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1. Introduction and methods 
 
 
Juvenile fish surveys are one of the most important sources of information on which 
to base management decisions on salmonid populations. They are often the only 
meaningful way of establishing the level of juvenile production and any impact of 
fishing or other activities on the population. 
 
The most effective way to survey juvenile salmon is by electrofishing. The fish mainly 
live in fast flowing stony streams in which they cannot readily be observed or caught 
by any other means. 
 
The results of electofishing can be expressed in different ways to make them 
comparable over time or between rivers. Typical methods include the number of fish 
caught over a given area of river bed or the number caught during a period of fishing 
time etc. The choice of method used is often dependent on local characteristics of 
the stream or river and the specific questions being asked. 
 
Whatever method of expressing abundance is chosen, a major problem with all such 
surveys is establishing how the results compare with what ought to be expected if 
the population was in ideal health. This is particularly challenging because each river 
and indeed, each reach, ƛƴ ŀ ǊƛǾŜǊ Ƙŀǎ ƛǘǎ ƻǿƴ ǳƴƛǉǳŜ άŎŀǊǊȅƛƴƎ ŎŀǇŀŎƛǘȅέ ŘŜǇŜƴŘƛƴƎ 
on a wide range of local factors. 
 
One way around this problem is to monitor particular sites over a long period, which 
will at least indicate whether the population appears to be rising, falling or stable. 
 
Compared to some other fishery districts, we have not had a very extensive 
electrofishing programme. However, a number of sites in key tributaries have been 
fished consistently, using the same methods, for in some cases, in excess of 10 years. 
These datasets are now beginning to reveal interesting patterns which appear to 
show how the juvenile salmon population is regulated.  
 
This report presents the findings of these surveys up until 2009. 
 
The method of electrofishing chosen for all the sites described in this report has 
been to electrofish over a defined area of stream bed and to express the results as 
the number of fish per unit area (square metre).  
 
As electrofishing is never 100% effective at catching all the fish present, the usual 
method used to establish what proportion of the true population is caught is to 
repeatedly fish an area several times, removing more and more of the fish 
population with each pass. The rate of decline in catch with each successive sweep 
allows the true population size and level of precision to be estimated with a 
mathematical model. This is known as the Removal Method. 
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However, in almost all of the sites described, only one removal pass was conducted. 
This was done to save time (multiple passes are time consuming) and increase the 
number of sites that could be done. This means that most of the density estimates 
produced are only minimum estimates and will be less than the true population. In 
instances where multiple fishings have been undertaken it is usual for more than 
50% of the total population estimate to be taken in the first pass (see Figures 11.1 & 
11.2 for examples), but the exact proportion will differ depending on site 
characteristics, flow etc. 
 
At all sites, the procedure has been to fish exactly the same bit of river each year, 
using exactly the same methods, and in most cases this was done by the same 
operator. The results should, therefore, be an indicator of relative abundance, at 
least within sites if not between sites. 
 
As most of salmon in the Tay are produced in larger tributaries or even the main 
stem of the river a different approach to electrofishing has been adopted compared 
to what is the norm in small streams. In streams wider than 10 metres, the approach 
haǎ ōŜŜƴ ǘƻ ŦƛǎƘ ŀ оƳ ǿƛŘŜ ǎǘǊƛǇ όǘƘŜ ǿƛŘǘƘ ƻŦ ƻƴŜ άǎǿŜŜǇέ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻŘŜ ƘŜƭŘ ŀǘ 
ŀǊƳΩǎ ƭŜƴƎǘƘύ ŀŎǊƻǎǎ ǘƘŜ river from bank to bank, where depths allow. As some of the 
sites are over 30m wide, it would be impossible to fish a defined length of reach in 
the normal way. Stop nets were not used as they would be totally impractical in such 
situations. However, in narrower streams a set length of stream, say 20m long was 
fished. 
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2. Errochty Water 
 
 
The Errochty Water is a spring salmon tributary which joins the River Garry at Struan, 
near the House of Bruar. This stream has a maintained flow from Errochty Dam. Two 
sites have been electrofished for some years. The locations of these are shown in 
Figure 2.1. 
 
