
distinguish between ponds and small lakes, and to divide
lakes into different categories (e.g; latge, medium-sized
and small). It is obvious that the effects of impact factors
and threats differ greatly between Lake Mjosa (whose
surface area is 365 km?) and 1 km? lakes, for instance.

Alkalinity and calcium, and the content of organic
material, are very important factors for the species
composition in fresh water and changes in it (Rorslett
1991, Mjelde 1997, Solheim et al. 2003). The various
types of lake are, moreover, exposed to different impact
factors; lime-rich (high alkalinity) lakes, for example, are
more prone to eutrophication because they often occur in
areas that are attractive for agriculture. It is therefore
necessary to undertake a division into different types of
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lakes. In the case of the lime content, the divisions and
terms ate those used in NiN (Halvorsen et al. 2009a).
However, these terms differ slightly from those used in
the Water Framework Directive (WFD). The following
terms and divisions were used in this assessment: lime-
poot (WFD — very lime-poot) < 1 mg Ca/l, moderately
lime-poor (WED — lime-poor) 1-4 mg Ca/l, intermediate
(WFED — lime-tich) 4-20 mg Ca/l and lime-rich lake
(WED — vety lime-rich) > 20 mg Ca/l. The lakes wete
further divided into low-turbidity and humus-rich lakes
(< and > 30 mgPt/l, respectively). Hete, the divisions
used in NiN and the Water Framework Directive
coincide.

Lakes which receive a more or less regular inflow of
saltwater, making their water brackish, can be called “lake,
small lake or pool (depending on the size) with brackish
water”. This type may also include bodies of water
lacking an outlet to the sea, but situated so close to the
sea that they more or less regularly receive saltwater, for
instance, in bad weather, and therefore contain brackish
water. The biological conditions in “brackish water lakes”
will be distinctly different from those in “freshwater
lakes”. In NiN version 1.0, lake and lagoon and rock pool
[3] are the relevant major types on the landscape element
level. This should be further developed as the NiN work
proceeds, and it may give relevant assessment units for
future red listing of habitat types.

River courses. As in the case of lakes, the basis for
developing biological conditions differs greatly in rivers
and streams. We therefore distinguish streams from rivers.
The following divisions have been used for the surface
area of water: streams (catchment area < 10 km?), small
to medium-sized tivers (catchment area < 1000 km?) and
rivers (catchment area > 1000 km?). The last two
categories (small to medium-sized rivers and rivers) are
combined here. These should probably be assessed
separately on a later occasion.

Oxbow lakes, meanders and flood channels are
important landforms on a floodplain. They were adopted
as a separate assessment unit because they are inundated,
receive dispersal units and dry out to varying degrees.
This distinguishes them from ordinary lakes, small lakes
and ponds. It is, moreover, important that these land-
forms are viewed as a single entity, since it is the mosaic
of different landforms that gives rise to special biological
communities (see, for example, Mjelde 1999). On a
subsequent occasion, one should consider introducing
floodplains as a separate major type, on a level with active
deltas.
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Active freshwater delta was included and assessed under
the major type, active delta. NiN does not distinguish the
bodies of water in the delta area (ponds, oxbow lakes and
running water) as a separate entity. However, we have
included some simplified assessments for these in
addition to the assessments for the delta as a whole. More
detailed assessment should, nevertheless, be performed
on a later occasion.

Existing knowledge

Knowledge and biological data acquired in connection
with monitoring performed within the context of the
Water Framework Directive will primarily exist at the
basic type level within the landscape element, and it is
there the ecological state is assessed. Most of the older
biological data also exist on the landscape element level.

The majority of eatlier inventories, surveys and
assessments done in connection with prioritised types of
habitat (Directorate for Nature Management 2001,
2007b) are linked to this division. The same is the case as
regards the assessments of threatened types of vegetation
in fresh water (Fremstad and Moen 2001).

Even though the surface area of bodies of fresh water
is reduced in a geological time perspective (fine-grained
sediments are deposited and lakes become more shallow
before ultimately silting up), over a time petiod of 50-60

Lime-rich lakes were assessed as endangered
(EN) based on the reduction in their state in
the past 50 years. Kalven in Lunner, Oppland.
Photo: Anders Langangen.

years it is only relevant to use criterion 1 (reduction in
surface area) and criterion 2 (few localities and reduction
in number) for some types, whereas criterion 3 (very few
localities) is little used. The most important criterion for
the Red List assessment of bodies of fresh water is
considered to be criterion 4, reduction in state.

To assess the reduction in the state of lakes and rivers
in Norway we have first and foremost employed the risk
assessment (characterisation) of water bodies undertaken
in connection with the Water Framework Directive.
Based on a compilation of data and existing information,
an assessment was undertaken of the risk or potential risk
that the environmental objectives of the Water
Framework Directive are not met, that is that the water
body must have a good or improved state by 2015 or
2021 (in the first and second planning period, respecti-
vely) (cf. www.vannett.no). The impact factors used in the
risk assessments were: pollution (chiefly eutrophication),
hydromorphological changes (regulations), long-
transported impacts, morphological changes, biological
impacts, water extraction and miscellaneous impacts
(Directorate Group, Water Framework Directive 2007,
vannett.no). Climate effects were not included on this
occasion. Lime-rich lakes, small lakes and ponds were not
included in the risk assessment (Water Framework
Directive). The assessment of their state was therefore
based on work carried out in connection with the Action
Plan for Lime-rich Lakes (Mjelde et al. 2009).
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The assessments for oxbow lakes, meanders and flood
channels were based on, among others, Dolmen and
Strand (1991), Schartau et al. (2005, 2008), Mjelde (20006)
and Olsen and Blindheim (2009). The assessments of the
state of freshwater deltas were based on data in the
Elvedelta database (ED), Nature database (NB) and
Protected Area database (VB).

The need for knowledge

Even though bodies of fresh water are included in two
DN Manuals, little priority has been put on the surveying
and monitoring of biodiversity in fresh water, and the
data available are random and fragmented. Several of the
endangered types of habitat will not be covered by
monitoring being performed in connection with the
Water Framework Directive either. Some areas where
knowledge and data are lacking are mentioned below.

Data are inadequate to assess the state of ponds and
small lakes, and the threats facing them, and likewise for
various categories of rivers and streams. The next
assessment should, moreover, include an overall evalua-
tion of large, continuous watercourses, such as Lake
Mjosa and the Gudbrandsdalsligen river, and the River
Glomma to Qyeren, along with their associated flood-
plains and tributary streams (spawning and growing-up
areas for fish and invertebrates). The destruction of
tributary streams, and of pools and shallows on the
floodplains, may reduce the biodiversity in the large lakes.
Data and knowledge about the water bodies (ponds,
shallows and oxbow lakes) in delta areas and on flood-
plains are also extremely inadequate.

Climate effects have not been assessed on this
occasion, and great emphasis must be placed on these in
the next assessment. Good time series will be important
for such an assessment, and these are few and far
between in a fresh water context.

Moreovet, a need to adjust the NiN system has
become apparent. For instance, identical terms for the
various types of lakes should be used in the Water
Framework Directive and NiN. Furthermore, it is
obviously necessary to examine the “brackish-water
lakes” more closely. The biological conditions in these
water bodies differ greatly from those in “freshwater
lakes”; for instance, some species can apparently only live
in brackish water, whereas others, including both freshwa-
ter and marine species, have different tolerance thresholds
to salinity. This should be looked at more closely as the
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NiN work continues, so that the brackish-water localities
can be included as assessment units for future red listing.
We have few data and little knowledge about these
localities and their biological conditions, but based on our
preliminary evaluations we believe it is obvious that this
will be an endangered type of habitat. Introducing
floodplains as a separate assessment unit, on a level with
active deltas, should also be considered.

Results

All the major types in fresh water (lakes, river courses,
active deltas, oxbow lakes, meanders and flood channels),
as well as several of the assessment units, fall into one of
the Red List categories.

Three habitat types in fresh water were assessed as
endangered (EN). The reasons for this differ a little.
Oxbow lakes, meanders and flood channels, lime-
rich lakes, lime-rich ponds and tarns are basically
small areas and are in locations that are attractive for
settlement and farming, Most of these habitats have a
large proportion of individual occurrences that are not in
an acceptable state, chiefly due to eutrophication.
Development projects endanger several of them.

30-50 % of low-turbidity intermediate lakes and
low-turbidity lime-poor lakes were regarded as being in
a reduced state (criterion 4) and were therefore assessed
as vulnerable (VU) based on the percentage that are in a
”non-acceptable state” in accordance with the classifica-
tion in the Water Framework Directive. In the case of the
low-turbidity intermediate lakes, we assume that
eutrophication is chiefly responsible for the reduction in
their state since most of them are situated on comparati-
vely calcareous bedrock in the lowlands and are thus
exposed to impacts from both agriculture and settle-
ments, as well as some impact from regulations to
generate hydroelectricity. Low-turbidity lime-poor lakes
(WEFD — very lime-poor) are probably the most common
type of lake in Norway; according to Henriksen et al.
(1997), 40 % of 1000 randomly selected lakes in Norway
had a lower alkalinity than 0.02 mekv/1. This type of lake
is most vulnerable to acidification. Even though acidifica-
tion has been reduced in the past 20 years, it is still a
major problem (Wollan et al. 2008). In addition, several
of the large hydroelectric reservoirs in mountainous areas
are this type of lake.

Two habitat types, lakes (including ponds and small
lakes) and river courses (including streams), were
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assessed as near threatened (NT) due to a reduction in
their state. Active freshwater deltas were assessed under
the major type, active delta. The chief causes of the
reduction in the state of the major types ate eutrophica-
tion, acidification and hydroelectricity development.
Streams are at risk of being affected by development, in
addition to their state being reduced (see references in
Schartau et al. 2008).

The Red List assessment of a few habitat types (lakes
and a few basic types) has been downgraded because of a
positive development expected due to the introduction of
the Water Framework Directive and the predicted effects
of reduced acidification, chiefly in lime-poor and modera-
tely lime-poor types of lake.

Several of the basic types have not been assessed due
to lack of data.

The most important impact factors

The most important impacts in fresh water are regula-
tions to generate hydroelectricity, long-transported
pollution and drainage from agriculture and households
(vann-nett 2010/www. miljgstatus.no).

About a third of the surface area of water in Norway
is affected by hydroelectricity development (cf. DN’s
home page 14.7.2010), and watercourse regulation is

believed to be the greatest impact factor. This includes
discharge regulation, water level regulation (including
regulation reservoirs) and the transfer of water from one
watercourse to another. Rapids upstream from salmon-
bearing stretches of river have vanished from several
major rivers in Norway. The Numedalsligen, for example,
no longer has any rapids on the entire 200 km stretch of
river from Hyvittingfoss to Dagali (D. Berge, pers. comm.).

Large areas, especially in southern Norway, are,
however, still exposed to acid precipitation and a great
deal of lime has to be applied to counteract the damage.
Drainage from agticulture and households leads to
increased inputs of nutrients (eutrophication) and
pollutants to the water bodies.
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Table 8. The assessment units, their location in the NiN system and sources of variation.

Abbreviations for levels:
LE - Landscape Element

The type code refers to the major type and possible basic
types as they are described in NiN version 1.0
(www.naturtyper.artsdatabanken.no).

Regional ecoclines:

RCF - River course forms
EL - Extent of lakes
Habitat types on the major type level are marked in bold type.

