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() FOREWORD

Ron Macdonald

Chair

National Species Reintroduction Forum (NSRF)
c/o Scottish Natural Heritage

Great Glen House

Leachkin Road

Inverness

IV3 8NW

28" January 2015

Dear Dr MacDonald,
| have pleasure in submitting the final report of the Beaver Salmonid Working Group (BSWG).

Since the first consultation on beavers in Scotland in 1998, concerns have been ratbedfisheries sector

about the absence of any significant analysis of the potential impacts of a reintroduced beaver population on
fisheries and an accompanying management strategy to address a range of probable scenarios. Against this
background, and withut a consensus in the literature from abroad, the BSWG was established to consider a
number of issues in respect of the interactions with salmonids if beavers are to be reintroduced to Scotland. The
specific terms of reference are available in sectiondf the report.

In this report we look to provide an assessment and an estimate of the likely impacts, based largely on what
information we have been able to identify from comparable environments and from the wider considerations of
the members of the Grqu It is also important to highlight that as salmonids are only one of a number of
components of our freshwater ecosystem, we have also made efforts where possible to consider other species
of conservation importance including eel, lamprey and freshwagarpmussel. However, relevant information

on such species is very sparse.

Beaversalmonid interactions are complex, and there is a clear lack of identifiable data of direct relevance to the
Scottish situation. Therefore, the findings and recommendatimgmested here should be considered indicative

of the future interactions, research and management requirements, rather than being conclusive predictions.
Given that the natural behaviour of beavers is to construct dams across water courses that carmssmeti
create barriers to the upstream movement of migratory fish, it should therefore not come as a surprise that
whilst appreciating there are undoubtedly a wide range of environmental, samoomic and biodiversity
related benefits, those stake holderstivsalmonid fishery interests are concerned that suitable breeding areas
may be denied, thus reducinbe potential for maximising the breeding of young salmonids for return togba

from rivers in Scotlandndeed in recent decades man made barriersehbeen removed or modified by fishery
managers to allow for the passage of fish. In some cases the negative presence of beaver constructed obstacles
may outweigh the positive benefits that are also identified in this report. This statement must however be
viewed in the context of limited information on such negative impacts in Europe. The information we have
examined is based on scientific study from Europe and North America, and while helpful, is by no means
conclusive in a Scottish context. Neverthelabgre appears to be a risk particularly to those salmon that return

in spring, rear in upper tributaries and have been subject to the steepest declines in populations over recent
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decades. It is not clear how responsibilities under EU legislation to girtitese fish will be balanced with EU
imperatives stimulating a reintroduction of beavers.

It is clear that if the determination is reached that beavers are to remain in Scotland, management and
appropriate resource availability will be essential if sahid and indeed other land use interests are to be fully
considered. It is likely that many potential negative aspects of beavers in respect of salmonids can become
neutral or positive through the development and implementation of a clear and flexibleagsment
programme. It is important that the details of this strategy are a prerequisite of any decision to reintroduce
beavers, and that these provisions are clearly understood by all stakeholders at the outset. Management of
beavers in Europe and North Anica is not without cost, and it will be important to be clear where the burden

of such costs will fall in Scotland.

During the course of our discussions we have recognised that if it is decided that beavers should be reintroduced
there are a number of lease strategies that might be considered. A decision will have to be made as to how the
Knapdale and Tayside populations are to be managed, to prevent compromise to the long term integrity of the
species. In the event that the Tayside population are toai, we would advocate that no further releases are
permitted except for the genetic improvement of the existing population(s) and that this population is the
subject for immediate collection of baseline information, and in future years, extensive bsaWeonid
research. Further consideration is required on the design of this research and how it is to be resourced. Of equal
importance we have identified the potential use of this population for the testing and development of
management activities, theiapplicability and their effectiveness. The flexibility and efficiency of which are
recognised as fundamental to maintaining the conservation status of salmonids.

While research is already ongoing in Tayside (under the Tayside Beaver Study Group foe)ezaohpt
Knapdale (under the Scottish Beaver Trial), and through a number of other projects, we have identified a range
of potential scientific and monitoring requirements, although these would need to be considered in the wider
context of priority and cst.

I would like to thank BSWG members for their input in helping to set up a promising Hesdv&hD project led
by The University of Southampton. Furthermore, we greatly anticipate the results of a kmsr®nid research
fellowship, led by the Norwegn Institute for Nature Research, due to conclude in 2016.

Lastly, | wish to thank all the individual members of the BSWG and their representative organisations. | also wish
to thank other organisations who have contributed to the deliberations and ouesomhich form the basis of

this report, the names of which appear in the acknowledgements. In the years leading up to this report we have
held a number of workshops, field visits, and video conferences across the Atlantic. All of which were voluntarily
atSYRSR o6& | NIYy3dS 2F AYRAQDGARIZ fas ¢K2Qa &dzidif@eNI L
practicalsupport providedhrough the provision of facilities, administrative help and through financially
supporting the appointment of the BSWGCoferct Officer. They also assisted through the provision of specialist
advice on natural heritage matters and mapping daltashould be noted that SNH has a much wider brief in
respect of beaver reintroduction and that the views expressed in this regernot necessarily those of SNH.
specifically wish to thank Sean Dugan for his commitment to the work of the BSWG guuttifay together this

report based on the input and expertipeovided by the BSWG stakeholders.

