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Abstract
The EU Water Framework Directive (WFD) was adopted in 2000 and is now being implemented in national
legislations in the Member States. According to this directive, all waters should have good ecological and chemical status.
Good ecological status signifies only a slight departure from the biological community which would be expected in conditions
of minimal anthropogenic impact. To achieve this goal, knowledge about historical reference conditions for different
ecoregions is urgently needed. The aim of this paper is to present a research agenda for acquiring knowledge about the
beaver s role in natural ecosystems as a tool for WFD implementation. The beaver is an ecological engineer for both
aquatic and terrestrial ecosystems. As the species was once common in large parts of Europe, reference conditions in
terms of the historic natural range of variability in riverine landscapes were to a great extent created by its activities.
Thus, good ecological status of small to medium sized streams should include compositional, structural and functional
characteristics created by beavers. First we define these characteristics and how they relate to the concept of ecological
status. Second we describe how viable beaver populations may contribute to the ecological status in different parts of the
continent, and conclude that the re-establishment of the beaver on the European continent is a way to approach good
ecological status. However, increased knowledge is needed in terms of studies of (1) the historical beaver distribution in
different types of catchments using both modelling, and studies in reference landscapes where beavers are still present;
(2) the present density and ecosystem effects of beaver in the landscape; (3) interactions between aquatic and terrestrial
ecosystems; (4) analysis of economic and ecological trade-offs, especially in areas with high beaver or human population
densities. Finally, (5) stakeholders attitudes and understanding related to the WFD and beavers in areas with differing
history and density of beavers will need to be studied as a base for governance and management of catchments.
Key words: Beaver, landscape planning, catchment perspective, sustainable landscapes, biodiversity, water
management, governance

