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Baseline Survey of Juvenile Salmonidghe Rivers of Caithness, 2013.

A.F. Youngson and J.H. Webb

Summary

1. Twentytwo locations in the major rivers of Caithnedsorss, Thurso, Wester, Wick,
Dunbeath, Berriedale and Langwelere electriefished in low water conditions in Sept/
Oct, 2013. Overall, the sites covered an altitude range from 9 to 250m.

2. Trout fry were absent at 13 of the 22 survey sites, infrequent at six and relatively
abundant only at Cnaeglas (Forss), Rwsdale (Thurso) and Gobernuisgach (Berriedaddl)
high altitude sites. Trout parr were relatively abundant only at the same three sites but
more widely distributed than fry, being absent at only five sites.

3. With the exception of the three sites notedbove, spawning by trout is probably
uncommon in the vicinities of the survey sites and the number of trout and their distribution
is probably constrained by lack of recruiting fry.

5. Salmon fry and parr were present at all the survey sites. Denséigsufnber per square
metre) of fry or parr were classified by comparison with reference values proposed by
Godfrey (2005).

6. By comparison with thappropriatereference values, 1domparisons of salmon fry
densitiess SNB Of  aaSR | 4 ¢ESEHQ@IIND $ 4l i I@ENRX I BBRI 3 €
LJ2 2 NE @

7. By comparison with reference valuegajraon parr densities (all aggasses combined)
gSNBE OflaaSR a4 aSEOStfSyilk OSNEB 3J22RE TFT2N ™
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8.Sixofi KS aS@Sy af26k LIR22NE Of FaaATAOIGARZYE F2I
GSEOSttSyiik OSNER 3I22Ré¢ OflaairAFTAOLGA2Y F2N (K
the strength of spawning year classes near the sites, or the tendency of somwsites

provide suitable habitat for fish only at the smaller fry stage or as larger parr.
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10. A classification system was developed based on the biomass of salmentfmg (otal
mass per square metre). An underlying relationship between altitude and biomass was
identified by editing the set of sites to exclude those where habitat was classified as
unfavourablefor fry.



11. The relationship between altitude and biogsacan be used as a basis for classification.
The merits of this approach are that it (1) factors out the effect of altitude, (2) factors in fish
size and densitgependent growth, (3) uses more of the data to provide more precise
assessments, and (4) recks reliance on comparisons with data acquired in previous years
for different sites by different operators.

12. Higher altitude sites were found to support lower biomasses of fry. Allowing for altitude,
fry densities at Dalemore (Thurso) and Dalganach&mrso) were anomalously high.
However, biomass values were not anomalous because the fish were very small. This
indicates that the growth of fry had been impaired due to intense competition and,
therefore, that these sites were near saturation.

13.The Dalnagleton(Thurso), Bilbster (Wick), The Clow (Wick) and Barrock Mill (Wester)
sites contained lower biomasses$fry than expected for their altitude.

14. AtDalnagletonlow biomass was attributable to inferior growth of fry but at Bilbster,
The Clowand Barrock Mill, low biomass was attributable to low density gfgrgbably
because of lack of spawning nearby

15. An absolute value for site status cannot be provided since scrutiny of densities using
D 2 R T X&B05)approach and the biomass clagsition system are both comparative.

16. Classification of sites according to fry biomass identifies weaknesses in the approach
0llaSR 2y D2RTNB&Qa Rdatitglsomé &tesianddeatiogiothersh y A G a d

17.Biomassdensityof fry was calclated from fry density values reported farprevious
surveyof some of the Caithness rivetenductedfor SNHn 2004 In 2004, average fry
biomass densityvas around 60% of the 2013 value.

18. Parr of four ageclasses were present, hatched in the ye20992012. The frequency of
the ageclasses varied among sites but, ovematie-yearold (hatched in 2012) and two
yearold (hatched in 2011parr were most frequent

19. In many cases, the scales of parr showed chadgowthfor the current yearThese
were probablythe resultof the unusually high water temperatures experienced in 2013.
The frequency of checks varied among sites from zero to 100%.

20. The emigration of smolts determines the agass structure, density and probably the
size of reglual 2+ and older parr. However, 1+ parr are probably not affected in this way
since oneyearold smolts are not likely to occur in Caithness conditions. Site assessments
for parr were therefore focussed on the density and biomass of the 1lags.

21.Lower altitude sites tended to support higher densities of 1+ parr. However, the
relationship was notinear and densities at sites below around 70 m altitude were less than
predicted from the progression of values for sites between 70 and 250 m.



22. Thesite at Barrock Mill (Wester) contained 1+ parr at extremely low deasitithe fish
were very large.

23. The density of 1+ parr at Braemore (Berriedale) was atypically high. However, because

the fish were relatively small the biomass at the site wasatgpical. This indicates that the

growth of individuals wagestrictedby high levels otompetition and, therefore, that the

aAiSQa OFLIOAGeE (2 &adzllll2NI FAAK gk a ySEFENI ali

24. The biomasses of 1+ parr at five low altitude sitdey (Thurso), Thel@v (Wick),
{KSNATFQa 02A010 . Aft0aldSNIo62A010 YR { (N} GK

25.The bw densitesand biomasssof 1+ parrat the five anomalous siteand particularly
Hoy,merit further attention. The deficits were tentatively athuted tolocalrelocation in
response to the extremeiv river flows prevalent in 2013f this is the casdhe true status
of the anomalous sitewill be underestimaged.

26. Site classifidaA 2 ya T2 NJ LI Bipddoattiiok hased db pictrds B edify
the sites of lowest status for 1+ parDalnagleton(Thurso), Hoy (Thurso) and Barrock Mill
(Wester). Otherwise, the degree of correspondence between the two methods is low.

27. The only substantial problemaisedby the survey relates tthe Barrock Mill site on the
River WesterS&lmon and trout, and both fry and parr, were present but extremely sparse
for reasons that are not apparent. This case merits further investigation.

28. Otherwise, hisreport hasshownthat salmonbelonging to the 212 and 2013 hatch
years are in a favourable conditiamall the Caithness riverSome sitesiave been shown
to beat or near their maximum capacity to support fish.



1. Introduction

This report documents an electrshing survey of juvel@ salmonids organised and

undertaken by the Caithness District Salmon Fishery Board and jointly financed by the Board
FYR ¢KS / NRgy 9aidlidS® ¢KS YIAY FAY 2F (GKS LIN
for up-to-date information onthe status of salmaid populationsn advance of the

development of marine renewable energy installations around the Caithness coasts.

Twentyl 62 aAGSa Ay ( KuBeedhBdiBnibér ard R&dber, 28 3y Bnder

low water conditions.

The Board previously proposed a monitoring programme for salmonids in Caithness,

including electric fishing survey work on juvenile populations. These proposals were
R20dzYSyiSR Ay GKS . 2FNRQa NBLINBaSyllGdAz2y G2
proposeddevelopment of a tidal turbine array in the Inner Sound of Stroma on the north
Caithness coast. THepard considers that similaneasuresould bemore generally

relevantin relation to developmentglsewhere around the Caithness coasts. The present

report describes the juvenile survey work that forms the first part of the proposed package

¢ afull account of the currenf2013)statusof juvenile salmonids iall the Caithness rivers

In time, this work can be consolidated by extending survey work todediuture years or

expanded by consideration of other types of data, including fishery data.

The secondary aims of this project were to trlinal operativesn depleion electricfishing
techniques to promote awareness among local estate staff and tgdédinks with North
Highland College in Thurgall with a view to increasing future capacity within Caithness to
perform surveywork. To this end, the fieldvork was led by the authors of this report, each
of whom has many years of experience in plagniconducting and interpretinglectric

fishing survey work but many others participated as pai oarying team of local

operatives recruited by the Board.

Theparticularaims of this report are to thoroughly document the survegthods and the
datafor future reference, to explorpossibleapproaches te@xtracting information fronthe
data, and to provide an assessment of the status of juvenile salmonids in the Caithness
rivers in the year of survey.

2. Methods

2.1 Site selection

Twenty-onelocations in the six major rivers of Caithneg®rss, Thurso, Wick, Dloeath,
Berriedale and Langwelbnd a single location in the@naller,Westercatchmentwere
selected for surveyfigure 1)The sites were chosen to provide uniform spatial coverage
within and across catchments but with a bias towards the three SAC niv@atmessin
recognition of their speciatatus. Site choice was also biased towards locations for which
previous survey data had been obtained by the Boktdst of thesesitesare characterised
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by good vehicle accessd this was regarded amportant for the present survey in view of
the bulky nature of theequipmentto be used
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Figure 1. Map of electridishing sites.

A provisional list of sites was identified at the project planning stage but, on the day, some

sites were substituted by others nearby according to their suitability for inclusion in the
project. In particular, the main part of the survey period fell s #nd of a long period of

low rainfall. Provisional sites on small tributary streams in the lower Thurso catchment had

become shrunken and potential main river sites had become readily accessible. The
opportunity was therefore taken to substituteo proposed tributary sitein the lower

catchment of the River Thurso with maiiver sitesthat were considereanore likely to be
representative of the river as a whole. Additionalkhen possibleprovisionakites where
stocking had been carried out werejeeted in favour of comparable, unaffected sitdhe

only exceptions were the two sites on the Dunbeath Water both of which had been trickle

stocked with fry earlier in the year



2.2 Site description
Table 1 shows the surveitess identified byname andOrdnance Survey eardinates The
temperature(°C)and electricatonductivity (uScm) of stream water were recorded at each

site. Site altitude (m) was derived from a computessed mapping system.