Roger J Wheater

Chairman
Beaver Salmonid Working Group
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(1) EXECUTIVE SUMMARY

1. The probability of a Eurasian beaver reintroduction to Scotland has been a matter of debate for a
number of years. More recently, as part of a much wideeassient being led by Scottish Natural
Heritage, Scottish Ministers invited the Beaver Salmonid Working Group (BSWG) to consider the
potential impacts of beaver activity on salmonids (Atlantic salmon and brown trout).

2. Membership of the BSWG comprisegresentatives from:
*Indicates original full members of the BSWG at its inception.
Association of Salmon Fishery Boards (ASFB)

Marine Scotland (MS)*

National Museums of Scotland (NMS)

Scottish Governmen(SG)*

Scottish Environmental Protection Agen¢8EPA)
Scottish Natural Heritage (SNH)

Tay District Salmon Fisheries BogftDSFB)

University of Southampton

3. The BSWG was tasked with considering the following:

i To arrange for further, continuing review of new beavsalmonid information from Eurasiand
North America;

1 To examine the availability of potential beaver habitat that overlaps some Scottish salmonid
catchments;
1 To examine the issue of beaver presence on particular Scottish catchments and whole

ecosystems, in relation to possible interactiomgth salmonid populations;

1 To examine the specific issue of possible beaver dam presence on Scottish rivers in relation to
possible interactions with salmonid populations;

1 To examine potential management issues, methods and options in relation to beaward
salmonids;

1 To examine options for fieldbased assessments of beaver and salmonid interactions in Scotland.
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To take that work forward the BSWG has looked at literature and experience from Scotland and
abroad, and considered he extent to which this is examined and can be applied directly to the
particular fish fauna, river characteristics and current fisheries management context in Scotland. A
number of important themes emerged and remained prominent throughout the considerstbf

the BSWG, some of which made it difficult to reach consensus, while others required further work
and discussion.

Through deliberations, field visits, and consultation with experts in Scotland and abroad, the BSWG
have reached the following keyweclusion:

As a fundamental preequisite for any decision to formally reintroduce beavers, the BSWG make
the case for a general beaver management plan, including provisions for salmonids, further to a
consideration of where responsibility for meeting aagsociated management costs should rest.

In addition, the Group identified the following key points:

The management strategy should be developed, in full consultation with all key stakeholders.

In constructing dams, beavers may utilise phpdlints for construction adjacent to 4istream
human infrastructure including culverts, weirs and fish passes. Experience from abroad and recently
in Scotland suggests that in this particular scenario, fisss@ge concerns may be exacerbated,
presenting an elevated requirement for management intervention.

A beaver management plan should set out minimal intervention approaches as well as the criteria
by which relocation or lethal control of beavers would bepmagpriate for the conservation of
salmonids.

While beaver presence alone should not be a trigger for action, a strategy should allow a range of
management interventions to be undertaken from sht@tm action to longeiterm intervention.

It is envisagedhat the requirement or otherwise for such intervention may partly be determined
by river flow levels, and may be necessary in advance of fish migration periods during spring and/or
autumn, particularly during prolonged periods of low flow.

Under the impeative of ensuring free passage of migratory fish, this strategy should recognise the
dynamic nature of beaver dams, and the resources required in assessing such structures on
multiple occasions.

In adhering to current regulatory guidance, any dam remowaisatercourses must be completed
without causing pollution, or impacts on stream biota.

Monitoring and management will have resource implications, and therefore it is vital that such
resources are committed, over the medium to lotegm, to relevant management authorities.
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There are significant gaps in our knowledge of beaahmonid interactions, both within Scotland

and abroad. There is also lack of data available to inform our knowledge of the interaction between
beaver and otkr species of conservation interest including teropean eel, lamprey spp. and
freshwater pearl mussel.

Further research in Scotland is considered necessary to help inform when management
intervention may be required, and when it is not.

Generally, thee may be extensive overlap between knowitlantic salmon distribution and
potential beaver habitat in major rivers, with potential overlap in minor rivers varying considerably
between catchmers

In these streams where beaver and salmonid habitats maylaveinteractions will vary over time,
between catchments, and within catchments. As such it is not possible to predict whether the
overall net impactof beaver presencavill be positive, negative or negligible on salmonid fish or
other species of conseation importance with certainty.

However, beaver damming activity, and the associated potential hindrance to fish passage is of
particular conservation concern to a component of #vgantic salmonstockcalled spring salmon,
which utilise ypland nutrientpoor streams.

