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1. Summary  
 

To inform future management plans, Forestry England has identified the need for greater 
understanding of potential beaver activity in areas of Cumbria. To help provide this information 
models have been run for the entire North West River Basin District. Within Cumbria, Forestry England 
have identified the Derwent and Ehen-Calder catchments as of particular interest. Therefore, the 
examples and analysis presented in this report focuses on those catchments, with further sub 
catchment examples (Ehen Upper containing the River Liza in Ehen-Calder and Trout Beck in Derwent) 
used to illustrate data outputs. 

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., in review). 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 rivers catchments to assess their suitability for 

supporting populations of beaver. Beaver habitat suitability is determined primarily by vegetation 
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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) 

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. 

 

Figure 1. Study areas within Cumbria. Analysis will focus on the Ehen-Calder and Derwent catchments with a further sub-
catchment example examined within each (Ehen Upper containing the River Liza and Trout Beck). Aerial imagery: Open-
Source Google imagery © OpenStreetmap (and) contributors CC-BY-SA. 

2. Modelling of beaver habitat suitability 
2.1. 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. 

2.2. 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, freshwater and 
saltwater. 

2.3. 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 it 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 100 m 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 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. 

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

BVI and BHI Values Definition 
0 Not suitable (no accessible vegetation) 

1 Not suitable (unsuitable vegetation) 

2 Barely Suitable 

3 Moderately Suitable 

4 Suitable 

5 Highly Suitable 

 



2.4. Beaver Habitat Index maps and summary statistics for study areas within Cumbria 

 

Figure 2. Beaver Habitat Index at a 5m resolution across entire 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 (CEH).Aerial imagery: Open-Source Google imagery © OpenStreetmap 
(and) contributors CC-BY-SA. 

 



 

Figure 3. Beaver Habitat Index for the Ehen-Calder catchment. 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).Aerial imagery: Open-Source Google imagery © OpenStreetmap (and) contributors CC-BY-SA. 



 

Figure 4.  Beaver Habitat Index for Upper Ehen. 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).Aerial imagery: Open-Source Google imagery © OpenStreetmap (and) contributors CC-BY-SA. 



 

Figure 5. Beaver Habitat Index, for the River Liza. 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).Aerial imagery: Open-Source Google imagery © OpenStreetmap (and) contributors CC-BY-SA. 



 

Figure 6. Beaver Habitat Index, for the Derwent catchment with the Trout Beck sub-catchment 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 (CEH).Aerial imagery: Open-Source Google imagery © OpenStreetmap 
(and) contributors CC-BY-SA. 



 

Figure 7. Beaver Habitat Index, for the Trout Beck sub-catchment. 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).Aerial imagery: Open-Source Google imagery © OpenStreetmap (and) contributors CC-BY-SA. 



Table 2. BHI summary stats for study area catchments and associated sub-catchments. 

  Study Area 

 Statistic Ehen-Calder  Ehen Upper  Derwent  Trout Beck  

Su
m

m
ar

y 
St

at
s BHI_MEAN 0.82 0.92 0.91 0.86 

BHI_MIN 0.00 0.00 0.00 0.00 

BHI_MAX 5.00 5.00 5.00 5.00 

BHI_STD 1.32 1.36 1.34 1.14 

Area (km2) 303.81 78.60 530.79 16.44 

%
 o

f 
B

H
I c

la
ss

 0. No accessible vegetation 59.14 54.69 50.81 50.27 

1. Unsuitable Vegetation 23.22 26.33 33.29 31.06 

2. Barely Suitable 4.25 2.03 3.04 4.23 

3. Moderately Suitable 7.47 11.12 5.91 12.44 

4. Suitable 1.43 1.24 1.07 0.78 

5. Highly Suitable 4.48 4.60 5.87 1.22 

A
re

a 
(k

m
2 ) 

o
f 

B
H

I 
cl

as
s 

0. No accessible vegetation 179.67 42.99 269.69 8.26 

1. Unsuitable Vegetation 70.54 20.70 176.70 5.11 

2. Barely Suitable 12.91 1.60 16.14 0.70 

3. Moderately Suitable 22.69 8.74 31.37 2.04 

4. Suitable 4.34 0.97 5.68 0.13 

5. Highly Suitable 13.61 3.62 31.16 0.20 

 

 

2.6. Beaver habitat suitability summary  
For the study areas of interest in Cumbria Figures 2-7 present the spatial distribution of habitat 
classified as accessible to beaver (i.e. 100m from a water body) ranked from not suitable to highly 
suitable based upon vegetation type and cover. BHI summary statistics for these areas are provided 
in Table 2.  