River Site name O.S. Alt Date Temp | Conductivity
(m) (©) (US.cm)
Forss Cnoeglas ND042 523 | 110| 14" Sep 12 146
Shurrery NDO039 578 89 | 15" Sep 14 101
Lythmore NDO047 663 24 | 6" Oct 13 181
Thurso Rumsdale NC988 408 | 159 | 4" Sep 14 114
Dalganachan | ND006 391 | 147 | 4™ Sep 17 111
Dalnagleton NDO052 424 | 124 | 3“Sep 15 122
Smerrary ND123 482 86 | 2" Sep 15 130
Dalemore ND144 491 70 | 2" Sep 15 123
Hoy ND141604 | 23| 39Sep 15 166
Wester Barrock Mill ND296 626 11| 7" Sep 13 312
Wick TheClow ND233 524 35| 5" Sep 11 320
{ KSNA ¥ F|ND255525 | 33| 6"Sep 13 312
Bilbster ND281 538 9| 5"Sep 17 345
Dunbeath | Achnaclyth ND105 337 | 120| 9" Sep 15 165
Culvid ND123 325 97 | 9" Sep 10 165
Berriedale | Gobernuisgach| NC984 312 | 250 | 13" Oct 8 83
Corrichoich NDO034 297 | 200]| 12" Sep 15 100
Braemore NDO74 304 | 156/ 12" Sep 14 111
Strathcoull ND103245| 38/ 13" Sep 14 106
Langwell | Wag NDO016 260 | 188 11" Sep 12 156
Aultibea NDO046 236 | 125| 10" Sep 11 158
Coille Braigh | ND074228 | 93] 11" Sep 15 165

Table 1. Identity and characteristia¥ electricfishing survey sites.

Site altitude was subsequently used as a basis for linking and comparing survey sites
because it is likely to be a proxy measurement for important environmental and spatial
variations. Thus, for example, altitude tends to correlate with stream temperatndavith
water chemistryboth of which affect the performance of juvenifesh. In addition, early
running adult fish typically spawn in higher altitude locations than {atening fish. The
abundance, and the relative abundance, of the different-tinming groups vary with some
independence between years and also over decades. Consideration of altitude is likely to
capture the effect of some of the resulting spatial variation in egg depogigmsity and fry
recruitment

The upper and lower limits @ach ge were photographed to facilitate exact replication of
fishing areas in future survey work. Site dimensions (length and average breadth) were
determined. Breadth was assessed both as the wetted dimensi®measuredn the day

and as the estimai@ streambed width at times of average stream flow incised channels,
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the two measures were oftethe same The utility of the alternative measures is considered
in Appendix 23 and wetted areas were used to calculate fish densities from capture
numbersin what follows However, lboth measureof areaare giverfor each sitan
Appendiced ¢ 22to permit comparisos with future survey work when wetted arsanay

be different.

2.3 Electric -fishing

Theelectricfishing methodsisedwere generallythose ofthe Scottish Fisheries
Coordination Centre (SFCC) protdcisl order to target the acquisition of theeference
data that were the main objective of the project, thrpass depletion methods were used.
Each site was fished on three occasions over a pesfaboutthree hoursand the fish
captured on each pass were recordaad documentedeparately.

Electriefishing exploits the tendency of fish to be attracted to and temporarily incapacitated
in the electrical field around a positive electrode. Thédfis set up by passing the minimum
electrical current through stream water that is sufficient to produce an effective voltage
field around the anode. The current required is affected by the electrical conductivity of the
stream water.Preliminary measurerants of electrical conductivity had shown relatively

high values. Because of this, using a generator as a power source was considered superior to
the alternative use of a battergowered baclpack. In particular, use of a generator was
considered a preequisite for fulfilling the quality requirements of the planned survey by
targeting uniform efficiency of capture over the range of water depths and conductivities
likely to be encounteredA portable Honda generator was therefore used to supply power
to the electric fishing apparatus via an Electracatch WF7 control box.

In the interests of survey quality, staypets were used to define the limits of the survey
sectiors. Thesenetsare designed t@revent fish leaving the survey section ahead of any
disturbarce caused by the operators and they prevent fish outside the section entering it
under the attracting influence of the electrfishing probe. The stepets wereof 5mm
mesh with a weighted grountbpe and an upper rope supported by floats. Nets were
addtionally supported by freestanding stakes or suspended by carabiners from ropes
tensioned across the stream via bankside pegs. Where possible, the gropadf the
stop-net was arranged to be supported in place by streambed features and rocks from
outside the survey area were used as weightgisureconformity of the grounerope with
the streambed, as necessaniccumulated debris (mostly algae) was removed from the
downstream stopnet between fishings.

A range of longhandled net types was availalfler fish capture, including0Omm Dframe
and200 x 100mm rectangular hasrets. A small 100 x 50mm aquarium net was used in
very shallow water or in closely confined positions. A banner net was ugbe psncipal

! http://www.scotland.gov.uk/Resource/Doc/295194/0096725.pdf
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means of capture in areas of faster flowing, deeper water and, more generally, as-a back
stop for other netting methods.

Electriefishing was conducted by working systematically across the survey area and
progressively upstream. Captured fish were plaired plasticcontainercontaining stream
water and periodically transferred tperforatedholding boxes outside the fishing section to
await processing.

Nets were sterilised before moving between river catchments using-S&Mccording to
the manufactured Ay A0 NHzOG A2y & @

2.4 Fish handling and data acquisition

Fish werdightly sedated before examination usitusuri Masuizai Koi Sedatcording to
0KS YI ydzZFl QG dzZNBNRA& AyaidNHzOG A 2y & dfisting pakses2 6 G | A Y
were examinedand documented in their separate groups. Salmon and trout were
distinguished by visual examination and fimatched in 2013 and therefodess thanl year

of age) were distinguished from pafgtched prior to 2013 anchore thanl year of age) on
the same basid-orklength (ip of snout to fork in taillvas measured for all parr. Fork

length was also measured fapproximately50 salmon fry at eackite or for all the fry if

fewer were present. The process was replicated foutroy at the few sites where they

were sufficiently numerous to provide meaningful data. The presence of other fish species
(eels, lampreys, sticklebacks or flounders) was noted.

Scale samples were obtained from parr for age determination. Scales vgerelathined

from presumed fry when these were sufficiently large to place visual classification in doubt.
Scales were obtained from the standard sampling location on the left dorsal flank behind
the caudal insertion of the dorsal fin. Samples from sinyléeviduals were stored in paper
scale packets marked with site and individual numerical codes corresponding to the
designations in the field notes.

After examination, fish were returned togerforatedholding box in the stream before
being returned unharred to the electriefishing setion after a period of recovery.

2.5 Scale reading

The age of individual parr was determined by se¢akding under suitable magnification.
Based on observed body length distributions at specific sites, some large putatinasfry
beenincluded in the group of fish from which scales were samplgdbased orscale
readingthese fish were later assigned to tkerrect agegroup.

2 http://www.evansvanodine.co.uk/assets/eng fam 30.pdf
® http://kusuri.co.uk/kusuriproducts/kusurimasuizaikoi-sedate/
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2.6 Assessment of site habitat quality

In the absence of a sufficiently explanatory modelrfatrics ofstream habitat and
salmoniddensity (Godfrey, 2005habitat evaluation was by expeopinion. The
characteristics of each survey site and its vicinity waseallyassesseduring the survey
according tdandscape settinggeomorphology, adjant landuse vegetationand
streambed sediment typesStes were graded for habitat suitability, separately for dryd
parr. Grades were assignd® 2y S 2F (KS NBLR2NIQa | dziK2NR 6V
awareness of the matching fish daRarticular enphasis was placed on the distributiand
proportional representatiorof the various substrate size classes, their degree of
embeddedness anthe determinantsof these descriptors sediment supplystream
gradient and hydraulic response.

2.7 Data analyses

An Excel file of the primary data obtained in the survey is available frofirghauthor of
this report. Appendicesl ¢ 22to the report containall the primarydata for each electric
fishing site. Numbers of both salmon fry and salmon parr captured at each of the three
electricfishing passes carried out at each survey site have Beparatelycompiled
because these data form the basis of a number of potentadmarisons with studies
conducted elsewhere using differené(non-depletion) techniques.

At each site the total number of fish captured was usedalculatea value forObserved
DensityPer Unit Wetted Are& order to facilitate comparisons withie present survey.
Values for observedahsity were separately calculated fioy and for all the age classes of
parr that were present

Additionally, for each siteZippincorrections were applied to the threpass depletion
counts to obtain estimates dfrue Total Numbefor fry and parr Zippin etimatesare
based on statistical analysasd usethe observed rate of decline of the catch made in
successive electriishing passe® predict the total pdential catch Valuesvere computed
using the progranRemoval Samplingdbtained fromPisces ConservatioriThe etimates
of true total rumberfacilitate comparisonby compensating fowariation in capture
efficiency among sitegstimated numbers were used to calculate esldorTrue Density
Per Unit Wetted Areahich furtherfacilitate comparison.

Observed dnsity valuesit eachof the siteswere evaluatedby comparison witlthe analysis

of Scottishelectricfishingdata carried out by Godfref2005)usingSFCGQlata. In particular,

¢Fr6fS HcR 2F D2RTNBEQ& NI liasédbn quinie e & | 0| a
observeddensityas calculated froncapture numbergor singlepass electridishing (or for

the first pass of ass fishing)Table5 of the current report present&n extract of these

datafor rivers in the North region greater than 6m in wid@®odfrey also proposes a

* http://www.pisces-conservation.com/
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classification scheme as per Table 2his2005 report and thishas been modified,

expanded and coloucodedas perTableb.