Sources of variation

Assessment unit Level Type code Landform variation
River course LE 1

Oxbow lakes, meanders and flood channels LE 1 RCF-2,3

Lakes LE 2

Low-turbidity lime-poor lakes LE 2;1 EL-2; > 0,025 km?
Low-turbidity intermediate lakes LE 2;3 EL-2; > 0,025 km?
Lime-rich lake LE 2,4 EL-2; > 0,025 km?
Lime-rich ponds and small lakes LE 2;4 EL-2; < 0,025 km?
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Categories:
RE - disappeared, CR - critically endangered,

DD - data deficient
° - denotes up- or downgrading

Criteria:

1 - Substantial reduction in surface area
2 - Few localities and reduction

3 - Very few localities

4 — Reduction in state

EN - endangered, VU - vulnerable, NT - near threatened,

Red List for Fresh Water

Additional criteria:
a —The category is downgraded because of changes in the

last or the coming 10 years
b - The category is upgraded because of changes in the last

or the coming 10 years
(1)/ (2) - Number of steps downgraded

County occurrence:
e - Known or assumed known present occurrence
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Lime-rich ponds and small lakes EN 4.1. e o o o o o o e o e o o o o

80



Norwegian Red List for Ecosystems and Habitat Types 2011

Wetland

Wetland
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In this context (in accordance with NiN), wetland covers
mires, springs and arctic-alpine shallow wetlands in
mainland Norway. Wetlands on the Arctic islands
(including Svalbard) were assessed in connection with the
assessment of high Arctic terrestrial habitat types.

The statistics for the surface area of wetland are poor,
but when ditched (destroyed) wetland is excluded, the
total area is probably 25 000-30 000 km?. The majority
of the wetland area is mire (ca. 8 % of the land area),
while springs and arctic-alpine shallow wetlands cover just
small areas, far less than 1 % each. Wetland is found
throughout the country, except in the upper alpine zone,
and there are large regional and local variations. Scarcely
any country in Europe has a greater variation in the
morphology of, and the plant and animal life on, wetlands
than Norway.

Wetland has a freshwater water table close to the
ground surface, and organisms living there are adapted to
a life under water-saturated conditions. Wetland differs
from freshwater systems (limnic systems) in that water
covers the bottom less than half the year. This definition
of wetland (see more details in NilN) is much more
restricted than, for example, that on which the RAMSAR
Convention is based (which also includes, for instance,
freshwater and marine areas down to 6 m below the
low-tide level).

Wetland, as it is described in NiN, can be grouped in
three major types of habitat: 1) mire and peatland, 2)
springs, and 3) arctic-alpine shallow wetlands.

Mire and peatland, whetre mire is defined as an area of
land having moisture-demanding vegetation which forms
peat. Peatland is areas with a certain depth of peat (the
minimum depth is often 30 cm) and may include, for
instance, ditched mire and peat cuttings. The ecological

S\

system major types, modified wetland system and artificial
wetland system, are not suitable for assessment, and
hence peatland do not give any additional area in propoz-
tion to mite; in other words, substantial areas of former
wetland are not included here (more than 7000 km?; see
Moen et al. 2010). In addition to their classification within
the landscape element and the ecological system, mires
can be differentiated in many different ways in accor-
dance with various critetia, for instance, by their mode of
formation, hydrology, morphology and plant life (see, for
example, Moen et al. 2010).

Springs have oxygen-rich groundwater that emerges
from beneath the ground, and they usually cover small
areas. In some places, the groundwater may flow out over
a larger area, and spring water influences a larger area in
spring-fed fen and spring fen. The impact of spring water
varies in that water may emerge in the centre of a seepage
(astatic) spring only in periods with a high water table,
when snow is melting, for instance. In contrast, eustatic
springs have regular discharge and constant temperature
and chemical composition throughout the year. The
strength of an individual spring also varies from its centre
to its periphery and further out to spring fens and
spring-fed fens where the influence of spring water may
be small. There is a great difference in the plant and
animal life between springs on mineral soil and springs
with peat (peat-forming springs and spring fens).

The astatic springs derive their water either from
free-flowing groundwater which emerges due to the slope
of the water table or from confined groundwater that
rises as a consequence of pressure, but in contrast to the
eustatic springs this groundwater does not come from
significant depths. The composition of the water that
emerges depends on the bedrock and unconsolidated
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deposits, and in lime-rich areas its pH is higher than 7. A
distinction is drawn between springs with relatively
lime-poor water (poor and intermediate springs) and
lime-rich (hard) groundwater (rich springs). The poorest
springs have soft groundwater (pH just over 5), and a
correspondingly acid-base status as intermediate mire.

Arctic-alpine shallow wetlands occur on moist sandy and
gravelly surfaces that often contain little organic material,
this being related to sparse plant production and substan-
tial decay in an oxygen-rich environment. Meltwater from
snowdrifts supplies plenty of moisture throughout the
summer, and the plant cover greatly resembles that of
mires and springs, not least as regards the moss cover,
which can be dense. The snow cover is not particularly
long-lasting, and this distinguishes these types of wetland
from snow beds. Arctic-alpine shallow wetlands are found
in mainland Norway in the two southerly arctic zones
furthest north in Finnmark, and in the middle alpine zone
and the upper part of the low alpine zone. This type of
habitat is poorly known, and was first described in NiN.
It is thought to cover less than 1 % of the land area.

Assessment units

In NiN, wetland is differentiated into two kinds (levels)
of habitat types that ate relevant here: the landscape
element and the ecological system (symbols and numbe-
ring correspond with Halvorsen et al. 2009a and b).

Landscape element types: The major type of
landscape element is the wetland massif [LE 12],a
defined unit, divided into 11 basic types, 10 of which atre
found on the Norwegian mainland: arctic-alpine wetland
[1], seepage spring on mineral soil [3], spring with no peat
formation [4], raised bog and blanket bog [5], mixed mire
[6], palsa mire [7], fen [8], spring fen [9], peaty spring [10]
and alluvial fen [11]. These basic types are first and
foremost distinguished by peat formation, hydrology and
frost through four ecoclines: accumulation of organic
material, water supply, strength of rheogenous water
supply and frost impact (Erikstad et al. 2009).

Wetland massifs can also be regarded as geomorpho-
logical units characterised by variation in hydromorpho-
logical peatland forms. There are 16 (of, in all, 17) types
of these on the Norwegian mainland: concentric raised
bog [TM-1], eccentric raised bog [TM-2], plateau raised
bog [TM-3], ridge raised bog [TM-4]|, Atlantic raised bog
[TM-5], blanket bog [TM-0], islet mixed mire [TM-7],
string mixed mire [TM-8§], terrestrialisation fen [TM-9],
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flat fen [TM-10], percolation mire [TM-11], sloping fen
[TM-12], flark fen [TM-13], alluvial fen [TM-14], palsa
mire [TM-15] and peat-forming spring [TM-17].

Ecological system types: Five (of nine) major types
in the ecological system group, wetland systems, are
relevant: seepage spring and spring-fed fen [V3], spring
[V4], mire expanse [V6], alluvial mire, mire margin and
mire woodland [V7] and arctic-alpine shallow wetland
[V9]. Local ecoclines (major gradients in the vegetation),
like lime richness, water saturation, strength of rheo-
genous water supply, accumulation and depth of peat, are
the most important ecoclines here. These five major types
are divided into 35 basic types, some of which (in some
cases, combinations of basic types) have been selected as
assessment units.

Assessment: The classification into assessment units
mainly corresponds with the principal divisions used in
NiN and cited here, but there are some significant
adjustments for units which overlap the two levels,
landscape element and ecological system. The basis for
the classification is that the major types on both levels
must be assessed (cf. the chapter on NiN and Assessment
units). A total of 17 assessment units have been distin-
guished (Table 9). First, four units on the landscape
element level:

1. Wetland massif covers the whole of the major
type, except the high Arctic basic type, polygon
mire [LE12; 2]).

2. Centric raised bog (“Typical raised bog” in Moen
etal (2011)) is part of basic type 5, raised bog and
blanket bog, along with the hydromorphological
peatland forms, concentric raised bog, eccentric
raised bog and plateau raised bog,

3. Coastal bog is part of basic type 5, raised bog and
blanket bog, along with the hydromorphological
peatland forms, ridge raised bog, Atlantic raised
bog and blanket bog.

4. Palsa mire comprises basic type 7, palsa mire.

The other variation at the landscape element level is
covered by the major units at the ecological system level
which overlap the above units. This concerns arctic-alpine
wetland [LE12; 1] which ovetlaps arctic-alpine shallow
wetland. The four types of spring on the landscape
element level [LE12; 3, 4, 9, 10] overlap, moreover, the
types of spring on the ecological system level [V3] and

[V4].
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On the ecological system level, 13 assessment units
are distinguished, divided among the 5 (of 9) relevant
major units. Basic types or variants of basic types that are
given such significantly different threat assessments from
the major type that they are placed in a higher Red List
category must be assessed separately (see the chapter on
Assessment units). Subunits are mainly differentiated
because the impact on the areas they cover is greatest in
more lowland and southerly parts (regional ecoclines) or
the subunits are dependent upon the continuation of
traditional agticultural land-use. In some cases, the
dominance of different species of trees gives subunits
with a small area of occupancy. Three subunits of
secpage spring (seepage spring and spring-fed fen) are
distinguished, for which regional ecoclines and domi-
nance of tree species are used as sources of variation, one
subunit of spring with regional ecoclines as the source of
the variation, two subunits of mire expanse with regional
ecoclines and continuation of land-use as the source of
the variation, and two subunits of mire margin (alluvial
mire, mire margin and mire woodland) with regional
ecoclines and continuation of land-use as the sources of
variation. No subunits have been differentiated for
arctic-alpine shallow wetland (Table 9).

