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Introduction and Aims

This report was commissioned by the Cairngorms National Park Authority (CNP) to investigate the
habitat feasibility of the Spey catchment to support the restoration of Eurasian beavers (Castor fiber).
Potential release sites for first releases (mid-River Spey area only) have been identified, prioritising
landowners that may support any release licence application. Other sites have been investigated and
though they may not be proposed as release sites, could support beaver colonisation as any population
expands naturally.

Following initial feasibility work and the subsequent decision to proceed with bringing beavers back to
the Cairngorms, the Park Authority are keen to undertake further assessment work to inform potential
release site selection, likely population dynamics, dispersal routes and areas of likely future
colonisation, alongside further assessment of potential impacts (positive or negative). This report
addresses some of these aims by building on an initial feasibility study, on ground experience and
knowledge combined with the deployment of models developed at the University of Exeter, and many
years’ experience by these authors of beaver restoration dynamics. We present habitat suitability and
beaver dam capacity in support of understanding the distribution of likely beaver populations in the
future at the landscape scale across the Spey catchment.

The habitat suitability and the capacity for beavers to dam channels within the study areas was assessed
using beaver modelling tools developed by researchers at the University of Exeter (Graham et al., 2020).
These modelling tools consist of a Beaver Habitat Index (BHI) model and a Beaver Dam capacity (BDC)
model.

There is a requirement to complete an analysis of river catchments to assess their suitability for
supporting populations of beaver. Beaver habitat suitability is determined primarily by vegetation
suitability which has been classified nationally using a Beaver Vegetation Index (BVI) as well as access
to water bodies. Together these two factors have been incorporated into a Beaver habitat Index model
(BHI). BHI has been run nationally to develop a high resolution (5m) continuous raster product that can
inform local decision making with regard to beaver reintroduction. BHI classifies habitat suitability from
0 (No access to vegetation - not suitable) to 5 (Highly Suitable). It must be clarified that this habitat
model is a simplified representation of reality and caveats associated with the model are listed in
appendices.

Beavers are also well known as ecosystem engineers, having the capacity to change environments to
suit their needs. The beaver engineering activity that has the greatest capacity to modify ecosystems is
dam building. Dam building and the creation of ponded surface water has the ability to bring benefits
(i.e., for biodiversity, water storage, flow attenuation) but also potentially management and conflict
(i.e., localised inundation of land, blocking of critical infrastructure). BDC classifies reaches from no
capacity for dam building to a pervasive capacity for damming.
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Figure 1. Study areas showing Spey catchment extent (in pink) relative to Cairngorms National Park boundary (in black).

Modelling of Beaver Habitat Suitability Spey Catchment

Beaver Habitat Suitability Modelling
Summary Description: Production of a continuous description of habitat suitability for beaver. First a

vegetation suitability index is created using multiple high-resolution spatial datasets from Ordnance
Survey, CEH and Copernicus will be combined to provide detailed land cover/vegetation information
which is classified based on empirical field observation of beaver habitat and preference. Vegetation
suitability is combined with additional parameters describing stream networks and water bodies. Whilst
beaver habitat suitability is primarily defined by vegetation suitability, beavers also require water for
security and movement. Therefore, accessibility to water bodies (i.e. channels, ponds, and lakes) will



also determine the viability of beaver occupancy and therefore are required to classify habitat
accurately.

Outputs: This product provides a high-resolution (5m cell size) resource (raster .tiff format) for
describing habitat suitability for beaver. This dataset can allow the user to explore which landscapes
were most (or least) suite to beaver reintroduction and also to understand where habitat enhancement
might be useful to support future reintroduction.

Beaver Vegetation Index (BVI —prerequisite for BHI modelling)

Vegetation is important for classifying beaver habitat (Hartman, 1996; John et al., 2010; Pinto et al,,
2009; St-Pierre et al., 2017). It was therefore critical to establish a reliable Beaver Vegetation Index (BVI)
using nationally-available spatial datasets. No single dataset contained the detail required to depict all
key vegetation types. Therefore, a composite dataset was created from: OS VectorMap data (Ordnance
Survey, 2018), The Centre for Ecology and Hydrology (CEH) 2015 land cover map (LCM) (Rowland et al.,
2017), Copernicus 2015 20 m Tree Cover Density (TCD) (Copernicus, 2017) and the CEH woody linear
features framework (Scholefield et al., 2016).

Vegetation datasets were assigned suitability values (zero to five). Zero values were assigned to areas
of no vegetation i.e. buildings and values of five were assigned to favourable habitat i.e. deciduous
woodland. Values were assigned based on a review of relevant literature (Haarberg and Rosell, 2006;
Jenkins, 1979; Nolet et al., 1994; O’Connell et al., 2008), field observation and comparison with satellite
imagery. Vector data were converted to raster format (resolution of 5 m). TCD data were resampled to
5m and aligned with converted vector layers. An inference system was used to combine these four
raster datasets to create the BVI. The workflow prioritises the reliability followed by the highest value
data.

Examples of highly suitable land (graded 5) include broad-leaf woodland, mixed woodland and shrub;
examples of suitable vegetation (graded 4) include shrub and marsh; examples of moderately suitable
(graded 3) include coniferous woodland, marsh, shrub and unimproved grassland; examples of barely
suitable (graded 2) include reeds, shrub and heathland and boulders, neutral grassland; examples of
unsuitable (graded 1) include heather, acid grassland, unimproved grass and boulders, bog; examples
of no accessible vegetation (graded 0) include shingle and sand, buildings, rock, urban and saltwater.

Beaver Habitat Index model (BHI)
Whilst vegetation is a dominant factor in determining habitat suitability for beaver, so is proximity to a

water body (Gurnell et al., 2008), with beavers being strong swimmers, using water bodies both to
provide security, as a means of escaping predators and to access foraging areas. It is thought that most
foraging occurs 10 m of a watercourse/body (Haarberg and Rosell, 2006), and rarely above 50 m
(Stringer et al 2018). However, greater foraging distances have on occasion been observed and as in
Macfarlane et al., 2015 100 m has been accepted as a maximum distance in which the vast majority of
foraging occurs. Therefore, to determine suitable habitat for beaver incorporating both BVI vegetation
suitability and water accessibility a 100m buffer was applied to water bodies. To do this the OS
mastermap river network and OS vector in land water bodies were combined to get the best readily
available national waterbody and water course coverage.

Whilst BVI was run nationally on a 5 m scale it is best viewed as a preparatory step for BHI (and later
BDC) modelling and is superseded in usefulness by the BHI dataset. It is strongly recommended that
most analysis and management applications such as this study use BHI i.e. if there is an area of preferred



vegetation such as willow woodland, more than 100 m from a waterbody it is thought inaccessible to
beaver and therefore does not form suitable habitat.

Both BVI and BHI use a scoring system of zero to five (Table 1). Scores of five represent vegetation that
is highly suitable or preferred by beavers and that also lies within 100 m of a waterbody. Zero scores
are given to areas that contain no vegetation or are greater than 100 m from a waterbody. It is
important to note that the habitat model considers terrestrial habitat where foraging primarily occurs
and that watercourses themselves are also scored zero. It is also important to note that all scores above
1 contain suitable vegetation.

In addition to the raster layer, BHI values are associated with the reach scale Beaver Network river layer
as BFI (Beaver Forage Index). Reach BFI values were obtained for two search areas, 10 m (streamside)
and 40 m (riparian) from the bank edge. Both search areas extend 100 m up and downstream to
account for connectivity of reaches. The mean of the top 50% of BFI values in each search area was
extracted to understand the suitability of the best available habitat within a given reach.

Table 1. BVI and BHI value definitions. It is critical to note that all values above 1 are suitable for beaver.

BFI and BHI Values Definition

0 Not suitable (no accessible vegetation)

1 Likely Unsuitable (unsuitable vegetation)
2 Low/Barely Suitable

3 Moderately Suitable

4 High/Suitable

5 Preferred/Highly Suitable

Beaver Habitat Index maps and summary statistics for study area
Table 2. displays the summary statistics (length and %) of gross habitat category types across the

watercourses of the Spey catchment (See Figure 2).

Table 2. Summary habitat mapping statistics for the Spey catchment

Habitat Category Length (km) % in each category

Likely Unsuitable (1) 2989.7 43.4
Low (2) 950.7 13.8
Moderate (3) 749.3 10.9
High (4) 997.3 14.5
Preferred (5) 1203.4 17.5
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Figure 2. Beaver Habitat Index at a 5 m resolution across the entire study area. Contains Ordnance Survey data © Crown
Copyright 2007 and some features of this map are based on digital spatial data licensed from the Centre for Ecology &
Hydrology, © NERC (CEH).



Beaver Dam Capacity Modelling of Spey Catchment

Beaver Dam Capacity (BDC) model summary

The Beaver restoration assessment tool (BRAT) was developed in North America (Macfarlane et al.,
2014, 2015) to determine the capacity for river systems to support Beaver dams. The BRAT model has
been further deployed in a range of different river systems to aid both Beaver recolonisation and beaver
dam analogue led restoration. The BRAT model not only provides an invaluable tool for designing
effective, empirically based, restoration strategies but it also indicates where Beaver dams might be
constructed and therefore where they may cause potential management/conflict issues. The BRAT
model structures the framework of the model around the river network itself and using a fuzzy logic
approach which builds in the considerable uncertainty that is associated with beaver habitat/dammable
reaches. Furthermore, it provides a range of output values to predict the dam capacity which has
implications for beaver preference towards a given location.

We have therefore used the BRAT framework to develop an optimised beaver dam capacity (BDC)
model for Great Britain; and although many of the datasets used are specific to GB, these could readily
be adapted to enable its use globally.

The BDC model estimates the capacity of river systems to support dams at the reach-scale (ca. 150 m).
The model also highlights reaches that are more likely to be dammed by beaver and estimates the
number of beaver dams that could occur for a catchment at population carrying capacity. As such, this
highly detailed tool would provide understanding of where dams are most likely to occur and in what
densities, supporting future work on the conflicts and opportunities that might accrue from beaver
reintroduction.