Figure 2.1: Locations of electrofishing sites in the Errochty Water. 1- Forestry Bridge. 
2 ς Bochonie. 
 

 
 
 
2.1 Errochty - Bochonie 
 
Figure 2.2: Electrofishing site at Bochonie, Errochty Water 
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This site has been fished each autumn since 2000, with the exception of 2003. The 
site is situated immediately downstream of a good spawning area, which is perhaps 
reflected in the dominance of fry at this site (Figure 2.3). The most obvious feature of 
the data is that the density of fry was lower after 2003 than it was in the three years 
before, with the exception of 2006.  
 
Figure 2.3: Densities of juvenile salmon caught at the Bochonie site on the Errochty 
Water according to age class1, 2000 ς 2009. Note: the site was not fished in 2003. 
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It is not possible to say for certain why fry numbers declined after 2003, but several 
factors may be pertinent. The autumn of 2003 was very dry and relatively few fish 
are thought to have spawned in the Errochty in that year. This may have contributed 
to lower numbers in 2004.  
 
In 2003 TDSFB set up a new salmon hatchery. Every year since 2004 broodstock have 
been taken from this part of the Errochty and the eggs have then been stocked out 
further upstream closer to Errochty Dam where there are considered to be poorer 
spawning opportunities. It may be that the removal of potential spawners in this part 
of the Errochty has resulted in reduced local fry densities. 
 
Although fry numbers have declined, the average density of 1+ parr has not fallen. 
This implies that the survival between the first and second autumns of life has 
increased, which would mean that the theory behind the stocking policy (i.e. that 
relocating eggs from densely populated areas to areas with little spawning potential 
may increase the overall survival rate) is correct, unless, for example, parr numbers 
have decreased further downstream. Furthermore, the fact that the relocation of a 
significant part of the spawning population does not appear to reduce parr numbers 
suggests that current levels of spawning may be more than adequate. Nevertheless 

                                                 
1
 The convention used here is to describe the young-of-ǘƘŜ ȅŜŀǊ άŦǊȅέ ŀǎ ŀƎŜ ά0+έ, one year 

old parr ŀǎ άмҌέ ŀƴŘ ǘǿƻ ȅŜŀǊ ƻƭŘ ǇŀǊǊ ŀǎ άнҌέΦ 
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it must be a concern if broodstock removal has reduced fry densities, as some 
potential to do damage may exist.  
 
The average lengths of the fish indicate that a large proportion of the smolts from 
this site are likely to be 3 year olds2 (Figure 2.4) although growth rates in some years 
(e.g. parr in 2005) suggest some years may produce more 2 year olds. 
 
Another effect which can help indicate whether or not a stream is adequately 
stocked is whether the 1+ parr density is related to the density of fry in the previous 
year. There were some years where this appears to be the case ς e.g. a poor fry 
density in 2004 produced a low parr density in 2005 and a high fry density in 2006 
resulted in a high parr density in 2007. However, there were other years when the 
opposite occurred. There is therefore no statistical relationship between 0+ densities 
and 1+ densities in the following year. 
 
The densities of 2+ pre-smolting parr are low at this site, perhaps reflecting the 
nature of the habitat (depth and size of substrate) which may be more suitable for 
smaller fish.  
 
Looking more widely, this site has had, on average, one of the highest densities of 
both 0+ fry and 1+ parr of all sites fished within the district (Figures 11.1 & 11.2), 
although growth rates are in the lower part of the range (Figures 11.3 & 11.4). 
 
Figure 2.4: Mean lengths of juvenile salmon caught at the Bochonie site, Errochty 
Water, according to age class, 2000 -2009. 
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2
  The approximate rule of thumb as to whether a fish is likely to smolt the following spring is 

if it is longer than about 90mm in the autumn ς although this does not hold true 
everywhere. 
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2.2 Errochty - Forestry Bridge 
 
Figure 2.5: Electrofishing site at Forestry Bridge, Errochty Water 
 

 
 
This site has only been fished since 2004. There has been some variation in densities 
between years but there was no trend in either fry or parr densities during this 
period (Figure 2.6). As at Bochonie, it is not obvious that there is any relationship 
between fry numbers and parr numbers in the following year. For example, low 
numbers of fry in 2004 and high numbers of fry in 2006 both translated into 
relatively high densities of parr. 
 