3. Results

3.1 Preliminary a ssessment of sites based on fish density

3.1.1 Densities of trout
Although large trotiare known to be present ithe riversthat weresurveyedhey were
largelyabsent from the survey site®nly two individuals greater tha200mm body length

were captured. This was probabin part,because the survey targeted shallow streams and
riffles whereas large trout prefer different habitats and in particular the deeper streams and

pools that were outside the scope of the presentdu

Observed Density

Observed number

(n.m?) (n)
River Site name Year of hatch
2013 All 2012 2011 2010 2009
0+ fry parr 1+ parr | 2+ parr | 3+ parr | 4+ par
Forss Cnoeglas 051 0.06 11 - - -
Shurrery 0.02 0.01 - 2 - -
Lythmore 0.03 - - - - -
Thurso Rumsdale 0.24 0.05 3 6 - -
Dalganachan - 0.01 - 2 - -
Dalnagleton 0.01 - - - - -
Smerrary - 0.01 1 2 - -
Dalemore - 0.03 1
Hoy 0.01 - - - - -
Wester Barrock Mill 0.02 0.01 1 - - -
Wick The Clow - - - - - -
{ KSNRTF - 0.02 4 - - -
Bilbster - 0.03 7 - - -
Dunbeath | Achnaclyth - 0.01 1 - - -
Culvid - 0.02 - 2 - -
Berriedale | Gobernuisgach 0.05 0.12 11 6 1 2
Corrichoich - 0.02 1 2 - -
Braemore - 0.02 - 1 2 1
Strathcoull - - - - -
Langwell Wag - 0.04 5 1 - -
Aultibea 0.01 0.02 - 3 1 -
Coille Braigh - 0.02 - 1 3 -

Table 2 Observed densities of trout for pass fishing.
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Table2 showsobserved densities for trout fry and trout parr at all the survey sites based on
the 3-pass electric fishing totals. Data for the separate parr classes are also shown but as
numbers rather than densities because of the low values observethat cases

Trout fry were absent at 13 of the 22 survey sites, infrequentaesand presentat
substantialdensitiesonly atRumsdale an€noecglas.Trout parr were generally also
infrequent but more widespread than fry, being absent at only five skes.tended to be
abundant only where fry were also abundamhe observed pattern of distribution suggests
that, with the exception of Cnoglasand Rumsdaleand perhaps als@obernuisgach
spawning by trout at or near the survey sites was at best sporadithiat fish had

dispersed more widelipy the parr stage.

3.1.2 Densities of salmon
Table 3 shavsthe observed densities &almonfry and parr and a breakdown of the parr by

ageclass.

Observed Density (n.if) and year of hatch

River Site name O+ fry | 1+ parr | 2+ parr| 3+ parr | 4+ parr | All parr

(2013 | (2012 | (2011 | (2010 | (2009)
Forss Cnoeglas 0.38 0.16 - - - 0.16
Shurrery 1.57 0.36 0.10 - - 0.46
Lythmore 1.76 0.41 0.02 - - 0.44
Thurso Rumsdale 1.01 0.16 0.03 - - 0.19
Dalganachan| 1.69 0.24 0.01 - - 0.25
Dalnagleton | 0.79 0.03 - - - 0.03
Smerrary 1.26 0.28 0.02 - - 0.30
Dalemore 3.41 0.40 0.01 - - 0.42
Hoy 1.43 0.16 0.01 - - 0.17
Wester Barrock Mill | 0.03 0.02 - - - 0.02
Wick The Clow 0.18 0.36 0.07 - - 0.43
{ KSNRA | 170 0.27 0.03 - - 0.30
Bilbster 0.60 0.26 - - - 0.26
Dunbeath| Achnaclyth 0.30 0.27 0.10 0.01 - 0.37
Culvid 1.34 0.27 0.04 - - 0.31
Berriedale| Gobernuisgacl 0.24 0.06 0.06 0.04 0.01 0.16
Corrichoich 0.22 0.17 0.03 - - 0.21
Braemore 1.14 0.38 0.03 0.02 - 0.42
Strathcoull 0.17 0.35 0.08 - - 0.43
Langwell Wag 0.74 0.14 0.04 - - 0.18
Aultibea 0.91 0.43 0.11 - - 0.28
Coille Braigh | 0.07 0.17 0.06 0.01 - 0.23

Table 3 Observed density of salmon fry and parr frompss fishing.
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The values observed for fry at Dalemore (3.43).mxceeded all other values by a

substantial margin. By far the lowest valdes fry were observed at Barrock Mitie only

site on the River Weste¥alues were less variabfer parrthan for fryand, oveall, roughly
equivalentparr values were observed at sites distributed throughout all the rivers surveyed.
The only notable exception was againBarrock Mill where, as for fry, parr densities were
the lowest observed by a substantial margin.

The age strcture of parr varied markedly among sites. At Bilbdigrexampleonly 1+ parr
(hatched in 2012were present but at Gobernuisgach the age structwes much more
complex and parr that had hatched in each of the years between 2009 and 2012 were
present All the dher sites showed intermediate levels of compleXiy, acrossall sites,
parr hatched in 2012 and 2011 were predominant.

Estimatedtrue density (n.n°)
River Site name
Fry Parr
Forss Cnoeglas 0.40 0.16
Shurrery 1.60 0.46
Lythmore 1.79 0.45
Thurso Rumsdale 1.13 0.20
Dalganachan 2.45 0.26
Dalnagleton 0.94 0.03
Smerrary 1.45 0.31
Dalemore 4.01 0.44
Hoy 1.72 0.18
Wester Barrock Mill + +
Wick The Clow 0.18 0.43
SherifQ & 1.87 0.31
Bilbster 0.67 0.26
Dunbeath Achnaclyth 0.33 0.38
Culvid 1.39 0.31
Berriedale | Gobernuisgach 0.25 0.16
Corrichoich 0.24 0.21
Braemore 1.22 0.43
Strathcoull 0.20 0.45
Langwell Wag 0.74 0.18
Aultibea 0.96 0.28
Coille Braigh 0.08 0.24

+ numbers insufficient for analysis.
Table4. Estimated true density of salmon fry and patrr.

Estimated true densities of salmon fry and salmon parr are presented in Table valliae
given for parrare for allyearclassesombined because the numbers of parr in the
individual yeasclasses were naufficient to supporZippincorrection. The Barrock Mill site
yielded too few fry or parr for Zippin correcti@md is therebre excluded from
consideration.
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In genera) the valuedor estimated true densityare nd substantially greater than treefor
observed densitgivenin Table 3 and the relative rankings of the siessubstantially the
same.This indicateshat levels ofelectricfishingefficiencywere similarbetween passes
and between sites

3.1.3 Comparison with Godfrey (200 5)

Godfrey(200b) provides a basis for a comparison of fish densitieb déta previously

obtained for rorthern Scottishrivers and heldritheSC/ / RF GF 6 aS® D2RFNB&Q
considersonly singlepass fishingnd,in order to match tls structure, comparisons were of

densities observed on the first electfishing pass ofhe 3-pass fishing used in thresent

survey

Six categories for density were defined using the critical quintile values identified by Godfrey
for salmon and troutand for fryand parr(Table5). Sites were graded and colecodedas
excellent (dark blue), very good (light blue), good (green), average (yellow), low (orange) or
poor (red).

Critical percentile valuesfor density (n.m?) and colour codings
<20" | 20"-40" [ 40"-60" | 60"- 80" | 80" -100" > 100"

Salmon 0.13 0.28
0.07 0.13

Trout 0.02 0.03
0.01 0.01

Table 5. Critical percentile values for clagsiftion of observeddensity (nm™) of fry or
parr based on singkpass fishing (Godfrey, 2005).

Table6 provides @& evaluation of salmon fry and patlensitiesat all the survey sitegsing
the colour codings given in Tal8eTrout fry and parmiwere evaluatedt sites where
numbers were sufficient tpermit valid comparisons

g Y2ad aArAdSas 20aASNIWSR RSyaAdASa 2F GNRdzi ¢
previous surveys (as per Table 5). Given the very low numbers of trout often observed in the
present study, it was possible to carry out formal evaluations only at-Qlass, Rumsdale

and Gobernuisgachn all these casegput F NBE ' YR LJ NNJ RSyaAidAasSa oSN
GSEOSttSyid¢o

Salmon fry and parr densities were classified at all sidéshe 22 comparisons of fry
RSyaAitAasSas mn oSNB OflaaSR a aSEOStftSyik @S
Gf 26k LI22NED® t I NNJ RSyaaiaasSa gSNB OfFaasSR | a

F @SN 3S¢ G aS@Sy | V2R &fkeSs ka SLAPSYNEG f 1206 ki KLIRR2INE
SAGKSNI FNB 2NJ LI NNJ 6SNB aa20AFGSR gAGK |y a
group. This may reflect differences in the strength of spawning year classes near the sites or

the extreme charactestics of some sites and their tendency to provide suitable habitat for
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fish only atthe smaller fry stage or as larger parr. Only at one site (Barrock Mill) were

20aSNWUSR RS

yaraiarsa OflaasSR

River

Salmon Trout

fry parr

Site name

Forss

Cnoeglas

Shurrery

Lythmore

Thurso

Rumsdale

Dalganachan

Dalnagleton

Smerrary

Dalemore

Hoy

Wester

Barrock Mill

Wick

TheClow

{ KSNATT¥

Bilbster

Dunbeath

Achnaclyth

Culvid

Berriedale

Gobernuisgach

Corrichoich

Braemore

Strathcoull

Langwell

Wag

Aultibea

Coille Braigh

Table 6. Semguantitative evaluation of survey sites based @omparison with data

Fifteen of the 44ossiblecomparisons were classed @sxcellent because the values
exceeded the greatestomparablevalues reported tahe SFC@ KSy D2 RTNB e Qa

presented by Godfrey (208).