Hay fen (in the foreground) in the Qvre
Forra Nature Reserve. Sloping and flat fens
dominate in the background. Hay fen is an
endangered habitat type that is undergoing
reductions in both surface area and state.
Photo: Asbjorn Moen

Existing knowledge

The most important existing knowledge has been
information provided by the Norwegian Biodiversity
Information Centre for this project, especially the NiN
reports (e.g. Halvorsen et al. 2009) and references therein.
These references include the most important ones
associated with Norwegian wetlands, including reports
prepared in connection with the Norwegian mire reserve
plan (e.g. Moen 1983) and overviews of vegetation types
(Fremstad 1997, Fremstad and Moen 2001). Publications
post-dating the NiN work have also been important, and
include those connected with the project, “Scientific
assessment of Norwegian habitats” (Framstad et al. 2010,
Blindheim et al. 2011), and the preparation of the 2010
Norwegian Red List for Species (Moen et al. 2010).
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Results

The Red List table summarises the 16 wetland assessment
units, showing the allocated Red List categories and the
criteria on which the allocations are based. In general,
reductions in the area of occupancy and state have been
decisive for the assessment. Hay fen margin is the only
unit assessed as critically endangered (CR), because of a
very substantial and increasing reduction in its state due
to overgrowing, Four units are assessed as endangered
(EN): lime-rich lowland mire expanses, lime-rich lowland
mire margins, palsa mires and hay fen expanses. The
lowland types are affected by substantial reductions in
their area of occupancy and state. For the other two, a
substantial reduction in their state is most important. Five
units are assessed as vulnerable (VU). They are centric
raised bogs, coastal bogs, lowland open spring fens,
Norway spruce spring woodlands and thermophilous
spring woodlands. All five are undergoing a substantial
reduction in their state, and centric raised bogs, coastal
bogs and thermophilous spring woodlands ate also
suffering a substantial reduction in their area of
occupancy. Five of the remaining seven wetland units
(table 9) are assessed as near threatened (NT). These are
all the major types, except spring (LC — Least concern).
One unit, lowland spring, is placed in the data deficient
(DD) category, implying that it may have been red listed
if sufficient data had been available. It should be noted
that wetland massif, which embraces virtually all mires, is
assessed as near threatened (NT) owing to faitly
substantial reductions in its area of occupancy and state.
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The most important impact factors

The most important impact factor for wetlands in general
has been ditching of mires for afforestation or cultiva-
tion, but this has decreased recently. Within the past 50
years, the development of areas for industry, housing and
various infrastructure projects has become increasingly
important, especially in lowland areas. Peat cutting to
produce litter peat, damming of areas for hydroelectricity
generation and changes in the hydrology connected with
the construction of wind farms will also result in major
reductions in wetland areas locally. Changes in the use of
outfields are very important for types that depend upon
the continuation of traditional land-use. When haymaking
ceases, the area becomes overgrown and substantial
changes occur. Climate change may have both positive
and negative impacts, depending upon the type of
wetland. Much precipitation promotes ground moisture,
thereby enhancing the opportunity for mire formation.
At the same time, higher temperature will have a negative
effect on palsa mires due to the thawing of ice cores and
for types that depend upon unbroken land-use, because
overgrowing is accelerated.
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Table 9 Summary of the assessment units, their place in the NiN system and sources of variation

Abbreviations for levels:
LE - Landscape Element
ES - Ecological System

Local ecoclines:

AL - Type of agricultural land-use

AMI - Long-term agricultural management intensity
Regional ecoclines:

Habitat types on the major type level are in bold type. BZ - Bioclimatic zones
The type code refers to the major type and any basic types, Dominance:

as described in NiN version 1.0.
(www.naturtyper.artsdatabanken.no).

A1 - Dominance of coniferous trees

A2 - Dominance of broad-leaved deciduous trees
Landform variation:

HP - Hydromorphological peatland forms

Sources of variation

Local Regional
Assessment unit Level Typecode ecoclines ecoclines Dominance Landform variation
Wetland massif LE 12;1,3-11
Centric raised bog LE 12;5 HP-1-3
Coastal bog LE 12;5 HP-4-6
Palsa mire LE 12,7 HP-15
Seepage spring and spring-fed fen ES V3
Lowland open spring fen ES V3;1-6 BZ-A1, A2
Norway spruce spring woodland ES V3;1-6 A1-2
Thermophilous spring woodland ES V3;1-6 BZ-A1 A2-2,9
Spring ES V4
Lowland spring ES V4; 1-6 BZ-A1, A2
Mire expanse ES V6
Lime-rich lowland mire expanse ES V6; 7-15 BZ-A1, A2
Hay fen expanse ES V6; 4-15 AL-Y1; AMI-3
Alluvial mire, mire margin and ES V7
mire woodland
Hay fen margin ES V7; 2-5 AL-Y1; AMI-3
Lime-rich lowland mire margin ES V7;3-7 BZ-A1, A2
Arctic-alpine shallow wetland ES V9
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Red List for Wetland

Categories: Additional criteria:

RE - disappeared, CR - critically endangered, a - The category is downgraded because of changes in the
EN - endangered, VU - vulnerable, NT - near threatened, last or the coming 10 years

DD - data deficient b - The category is upgraded because of changes in the last

or the coming 10 years

° - denotes up- or downgrading
(1)/ (2) - Number of steps downgraded

Criteria:
1 - Substantial reduction in surface area County occurrence:
2 — Few localities and reduction e - Known or assumed known present occurrence

3 - Very few localities
4 - Reduction in state
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s S5 E33E258E:E398 8¢ %
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728 235 % 3258858535555 8 £
Assessment units Categories Criteria & 6 T 0 &8 = @ £ 2 & £ & = & 2 Z2 £ &
Wetland massif NT 1.2, 4.1. e o © o o o o o o o o o o o o o o o
Centric raised bog VU 1.2,;4.1. e o o o o o o o o o o
Coastal bog VU 1.2, 4.1. e o o o o o o o o
Palsa mire EN° 4.1.b o o . ° o
Seepage spring and spring-fed fen NT 1.2,;4.1. e o © o o o o o o o o o o o o o o o
Lowland open spring fen VU 4.1. e o © o o o o o o o o o o o o o o
Norway spruce spring woodland VU 4.1. e o o o o o o o o e o o o
Thermophilous spring woodland VU 1.2,;4.1. e o e o o o o o o o
Lowland spring DD e o © o o o o o o o o o o o o o
Mire expanse NT 1.2,;4.1. e o © o ¢ © o o o o o o o o o o o o
Lime-rich lowland mire expanse EN 1.2,;4.1. e o o o o o o o o o o o o o o o
Hay fen expanse EN° 4.1.b e o © o o o o o o o o o o o o o o o
Alluvial mire, mire margin and mire o o e © o o o o o o o o o o o
woodland NT 1.2, 4.1. o o .
Hay fen margin CR° 4.1.b e o © o o o o o o o o o o o o o o o
Lime-rich lowland mire margin EN 1.2,;4.1. e o © o o o o o o o o o o o o o
Arctic-alpine shallow wetland NT 4.1. e o o e o o o o o o o o o o o
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Semi-natural sites and boreal heath

Semi-natural sites and
boreal heath

Ann Norderhaug and Line Johansen
Bioforsk

NiN defines semi-natural sites as areas formed by
prolonged, comparatively intensive farming (i.e. semi-
natural pastures and hayfields which have not been
ploughed and fertilised), and divides them into two major
types: semi-natural grassland [T4] (pasture and hay
meadow) and coastal heath [T5].

Semi-natural grassland is found throughout the
country on ground with varying degrees of water
saturation (from well-drained to moist) and lime content
(from lime-rich to relatively lime-poor). In pre-industrial
farming large numbers of livestock were needed to get
enough manure for the food production, whereas fodder
production and grazing mostly took place on non-
fertilised, semi-natural land (i.e. semi-natural grassland),
first and foremost in outfield areas. In pre-industrial
farming, large numbers of livestock were needed to get
enough manure for the food production, whereas fodder
production and grazing mostly took place on non-
fertilised, semi-natural land (i.e. semi-natural grassland),
first and foremost in outfield areas. The modernisation of
farming using artificial fertilisers and so on has resulted in
both food and fodder production being concentrated on
arable land. In addition, arable land is being used more
and more for grazing. The area of semi-natural grassland
has therefore declined greatly during the 20th century. It
is estimated that less than 10 % of the semi-natural
grassland in Europe remains intact (Bernes 1993,
Stanners & Bourdeau 1995, Piessens & Hermy 2000).

Coastal heath is a form of semi-natural site whose
history goes back several thousand years. It is found on
ground with varying lime content (from lime-rich to
lime-poor) and water saturation in outermost, oceanic
coastal districts from Lofoten to Kristiansand and at
Hyvaler in Ostfold. 1t is dependent upon burning (to

obtain good grazing), round-the-year grazing and mowing
of ericaceous plants. The land becomes overgrown when
this form of use ceases. Coastal heath used to constitute
approximately 2 % of the land area of Norway (Fremstad
1993), but the active use of heathland has declined greatly
during the 20th century. Hjeltnes (1997) estimated that in
1997 only approximately 10 % of the original heathland
area remained reasonably intact.

Boreal heath [T26] is another major type defined in
NiN and comprises treeless heathland below the treeline
where dwarf shrubs like crowberry, heather, juniper and
dwarf birch mainly grow. Such heathland is found all over
the country, occurring on ground with varying lime
content (from lime-rich to lime-poor) and water satura-
tion. However, boreal heath is most common in those
parts of south-eastern Norway where transhumance dairy
farming used to be widespread, that is, areas with a
relatively dry climate where it arose following the removal
of woodland through moderate grazing pressure (when
the grazing pressure was stronger, semi-natural grassland
generally formed). As the summer farms needed a great
deal of wood, the woodland closest to them was usually
rapidly removed. Livestock grazing made it difficult for
the woodland to recover once it had been removed. Slow
regeneration due to the dry, continental climate and
persistent felling of those trees that did manage to grow
also helped to keep the heathland open. (Boreal heath can
also develop from semi-natural grassland as a successional
stage to woodland if the grazing pressure decreases.)
Since transhumance dairy farming and other kinds of
traditional outfield farming (and also quarrying) have
largely ceased, the boreal heath in the transhumance dairy
farming region is becoming overgrown and is conse-
quently decreasing in area (Bryn 2008). Boreal heath,
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however, also occurs in other parts of the country.
Prolonged grazing pressure in areas where, for instance,
semi-domesticated reindeer graze has resulted in large
areas of boreal heath in inland areas northwards from the
county of Ser-Trendelag to Finnmark.

Assessment units

Semi-natural grassland (pasture and hay meadow)
consists of 13 basic types, and was assessed as a major
type in accordance with the guidelines for threat
assessment.

Mowing of semi-natural grassland (i.e. semi-natural
hayfields) has ceased. Hay meadow therefore has a
threat status that is qualitatively different from the rest of
the major type, semi-natural grassland, and was therefore
assessed as a separate unit. Furthermore, it might well be
relevant to assess some basic types within semi-natural
grassland as separate units, but our knowledge of them is
too inadequate to permit this (but see Existing
knowledge).

Coastal heath and boreal heath were also assessed
as major types in accordance with the guidelines for
threat assessment.

Existing knowledge

Statistics showing the actual development of semi-natural
grassland (i.e. semi-natural hay meadows and pastures)
over the past 50 years are not available today. However,
we know that the use of semi-natural grassland has
declined greatly during the 20th century (see the Intro-
duction), its total area has decreased substantially and the
remaining areas are marked by fragmentation (Fjellstad et
al. 2008). The Norwegian farming statistics (Norway
Statistics) for 2007 record 1 747 542 daa as non-cultivated
meadows. 254 248 daa of this area are superficially
cultivated to establish permanent grassland and 1 493 294
daa are infield grazing. Such land is, however, mostly
fertilised and can therefore not be defined as semi-natural
grassland. The Nature database records a total area of
277 086 daa of A (very important), B (important) and C
(locally important) localities of D01 hay meadows and
D04 natural grazing (= semi-natural grassland). However,
closer examination of these data shows that the area of
hay meadows is not 52 748 daa as stated, but probably
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only 5000-20 000 daa (Norderhaug and Svalheim 2009).
In other words, the total area of what is characterised in
the database as valuable hay meadows and natural pasture
(i.e. “valuable semi-natural grassland”) is no more than
244 338 daa. On the other hand, it is likely that not all the
valuable localities have been mapped yet. Gaarder et al.
(2007) assumed, however, that the largest and most
valuable localities were already mapped, so the total area
will probably not increase much even if more mapping is
carried out.