Despite the fact that growth rates indicate that most fish are likely to smolt as three 
year olds (Figure 2.7), the relatively low densities of 2+ parr are again likely to reflect 
the depth of the site (Figure 2.5) which is shallower than most of the Errochty, which 
is generally too deep to electrofish well on account of the good compensation flow. 
 
Figure 2.6: Juvenile salmon densities, according to age class, Forestry Bridge, 
Errochty Water 
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However, there is some apparent variability in the growth rate of 1+ parr. There is an 
indication that a slower growth rate of 1+ parr occurs in years with a higher 1+ 
density and vice versa (Figure 2.8). This was tested, but no statistically significant 
correlation was found, but only just so (P=0.06)3. This may change in future as the 
series increases in length. 
 
Figure 2.7: Mean lengths of juvenile salmon according to age class, Forestry Bridge, 
Errochty Water. 
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Figure 2.8: Plot of densities of fish versus their mean weight, according to year class, 
Forestry Bridge, Errochty Water. 
 

 

                                                 
3
 ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǎǘŀǘƛǎǘƛŎŀƭ ǘŜǎǘǎ ŀǊŜ ƴƻǊƳŀƭƭȅ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ άǎƛƎƴƛŦƛŎŀƴǘέ ƛŦ ǘƘŜ ǇǊƻōŀōƛƭƛǘȅ 

of an effect not occurring is less than 0.05 (5%). 
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This site had, on average, the highest density of 1+ parr of all sites fished in the 
district (Figure 11.2), although their growth rate was one of the lowest (Figure 11.4). 
 
2.3 Comparisons between Errochty sites 
 
There is a significant statistical correlation between the density of fry found at 
Bochonie and that found at the Forestry Bridge (P=0.021). There was no statitistically 
significant correlation for 1+ parr densities between the sites, but only just so 
(P=0.069). Bearing in mind the relatively short length of the joint dataset, these 
findings indicate that annual variations in densities at these two sites may be caused 
by common factors operating at some significant scale within the stream. This means 
that the results from these sites are likely to be representative of the Errochty as a 
whole rather than just at the short length of the electrofishing site. 
 
In summary, the Errochty appears to have a dense population of slow growing 
juvenile salmon. 
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3. River Gaur 
 
 
The River Gaur is the main tributary at the west end of Loch Rannoch, the extreme 
end of the River Tummel system. In order to reach this area, salmon have to pass 
Pitlochry Dam, Clunie Dam, Dunalastair Dam, Rannoch Weir and Gaur Dam and 
negotiate several large lochs. Few naturally spawned salmon were present in this 
area in the 1980s, reflecting very low numbers of salmon which were counted 
passing through Clunie Dam into Loch Tummel at that time. However, possibly as a 
result of improvements in fish passage at Clunie and Pitlochry dams in the 1980s, 
numbers of adult salmon ascending Clunie Dam increased three-fold in the 1990s. A 
survey in 2000 indicated that salmon were then reaching Gaur Dam. However, there 
were concerns that salmon might not be able to progress further. Scottish & 
Southern Energy (SSE) made a significant investment to upgrade the fish passage 
facilities. Final improvements were made as part of the Conservation of the Atlantic 
Salmon in Scotland (CASS) EU LIFE project in 2006. 
 
In order to assess the success of these improvements TDSFB undertook to perform 
annual monitoring of this area from 2006 onwards. 
 
This section reports the results for three sites. One is immediately below Gaur Dam 
and has been fished intermittently since 2000 and the others are in the upper Gaur 
and the Eigheach Burn. They have only been fished since 2006 (Figure 3.1). 
 