The model infers the density of dams that can be supported by stream reaches (111.1 m + 52.5) across
a catchment. Using low-cost and open-source datasets, the following attributes are calculated for each
reach: (i) stream gradient, (ii) low (Q80) and high flow (Q2) stream power, (iii) bankfull width, (iv) stream
order, and (v) the suitability of vegetation, within 10m and 40 m of the bank, for beaver dam
construction. These controlling variables are combined using a sequence of inference and fuzzy
inference systems which follow an expert-defined rules system that allows for the considerable
uncertainty often associated with these types of complex ecological processes.

Each reach was classified for damming capacity using five categories from none, defined as no capacity
for damming to pervasive where a maximum capacity of 16-30 dams could theoretically be constructed
ina km of channel. It is important to note that the model assumes both reach and catchment population
carrying capacity for beaver. Therefore, in reality the maximum number of dams indicated in a category
class is unlikely to occur. A full list of BDC classifications is included in Table 3.

Table 3. BDC classifications and definitions.

BDC Classification Definition

None No capacity for damming

Rare Max capacity for 0-1 dams/km
Occasional Max capacity for 1-4 dams/km
Frequent Max capacity for 5-15 dams/km




Pervasive Max capacity for 16-30dams/km

Beaver Dam Capacity Model maps and summary statistics for the study area
Table 4. displays the summary statistics (length and %) of gross dam capacity category types across the

watercourses of the Spey catchment (See Figure 3).

Table 4. Beaver dam capacity summary statistics for the Spey catchment

Dam capacity category Length (km) % in each category

None 936.0 13.6
Rare 3418.8 49.6
Occasional 1326.1 19.2
Frequent 468.1 6.8
Pervasive 741.4 10.8




[ Spey_Catchment
[ cairngormsNationalPark
Spey_BN
— None
—— Rare
Occasional
— Frequent
— Pervasive : sl

Beaver Network (Graham et al., 2021) contans data © NERC (CEH) 2019 and © Ordnance Survey crown
copyright. p data © Google and contributors © MapTiler © OpenStreetMap and contributors.

Figure 3. Beaver Dam Capacity model results for study area with catchments of interest highlighted. Contains Ordnance
Survey data © Crown Copyright 2007, and some features of this map are based on digital spatial data licensed from the
Centre for Ecology & Hydrology, © NERC and © Ordnance survey crown copyright.

Beaver habitat and dam capacity model summary

The model results presented herein, illustrate that throughout the Spey catchment, including within
National Park, there are extensive areas of highly suitable habitat to support beaver populations.
Additionally, there are many smaller reaches, with good habitat and suitable hydrological conditions
where beavers could create dams, particularly in the more lowland areas. However, model results also
show the main Spey and tributaries to be too large and powerful for beavers to dam. Similarly, many of
the upland areas, particularly those within the NP lack suitable habitat and are also too steep to support
beaver damming. These model outputs show the spatial variability in impact that could occur if beavers
returned to being widespread both within the NP and the wider Spey catchment.

Combined with other components of feasibility work being undertaken, these model results will provide
a geospatial basis for informing future impacts (both positive and negative) that the reintroduction of
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beavers could bring. Used strategically it is hoped that such data products can help maximise the
benefits and minimise the conflicts associated with beaver.

Whilst useful, as with any model output, there are limitations and uncertainties (see Appendix 2 for use
caveats) which need to be considered. These model results were ground-truthed during field visits to
combine model outputs with expert interpretation to reach a conclusion on the suitability of the site
will for beaver. Field based assessment will also consider the potential for beavers to bring positive
impacts as well as the potential for management issues to arise and potential solutions to these.

Aspen Mapping

CNP have identified interactions between beaver and aspen (Populus spp.) as a potential concern
flagged by other conservation groups and so have provided maps of known areas of aspen across CNP
section of the Spey catchment. Aspen is a preferred forage species for beavers (Fryxell and Doucet
1993, Nolet et al. 1994) and especially if there is low availability of food nearby beavers will travel
further from the water course to obtain this. Where it grows close to suitable water bodies it would
most likely have the potential to be impacted. Studies have reported that beavers typically only fell
aspen in leaf (Doucet et al. 1994, Wilsson 1971). It is critical to note that aspen readily suckers in
response to beaver foraging, which increases its productivity, and beavers will often then forage on
regrowth. Deer and livestock will preferentially feed on broadleaf new growth, so providing grazing
pressure is not intensive new growth aspen will get away. The greater concern with beaver and aspen
overlap, is beaver felling of mature trees and related impacts on associated bryophyte, lichen and
invertebrate communities.

If particular trees, or more likely stands of mature aspen, are flagged as of interest, tree protection
management approaches are readily available. To understand where known Aspen stands may have
the potential to be impacted by beaver, a 10 m buffer was applied to all Aspen points and Polygons.
These data points represent small, discrete groups of aspen <0.04 ha (20 x 20 m) in extent, plus
individual aspen trees. The polygons are larger stands/areas of aspen-rich woodland > 0.04 ha in extent.

From Figure 8 and 9 below it is evident that a large proportion of recorded Aspen areas exist within
areas considered potential beaver habitat within the Spey. Out of 533 polygons of larger Aspen stands,
340 (or 64 %) fall within beaver habitat. For smaller stands represented by point data, 229 of 575 points
(40 %) fall within beaver habitat. It is critical to note that this is a generous overestimation of overlap
with beaver habitat assuming a maximum foraging range of 100 m from water courses, far greater than
that which typically occurs. This analysis is presented as a first step in identifying known aspen stands
that may overlap with beaver activity; however, local management and monitoring work is likely to be
required to assess the ongoing conservation importance and any associated risks.
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Figure 4. Aspen polygons and points mapped on top of beaver habitat for the Spey catchment. Points are enlarged to facilitate
visualisation.
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Figure 5. Buffered polygons of Aspen points and polygons overlayed with beaver habitat layers to calculate percentage
overlap.
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Beavers and Fish in the Spey

CNP have also identified interactions between beaver and salmonids as a potential concern. To support
this feasibility project, locations of salmon and trout sampling points have been provided by CNP and
the Spey Fishery Board. The sampling points provided are mapped in Figure 10, along with average
density data in Figure 11 and 12. Figure 13 and 14 overlay current fish sampling points onto the beaver
habitat and dam capacity layers. It is critical to note that the mapped data for fish only pertains to these
datasets and additional fish data hosted by different organisations may be available. For further
information on the trout and salmon data shown it is recommended contacting the Spey Fishery board.

The key benefits of beaver activity for salmonids that are commonly cited include increased habitat
heterogeneity (Hagglund and Sjdberg, 1999; Smith and Mather, 2013) and quality (Pollock et al., 2003).
In particular, ponds created upstream of beaver dams provide juvenile overwintering and rearing
habitat (Cunjak, 1996; Needham et al., 2021), and can be a critical refuge for larger fish (Hagglund and
Sjoberg, 1999; Needham et al., 2021). The beneficial response from a fisheries perspective is usually
quantified in terms of increased fish abundance (Hagglund and Sjoberg, 1999; Jakober et al.,1998;
Needham et al., 2021), condition and growth (Sigourney et al., 2006; but see Rabe, 1970, and Johnson
et al, 1992; Needham et al.,, 2021), and overall productivity (Mitchell & Cunjak, 2007; Nickelson et al.,
1992; Pollock et al., 2004). Conversely, the principal negative consequence of beaver activity often cited
is the potential for dams to impede or delay salmonid migration, particularly for upstream moving
adults during their migration to the spawning grounds (Lokteff et al., 2013; Rupp, 1955; Taylor et al,,
2010). Furthermore, dams may reduce the availability of suitable spawning habitat in impounded areas,
where there may be insufficient flow velocity to purge the gravels, which salmonids use for spawning
and egg incubation, of the fine sediments deposited (Knudsen, 1962; Taylor et al., 2010). Malison and
Halley (2020), however, found that beaver dams did not block the movement of juvenile salmonids or
their ability to use upstream habitats and suggest that it is unlikely that dams negatively impact the
juvenile stage of salmon or trout populations. Kemp et al. (2012) reviewed 108 studies of beaver and
fish. Dams were cited as “barriers to fish movement” in 43% of papers and was the most common
adverse effect discussed. However, these negative effects were speculative at best in that 78% of the
studies did not support this claim with data. Further work is required to establish actual impacts of
beaver dams on fish passage, but by cross referencing the BDC models with valuable salmonid habitat
will help identify key areas of concern and alleviate possible impacts.

As described above, it is likely there will only be significant concerns where priority spawning grounds
overlap with areas where beavers are present and there are suitable conditions for dam building.
Therefore, along the main reaches of the Spey there is likely to be little concern due to there being no
likelihood of damming, however, on some spawning grounds there is likely to be greater concern and
need for monitoring and potential mitigation if deemed necessary. As an example of the monitoring
points provided 90 out of the 181 monitoring points (49.7 %) have a high (frequent or pervasive)
capacity for damming if beavers were present.

Many of the monitoring points provided do fall on reaches with beaver dam capacity, meaning if
beavers were present in these reaches, they may provide a monitoring opportunity or a management
concern. However, with only 181 monitoring points provided it is statistically unlikely that (at least in
the short term) beavers would dam directly in the vicinity of these sampling points. Therefore, to
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provide opportunities to increase understanding between the impacts of beaver and fish
supplementary monitoring targeted at beaver release site locations could be beneficial.

N.B. It is highly likely, as shown in the research literature for a number of sites studies (summarised in
Kemp et al., (2012), that beaver activity, principally damming, will create new spawning grounds for
salmonids, as cleaner and well oxygenated gravel beds are maintained. It is also possible that small
areas upstream of dams accumulate sediment and potentially deteriorate in terms of quality for
spawning. Thus, the balance between creation of new spawning grounds and potential negative
impacts upon existing spawning grounds should be monitored. Overall, at the catchment scale, it is
most likely that spawning habitat will extend and improve, as beavers establish and that salmonid
population health and abundance will follow suit.