It is recognised that there could be wider socioeconomic and ecosystem service benefits that will
result from the presence of beavers. There are also benefits of beaver presence to salmonids, and
these may be reals particularly where management options are available.
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1. INTRODUCTION

1.1 Background, global and European conservation context

The EurasiarbeaverCastor fibel..A & OdzNNBy (1 f & 9 dzNR LISQa Y @iHail& Heptirstlf, 8 NX
2013)having been reestablished in all amtries of its former range except Britain, Portugal, Italy and the South
Pt lryad® Ly wnny G(GKSOOBEBEWNRSERL[2bF2&LEB@ASal 8 FNB[ S|
L+ 2F GKS 9/ WIFoAGE(Ga 5 A Nd dibigld@dbibitivesad plekentatidePr@dsiReS & &
(Pillaiet al., 2012). The species is also listed on Annex II, which requires the designation of Special Areas of
Conservation (SAC), where appropriate. Reintroduction of the Eurasian beaver has beemwaud fas a
contribution to the aims of the EU Biodiversity Strategy (European Commission, 2011). Once widespread across
the northern forest belt of Europe and Asia, hunting and trapping for fur, food and castoreum and to a lesser
extent habitat loss resuéd in its extinction in Scotland by the"™ 6entury(Kitchener & Conroy, 1996)

The initial vehicle for the reintroduction of beavers to Scotland arose from the EC Habitats Directive launched in
1992 (European Directive 92/43/EEC on the conservatiomifral habitats of wild fauna and flora). Article 22(a)
requires member states to assess the desirability of reintroducing animal species listed on Annex IV to areas of
their former native range, and to contribute to monitoring and to theestablishmentof these species at
favourable conservation status. In 1995 Scottish Natural Heritage (SNH) began assessing the desirability of beaver
reintroduction, commissioning a range of studies in the late 1990s, which drew upon European and North
American experiergs. As beavers have the ability to profoundly alter aquatic environments, they also have the
LRGSYdAlLf G2 AYyTFfdzSyOS FAAK LRLIzZ IdAz2yad {O020f yRQ&
conservation, economic and cultural value aferefore it is important to assess how these assets could be
influenced in both beneficial and detrimental ways by beaver activity.

1.2 Beaver Salmonid Working Group (BSWG) Terms of Reference and purpose

Following the approval of a trial reintroduction at Knapdale in Argyll, beavers of Norwegian origin were released in
2009. Postelease monitoring was conducted for five years, concluding in May 20dwever, because of a lack

of consensus within the litature, concerns raised by members of the Scottish wild fisheries sector, and partly
due to the fact that migratory salmonid fish were not routip@resent within the Knapdaleial site, theBeaver
SalmonidWorking Groug BSWG) wasstablished in 200@sa subgroup of the National Species Reintroduction
C2NM¥zY 6b{wCO ® ¢t&KDnsidef theDptantiaNiBBpact df bekvérs on salmonids, interpreted for the
purposes of informing the debate in Scotland as bditigntic salmorSalmo salat. and brovn trout Salmo trutta

L. (hereafter referred to as salmon and trout). This report will form a significant part of a wider package of
information which is being collated to inform the Minister on all aspects of beavers and beaver reintroduction
issues (Gayaod, 2014).
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The terms of reference of the BSWG are:

i To arrange for further, continuing review of new beawvealmonid information from Eurasia and North
America;

i To examine the availability of potential beaver habitat that overlapsome Scottish salmonid
catchments;

i To examine the issue of beaver presence on particular Scottish catchments and whole ecosystems, in
relation to possible interactions with salmonid populations;

i To examine the specific issue of possible beaver dam presemt Scottish rivers in relation to possible
interactions with salmonid populations;

i To examine potential management issues, methods and options in relation to beavers and salmonids;

i To examine options for fieldbased assessments of beaver and salmonicenaictions in Scotland.

Membership of the BSWG comprised representatives from:
*Indicates original full members of the BSWG at its inception.
Association of Salmon Fishery Boards (ASFB)

Marine Scotland (MS)*

National Museums of Scotland (NMS)
ScottishGovernment(SG)*

Scottish Environmental Protection Agen¢@EPA)

Scottish Natural Heritage (SNH)

Tay District Salmon Fisheries BogifiDSFB)

University of Southampton

Scottish Ministers, through the NSRF have asked the BSWG to consider the potentis iofifieeaver activity on
salmonids, and while this report is based on an extensive reference list, it is not a scientific publidétiongh

not stated in the above terms of reference, this report has also briefly discussed beaver interactions with
European eefAnguillaanguilla(L.), lampreysampetra planer{Bloch) L. fluviatiligL.)and Petromyzon marinus,

and freshwater pearl mussel [FWPMargaritifera margaritifera(L).

Information is garnered to understand the potential requirement apgplicability of any beaver monitoring and
management measures, and their resource implications, with some consideration about where that duty should
rest. While the focus of this report does fall on the management costs which may arise from beaver @rdsenc
important that the ecosystem service and seeimnomic benefits provided by beavers are also discussed.

