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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 salntbpopulatiors. They are often the only
meaningful way of establishing the levell juvenile production andany impact of
fishingor other activities on the population.

The most effective way to survey juvenile salmon is by electrofishing. The fish mainly
live infast flowingstonystreams in which they cannot readily be obsenaedaught
by any other means.

The results of electofishingan 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 caulgiinga 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 choaemajor poblem with all such

surveys is esiblishing how the results compare with whatight to be expected if

the population was in ideal health. This is particularly challenging because each river
and indeedeachreachAy I NAGSNJ KIFa AdG&a 26y dzy Al dzS
on a wide rangef 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 districtsve have not had a vergxtensive
electrofishing programme. However, a number of sites in key tributaries have been
fished consistently, using the same methods, for in some casegcess of 10 years
These datasets are now beginning to reveal interesting patterns which appear
show how the juvenile salmon population is regulated.

This report presents the findings of these survap until 2009.

The methodof electrofishingchosen for all the siteslescribedin this report has
been to electrofish over a defined are& stream bed and to express the results as
the number of fish per unit aregsquare metre)

As electrofishing is never 100% effective at catching all the fish pregentsual
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 modelThis is known as the Removal Method.



However, in almost all of the sites descrihedly 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 timats of the densityestimates
produced are only minimum estimates and will lesdthan the true population In
instances where multiple fishingsave beenundertaken it is usual for more than
50% of the total population estimate to be taken in the first pgsese Figures 11.1 &
11.2 for examples) but the exact proportion will differ depending on site
characteristics, flow etc.

At all sitesthe procedure has been to fish exactly the sahieof river eachyear,
using exactly the same methagdand in most caes thiswas done by the same
operator. The results shouldherefore, 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 aifferent approach to electrofishing has been adopted compared

to what is the norm in small streams. In streams wider than 10 metihesapproach

hada 0SSy (G2 FTAAK | oY 6ARS &a0NRLI 0GKS 6ARGK
F NY Q& f Sy 3 iivirdrom bk baik, ihkr& depths allow. As some of the

sites are over 30m widet would be impossible to fish a defined length of reach in

the normal way. Stop nets were not used as they would be totally impraaticaich
situations.However, in naower streams a set length of stream, say 20m lorag w

fished.



2. Errochty Water

The Errochty Water is a spring salmon tributastyichjoins the River Garry at Struan,
near the House of Bruafhis stream has a maintained flovom Errochty DamTwo
siteshave been electrofished for some year§he locationof theseare shown in
Figure2.1.

Figure 2.1Locations of electrofishing sites in the Errochty Watei-drestry Bridge.
2 ¢ Bochonie.

2.1 Errochty- Bochonie

Figue 2.2 Electrofishing site at Bochonie, Errochty Water




This site has been fished each autumn since 2000, with the exception of PO€3.
site is situated immediately downstream of a good spawning area, which is perhaps
reflected in the dominancef fry at this site (Figure 2)3The most obvious feature of

the data is that the density of fryyaslower after 2003 than it was in the three years
before, withthe exception of 2006

Figure 2.3 Densities of juvenile salmon caught at the Bochonie sitéhe Errochty
Water according to age clds£000¢ 2009.Note: the site was not fished in 2003.
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It is not possible to say for certain why fry numbers decliaédr 2003 but several
factors may be pertinent. The autumn of 2003 was very dry andivelg 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 hatcl@argry yeariace 2004 broodstock have
been takenfrom this part of the Errochty anthe eggshave ten beenstockedout
further upstream closer tdrrochtyDam where thereare considered to be poorer
spawning opportunitieslt may be that the removaif potential spawners in this part
of the Errochty has resulted in reduckxtalfry densties.

Although fry numbers have declined, tlaveragedensity of 1+ parr has ndallen.
Thisimplies that the survival between the first and second autusnof life has
increased, which would mean that thteeory behindthe stocking policyi.e. that
relocating eggs from densely populated areas to areas with little spawning potential
may increase the overall survival raig)orrect, unless for example parr numbers
have decreased further downstrearfrurthermore the fact that the réocationof a
signiicant part of the spawning population does not appear to reduce parr numbers
suggestghat current levels of spawningnay bemore than adequateNevertheless

! The convention used here is to describe the yoofig KS & S| NJ 60+ dfiB gear & | 3 S
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it must bea concernif broodstock removahas reduced fry densities as some
potential to do damge may exist.

