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Background 

Argyll Fisheries Trust is undertaking surveys of fish populations and redd counts as one of a 
number of monitoring projects investigating the effects of beaver activities on the natural 
environment during the Scottish Beaver Trial.  Following the collection of baseline 
information in 2008 and 2009, monitoring in 2010 and 2011, more intensive surveys were 
undertaken at 12 sites in four locations during 2012. Two new sites were surveyed adjacent 
to existing sites in each location with the aim of increasing data resolution at sites where 
beaver activity may interact with fish populations. 

 

Main findings 
 
Surveys of fish populations and spawning activity were undertaken at two locations where 
recent beaver activity (tree felling and dam construction) may have affected the passage of 
fish between refuge habitat (lochs) and spawning habitats (streams). These surveys found 
no significant change to the species composition of fish or their number at these sites in 
2012, compared to that found in previous surveys.  
 
Surveys of fish populations and spawning activity were also undertaken at four locations 
where no recent beaver activity was known to potentially affect fish habitat. These surveys 
found no significant change to the number or species of fish found at these sites in 2012, 
compared to that found in previous surveys. 
 

The following conclusions were reached: 

 
The surveys undertaken in 2012 found no significant change to the number or species of fish 
found at sites where beaver have recently become active in tree felling and dam building and 
where no beaver activity had been recorded. Monitoring of these and similar sites will be 
necessary to assess potential beaver and fish interaction and inform management.  
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1 INTRODUCTION 
In 2008 the Scottish Government issued a licence to the Scottish Wildlife Trust and the 
Royal Zoological Society of Scotland to undertake a trial reintroduction of European beaver 
(Castor fiber) at Knapdale in Argyll.   The five year trial is being monitored with a series of 
studies, including fish populations and fisheries. 

1.1 European beaver and fish 

 
The European beaver has been reintroduced to a number of countries that were part of its 
natural range prior to extinction.  As a consequence, aspects of their natural behaviour, such 
as dam building, have raised issues in relation to management of fisheries and water 
resources (Collen 1997, Collen & Gibson, 2001, Kemp et al. 2010).  Current published 
research indicate the potential for European beaver to impact on migratory salmonid fish 
(Atlantic salmon (Salmo salar) and sea trout (Salmo trutta) and other native fish  varies 
depending on geographical location, relief and habitat type (Rosell et al., 2005 and Kemp et 
al., 2010).  Loss of habitat penetration by migratory salmonids is described as insignificant 
(Parker & Ronning, 2007) or unclear (Halley & Lamberg, 2001) in two Norwegian studies 
and serious by another in Estonia during drought conditions (Tambets et al., 2005).  Other 
published studies also recognised potential for changes in fish habitats (Hartman & Tornlov, 
2006) and fish assemblages due to changes in habitat type related to dam construction 
(Hagglund & Sjoberg, 1999). A recent review of scientific literature and expert opinion (Kemp 
et al. 2010) found that the impact of beaver on fish populations is spatially and temporally 
variable, and differs inter- and intraspecifically and that positive impacts were cited more 
frequently than negative impacts. In regard to the relationship of beaver to migratory 
salmonid fish, this study determined that the impact on abundance and productivity was 
considered to be positive, but the upstream and downstream movement of salmonids was 
considered to be negative.  This five year study (2008 to 2013) aims to evaluate the 
response of fish populations in Knapdale streams within the trial area to the reintroduction of 
beaver at the trial site and compare them to similar streams outside of the trial area where 
beaver are not present. 

1.2 Fish studies at Knapdale 

 
Native fish are a significant ecological and economic resource in Scotland.  Therefore, it is 
important to identify the potential for beaver to affect fish populations at Knapdale during the 
trial period and provide data to help inform decision makers in regard to the potential for 
wider reintroduction across Scotland.  

Previous fish surveys were undertaken at Knapdale in 2011 (AFT, 2012), 2010 (AFT, 2011), 
2009 (AFT, 2010), 2008 (AFT, 2010) and 2002 (Kettle-White, 2002). Three families of 
European beavers were released at Knapdale Forest in May 2009. This report describes 
work undertaken in 2012, after the release, to assess the fish species, their distribution and 
their use of the range of aquatic habitats present in the trial area. This phase of the 
programme seeks to collect higher resolution information at fewer locations with the aim of 
increasing the resolution of information at sites where beaver activity may interact with fish 
populations.   
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2 METHODS 
Two survey methods were employed to assess the fish populations and their habitat use in 
the freshwater streams in the Knapdale trial area; sampling of fish by electrofishing (October 
2012) and assessment of spawning activity of salmonid fish by a walk-over survey 
(December 2012).  The electrofishing survey re-sampled four sites originally investigated in 
2002 (Kettle-White 2002), 2008 (AFT 2010a), 2009 (AFT 2010b) and 2010 (AFT, 2011) 
within the trial area and an additional two new sites in close proximity to these four sites.  
 