& & L2 2NE

F2NJ o2

compiled. A further 11 comparissrplaced sites in the 8200" percentile range generated

08 D2RTNBR Qieselsies SOBA 8 KSWRT2NBE Qfhisaa SR

LINB L2 Y RSNI v

particular choice of sites

{ SPSy 2F (K

OS 2F KAIK @I fdzSa YI &

S nn

NEFESO
year effects otrends. However it may also reflectnethodological differencesr the

G2 Y LI NA avehjstsome SitisBustiNdy G S R

N3E L.
& & @&
G NBI
af 26¢

definition, be belowaverageit is also possible thatome ofthe low valiesreflectissueghat
requirefurther investigationand these are addressed later in the report.
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3.2. Salmon fry

So farthis report has dealt only witbbserveddensiiesfrom singlepass fishingnd dl the
comparisons have been with das@quired someime ago as aesultof work carried outon
different sitesby othersusingslightlydifferent proceduresForall these reasonshe
compaisonsin Table Ghould be regarded as preliminagyaluatiors that needchecking
usingdata of other kinds

For the present surveyadditionaldata is availabléor the variousage classes represented
amongthe parrat each sitethe body lengtls ofall the age groug and the physicahabitant
characteristicof the sites. All the data compiledhelow are potentially informative for
future comparisons in line with the main objective of this study. In additidginan
appropriate approach can be developede preliminaryassessmerstcarried out abovesan
be extendedusingmore precisecomparisonsOnly salmon are considerad what follows
due to thelow numbersof trout presentat most of the survey sites.

3.2.1 Distribution

Figure 2 showfy density (estimated true densitplotted against site altitudeThe site at
Barrock Millon the RiveMesterhas beertemporarily excluded from consideration due to
the nearabsence of both fry and parAmong the other sitesry densities varied
substantially but there is nolear, overaltelationship with altitude The site at Dalemoren
the Thurso(marked in redwas a notableanomal;, however,in showing a value fdry
density that greatly exceestl all the others.

4.5 -
4 - °
3.5 -
3
25 - °
2 -
15 - Qe
1 )
0.5 -

O T . T T T 1
0 50 100 150 200 250

Altitude (m)

Estimated true density of fry (n.rf)

Figure 2The relationship between estimated true density of salmon fry and site altitude.

3.2.2 Body length

Table 7 shows thatie average siz of salmon fry varied substantiafipm around 46mm at
the anomaloudalemoresite to 64mm atCnoeglas Barrock Mill andVag Otherwise,

much ofthe variation in average length was encompassed by Dalemore and the adjacent
site at Hoy where th average length of fry was arous@mm.Dalemore and Hoy are both
on the mainstem of theRiver Thurs@nd only 11 km apart. The density of fry at the
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Dalemore site, where the fry were very small, was the greatest value recorded in the survey
(4.01.m?%). Ry at Hoy were very large but their density (1.7%)rwas neagr the average for
all sites.

Fry (age 0+)

Mean body length

Site name (mm).
Standard
deviation in
parentheses

Cnocglas 64.2(5.19
Shurrery 60.8 (5.41)
Lythmore 61.4 (8.08)
Rumsdale 57.6 (5.98)
Dalganachan 50.6 (4.70)
Dalnagleton 51.7 (4.45)
Smerrary 56.4 (4.82)
Dalemore 46.2 (4.46)
Hoy 61.9 (4.65)
Barrock Mill 64.4 (+)
The Clow 60.3 (3.47)
{ KSNATF 55.4 (5.94)
Bilbster 59.9 (6.79)
Achnaclyth 60.4 (4.67)
Culvid 52.2 (4.51)
Gobernuisgach 51.3 (4.90)
Corrichoich 51.6 (6.48)
Braemore 47.4 (4.23)
Strathcoull 53.8 (2.80)
Wag 64.5 (3.97)
Aultibea 58.9 (5.04)
Coille Braigh 59.5 (5.07)

Table7. Fork ength of salmon fry.

The differences in size and densatythe Dalemore and Hoy sitese particularly striking
because the environments are likely to be rather simil&@alemoreis about 50ngreater in
altitude than Hoy and, since temperature tends to decrease Widfmeraltitude, it is

possible thathe smaller size fry at Dalemore reflethis. The effect of temperature could

be on stream productivity, or directly on fish growth. It could also reflect differences in the
date at which fry emerge from the streambed to lirefeedingbecause mergence occurs
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later in cooler locations and the growing period is correspondingly shorter. In addition,
growthtends to bedensitydependent, reflecting competition among individuals in
conditions where the available food or spaceaese limits the performance of the group.
The very high density of fry at Dalemore may therefore have restricted thawtigr

Consideringll the survey sitedjowever,it can be seen from Figu@ethat ¢ contrary to
expectation- there is no obvious rationship between altitude and the body length of fry
and, from Figurel, no obvious relationship between length and density.
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Figure3. The relationship between altitude and body length of fry (mean-8D).

Fry density (n.n¥)

Figure4. The relationship between frgensity and body length (mean +5D).

The possible combined effedf altitude and densityn the average size of fiyas exlored
using multiple regressionThe resultof the analysiSindicate thatthe separateeffects of
both densityand altitudeare statistically significanéand, taken tgether, they explain
around30% of the variation in lengtbbservedover the range of sites surveyethe

® Onetailed TestsP values for altitude and density are 0.011 and 0.009, respectidjysted R=0.30.
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remaining variation is likely to be attributable &aorangeof other factorssuch aglifferences
in the chemraland physical qualities of the stream environmesizebiased mortality
rates ofmovement to or from sitegnd, perhapsyariablecompetitionwith parr or trout.

3.2.3 Biomass
In order to further examine the relationship betwesite altitude and fish production,
biomass was considered asiagle measur¢hat combiresfishsize andish number.

Body length values for individual fry were convertecetimatedbody mass by using the
relationship derived byhackley and cited by Godfrey

Body mass 2.8087 x 16x body lengtfi3°*°

Individual values for fry body mass were used to derivegeragevalue for each site.
Values foraveragebody mass, estimated true number of fry and wetted site area were used
to calculate the biomass density of fry adh site-

Biomass density = estimated true fry numbeaveragebody mass / site area
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Figure5. The relationship between site altitude and biomas$ salmonfry.

Figure5 shows the relationship between fry biomass density aitdaltitude. The first

point to note is that the extreme differences in both length and density at the adjacent sites
at Dalemore and Hoy (both markedried) are not evident when biomass is used as a single
measure of productivity. Additionally, the expected inverse relationbeigveenbiomass
densityandaltitude (ie. lower biomass at higher altitudes)ay perhaps be discerned but, if
so, there are severalutlying sites at lowr altitudes that show biomasses of fry that are
anomalouslylow.

However, fry biomass is not likely to be determined by altitude alone. Fry densities and
individual size arboth also likely to be affected by differences in the phgbkaharacteristics
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of sites and the quality of the habitat they provide. In order to examine such effects, sites
were assigned to one of five categories (1 = poor, 5 = good) for their suitability for fry (Table
8).

Thepossibility ofrelationshigs betweensite quality and altitudewas tested but no

relationship could be discerne@he parr habitat gradings show less variation than those for
the fry but this not surprising, given that the original choice of many of the survey sites was
probably biased towals locations that were considered favourable for parr.

Fry Parr

Site habitat | Habitat

quality | quality
15 15
Cnocglas 2 1
Shurrery 3 4
Lythmore 4 4
Rumsdale 4 3
Dalganachan 4 4
Dalnagleton 3 1
Smerrary 3 3
Dalemore 5 3
Hoy 4 4
Barrock Mill 3 3
The Clow 3 3
{ KSN& T 3 4
Bilbster 3 3
Achnaclyth 2 3
Culvid 3 3
Gobernuisgach 3 3
Corrichoich 1 2
Braemore 4 4
Strathcoull 1 3
Wag 4 3
Aultibea 3 3
Coille Braigh 2 2

Table 8. Assessment of site quality for fry and parr.

The possiblelual effects of altitude and site quslion fry biomass were examined, again

using multiple regression order to do thisn Microsoft Excelit was necesary to

O2yaidNHzOU I & RdzY Y e ésite@ualitySoy edsiingthe Gite iyt 6 € S F 2 N
values given in TabRin only two classes rather than five. Therefore, site quality categories
lor2werereOf F AaAFASR & ddzy Tl @2dz2NI 6t S¢ FyR Ol G4S3
coded Oor 1,respectively.
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Figure6 shows the distributios2 ¥ & F I dadkdd-irobfu§ ¢y R & dzy T IsitB2 dzNJ 6 f S

~

(markedinred).! & | yYGAOALI G§SRY GKS FTADS dadzy ¥l @2 dzNI o6 f
lower part of the distribution, showing relatively lower values for biomass than atives

at around the same altitudeMultiple regressiofithen showed that the effect of altituel on

fry biomass is significajthe variable for site quality is also a significant effect,dakien

together, site quality and altitude explaabout 0% of the variation in fry biomass

observed amongull the surveysites.

Fry biomass density was al@sted against parr biomass density in order to check for a
possible effect of the presence of parr on the growth of fry but no effect was evident.

® Onetailed Tests; P values for altitude and site quality are 0.011 and 0.033, respedujeisted R=0.40.

20



5 -
°
44 @
— °
€ )
2 (]
§ 3 - ()
: ’ .
8 2 - ° ° °
>
o °
® ®
1 -
® °
0 T T T T T 1
0 50 100 150 200 250 300
Altitude (m)

Figure7. The relationship between bserved biomassiensity of salmon fryand altitude,
forsitesOf  aASR Fa GFlF @2dzNI 6f S¢ KFoAGLH G

Figure7 shows the relationship between altitude and fry biomass for all the sites classed as
favourablefor fry. Again, the expected relationship can be discerned but it igigitrted

by the presence ofhe Gbw andBilbstersites(both marked in red)These sites are further
considered later in the report.
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Figure8. The relationship between bserved biomasslensity of salmon fryand altitude,
F2N) aA0Sa OftlaasSR & aTl @2 dzbs sit6s& BilbsteRaNd T NB |
The Clow.The Culvid site is marked in red.