15



w2 o

| © Trout_Density_Data
| @ Salmon_Density_Data
[ speyCatchment — catchments_boundaries

7
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Figure 8. trout density average at provided monitoring points.
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Figure 9. location of sampling points overlayed onto beaver habitat.
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Figure 10. Location of fish sampling points overlayed onto beaver dam capacity river network layer.
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Figure 11. BDC classification for reach where each fish monitoring point exists. l.e. for each fish survey point provided by Spey
Fisheries board the location has been matched with the corresponding river reach and the BDC model dam capacity
classification has been extracted. This may give an indication that if beavers are present in these reaches where in time fish
monitoring points may have the potential to be dammed.
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Potential Release Site Assessments

Modelling outputs and site visits were made for each of the sites discussed below. Each site visit
assessed and ground-truthed various site features. Methods for identifying the suitability and key
habitat characteristics for beavers (both species) have been widely studied and published (including
Allen 1983; Bergman et al., 2018; Dittbrenner et al., 2018; Halley et al., 2009; Hood, 2020; Macdonald
et al.,1997). The main features considered included;

- Theinitial composition and structure of the vegetation within 30 m of the water’s edge
- The distribution and abundance of palatable riparian trees
- The character of the riparian edge habitat

- The hydrology of the water bodies available to the beavers, including flow speeds, level stability
and shoreline features

- Water management and where beavers may cause conflict i.e., flood banks/low-lying
farmland/agricultural drainage.

- Topography — gradient of land, substrate type, valley shape

Associated land-use — disturbance and land-management practices, infrastructure, water use

At each site an assessment of what beaver activities would be likely (e.g. damming or burrowing) over
time and if these have a potential conflict concern were also assessed. All site survey work was
undertaken in late March - early May, and involved speaking to CNP staff and local landowners
associated with these sites as far as possible.

The following maps present model outputs for key sites that project partner engagement and feasibility
visits have identified as being of potential interest for release. Please note no final decision has been
made to release beaver at any of these sites.

In addition to model outputs, the Park Authority have provided fish (Salmon and Trout only) density
monitoring points alongside mapped areas of known Aspen. For these data points represent small,
discrete groups of aspen <0.04 ha (20 x 20 m) in extent, plus individual aspen trees. The polygons are
larger stands/areas of aspen-rich woodland > 0.04 ha in extent. These data points where near to
particular sites of interest are included in maps for reference. To note these maps should be treated as
displaying general data as a useful discussion starting point and further ground monitoring and
refinement would be recommended going forward.
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Site Mapping Summaries:

Insh Marshes

Overall extensive areas of suitable and highly suitable habitat around the site perimeter and more
patchy vegetation within the marshes themselves which beavers will utilise. No dam capacity on the

main River Spey as too large (especially when in spate), but extensive ditch and drainage systems that

would support damming in some locations. Aspen presence around the reserve perimeter, but little

mapped within the site itself or in the riparian zone of the main river.
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Figure 12. RSPB Insh Marsh Reserve with recording area names mapped.
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[ InshMarshesBoundary_RSPB
Spey_BHI
Band 1: lyr.1 (Gray)
[ 1. Likely Unsuitable
I 2. Barely Suitable
[ 3. Moderately Suitable
[ 4. Suitable
[ | 5. Highly Suitable

Figure 13. Beaver habitat mapping for Insh Marshes and surrounding area. Note the most suitable habitat throughout the
marshes is generally situated along the outer fringes of the floodplain, especially associated with the lower gradient inflow
sections, ox-bows and off-channel lochans and along the main river stem. However, it is also worth adding that some
unsuitable areas may contain herbaceous summer forage potential. The mid- to upper inflows all typically constitute low
suitability habitat. Beavers may explore and forage in these areas at a time when population density is high and/or during
periods of extreme flooding when they seek refuge.
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Figure 14. Beaver dam capacity mapping for Inch Marshes and surrounding area. Note much of the Insh Marshes and

associated inflows are unlikely to be dammable, being either spatey inflows, the main river (too deep and wide) or deeper
drains through the marshes.
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Figure 15. Beaver dam capacity mapping alongside known areas of Aspen as per Stathspey Aspen datasets provided to this
project by CNP.
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Figure 16. Location of trout monitoring data provided to CNP by the Spey Fishery Board for Inch Marshes and surrounding
area. Data mapped by trout average density. Note the salmon and trout sampling points on a watercourse whose damming
capacity is pervasive, in the south, the salmon and trout sampling points are on watercourses with rare damming.
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Figure 17. Location of trout monitoring data provided to CNP by the Spey Fishery Board for Insh Marshes and surrounding
area. Data mapped by trout average density. Note the salmon and trout sampling points on a watercourse whose damming
capacity is pervasive, in the south, the salmon and trout sampling points are on watercourses with rare damming.
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Various points across the Insh Marshes reserve were assessed in collaboration with RSPB staff,
especially to discuss potential sources of conflict, likely beaver behaviours and practicalities of any
release.

Several points at - - and - _ were assessed and most of these included

highly suitable wet woodland and would be colonised by beavers from the river Spey in time, they were

all _ Particular sensitivities of beaver damming on the - were discussed. Though

theoretically beavers may be able to dam this burn at low water levels, the likelihood of this should be
highlighted as very low. | R
_. Given all these factors the motivation for beaver damming this stretch should be
considered as very low.

Figures Redacted

Figures 18-20. _ very stony with little attractive vegetation. Theoretically

dammable given stream width but highly unlikely beavers would be motivated to dam and physically difficult to ever maintain.

- area is a priority area for scrub removal given it is a - The - area itself has little

tree presence but could offer attractive summer foraging. The area is lined by extensive patches of
broadleaf, including aspen stands on hills nearby. It is likely as beaver population levels increase, this
area would be colonised by dispersing animals, beavers on the wider marsh are also likely to retreat to
this floodplain fringing woodland areas during floods. This area was discounted as a release site due to
sensitivity of_ and perception of impacts on aspen stands. However, it would be highly
likely in time and any growing population density that beaver would naturally recolonise this area,
especially as beavers could be pushed into closer proximity during floods. Sensitive mature aspen
stands and lichen assemblage of conservation value are generally quite far back and uphill of the
floodplain, though of significant distance to both any proposed release sites and extent of higher flood
levels, proactive monitoring and consideration of beaver deterrent fencing should field signs approach
this area would be recommended. Planting a buffer of willow could also be used in targeted areas to
reduce motivation to forage on more valuable areas of woodland. A stock fence is currently present
along much of the fringing woodland. It was noted that the dimensions would not prevent beaver
access, with some concerns that a risk may be posed to smaller animals becoming stuck.

Figure Redacted

Figure 21. Insh Marshes overview _ This area is fringed by higher banks and expansive

broadleaf assemblage including aspen and is likely to become attractive as population density increases and/or during periods
of expansive flooding of the Spey.

Figures Redacted

Figures 22 and 23. Insh Marshes , noting vegetation diversity likely rich summer feeding for beavers and expansive fringing
broadleaf woodland likely to become more accessible and attractive during peak floods. Mature aspen stands are present
but generally set well-back from floodplain, though beavers could display selective foraging in time. Reactive management

plans including fencing and sacrificial willow planting would be prudent strategies.

Onsite discussions with CNP and RSPB staff have highlighted a monitoring schedule within such sensitive
areas will be critical, with an agreed flowchart of mitigation steps dependent on what activities occur.
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Burns within such woodlands are typically steep and rocky, so therefore would be difficult for beavers
to maintain dams, would be a lot of effort for beavers to maintain dams / deep water here. Monitoring
efforts should focus round the burns.

This _ is well vegetated with extensive broadleaf and wet woodland, it is connected to the
river Spey through a long range of wooded ditches fringing the marsh. These ditches appear to be deep,
therefore damming is less likely, but beavers are likely to increase open water in this area through canal
digging and potential damming of smaller burns. Banks are readily burrowable. Overall, this would be a
highly suitable release site and likely to be fairly self-contained. Beaver activity could be viewed and has
the potential to increase the diversity, complexity and ecological interest in this area. _

_. The main potential issue would be if beavers utilised the nearby - of

-. Further discussion and investigation to determine if beaver activity could impact on water

levels around - tree foraging.

Figure Redacted

Figure 2. |
Figures Redacted

Figures 25 and 26. - is also well wooded and supported with diverse understory vegetation. Damming along these
water courses is highly unlikely given depth of water, however an adjoining burn to the right could readily be dammed and

may have some impacts on _ Dams in this burn could be mitigated.
Figure Redacted

Figure 27. One of the main drains running through RSPB Insh Marshes, such habitat scores low for suitability and damming
capacity unlikely due to depth. Beavers would readily utilise such ditches for access to more attractive habitat and foraging
resources and for wider catchment dispersal, considered positive for genetic flow.

The lower section of the ||l was assessed. In general, this is a well-wooded water course, but
very rocky and shallow, with periods of high energy spates. Though some sections appear on modelling
which are theoretically dammable, in reality the likelihood of beaver maintaining dams is unlikely and
would be seasonally flushed out. The shoreline is very rocky and in general seems unattractive to beaver
colonisation and not considered as a suitable release site. At high population density, dispersing
individuals may explore and utilise this area in seeking any suitable habitat upstream. In general, this
would be considered as a low conflict area.

_ and wet woodland area

This is a pool- ditch system dominated by mixed age willow. Deer impacts are evident, and a revision of
deer management is suggested but willow is getting away in inaccessible areas. Damming and
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burrowing would not be any issue here and RSPB would welcome an increased complexity generated
by beaver activity. The _ though beavers would readily use the
wider area and have access to forage and shelter creation opportunities without concern. The river is
very accessible and immediately provides good stretches of highly suitable habitat.

Figures Redacted

Figures 28-31. Wet woodland associated with the - and _ offering highly

suitable habitat and shelter opportunities. Banks are highly suitable to burrow and shelter construction. This area does
regularly see annual flooding events though beavers would be very able to be mobile with water levels and seek shelter and
foraging opportunities on higher fringing banks and woodland.

Figures Redacted

Figures 32 and 33. offers very attractive habitat and it could be likely any released beavers reside in
this area and forage in the fen behind. is accessible, with willow dominated tree coverage and deep friable

banks for easy shelter construction.