Figure 3.1: Location Map of electrofishing sites on the River Gaur. 1 ς Upper River 
Gaur, 2 ς Eigheach, 3 ς below Gaur Dam. Locations of dams shown in red. 
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3.1 Below Gaur Power Station 
 
Figure 3.2: Lower Gaur electrofishing site 
 

 
 
This site is situated 500m downstream of Gaur Dam. It was fished in 2000, 2002, 
2004 and annually since 2006. The densities of salmon fry and parr have never been 
high compared to similar habitat elsewhere (Figures 3.3, 11.1 & 11.2). In fact fry 
were absent in 2002 and scarcely present in 2008. While this site has not been fished 
every year since 2000, it can be concluded that salmon must have spawned in the 
Gaur each autumn from 1998 to 2008 with the possible exceptions of 2001 and 
2002. 
 
Although 2009 had the highest fry density, the data do not suggest any trend in the 
last ten years. This is clearly a population on the margins of existence. However, 
given the environment, the growth of both fry and parr have consistently been 
extremely high (Figures 3.3, 11.3 & 11.4). This is likely to be a reflection of low 
density and lack of competition.  
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Figure 3.3: Density of juvenile salmon at the lower Gaur site according to age class. 
NF - means not fished. 
 

 
 
 
Figure 3.4: Mean length of juvenile salmon according to age class, lower Gaur site. 
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3.2 Upper Gaur site 
 
This site is immediately downstream of the railway viaduct over the River Gaur. It 
has never proved possible to fish the full width of the river. Consequently the area 
fished is a shallower bouldery strip along the north bank of the river. The same area 
has been fished each year. However, as the site is not representative of the full 
profile of depths across the channel, the densities obtained cannot be extrapolated 
to the full width of the river.  
 
Figure 3.5: Upper Gaur electrofishing site 
 

 
 
As previously described, salmon access to this area was difficult formerly. It is likely 
that few if any salmon could have successfully negotiated Gaur Dam before the 
recent improvement works. It is not known whether any salmon spawned in this 
area in the years prior to 2004, but it is clear that some salmon must have spawned 
successfully in 2004, 2005, 2007 (to a very limited extent) and 2008 (Figure 3.6). No 
salmon appear to have spawned in 2006 although some salmon must at least have 
reached Gaur Dam in that year (Figure 3.3). As was the case at the lower site, very 
few fry were found in 2008, but 2009 had the highest densities of fry yet found at 
both sites. 
 
As at the lower site, the growth rates of salmon at this site were also very high 
compared to other sites (Figures 11.3 & 11.4), again presumably reflecting low 
density. 
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Figure 3.6: Densities of juvenile salmon at the upper River Gaur site according to age 
class 
 

 
 
 
3.3 Allt Eigheach 
 
Figure 3.7: The Allt Eigheach electrofishing site 
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The Allt Eigheach has an even more marginal population than the upper Gaur. No 
salmon fry were present in 2006 or 2007, although the presence of parr in 2006 
showed there must have been some successful spawning in 2004 (Figure 3.8). As at 
the other two Gaur sites, there was again a very low density of fry in 2008 but a 
much higher fry density in 2009. However, it must be appreciated that even the 2009 
density would be considered low in the context of all of the Tay district sites (see 
Figure 11.1). 
 
Growth rates of juvenile salmon were also relatively high at this site (Figures 11.3 & 
11.4), again probably as a result of low densities, though not as high as in the River 
Gaur. 
 
Figure 3.8: Densities of juvenile salmon found in the Allt Eigheach according to age 
class, 2006 ς 2009. 
 

 
 
3.4 Conclusions on the Gaur area 
 
It is encouraging that some adult salmon do now appear to reach Gaur Dam in 
almost every year and increasingly appear to access the area upstream. Juvenile 
salmon have also been caught in Loch Laidon by Marine Scotland Science staff in 
recent years but surveys conducted in 2006, 2007 and 2008 by TDSFB in the River Ba, 
upstream of Loch Laidon, failed to find any salmon. It is perhaps not surprising that 
the numbers of salmon ascending Gaur Dam are still small. The journey these adults 
and the descending smolts have to make is likely to be a difficult one and at a time of 
low marine survival it may be questionable whether a really dense juvenile 
population can be sustainable at this location. Nevertheless the fact there are 
salmon there, with no help from artificial propagation, shows just how resilient the 
salmon really is. 
 