In Figures, the relationship between altitde and fry biomass is shown again but the
anomalous sites at Bilbster and The Clow have been excluded. Thewshows what
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probably approximates the unddying relationship between altitude and fry biomass
density for favourable sites that were readily accessible for@ne of the two sites on the
Dunbeath river that had been trickle stocked with fry in 2013 (Culvid, markest)

NBYFEAya Ay (GKS SRAGSR asa 27

AFl @d2dzNI 6t S¢

different fromthe distribution of values fothe other sites.The relationship depicted by the
line explains about 70% of all the variation observed in theeeldsiet of sites. Howevethe
distribution of points around the relationship is probably still affected by variation in site
jdzt t AGe aAyOS GKS 3INEP dzlchnsifs individiish sites that wered S R

graded as3, 4 or 5 for habitat qualt

N w B
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Figure9. Distribution fry biomassagainstaltitude for sites with fry habitat quality gradngs

of 3 (red), 4 (bluepr 5 (black).

Indeed, Figur® shows that sites graded as 3 tend to show relatively lower biomass at any
given altitude than sitegraded as 4 or.2Athough the number of sites is too small to
explicitlytest for an effect, the differences in distribution indicatiat the potential
explanatory power of the relationship between altitude and fry bionfasshe edited set of

sitesmayexceed the 70% value cited above.

In order to round off this se&mn of the report it is necessary to reonsiderthe relationship
between altitude and fry densitypfeviouslyaddressedn Figure 2having now established a

reasonable basis for editirte set of survey sites.
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Figure D: Representation of Figure F 2 NJ aAGSa OflFaaSR Fta a¥Fl @2
excluding the anomalous sites at Bilbster and The Clde sites at Dalemore and
Dalganachan are marked in red.

Figure 10 representsthe datashown in Figure 2 but onfgr the edited subset of sitethat
excludeghose sites thatonot2 F F SNJ & F | @2 dzNJ, and b theKahonalaus G F 2 NJ
sitesidentified at Bilbster and The Clow.

An underlying inverse relationship can probabbw be sen,with densities of fry at higher
altitude sites tending to be lower. If this is the case, the sites at Dalemore and Dalganachan
(marked in red) can be identified as outliers where fry density was anomalously high. The
small size of fry at Dalemore hasemdy beerhighlighted The fry at Dalganachan were also
small as can be judged from Table 7, adding further weight to the conclusion that fry
growth wasdepressed where their density wasryhigh.

The relationship with biomasdensitydepicted in Figure @ccommodateshis density
dependent growth and is thereforess variable than the relationshipith numerical
densityshownin Figure 10Because it is less variablégtrelationshigfor altitude and fry
biomass densitghown in Figre 9is the more useful basis ftine comparisors that follow

3.3 Assessment based on salmon fry biomass

3.3.1 Comparison with Godfrey (2005)

The central right column dfable 9(in bold)showsall 22 survey sites ranked according to
the extent by which fry biomassensity differedfrom the value predicted by the overall
relationshipwith altitude (ie. thevalue of theanomaly)asshown in Figur®. Positive values
indicate that fry biomass production wgseaterthan predictedand negatie valueghat
production was lessThe righthand column shows the original colecodings assigned by
compaison with the data of Godfreyas per Table Gnd the left central columnepeatsthe
habitat ratingsshown inTable 8
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Habitat Obsg pred Rating cf.
Site rating biomass Godfrey
(g.m?) (2005)
Dalganachan 4 1.03
Shurrery 3 0.75
Wag 4 0.62
Dalemore 5 0.52
Lythmore 4 0.48
Rumsdale 4 0.34
Hoy 4 0.22
Gobernuisgach 3 -0.13
Smerrary 3 -0.36
Aultibea 3 -0.38
{ KSNX T T 3 -0.55
Braemore 4 -0.65
Culvid 3 -0.84
Corrichoich 1 -0.87
Dalnagleton 3 -1.09
Cnocglas 2 -1.50
Achnaclyth 2 -1.67
Bilbster 3 -2.58 [
Coille Braigh 2 -2.62
The Clow 3 -3.26
Strathcoull 1 -3.33
Barrock Mill 3 -3.93 [

Table 9. Difference betweenbserved and predicted fry biomass.

The two classification systems amsewhatindependent butcomparisonshows that they
generatesite assessments that asgmilar in manyrespects Thus, high values fdniomass
anomalypaired withdexcdlenté numericalgradings(dark blue)dominate the upper part of
the table while negativeiomass anomaliels y R & | @&lowl), 8 {S #drange)and

& LJ2 2 NIumérk&gRidings dominate the lower part.

D2RFNBe&Qa Of I aaa T A OlraguiridgflessifieldvioETie patticdar G KS Y S NA
merits of theapproachbased on biomasare thatit (1) factors out the effect of altitud€?)

factors in densitydependent growth(3) uses more of the data that can be obtained to

provide a more preciseontinuouslygradedclassification of sitegnd (4) reduces reliance

on comparisos with data acquiredn previous years for different sites by different

operators.

Accordingly, thevalueslisted in theright central column of Table 9 are probalbhe more
accuratebasis for ratingites If so theyidentify limitations inD 2 R ¥ NB & Q dhatl LILINE | OK
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result inunderrating of the Wagand Gobernuisgackites and overating ofDalnagleton
and Bilbster

Considering the distribution of the biomaasomaliesshownin Table9, all the sites rated as
unsuitable habitat for fry are represented in the lower part of the range expected
However,Dalnagleton Bilbster, The Clow and Barrock Mill are also present in this part of
the range despite being rated as¥ | @ 2 dabhltabfér 8yE Assuming habitadt these sites
hasnot beenrated too highy, this suggests thahe four sitesin questionmight have been
remote or partially disconnected from an adequate source of recruiting fry.

This can be checked by turningRayure 1which shows thathe values fothe numerical

densityof fry at Bilbster The Clowand Barrock Mil{all marked in orange) werkw outliers

gKSY O2YLI NBR ¢A (K .FhiskcdiimshaT lowbbmasd valieSvierea A G S &
attributable to poor fry recruitmentin these casesdowever, irthe case oDalnagleton

(marked in red) fry density was lowlative to altitude but notatypicallyso. This indicates

that the low biomass density observed at the sitas due tanferior growth rather than

low recruitment althougha possiblecauseis not apparent
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Figure 11Representation of Figuravn  F2NJ aAiSa Ofl aaSR a aFl
excluding the anomalousigh-value sites atDalemore and Dalganachaialnagletonis
marked in red and Bilbster, Th@ow and Barrock Millare markedin orange.

An absolute value for site statasnnot be derived since both possildlassification systems
are comparative. Howevecpnsideration othe Dalemore sitgin particular,where very

high densitiedut only verysmall fry were present suggests that it was at or near saturation
Dalemorewas anomalous with regard to fry numbers and fry siaenot in terms of fry
biomass suggesting that, with tip@ssibleexception ofsome d the low outliersidentified
above, the capacity ahostsites to producdry biomass was alssomewherenear

saturation.
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3.3.2 Comparison with 2004 survey data

D 2 R T K&BOB)@port contairs data summaries for an electric fishing survey carriediout
2004in relation to site condition monitoring in the Thurso and Berriedale/ Langwell SACs.
Fry density values derived frompass fishing with Zippicorrectionare available for seven
sites in the Thurso catchment and six in the Berriedale/ LangvséisyThe original data
were accessed from thdeFE€Qlatabase and used to calculate biomass density. Biomass
valuesfor 2004 are presented against altitude in Figu@eahd marked in redor orange
Biomass data for the edited set of 2013 survey sites apgvahin blue for comparisan
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Figurel0. Relationships between altitude and biomass for the edited set of sites
examined in 2013blue) and the set of sites for the Thurso and Berriedale/ Langwell SACs
surveyed in 2004rgarked inred or orange).

Theoverall shape of the distributions of the 2004 and 2013 data points appear somewhat
similar although, for any given altitude, the 2004 values tend to be lower than those for
2013. As fortie unedited 2013 survey sdahe data for 2004 show a small numbédraw

biomass outliers. These are marked in orange. One of the outliers is the Geise Burn a small
tributary stream in an agricultural setting in the lower Thurso catchment that may well be
atypical of the river as a whole. The other two outliers are brpaaialogous to the Coille
Braigh and Strathcoull sites of 2013, both of which were removed from the edited data set
for 2013 as being higbnergy sites providing unfavourable habitat for fry. Indeed, it can be
seen from Table 9 that the sites at CoilleiBnaand Strathcoull were rated among the

lowest for fry biomas# 2013

Figure Draisesa number of pointsOn its own, the 2004 data set woubdobablynot be
sufficient toidentify the proposed relationship between altitude and biomass. However, the
generalpattern of distribution of the data points for 2004 is, at least, consistent with the

26



2013 pattern Direct comparisons 004 and 201¥aluesare not appropriate becausew
siteswere sampled in both yearand, overall, the setsf sitesdiffer qualitatively (egsome
tributary siteswere sampled in 2004 while main river sites were targeted in 2013).

However if the proposedrelationshipbetween altitude and biomassxists, and if it extends
among yearsit will allow validcomparisonOnthis basis,evenwhenthe three low altitude
low biomass outliers of 2004 are excluded from consideraffoguire 1Gsuggests that
biomass production of frin 2004wasgenerally lowethanin 2013.

For 2013, the relationship between altitude and biomdssasity appears to be linear (ie. a
straight line) but in other years some of the factokely to affect biomasmight well result

in nonlinear relationships. Indeed, for 2004, the relationship for the edited set of survey
sites (ie. excluding the thrggrominent outliers) is best represented by a curve, as shown in
Figure 11
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Figure 1. Relationships between altitude anfty biomass density for edited setsf
survey sites ir2004 (in red) and 2013 (in blue).

Based on the relationships depictedRigure 11, fry biomass production in 2004, averaged
over the range of altitudes surveyed, was only about 60% of the 2013 value.