Introduction
The EU Water Framework Directive (WFD) was
adopted in 2000 (Directive 2000/60/EC 2000) and is
now being implemented in national legislations in the
Member States (see EU WFD website: Ecological status and intercalibration 2010). The purpose of this
Directive is to establish a framework for the protection of inland surface waters, transitional waters,
coastal waters and groundwater, which prevents further deterioration and protects and enhances the status of aquatic ecosystems. It is also intended to promote sustainable water use, and aims at enhanced
protection and improvement of the aquatic environ2011, Vol. 17, No. 1 (32)
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ment. Finally it should ensure the progressive reduction of pollution of groundwater, and mitigate the effects of floods and droughts (Article 1; (Directive 2000/
60/EC 2000). One important aim is to maintain or improve the ecological status of the streams and lakes
within the European Union. National and local administrations will thus need to make trade-offs and compromises, so they can find a balance before habitats
are lost and species are extirpated, but at the same time
allow certain impacts linked to use of natural resources without damage becoming irreversible.
According to the WFD directive, all waters should
have good ecological and chemical status. Ecological
status is an expression of the quality of the strucISSN 1392-1355
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ture and functioning of aquatic ecosystems associated with surface waters (Article 2; (Directive 2000/60/
EC 2000). Good ecological status signifies only a
slight departure from the biological community which
would be expected in conditions of minimal anthropogenic impact (high status; EU WFD website: Ecological status and intercalibration 2010). To achieve
this goal, knowledge about historical reference conditions in terms of natural range of variability (Egan
and Howell 2001) of both aquatic and terrestrial systems for different ecoregions is urgently needed
(Degerman et al. 2004, Törnblom 2008, Angelstam and
Kuuluvainen 2004).
The beaver (Castor fiber) influences ecosystems
and the biotic community in a number of ways in both
aquatic and terrestrial environments (see e.g., Danilov
et al. 2007, Krylov and Bobrov 2007, Naiman et al. 1994,
Rosell et al. 2005, Zavyalov et al. 2005). It has been
described as a keystone species and an ecological
engineering species (Jones et al. 1994, cf. Johnston
1994). Beavers may create a mosaic-type landscape
composition by creating open water surfaces that can
develop into marshes, wetland forests, and beaver
meadows in wetland successions (Ives 1942, Johnston
and Naiman 1987, 1990a,b, Naiman et al. 1988, Remillard et al. 1987, Ruedemann and Schoonmaker 1938).
In lower (i.e. 14) stream orders (Horton 1945), the
beaver often builds dams across streams, which affect
instream sediment patterns and erosion processes that
influence stream morphology and macroinvertebrate
distribution (Collen and Gibson 2001, Naiman and Melillo 1984). The dams also affect several ecosystem functions, occurrence and densities of insect (Naiman et al.
1984, Clifford et al. 1993), fish (Gard 1961, Hanson and
Campbell 1963, Hägglund and Sjöberg 1999, Keast and
Fox 1990, McRae and Edwards 1994), bird (Beard 1953,
Brown and Parsons 1979, Knudsen 1962, Nummi 1992),
mammal (Knudsen 1962, Naiman 1988, Newman and
Griffin 1994), and plant species (Coleman and Dahm
1990, Mitchell and Wiering 1993, Rutherford 1964), as
well as water quality (McRae and Edwards 1994, Naiman et al. 1991, Smith et al. 1991). The beaver further fells
trees for foraging, thus adding physical structure to
terrestrial and aquatic ecosystems, and transferring
nutrients and energy to the aquatic ecosystem (Collen
and Gibson 2001). The felling of trees also strongly
influences the composition, density and age structure
of various tree and shrub species (Hyvönen and Nummi 2008, cf. Johnston and Naiman 1990c, Pastor and
Naiman 1992). Finally, beavers build nest cavities or freestanding huts that may persist for long time (Fries 1960,
Rosell and Pedersen 1999).
The beaver was common in large parts of Europe
in historic times (Fries 1960), and the landscape that
2011, Vol. 17, No. 1 (32)
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we now regard as a near-natural reference was to a
great extent created by its activities affecting the composition, structure and function of aquatic as well as
terrestrial ecosystems. Following the re-colonisation
of forests and woodlands after deglaciation the beaver was an important factor in the forming of the forest landscape, in particular in lower-order streams (cf.
Naiman et al. 1988). Subsequently, the beaver was
decimated by habitat change and hunting. Regional
extirpation of beavers began in Southern and Western Europe, and ultimately by the mid 19th century, only
two small populations with a couple of hundred individuals remained in what are todays 27 EU nations
(Halley and Rosell 2003). In the late 19th and early 20 th
century, the conservation value of beaver and other
wildlife was recognized, and the restoration of beaver
populations began. Currently, about 350,000  400,000
beavers are present within the 27 EU nations (Halley
and Rosell 2003). The restoration process still continues and restoration measures have been taken in most
European countries where beavers once existed.
The aim of this paper is to present a research
agenda for EU Water Framework Directive implementation on the ground using the beaver as a tool. First,
a set of criteria for good water status is derived from
what can be deemed as historical reference conditions.
These criteria also need to be adapted for different
regions of Europe. Second, to re-establish beaver as
a keystone species in riverine landscapes, sciencebased norms to be met to assure good ecological and
chemical status need to be defined. Third, the knowledge accomplished in this research must be transformed into governance and management practices on
the ground with a catchment perspective that includes
both aquatic and terrestrial systems, and includes
stakeholders from different sectors at multiple levels.

From policy to research and practice
The beaver as a tool for management of water
and riverine landscapes
The objectives of the Water Framework Directive
pronounce that both the water quality and the water
environment as a whole should reach good water
status at the latest by 2015. Reference conditions
are used in the judgment of the status or quality of a
water body. This allows for assessment of how far the
water body is from the objective of good water status. The more the water deviates from the reference
condition (i.e. high status), the lower its quality or
status will be. Good ecological status signifies that
the surface waters fauna and flora, the stream channel and its flow variations, the streambed and the
shoreline, and the physical and chemical characterisISSN 1392-1355
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tics are not allowed to deviate from what can be deemed
as natural reference characteristics of a type of waters in a certain area (EU WFD web site: Introduction
to the new EU Water Framework Directive 2010). The
biological quality factors are to be given most weight
for judgment of ecological quality conditions.
However, do we really know the reference conditions from an historical perspective considering the
beaver abundance and distribution? The occurrence
of beaver in the landscape could have had a great
importance for the reference conditions and how managed landscapes deviate from those (Figure 1 and 2).