This area of the Insh marshes offers an area of_ on the reserve. The majority of

the shoreline is supported by stretches of highly suitable habitat, including large sections of wet willow
fen. Emergent and aquatic vegetation is also high in this area especially offering plenty of summer
foraging opportunities. Given the bank profile gradient, burrowing for shelter opportunities may be
limited, however lodge construction would be entirely possible. Beaver activities may also see extensive
canal networks being constructed should beaver reside in this area. Highly suitable and attractive
habitat is present in significant sections on the main River Spey below. Proximity to and being linked by
extensive willow woodland, makes this very accessible but also likely that any beaver released onto the
- are likely to concentrate activities in this area and less likely to be attracted to woodland
associated with _ This has been flagged for mature woodland, aspen, bryophyte and
lichen interests, but this _ so not likely to be vulnerable to beaver foraging with any
impacts most likely concentrated in the less steep perimeter area of the site. On site discussions with
CNPA, Beaver Trust and RSPB staff have determined that a long-term monitoring programme for any
beaver impacts would be possible in this area which would trigger a reactive implementation of a
mitigation strategy.

Figures Redacted

Figures 34 and 35. Looking into - areas from - Stock fencing is constructed from posts and horizontal wire only
and entirely passable for beavers.

Figure Redacted

Figure 36. Proximity of loch to River Spey _ _fringes to the right. Beavers highly likely to

access both feeding resources and may be initially attracted to this river section, though a - release is recommended.

Figure Redacted

Figure 37. River Spey below — low conflict area with good sections of high quality habitat.

_ is surrounded with a wide margin of wet woodland. Associated reed beds, aquatic and
semi-aquatic vegetation appear extensive and diverse, lined with broadleaf and would provide
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extensive foraging opportunities year-round. The shoreline has multiple bays and complexities and
though generally low in gradient, shelter building opportunities would not be an issue. Water levels
appear fairly stable but if floods occur beavers would have fringing shoreline to move into without
restrictions. Mapping demonstrates an excellent expanse of highly suitable habitat both around the
loch and the neighbouring riparian zone of the main channel. High modelled dam capacity on both
inflow and outflow, but main the Spey are too large to be dammed. Any damming would serve to
increase wetland habitat and complexity of this site, with additional biodiversity benefits highly likely.
Surrounding marsh/grassland could readily contain a network of beaver dug canals, again increasing
site complexity and areas of open water. No mapped Aspen stands in the riparian zone of either -
or immediate riparian zone of Spey. No fish density data sampling points provided. In general, the
potential for conflict at this site appears low with surrounding land-use deciduous woodland with some
tracks which are all located away from the - itself, therefore it seems unlikely burrowing,
damming or tree felling are likely to be an issue.

Figure Redacted

Figure 38. Beaver habitat mapping for _ and surrounding area.
Figure Redacted

Figure 39. Beaver dam capacity mapping for _ and surrounding area.

Figure Redacted

Figure 40. Beaver dam capacity mapping alongside known areas of Aspen and fish monitoring points for - and
surrounding area.

Figure Redacted

Figure 41. Overview of- with complex shoreline including multiple bays, good broadleaf coverage and extensive
wetland with patches of wet woodland.

Figure Redacted

Figure 42. - typical riparian vegetation, providing rich summer foraging in particular and likely to see extensive canal
digging.

Figures Redacted

Figures 43 and 44. Extensive wet woodland associated with this area, providing highly suitable habitat as well as connectivity
with the wider catchment.

_ isa _ and relatively enclosed - predominately surrounded by very suitable

habitat of wet woodland, developed understory and reed-beds and connected to the Iarger_
Conifer stands are present but set back from the _ bar a smaller stand located near the -

_ (_) has been recently planted here which should be monitored for any

beaver interest. This - seems less used recreationally wise. Mapping shows expansive areas of
excellent habitat availability both around - (and the neighbouring -). No Aspen stands

mapped on banks of _ but some on _ and in the wider vicinity. The banks are
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generally low profile but could sustain burrowing and digging activities, therefore readily form shelter
constructions and canals to increase shoreline complexity. Surrounding land use is deciduous woodland
and the neighbouring -, which all offer high quality and connecting habitat. Mapping shows
small inflow and outflow streams to be bordered by good habitat and have a high dam capacity. No fish

density data for _ but some on streams connecting to _

Figure Redacted

Figure 45. Beaver habitat mapping for _ and surrounding area.
Figure Redacted

Figure 46. Beaver dam capacity mapping for- and surrounding area.

Figure Redacted

Figure 47. Beaver dam capacity mapping alongside known areas of Aspen and fish monitoring points for _ and
surrounding area.

Figures Redacted

Figures 48 and 49. Main _ with deep fringes of broadleaf and conifer behind, birch dominated. Understory is fairly
well developed. Shoreline though generally uncomplicated and rocky, with section of low gradient reedbeds, do have multiple
crevices that could form shelter foundations.

This is a - but with deep stands of broadleaf tree coverage and a rich understorey of semi-
emergent and aquatic vegetation. - during the summer months is especially noted (as the tubers
from this plant can be a food resource for beavers in the winter). Modelling and site visit reveals
extensive highly suitable habitat on south-east side of -, less extensive on north-west side but
decent vegetation coverage in the immediate vicinity of bank that would undoubtedly support long-
term beaver colonisation. Both connecting_ show a high dam capacity, with connectivity
to other water bodies and opportunities to increase wetland habitat within the surrounding woodland.
Surrounding topography, described as ‘hummocky’, with numerous existing small pools with steep
banks scattered throughout the woodland. Therefore, beaver damming could create numerous,
dynamic wetland features and tiered dam systems in time, integrated with patchy tree felling to open
the existing canopy. Most activity would occur on the main -, which is presumed to have little
potential conflict. Considerations should be given if certain potential beaver activities, such as damming
of the _ would impound water which could impact on forest tracks for example. This area
is popular with walkers, and of important recreational value to the -, therefore resident beavers
here could provide an important focal point for wildlife and education engagement opportunities. A
high demand for beaver watching persists throughout Britain, so any accessible sites with
infrastructure, including car parking, such as this site, remain popular. Diversification into products for
sale, guided walks along with student placement opportunities would all seem plausible. No mapped
Aspen or fish data provided, therefore impacts appear very limited, though this is a - Proactive
communications with the fishing sector would seem sensible, as there may be concerns with increased
trees falling onto shoreline margin (though this can also be considered a positive impact for casting).

Figure Redacted

Figure 50. Beaver habitat mapping for _ and surrounding area.
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Figure Redacted
Figure 51. Beaver dam capacity mapping for _ and the surrounding area.

Figures Redacted

Figures 52-54. Main with expansive fringes of broadleaf, birch dominated. Understory is fairly well developed,
and Shoreline though generally uncomplicated and rocky, with section of low gradient reed —

beds, do have multiple crevices that could form shelter foundations.

This _ shows large areas of highly suitable habitat. This availability of high quality habitat

extends to the neighbouring - and continues downstream to the - The _ itself

would provide a high-quality release site with potential to retain beavers, though colonisation (including

future offspring dispersal) of wider surrounding area would be highly likely. This site would immediately
provide good food resources and shelter construction opportunities. Beaver canal construction
activities could be possible, resulting in increased wetland complexity with likely biodiversity benefits.
An established territory would be likely to utilise suitable habitat on the -, whilst residing on
_, especially during periods of high flow on the river below. Surrounding land-use is wet
woodland with some rough grazing, beaver occupation is unlikely to have land-management impacts.
No Aspen is mapped in the riparian zone _ or river network in this area. No fish data density
points provided.

Figures Redacted

Figure 55. Beaver habitat mapping for _ — focusing on _

Figure Redacted

Figures 56 and 57. Main water body lined by broadleaf and extensive semi-emergent vegetation. Banks are earthen and could
be easily manipulated.

Though not immediately neighbouring this site, in the future any dispersing beavers may colonise the
I - by he I represent good habitat in themselves but are also
surrounded by highly suitable and therefore attractive habitat. The main || il and | N vou'd
be the immediate dispersal routes and could provide resident opportunities for beavers, though are
too large to be dammed, but several smaller water courses entering - in addition to numerous
smaller channels running through woodland neighbouring the - all show a high dam capacity with
highly suitable woodland. Even if beavers initially resided and utilised these areas, should they colonise
these areas it would be likely at some stage that beavers utilise the _, especially to seek areas
of deeper and more stable water. The banks are also highly suitable for shelter construction. The
majority of the banks are immediately lined with mown grass paths to facilitate recreational use, with
trees set back a few metres — but all providing highly suitable forage within forage range. Though
beavers may not reside here long-term, dispersers may remain and/or territorial animals utilise for
forage. Theoretically and with planning, deterrent fencing could be utilised along the riverside margin
with dual otter/ beaver function.

Figures Redacted

Figures 58 — 60. _ Stable water levels, immediate forage opportunities and banks suitable for

shelter construction. Burrowing into banks to either construct burrows or creating canals, could result in adjacent ponds being
connected and/or unwanted burrow collapse. Further consideration of risk of any beaver burrowing,
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Figures Redacted

Figures 61 and 62. _ some are shallow and lack vegetation so are highly

unlikely to be attractive to beavers, others could be utilised. Water levels
which are highly likely damming points for beavers to maintain and increase water
levels.

_ with predominant conifer coverage, development of understorey vegetation and patches
of broadleaf scrub in very limited patches. Site visit supported habitat modelling in that _
had very little high quality beaver forage and generally low suitability. It would be feasible that in time,
and with higher population density, that dispersing individuals find these lochs and set up residence,
though they are unlikely to be immediately attractive or support large numbers of animals. Any land
management supporting broadleaf regeneration would favour beavers and encourage colonisation, but
this is deemed unsuitable as a release site at this point of initial restoration proposal. Small aspen stands
are present within easy forage range and given these sit amongst moderately suitable habitat are likely
to be utilised by beavers. This should encourage aspen sucking and spread, though if mature trees are
located here with any important bryophyte, lichen and invertebrate assemblages then consideration of
exclusion fencing would be suggested.

I - o-riculer, is [N - -
Therefore, this could be an area to engage visitors in relation to beaver information and wider project
restoration aims. It seems unlikely that beavers would display pervasive damming activity across this
site but one point of reasonable monitoring would be the _, which is highly dammable
and lined with high quality forage. It could be entirely plausible in time that beavers may colonise this
area from the - below. The main potential issue may be impounded water from dams along this
outflow may impact the main access track to the car park, requiring dam mitigation. Given potential
impact on infrastructure this could be a straightforward management and it seems this would readily
fall into licensable mitigation on dam features which would offer a great opportunity to demonstrate
and interpret mitigation measures, showing how beavers and infrastructure can co-exist.