Furthermore, the fact that the salmon which are there grow very quickly suggests 
that this river would have the capability to sustain much densities of juvenile salmon, 
assuming sufficient adults got there. 
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4. River Lyon 
 
 
Three sites were fished on the upper River Lyon in 2009 which have been fished 
consistently for approximately 10 years. Their locations are shown in Figure 4.1. 
 
Figure 4.1: Locations of electrofishing sites on the upper River Lyon. 1 ς Stronuich 
Ford, 2 ς Kenknock, 3 ς Meggernie Ford. 
 

 
 
 
4.1 Lyon - Meggernie Ford 
 
This site is on a good spawning ford near Meggernie Castle (Figure 4.2). It has always 
yielded good numbers of fry (Figure 4.3). However, fry and parr densities do vary 
from year to year although there is no systematic trend in the data. Parr numbers 
were a little lower in 2009, but 2009 was the best fry year for some time. On 
average, this site has one of the highest densities of salmon fry and 1+ parr of all 
sites in the district (Figures 11.1 & 11.2). 
 
Figure 4.2: Electrofishing site at Meggernie Ford 
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Figure 4.3: Densities of juvenile salmon at the Meggernie Ford site, 1999 ς 2003. 
Note: site was not fished in 2003 or 2005. 
 

 
 
The mean lengths of fry and one year old parr are shown in Figure 4.4. These 
indicate that most fish will not smolt until three years old. In fact, the average 
growth rate at this site is the lowest of any site in the district (Figures 11.3 & 11.4). 
Therefore, although there may be a relatively high density of 1+ parr, this site need 
not be as productive of smolts as many sites which have lower 1+ parr densities but 
produce two year old smolts. 
 
Figure 4.4: Mean lengths of salmon fry and one year old parr at Meggernie Ford 
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4.2 Lyon - Kenknock 
 
The next site, at Kenknock, is 4.8km upstream of the Meggernie site. It is a cobble / 
boulder area which is more suited to salmon parr than fry (unfortunately no site 
photograph is available). Consequently, fry densities have always been much lower 
than at Meggernie and generally not that much higher than the parr density (Figure 
4.5). No long term trend is apparent in the density of fry or parr at this site. The 
density found in 2009 compared favourably with the preceding ten years. 
 
Figure 4.5: Densities of juvenile salmon at the Kenknock site, 1999 ς 2009. 
 

 
 
 
While, in some years, a good fry density translated into a good parr density in the 
following year (a good example being 2005 Ą 2006) the opposite also occurred, e.g. 
2006 Ą 2007. There is, therefore, no correlation between fry and 1+ parr densities 
in the following year, nor is there evidence of high parr densities suppressing fry (see 
section 4.3). 
 
As at Meggernie, the growth rates of fry and parr are low (Figures 11.3 & 11.4) and 
typical of fish which are going to smolt as 3 year olds (Figure 4.6). There is no 
significant difference between the mean lengths of fry or one year old parr at this 
site and those at Meggernie (paired t test) ς i.e. growth rates at both sites were the 
same. There were no significant correlations between densities and growth rates for 
any age class of fish. Although it was the case that smaller 1+ parr in 2006 coincided 
with a high parr density, a high 1+ parr density in 2001 coincided with the highest 
growth rate in the series. This suggests that growth rates in Lyon are not only the 
result of changing densities but also perhaps varying environmental conditions. 
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Figure 4.6: Mean lengths of fry and one year old parr caught at the Kenknock site. 
 

 
 
 
4.3 Lyon - Stronuich Ford 
 
The final site on the Lyon is situated approximately 1.3km upstream of Kenknock on 
a relatively shallow ford, 750m downstream from Stronuich Dam. This area is one of 
the few places between Stronuich Dam and Kenknock where salmon are likely to 
spawn. Indeed, some of the juveniles at Kenknock may perhaps originate in this area. 
At this site, the juvenile population is usually dominated by fry (Figure 4.7). As at the 
other Lyon sites, the average density of fry and parr appears stable over this period. 
However, the densities of all ages were lower than at Meggernie, and consistently so 
(Figure 11.1 & 11.2). This may reflect the fact that this part of the Lyon is less 
productive of invertebrates, as was demonstrated by Jackson et al. (2006)4. 
 