Again, there is a range of potential explanations for differences like these that inglades
to-year variations in spavar number, egg deposition anfty recruitment Additionally,
temperaturedependent variation in hatch date and, therefotbe length of thegrowing
seasormight also affect fry biomass, as would weatlependent variation in stream
productivityduring the surmer.
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3.4 Salmon parr

The age of salmon parr was determined by scabeding. This procedure makes use of the
compressedyrowth zone (or checkhat scales show as a resultlofv growth duringthe

winter months. Scales taken from parr in summer show asplat renewed growth after

the preceding winter check that is characterised by widely spgcedth rings ¢ircul) on

the scale periphery. Thisis¥IS R & LJ dzd 3 NP dthie Kanvemtighy whidzpdrd2 NI &
are categorisedThus, for examplea 1+fish captured in summeshowsa single winter band

on its scale$ollowed by a period oplus growthlaid down inthe summerof the current

year. A 2+ parr shows two winter bands. Any 1+ parr captured in 2013 hatched in 2012 and
any 2+ parr hatched in 20Xland so on.

During scale reading it was noted that the scalesome of the fislshowedadditional,
severe summer chesln 2013 Thesechecksmay haveresulted from exposure ta period
of adverse high water temperaturestkt can be seen from Table 1 thamater temperatures
were relatively high even in September when the survey was carried out. Given the
prevailing weather during the summer of 2013, temperatures had probably beerh
higher in June and Julyhen the sun was near its maximum elevataithough no formal
records are available

Table 10 shows thate frequency of summer checks was not uniform among survey:. sites
Siteto-site variation intemperatureY I @ K| @S I NAASY FTNRY RAFTFSNBY
aspect orto variation intheir surfacearea to depth ratio. In addition, local variations may

be due to differences in barside cover and shadinguffering by lochs or deep meanders,

or to spatial variation in the entry of cooler sideeams or groundwateiOverall, the River

Thurso sites (lRnsdale to Hoy) were most affected although Dalemore, where no scale

checks were present, was a surprising discontinuity

The data presented in Table 10 may prove to be of interest for fisheries management,
particularly if the occurrence of extreme higtniperatures in summer is to become more
frequent.

In relation to the data analyses that follow there was no obvious indication that shaleks
were associated with reduceddy growth since average body size at any site was not
demonstrably related tahe incidence of scale checks.
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Frequency
Site of 2013
checks in
parr (%)
Cnocglas 48
Shurrery 5
Lythmore 1
Rumsdale 52
Dalganachan 97
Dalnagleton 100
Smerrary 26
Dalemore 0
Hoy 39
Barrock Mill +
The Clow 22
{ KSNA 3 0
Bilbster 4
Achnaclyth 20
Culvid 13
Gobernuisgach 0
Corrichoich 42
Braemore 10
Strathcoull 4
Wag 0
Aultibea 7
Coille Braigh 0

Table 10. Frequency of 2013 summer checks on the scales of parr.
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3.4.1 Distribution
Figurel2 showsthe distribution of values for the density of parr of all agjasses against
site altitude. Thesite at Barrock Mill is again excluded because it suppatefwsalmon
of any ageclass.
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No particular pattern can be discernddowever, he parr groupas a wholecontains
contributions from each of a number eéparateageclassesBecause these contributions
hatched in different gars theyare at least partially independeminda rigorous examination
of the data requires that each yeafass should be considered separately.

Table 1 repeats some of the data presented in Table 3hibws theproportion of salmon
parr at each sitehat was attributable to each of the various yeaasseshat were present
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Frequency (%)
Parr gge class (year of hatch)
Total

Site name number 1+ (2012) | 2+ (2011) 3+ (2010) 4+ (2009)
Cnoecglas 28 100 - - -
Shurrery 41 78 23 - -
Lythmore 78 95 5 - -
Rumsdale 32 84 16 - -
Dalganachan 36 97 3 - -
Dalnagleton 5 100 - - -
Smerrary 43 93 7 - -
Dalemore 91 97 3 - -
Hoy 28 93 7 - -
Barrock Mill 3 100 - - -
The Clow 51 84 16

{ KSNA T ¥ 48 90 10 - -
Bilbster 54 100 - - -
Achnaclyth 46 72 26 2 -
Culvid 69 88 12 - -
Gobernuisgach 27 33 37 26 4
Corrichoich 26 85 15 - -
Braemore 73 89 7 4 -
Strathcoull 45 82 18 - -
Wag 35 77 23 - -
Aultibea 45 60 40 - -
Coille Braigh 37 73 24 4 -

Table 1. Total number of parr andrequency of yearclasses at each site.

The proportional representation of parr at individual sites decreased with age. This is as
expected, due partly the effect of ongoing mortality amldo becausall surviving parr
ultimately leave fresh water as sn®l However, there was substantial variation in the
representation of yeaclasses aparticularsites.

Thus, for example, all the paat Cnoeglaswere aged 1+ (ichatched in 2012) indicating

that previous occupants of the survey site had become smolts at two years of age. At
Gobernuisgach approximately equal proportions of 1+, 2+ and 3+ parr (hatched in 2012,
2011 and 2010, respectively) were present, suggeshiagmany fish defer smolting until
they are four years oldndeed, a small proportion of the parr at Gobernuisgach had
hatched in 2009 and these fish were therefore potentiglearold smolts.
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3.4.2 Age and size
Table 2 shows the average body lengths of parr at each site broken diywageclass.

Mean body length (mm).
Standard deviation in parentheses

Age class (year of hatch)
Site name 1+ (2012) 2+ (2011) 3+ (2010) 4+ (2009)
Cnoeglas 110.5 (5.95) - - -
Shurrery 104.7 (7.36) 129.7 (9.42 - -
Lythmore 109.7(10.97) 142.8 (5.85 - -
Rumsdale 99.5 ( 7.37) 123.0 (7.31 - -
Dalganachan 95.0 ( 8.65) 1240 (+)
Dalnagleton 98.0 (+) - - -
Smerrary 105.5 (19.31) 139.0 (+) - -
Dalemore 92.4 (8.81) 119.7 (+)
Hoy 101.6 (9.12) 137.0 (+) - -
Barrock Mill 131.7 (+) - - -
The Clow 95.2 (7.27) 111.9 (5.03 - -
{ KSNATF 93.0(8.06) 114.0 (0.71 - -
Bilbster 101.710.50) - - -
Achnaclyth 102.4 (8.39) 118.0 (4.84 124.0 (+]
Culvid 89.1 ( 9.99) 105.3 (4.03 - -
Gobernuisgaclf  88.3 ( 5.34) 105.2 (9.17 109.1 (7.43) 1240 @)
Corrichoich 94.7 (12.53) 1245 (+) - -
Braemore 83.5 ( 8.22) 105.4 (+) 113.0 (+) -
Strathcoull 85.6 ( 6.61) 113.8 (9.48 - -
Wag 99.1 ( 6.40) 121.5 (7.50 - -
Aultibea 91.8 ( 5.51) 110.7(7.11 - -
Coille Braigh 90.5 ( 8.87) 114.0 (4.39 135.0 (+] -

+ number insufficiento derivevalue

Table 2. Length of salmon parby age class.

Again, theaverage length athe older age classesprobably affected by the prior
emigration of smolts. Parr that became smolts are likely to have been atherigrger
individuals in their aggroup and the average length of the remainirghfis probably,
therefore, less than it would otherwise have been. Howetles, values forl+ parr are less
likely to be affected by emigration since, in Caithnemsditions,few fish are likely to grow
fast enough to be smolts at one year of age. Theaye length of the 1+ group is probably,
therefore, a relatively accurate reflection of their overall performance. Average values
varied substantially, from3nm atthe Braemoresite to 110at Cnoeglas.The very few 1+
parr at BarrockMill showed by far the largest average size (132mm).

Variationin the sizeof parrbelonging to any particular age group would be expected to
depend partly orthe environmental scope that sites of different altitude afford for growth
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Growthrate and body sizevould be expected to beolver at higher altitude. Howevert
can be seen from Figure 14 that sochrelationship is evidenfior 1+ parr.
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Figure 14 The relationship between site altitude and the average body length of 1+ parr.
Standard deviation is indicatedn appropriate cases

Variation in thesizeof parr mightalsoreflect densitybut Figure 15 showthat the expected
inverse relationshifpetweenthe body length andhe density of 1+ parr is not evident
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Figure 15. Theelationship between the density of 1+ parr and their average body length.
Standard deviation is indicateth appropriate cases

Alternatively it may bethat levels of competitiorare determinedamongthe total parr
group comprising all the aggassedut, againFigure 5 showshat there is no obvious
relationship between the density of all parr and the body length of the 1+ age group..
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3.5 Assessment based on salmon parr

The assessments of the status of inesented earlier in this reporefer specifically tahe
yearclass that hatched in 2013. The survey datcontainpotentially usefulinformation
onthe densities othe parr yearclasseshat hatched earlier than 2013 artdesemight
supportadditionalassessmergtfor thosehatch-years The assessments that follow use
essentialljthe sameapproaclesdeveloped for the assessment of density and biomass for
fry to examine the same aspects of the patowever, in the case of the parr data, the use
of multiple regression to test for joint effects of altitude and density on fish size is not
appropriate fo reasons that becomtully apparent laterq namely, altitude and density are
not linked by a single relationship. To overcome this problem, sites are ranked separately by
density and biomass and the results are compared.

For a rigorous examinatiothe separate ageclassesnust be considered separatdbgcause
they were established independently different yearsAs shown abovehe numbers,
densities and biomasses tfe 2+ andolder classesf parrare mostly determined by the
unknown proportion of fistihat previously departed as smoltfhe 1+yearclass oparris
not likely to beaffected, or samuchaffected,in this way The ddest yearclasses oparr are
therefore excluded from what follows in favour of focussing analgsid assessmertn the
1+ parr(the yearclass that hatched in 20).2

Howevert it still remainspossiblethat some fiskdo become smoltand emigrate before
reaching the 1+ stagef they do sothis willhamper attemptgo assesshe statusof the 1+
parr across siteslt is not possible to examine tharectly becausegif they existthe fishin
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guestionwill not be represented in the survey data. However, it is possible to approach the
problem indirectly by examining patteriigr 1+ parr acrossurvey sites.