Figures Redacted

Figures 63-66. Typical shoreline and tree coverage around - Many parts are well worn by visitors with little opportunity
for regen, deer grazing pressure may also be an issue. Away from these areas understory is typical upland/ moor with some
regenerating deciduous.

Figures Redacted

Figures 67 and 68. Typical shoreline and tree coverage around - - is much quieter, with more reed bed and
semi-emergent plants, though conifer is generally to the shoreline, with few regenerating broadleaf patches.

Figure Redacted

Figure 69. Beaver dam capacity mapping alongside known areas of Aspen for - Note only the two small stands
immediately along the loch shorelines are likely to be of any concern. These areas could be monitored should beaver naturally
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recolonise this loch and reactive mitigation implemented. Given stand size, deterrent fencing around the whole stand would
be recommended if of concern.

Figure Redacted

Figure 70. Beaver habitat mapping alongside known areas of Aspen for -

Y ciccicluous trees, with some regen of

mainly birch though grazing pressure may be a concern. Grass, some reeds and bracken represent most
of the understorey vegetation. Semi-emergent and aquatic vegetation were not immediately obvious,
wave action likely. Overall providing moderately suitable forage. Banks are generally friable and would
be suitable for shelter construction though in general most of the banks are quite exposed with fewer
complications and bays. No aspen or fish records were highlighted for this loch. Damming capacity and
likelihood from both the modelling and site visits suggests the outflow and access route to the main
river are highly likely to be dammed in time should beavers take up residence. This area, including the
main river comprises high quality and attractive habitat. Given the proximity to the road, dependent on
specific location, some dams may require mitigation to ensure road is not impacted. This would be an
area to include on a regular monitoring approach. The inflow, the _, is highly manipulated
but typically deep and linear with no attractive vegetation associated with it, and therefore highly
unlikely to be dammed in its current state. This area could however provide a key opportunity for
naturalisation with planting, re-meandering and peat development, if beavers could be encouraged to
utilise and dam this area in the future. _, it is likely beavers will
naturally colonise this area should surrounding populations grow. Especially during periods of flooding
and spate.

Figure Redacted
Figure 71. View of southern - including the - burn (inflow).
Figure Redacted

Figures 72 and 73. Northern shore of Loch - with patches of broadleaf, especially birch, but majority conifer. Understorey
vegetation is quite developed with grass and heath. Outflow, - is highly dammable and culverted under road.

Figure Redacted
Figure 74. Beaver dam capacity mapping alongside known areas of Aspen for Loch -
Figure Redacted

Figure 75. Beaver habitat mapping alongside known areas of Aspen for Loch -

Uath Lochans

These series of four lochans are managed by Forestry and Land Scotland. It would be likely that beavers
could build suitable shelter in the banks, most likely associated with bank crevices. Burrowing unlikely
to be extensive so lodge building on bank tops would be more likely. Though mixed woodland is present,
riparian trees are conifer dominated with only small patches of suitable broadleaf including limited
willow and birch regen. Given conifer coverage the understorey vegetation is generally poor and limited
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to grasses and heath assemblages. There are small areas of reeds and semi-emergent vegetation which
would provide summer forage. Compared to other sites only patchy areas of good habitat surrounding
the lochans and habitat also appears to be much sparser on the nearby River Feshie, when compared
to the reaches of the Spey and Druie at other sites considered. Moving downstream on the Feshie
towards the Spey habitat improves so may support dispersing beaver but doesn’t show the immediate
high suitability of other sites. Main channel is too large for damming, but smaller connecting channels
to Uath Lochans would most likely support damming. No Aspen areas mapped around Uath Lochans
and no fish density data although there are points upstream and downstream on the River Feshie.

Spey_BHI
Band 1: lyr.1 (Gray)

I 1. Likely Unsuitable

B 2. Barely Suitable

I 3. Moderately Suitable

[ 4. Suitable

[ 5. Highly Suitable

Figure 76. Beaver habitat mapping for Uath Lochans and surrounding area noting majority of area deemed moderately
suitable.
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Figure 77. Beaver dam capacity mapping for Uath Lochans and surrounding area, noting few of the water courses are

suitable for damming.
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Figure 78. Beaver dam capacity mapping and known areas of Aspen for Uath Lochans and surrounding area.
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Figures 79 and 80. Typical banks and vegetation across the Uath Lochans. Damming in reed areas could extend wetland area
here and if broadleaf regen was encouraged these could be viable release sites in the future.

"
)
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A

Figures 81 and 82. Reed fringing around sections of the lochans could provide summer forage and potential canal construction
beaver reacted activity into surrounding wetland areas, to open up these sections and increase complexity and biodiversity.
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Figures 83 and 84. Supported by the habitat modelling outputs, the majority of the shoreline across all the lochans generally
provides low suitability for beavers, with small, fragmented patches of suitable habitat which may support a released pair
initially though could prove unlikely for a long-term, breeding territory. This is mainly related to dominant conifer coverage
and more limited diverse understory vegetation. Opening up some shoreline via conifer felling and even broadleaf planting
would confidently increase the suitability of this area.

Encouraging broadleaf regeneration through conifer clearance (suggested felling conifers into water
and leaving in place) and/or planting in these areas would significantly improve their suitability for
future beaver colonisation. Though conflicts would be deemed low, some consideration of water levels
rises if outflows dammed and any potential impacts on existing boardwalks, paths and dragonfly
breeding areas.

Y e is significant

broadleaf riparian vegetation, hence modelling displays large areas of highly suitable habitat though
understorey is generally poor. The banks are predominantly gravel and sand in composition. This loch
was deemed unsuitable for beaver release based on significant water level drops regular exposing low
gradient stony banks making shelter construction challenging; food resources distances fluctuating;
likely degree of human disturbance especially during establishment; and a lack of connectivity with
other potential release sites.

Figures Redacted
Figure 91 -93. Good tree coverage but the whole loch dominated with low gradient, stony banks and lack of tree cover making

shelter construction challenging. Little understory vegetation present. Loch is also very popular for recreation across the
whole loch.

Figure Redacted
Figure 94. Beaver dam capacity mapping alongside known areas of Aspen - Note this area is not recommended as a

release site and is fairly isolated for natural colonisation being generally very unconnected. Should beavers ever naturally
colonise (note significant population density and pressure would need to be reached in the immediate surrounding area.
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Figure Redacted

Figure 95. Beaver habitat mapping alongside known areas of Aspen for -

This site was [
_ keen to understand what impacts and opportunities this
could present, especially to promote ecotourism and wildlife watching. The site represents a number
of _, with a diverse range of aquatic and semi-aquatic vegetation, lined with
predominantly willow regeneration and in turn surrounded by diverse planted native woodland.

Current management |
Y Pt of this outflow is piped in parts so could

present perfect damming opportunities, with the whole outflow being highly dammable.

_, there would be little perceived impacts and could generate

dynamic wetland recovery.

_ and this section offers highly suitable beaver habitat. There

would be a strong chance beavers present on the wider Spey could be attracted to this area. This section

of the Spey is deeper and slower moving, with deep banks which would be highly suitable for burrow
and lodge construction. Mixed woodland with a diverse understorey is also present. This area could
present beaver watching and _ opportunities with relatively little impact on beavers.

Should a release beaver pair/family reside _ a range of activities would be expected which
may require further consideration of potential impacts and mitigation. For example, trees felled into
the ponds are not likely to be an issue and would serve to increase habitat complexity and biodiversity.
Some felled trees could block current access routes and may require some level of site staff
management to clear and keep access open. Beavers would readily construct burrows and most likely
further connect _ This may not be an issue, though risk of burrow collapse along current
access routes would need consideration, though could be resolved by re-routing. Beavers would
undoubtedly dam _, especially outflow pipes to both connect- and
increase area of impounded water, impacts on _ could be anissue. A large
so conversations to see if beaver felling would

generate issues should be had.

Figures Redacted

Figures 96 and 99. | ->rset high quality

habitat which could be used and further modified by beavers to create an active territory. Vegetation is diverse and includes
surrounding planted native woodland. Banks are highly suitable for burrow construction.

Figure Redacted

Figure 100. _ River area here is also high quality habitat and would seem

attractive to beavers on the wider system having a good depth of riparian woodland, slower and deeper areas of water and
highly favourable banks for shelter construction.

Figure Redacted

Figure 101. Beaver habitat mapping for the _ and surrounding area noting majority of area deemed highly
suitable with good levels of connectivity.
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Figure Redacted

Figure 102. Beaver dam capacity mapping alongside published salmon density records. Noting high damming capacity
along _ main outflow, with few other expected damming issues in the wider area.

Figure Redacted
Figure 103. Beaver dam capacity mapping alongside published trout density records.
Figure Redacted

Figure 104. Beaver dam capacity mapping alongside known areas of Aspen. Noting a large amount of Aspen is present
throughout this area, _ potential impacts in these areas should be further
investigated to see if they would be of significant concern.

This _ woodland of approximately - hectares is predominantly native pinewoods,
known for recreation and wildlife engagement opportunities. Within are numerous irregular landforms

creating a series of habitats including woodland, dry health, bog, reed-bed, small lochans and burns.
There are a series of recreational paths throughout the woods, including the - therefore public
access is key. Given the importance of this woodland to the _, a supported beaver
release could be an important local engagement tool, providing many social opportunities. The long-
term management plan is also to gradually move from a pine plantation to the promotion of a range of
native plants and animals, which beaver activities would serve to promote habitat and biodiversity
objectives.

Figures Redacted

Figures 105 and 106. Typical burn and pinewood habitat throughout the woods, including varying landforms and dense
sphagnum dominated understorey vegetation layer. Water courses viewed were all readily dammable, with many
opportunities to create multiple new ponds.

Figures Redacted

Figures 107 and 108. The main area of focus on the site visit was a large lochan that has become encroached with reed-bed,
this area had the most willow. Small outflows could be readily dammed to impound water in the lochan and create open
water again.

Figure Redacted

Figure 109. Beaver habitat suitability mapping for the woodland and surrounding area including River Spey. Noting the
majority of the woodland area scores moderately suitable, with highly suitable habitat patchy and generally limited to the
fringes of water courses.