Figure 4.7: Densities of juvenile salmon according to age class at Stronuich Ford. 
 

 

                                                 
4
 Jackson, H., Gibbins, C.N. and Soulsby, C. (2007) Role of discharge and temperature 

variation in determining invertebrate community structure in a regulated river. River 
Research and Applications. 23, 651-669. 
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Close inspection of Figure 4.7 reveals interesting effects. For example, a good year 
for fry in 2007 translated itself into the best ever density of 1+ in 2008 and in turn 
the best ever density of 2+ in 2009. However, when all the years are considered, 
there is no correlation between fry densities and 1+ parr densities in the following 
year. This is because there were other years when the opposite effect seemed to 
occur. 
 
If there had been a relationship between fry density and the 1+ parr density in the 
following year it might have been an indication that the riveǊ ƛǎ άǳƴŘŜǊǎǘƻŎƪŜŘέ. That 
might mean that measures to increase fry production (e.g. by improving spawning 
habitat or increasing the number of eggs deposited, either by catch and release or 
hatchery) might ultimately increase smolt production. 
 
However, the data also show there were years when a higher density of parr (all ages 
combined) coincided with low densities of fry and vice versa (Figure 4.7). For 
example, 2004 and 2007 were good fry years but were poor for parr. There is no 
significant inverse correlation between the density of fry and the density of 1+ parr, 
but only just so (P=0.07). Perhaps this may become significant with more years of 
data. Similarly, there is an almost significant inverse correlation between the density 
of parr and the mean weight of fry in the same year (P=0.069). Thus, it may be that 
when parr numbers are high, fry are suppressed both in number and growth, which 
has been found elsewhere. If this is the case, then the relatively low density of parr 
in 2007 could have led to an increased survival of fry in that year and that in turn led 
to more 1+ parr in 2008 and more 2+ parr in 2009. Fry numbers may in turn have 
been suppressed in 2008, the year in which fry growth was lowest (Figure 4.8).  
 
It is perhaps advisable not to read too much into these relationships, especially with 
a relatively short run of data. However, they do illustrate the complex interactions 
which can occur between fish of different year classes which can, in turn, cause 
variation in fish densities, smolt production and ultimately adult salmon runs. 
 
Figure 4.8: Comparison between the mean body weight of fry (grams) and the 
density of 1+ parr (number per square metre). Note: to make scales comparable, the 
parr density has been multiplied by 10 times. 
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5. River Lochay 
 
 
The River Lochay was formerly inaccessible to adult salmon, but around 1960, the 
Hydro Board opened up the river by installing several fish passes on impassable or 
partially passable falls. A fish counter was installed at Lochay Falls (Figure 5.2) in the 
lower part of the river, but it has been apparent for years that the number of adult 
salmon counted is small and may not be commensurate with the potential of the 
river (Figure 5.1). 
 
Figure 5.1: Annual counts of salmon at Lochay Falls, 1960 ς 2009. Data provided 
courtesy of Scottish & Southern Energy. 
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Some electrofishing surveys were conducted by the Board in the 1990s and these 
indicated that salmon production upstream of the uppermost of the bypassed falls, 
Kenknock Falls (Figure 5.2), was very low. In 2001 the Board fished two sites 
upstream of these falls, one just above the falls at Kenknock (Figures 5.2 & 5.6), and 
another 4km upstream at Badour (Figures 5.2 & 5.4).  
 
Figure 5.2: Locations of electrofishing sites on the River Lochay. 1 ς Batavaime, 2 ς 
Badour, 3 ς Island and 4 ς Kenknock. The red line shows the Kenknock Falls. 
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Figure 5.3: Batavaime electrofishing site 
 

 
 
Figure 5.4: Badour electrofishing site 
 

 
 
Figure 5.5: Island electrofishing site 
 

 