Figure 1. Drainage basin in a pre-industrial forest landscape
in northern Europe. Is this the type of landscape that should
be used as a reference for todays forest and water managers? Illustration by Martin Holmer

Figure 2. The same landscape as in Fig. 1, today. Can the
production landscape fulfil the environmental ambitions of
the EU Water Framework Directive, and how much of natural structures and processes are enough? Illustration by
Martin Holmer
2011, Vol. 17, No. 1 (32)
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Many signs point to the beaver as having had a crucial impact on the streams in natural conditions (see
Introduction).
We argue that:
1. The re-establishment of viable beaver populations, which now is accomplished in parts of the European continent, is a way to approach good ecological status.
2. The condition of good ecological status of
small  medium sized (stream orders 14; Horton 1945)
streams in many cases would need to include characteristics created by beavers.
3. The characteristics can be transformed into a
set of criteria, indicators, and norms (sensu Lammerts
van Bueren and Blom 1997) for use in running waters
in the EU member states. The list can be seen as a way
to apply the quality elements listed in Annex V of the
WFD and its Table 1.2.1 (Table 1), which will need to
be further developed into indicators and norms to
assess the status of streams, and adapted to differing
local and regional conditions and size of streams.
 Physical structure in the streams  occurrence
of dead wood in and close to streams
 Ability to retain sediments and nutrients
 Ability to process organic material
 Ability to even out flow fluctuations - mitigate
high flows and counteract draught conditions
 Habitat variation along stream  fast and slow
current, with characteristic biota
 Biodiversity of various aquatic and riparian organism groups
 Occurrence of patches in temporal transition
between terrestrial and aquatic environments
Toward a research agenda
Forest landscape disturbance regimes range from
succession following stand-replacing disturbances, such
as severe fires and wind-storms, to small-scale dynamics associated with gaps in the canopy created by the
loss of individual trees due abiotic disturbance such
as flooding, and biotic disturbances (Angelstam and
Kuuluvainen 2004). A good deal of knowledge about the
role of beaver for terrestrial and aquatic ecosystems is
already available, and this knowledge can already today be used in water management. However, the status of beaver populations over Europe varies strongly,
some being viable and even subject to harvesting, while
others are only becoming re-established (Halley and
Rosell 2001, 2003). This means that the beavers contribution to the ecological status varies strongly among
different parts of the EU. However, increased knowledge
is needed about the role of the beaver as a keystone
species for water management with a riverine landscape
perspective (cf. Malanson 1993).
ISSN 1392-1355
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Table 1. Quality elements for the
classification of ecological status
of rivers. From Annex V of the
WFD (Directive 2000/60/EC
2000)

Biological elements
Composition and abundance of aquatic flora
Composition and abundance of benthic invertebrate fauna
Composition, abundance and age structure of fish fauna
Hydromorphological elements supporting the biological elements
Hydrological regime
quantity and dynamics of water flow
connection to groundwater bodies
River continuity
Morphological conditions
river depth and width variation
structure and substrate of the river bed
structure of the riparian zone
Chemical and physico-chemical elements supporting the biological elements
General
Thermal conditions
Oxygenation conditions
Salinity
Acidification status
Nutrient conditions
Specific pollutants
Pollution by all priority substances identified as being discharged into the body of water
Pollution by other substances identified as being discharged in significant quantities into the
body of water