The purpose of this report is raise awareness of the need for a management strategy to be developed, and for it to
be adaptive, in respons® new knowledge and experience arising in Scotland and elsewhere. General beaver
management practice from eastern North America and Europe is considered in the context of current EU legal
requirements, and while these are noted, the BSWG does not interickérpret the complexities of the Habitats
Regulations, the interpretation of which ondylegal authority can providén the scenario that a strategic and
limited reintroduction plan is implemented, the requirement for those involved in such actwityark in ce
ordination with salmonid conservation interests and wi@sa is discussed.
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1.3 Beaver ecology

In assessing the likely interactions between beavers, salmonids and fisheries, it is important firstly to understand
the ecological requirementsnd behaviour of beavers, with particular focus on those aspects that may lead to
interactions with salmonids in Scotland. The Eurasian beaver is sageiatic, herbivorous, and highly territorial
mammal, living in family units (colonies) typically cosipg three to five individuals. Young are born in late
ALINAY3IS YR GKS LINBSOGA2dza @Sl NRa &2dzy3 €SH@S GKS O2f
on lowgradient small streams to create impoundments which may also serve to conceal the@a¥ to their

lodges or burrows and allow secure access to food and building resources (Naialah986). Beavers can exert

a strong influence on riparian landscapes, with flooding killing most woody species if flooded for multiple years,
and they ca create wetlands of varying size. By felling trees, beavers can also create open areas in riparian
woodlands and may, over time, change the species composition of riparian woodland at locaBesetss are
O2yAARSNEBRf I &y ¥5YE 6 @Ba&id® hrid Malahdor, $995Move than any other animal except
KdzYlyaz o6SIF@SNB 3IS2Y2NLKAOIffe& fGSNIGKS I yRaoOl LIS

Beaver colonies can often exist without creating dams. Beaver dams are generally ephemeral structures and can
be reduced in size and integrity or removed during periods of high flowEagloret al. 2010) with the density of
functional dams in a rivdlandscape expected to vary with season and flow regi@ernell, 1998) The range of
physical conditions under which beavers can construct dams has been described using a variety of metrics,
including stream gradient, stream order, stream power, depth,thvignd valley shape in North America (e.g.;
Naimanet al, 1986 Suzuki and McComb, 1998icCombet al., 1990 Pollocket al, 2003, 2004; Green and
Westbrook, 2009)Germany(Schulte, 1989)and SwedeiiHartman and Térnldv, 20060 general terms, Eurasi

beavers can be expected to maintain dams on small, shallow streams of less than 2.5% gradient, and in a survey of
74 dams in Sweden, the mean water depth (downstream of dams) was found to be 0.36m (ranr@e38.40) and

the stream width 2.5m (range 0&6.0m)(Hartman and Tornlév, 2006)The density of dams in streams is known to

vary considerably with one dam for every 14.3km of stream reported in a Norwegian study Parker & Ronning,
(2007), whilezurowski(1989)reported 24 dams in a 1.3km reach dPalish mountain stream.

Structures can measure over 100m in length and over 2m in height, but most are much smaller. Construction can
also involve the use of aquatic vegetation, mud and stones, in addition to woody material. Whilst it is likely that
optimal damming locations will generally exist in lowland Scottish streams in proximity to deciduous trees
(Gurnell, 1997)experience from Norway demonstrates that colonies can exist up to 1200m above sea level in the
montane woodland zonéSchandy, 1979)Theinteraction of beaver population dynamics, food supply, stream
power, channel shape and the intensity of floods acts to govern the longevity and density of beaver dams within
the river landscapeRollocket al.,2014 Kempet al.,2012).

In established ppulations beavers commonly utilise habitats ranging from agricultural ditches to riversteairs

and lakes. In Scotland areas impacted by hydropower impoundments could be inhabited in certain circumstances,
but beavers are not known to tolerate excessivanatural waterlevel fluctuations. Should beavers be
reintroduced to Scotland, they will probably eventually colonise all suitable habitat. However, this may happen
over multiple decades, affected by factors including release strategies and habitat teitpe®uring the
colonisation phase, beavers select optimal habitat, which often may require damming. With beaver populations
expected to increase in size by betwee3# annuallyGorshkov, 200685urnell, 1998Sluiter, 2003Heideckeet

al., 2009; Balodist al.,1999), the availability of optimal habitat for new individuals will decrease.

Ly {O2GfFryR 0SIFO@SNER IINB (K2dzAKG G2 KF@S 06SSy LINBaS)
escaped from private collections or were reledsillegally, have recruited successfully and as of summer 2012
comprised approximately 39 family groups (Campbkelal, 2012) of at least three genetically distinct groups

(McEwing, in prep). It is important to note that, newly established populatiocs sis this are not expected to
produce the widespread ecosystem modifications which, for Eurasian beaver, would be predicted to occur at peak
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population density 1134 years after initial colonisatiofHartman, 1994, 2003; Vissirgg al., 2012) These
approximate timescales should be borne in mind when considering the potential for interactions with salmonids,
and the requirement for future management action.