Should this site be considered as a beaver release site, additional survey work/ information on presence
and distribution of species of conservation value would be recommended, and are outside the scope
of this report. Pre-release preparation work would be highly recommended most importantly the
temporary damming of the outflows from the old lochan/ wetland area to ensure the creation of open
water to act as a focal point for release and encourage site fidelity. Without which, beavers are highly
unlikely to remain post-release. Temporary shelter provisions in terms of creation of brash piles would
be encouraged. Continual monitoring programme of any damming activity that may impact the path
network should be implemented.
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Figure Redacted

Figure 110. Beaver dam capacity mapping alongside published salmon density records. Noting high damming capacity
associated with the assessed site.

Figure Redacted
Figure 111. Beaver dam capacity mapping alongside published trout density records.
Figure Redacted

Figure 112. Beaver dam capacity mapping alongside known areas of Aspen which is general widely dispersed but existing in
very small coverage.

_ was visited at the owners request to discuss the potential of beavers either naturally
colonising from releases on the Spey catchment and/or the suitability of the site for beaver release/
occupation. This -—hectare estate has a range of land use including commercial forestry, heather

moorland, native _ The main hydrology includes -, draining into the
_ catchment. - could be accessible from the - catchment via artificial

ditches, and therefore accessible to - beavers in the future. The riparian banks throughout the
estate are well wooded with native broadleaf, with the majority scoring highly suitable throughout.
There is a broad range of tree and plant species and diverse undergrowth. Commercial forestry is set
back from the water course. Initial colonising beavers are very likely to use the main loch for their
main territory area. The shoreline is predominantly earthen so burrow and lodge construction is
readily possible. Aquatic and semi-aquatic vegetation is also present throughout.

Figure Redacted

Figure 113. - —a long and narrow loch with extensive woodland coverage and aquatic vegetation provides highly
suitable beaver habitat and would provide an ideal release site.

Figures Redacted

Figures 114 and 115. Downstream of_ multiple burns such as the _ eventually join the
_ These are well wooded before the - - passes through more agricultural landscapes.

Figure Redacted

Figure 116. Beaver habitat suitability mapping demonstrates highly suitable beaver habitat is present throughout this upper
catchment and tightly associated with the main river water courses. Noting there is fairly continuous highly suitable habitat

connecting the _ catchments.

Figure Redacted

Figure 117. Damming capacity is fairly limited within the _ catchments, though could be fairly pervasive in
the lower order water courses.

_ could provide a highly suitable area to support one or two beaver families. Should
beavers colonise the Spey and reach higher densities it is likely beavers would naturally jump
catchments and be attracted to the high-quality habitat here, though this could take many years.
Perhaps the most pressing assessment would be the potential capacity of beaver burrows to impact

_, which lays in very close proximity to the _ There are also limited parts of this
_ that run alongside some burns and parts of the _ in which damming and

burrowing may require impact monitoring.
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Key recommended release sites, connectivity, and dispersal

Beavers are highly territorial and will actively defend their territory as a family unit against dispersing
and neighbouring beavers (Nolet and Rosell, 1994). Territory size will vary according to habitat types.
Smaller water bodies (such as lochans and ox-bow lakes typically contain one pair/ family unit, while
beavers on riverine systems typically have more linear and potentially larger territories than those
creating dam systems on smaller streams. Territory sizes can range from 1-7 km in bank length (average
3.7 km depending on habitat quality and surrounding population density (McClanahan et al. 2020). A
pair/breeding pair with any dependent offspring would be released. As with any wild animal release,
site fidelity, pair/family cohesion and success can vary.

It has been demonstrated that beavers typically first settle in the most suitable habitats, then as
population numbers rise, they will utilise lower quality habitats, which may see more habitat
modifications e.g. damming of smaller water courses to create deeper water for burrows and access to
forage. In the Netherlands, where beavers were introduced into unoccupied habitat, it was found that
animals released initially still had the largest and highest quality territories after 5 years, while those
that were released later had smaller, poorer territories (Nolet and Rosell, 1994; Campbell et al., 2005).
The sequence of arrival of pairs in unoccupied areas seems to play an important long-term role in
determining the size of the territory (Campbell et al., 2005). Population growth in beavers follows
similar patterns throughout their native range, with several phases. In newly established populations
connectivity is key, growth is initially slow due to both breeding rates (beavers typically do not become
sexually mature and disperse until ca. 2 years of age), and territories are usually sparsely distributed,
therefore a lower probability of finding a mate. In release projects, if large (40+) numbers of animals
are released in a connected landscape, migrating offspring will meet each other sooner and therefore
population growth will be higher (Rosell and Campbell-Palmer, 2022). As dispersers may travel dozens
of kilometres from their family territories, the process of population establishment creates a
‘patchwork’ pattern of beaver territories. As the number of territories grow, disperses have a better
chance of finding a partner and with plenty of suitable habitat remaining, survival rates are typically
high as resources are not lacking, this is the stage of more rapid growth. The length of time required
for rapid population expansion varies depending on the characteristics of the river system and may take
15-20 years on larger river systems (Hartman, 1995). This is usually followed by population growth
slowdown, the occupation of marginal habitat not capable of sustaining beavers permanently, survival
rates fall as competition for more limited resources increase (Halley and Rosell 2002, Petrosyan et al.
2016). The highly territorial behaviour of beaver families has a regulatory effect on beaver populations.

The following sites are recommended as immediate potential release sites offering highly suitable
habitat and space for dispersal and connectivity to promote population establishment (see figure 96)
and geneflow. Each names site represents a point of release for one pair/ small family unit.

-
- - vildiand Ltd
- _ - Rothiemurchus Estate

The sites proposed have some physical containment but are all associated with the wider flood plain
and beavers would have the capacity to disperse and exercise habitat selection throughout the wider
catchment. Releasing animals together, in highly suitable habitats, immediately available food
resources, with more stable water levels and banks enabling rapid shelter construction — are all known
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to increase changes of territory establishment around the release site. Given the expanse of the Spey
catchment (>3000 km?) if only a small number of animals are released over a large area it may result in
failure to establish any viable population. Small populations are highly vulnerable to extinction and/or
genetic diversity loss, which have been well documented in restoration and reintroduction projects
globally (e.g. Frankham et al. 2010). Since any beavers being restored to the Spey catchment would be
seeking to establish a new population, which is unlikely to benefit any natural migration from existing
Scottish populations to the south, founder numbers, health and genetic diversity are key considerations
for success of beaver reintroduction on Speyside.

Figure Redacted

Figure 96. Recommended priority release areas to establish multiple pairs/ families likely to show a level of release site fidelity
but which are connected with highly suitable habitat to enable infilling and geneflow to promote a healthy founder
population.

Conclusions and Next Steps

From both the modelling work and ground-truthing it is apparent that the majority of the main stem of
the River Spey and inflow tributaries (particularly those in the flood plain) are highly suitable for beaver
colonisation. Many of these channels are upland rivers and streams which fairly immediately become
steep gradient, fast-flowing and are often rocky-banked. Beaver damming capacity is expected to be
quite limited in this catchment, as beavers are unlikely to maintain dams in many of the running water
courses as they are too wide and deep and/or too high energy during spate flows. Though beavers may
utilise these channels in time this is only likely once population density is significant and main riverine
territories are occupied. Therefore, a prediction of where beaver colonisation and occupations will
concentrate immediately around the main river stem, accessible wooded lochs/lochans and any
significant lower gradient tributaries.

Throughout the catchment, riparian vegetation is generally suitable with diverse broadleaf and
understorey. Given the extent of regular flooding, there are good sections of vegetated floodplain,
including lochans, wet woodland and ox-bows. However, there are significant sections which have little
tree coverage and are typically grazed by livestock, and in which bank erosion is currently apparent.
Though such areas are likely to be unattractive to beavers, especially in the early years of colonisation,
burrowing and felling of mature trees into the water courses may be a perceived source of conflict in a
limited number of locations. Encouraging such landowners to incorporate riparian planting (of
coppicing species, especially willow), buffer strips and grazing management (deer control and livestock
exclusions) would be recommended. Herbivore impact assessments have also been recommended
across the catchment in the recent SEA. Overall, the Spey catchment provides plentiful habitat for an
expanding and dynamic future beaver population, the majority of which would reside in close
association with the main water courses.

Though main river releases have been very successfully employed in beaver restoration projects
throughout Europe, it has been proposed that any releases should initially focus on semi-contained
water bodies to promote establishment and connectivity, enable some level of post-release monitoring
and encourage pairs/families to remain together. This report has identified several potential release
sites offering suitable habitat, initially low damming capacity, expected lower management conflicts
and which have a high level of connectivity. Note these sites are all connected to the main River Spey
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so are not proposed as retention sites, beavers can disperse freely and select high quality riverine
habitat. Each site would require little if any pre-release preparation. These sites are owned and/or
managed by different landowners or organisations and further conversations on specific site details are
expected ahead of any application.

References

Bouwes, N., Weber, N., Jordan, C.E., Saunders, W.C., Tattam, |.A., Volk, C., Wheaton, J.M., Pollock, M.M.
2016. Ecosystem experiment reveals benefits of natural and simulated beaver dams to a threatened
population of steelhead (Oncorhynchus mykiss). Scientific Reports, 6.

Butler, D.R., Malanson, G.P. 1995. Sedimentation rates and patterns in beaver ponds in a mountain
environment. Geomorphology, 13, 255-269. DOI: 10.1016/0169-555X (95)00031-Y [online] Available
from: http://linkinghub.elsevier.com/retrieve/pii/0169555X9500031Y (Accessed 6 September 2016).

Campbell, R. D., Rosell, F., Nolet, B. A, and Dijkstra, V. A.A. 2005. Territory and group sizes in Eurasian
beavers (Castor fiber): echoes of settlement and reproduction? Behavioral Ecology and Sociobiology,
58, 597-607.

Campbell-Palmer, R., Gow, D., Schwab, G., Halley, D., Gurnell, J., Girling, S., Lisle, S., Campbell, R,,
Dickinson, H., Jones, S., 2016. The Eurasian Beaver Handbook: Ecology and Management of Castor fiber.
Pelagic Publishing.