Theaveragelengthsof the fish indicate that a large proportion tie smolts from
this siteare likely tobe 3 year oldé (Figure 24) althoughgrowth rates in some years
(e.g. parr in 20053uggest some yeamay produce more 2 year olds

Another effect whichcan help indicate whetheror not a stream is adequately
stockedis whether the 1+ parr density is related to the density of fry in tpeevious
year. There were some years where this appears to be the case.a poor fry
densityin 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 relationsf@pween 0+ desities

and 1+ destties inthe following year

The densities of 2+ premolting 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, orermge, one of the highest densities of
both O+ 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 caugit the Bochonie site, Errochty
Water, according to age class, 20@009.
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2 The approximate rule of thumb as to whether a fish is likely to sthelfollowing spring is
if it is longer than about 90mm in the autungralthough this does not hold true
everywhere.



2.2 Errochty- Forestry Bridge

Figure 2.5Electrofishing site at Forestry Bridge, Errochty Water

This site has only been fished sirk@04 There has been some variation densities
between years but theravas no trend in either fry or parr densitiesluring this
period (Figure 26). As at Bochonie, it is naibvious that there is any relationship
between fry numbers and parr numbeis the following year For examplelow
numbers of fry in 2004 and high numbersof fry in 2006 both translated into
relativelyhighdensiiesof parr.

Despite the fact that growth rates indicate that most fish are likely to smolt as three
year olds (Figure 2), the relatively low densitiesf@+ parr are again likely to reflect
the depth of the sitgFigure 2.5) which shallowerthan most of the Errochtywhich

is generally too deep to electrofish well on account of the good compensation flow.

Figure 2.6 Juvenile salmon densities, accorgito age class, Forestry Bridge,
Errochty Water

1.2 -

oo+
o1+
W2+

£

o 08 1

=

2

< 06 - —

o

2

E 04 -

P4

0.2 - |
0 T T T T T
2004 2005 2006 2007 2008 2009




However, hereis some apparent variability in the growth rate of 1+ pdirere is an
indication that a slower growth rate of 1+ parr occursn years witha higher 1+
density and vice verséFigure 2). This was testedobut no statistically significant
correlationwas found but only just so (P=0.06)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,
Errochy Water.
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Figure 2.8Plot of densities of fish versus their mean weight, according to year class,
Forestry Bridge, Errochty Water
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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), althah their growth rate was one of the lowest (Figure 11.4).

2.3 Comparisons between Errochty sites

There is a significanstatistical correlation between the density of fry found at
Bochonie and that found at the Forestry Bridge=0.021) There was no staistically
significant correlation for 1+ parr densities between the sites, but only fast
(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 sitag ke caused

by common factors operatingt some significant scale within the streaihis meas

that the results from these sites alléely to be representative of the Errochty as a
wholerather 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.



3. River Gaur

The River Gaur is the main tributarytae west end of Loch Rannoch, the extreme
end of the River Tummel system. Inder to reach this argasalmon have to pass
Pitlochry Dam, Clunie Dam, Dunalastair Dam, Rannoch Weir and Gauaridlam
negotiate wverallarge lochsFew naturally spawned salmon were present in this
area in the 1980s reflecting very low numbers of salmomhich were counted
passing through Clunie Dam into Loch Tumatahat time. However, possipglas a
result of improvementsn fish passage at Clunie and Pitlochry dams in the 1,980s
numbers of adult salmon ascendintu@ie Dam increased thre®ld in the 1990s.A
surveyin 2000 indicated that salmon wetben reaching Gaur DaniHowever, here
were concernsthat salmon might not beable to progress further Sottish &
Southern Energy &8 made a significant investemt to upgrade thefish passage
facilities.Final improvementsvere made as part of theddservation of the Atlantic
Salmon in Scotland (CASS)LHEE 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 resulfsr three sites. One isnmediatelybelow Gaur Dam
and has been fished intermittently since 2000 ahd others ae in the upper Gaur
andthe EigreachBurn Theyhave only beeriished since 2006 (FiguBel).

Figure 3.1 Location Map of electrofishing sites on the River Gaur.Upper River
Gaur, 2 Eigheach, & below Gaur Dam. Locations of dams shown in red.
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3.1 Below Gaur Power Station

Figure 3.2Lower Gaur electrofishing site

This site is situate®00m downstream of Gaur Danit 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 (Figsi@3, 11.1 & 11.2). In fact yir

were absent in 2002 and scarcely presa 2008.While this site has not been fished
every year since 200@ can beconcludel that salmon must have spawned in the
Gaur each autumn from 1998 to 2008 with tipessibleexceptiors of 2001 and

2002.