Field observations (including fieldwork for the
Municipal Habitat Mapping Programme and the National
Programme for Mapping and Monitoring) also show that
surviving areas of semi-natural grassland are often
overgrown because their use has declined or ceased.
Semi-natural grassland that is still in use is usually grazed.
Such pastures are occasionally fertilised, thus losing their
quality for biodiversity and requiring them to be redefined
as artificial sites. The 2010 Nature Index for Norway
(Nybe 2010), which is based on both indirect and direct
indicators, shows that the average state of biodiversity in
what is referred to as open lowland” (mainly correspon-
ding to semi-natural sites) has declined greatly since 1950,
chiefly due to overgrowing, but also fertilisation and other
factors. In the last period, 1990-2010, the average
negative change in the state of the biological diversity in
“open lowland” was estimated at 12 % in the country as a
whole. Semi-natural grassland in general is thus threate-
ned by a reduction in area, fragmentation and a negative
trend in the state of many of the remaining areas.

Semi-natural grassland is classified in several basic
types and some are more endangered than others.
However, the basis for the assessment is inadequate.
Fremstad and Moen (2001) assessed several types of
anthropogenous grassland as endangered (EN) or
critically endangered (CR). This concerned what were
referred to as low-herb grassland, sticky catchfly
grassland, dry continental grassland, common bent — red
fescue — sweet vernal-grass grassland in western Norway,
Thalictrum simplex ssp. boreale grassland, Dianthus superbus
grassland and glaucous sedge — tawny sedge grassland
(Fremstad 1997). Several types of anthropogenous
grassland vegetation were also assessed as vulnerable
(VU). Special attention should thetefore be given to
low-herb — semi-natural grassland, lime-rich grassland
and moist lime-rich grassland so that we can as swiftly as
possible acquire better data to assess the threat to these

basic types.
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Mowing of semi-natural hay meadow (i.e. semi-natural
grassland affected by mowing) has, in practice, ceased in
modern farming. There are no statistics to show the
change in area during the 20th century, but farming
statistics (Norway Statistics) show that mowing of, for
instance, “natural meadow” and “superficially cultivated
grassland” declined by 31 % from 1949 to 1959. Obset-
vations (including fieldwork for the Municipal Habitat
Mapping Programme and the National Programme for
Mapping and Monitoring) also show that surviving areas
of hay meadow are today characterised by overgrowing,
Those that are still in use are frequently grazed. Grazing
may keep the areas open, but over time it changes the hay
meadow character of the flora. Many natural pastures
recorded in the Nature database are probably former hay
meadows, and some may still be able to be restored to
hay meadow.

The use of coastal heath has also declined appreciably
(Hjeltnes 1997), but there are no statistics to clearly
document the trend during the 20th century. The Nature
database records 768 235 daa of valuable coastal heath,
and about 660 000 of these are A (very important, ca. 420
000) and B (important, ca. 240 000) localities. Obset-
vations made in connection with the preparation of the
Action Plan for Coastal Heath (Directorate for Nature
Management 2010) show that large areas are in a poor or
very poor state. The 2010 Nature Index for Norway also
shows that the average state of biological diversity on the

Hay meadow with numerous common
spotted-orchids (Dactylorhiza fuchsii). Hay
meadow is regarded as an endangered (EN)
habitat type in Norway due to the reduction
in its area and state. Rauma, More & Romsdal.
Photo: Bolette Bele, Bioforsk.

coastal heaths has been severely reduced since 1950
(Nybe 2010). Fremstad and Moen (2001) assessed coastal
heath as a whole as endangered (EN).

Boreal heath is a habitat type that has received little
attention. Consequently, there are still no statistics or
other data on its surface area. We know it is threatened by
overgrowing (Bryn 2008), but we still know little about
how setiously threatened it is today, or what this means
for the biodiversity.

Results

Owing to great changes in farming practices and, hence,
major changes in land use, every habitat type that
depends upon traditional farming methods is seriously
declining. However, there are no good statistics to reveal
the actual changes. Consequently, only the major types of
semi-natural grassland, coastal heath and boreal heath
were assessed, with the exception of hay meadow, which
was differentiated as a separate basic unit within semi-
natural grassland because it depends upon a form of
farming that has ceased to be practised and is therefore
more seriously threatened than the major type. Two of
the four assessed types, hay meadow and coastal heath,
were regarded as endangered (EN) and one, semi-natu-
ral grassland, as vulnerable (VU). These assessments
were based on documentation which shows both a
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reduction in area (criterion 1) and in state (ctiterion 4). So
little documentation is available for boreal heath that
assessment was not possible and the unit was placed in
the data deficient (DD) category. Table 10 and the Red
List table summatise the results. Both the assessment
work and the results underline the great need for more
knowledge on semi-natural sites and the development of
appropriate monitoring methodology for them.

The most important impact factors

The largest areas of semi-natural grassland (pastures and
hay meadows) are threatened when their use ceases and
they become overgrown. Semi-natural grassland with a
compact grass cover may be resistant to overgrowing and
remain open long after it ceases to be used, particulatly
on well-drained ground. However, once shrubs, scrub
and trees become established, overgrowing takes place
swiftly. We therefore see extensive overgrowing in the
present landscape, and this is not just an effect of use
having ceased recently, but of the land being laid fallow in
the 1950s and 1960s. Planting of woodland and
Christmas trees also leads to land becoming rapidly
overgrown in many places. Areas that are still in use may
also be threatened by slow overgrowing because the
present grazing pressure is too low. Climate change may
increase the speed of the overgrowing processes (Bryn
2008, Hoglind and Norderhaug 2009). In addition to
overgrowing, semi-natural grassland is threatened by
more use of fertilisers and by new cultivation. Develop-
ment is another threat. Paradoxically, management of
valuable semi-natural grassland may sometimes also pose
a threat, because the wrong measures are employed. One
example of this is when mowing takes place eatlier than
was normally the case.

Coastal heath is chiefly threatened because it ceases to
be used and therefore becomes overgrown. Planting of
woodland is another threat, and the afforestation now
being planned along the coast poses a great threat to the
remaining coastal heath. New plantations also threaten
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neighbouring coastal heath where trees are not planted,
because seeds effectively spread from the plantations.
Fertilisation is another major threat, particulatly in
Rogaland where the largest area of coastal heath recorded
in the Nature database occurs. Nitrogen precipitation has
also negatively affected the coastal heath in south-western
Norway and resulted in a change in the vegetation,
including an increase in purple moot-grass (heather
(Calluna vulgaris) heath has been transformed into bog
myrtle — purple moor-grass heath (Esser and Tomter
1996, Fremstad and Moen 2001)). Development
(petroleum activities, wind farms, urbanisation,
aquaculture plants, etc.), new cultivation and the wrong
kinds of management are other threats to the remaining
coastal heath.

An Action Plan for Hay Meadows was drawn up
(Directorate for Nature Management 2009) because they
were regarded as especially endangered. Its objective is
that all A (very important) and B (important) localities of
hay meadow should be actively managed by 2015. An
Action Plan for Coastal Heath has also been prepared
(Directorate for Nature Management 2010). Such plans
will be able to safeguard the most valuable semi-natural
sites, but other measures will be required to safeguard
more and larger areas. The threat situation for semi-
natural sites is strongly influenced by agticultural policies,
subsidy schemes for farmers and trends in livestock
husbandry.

Boreal heath, like semi-natural grassland and coastal
heath, is threatened by the cessation of farming
(particularly transhumance dairy farming) and
overgrowing,
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Table 10. The assessment units, their location in the NiN system and sources of variation.

Abbreviations for levels:
ES - Ecological System

types as they are described in NiN version 1.0
(www.naturtyper.artsdatabanken.no).

Habitat types on the major type level are marked in bold type.
The type code refers to the major type and possible basic

Local ecoclines:
AM - Type of long-term agricultural management

Kilder til variasjon

Assessment unit Level Type code Local ecoclines
Semi-natural grassland ES T4

Hay meadow ES T4;2.1,3.1,4.1,6.1,7.1,8.1,9.1 AM-Y1
Coastal heath ES T5

Boreal heath ES T26

Categories:
RE - disappeared, CR - critically endangered,

DD - data deficient
° - denotes up- or downgrading

Criteria:

1 - Substantial reduction in surface area
2 - Few localities and reduction

3 - Very few localities

4 - Reduction in state

EN - endangered, VU - vulnerable, NT - near threatened,

Red List for Semi-natural sites and Boreal Heath

Additional criteria:
a - The category is downgraded because of changes in the

last or the coming 10 years
b - The category is upgraded because of changes in the last

or the coming 10 years
(1)/ (2) - Number of steps downgraded

County occurrence:
o - Known or assumed known present occurrence
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Egil Bendiksen
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According to Larsson and Hylen (2007), when the
“productive” and “non-productive” areas are aggregated,
woodland and forest make up a third, or 34 %, of
Norway’s land area.

In the present context, woodland and forest comprise
all the basic types in the major types, non-wetland
terrestrial forest and alluvial forest (both in the non-
wetland terrestrial system (Halvorsen et al. 2009a)), as
well as tidal-zone forest (in the tidal system), which is the
only basic type with woodland in the latter system. The
only woodland unit not included here is spring-fed fen,
which belongs to and is dealt with in the wetland system.
Apart from grazed woodland, which is used as a generic
term for all basic types influenced by grazing, all the
assessment units contain “natural” types of woodland
and forest. All the assessment units are on the ecological
system level, except forest river gorges, which are on the
landscape element level.

The major type of ecological system, non-wetland
terrestrial forest [T23], is divided into basic types in
accordance with a three-dimensional ecocline diagram
which represents the four most important ecoclines
(complex environmental gradients): Drought severity,
lime richness, water saturation, and heavy metal content.
The first two ecoclines are in accord with the moisture
and nutrient gradients, which have so far largely deter-
mined the division into woodland plant communities or
types of woodland and forest, and upon which the
former threat evaluation (Fremstad and Moen 2001) was
based. The water saturation ecocline gives two parallels
for all the basic types that emerge when subdivision is
performed using the first two ecoclines. In addition, there
are four types on ultramafic bedrock (cf. the last ecocline
mentioned above). This gives a total of 26 basic types.

The major type of ecological system, alluvial forest
[T7], is divided into basic types based on the ecoclines,
particle size and water-induced disturbance (i.e. the extent
to which the woodland is prone to flooding). The division
along the gradients gives six basic types.

The major type of ecological system, tidal-zone forest
[S2], contains only two basic types, well-drained tidal-zone
forest and moist tidal-zone woodland.

The background for the division of the ecoclines is
found in Halvorsen et al. (2008).

Assessment units

The number of basic types outlined above should
theoretically give 34 assessment units for red listing of the
types at the ecological system level. However, for several
reasons, not a single basic type was actually assessed as
such.

First, many types prove to fall into the LC category
and thus, in that respect, do not differ from the major
types. This is the case for poor types of non-wetland
terrestrial forest, for example. Second, for all types on
ground that is moderately and very prone to drying out,
the two types along the water-saturation gradient,
well-drained ground and moist ground, have to be
lumped together. This particularly applies to types which
have usually been dealt with together as lime-rich Scots
pine woodland. Even though they can occur separately,
these two types are very often found as a mosaic within
the same area. It is therefore both natural to assess them
together and difficult to separate them owing to lack of
data on occupancy and area. These factors helped to
reduce the number of units for Red List assessment.
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On the other hand, on mesophilous ground, the two
corresponding parallel types are both floristically and
physiognomically more different, which is also expressed
by the fact that they have long since been described as
different woodland plant communities and vegetation
types.

In the case of woodland, there is, however, another
important factor that draws in the opposite direction
from merging of basic types, and which increases the
number again. The basic types of woodland that emerge
as a product of the variation along the aforementioned
ecoclines are distributed geographically through all the
sections from the hyperoceanic [O3] to the most conti-
nental one found in Norway [C1], and through all the
zones up to, or north to, the woodland limit. For the
majority of basic types, particularly those in mesophilous
and rich non-wetland terrestrial forest, different species
of trees will dominate in different parts of the gradients.