2.1 Electrofishing surveys 

 
A standard electrofishing technique was used to temporarily stun fish in the close vicinity of 
the operator, allowing fish to be retained and processed prior to release.  The surveys were 
designed to investigate the relatively shallow areas of flowing water (< 1m depth) present in 
the study area at Knapdale which juvenile salmonid and other fish species frequently inhabit.  
Juvenile life stages of salmonid fish are targeted by such surveys as, unlike adult fish, they 
are generally present throughout the year and provide a history of which species have 
spawned in the vicinity of each survey site in recent years.  The technique is also effective 
for non-salmonid species, although the shallow water habitats sampled may not reflect their 
preferences which may change on a seasonal basis. Data may therefore be less 
representative for such species.  
 
Fish surveys were conducted during low-to-medium flow conditions with backpack electric 
fishing equipment, using smooth direct current between 200 and 350 volts to ensure 
sampling was effective.  The voltage was varied depending on the conductivity, depth and 
flow of the water at each site; higher voltage was used in larger watercourse and lower 
voltage used in smaller watercourse to avoid damage to fish while maintaining effective 
sampling.  All surveys (see below) were undertaken in accordance with the Scottish 
Fisheries Co-ordination Centre (SFCC) protocols. An assessment of the in-stream and 
riparian habitat characteristics were undertaken at each site (SFCC, 2007) to provide 
information for interpretation of the fish data collected relative to the suitability of the habitat 
for fish. Measurements of water temperature and conductivity were taken at survey sites 
using a Hanna Instruments 98129 hand-held tester to identify water chemistry factors 
potentially affecting the effectiveness of the electrofishing survey method. This is in addition 
to information which has been recorded through the river habitat monitoring undertaken by 
Gilvear and  Casas Mulet within the trial area (2010) Digital photographs were taken of each 
site to aid identification during future surveys (Appendix I).  
 
Fully-quantitative sampling (i.e. each site fished three times over a known area) were utilised 
to estimate the density of fish present within the site at the time of the survey (Zippen, C. 
1956).   Where no fish were sampled during the first or second run, no further sampling was 
conducted.   When data was collected by single-run (semi-quantitative) sampling or where 
the number of fish sampled was too few, estimates of minimum density of salmonid and 
other fish species were generated. To enable comparison between sites, minimum estimates 
of fish density are used throughout the text.  
  
Captured fish were anaesthetised prior to being identified to species level and measured for 
length.   Scale samples were removed from a small number of salmonid fish at each site to 

provide age information to allow estimates of fry (< 1 year old) and parr (² 1 year old) 
abundance to be calculated.  Other non-salmonid species were recorded for length only.  
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2.1.1 Classification of fish abundance 

 
Density estimates of fish were calculated separately for fry (young of the year; 0+ years) and 
parr (juveniles that have spent at least one winter in freshwater; 1+ years, or more; 2+ years, 
but have not yet been to sea) for salmon and trout.   Estimates of minimum density for non-
salmonids were also calculated by dividing the number of fish caught by the area of stream 
surveyed.   In order to provide a guide to the relative abundance of salmonid fish sampled 
during the survey, minimum density estimates were categorised according to the SNH 
classification scheme (Godfrey, 2005) for West of Scotland Region (Table 2.1.1).   

 
Table 2.1.1 Quintile ranges for juvenile trout (no. Fish per 100 m²) for West of Scotland 

region 
 

Min. Percentile River Width Class 

Trout fry (0+) <4m 4-6m 6-9m >9m Class 

No fish     F 

0th  1.4 0.7 0.5 0.2 
E  

20th 9.9 3.0 1.1 0.8 
D 

40th 28.5 5.0 1.8 1.5 
C 

60th 44.7 12.4 2.7 2.6 
B 

80th 74.4 19.0 5.3 4.0 
A 

100th 181.3 103.5 94.6 9.8 
 

Trout parr (1++) <4m 4-6m 6-9m >9m Class 

No fish     F 

0th 0.9 0.9 0.8 0.5 E 

20th 3.9 2.3 1.5 0.7 D 

40th 5.6 3.3 2.1 0.9 
C 

60th 7.6 5.4 3.2 1.5 
B 

80th 12.1 8.4 4.9 1.8 
A 

100th 66.7 30.3 10.8 6.0  
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This classification system compares minimum fish abundance sampled at 185 sites in the 
West of Scotland and places abundance into six quintile ranges according to stream width at 
the survey site.  Classes A through to E are given for abundance within each quintile range 
and class F represents an absence of fish as described for the national classification 
scheme developed for England and Wales (National Rivers Authority, 1994).  The 100th 
percentile represents the highest density found at any one of the 185 sites compared. 