Campbell-Palmer, R., Puttock, A., Graham, H., Wilson, K., Schwab, G., Gaywood, M., Brazier, R. 2018.
Survey of the Tayside area beaver population 2017-2018. Scottish Natural Heritage Commissioned
Report No. 1013. No. 1013, 64.

Cunjak, R.A. 1996. Winter habitat of selected stream fishes and potential impacts from land use activity.
Canadian Journal of Fisheries and Aquatic Sciences, 53, 267-282.

Copernicus, 2017. Tree Cover Density, 2015. https://land.copernicus.eu/pan-european/high-
resolution-layers/forests/tree-cover-density/status-maps/2015

de Visscher, M., Nyssen, J., Pontzeele, J., Billi, P., Frankl, A. 2014. Spatio-temporal sedimentation
patterns in beaver ponds along the Chevral River, Ardennes, Belgium. Hydrological Processes, 28, 1602—
1615. https://doi.org/10.1002/hyp.9702

Doucet, C. M., Walton, R. A., Fryxell, J. M. 1994. Perceptual cues used by beavers foraging on woody
plants. Animal Behaviour, 47, 1482—-1484.

ESRI, 2015. ArcGIS Desktop: Release 10. Redlands, CA: Environmental Systems Research Institute.

Frankham, R., Ballou, J.D., Briscoe, D.A. 2010. Introduction to conservation genetics. 2" ed. Cambridge,
UK.

Fryxell, J. M., Doucet, C. M. 1993. Diet choice and the functional response of beavers. Ecology, 74,
1297-1306.

Gibson, P.P., Olden, J.D., 2014. Ecology, management, and conservation implications of North American
beaver (Castor canadensis) in dryland streams. Aquatic Conservation: Marine and Freshwater
Ecosystems, 24, 391-409. https://doi.org/10.1002/aqc.2432

47


https://doi.org/10.1002/hyp.9702

Graham, H. A, Puttock, A., Macfarlane, W. W., Wheaton, J. M., Gilbert, J. T., Campbell-Palmer, R,, Elliott,
M., Gaywood, M. J., Anderson, K., Brazier, R. E. 2020. Modelling Eurasian beaver foraging habitat and
dam suitability, for predicting the location and number of dams throughout catchments in Great Britain.
European Journal of Wildlife Research, 66(3), 1-18. https://doi.org/10.1007/s10344-020-01379-w

Gurnell, A.M. 2008. The hydrogeomorphological effects of beaver dam-building activity. Progress in
Physical Geography, 22, 167—-189. https://doi.org/10.1177/030913339802200202

Gurney, W.S.C., Lawton, J.H. 1996. The Population Dynamics of Ecosystem Engineers. Oikos, 76, 273.
https://doi.org/10.2307/3546200

Haarberg, O., Rosell, F. 2006. Selective foraging on woody plant species by the Eurasian beaver (Castor
fiber) in Telemark, Norway. Journal of Zoology, 270, 201-208. https://doi.org/10.1111/j.1469-
7998.2006.00142.x

Hagglund A., Sjoberg G. 1999. Effects of beaver dams on the fish fauna of forest streams. Forest Ecology
and Management, 115, 259-266.

Halley, D., Rosell, F. 2002. The beaver’s reconquest of Eurasia: status, population development and
management of a conservation success. Mammal Review, 32, 153-178.

Hartman, G. 1995. Patterns of spread of a reintroduced beaver Castor fiber population in Sweden.
Wildlife Biology, 1, 97—104.

Hartman, G. 1996. Habitat selection by European beaver (Castor fiber) colonizing a boreal landscape.
Journal of Zoology, 240, 317-325.

Hartman, G., Tornlov, S. 2006. Influence of watercourse depth and width on dam-building behaviour
by Eurasian beaver (Castor fiber). Journal of Zoology, 268, 127-131. https://doi.org/10.1111/j.1469-
7998.2005.00025.x

Jakober M.J., McMahon T.E., Thurow R.F., Clancy C.G. 1998. Role of Stream Ice on Fall and Winter
Movements and Habitat use by Bull Trout and Cutthroat Trout in Montana Headwater Streams.
Transactions of the American Fisheries Society, 127, 223-235.

Jenkins, S.H. 1979. Seasonal and year-to-year differences in food selection by beavers. Oecologia, 44,
112-116. https://doi.org/10.1007/BF00346408

John, F., Baker, S., Kostkan, V. 2010. Habitat selection of an expanding beaver (Castor fiber) population
in central and upper Morava River basin. European Journal of Wildlife Research, 56, 663—671.
https://doi.org/10.1007/s10344-009-0361-5

John, S., Klein, A. 2004. Hydrogeomorphic effects of beaver dams on floodplain morphology: avulsion
processes and sediment fluxes in upland valley floors (Spessart, Germany). Quaternaire, 15, 219-231.
https://doi.org/10.3406/quate.2004.1769

Johnson, S.L., Rahel, F.J., Hubert, W.A. 1992. Factors Influencing the Size Structure of Brook Trout
Populations in Beaver Ponds in Wyoming. North American Journal of Fisheries Management, 12(1), 118-
124.

48


https://doi.org/10.1111/j.1469-7998.2006.00142.x
https://doi.org/10.1111/j.1469-7998.2006.00142.x
https://doi.org/10.1111/j.1469-7998.2005.00025.x
https://doi.org/10.1111/j.1469-7998.2005.00025.x
https://doi.org/10.3406/quate.2004.1769

Kemp, P. S., Worthington, T. A, Langford, T. E. L., Tree, A. R. J., Gaywood, M. J. 2012. Qualitative and
guantitative effects of reintroduced beavers on stream fish. Fish and Fisheries, 13(2), 158-—
181. https://doi.org/10.1111/j.1467-2979.2011.00421 .x

Knudsen, G.J. 1962. Relationship of beaver to forests, trout and wildlife in Wisconsin. Wisconsin
Department of Natural Resources Technical Bulletin, 25, 1-50.

Law, A., McLean, F., Willby, N.J. 2016. Habitat engineering by beaver benefits aquatic biodiversity and
ecosystem  processes in  agricultural  streams.  Freshwater  Biology, 61, 486—499.
https://doi.org/10.1111/fwb.12721

Lizarralde MS, Deferrari GA, Alvarez SE, Escobar JM. 1996. Effects of beaver (Castor canadensis) on the
nutrient dynamics of the Southern Beech forests of Tierra del Fuego (Argentina). Ecological Austral, 6,
101-105.

Lokteff R.L., Roper B.B., Wheaton J.M. 2013. Do beaver dams impede the movement of trout?
Transactions of the American Fisheries Society, 142, 1114-1125.

Macfarlane, W.W., Wheaton, J.M., Bouwes, N., Jensen, M.L., Gilbert, J.T., Hough-Snee, N., Shivik, J.A.
2015. Modeling the capacity of riverscapes to support beaver dams. Geomorphology.
https://doi.org/10.1016/j.geomorph.2015.11.019

Malison R.L., Halley D.J. 2020. Ecology and movement of juvenile salmonids in beaver-influenced and
beaver-free tributaries in the Trgndelag province of Norway. Ecology of Freshwater Fish, 29(4), 623—
639.

McClanahan, K., Rosell, F., Mayer, M. 2020. Minding your own business: low pair cohesion in a
territorial, monogamous mammal. Animal Behaviour, 166, 119-128.

Mitchell S.M., Cunjak R.A. 2007. Stream flow, salmon and beaver dams: roles in the structuring of
stream fish communities within an anadromous salmon dominated stream. Journal of Animal Ecology,
76, 1062-1074.

Needham, R. J., Gaywood, M., Tree, A., Sotherton, N., Roberts, D., Bean, C. W., Kemp, P. S. 2021. The
response of a brown trout (Salmo trutta) population to reintroduced Eurasian beaver (Castor fiber)
habitat modification. Canadian Journal of Fisheries and Aquatic Sciences, 78(11), 1650-1660.

Nickelson T.E., Rodgers J.D., Johnson S.L., Solazzi M.F. 1992. Seasonal Changes in Habitat Use by Juvenile
Coho Salmon (Oncorhynchus kisutch) in Oregon Coastal Streams. Canadian Journal of Fisheries and
Aquatic Sciences, 49(4), 783-789.

Nolet, B. A., Rosell, F. 1994. Territoriality and time budgets in beavers during sequential settlement.
Canadian Journal of Zoology, 72, 1227-1237.

Nolet, B.A., Hoekstra, A., Ottenheim, M.M., 1994. Selective foraging on woody species by the beaver
Castor fiber, and its impact on a riparian willow forest. Biological Conservation, 70, 117-128.
https://doi.org/10.1016/0006-3207(94)90279-8

Nyssen, J., Pontzeele, J., Billi, P. 2011. Effect of beaver dams on the hydrology of small mountain
streams: Example from the Chevral in the Ourthe Orientale basin, Ardennes, Belgium. Journal of
Hydrology, 402, 92—-102. https://doi.org/10.1016/j.jhydrol.2011.03.008

49


https://doi.org/10.1111/j.1467-2979.2011.00421.x
https://doi.org/10.1016/j.geomorph.2015.11.019

O’Connell, M.J., Atkinson, S.R., Gamez, K., Pickering, S.P., Dutton, J.S., et al. 2008. Forage preferences
of the European beaver Castor fiber: implications for re-introduction. Conservation and Society, 6, 190.

Ordnance Survey, 2019. MasterMap Water Network Layer [SHP geospatial data], Coverage: National,
Devon, Updated Feb 2019. Using: EDINA Digimap Ordnance Survey Service.

Ordnance Survey, 2019b. OS VectorMap local [SHP geospatial data], Coverage: National, Updated Feb
2019. Using: EDINA Digimap Ordnance Survey Service.

Petrosyan, V., Golubkov, V., Zavyalov, N., Goryainova, Z., Dergunova, N., Omelchenko, A., Bessonov, S.,
Albov, S., Marchenko, N., Khlyap, L. 2016. Patterns of population dynamics of Eurasian beaver (Castor
fiber L.) after reintroduction into nature reserves of the European part of Russia. Russian Journal of
Biological Invasions, 7, 355—373.

Pinto, B., Santos, M.J., Rosell, F. 2009. Habitat selection of the Eurasian beaver (Castor fiber) near its
carrying capacity: an example from Norway. Canadian Journal of Zoology, 87, 317—325.