Knowledge needs to define norms for assessments
of ecological status, for use of the beaver as a tool to
approach reference conditions, include the following
issues:
 The historical beaver distribution in different
types of ecoregions and catchments should be modelled, and studies in reference landscapes where beavers are still present are needed.
More knowledge is needed about the historical
conditions for the beaver as well as its densities and
effects in the European forest landscape. There is a
need for studies of a dose-response-type (Törnblom
2008, Roberge and Angelstam 2009), i.e. for example
using GIS analysis of the landscape composition of
the catchments, along with an historical and archaeological documentation of the beavers earlier distribution and its importance for humans (Danilov et al. 2007).
 Present distribution, density and impact of beaver in the landscape
Todays situation concerning the present density and influence of beavers on European landscapes
and streams needs to be mapped. Estimates of densities for beaver ponds are generally lacking for EU
countries. Estimates of beaver population size should
be made using aerial photos quantified by GIS methods (Kaczka et al. 2001, cf. Johnston and Naiman
1990a). Using interpretation of aerial photos, the extent of damming for areas with known densities of
beaver can be estimated.
 Interactions with terrestrial ecosystems
Beaver browsing strongly influences species and
age-class composition of riverine forests, and thus
indirectly also other flora and fauna (cf. Johnston and
Naiman 1990c). The historical aspects of these conditions are poorly known. It is also little known to what
2011, Vol. 17, No. 1 (32)
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extent the late succession stages of beaver ponds,
such as beaver meadows, have formed stream valley landscapes (Terwilliger and Pastor 1999).
 Analysis of economic and ecological trade-offs,
especially in areas with high beaver or human population densities
Analyses of beaver populations of high densities
should be made along with economic trade-offs between ecological benefits and levels of damage. Using questionnaires and in-depth interviews, a greater
understanding can be reached about how the beaver
activities can lead to economic or ecological problems
such as forest damage, impounding, flooding, cramming of road drains, migration obstacles etc.
(Härkönen 1999, cf. McKinstry and Anderson 1999).
 The current attitudes and understanding related to beavers in areas with differing history and density of beavers will need to be studied as a base for
governance and management of catchments.
Attitudes to beaver among the general public and
various stakeholder groups, depend on the history and
the present state of the beaver populations in each
country. We suggest that the development of attitudes
may follow certain paths that to some extent may be
predicted (Ajzen 1991, Eagly and Chaiken 1993, Gardner and Stern 2002). Attitudes in different groups of
people should therefore be studied in selected countries (cf. McKinstry and Anderson 1999). Cross-country comparisons may be used for improving governance practices and management advice.
Governance and management of beaver landscapes
Restoration of viable beaver populations may
cause conflicts with other interests. Economic producISSN 1392-1355
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tion losses in certain types of land and water management, or social needs of human communities, will need
to be weighed against the values of undisturbed waterways and fish migration, or riverine landscape biodiversity. Knowledge among managers and planners
will be crucial for how to satisfy the living conditions
simultaneously for aquatic and terrestrial species,
without creating unreasonable negative consequences for human interests or other endangered species or
habitats.
The beaver can be a controversial species primarily when they come into conflict with human interests (e.g., urban and production forests, outdoor recreation), or in conflict with other species (Rosell and
Pedersen 1999). Therefore knowledge is needed of how
to process ecological knowledge into practical management of terrestrial and aquatic natural resources
and desired ecological outcomes, and to involve stakeholders into governance at different levels (see
Rauschmayer et al. 2009). To promote learning and
legitimacy, it is important to understand what knowledge, understanding, perceived needs and attitudes
the stakeholders have.
To implement the Water Framework Directive there
is a need to include the understanding of these stakeholders of management principles and interests as well
as their capacity and interest to implement this policy. With this in mind it will be easier to judge how large
a geographical area will be needed for managing various landscape values. For example, to plan for sustained yield wood production, knowledge about the
spatial distribution of forests of varying age and tree
species composition at the landscape scale is not crucial. However, to preserve, manage or recreate functioning green and blue infrastructures  i.e., habitat
networks that will function in a landscape perspective,
for terrestrial and aquatic environments, respectively
for a number of species, as well as ecological integrity (Karr 1981), a landscape approach that encompasses
both the social and ecological systems is crucial (e.g.,
World Forestry Congress XIII 2009).
This means that apart from science-based knowledge about the role of beavers in different ecosystems
as outline above, both top-down hierarchical strategic, tactical and operational planning (Sundberg and
Silversides 1996) on the one hand, and collaborative
and communicative bottom-up participatory approaches
on the other (Törnblom 2008) are needed to support
the implementation of policies about good ecological
status of catchments in riverine landscapes. This is
consistent with proactive adaptive governance and
management cycle approaches (Pahl-Wostl 2007) that
link policy, management, monitoring and assessment
in iterated cycles within entire catchments (e.g., An2011, Vol. 17, No. 1 (32)
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gelstam et al. 2003, Lazdinis and Angelstam 2004). At
the first strategic level, regional quantitative gap analysis (Scott et al. 1993) is a tool for assessing the extent to which ecological integrity is maintained by
appropriate combination of protection, management
and restoration of representative habitat types in an
ecoregion. A second tactical level tool is Habitat Suitability Index (HSI) spatial modelling (Angelstam et al.
2004) that combines quantitative knowledge about
focal species requirements and the spatial distribution of resources into maps for visualization and scenario building. This allows both for assessment and
subsequent spatial planning at different scales and
time horizons. These two steps guide the management
operations needed for the protection, maintenance and
restoration at instream, riparian, catchment and landscape scales. There is, however, a scale mismatch
between the need for this kind of systematic approach
and reality. Thus monitoring programs and performance target need to be assessed, and tools for proper
assessment, governance and management towards
ecological integrity by various formal and informal
organizations be developed.
Finally, adaptive governance and management
need to be developed using participatory approaches
(Angelstam and Törnblom 2004) that include relevant
actors and stakeholders to become understood and
accepted. This requires enhanced communication and
collaboration. To fill knowledge gaps about performance targets and tools for governance, applied interdisciplinary research is needed, which must become
systematic in two dimensions. First, comparisons of
reference landscapes with ecological integrity should
be compared with altered systems to determine how
much are enough of different structures and processes to secure viable populations of species used as
indicators, and thus operationalise the terms good
ecological status and ecological integrity. Second,
the idea that analytic deliberation, nested institutions
and institutional variety open up for continuous experimentation, learning and change in society needs
to be evaluated by studies of local and regional governance arrangements ability to deliver good ecological status, even if it is difficult, time consuming and
sometimes unrewarding (Törnblom and Angelstam
2008).
However, there is limited knowledge about how
much beavers influence ecological systems, and more
research is need to fully understand beavers influence
on ecological water status and conservation status.
There is also a need to study social systems in terms
of the understanding, ability to act and attitudes
among stakeholders, governors, planners and managers at multiple levels. Ultimately, such a landscape
ISSN 1392-1355