 
2.1.2 Electrofishing survey sites 
 
A total of 15 survey sites were sampled in three catchments in 2012 (summarised in Table 
2.1.2), repeating two sites previously sampled in the Linne catchment (sites 4 and 9), two 
sites in the Coille-Bharr catchment (sites 14 and 17) and two sites in the Creagmhor 
catchment (sites 24 and 25). Two new sites were surveyed adjacent to each of the 
established sites in the Linne catchment (sites 4a, 4b, 9a, 9b) and the Coille-Bhar catchment 
(sites 14a, 14b, 17a and 17b). One new site was also surveyed in the Coille-Bharr 
catchment (site 16a) to assess the use of marginal loch habitat for recruitment by trout. One 
new site was surveyed in the Creaghmor catchment (site 24a) at the outflow of Lochan Buic. 
All sites were surveyed between the 4th and 10th of October 2012.    
 
The new sites sampled were representative of the nursery habitat available to adjacent 
existing sites in an attempt to broaden the information on fish populations at locations where 
beaver activity has been noted during the trial period (Figures 2.1.1 and 2.1.2). Of the four 
categories of site previously surveyed; one site (site 16a) in afferent (in-flowing) streams to 
freshwater lochs (AF), six sites (4, 4a, 4b, 14, 14a and 14b) in efferent (out-flowing) streams 
to other freshwater lochs (EF) and nine sites (sites 9, 9a, 9b, 17, 17a, 17b, 25, 24a and 24) 
in efferent streams flowing into marine habitats from lochs (EM).   

Table 2.1.2 Electrofishing survey sites summary (2011) 

Site 
Code 

Catchment 
Categ

ory 
Easting Northing 

Average 
width (m) 

Conductivity 
(uS cm-1) 

4 Linne EF 179526 690498 0.9 37 

4a 
 

EF 179721 690685 0.7 37 

4b 
 

EF 179760 690741 1.4 37 

9 Linne EM 179306 690461 2.6 95 

9a 
 

EM 179213 690371 2.0 94 

9b 
 

EM 179209 690354 2.4 94 

14 Coille-Bharr EF 178896 690940 1.4 145 

14a 
 

EF 178859 690868 1.3 145 

14b 
 

EF 178925 690951 1.4 145 

16a Coille-Bharr AF 178531 690631 2.5 149 

17 Coille-Bharr EM 177900 689865 2.9 137 

17a 
 

EM 177343 689810 3.6 137 

17b 
 

EM 177823 689785 2.5 137 

25 Creagmhor EM 179062 689241 2.3 132 

24a 
 

EM 179061 689113 1.4 113 

24 
 

EM 179702 689146 1.1 115 
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2.1.1 Beaver dam on loch Fidhle inflow 

 

 
2.1.2 Felled trees on Loch Linne outflow 
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2.2 Redd count surveys 

In December 2012 a walkover survey was undertaken for stream habitats in three 
catchments where electrofishing surveys had been undertaken in October.  The aim of the 
survey was to identify the distribution and types of habitat utilised for recruitment by 
salmonid fish in the trial area and provide background information for interpretation of 
electrofishing survey data.  The survey technique was founded on the basic elements of the 
SFCC habitat survey protocols and undertaken by walking upstream during low and clear 
flow conditions.  Redds were identified as a depression (pot) in the stream bed lying at the 
head of a slightly raised area of excavated material (tail). The location of active spawning 
sites (six figure grid references identified by hand-held GPS) and the number and relative 
size of redds observed were recorded (Figure 2.2.1). Information on site characteristics at 
each site was also recorded; stream width, in-stream situation of redds and other features. 
The size of the female fish making the redd is a major factor influencing the size of the redd, 
therefore the length of the depression (pot) of the redd was estimated and categorised; small 
(less than 0.5 m), large or a composite of a number of redds (more than 0.5 m). The location 
and area of habitat surveyed are given in Table 2.2.1 and the location of catchments in 
Figure 2.2.2.  

 

Figure 2.2.1 Typical redd feature with light coloured excavated material at the tail 
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Table 2.2.1 Redd count survey site description 

Catchment Sub catchment Type 
Site 

Code 

Survey 
Length 

(km) 

Avg. 
Width 

(m) 

Survey 
area (x 
100 m²) 

Linne Losgunn EF LLOEF 1.09 0.5 5.5 

  Linne EM LLEM 2.37 2.3 54.5 

Coille-Bharr Barnluasgan  EF CBBEF 0.17 1.1 1.9 

 
Loch Coille-Bharr AF CBAF 0.02 1.5 0.3 

  Coille-Bharr EM CBEM 1.72 2.8 48.2 

Creagmhor Creagmhor / Buic EM CMEM 1.13 2 22.6 

    Total   6.5   132.9 

 

 

Figure 2.2.2 Redd count survey area 2012 
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3 RESULTS 

3.1 Electrofishing survey 

 
The results of electrofishing sampling of salmonid fish in each catchment surveyed are 
presented here. Results for non-salmonid fish species are given separately below.  