Although 2009 had thaighestfry density, thke data do not suggest any trend in the
last ten years. Thigs clearly a population on the margins of existené®wever,
given the environment, the growth of both fry and parr have consistently been
extremely high (Figure 3.3, 11.3 & 11.4 Thisis 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.

0.25 1

0.2 1
E Qo+
7 1+
§ 015 1
[
i
2
L=
5 0.1
]
E
]
=

0.05

NF I MNF MNF
0 A T T T T T T J_\

2000 2001 Z002 2003 2004 2005 2006 2007 2008 20049

Figure 3.4Mean length of juvenile salmon according to age clasgetdGaur site.
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3.2UpperGaursite

This site is immediately downstream of the railway viaduct over the River Gaur. It
has never proved possible fesh the full width of the riverConsequently the area
fished isa shallower bouldey strip alang the north bank of the river. The saraeea

has been fished each year. Howevas the site is not representative of the full
profile of depths across the channéhe densities obtained cannot be extrapolated

to the full width of the river.

Figure 3.5Upper Gaur electrofishing site
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Aspreviously describedsalmon access to this area wadidiflt formerly. L is likely

that few if any salmorcould havesuccessfully negotiated Gaur Dam before the
recent improvement workslt is not known whether my salmon spawned in this
area in the years prior to 2008ut it is clear that some salmon must have spawned
successfully iR004, 2005,2007 (to a very limited extent) and 20QBigure 3). No
salmon appear to have spawned in 2006 although some salmast ab leasthave
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 2008ad the highest densities of fry yet fourat

both sites

As at the lower site, the growth rates of salmon at thi® svere also very high
compared to other sites (Figures 11.3 & 11.4), again presumably reflecting low
density.

13



Figure 3.6 Densities of juvenile salmon at the upper River Gaur site according to age
class
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3.3Allt Eidheach

Figure 3.7 The AlltEigheach electrofishing site
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The Allt Eigheachasan 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 theremust have been@mne successful spawning in 2004g(ffe 38). 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 200#1oweverjt must be appreciated that even ¢2009
density would be considered low in the context al of the Tay districkites (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 the Allt Eigheach according to age
class, 200@ 2009.
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3.4 Conclusion®n the Gaur area

It is encouraging that some adult salmon do now appear to reach Gaur Dam in
almost every year and increasingippear v access the area upstreanduvenile
salmon havealso been caught in Loch Laidon by Marine Scotland Science staff in
recent years but surveys conducted2006, 2007 and 2008/ TDSFB in the River,Ba
upstream of Loch Laidomailed to find any salmont 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 survivalit may be questionable whether a really dense juvenile
population can be sstainable at this location. Nevertheless the fact there are
salmon there, with no help from artificial propagaticshows just how resilient the
salmon really is.

Furthermore, the fact that the salmon which are there grow very quickly suggests

that this nver 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 208&h have been fished
consistently for approximately 10 yeai®er locations are shown in Figure 4.1.

Figure 4.1 Locations of electrofishing sites on the upper River Lyog.Stronuich
Ford, 2¢ Kenknock, & Meggernie Ford
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4.1Lyon- MeggernieFord

This site is ora good spawning ford near Meggernie Cagfigure 4.2)It has always
yielded good numbers of friFigure 43). However,fry and parr densitieslo vary

from year to yearalthough there is no systematic trend in the datBarr numbers

were a little lowerin 2009 but 2009was the best fry year foragne 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 4.2Electrofishing site at Meggernie Ford
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Figure 4.3:Densities of juvenile salmon at the Meggermierd site, 1999 2003.
Note: site was not fished in 2003 or 2005

Number per square metre

1.2

0.8

0.6

0.4

0.2

"

1999 2000

L

2001 2002

OO0+

— O1+

W2+

|

2003 2004 2005 2006

| L L

2007 2008 2009

The mean lengths of fry and one yeald parr are shown in Figure 4.4 hese
indicate that most fish will not smolt until three years old. fact, the average
growth rate at this s# 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 @ smolts.

Figure 4.4Mean lengths of salmon fry and one year old parr at Meggernie Ford
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4.2 Lyon- Kenknock

The next siteat Kenknockis 4.8kmupstreamof the Meggernie sitelt is a cobble /
boulder areawhich is more suited to salmon parr thdry (unfortunately no site
photograph is availableConsequentlyfry densitieshave alwaysbeen much lower
than at Meggernie angenerallynot that much higher than the parr density (Figure
45). No long term trendis apparent in the density of frgr par at this site.The
densityfoundin 2009comparal favouraby with the preceding ten years.