Figure B shows the relationship between altitude and 1+ parr densityan edited set of
arisSa 2F aFl @2 dilgaded B in Kable HThe pieseljcdadf dulierss
showing anmalously low densi¢sat warmer low-altitude siteswhere growth is liksl to be
fastestmight indicate the prior emigration of orgearold smolts.
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Figure B: The relationship betweersite altitude and thedensity of 1+ salmon parfor an
SRAGSR aSdl PE dZAX 0 § 5 ¢ 2 adecluding BarrgekMilf A (0 &

It can be seen from Figure 19 that, overall, lower altitude sites tended to support higher,
rather than lower, densities of 1+ paBut aginst this background, it is also evident that
densities at sites belo®w0 m altitude were less than expected fronetprogression of
values for sites between 70 and 250 m, indicating that the possibility of smolting and
emigrationremains
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Although thecurve shown in Figure 19ageasonabldit for the whole data set, it does not

adequately represent variation amonige higher altiude sites. The data artbereforere-

plotted in Figure 2pshowinga linearrelationshipfor sites lying between 70 and 250ffhe
relationshipexplains aroun®0% of the observed variatiotf the same relationshiis

extended below 70naltitude, three ofthe six sitedbelow 50m andnarked in redcannow

be identified agprominent outliers Theyshowmuchlower densityvalues than expected.

¢tKSaS aaiasSa | NB | TReproblerkafcsife &t Badrack Mill/igksonowk f 6 & (1 S NX
includedin the figureandit is marked in orange.

It can be seen from the Appendices to this report that the very largest of the fry at Hoy and
Bilbster were 7075 mm when surveyed in September. Fry like these would negdow
unusually rapidlypver the winterin order to reach the threshold size for smolting May-

in excess of 90mMmPerhaps pwth rates at Hoy and Bilbstare sufficient to achieve this
bearing in mindhe relativelylarge size of 1parr at these sitegTable 2) and the low

numbers ofremaining 2+ par(Table 1). However, a similar case cannot be made ttoe

sitcat{f KSNAFFQa 0S50l dza & fryiwksSnly ¥rbuBdh6%naY thef 16 pai (i K
wererelatively small and a substantial number of 2+ fish still remained.

The possibility bsmolting and emigration cannot be examined more thoroughly without
any information on the numbers and size of putative smdls.balanceit is unlikelythat
smolting at one year of age is a common phenomemo@Gaithnessnd smoltingis probably
not the causeand certainly nothe only cause, of the lovdensities of 1+ parr at anyf the
sitesin question

! http://onlinelibrary.wiley.com/doi/10.1111/eff.12003/full
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3.5.1 Density

The cause of the discontinuity evident in Figure 2bigarunknown making it difficult to
identify an appropriate relationship fasses#gdensity inindividual sites across the whole
range of altitudes. As an expediettig relationship for the higher altitude sites, as shown in
Figure 20, was used to raak the survey site. The choice othis particular relationship

may not beparticularlyappropriatefor the lower altitude sites buthe choice of any other
plausible relationship wuld not materially alter theoutcomeof what follows.

Thevalues for thaifference between the observedensity for each siteand the value

predicted by the relationshipetween altitude and densitjor 1+ parrwere ranked, as

shownin boldin the third column ofTable B. Column four containghe colour coded

assessmerdaccording to Godfrefor dersitiesfor parrof all agesrepeated from Table 6.
Gradings foparr habitat quality aran column two,repeated from Tabl@.

Site Habitat Obsc pred

rating density

(n.m?)

Braemore 4 0.174
Dalemore 3 0.061
Corrichoich 2 0.030
Shurrery 4 0.028
Dalganachan 4 0.026
Achnaclyth 3 0.001
Gobernuisgaclf 3 -0.002
Lythmore 4 -0.015
Wag 3 -0.021
Rumsdale 3 -0.034
Smerrary 3 -0.038
Culvid 3 -0.040
Strathcoull 3 -0.043
The Clow 3 -0.061
Aultibea 3 -0.101
Cnoeglas 1 -0.138
Coille Braich 2 -0.146
{ KSNATTH 4 -0.147
Bilbster 3 -0.206
Dalnagleton 1 -0.241
Hoy 4 -0.272
Barrock Mill 3 -0.443

Table B.

Difference between observed and expected density of 1+ parr.

Rating cf.
Godfrey
(2006)

It can be seen frorthe third column ofTable B that the densityof 1+ parrat the Braemore

sitewas nmuch geater than expected. Aultibea, Cnact | a =
Dalnagletorand Hoyshowed markedly lower densities than expected atfié site at

Barrock Mill is agairanked lowesof all.
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The low rankings for three of the seven lowest ranked sites are expected because they were

Of F aaSR | & nabitt{fel gthdedzNdr B) bubthe other four sithsad low

NIy {1Ay3a RSaALAGS o S ATHishropfinclddése Biteslwhichhavé @2 dzNJ 6 f
already been identified asnusuak { K S NBilFstEraadHoy and also Barrock Mill which

has been identified throughout this report as an exceptional gitpoor status

Overall, he low rankings for the sites &alnagleton Hoy and Barrock Miland perhaps
Cnoecglas areall consistent with the @lssifications based on Godfrbyt otherwise
correspondence between the two approachesather low.

3.5.2 Biomass
The biomass density of 1+ parr is considered in Figurd2br the fry, biomass allows for
the effects ofany densitydependent growth by incorporating fish size into the assessments.
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Figure 4. The relationship between altitude and 1+ biomass dendity an edited set of
arisSa 2F aFI 02 dzetlaloiid& greaker thak TOM.(Sitel alzhltitublas Bss
than 50m are marked in redr orange

The generapattern evident in Figure 2is somewhat similar to the pattern evident in Figure
20 and the relationship shown explains around 70% of the variailmserved in sites above
70m. However, kthe low altitudesites with the exception of Lythmoregre nowclear

outliers becausé¢he 1+ parr in each of the sites were of relatively small average size, as can
be seen from Tabld2. The parr at Lythmore wereelatively largeand the biomassalue

now exceeds the value expected from the relationship between altitude and biormiass.

site atBraemore(156m) wasa notablehigh autlier for densitybut it conformsto the overall
biomasgelationship because the 1+ parr there werelativelysmall.

38



Site Habitat Obsg pred Rating cf.
rating biomass Godfrey
(9-m?) (2005)
Lythmore 4 1.80
Shurrery 4 1.23
Smerrary 3 0.48
Achnaclyth 3 0.44
Corrichoich 2 0.41
Braemore 4 0.32
Dalganachan 4 0.14
Gobernuisgact 3 0.12
Wag 3 0.01
Dalemore 3 -0.13
Rumsdale 3 -0.13
Cnoeglas 1 -0.65
The Clow 3 -1.11
Culvid 3 -1.15
Aultibea 3 -1.37
Bilbster 3 -1.96
Coille Braigh 2 -1.97
Strathcoull 3 -1.99
{ KSNATT¥ 4 2.14
Dalnagleton 1 -2.46
Hoy 4 -2.80
Barrock Mill 3 -4.60

Table 4. Difference between observed and expected biomass density of 1+ parr.

The biomass densities are ranked in TalleClomparing TablesAlwith Table 13it can be
seen that Baemore andDalemore aredowngradedn the biomass ranking compared with
the density ranking and that Lythmoreh8reryand $nerraryare upgraded Culvid,
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Siteratings derivedy the approach of Godfreglo not identifythe extremebiomass
anomaliesand low rankingst The Clow, @vid, Aultibea,Bilbster, Coille BraighStrathcoull
and $eriffsalthough the lowest ranking sites &8talnagleton Hoy and Barrock Mill are
common to bothrankingmethods.

The question remains as to wkpme low altitudesitesOf | & & S R

| 2é X%

|.
{ KS NX T goaxdinloivef tRan expdctedidanSitiés and biomasses of 1+.parr

a

AFl @2 dzNI o0 f

Bilbsteralsoshowed anomalously low biomass of fry (Table 9). For the reasons given earlier,
this was taken to indicate that the level of fry recruitment was locally inadequate in the year
of survey(ie. 2013)lt is possible that the low 1+ parr densities at Bilbster continue to reflect
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similarly inadequate fry recruitment in 2018 owever, the same case cannot be argued for
| 28 YR {KSNAFFTQa oKSNBE FTNEBE RSyairAdASa oSNB K

A possibleexplanationisthat some of theparr at sites likeHoyhad abandoned the habitats
coveredby the survey in favour aither areasUnder pressure from the unusually high
temperaturesand low flows prevalent before and duritige survey, parr may have moved

to deeper, fastefflowingwater elsewhere that, under more usual river conditions, would be
regardedas atypicalHabitat gradients are less pronouncedwiderchannelsand unit
surveyareas arecorrespondinglyess likely tasample all habitat types in the vicinitiyn

general, the scope fastrategic relocations much greater ithe lower reaches of rivers
wherethe greatest rangeof flow regimesand habitat typess available often in close
proximity.

If this is the casdhe status of 1+ parr ahe five low biomass outliers indicated in red in

CAIdzNBE HumM o601 283% ¢KS / f 2 ¢ wilpekSedthofioltatveto A f 6 & (0 S
the true situation¢ KS aYA &daaAiAy3d¢ FA&A&K YI& 06S ySIENbesz (K
their absence from the survey sites may be fldependent and perhaps, therefore,

temporary. In support of this the site at Lythmore was electric fished under higher flow

conditions than the other sites (as can be judged from the photographs in the appendices)

Neither the densitynor the biomass of the 1+ paat Lythmore (24mjyvas atypicalas can

be judged from Figures 20 and 21, respectively.