3.1.1 Salmonid fish 

 
Brown trout were found in all of the 16 electrofishing surveys conducted in October 2012. Fry 
(young of the year) were found at all sites with the exception of site 25 and parr (fish older 
than one year) were found at 10 sites.  Atlantic salmon were not present at any of the sites 
surveyed. Estimates of trout abundance found are given as the number of fish per 100 m² of 
wetted stream bed (Table 3.1.1), classification (Figures 3.1.1 and 3.1.2) and length 
frequency (Table 3.1.2).   
 

Table 3.1.1 Electrofishing survey results for brown trout (no. of fish per 100 m²) 

Site Trout fry 
 

Trout parr 
 

No. 
Min. 
Est.  

Est. 
95 % 

C.L (+/-) 
Class 

Min. 
Est.  

Est. 
95 % 

C.L (+/-) 
Class  

4 19.2 
  

D  0 
 

  F 

4a 10.5 
  

D 0 
 

  F 

4b 21.5 35.9 8.3 D 6.1 9.4 2.2 C 

9 61.7 113.5 30.5 A 3.3     D 

9a 62.9 97.8 24.0 A 15.7 16.16 2.9 A 

9b 47.2     B 10.3     B 

14 7.9 
  

E 0 
 

  F 

14a 7.9 10.6 3.95 D 5.9 
 

  C 

14b 11.3 13.2 1.8 D 0 
 

  F 

16a 38.5     C 16.5     A 

17 54.0 70.1 6.7 B 2.3 4.5 7.8 E 

17a 69.2 
  

B 11.3 
 

  B 

17b 67.2 95.4 5.4 A 4.8 
 

  D 

24 10.1 
  

D 0 
  

F 

24a 2.3 
  

E 0 
  

F 

25 9.9 16.5 11.6 D 19.8 24.7 4.3 A 

Mean 30.71      5.94     
  

 
Minimum estimates of trout fry abundance ranged from 2.3 to 62.9 fry per 100 m² of stream 
sampled.  The abundance of trout fry were relatively low (class D and E) at all three sites in 
the Loch Fidhle inflow (sites 4, 4a and 4b), Coille-Bharr inflow (sites 14, 14a and 14b) and 
Lochan Buic outflow (sites 24, 24a and 25). More moderate numbers of fry (Class C) were 
found at the inflow site on Loch Coille-Bharr (site 16a). Higher abundance (Classes A and B) 
of fry were found at the Loch Linne outflow (sites 9, 9a and 9b) and Loch Coille-Bharr 
outflow (sites 17, 17a and 17b).   
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Minimum estimates of parr abundance ranged from 2.3 to 16.5 parr per 100 m² of stream 
sampled.  When compared to fry, densities of trout parr were more varied between sites in 
each cluster surveyed, with relatively low abundance (classes D and E) found at four of the 
ten sites where parr were found. More moderate abundance (Class C) was found at two 
sites (4b and 14a) and higher abundance (classes A and B) at five sites.  

 
The mean length of the 393 trout fry sampled ranged from 56 mm (at site 17a) and 86 mm 
(at site 24a). A total of 29 one-year-old trout parr (1+) were sampled at nine sites with the 
mean length ranging from 92 mm at site 16a to 113 mm at site 9b. Six older parr were found 
at three sites with mean lengths ranging from 151 to 161 mm.     
 

Table 3.1.2 Frequency and length (mm) of brown trout at different age categories (yrs+)  

Site Trout fry Trout parr (1+) Trout parr (2++) 

No. No. Mean 
Rang

e 
No. Mean Range No. Mean Range 

4 5 73 67-86 0 
 

  0 
  4a 3 69 64-80 0 

 
  0 

  4b 11 80 71-90 2 100   1 161 
 9 83 64 49-82 3 94 90-101 0     

9a 38 67 41-86 7 97 90-103 0 
  9b 23 58 40-86 1 113   4 160.3 150-180 

14 5 78 74-81 0 
 

  0 
  14a 5 70 64-77 3 95 91-103 0 
  14b 7 84 

 
0 

 
  0 

  16a 7 73 63-83 3 92 90-97 0     

17 59 65 43-85 3 96 90-103 0 
  17a 85 56 43-77 5 89 84-101 0 
  17b 58 61 44-87 2 98 95-102 1 151 

 25 0     0     0     

24a 1 86 
 

0 
 

  0 
  24 3 74 70-78 0 

 
  0 

  Ttl. / Avg. 393 70.5   29 97.1   6 157.4   

 

  



 

 10 

 
Figure 3.1.1 Classification of trout fry abundance  

 
  














