BALTIC FORESTRY
TOWARD A RESEARCH AGENDA FOR WATER POLICY IMPLEMENTATION /.../

approach that considers both the ecological and social systems will be needed to implement the WFD.

Conclusions
There is much evidence that the activities of beavers have been decisive for the function of landscapes
and catchments and thus for forest streams. Therefore
it is important to consider beavers role in ecosystems
when setting up criteria, indicators and norms for good
ecological status. To handle potential conflicts and
economic losses related to beavers, there is a need for
adaptive management (Lee 1993) of the European beaver population.
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ÏÎ ÍÀÏÐÀÂËÅÍÈÞ Ê ÈÇÓ×ÅÍÈÞ ÂÍÅÄÐÅÍÈß ÂÎÄÍÎÉ ÏÎËÈÒÈÊÈ:
ÏÎÇÍÀÍÈÅ ÁÎÁÐÀ (CASTOR FIBER) ÊÀÊ ÑÐÅÄÑÒÂÀ ÂÎÄÎÓÑÒÐÎÉÑÒÂÀ ÍÀ
ËÀÍÄØÀÔÒÍÎÌ ÓÐÎÂÍÅ
J. Törnblom, P. Angelstam, G. Hartman, L. Henrikson è G. Sjöberg
Ðåçþìå
Âîäíàÿ ðàìî÷íàÿ äèðåêòèâà Åâðîïåéñêîãî Ñîþçà (ÂÐÄ) áûëà ïðèíÿòà â 2000 ãîäó è â íàñòîÿùåå âðåìÿ
àäàïòèðóåòñÿ â íàöèîíàëüíûõ çàêîíîäàòåëüñòâàõ â ãîñóäàðñòâàõ-÷ëåíàõ ÅÑ. Ñîãëàñíî ýòîé äèðåêòèâå, âñå âîäû
äîëæíû èìåòü õîðîøèé ýêîëîãè÷åñêèé è õèìè÷åñêèé ñòàòóñ. Õîðîøèé ýêîëîãè÷åñêèé ñòàòóñ îçíà÷àåò ëèøü íåáîëüøîå
îòêëîíåíèå îò áèîëîãè÷åñêîãî ñîîáùåñòâà, êîòîðîå ìîæíî áûëî áû îæèäàòü â óñëîâèÿõ ìèíèìàëüíîãî àíòðîïîãåííîãî
âîçäåéñòâèÿ. Äëÿ äîñòèæåíèÿ ýòîé öåëè, íåîáõîäèìû çíàíèÿ îá èñòîðè÷åñêèõ ýòàëîííûõ óñëîâèÿõ ðàçëè÷íûõ
ýêîðåãèîíîâ. Öåëü äàííîé ñòàòüè  ïðåäñòàâèòü ïðîãðàììó èññëåäîâàíèé äëÿ ïîëó÷åíèÿ íåîáõîäèìûõ çíàíèé î ðîëè
áîáðà â ïðèðîäíûõ ýêîñèñòåìàõ, êîòîðûå íåîáõîäèìû äëÿ âíåäðåíèÿ ÂÐÄ, Áîáð  ýêîëîãè÷åñêèé èíæåíåð âîäíûõ è
íàçåìíûõ ýêîñèñòåì. Êàê âèä, áîáð áûë øèðîêî ðàñïðîñòðàíåí âî ìíîãèõ ðåãèîíàõ Åâðîïû, è ïðèðîäíûå óñëîâèÿ,