As with all catchments nationally, the majority of the study areas (ca 50-60 %) do not provide suitable 
habitat for beavers and are thus extremely unlikely to see any beaver presence or impact even if there 
was widespread return. This is for the simple reason that they are beyond the beavers foraging range 
from the waterbodies in which they would live and move.  

Whilst upland areas in Cumbria can typically exhibit less riparian vegetation than lowland English 
catchments As illustrated in Figures 2-7 there are still extensive riparian strips of suitable and highly 
suitable habitat, with additional areas of good habitat around larger waterbodies. It is important to 
note that beavers are highly resourceful and whilst they may initially seek out the best habitat in the 
wholeness of time it is thought that free living beavers would be able to utilise all areas classed 2-5 
and also expand the availability of suitable habitat via the engineering of canals and dams, resulting 
in wetland creation. In total results suggest over 40 % of the Ehen-Calder catchment (equating to 
124.09 km2) and over 49 % (261 km2) under current land use and vegetation cover would support 
beaver. 

If considering areas for enclosed beaver release, more care would be required in interpreting habitat 
suitability model results and complementary ground based feasibility work would be recommended. 
As illustrated in the maps above there is a large degree of spatial variability in suitable habitat cover, 
with extensive areas particularly in the uplands with a lack or barely suitable vegetation. Whilst these 



areas would likely not cause a hindrance to the establishment of mobile free living beaver populations, 
not all areas would support an enclosed beaver population and would require additional restoration 
such as natural regeneration or planting of riparian vegetation to create beaver suitable habitat. 

3. Beaver Dam Capacity modelling  
3.1. 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 (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.  

The model infers the density of dams that can be supported by stream reaches (111.1m ± 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 40m 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 in a 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  

 



3.2. Beaver Dam Capacity Model maps for the study areas in Cumbria 

 

Figure 8. 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 (CEH).Aerial imagery: Open-Source Google imagery © OpenStreetmap (and) 
contributors CC-BY-SA. 



 

Figure 9. Beaver Dam Capacity model results for the Ehen-Calder catchment. Contains Ordnance Survey data © Crown 
Copyright 2007, Licence number 100017572 and some features of this map are based on digital spatial data licensed from 
the Centre for Ecology & Hydrology, © NERC (CEH).Aerial imagery: Open-Source Google imagery © OpenStreetmap (and) 
contributors CC-BY-SA. 



 

Figure 10. Beaver Dam Capacity model results for the Upper Ehen including the River Liza above Ennerdale Water. 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).Aerial imagery: Open-Source Google imagery © OpenStreetmap 
(and) contributors CC-BY-SA. 



 

Figure 11. Beaver Dam Capacity model results for the Derwent catchment with Trout Beck sub-catchment 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 (CEH).Aerial imagery: Open-Source Google imagery © 
OpenStreetmap (and) contributors CC-BY-SA. 



 

Figure 12. Beaver Dam Capacity model results for the Trout Beck sub-catchment. 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).Aerial imagery: Open-Source Google imagery © OpenStreetmap (and) contributors CC-BY-SA. 



 

 

3.3. Beaver Dam Capacity Model Summary  
Figures 8-12 provide example model outputs for the Ehen-Calder and Derwent catchments. Large 
sections of the main channels show no capacity to dam as channels are typically above 5th and are too 
large and too powerful to allow damming, and there are extensive areas in both catchments which 
would support damming ranging from relatively low densities to areas where small channels with good 
riparian vegetation would support high or ‘pervasive’ dam densities.  