Since dominating species of trees, and whether there
is a dominance of coniferous or deciduous trees, often
also has decisive significance for the rest of the species
inventory (well documented for lichens, mosses, fungi
and insects, for example), many basic types are divided
into different types of dominance. Some will thus be
represented by several types of dominance and be
realised as coniferous woodland, broad-leaved deciduous
woodland and boreal deciduous woodland. In mesophi-
lous, non-wetland terrestrial forest, beech will even enter
as a divergent immigrant (perhaps determined by cultiva-
tion a long time ago).

There will not necessarily be a shift in the dominant
species of trees along the gradient from the most
continental to the most oceanic, but the other species
(particularly lichens and mosses) change so much that the
most highly oceanic types are distinguished here as
regional units, albeit as a fairly broad collective group of
basic types. This is done in reasonable agreement with
units that have been used eatlier, especially in the coastal
Norway spruce forest of central Norway (often termed
the boreal rainforest) and the somewhat less well known,
but extremely divergent, temperate coastal thermophilous
Scots pine woodland in western Norway.

Lime-rich Scots pine woodland has become a well-
established term, especially after a nationwide conserva-
tion plan for the richest Scots pine woodlands was
prepared in the 1980s (Bjorndalen and Brandrud 1989).
The inventory focused first and foremost on what
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corresponds in NiN to T23-13, 18, 23 and 26, i.c. the
types on calcareous soils [KA 6]. Mesophilous, well-
drained lime-rich ground with lime-rich, low-herb
Norway spruce forest was also included to some extent,
but far more randomly. In addition, some of the lime-rich
and intermediate types have also been recorded, but here
low-herb forest where pine substitutes for spruce in
western Norway also seems to have been drawn in. There
is undoubtedly a need to investigate how the various basic
types of “lime-rich Scots pine woodland” relate to one
another and how they can be most readily identified
floristically. This is also a prerequisite to acquire data on
their distribution. A great deal suggests that the inter-
mediate types to a lesser degree are realized in nature,
especially on ground that is especially prone to drying out
(cf. Halvorsen et al. 2009a).

What was assessed here under the term broad-leaved
deciduous woodland (that which is not differentiated as
rich beech or oak woodland and lime-rich, small-leaved
lime woodland) are four ecological systems that are
merged, in part the two richest stages in ecocline 4, lime
richness (low-herb woodland and calcareous low-herb
woodland, tall-herb woodland and calcareous tall-herb
woodland, respectively) and in part well-drained ground
and moist ground (the low-herb and tall-herb types).
Ideally, these should have been dealt with separately, but
far too few data are available for this to be possible. This
is particulatly the case for differentiating two stages along
the nutrient gradient, which cannot be easily done using
former vegetation terms or divisions.

Continental forest river gorges were assessed as a
regional subunit of the landscape element, forest river
gorges, which were not red listed. Towards an increasing
degree of oceanicity westwards, where the climate is the
reason why the proportion of the area with river gorge
ecology increases, this type of habitat will become
increasingly less different from the surrounding lands-
cape. On the other hand, river gorges towards more
continental districts will increasingly occur as ever-rarer
islands in the landscape and hence, relatively speaking,
will also be more vulnerable to being developed for mini
power stations, for example. Moreover, several species,
including lichens, are especially attached to the most
continental river gorges.

The assessment units, being in part assessed separately
and in part merged, must therefore not be regarded as
final, but as reflecting the current state of knowledge.



Norwegian Red List for Ecosystems and Habitat Types 2011

Woodland

Existing knowledge

Forest and woodland are economically important and
there is a great deal of statistical data linked with
commercially important species of trees, but data on area
and occupancy are largely lacking for what has hitherto
been differentiated as types of woodland, forest or
vegetation. These figures have therefore had to be
estimated on the basis of data on the various types that
have become available in connection with work perfor-
med on conservation plans and habitat surveying, where
a level of uncertainty is added.

Halvorsen et al. (20092) presented the entire NiN
system in its preliminary version (1.0). Background
Document 5 (Halvorsen et al. 2008) and NiN note 35
also presented relationships between types described in
various other works and those differentiated in NiN.
Kielland-Lund’s (1981) phytosociological treatise on
Norwegian forest vegetation was central for previous
differentiations of types of forest and woodland in
Norway. Many works formed the basis for the types
differentiated by Fremstad (1997) which, in turn, inspired
the differentiation used recently (cf. also Larsson et al.
1994), even though management-related adjustments
were made in DN Manual 13 (Directorate for Nature
Management 1999), which is used in municipal habitat
mapping projects.

Coastal Norway spruce forest was assessed
as endangered (EN) due to changes in its
state over the past 50 years. The habitat
type is vulnerable to changes because of its
sensitivity to special ecological conditions.
Near Flatanger, Nord-Trondelag.

Photo: Egil Bendiksen.

The last two evaluations of forest conservation undet-
taken by Framstad et al. (2002) and Blindheim et al.
(2011) are also important sources of knowledge. The
latter also includes estimates and assessments of the
occupancy of many types which entirely or partly
coincide with the assessment units for endangered
habitats.

Many of the basic types defined in the NiN system
are, however, very difficult to assess in this context due to
lack of data. Even though old-established types of forest
and woodland about which we have a reasonable amount
of knowledge embrace several basic types, this is far from
always the case. Types that have been used for several
decades (cf. Larsson et al. 1994, Fremstad 1997) were,
after all, for the most part originally founded on
phytosociological units which, first and foremost, were
floristically based and at best only indirectly transferrable
to units based on ecological gradients (cf. Okland and
Bendiksen (1985)). The latter proposed divisions based
on local moisture and regional altitude gradients, and was
followed up by Bendiksen and Salvesen (1992) and
Okland and FEilertsen (1993), introducing the nutrient and
water-saturation gradients.

Several of the basic types distinguished in the new
NiN division, which do not cortrespond to eatlier,
well-studied units, were in former collective units or have
scarcely been studied at all.
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Boreal deciduous woodlands have been almost
ignored in Norwegian vegetation ecology, as discussed
and explained by Bendiksen et al. (2008). Woodlands
dominated by aspen, sallow and rowan, often with birch
as an important additional species, are important as both
pure landslide types, dependent upon natural dynamics,
and as substitutes for broad-leaved deciduous woodland
beyond its range. Landslide woodland dominated by
aspen is important on the drier types. Here, knowledge
about types and ecology is so inadequate that it is still
only possible to have a collective group allocated to NE
(not evaluated). The same applies to four habitats in
alluvial forest on substrates of stones and gravel, respect-
ively. Landslide types dominated by sallow, rowan and, in
part, birch may be extremely rich in species and are
thought to be vulnerable in parts of their ecological
range. Here, too, knowledge is scarce.

In the case of two of the four Red List criteria, it has
been necessary to decide on the reduction in the area of
occupancy and the surface area, respectively, which has
declined into an ecologically “unacceptable state” in the
last 50 years. There is an almost complete lack of data to
achieve this and it has been necessary to perform what is
called an expert assessment based on the location of the
type and what we know about community development
in general and associated environmental encroachments.

Results

Although there are some differences between the 2011
Red List categories and the endangered vegetation types
listed by Fremstad and Moen (2001), the two ate not
directly comparable since the Red List follows a quantita-
tive set of criteria resembling those used by the IUCN for
species. The most relevant criteria for red listing of
woodland and forest are: a) at least a 15 % decline in the
area of occupancy or the extent of occurrence, b) fewer
than 250 occurrences and the reduction is ongoing, or )
a reduction in state (to a ’non-acceptable state”) by at
least 15 %. This means that some rather rare types, whose
occurrences are nevertheless thought to exceed 250 and
any reduction is assumed to be less than 15 %, were not
red listed. This includes calcareous birch woodland, which
is scarcely known outside Norway.

Broad-leaved deciduous woodlands (except oak, beech
and lime-rich, small-leaved lime woodlands) wete not red
listed either. Lime-rich Scots pine woodland was dealt
with separately here in an attempt to differentiate it in
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occupancy and surface area. All the basic types in
lime-rich Scots pine woodland were categorised as NT
and can therefore be dealt with separately in a manage-
ment context as lime-rich Scots pine woodland.

No habitat type was categorised as CR, but three,
coastal Norway spruce forest, coastal thermophilous
Scots pine woodland and ultramafic woodland, were
categorised as EN. Three types were categorised as VU.
They are lime-rich beech woodland and lime-rich
small-leaved lime woodland, both of which are rare
types which are declining, primarily because they occur in
high-demand areas. In addition, lime-rich low-herb
Norway spruce forest was red listed in accordance with
criterion 4 due to its reduced state caused by clear felling
(see the next section).

Alluvial forest could probably have been partly
assessed at a higher organisational level (landscape
element). Two rare continental types, almond willow
scrub and violet willow scrub were categorised as N'T.

A total of 12 types were red listed as NT. In all, 19
types were red listed.

Important impact factors

The various woodland and forest habitats ate for the
most part exposed to the same impact factors, but the
degree of impact varies from one type to another. The
richest lime-rich Scots pine woodlands and broad-leaved
deciduous woodlands, like rich oak and beech woods, as
well as lime-rich, small-leaved lime woodland, grow in
lowland areas, many of which are under considerable
development pressure and also prone to conflict with
farming interests, including new cultivation. Construction
work in the transport sector, such as road building, may
be another important factor. In extreme cases, it may
destroy entire occurrences, since several of these habitat
types occupy small areas. Work done to protect sites from
landslide and avalanche damage on steep slopes in
western and northern Norway may affect large areas,
particular of broad-leaved deciduous woodland, which
would otherwise be little affected by encroachments due
to the topography.

Forestry is an important impact factor and increases
where the ground is richer and wetter. In mesophilous
Norway spruce forests on calcareous soils and in coastal
Norway spruce forest, the species divetsity is likely to be
so negatively changed (for the ectomycorrhizal fungi, for
example), permanently or at least within the assessment
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period, that criterion 4 regarding a reduction in state is
applicable.

Alluvial forest is particularly exposed to watercourse
regulation, which is an impact factor at the landscape
element level, and also to local encroachments like
flood-protection embankments and measures linked with
transport and recreation. Mining and quarrying are
negative subfactors for several types of woodland, first
and foremost lime-rich woodland, and are the most
decisive negative factors for ultramafic woodland (Holtan
2008).

Grazed woodland, the only type that depends upon
farming, is vulnerable when grazing ceases and it
becomes overgrown (Norderhaug et al. 1999), whereas
the biggest impact factors for river gorges are forestry
and hydroelectric development, currently frequently in
the form of mini power stations.

In the case of criteria 1 and 4, it is also appropriate to
consider impact factors that have not so far been relevant,
or only to a minor extent, but which may become so. This
applies particulatly to 1) climate change/global warming,
which may lead to displacement of zones, for example,
perhaps in turn affecting the various habitats in wood-
land, and 2) increased use of biofuels (Sverdrup-
Thygeson and Framstad 2007), which may, for example,
result in types of deciduous woodland that are little or
not at all exploited commercially today being in demand
in a relatively short time. Types, such as upland birch

woodland, that have not been at risk may also become
endangered (Bendiksen et al. 2008).
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Table 11.The assessment units, their location in the NiN system and sources of variation.