íåîáõîäèìûå äëÿ åãî ñóùåñòâîâàíèÿ, áûëè ñîçäàíû â ïðîøëîì â ðåçóëüòàòå åãî æèçíåäåÿòåëüíîñòè. Òàêèì îáðàçîì,
õîðîøèé ýêîëîãè÷åñêèé ñòàòóñ ìàëûõ è ñðåäíèõ âîäîòîêîâ äîëæåí âêëþ÷àòü â ñåáÿ êîìïîçèöèîííûå, ñòðóêòóðíûå
è ôóíêöèîíàëüíûå õàðàêòåðèñòèêè, ñîçäàííûå áîáðàìè. Â äàííîé ñòàòüå ìû ñíà÷àëà îïðåäåëÿåì ýòè îñîáåííîñòè è êàê
îíè ìîãóò áûòü ñîîòíåñåíû ñ êîíöåïöèåé ýêîëîãè÷åñêîãî ñòàòóñà âîä Åâðîïû. Âî-âòîðûõ, ìû îïèñûâàåì, êàê
æèçíåñïî ñîáíûå ïîïóëÿöèè áîáðà â Åâðîïå ìîãóò ñïîñîáñòâîâàòü óëó÷øåíèþ ýêîëîãè÷åñêîãî ñòàòóñà âîä â
ðàçëè÷íûõ ÷àñòÿõ êîíòèíåíòà, è äåëàåì âûâîä î òîì, ÷òî âîññòàíîâëåíèå ïîïóëÿöèè áîáðà íà åâðîïåéñêîì êîíòèíåíòå,
ÿâëÿåòñÿ ïîäõîäîì ê âíåäðåíèþ êîíöåïöèè õîðîøåãî ýêîëîãè÷åñêîãî ñòàòóñà. Òåì íå ìåíåå, íåîáõîäèìî óëó÷øàòü
çíàíèÿ îòíîñèòåëüíî (1) ðàñïðîñòðàíåíèÿ áîáðà â èñòîðè÷åñêîì ïðîøëîì ðàçëè÷íûõ òèïàõ âîäîñáîðîâ ñ
èñïîëüçîâàíèåì ìåòîäîâ ìîäåëèðîâàíèÿ, òàê è â ðåçóëüòàòå ïðîâåäåíèÿ èññëåäîâàíèÿ â ëàíäøàôòàõ, ãäå áîáðû âñå
åùå ñóùåñòâóþò; (2) ïëîòíîñòè ðàñïðîñòðàíåíèÿ âèäà è ýêîñèñòåìíûõ ïîñëåäñòâèé äëÿ ëàíäøàôòîâ â ðåçóëüòàòå
äåÿòåëüíî ñòè áîáðà; (3) âçàèìîäåéñòâèÿ ìåæäó âîäíûìè è íàçåìíûìè ýêîñèñòåìàìè; (4) ýêîíîìè÷åñêèõ è
ýêîëîãè÷åñêèõ êîìïðîìèññîâ, îñîáåííî â ðàéîíàõ ñ âûñîêîé ïëîòíîñòüþ íàñåëåíèÿ è ïîïóëÿöèè áîáðà. È íàêîíåö,
íåîáõîäèìî èçó÷àòü êàê îñíîâó äëÿ ïðèíÿòèÿ ðåøåíèÿ è óïðàâëåíèÿ âîäîñáîðàìè (5) îòíîøåíèå çàèíòåðåñîâàííûõ
ñòîðîí è èõ ïîíèìàíèå, êàñàþùèåñÿ áîáðîâ è ÐÂÄ â ðàéîíàõ ñ ðàçëè÷íîé èñòîðèåé è ïëîòíîñòüþ ïîïóëÿöèè áîáðîâ.
Êëþ÷åâûå ñëîâà: áîáð, ëàíäøàôòíîå ïëàíèðîâàíèå, âîäîñáîð ñ òî÷êè çðåíèÿ óñòîé÷èâîãî ëàíäøàôòîâ,
áèîðàçíîîáðàçèå, âîäíûå ðåñóðñû, óïðàâëåíèå

2011, Vol. 17, No. 1 (32)

ISSN 1392-1355

161