mdn {020t yRQa FTNBaKgl GSNI FAAK LJ2LJzZ I GA2Yy a4
A total of 42 species of freshwater fish have been recorded in Scotland. Those which are considered native and
first entered Scottish freshwater environments from the sea include species such as: Atlantic salmon, trout,
European eel, brook, river and seariprey, powarCoregonus lavaretu..), Arctic charBalvelinus alpinud..) and
stickleback$asterosteus aculeatyk.) andPungitius pungitiugl.). Other freshwater species thought to be native

to parts of Scotland, with a restricted natural distritmrtj include: pikeEsox luciugl.), roachRutilus rutilugL.),

perch Perca fluviatiligL.), minnowPhoxinus phoxinu@..) and stoneloacBarbatula barbatulaL.). Others have

been introduced from other parts of Britain (e.g. graylifigymallus thymallugl.), dacd_euciscus leuciscys.),

chub Leuciscus cephalu$lL.), rudd Scardinius erythrophthalmugL.), barbel Barbus barbus(L.), ruffe
Gymnocephalus cernugk.) and bullheadCottus gobidL.)) or Europe (e.g. cafpyprinus carpid@L.)). One native
species, the vendac€oregonus albul@L.), is now naturally extinct in Scotland, but has beeastablished here

using stock from northern England. Compared with England and central Europe, the Scottish freshwater fish
assemblage can be considered to be@espoor, reflecting its recent colonisation since the end of the last Ice
Age.
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1.5 Atlantic salmon

The Atlantic salmon is an important component of freshwater ecosystems in Scotland and is of cultural and
commercial importance. At the last national assessment in 2004 it was estimated to provide over £73 million per
year to the local economy (Radfoed al., 2004). Salmon exist in much of the accessible, clean, oxigfeniver

habitat. A selection of the available habitats is included in 17 rivers in Scotland have been designated as Special
Areas of Conservation (SACs) for Atlantic salmon (Figure 1).
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Figurel: Map showing the distribution of Special Areas of Conservation (SACs) for Atlantic salmon in Scotland.

The conservation objectives for these SACs are as follows.

To avoid deterioration of the habitats of the qualifyisgecies or significant disturbance to the qualifying
species, thus ensuring that the integrity of the site is maintained and the site makes an appropriate
contribution to achieving favourable conservation status for each of the qualifying features; and

Toensure for the qualifying species that the following are maintained in the long term:
i Population of the species, including range of genetic types for salmon, as a viable component of t
T Distribution of the species within site

i Distribution andextent of habitats supporting the species
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Structure, function and supporting processes of habitats supporting the species
No significant disturbance of the species

Distribution and viability of freshwater pearl mussel host species

= =4 =4 =4

Structure, function ad supporting processes of habitats

The Habitats Directive (Article 6) requires tigember States shall take appropriate steps to avoid, in the special
areas of conservation, the deterioration of natural habitats and the habitats of species as wsllualsance of

the species for which the areas have been designated, in so far as such disturbance could be significant in relation
to the objectives of this Directive.

The physical habitat requirements of salmon (and trout) during the freshwater phdstwio life cycle are
reviewed elsewhereArmstronget al., 2003) Atlantic salmon inhabit fresh water for up to four years of life in
Scotland before the majority of the population changes to a pelagic form called a smolt. Smolts undertake
extensive migrations to feeding areas in the North Atlantic, where individualtgris relatively fast. Mature
adults return, predominantly homing to rivers where they were spawned, after one or more winters at sea. The
main outward migration of smolts occurs in spring, whereas adult fish may return throughout the year. Owing to
homing behaviour, salmon can become highly adapted to their local environment, in which distinct populations
develop. In Scotland the salmon fishery, particularly on large east coast rivers benefits from a long fishing season
(compared to Norway, for examplbecause adult salmon enter fresh water in most or all of the calendar year. Of
particular conservation concern are thepring salmorstock component (see Figure 2), which return to fresh
water as adults early in the calendar year and are thought to otigiftam the upland areas of catchments.

Within-river spawning migration of salmonids is governed by a range of complex interactions between natural and
humanmediated factors, including: previous experience; water discharge, temperature and velocityrecequ
jump height over obstacles; fish size; fish acclimatisation; light levels; water quality; time of the year; and fish
stress level§Thorstadet al., 2008) Salmonids are characterised by their ability to ascend considerable barriers
including some watrfalls in certain conditions, dependant on a range of factors, such as water depth below the
obstruction. Movement of juvenile salmonids is also found to occur throughout the year, in some cases enabling
the utilisation of habitats not accessible to adsftawners. In order to reduce competition and thereby maximise
feeding opportunity, it is important that adult salmon are able to utilise spawning gravel as far upstream as
possible (Hay, 1989).

1.6 Conservation status of salmon

Atlantic salmon populatioh have declined across much of their range (Windgoal., 2012). In Scotland at a
national level, the annual rod catch which may indicate the trends in the size of the spawning population within
limits, has been maintained by factors such as a redudtidhe activity of coastal net fisheries (Marine Scotland
Science, 2014). However, there is variation in the conservation status among components of these populations.
The spring salmon stock component has been in decline in recent decades, althougts tmree indication that
GKAa aiG201 O02YLRySyld KlFa aidlroAfAasSR Fd I KA&AG2NROI
this decline, the Scottish Government has introduced statutory measures which came into force on Eriday 9
Januay 2015 to ensure that no salmon is taken in Scotland before 1st April each year (Scottish Government,
2014). Of particular concern for all salmon populations is the downward trend in marine survival across the North
Atlantic observed since the 1960s (Tab)e
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Figure2: Reported catches of salmon in Scotland during spring months. (Marine Scotland Science, 2014).