Pollock M.M., Heim M., Werner D. 2003. Hydrological and Geomorphic Effects of Beaver Dams and
Their Influence on Fishes. In: The Ecology and Management of Wood in World Rivers (eds S.V. Gregory,
K. Boyer & A. Gurnell). American Fisheries Society Symposium, 37, 213-233.

Pollock M.M., Pess G.R., Beechie T.J. 2004. The Importance of Beaver Ponds to Coho Salmon Production
in the Stillaguamish River Basin, Washington, USA. North American Journal of Fisheries Management,
24, 749-760.

Pollock, M.M., Beechie, T.J.,, Wheaton, J.M., Jordan, C.E., Bouwes, N., Weber, N., Volk, C. 2014. Using
Beaver Dams to Restore Incised Stream  Ecosystems. BioScience, 64, 279-290.
https://doi.org/10.1093/biosci/biu036

Puttock, A., Graham, H.A., Carless, D., Brazier, R.E. 2018. Sediment and nutrient storage in a beaver
engineered  wetland.  Earth  Surface  Processes and  Landforms, 43, 2358-2370.
https://doi.org/10.1002/esp.4398

Puttock, A., Graham, H.A., Cunliffe, A.M., Elliott, M., Brazier, R.E. 2017. Eurasian beaver activity
increases water storage, attenuates flow and mitigates diffuse pollution from intensively-managed
grasslands. Science of The Total Environment, 576, 430-443.
https://doi.org/10.1016/j.scitotenv.2016.10.122

R Core Team. 2017. R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria.

Rabe F.W. 1970. Brook Trout populations in Colorado beaver ponds. Hydrobiologia, 35, 431-448.

Rosell, F., Bozser, O., Collen, P., Parker, H., 2005. Ecological impact of beavers Castor fiber and Castor
canadensis and their ability to modify ecosystems. Mammal Review, 35, 248-276.

Rosell, F., Campbell-Palmer, R. 2022. Beavers: Ecology, Behaviour, Conservation and Management.
Oxford University Press.

Rowland, C., Morton, D., Carrasco Tornero, L., McShane, G., O’Neil, A., Wood, C. 2017. Land Cover Map
2015 (25m raster, GB). https://doi.org/10.5285/bb15e200-9349-403¢c-bda9-b430093807c7.

50


https://doi.org/10.5285/bb15e200-9349-403c-bda9-b430093807c7

Rupp, R. 1955. Beaver-Trout Relationship in the Headwaters of Sunkhaze Stream, Maine. Transactions
of the American Fisheries Society, 84(1).

Scholefield, P., Morton, D., Rowland, C., Henrys, P., Howard, D., Norton, L. 2016. A model of the extent
and distribution of woody linear features in rural Great Britain. Ecology and Evolution, 6, 8893-8902.
https://doi.org/10.1002/ece3.2607

Scholefield, P.A., Morton, R.D., Rowland, C.S., Henrys, P.A., Howard, D.C., Norton, L.R. 2016. Woody
linear features framework, Great Britain v.1.0. NERC Environmental Information Data Centre.
https://doi.org/10.5285/d7da6cb9-104b-4dbc-b709-c1f7ba94fb16.

Sigourney, D.B., Letcher B.H., Cunjak R.A. 2006. Influence of Beaver Activity on Summer Growth and
Condition of Age-2 Atlantic Salmon Parr. Transactions of the American Fisheries Society, 135, 1068—
1075.

Smith J.M., Mather M.E. 2013. Beaver dams maintain fish biodiversity by increasing habitat
heterogeneity throughout a low-gradient stream network. Freshwater Biology, 58, 1523-1538, doi
10.1111/fwb.12153.

St-Pierre, M.L., Labbé, J., Darveau, M., Imbeau, L., Mazerolle, M.J. 2017. Factors Affecting Abundance
of Beaver Dams in Forested Landscapes. Wetlands, 37, 941-949. https://doi.org/10.1007/s13157-017-
0929-x

Stringer, A.P., Blake, D., Genney, D.R., Gaywood, M.J. 2018. A geospatial analysis of ecosystem engineer
activity and its use during species reintroduction. European Journal of Wildlife Research, 64.
https://doi.org/10.1007/s10344-018-1195-9

Stringer, A.P., Gaywood, M.J. 2016. The impacts of beavers Castor spp. on biodiversity and the
ecological basis for their reintroduction to Scotland, UK. Mammal Review, 46, 270-283.
https://doi.org/10.1111/mam.12068

Taylor B.R., Macinnis C., Floyd T.A. 2010. Influence of rainfall and beaver dams on upstream movement
of spawning Atlantic Salmon in a restored brook in Nova Scotia, Canada. River Research and
Applications, 26, 183-193.

Wilsson, L. 1971. Observations and experiments on the ethology of the European beaver (Castor fiber
L.). Viltrevy, 8, 160-203.

Appendix 1. Datasets used
The source datasets analysed during the current study were made available from the following
locations:

0OS Mastermap Water Network Layer: https://www.ordnancesurvey.co.uk/business-and-
government/products/os-mastermap-water-network.html

APGB DTM 5m: https://docs.wixstatic.com/ugd/66c69f 482b0b6f530f4463a02626c8b194e25d.pdf

National River Flow Archive: https://nrfa.ceh.ac.uk/data

0OS VectorMap Local: https://www.ordnancesurvey.co.uk/business-and-
government/products/vectormap-local.html
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CEH Land Cover Map: https://doi.org/10.5285/bb15e200-9349-403c-bda9-b430093807c7

Copernicus TCD: https://land.copernicus.eu/pan-european/high-resolution-layers/forests/tree-

cover-density/status-maps/2015

CEH Linear Woody Framework: https://www.ceh.ac.uk/services/woody-linear-features-framework

Appendix 2. Caveats for use

Beaver vegetation and habitat index
BHI provides a resource for quantifying beaver habitat suitability with national coverage. A high (5m)

spatial resolution enables it to have the capacity to inform detailed local decision making.

Examples of BHI presented overlaid on satellite imagery reflect its ability to provide a highly useful

classification of beaver habitat based upon a vegetation suitability ranking and access to water

(including both river network and waterbodies such as ponds and lakes). However, it is critical to note

that BHI is a model rather than an absolute reflection of reality and the below caveats should be

considered when using the BHI model outputs.

Output resolution only as a high as the spatial resolution of coarsest input dataset (5 m).
Remote sensing/mapping vegetation/landuse datasets not to species level. However, beavers
are generalists foraging and utilising a wide range of vegetation so this is an applicable
approach. However, if more detailed information is required (i.e., protected plant species)
supplementary local studies and data sets are recommended.

Whilst broad categories have been used to classify beaver suitability it is important to highlight
all classes from 2 (barely suitable) to 5 (highly suitable) are thought to contain suitable habitat
that beavers being resourceful generalists could utilise.

Each dataset essentially a snapshot in time. Areas of vegetation removal or land use change
may degrade vegetation suitability whilst conversely replanting and conservation schemes may
improve vegetation suitability. However, combination of datasets and methodology for ranking
vegetation suitability minimise the risk of areas of suitable/unsuitable vegetation being missed
currently.

Some small channels i.e. agricultural ditches and ponds may be missing or outdated in dataset
meaning beavers could access or exist in such areas but not be correctly classified by BHI model
as falling within 100m of a water body.

Most literature cites 50 m as maximum foraging range of beaver (i.e. Stringer et al., 2018)
however, to incorporate uncertainty, site development (i.e. beavers damming or canal building
allowing them to extend their foraging range) and due to reports of further foraging we have
adopted 100 m as per Macfarlane et al., 2015. There are extreme reports of beavers moving
up to 250m from channel (Macfarlane et al., 2015) but this is thought to be incredibly rare and
not applicable to a general widely deployed habitat model.

Summary statistics will reflect the above requirement for access to water, hence most if not all
catchments will be dominated by areas not accessible to beaver. This does not mean they will
not support healthy beaver populations.

BHI focused on vegetation suitability and distance to channel/waterbody as a computationally
effective model that can be deployed nationally. However, other local factors that will restrict
access to water/vegetation particularly slope human infrastructure culverted/constrained
sections walls/fences may locally limit beaver habitat suitability.
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Due to the above considerations, it is always recommended that if making important and
detailed decisions at the local scale, supplementary site visits are undertaken.

Beaver dam Capacity Model
The BDC model estimates the capacity of river systems to support dams at the reach-scale (c.a. 150m).

The model also highlights reaches that are more likely to be dammed by beaver and estimates the

number of beaver dams that could occur for a catchment at population carrying capacity. As such, this

highly detailed tool would provide understanding of where dams are most likely to occur and in what

densities, supporting future work on the conflicts and opportunities that might accrue from beaver

reintroduction. However, as with BHI, it is important to remember BDC is a model and for all critical

decisions, particularly at the local scale, understanding from modelling results should be supplemented

by site visits. The following caveats in-particular should be considered for interpretation of BDC results:

BDC is heavily dependent on the input channel network. In some areas, flow pathways can be
complex and not always accurately represented by even detailed river network GIS and
mapping.

BDC modelling is a snapshot in time and will not reflect any subsequent alterations to channel
networks.

It is important to note that the model assumes both reach and catchment population carrying
capacity for beaver. Therefore, in reality the maximum number of dams indicated in a category
class is unlikely to occur.

Flow conditions display a high degree of temporal variability, short term fluctuations due to
rainfall events patterns and seasonal trends will alter the suitability of a channel for damming.
l.e. a channel classed as having a rare capacity for damming, might see this capacity increase
during drought periods, but conversely reduce to none during the wet/winter season.
Modelling does not consider the resilience of dams. It is likely that dams in small channels with
a high BDC will be more resilient than those in a larger channel with a higher stream power.
However, BDC does not quantify this.

BDC does not consider the exact spatial distribution or configuration of dams, which is also
likely to be heavily dependent on beaver population dynamics.

BDC reflects the capacity of a given reach to support beaver dams (assuming catchment beaver
population carrying capacity) rather than the actual number of dams that are likely to occur. In
isolation, BDC cannot predict the likely number of dams in a catchment.

Most operational catchment boundaries used for determination of BDC extent exclude coastal
and tidal reaches. Whilst these are often not suitable for beaver damming anyway it is
important to highlight their omission.
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