Figure 4.5Densities of juvenile salmon at the Kenknock site, 192009.
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While, in some yearsa good fry densitytranslated into a good parr densityin the
followingyear (a good example being 20852006) the opposite also occurred, e.g.
2006 A 2007. There igherefore, no correlation between fry and 1+ parr densities
in the following year, nor is therevidence of high parr densities suppressing fege(s
section 4.3).

As at Meggernigthe growth rates of fry and parr adew (Figures 11.3 & 11.4) and
typical of fish which are going to smolt as 3 year olds (Figg Zhereis no
significant difference between the mean lengths of fry or one year ald at this

site andthose atMeggernie (paired test) ¢ i.e. growth rates at both sites were the
same.There were no significant correlations betwedensitiesand growth rates for

any age class of fisilthough it was the case thamallerl+parr in 206 coincied

with a high parr densitya 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 ¢onslit

18



Figure 4.6 Mean lengths of fry and one year old parr caught at the Kenknock site.
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4.3 Lyon- Stronuich Ford

The finalsite on the Lyonis situated approximatelf.3kmupstream of Kenknock on
a relatively shallow ford750m downstream fom Stronuich Dam. This area is one of
the few placesbetween Stronuich Dam and Kenknogkere salmon are likely to
spawn. Indeedsome ofthe juveniles at Kenknock mgerhaps originaten this area.
At this site the juvenile population is usually domireat by fry (Figure %). Asat the
other Lyon sites, the averagkensityof fry and parr appears stable over this period.
However, the densieésof all agesvere bwer than at Meggernieand consistently so
(Figure 11.1 & 11.2)This may reflect the fact #t this part of the Lyon is less
productiveof invertebrates aswasdemonstrated by Jackscet al. (2006,

Figure 4.7 Densities of juvenile salmon according to age class at Stronuich Ford
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4 Jackson, H., Gibbins, C.N. and Soulsby, C. (2007) Role of discharge and temperature
variation in determining invertebrate community structure in a regulated riRéver
Research and Applicatiors3, 651669.
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Close inspection of Figure7dreveals interesting effectdzor examplea 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 yearca@msidered
there is no correlation between fry densities afd parr dengties in the following
year. This is becausthere were other years when the opposite effect seemed to

OocCcur.

If there had been a relationship between fry density and theparr density in the
following year it might have been an indication that the N\e A a
might mean that measures tmcrea® 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.

& dzy RiBaN& G2 O1 SR

However the data also Bow there were years whera higher density of parr (all ages
combined) coincided withlow densiies of fry and vice vers@-igure 4.7). For
example 2004 and 2007 were good fry years but were poor for parr. There is no
significantinversecorrelation between the density of fry and the density of 1+ parr,
but only just so (P=07). Perhaps thisnay become ignificant wth more years of
data. Similarlythere isan almost significant inverseorrelationbetween the density
of parr and themean weght of fryin the same yea(P=0.069).Thus, t may be that
when parr numbers are higlfiry are suppressed both in number and growthich
has been found elsewherd. this is the casghen the relatively low densityof parr

in 2007couldhave led to anncreased survival of friy that year and thatn turn led

to more 1+ parr in 2008 andnore 2+ parr in 2009.Fry numbers may in turn have
been suppressed in 200&e year in which fry growth wdswest (kgure 48).

It is perhaps advisable not to reanlo 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 icaturn, cause
variation in fish densities, smolt pradtion and ultimatelyadult 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 salbwnaround 1960the

Hydro Board opened up the river by installing several fish passes on impassable or
partially passable fall$\ fish counter was installed at Lochay Fgfigure5.2)in the

lower part of the river, buit has been apparenfor yearsthat the number of adult
salmon counted ismall andmay notbe commensuratewith the potential of the

river (Figure 5.1).

Figure 5.1 Annual counts of salmon at Lochay Falls, 1§628009. Data provided
courtesy of Scottish & Southern Energy
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Someelectrofishingsurveyswere conducted by the Board in the 199@sd these
indicated that salmon production upstream of the uppermost of the bypassed falls,
Kenknock Fallg§Figure 5.2) was very low. In 2001 the Board fished two sites
upstream of these falls, one just above the falls at Kenkiibiures 5.2 & 5.6and
another4km upstream at BadouFigures5.2& 5.4).

Figure 5.2 Locations of electrofishing sites on the River LochayBatavaime, 2;
Badour, X Island and 4 Kenknock. The red line shows the Kenknock Falls.
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Figure 5.3 Batavaime electrofishing site

Figure 5.4Badour electrofishing site

Figure 55: Island electrofishing site
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