% Decline in Abundance
Stock Group Grilse Salmon
N. Europe 49% 54%
S. Europe 66% 81%
N. America 40% 88%

Tablel: Decline in abundance of salmon in the Atlantic region over the past 40 years. (Wietiabr 2012).

Atlantic salmon and sea trout (see section 1.7) populations may be impacted in varying degrees by a range of
factors in the marine and freshwatghases of their lifecycles. In the freshwater environment these pressures are
thought to be: aquaculture, barriers to migration, climate change, degradation of habitat, t®ekctricity
generation, invasive nenative species, ovegxploitation, pollution predation and stocking of nemative species.

Marine pressures include: aquaculture -tgtch in pelagic fisheries, climate change, marine energy developments,
over-exploitation, pollution and predation. The magnitude of these potential impacts wilbably differ between

river systems and indeed between tributaries within river systems depending on the local use of the resource.

These pressures, and their relative importance and potential cumulative impact in different catchments, form a
crucial aspecbf the context for anyfuture decision on the licenserkintroduction of beavers. Some of these
impacts, such as sea surface temperature and prey availability in the North Atlantic are clearly beyond the control
of managers. Other aspects are under reg¢aa control, but action is not scheduled until the second or third
round of river basin management planning (e.g. fish passage and water flow issues relating telbgtiaty
developments). Despite considerable effort from fishery managers and regsiltd ease these pressures, it is
likely that such (cumulative) pressures will continue to influence salmon in the foreseeable future and it is within
this context that any future licensing decisions must be based.
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1.7 Trout

Trout ceexist with salmon aoss much of their range, although they differ in respect of thestieam habitat
requirements Armstronget al., 2003 Jonsson & Jonsson, 2011). The distribution of salmon in Scotland is well
understood (see chapter 2), and although that of trout isslevell known, it will likely be a wider distribution.
However, small streams thought to be of greater relative importance to trout populations, and as such beaver
activity in these small streams is a particular consideration of this report.

In Scotland, trout can be found in a variety of freshwater habitats, and are a highly plastic species that exhibits a
wide range of life history strategies. Trout may spend their entire life in freshwater habitats, or migrate to
estuarine and coastal ared&®fore returning to freshwater to spawn. Those fish which remain in freshwater are
OFff SR WoNRgY (NRdziQX 6KSNBlI& (K2aS 6KAOK |R2LI |y
'Resident' brown trout, as this term suggests, compldte whole of their life cycle in fresh water. Some may,
however, undertake significant migrations within fresh water. The most commoimydle pattern in Scottish
brown trout populations is the migration of juvenile fish from nursery areas, where thein bedeed, into lochs

or larger, deeper, channels within rivers where they may remain until becoming adults. Generally speaking, the
life history of sea trout is similar to that of Atlantic salmdhat is sea trout spend a variable time in freshwater as
juveniles before undergoing the changes that allow them to migrate to sea as sifioitg. do not, however,
undertake the same oceanic migration as salmon.

Sea trout catches in Scotland have fallen since the 1950s although the pattern of catches vaallye@itarine
Scotland Science, 2014). Neither forof trout, resident or anadromous, receive extensive protection within
conservation legislation. Some protection in terms of exploitation controls exist within fisheries legislation and sea
trout are further protected within fisheries acts relating to the protection of 'salmon'. In 2007, however, both
ancestral brown trout and sea trout were added to the UK Biodiversity Action Plan Priority Specid$ed.ist.
habitat requirements of trout (compared with satm) are reviewed elsewhere (Armstroagal.,2003).

1.8 Other species of conservation value

All native fish species contribute to the functioning of aquatic ecosystems. Within the context of this report
additional migratory and nommigratory species ofuEopean conservation significance found in Scotland include
European eel, anadromous and ranadromous lamprey species, and freshwater pearl mussel (listed in the EC
Habitats Directive). The ecology and conservation legislation relevant to the spealiggzissed below.

The European eel inhabits a variety of freshwater and estuarine habitats during the juvenile phase of its life cycle.
Adults migrate to the Sargasso Sea to spawn and it is assumed that their eggs drift eastwards towards Europe with
the Guf Stream current before hatching, and when the larvae reach the continental shelf they metamorphose
into eels. On entering fresh water they migrate upstream, feeding on invertebrates and fish, with eels known to
move overland through wet terrain to accesther water bodies. Juvenile eels (known as yellow eels) can remain

in fresh water for more than 20 years. Upon reaching sexual maturity, these adult eels turn silver and they begin
their migration to the Sargasso Sea. European eel populations have undeagtrastic decline in recent decades,
estimated at 90% (ICES, 2014). The European Commission has deployed a Recovery Plan, with the aim of returnin
stocks to sustainable levels. Each Member State is required to establish a national Eel Management Plan.