Table 4 presents summary statistics and the model outputs predict that in the Ehen- Calder there is 
over 770 km of channel (ca 86 %) that could support some density of beaver damming. For the 
Derwent these figures are 1504.19 km and 76 % respectively. However, if you break down these 
statistics into areas classed as ‘Pervasive’ where you might expect beaver presence to result in the 
building of extensive dam sequences and the greatest environmental and management impacts (both 
positive and negative) to occur the figures are much lower. In the Ehen-Calder ca 100 km (12 %) are 
classified as pervasive whilst in the Derwent this figure is 220 km (11 %).  

Due to the upland characteristics of the study area in question the model outputs doe exhibit notable 
difference than those say from lowland English catchments.  As can be seen in Figure 10, some of the 
small first and second order channels in the River Liza, exhibit a zero or rare capacity for damming due 
to their steepness. Many areas of Trout Beck exhibit a lower dam capacity than might otherwise be 
expected based upon channel size due to a lack of suitable riparian habitat. 

 

Table 4. BDC summary statistics 

  Study Area 

 Statistic Ehen-Calder Ehen Upper Derwent Trout Beck 

Su
m

m
ar

y BDC Mean 5.98 5.33 5.11 2.18 

BDC STD 8.55 8.36 8.87 3.57 

Length of channel (km) 889.77 279.38 1978.55 55.06 

%
 o

f 
e

ac
h

 B
D

C
 

cl
as

s 

None 13.45 28.66 23.98 0.12 

Rare 29.52 22.83 33.97 54.7 

Occasional 28.08 24.16 20.07 36.36 

Frequent 17.2 15.34 10.89 7.72 

Pervasive 11.75 9 11.1 1.11 

Le
n

gt
h

 (
km

) 
o

f 
ea

ch
 B

D
C

 c
la

ss
 None 119.69 80.08 474.36 0.06 

Rare 262.67 63.79 672.11 30.12 

Occasional 249.89 67.5 397.07 20.02 

Frequent 153 42.86 215.41 4.25 

Pervasive 104.52 25.16 219.6 0.61 

 

 

 



4. Beaver habitat and dam capacity model conclusions 
The model results presented herein, illustrate that throughout the Ehen-Calder and Derwent in 
Cumbria catchments there are extensive areas of suitable habitat to support beaver populations. 
Additionally, extensive lengths of channel exhibit characteristics that would make them suitable for 
damming if beaver were present. However, the model outputs also clearly show that there is a high 
degree of spatial variability in both habitat suitability and areas where damming may be expected. 
This spatial variability will be reflected in any beaver impacts (both positive and negative) and will 
need to be reflected in any restoration and management strategies. 

Whilst useful, as with any model outputs, there are limitations and uncertainties (see Appendix 2 for 
use caveats) which need to be considered. It is highly recommended that any reintroduction, 
restoration and management strategies combine model outputs with expert interpretation and 
ground truthing.   

  

5. References 
Butler DR, Malanson GP. 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-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. 

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 

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

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 

Graham H, Puttock A, Wheaton J.M, Macfarlane W, Elliott M, Anderson K, Brazier Re. (in review). 

Modelling reach-scale beaver dam capacity and predicting catchment-scale dam counts in 

temperate river systems. Landscape Ecology 

 

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 

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 

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 

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). Ecol Aust 6:101-

105. Ecologia Austral 6 : 101–105. 

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 

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 

O’Connell, M.J., Atkinson, S.R., Gamez, K., Pickering, S.P., Dutton, J.S., others, 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. 

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., 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. 

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. 

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/bb15e200-9349-403c-bda9-b430093807c7. 

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. 

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. Mam Rev 46, 270–283. 

https://doi.org/10.1111/mam.12068 

 

 

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

OS 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 

https://doi.org/10.1002/ece3.2607
https://doi.org/10.5285/d7da6cb9-104b-4dbc-b709-c1f7ba94fb16
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National River Flow Archive: https://nrfa.ceh.ac.uk/data  

OS VectorMap Local: https://www.ordnancesurvey.co.uk/business-and-
government/products/vectormap-local.html  

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 in 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. 
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 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 particular human infrastructure culverted/constrained sections 

walls/fences may locally limit beaver habitat suitability. 

 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 251 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. 

I.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. 

 