Abbreviations for levels:
LE - Landscape Element
ES - Ecological System

Habitat types on the major type level are marked in bold type.
The type code refers to the major type and possible basic
types as they are described in NiN version 1.0
(www.naturtyper.artsdatabanken.no).

Local ecoclines:

AH - Air humidity

AMI - Long-term agricultural management intensity
AM - Type of long-term agricultural management
Regional ecoclines:

BZ - Bioclimatic zones

BS - Bioclimatic sections

Dominance:

A1 - Dominance of coniferous trees

A2 - Dominance of broad-leaved deciduous trees
A3 - Dominance of boreal deciduous trees

A4 - Dominance of willow (Salix) species

Sources of variation

Regional
Assessment unit Level Type code Local ecoclines ecoclines Dominance
Continental forest river gorge LE 11 BS-4,5
Tidal-zone forest ES S2
Almond willow scrub ES T7;2 DO-A4-4
Violet willow scrub ES T7;2,4 DO-A4-1
Coastal Norway spruce forest ES T23 AH-3-4 BS-1-2 DO-A1-2
Grazed woodland ES T23 AMI-2, AM-Y2
Coastal thermophilous Scots pine ES AH-3 BZ-A1; BS-1
woodland T23,1,2,6,7 DO-A1;
Rich mesophilous boreal deciduous ES BZ-A1-A3
woodland T23;4,5,9,10 DO-A3-1,3,A4-5
Lime-rich beech woodland ES T23;4,9 DO-A2-3
Lime-rich low-herb Norway spruce ES
forest T23;5 DO-A1-2
Tall-herb Norway spruce forest ES T23;9 DO-A1-2
Calcareous tall-herb Norway spruce ES
forest T23;10 DO-A1-2
Low-herb oak woodland ES T23;12,17 DO-A2-4
Low-herb Scots pine heath woodland ES T23;12,17 DO-A1-1
Lime-rich low-herb Scots pine heath ES
woodland T23;13,18 DO-A1-1
Lime-rich Scots pine lichen woodland ES T23;22,25 DO-A1-1
Calcareous Scots pine lichen woodland ES T23; 23,26 DO-A1-1
Lime-rich small-leaved lime woodland ES T23;13 DO-A2-5,7
Ultramafic woodland ES T23; 14,15,19,20
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Categories:

DD - data deficient

Criteria:

3 - Very few localities
4 - Reduction in state

° - denotes up- or downgrading

Red List for Woodland

RE - disappeared, CR - critically endangered,
EN - endangered, VU - vulnerable, NT - near threatened,

1 - Substantial reduction in surface area
2 - Few localities and reduction

Additional criteria:

a —The category is downgraded because of changes in the

last or the coming 10 years

b - The category is upgraded because of changes in the last

or the coming 10 years
(1)/ (2) - Number of steps downgraded

County occurrence:
e - Known or assumed known present occurrence
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Violet willow scrub NT 1.2. e o o
Coastal Norway spruce forest EN 4.1. e o o
Grazed woodland NT 1.2;4.1. o o o o o o o o o o o o o o o o o o
Coastal thermophilous Scots pine
woodland EN 1.1. o o
Rich mesophilous boreal
deciduous woodland DD e © o o o o o o o o o o o o o o o o
Lime-rich beech woodland VU 2. .
Lime-rich low-herb Norway
spruce forest VU 4.1. e o o o e o e o o o o o
Tall-herb Norway spruce forest NT 4.1. e o o o o o o o e o o o o o
Calcareous tall-herb Norway
spruce forest NT 4.1. e o o o . e o o
Low-herb oak woodland NT 1.2. e o o o o o o o o o o
Low-herb Scots pine heath
woodland NT 1.2. e o o o o o o e e o o o o o o o o
Lime-rich low-herb Scots pine
heath woodland NT 1.2. e o o o o o o o o o o o o o o o o
Lime-rich Scots pine lichen
woodland NT 1.2. e o o o o o o e o o o o o o
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Rock outcrops, weathering,

mass movement and
shallow-soil systems

Lars Erikstad and Vegar Bakkestuen
Norwegian Institute for Nature Research (NINA)

”Rock outcrops, weathering, mass movement and
shallow-soil systems” is a combination of habitat/nature
types (based on NilN) which lack a clear ecological
context and function as a collective group in the Red List
work. This chapter describes the first selection of habitat
types for assessment, and the result of that assessment.

We have grouped these habitat types into three main
groups based on the dominating ecoclines:

1. habitat types linked with bedrock and shallow-soil
systems (lacking or having only a sparse soil cover)

2. habitat types linked with weathering, erosion and
mass movement (disturbance)

3. habitat types linked with snow, ice and frost
(temperature, frost processes).

These are widely distributed habitat types, some of which
can be regarded as characteristic for large parts of the
country. Many form parts of mosaics and offer a chal-
lenge for precise mapping and determination of area.
Nevertheless, in different contexts and at the basic type
level, these common groups contain rare and endangered
types which are often attached to special ecological
conditions with large species diversity.

NiN divides these habitat types in two ways (levels)
which are relevant here (symbols and numbering are in
accordance with Halvorsen et al. 2009a): a) landscape
clements, and b) ecological systems. Both of these are
divided into major types and further into basic types.
Table 1 summarises the assessment units and the sources
of variation.

Habitat types linked with bedrock and shallow-soil
systems:
Bird cliff [LES] is a major type of landscape element that
consists of the ecological systems, bird cliff rock [T14]
and bitd cliff meadow [T'15], which are often found in
mosaic structures and are difficult to distinguish from
each other in terms of area. South of Sunnmere, it is
mainly bird cliff meadows that occur. Since many islets
and islands are also used for grazing, there are gradual
transitions between bird-manured meadows and semi-
natural sites. North of Sunnmore, there are both separate
bird cliff rocks and combinations of bird cliff rocks and
bird cliff meadows (Blindheim et al. 2011). Bird cliff
rocks are found along the entire coast of Norway, even
though NIN regards the area from Sunnmere northwards
as most important. As the type embraces steep bird cliffs,
rocky knolls, islets and skerries with bird colonies, the
area of occurrence takes up comparatively large areas.
276 localities with at least 500 pairs of seabirds have been
recorded (Blindheim et al. 2011).

Open shallow-soil lowland system [T25] is defined as
a habitat type below the woodland limit. The open areas
are generally on limestone knolls in coastal areas and
close to lakes. Because of land uplift, some degree of
pioneer character is linked with this habitat in the lowest
areas. The habitat has been influenced by grazing, but this
has generally ceased. This habitat type very often occurs
in mosaics with bare rock [T20], and close to the sea there
may be more or less gradual transitions to geo- to
supralittoral rocky shores.

Waterfall-sprayed rock [T9], waterfall-sprayed meadow
[T10], open alluvial system [T8] and bare rock are types
of habitat that are found throughout the country.
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Waterfall-sprayed rock and meadow occur in mosaics,
making mapping and determination of area difficult.

Caves [T19] are divided into two basic types, lime-
stone caves [T'19; 1] and coastal caves and other non-
limestone caves [T19; 2]. The limestone caves are mainly
linked to marble and have their principal distribution in
Nordland, but there ate also many in Nord-Trendelag
and Troms and scattered examples in several other
counties. The marble beds are often thin and the cave
systems are often of a type called stripe karst. Some caves
have well-developed ecosystems and contain sediments
that have considerable natural history value. Occasionally
there are also speleothems (e.g. dripstones) that can be
dated. Other caves are under formation and are
dominated by a great deal of disturbance and ongoing
chemical weathering, There are also many coastal caves in
Norway. Owing to land uplift, many of these are situated
comparatively high above present sea level. Many are
important localities for archacology and history. Some
caves are linked with zones of weakness in the bedrock,
but most of these are small. Cavities between loose rocks
in screes and the like may have conditions that make
them classifiable within this habitat type.

Habitat types linked with weathering, erosion and

mass movement:

Two major types of landscape elements are relevant in

this context, gullies [LE10] and slopes with mass move-
ment [LE9].

Gullies are found in three types of environment in
Norway. The most important are gullies in marine clay
below the marine limit at the end of the last Ice Age.
There are also gullies in glacial lake sediments in inland
areas, but these take up a significantly smaller area. Gullies
also occur on steep valley slopes filled with moraine
debzis. Marine clay has its main distribution in south-
eastern Norway and Trondelag, but smaller areas occur
along the whole coast. Farming activities, new cultivation
and levelling have significantly reduced the area of gullies
in marine clay in the last 50 60 years, particularly in
south-eastern Norway, but also in Trendelag,

Slopes with mass movement comprise a number of
different types of landslide described in sources of
variation — landform. Most of the types are common.
One exception is clayslide (landform ML-5) where
hollows remaining as natural sites have a more limited
occurrence. Clayslides are confined to matine clay below
the marine limit at the end of the last Ice Age. Clay slides
have occurred in these clay deposits ever since the Ice
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Age. The slides are caused by the washing out of salt
minerals in the marine clay. When the salt is washed out,
the clay loses its stability and becomes “quick clay”, which
means that external effects (erosion, excavation, etc.)
cause it to become fluid and a clay slide arises.
Colonisation of the bare clay soil begins immediately
after a slide.

Open avalanche systems [T17] and open landslide
systems [T'18] are major types at the ecological system
level and are common throughout the country in steep
places where vatious kinds of landslides and avalanches
often occur. Earth pyramid (landform [ER7]) is a basic
type (type 2) of open landslide system defined as a
landform. It is known from valley sides in the continental
part of south-eastern Norway (northern Gudbrands-
dalen). Only one locality (Kvitskriuprestin in Sel) with
well-developed earth pyramids is known, but several
localities with less well-developed earth pyramids are
found in the same area. Earth pyramids are a landform
that is dependent upon ongoing erosion and will destroy
itself after a time. This process has reached an advanced
stage at Kvitskriuprestin. Even though the area is
protected, the features will eventually collapse; several did
so a couple of decades ago.

Habitat types linked with snow, ice and frost :
Glacier foreland [T11] is a habitat type that occurs to a
varying extent in front of the leading edge of all glaciers.
Norway has just over 1600 glaciers, amounting to an area
of more than 2500 km?. Overall, the glaciers have been
retreating for the past 200 years. The area has not been
calculated, but it scarcely makes up more than 10 % of
the area of the glaciers. In addition, there are areas where
thawing takes place, but their extent is not known.
Norwegian glaciers are currently retreating and the
expected development of the climate means that the area
occupied by the habitat will increase. The habitat type can
be regarded as rare in a European context.

Kettle-hole heath [T24] is probably only found in
kettle holes in continental districts. Little is known of its
distribution, state and threats, but it probably covers a
very small area.

Alpine heath and tundra [T29] is a common habitat
throughout Norway, and 44 % of Norway consists of
mountains and upland plateaus. Frost-impacted ground
[T28], boulder fields [T22] and snow-beds [T30] are
common habitats in all mountainous districts. There are
many basic types of snow bed and some attention has
been given to lime-rich extreme snow beds. They are not,
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however, dealt with as a subgroup here, chiefly because
the impact factors are identical to those found for the
major type.

Assessment units

When the ecological systems are part of landscape
clements that are assessed and the potential threats do
not differ from those described for the landscape
clement, the assessment was made at the highest level (the
landscape element).