Like salmonids, lampreys spawn in clean gravel substrates by constructing a 'nest' in which to lay their eggs. After
hatching, young lamprey ammocoetes drift downstream to settle in nursery habitats comprising fine sediment in
well-oxygenated pools or maial areas. These larvae remain in the substrate for up to five years before (in the
case of migratory river and sea lampreys) commencing their seaward migration during late autumn (sea lamprey)
and late winterearly summer (river lamprey). These species threatened across their range with the river
lamprey featuring in Annexes Il and V of the EC Habitats Directive, Appendix Il of the Bern Convention and the
UKBAP Priority List. The sea lamprey features on Annex Il of the EC Habitats Directive, Apméritiex Bern
Convention and the UKBAP Priority List.
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Originally widely distributed throughout Scotland, the freshwater pearl mussel is now extinct in most of the
lowlands, and scarce everywhere except for some Highland rivers (Cosdrakg2000. If the present rates of
extinction continue, it has been estimated that surviving Scottish populations may only persist for a further 25
years. Protected under Schedule 5 of the Wildlife and Countryside Act (1981), the freshwater pearl mussel is also
listed on Annexes Il and V of the EC Habitats Directive and Appendix Il of the Bern Convention. It is included on
the IUCN Invertebrate Red List, where its status is described as Vulnerable. Freshwater pearl mussels live buried or
partly buried in coarse sandnd fine gravel in clean, fafiowing and unpolluted rivers and streams. Mussel
larvae, called glochidia, are released from July to September. Almost all the larvae are swept away and die, but a
few are inhaled by juvenile Atlantic salmon and brown or seat, and they remain attached to the gills of
juvenile salmonid fish until the following spring. At this point they settle in the substrate to start to grow.
Therefore, any changes in the species composition or overall abundance of salmonid fiskeetly} difect the

local freshwater pearl mussel populations.

1.9 Salmonid fisheries management in Scotland

The priority for contemporary salmonid fisheries management in Scotland is to maximise the production of
naturally reared juvenile salmon, and outptio the marine environment (smolt output). Concern has been raised
within the BSWG that beaver activity may impact some recent efforts of fishery managers. For example,
considerable resource has been invested in; the removal of artificial barriers tatmigrthe reduction of diffuse
pollution by creating and maintaining riparian buffer strips, the prevention of bank erosion through riparian
fencing and livestock exclusion, and the reduction of legal and illegal exploitation of salmon and trout papulatio

In recent years, fishery managers and conservation organisations have begun planting trees to provide shade and
improve riparian habitat, while others have trialled the input of woody structures into streams, with the aim of
enhancing cover and substeadiversity, with potential knockn benefits for invertebrate and fish populations.

Responsibility for the stewardship of all freshwater fish resources ultimately lies with Scottish Ministers, but
District Salmon Fishery Boards (DSFBs) have a legalttoeragulate and manage salmon (legally interpreted as
covering both Atlantic salmon and sea trout) fisheries in Scotland. The administration of freshwater fisheries on
the River Tweed is the responsibility of the River Tweed Commission. DSFBs wéyknitbdeishery Trusts, who
deliver locallevel monitoring of fish populations and deliver projects including habitat improvement. Marine
Scotland, part of Scottish Government, facilitates the delivery and implementation of freshwater fisheries
legislation scientific programmes designed to underpin fisheries policy, and the monitoring and analysis of catch
statistics. In January 2014 the First Minister announced that an independent review of wild fisheries management
would be undertaken during 2014, thenaiof which was to:

1 Develop and promote a modern, eviderbased management system for wild fisheries fit for purpose in
the 21st century, and capable of responding to the changing environment;
1 Manage, conserve and develop our wild fisheries to maximiseitdea G Ay 6t S o0SySTA i

fish resources to the country as a whole and particularly to rural areas.

The review panel reported to the Minister in October 2014, and as a result management structures for freshwater
fisheries in Scotland are lieto change, following forthcoming consultation and potential changes to legislation.

It is not known how these changes may influence the future management of catchments which support beavers
and salmonids, if beavers are to be reintroduced.
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1.10 Beaveisalmonid interactions

The main remit of the group is to consider beagatmonid interactions, which for the purposes of this report are
defined as: the interaction between Eurasian beaver and salmonids native to Scotland (Atlantic salmon and trout),
heredter referred to as salmon and trout. For millennia, beavers naturallgxisted with salmonids and other
freshwater fish species in Scotland. The population size of either species and their level of interaction is unknown.
However, the context for posdib beaversalmonid interactions has changed through pressures on river habitat,
such as land use (for forestry, agriculture and urban development), water impoundment and abstraction for
domestic and industrial use, riparian habitat degradation (throughef@mple, overgrazing and encroachment by
invasive nomative plants), climate change (particularly in the marine environment), and diffuse pollution. These
pressures may have been absent or less prevalent when salmon previowstistam with beavers,ral there may

have been less or more salmonids produced historically in the presence of beavers regardless of these other
factors.

Much of the scientific research into the interaction between beavers and a range of freshwater fish species relates
to interadions with North American beaver€( canadensiKuh) and a diverse range of freshwater fish species
(Kempet al., 2012). Whilst this research is valuable in presenting the broad mechanisms by which beavers may
interact with salmonids, caution should bemied when interpreting these findings in the Scottish context. The
character of river systems and the nature of the fish communities is different between Scotland and North
America. Upland river rearing areas can make important contributions to ovemalt sutput and it is thought

that spring salmon in particular arise from upland tributaries. The major salmon (and sea trout) fisheries which
exist in lowland river maistems are often dependent on smolt output from such small streams.