Bird cliffs have impact factors that are identical for
both the landscape element and the ecological system,
and also their basic types. They were therefore only
assessed at the highest level (the landscape element). A
reduction in the state of individual occurrences of bird
cliff meadows due to haymaking and grazing having
ceased may change the character of the area so much that
it must be classified as another major type of ecological
system, but this is probably not yet the case for very many
occurrences.

Waterfall-sprayed rocks and meadows are normally
found together in mosaics and have therefore been
assessed together.

In most cases, the potential threats are identical for
major and basic types, so the assessment was made at the
major type level. The following exceptions were made:

Earth pyramid is a habitat type that is only
well developed at a single locality, Kvitskriu-
prestin, in Sel, northern Gudbrandsdalen. It
was assessed as critically endangered (CR)
since there is only a single locality and it is
being reduced in surface area and state. Earth
pyramids are fundamentally influenced by
natural processes which are expected to
accelerate due to climate change.

Photo: Lats Erikstad.

Lime-rich types of open shallow-soil lowland systems
that occur in the most climatically favourable parts of the
country (around Oslofjord) are “hotspots” for very many
species. They are therefore distinguished as a separate
assessment unit, open lime-rich shallow-soil lowland
systems mainly in the boreonemoral zone, based on
regional variation (climate), which restricts it to south-
eastern Norway as far north as Hamar and the Ringerike
district.

The justification for distinguishing clayslide as a
separate assessment unit from the major type, slopes with
mass movement, is that they is characterised by a fine-
grained substrate (marine clay and silt) that is rich in
nutrients. It therefore constitutes a subtype that has
special ecological significance linked to a vegetation
succession in such fine-grained, nutrient-rich sediments.
Many old clayslide have passed through a complete
succession so that they are scarcely distinguishable from
surrounding areas. If a new slide takes place, a new
succession will start and this represents a dynamic system
that has a special character until a climax community is
reached. Areas underlain by marine clay are mainly near
settlements and often on arable land. Clayslides are
usually levelled immediately after they form, and new
arable land is established or building development takes
place. Most clayslides form in artificial sites and swiftly
return to an artificial site state. Natural clayslides that are
not levelled generally occur as small features in woodland
of near watercourses where the clay is thin.
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Existing knowledge

Most of the knowledge that is available derives from
information prepared for this project by the Norwegian
Biodiversity Information Centre and from the NilN
reports (e.g. Halvorsen et al. 2009a, b) and references
therein. ” Rock outcrops, weathering, mass movement
and shallow-soil systems” is a collective group that
includes many habitat types that vary greatly in their
properties and also as regards what is known about them.
At one end of the scale, there are well-investigated
habitats like open lime-rich shallow-soil lowland systems
mainly in the boreonemoral zone and caves where many
studies have been performed and plenty is known about
their occurrence. At the other end of the scale, there are
common habitat types like snow beds and landslides that
are naturally fragmented and where little information is
available regarding the area they cover or the number of
occurrences and where it is impossible to provide a
meaningful model for the country as a whole with the
data available. In these cases, the best possible judgement
has been applied based on an evaluation of a normal
frequency of these habitat types and where they occur. It
will be a challenge for future updates of the Red List to
acquire more knowledge on the location, distribution and
areal extent of most of the habitat types dealt with in this
chapter.

For several of these habitat types, the greatest
challenge is perhaps to judge how far the potential threat
justifies making a Red List assessment. This applies
particulatly to habitats linked with frost, snow and ice,
which are greatly dependent upon the climate. One
example is snow and ice-covered ground [T'1], which has
not been assessed in this context and is particularly
directly linked to variations in climate. This habitat is
common, and it is suggested that the changes in climate
foreshadowed in various climate scenarios will have a
dramatic effect on its occurrence and distribution. Nesje
et al. (2006) inferred that all small glaciers may disappear
in the course of the next hundred years and the total area
of glaciers will be reduced by 36 %. The Red List
assessments are, however, meant to have a 50-year
hotizon and we assume that the trend outlined here is
acceleratory. We have therefore not considered it appro-
priate to Red List these now, but this should be carefully
considered when the Red List is updated and more
knowledge is available on the development of the climate.
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On a more local scale, this assessment concerns all the
habitat types linked to snow, ice and frost, but in addition
to direct impacts of the presence of snow and frost there
will also be the question of whether the habitats can
move to new areas. Snow beds that cease to exist may, for
example, be replaced by new ones higher up. The quality
of the vegetation here will, however, be linked to the
speed and ability of various species to become establis-
hed in new places. We consider that insufficient is known
to form firm opinions regarding the threat factors within
a time horizon of 50 years.

Results

The Red List table gives an overview of the assessment
units and the current Red List categories. In general, a
reduction in the area of occupancy (ctiterion 1) and the
state (ctiterion 4) were decisive for the assessment. In
three cases (earth pyramids, clayslides and open
lime-rich shallow-soil lowland systems in the
boreonemoral zone), few localities have been decisive.
Earth pyramid is the only habitat type that is critically
endangered (CR). It is unique because it is the natural
process itself that has created and maintained the
pyramids, and which also threatens them.

No habitats are regarded as endangered (EN), but
four are assessed as vulnerable (VU). These are bird
cliffs, gullies, caves and open lime-rich shallow-soil
lowland systems in the boteonemoral zone. The basis
for red listing these varies somewhat. Bird cliffs are red
listed because they have experienced a reduction in their
state due to reduced manuring associated with a decline in
seabird populations. Gullies have experienced a signifi-
cant reduction in their area of occupancy over the past 50
years, particularly due to new farming methods and
levelling. Caves, especially in the last 10 years, have
expetienced a dramatic reduction in their state through
wear and tear caused by human visitors, particularly
associated with tourism. The reduction is not equally
marked for all kinds of caves, but many of the largest
ones are very seriously affected by it (Lauritzen 2010) so
that large parts of the habitat type are affected. The
reduction in the area of occupancy of open lime-rich
shallow-soil lowland systems in the boreonemoral
zone is related to the overall high level of pressure on
land in the Oslofjord district as well as overgrowing due
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to grazing having ceased, which affects both the area of
occupancy and the state. Three habitat types, clayslide,
open alluvial system and waterfall-sprayed rock and
meadow, are classified as neat threatened (NT). In
addition, kettle-hole heath is placed in the data deficient
(DD) category, which implies that this habitat type should
probably have been red listed, but too little is known
about it to determine its category. The habitat occurs in
depressions in gravelly and sandy areas which are cold,
low-lying spots in continental districts. It is a rare type of
habitat and few localities are known. The remaining
habitat types are placed in the least concern (LC)
category.

The most important impact factors

The habitat types included in “Rock outcrops, weathering,
mass movement and shallow-soil systems” vary conside-
rably, and the same applies to the impact factors associa-
ted with them. The most important impact factors that
have been decisive for the assessments are related to
land-use pressure and technical encroachments, grazing
intensity, hydroelectric development, traffic, climate and
natural processes.

Land-use pressure is primarily related to open
lime-rich shallow-soil lowland systems in the boreonemo-
ral zone, gullies and to some extent caves. In the first case,
the pressure is connected with the development of sites
for weekend homes and with urbanisation. In the second
case, the pressure (encroachments) derives from farming
in connection with new cultivation and levelling during
the latter part of the 20th century, whereas for caves the
pressure mainly derives from quarrying operations. In
addition, non-vehicular traffic is especially important in
the case of caves.

The cessation of, or reduction in, grazing mainly has
an impact on open lime-rich shallow-soil lowland systems
in the boreonemoral zone.

Hydroelectric development and the related regulation
of lakes and rivers is important for four habitat types,
waterfall-sprayed rocks, waterfall-sprayed meadows,
alluvial systems and caves.

In principle, climate change influences all habitat types
and their state. The climate has been particulatly assessed
for habitat types connected with snow and frost.
However, this is an impact factor that is very difficult to
assess in relation to specific changes within a time scale
of 50 years. Even though it is obvious that we see or will
expect to see changes connected with changes in climatic
conditions, it is difficult to take a total stock, partly
because climate change may lead to habitat types moving
their position rather than disappearing. Such a movement
may entail a reduction in their state for shorter or longer
spaces of time. We have felt that we have insufficient
knowledge about the effect of climate change on the
distribution or state of habitat types to assess this in a
Red List context. It is assumed that such knowledge will
rapidly improve and the issue can be of significance when
the Red List is revised.

Natural processes have been decisive in one case,
earth pyramids. This is a special case where natural
processes in the form of landslides and erosion are
decisive for the existence of the habitat, and also result in
it having a limited lifetime.
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Table 12. The assessment units, their location in the NiN system and sources of variation.

Abbreviations for levels: Regional ecoclines:
LE - Landscape Element BZ - Bioclimatic zones
ES - Ecological System Landform variation:
MP - Landforms formed by terrestrial downslope
Habitat types on the major type level are marked in bold type. mass-transport processes

The type code refers to the major type and possible basic types  ER - Fluvial erosion forms
as they are described in NiN version 1.0
(www.naturtyper.artsdatabanken.no).

Sources of variation

Assessment units Level Type code Regional ecoclines Landform variation
Bird cliff LE 8

Clay landslide scar LE 9 MP-5
Gully LE 10

Open alluvial system ES T8

Waterfall-sprayed rock and meadow ES T9,T10

Earth pyramid ES T18 ER-7
Cave ES T19

Kettle-hole heath ES T24

Open lime-rich shallow-soil lowland systems in the ES

boreonemoral zone T25;5,6 BZ-A1

106




Norwegian Red List for Ecosystems and Habitat Types 2011

Rock outcrops, weathering, mass movement and shallow-soil systems

Categories:

RE - disappeared, CR - critically endangered,

EN - endangered, VU - vulnerable, NT - near threatened,
DD - data deficient

° - denotes up- or downgrading

Criteria:

1 - Substantial reduction in surface area
2 - Few localities and reduction

3 - Very few localities

4 - Reduction in state

Red List for Rock Outcrops, Weathering,
Mass movement and Shallow-soil systems

Additional criteria:
a - The category is downgraded because of changes in the

last or the coming 10 years
b — The category is upgraded because of changes in the last

or the coming 10 years
(1)/ (2) - Number of steps downgraded

County occurrence:
¢ - Known or assumed known present occurrence
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Assessment units Categories Criteria 8 8 £ & &8 £ @ 2 2 @& 2 § = & 2 2 & &
Bird cliff VU 4.1. e o e o o o o o o o o o o o o o
Clay landslide scar NT 2. . . e o e o o o o o o o o
Gully VU 1.2. e © o o o o o o o o o o o o o o o o
Open alluvial system NT 4.1. e e o o o o o o o o o o o o o o o o
Waterfall-sprayed rock and meadow NT 4.1. e o o o o o o o o o o o o o o o o o
Earth pyramid CR 2. .
Cave VuU° 4.1.b o © o o o o o o o o o o o o o o o o
Kettle-hole heath DD ° o e o o o o
Open lime-rich shallow-soil lowland
systems in the boreonemoral zone VU 1.2. e o o o o o o
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High Arctic
terrestrial area

Arve Elvebakk

University of Tromso

The terrestrial part of Svalbard consists of the isolated
island of Bjerneya (Bear Island) at about 74° 30’ N and
Spitsbergen with neighbouring islands between about

76° 30’ and 80° 50’ N. It covers an area of just over

61 000 km?. Svalbard has unusually high geological,
topographical and climatic divetsity. Jan Mayen, 377 km?,
located about 71° N and much further west, is not part of
Svalbard. It is geologically homogeneous and has an
oceanic, High Arctic climate. The habitats in Svalbard and
on Jan Mayen are assessed separately because these
isolated areas differ very much from the Low Arctic area
in the county of Finnmark.