Beaversalmonid ieractions have been the subject of several extensive reviews incl@biign & Gibson, (2001)

and Kemget al. (2012), although neither of these exclusively consider salmonids. As is common in species ecology,
these potential interactions are complex anduld be expected to vary between catchments and over time. The
mechanisms by which beavers may interact with salmonids are well established and these processes, along with
the underpinning scientific data are considered further in ChapteZdlen,(1997) summarised the situation as
follows, a position maintained by the Beav&almonid Working Group:

U4h Scotland, beaver would have no major predators, they would be capable of travelling within and between
catchments, and they would be able to alter thevieconment to suit their own needs. Such alterations could be
harmful or beneficial to fish populations and it would be difficult to generalise as each case would have to be
assessed individually. Thus beaver reintroduced to Scotland would require apalitye management. It is
concluded that, following any successful reintroduction, there would eventually be areas of conflict with
fisheries interests. The time taken to reach this situation and the seriousness of the problems would depend
ultimately an the effectiveness of the beaver management programme. Fisheries authorities would be unlikely
to support the reintroduction of this mammal unless they were presented with such a prog@mme.
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2. MAPPING OF KNOWN SALMOINTRIBUTION AND POTENTIAL
BEAVER HABITAT IN SCOTLAND

2.1 Introduction

A basic requirement in considering the potential for interactions is to determine the potential magnitude of spatial
overlap between the possible range of beavers and the distribugf@almon. A geographic information system
ODL{ 0 I LILINRPIOK ¢l & dzaSR (G2 O2yaARSNJ adzOK RA &G NR O dzi A |
geographical and hydrological diversity; thgr, Awe, Tweed(in Scotland)Tay, North Eskand Conon.Salmon
distribution is that recorded in recent years, whereas beaver distribution is based on predictions of suitable
habitat, defined as existing broadleaf and mixed broadleaf woodland within 200m of freshwater habitats including
rivers and wetlands, buteluding high gradient streams, tidal areas and land above 400m in elevation. The data
are also considered in a preliminary comparison of larger and smaller river reaches, taking 10m widthafs a cut
This approach intends to provide an estimate of hbw area of overlap may differ between main stems and
tributaries.

2.2 Methods

GIS was used to determine the percentage of river habitat known to be currently occupied by Atlantic salmon that
might also be used by beavers should they extend to their ctupesdicted full potential range. Salmon

distribution data, last updated in 2008, includes the spatial range over which juvenile salmon have been detected
in Scotland. Potentially suitable beaver woodland habitat data includes habitat types and topogriapbwven to

be used by the mammals in other European countiesthis dataset excludes the Tweed in England, analysis of
potential beaversalmon overlap for the Tweed relate to the Scottish part only. A full explanation of methods and
datasetswithin the full reportis provided irappendix 1

2.3 Results

At the full catchment scale in six rivelsy(, Awe, Tweed Tay, North Esk and€Conor), the potential percentage
wetted area of salmon habitahat mayoccur in proximity to potential beaver habitat (termi@ercentage
overlap) ranged from 473%. In all six rivers the degree of potential overlap in the habitat distributions was
greater in major rivers (587%) compared with minor rive(15-59%).
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River
Awe Ayr Conon North Esk Tay Tweed in Scotland
Area of beaver woodland ) gioe ) og 16728110 21516908 23437700 121500771 86154807
in catchment (m2)
Area of salmon habitatiny .- g4, 2530925 3094610 2572830 17605365 17468072
catchment(m?)
Area of salmon habitatin , o, o 2028734 2665312 1793813 14723015 11127785
major rivers(m?)
Area of salmon habitat in
. .s rat! 797835 502191 429298 779018 2882350 6340287
minor rivers(m?2)
Potent|a.l beaversalmon 62 71 55 73 79 47
overlap in catchment (%)
Potential beaversalmon
overlap within major 70 80 61 87 75 54
rivers (%)
Potential beaversalmon
overlap within minor 46 32 15 39 59 36
rivers (%)

Table 2 Estimates of key parameters from current distributions of salmon and predicted area of suitable woodlarzbfers. Potential beavesalmon overlap is
the percentage of salmon distribution within 50m of suitable beaver habitat. Major rivers (predominantly main stems) andrmiirers (mainly tributaries) refer to
rivers width deemed to be above and below 10wspectively
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Figure 3. General overview of the six study catchments in which distributions of salmomsiged potential

beaver habitatwere compared.
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Fgure 4. (a)f). Maps showing salmon rivers within 50m of suitable beaver woodland in six Scottish river catchments. Figure 2(a) River
Ayr, Figure 2(b) River Awe, Figure 2(c) River Tweed, Figure 2(d) River Tay, Figure 2(e) River North Esk, Figure 2(f) River Conon.
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River Awe - Salmon Rivers and Beaver Woodland
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