It is also striking that this High Arctic area substanti-
ally increases the number of habitats occurring in
Norway. Predictably, the climate is extreme. Svalbard
varies from middle arctic tundra in central fjord districts
to polar desert in northernmost and easternmost parts
and on all the high mountains. The snow-free season is
very brief, the heat sum is minimal and the mean tempe-
rature for the warmest month is below 2.5 °C. More
surprisingly, the very driest area in Norway is around the
inner part of Wijdefjorden in Svalbard, where arctic
steppe is found. This area is in a rain shadow between
high mountains. Measurements undertaken for a single
year revealed a precipitation of 60 mm, which, compared
with other areas, seems to be a faitly representative figure.
However, the wind tunnel effect along the long, straight
fjord is decisive for the aridity attained in the area,
because low precipitation alone is insufficient for such
aridity in such a cold climate.

The bedrock in Svalbard varies from granite and
gneiss in the north-west and north to limestone over large
areas. The red Devonian sandstone west of Wijdefjorden
is so calcareous that it corresponds to limestone in

ecological terms. There are even some deposits of
gypsum, coal and flint-like chert. Svalbard and Jan Mayen
also have the only areas in Norway influenced by geother-
mal heat, like the thermal springs in Bockfjorden, close to
the Sverrefjell volcano. The volcano itself is believed to
be just over 100 000 years old, a low age in geological
terms. The volcanic fields on the volcanic island of Jan
Mayen are also very distinctive. Solidified lava of different
ages occurs and it is broken down to differing degrees.
The volcanic fields are mostly dominated by woolly
tringe-moss (Racomitrium lanuginosuns) mats rather than the
vascular plant flora that characterises the tundra
vegetation.

Assessment units

All the major types of the terrestrial ecological system
found in the area were initially evaluated as potential
assessment units. In some cases, it was concluded that a
few of the types exist together in a landscape element as a
functional unit with respect to relevant impact factors.
These were merged into landscape-based assessment
units. The basic types in each ecological system major
type were then assessed separately using the criteria of
few localities and impact factors that might differ from
those affecting the major type as a whole. This also led to
some separate assessment units.

Thirty-six assessment units of High Arctic terrestrial
habitat types were evaluated. Of the 46 ecological system
major types in the NiN system that are not marine or
freshwater systems, 28 were included as unmodified
assessment units. In addition, there are four landscape-
defined assessment units (bird cliff [LES], slope with
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mass movement [LE9], gully and wetland massif [LE12]),
one which is a combination of two major types (waterfall-
sprayed rock [T9] and waterfall-sprayed meadow [T10]),
and three (lime-poor mire [V6; 4-6], late snow bed and
extreme snow bed [T30; 11-22] and wind-exposed, arctic
steppe) which only embrace selected basic types within a
given ecological system major type.

The total number of High Arctic terrestrial assess-
ment units is 36. However, this figure was reduced to 32,
because four of them, wetland massif, bird cliff rock
[T14], bird cliff meadow [T'15] and moss tundra [T10],
were allocated directly to NE because they were redefined
as other specified assessment units.

Existing knowledge

The knowledge available for this assessment mainly
derives from personal expetience and many scientific
publications. Some assessments were thus made in the
light of detailed studies of well-known, large areas that
included regional and local vegetation maps, and the
results were thereafter extrapolated to other parts of
Svalbard based on knowledge of the habitat type and
other factors like climate and bedrock. There is no central
database of terrestrial habitats in Svalbard.

Two very different vegetation maps of the archipelago
exist. One (Elvebakk 2005) is very rough, on a scale of
1:3.5 mill. It summarises the geobotanical knowledge
about Svalbard and includes geological and climatic
aspects in a synthesis-based and typological concept. The
units thus correspond well with those used in NiN, a
classification system built up in the same way. Rough
estimates of area coverage can be made on the basis of
this map. Newly constructed units in the NiN system can
also be recognised on this map. “Deschampsia alpina mire”
corresponds to “arctic-alpine shallow wetland” and units
8 and 9 correspond to the new NilN unit “frost tundra”.
It is worth noting that unit 4 ("arctic bell-heather tundra”)
has not been allocated as a basic type in the major habitat
type “alpine heath and tundra” of the NiN system, and
this should be corrected in the next revision.

The second vegetation map is a new one based on
satellite imagery (Johansen et al. 2009). The printed
version is on a scale of 1:0.5 mill., but the spatial resolu-
tion of 30 m is very good and gives space for an actual
scale of 1:50 000. The map is basically a product of the
objective sensors of the satellite data, with their advanta-
ges and disadvantages, and not of typology-based and

110

fundamentally subjective opinions about units made by
botanists. The authors have, moreover, grouped the
satellite data in as many as 37 units. This is excessive and
they are too pootly defined relative to one another for the
map to be usable to determine the area taken up by the
relevant Red List assessment units here. When the 37
units are merged into five collective units, these are too
broad to be useful for the present purpose.

Results

Of the 32 assessment units, 7 were placed in the NE
category, 19 in LC, 4 in NT and 2 in VU. Six of the seven
that were allocated to NE (gully [LE10], cave [T19],
waterfall-sprayed rock and meadow [T'10], open alluvial
system [T8], seepage spring and spring-fed fen [V9] and
lowland spring [V4]) are very marginally developed types
in a High Arctic climate area due to snow and ice that
thaw late and the existence of permafrost. The seventh,
coastal shingle beach [T12], is difficult to define between
a strongly eroded shore zone and a pootly vegetated
landward tundra or polar desert.

The 19 LC units embrace all but three of the ¢
ommon habitats in Svalbard, and in addition volcanic
field [T6] and arctic steppe [T27], which are only
common in two limited areas. The three common
habitats which were, nevertheless, red listed are arctic
permafrost wetland [V8], polar desert [T21] and bird
cliff. Even though they are common, these units were red
listed due to threats related to the expected rise in
temperature and, in the case of the last mentioned, threat
scenarios for important ecosystem components, namely
seabird species (see the Red List for Species). The last
three red listed units, thermal spring [V5], lime-poor
mire and wind-exposed arctic steppe [T27; 1], are very
rare types with very few localities.

As regards these red listed habitats, thermal spring is
well known and has many red listed species, but only the
vascular plants have been studied in recent decades.
Wind-exposed arctic steppe and lime-poor mire are
very pootly known, and the occurrence of lime-poor
mire in lower Reindalen is especially pootly known.
Inventories should be carried out in these habitats prior
to the next version of the Red List and they may well
change the present Red List status, especially as regards
the last-mentioned unit.

Bird cliffs take up large areas in Svalbard. With
respect to the number of localities, the area and the
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diversity of types, Svalbard probably has the best-develo-
ped bird cliffs in the entire High Arctic, and heavy
management responsibility follows as a consequence of
this. The bird cliffs have a variation of basic types that is
poortly known, but the threat that is identified now is
mainly linked with the populations of key species of
seabirds. They are such important components in the
habitat that this will also be threatened if important
seabirds are threatened.

Arctic permafrost wetland and polar desert are red
listed because they are vulnerable to a predicted rise in
temperature. These two habitats are believed to have the
least buffering capacity to withstand these expected
changes, but other assessment units that are placed in L.C
in this Red List (late snow-bed, extreme snow-bed,
arctic-alpine shallow wetland and frost tundra) are
also vulnerable. These should be monitored and carefully
considered in relation to relevant climate scenarios prior
to the next version of the Red List.

The most important impact factors

The assessment of habitats in Svalbard is marked by the
positive situation that exists in that large areas of land are
protected. It is therefore typical that either very few
localities, large-scale effects of climate change or events
outside this area (threats to seabirds in the marine

The photograph shows two red listed habitat
types in the High Arctic, bird cliff (NT)

and polar desert (NT). The lush vegetation
associated with bird cliffs derives from the
seabird colonies, and the decline in seabird
populations reduces the state of this habitat.
Polar desert, seen in the background, is
expected to be reduced as a consequence of
climate change. Floraberget, Svalbard.
Photo: Arve Elvebakk.

environment) are used as criteria for the six types that are
relevant for red listing, All three units that have very few
localities are in national parks. Two of them are initially in
need of good documentation as a basis for better Red
List assessment in the next version. The thermal springs
are so small and so limited in area that the effects of the
few visits that occur and of more fortuitous events need
to be monitored.

Climate change is a serious threat to the ecosystems
and populations in the High Arctic. The two units that
are red listed and the two allocated to L.C that are
regarded as the most vulnerable should be monitored.
They should be re-assessed when future, updated climate
scenarios are available for the area.

Another limitation in the work on this first Red List
of habitat types is that the basic types are too pootly
documented. This must be rectified prior to the next
version. A good deal of information exists on the
vegetation types in Svalbard and on Jan Mayen (see, for
example, the overview by Elvebakk (1994) for Svalbard).
A great deal of work is required to coordinate existing
knowledge against the ecocline-based basic types defined
in NiN 1.0. This is, nevertheless, essential to make a mote
satisfactory assessment on this level for the next version
of the Red List. It is not least vital to be able to identify
gaps in knowledge, which will most certainly prove to be
quite substantial.

111



High Arctic terrestrial area

Norwegian Red List for Ecosystems and Habitat Types 2011

Table 13.The assessment units, their location in the NiN system and sources of variation.

Abbreviations for levels:
LE - Landscape Element

ES - Ecological System

Habitat types on the major type level are marked in bold type.
The type code refers to the major type and possible basic types
as they are described in NiN version 1.0
(www.naturtyper.artsdatabanken.no).

Regional ecoclines:
BZ - Bioclimatic zones

Sources of variation

Assessment unit Level Type code Regional ecoclines
Bird Cliff LE 8 BZ-B3-5
Thermal spring ES V5

Lime-poor mire ES V6; 4-6 BZ-B3-5

Arctic permafrost wetland ES V8

Polar desert ES T21

Wind-exposed arctic steppe ES T27;1

Red List for High Arctic Terrestrial Area

Categories:

RE - disappeared, CR - critically endangered,
EN - endangered, VU - vulnerable, NT - near threatened,

DD - data deficient

°- denotes up- or downgrading

Criteria:

1 - Substantial reduction in surface area
2 - Few localities and reduction

3 - Very few localities
4 - Reduction in state

Additional criteria:

a - The category is downgraded because of changes in the

last or the coming 10 years

b - The category is upgraded because of changes in the last

or the coming 10 years
(1)/ (2) - Number of steps downgraded

County occurrence:

o - Known or assumed known present occurrence

Assessment unit Category Criteria
Bird cliff NT 4.2.
Thermal spring VU 3.
Lime-poor mire NT 3.
Arctic permafrost wetland NT 1.3.
Polar desert NT 1.2.
Wind-exposed arctic steppe VU 3.
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The Norwegian Red list for Ecosystems and Habitat types 2011 is an assessment of ecosystems and habitat
types that are considered to be decreasing or to exist in very small numbers. The assessments are based on a set
of criteria’s which assesses the ecosystems and habitat types risk of disappeating from Norway. The assessment
work in this Red list has been made by a group of experts within nine different themes, and is based on the
system for typification and description of ecological variation called “Nature types in Norway (NiN)”. The
overall result from this assessment classifies 40 types as threatened and 31 as near threatened. This is the first

official Red list for Ecosystems and Habitat types in Norway.
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