4. Conclusions

This report has relieeavily on using site altitude asasisfor comparisonf populations
of salmonacrosgiver catchmentssurveysites, and yearsAltitude is likely to be a
reasonable proxy for many of the environmental and biological effect$ated to
temperature,hydrochemistry and probablgpawning density anfty recruitmentc that
affect performanceand productivitybut for which direct measurements are usually not
available.

The central problem with the approadiesin devising ways of identifying a useful
description of the underlying relationshipgth altitude. The particular problerarises from
the certaintythat some or many, areas of streamwvill fall short of their potentiato produce
fishbecause of/ariable lewels of localecruitment to siteghat alsovary in theirhabitat
guality ¢ neither of which can be fully quantifieds an expedienthe approach adopted
here has been tedit out sitesjudged to beof low habitat qualityto identify any majoylow
value outliers that remainand to usethe edited set of sites talefinethe relationshipsthat
serve as a basis for comparison.

From the analytical point of view, the present survey has the advantage of being based on
an extensive survey coveringaatively large set of sitesverthe full altitudinal range
Also,relatively fewoutliers remainedfor the fry dataonce habitat quality had been factored
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out, suggestinghat variablerecruitmentwasnot a widespread constrairdn fishnumbers
In particular, it may be that 2012vas a fortuitously good spawning year leading to rather
uniform recruitment of fry in 2013n support of this, the fry densities abmeof the survey
sites were exceptionally high by comparison with anyhefvtalues presgted by Godfreyor
past years irany of theScottishSAGivers.

The data for 1+ parr arnéely to beinherently more complexhan those for fry. The parr

have experienced two variableaying periods rather thaone. The parr are also both

older and lager allowingmore time for relocatiorand sizedependent mortalityand more

scope for sizelependent behaviours. Yet, as for the fry, the density values observed for 1+
parr were generally high and patterns of variation among sites were generally coh&test
again suggests that low or uneven recruitmgntthis casén 2012 was not a constraint on
production of 1+ parr in 2013 and, therefore, that 2011 was probably also a good spawning
year.

All the relationships describad the report are for the Caithness rivers only and for 2013
alone and they may not have wider relevance or applicatdthough theCaithnessites
can be ranked and compared using the approaat®sloped in this reportnatching data
are not available from surveyslsewhere Sothere is nobasis for outside comparison
Sope forcompaison withthe Caithness rivers joreviousyearsis also limited to the case
of salmon fry in 200. However, if the present survey is repeatadextendedsuch
comparisons will becompossible and theutility of the relationships mayrnicreaseas the
scope ofthe workextends

The relationshipsleveloped in this reporshould be treated with cautiomeantimebut
they areopen to testing for examplepy repeat surveyand analysisf the same set of sites
in another year

There areseveralconditions that are favourable for a test

1. A relatively largeset ofsitessurveyed in the same year and at around the same time.
2. Surveydataof hightechnicalquality, obtainedusing depletiortechniques.

3. Coverage of the fullltitude range

4. Measurements of body lengtto characterise individual performance

5. Age determination fromaale readingbecause on occasionthe length distributions of
fry and parr overlamgnd thelengthdistributions of the various agelasses of parr
frequently do so.

6. Soundcategorization ohabitat quality probably based on expert opiniamthe absence
of an effective moreformal approach
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Some of theclearestrelationshipshat emergedfrom the analysiof the datawere for
biomass density rather than numerical density and the two vaaresiot equivalent. The
status of the adjacent Dalemore and Hoy sites encapsulates the resulting diffieylty.
biomass valueat the two siteswvere roughlythe samebut fishat Dalemorewere very
numerousandvery smallwhile fry at Hoy weremany fewerbut much largerThis mismatch
begsthe question of whiclof the two sitesrepresented the more favourable statfrom a
fisheries management point of view

Intuitively, it might be thought thabecause fry density was much higher at Dalenitse
status wasnecessarilysuperior to that of Hoy. However, smolting is dependentgrowth
rate and sizeand the opportunity to migrate occurs only once each year, around May. On
average, fewer of the slower growing fishDalemoreare likely to meet the May threshold
andthose fish that do notnust remain in fresh water for a further year before the
opportunity to leavereaurs. However, éwer of those parr that delayre likely tosurvive to
become smoltbecause of thextra mortality incurred duringheir additionaltime in fresh
water. It ispossible therefore, that neither of the conditions observedtabdy or Dalemore
is consistently superidn terms ofprodudng smolts Given all the other uncertainties that
fish face and the fact that theechange from year to yeathe observed mix of conditions
maywell represent the most favourableonditionfor the river as a wholand the best
prospect for the fishery.

In a management contexsurveydata can be used in two wayooking forwards in time,
fry and parr numbers are a direct determinant of smulimbers and these, in turn, set the
initial parameters for the fisheries in following years. High production in fresh water and
high smolt numbers are a prequisite for high fishery abundance. Looking backwards, fry
and parr numbers are related to pasheries through rates of egg deposition in previous
years. However, at times of high adult abundance, density of juvenile fisimssdereda
somewhat insensitive measure of spawner numbers becausdritie €apacity of river
habitat caps recruitment ea maximum value equivalent to saturation. In practical terms,
this value is almost always unknown ané impossible to predict in any meaningful way.
However, if the validity of the present approach can be confirmed, comparisons of
numerical density ad biomass density will signal that saturation values are being
approached as appeared to be the case for some sites in 2013.

In this context all the survey data for fry and 1+ parr are combined in the surn@®sar
contained in the figures below. In botlages, the anomaly (ie. the observed minus the
expected value) for biomass is plotted against the anomaly for density. In the case of fry, it
can be seen from Figure 22 that the biomass anomaly at any site was generally consistent
with the density anomaly in general, large density anomalies were associated with large
biomass anomaliesas is expected.
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However, the unusual status tife sites at Dalemore and Dalganachan (marked in red) has
already been highlighted in this report. Both sites showed large density anomalies for fry
that were not matched by correspondingly large biomass anomalies, indicating that the
growth of individuas was impaired. This was probably caused by intense competition

among fry in sites that were saturated, or nearly saturated, with fish. Figure 22 now
demonstrates that only Dalemore and Dalganachan showed clear evidence of this condition.
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Figure 23The relationshipbetween the density and biomass anomalies fparr. Braemore is
marked in red and Dalemore in orange.

Figure 23 shows a similar summary for the 1+ parr. As for the case of fry, it can be seen that
biomass anomalies were generally consisteith density anomalies. However, Braemore
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(marked in red) showed an extreme high anomaly for 1+ parr density that was not matched
by a high biomass anomabgainsuggesting that parr growth was impaired by intense
competition in a site approaching saturan. Only Braemore was clearly affected in this way
althoughDalemore (marked in orange) is also a candidate.

5. Summary assessment of Caithness rivers in 2013

Trout are typically distributed in different habitat types than those habitually used by
salmon.Salmon rather than troutvere the main target of this survey and tearveysites
were selectedaccordinglyNeverthelessin a Scottish contextrout were suprisingly
infrequent at most sites anthey wereabsent from manyTroutwere most abundant at
Cnoeglas on the Forss, Rumsdale on Thurso and Gobernuisgach on the Beradsites
at high altitude.The generallyow abundance of trouaind their reldive strength only
around the periphery of the catchmentsasnsistent with previous dataf the same type
for the northern rivers presented by Godfrg2005) Although thesefindings are unusual in
a broader Scottish context, they may reflect the natwahdition of troutpopulationsin
thesenorthern rivers.

For salmonmost of thepreliminarycomparisors with data presented by Godfrefpr the
northern riverswere highly favourableThis was the cadaoth for the fry hatched in 2013
and for the 1+parr hatched in 2012.

The data presented by Godfrare summary data that are a useful yardsticky@meral
comparisonst the river or catchmenscales. However, they are lasseful for categorising
individual sites which often have characteristics that them apart from others in relation

to their intrinsiccapacity to support fish. For example, habitat quaditg altitude were
confirmed asmportant determinants of the density and biomass values for both fry and 1+
parr.

Making due allowance fohesedifferencesthe fish populationst the surveysites were
categorized and compare@verall, the majority of the sites appeared rather uniformly
stocked and there was no evidence that they lackéter fry or parr However, in a few
cases ptential shortfalls were pinpointedas follows.

1. iy densitiesat The Clow and Bilbster sites on the Wick River were lower than expected.
This was probably due to inadequate local recruitment caused by lack of spawning habitat in
the vicinity of the sites. Inrgy casejudging from Tabl&, the situation was as least partially
resolvedfor 1+ parr probably because of additional recruitment from a greater distance

over the extended period between the fry and 1+ stages.

2.In somelow altitude sites,1+parrtended to befewer than expected.TheHoysite, in
particular, deserves further attention becaugarr were judgedfew in numberin all
comparisonsThe deficitwastentativelyattributed to the movement of parr from the
survey areas to atypical streanmabitat nearbybecause of the warm, low water conditions
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prevalent in 2013This is speculation, however, andegpeat survey might permit emore
definitive explanation.

3. The Barrock Mill site on the River Westentained only very sparse populationfshmth
trout and salmoralthough the siteoffers habitat of good qualitylndeed, the few fish there
had grown well and were very large for their age, probably as a result of low levels of
competition for abundant resource3he inferior statu®f BarrockMill remainsto be
explained.

In summary, the 2013 electritshing survey has provided assessments of two spawning
yearsc 2011 and 2012. Threport has demonstrated that, making due allowance for

altitude and habitat quality, salmon belonging to bdkte resulting hatchyear classes

2012 and 2013are in a favourable condition at the great majority of the survey sites. Some
sitesare at or near their maximum capacity to support fish.
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Cnocglas: site dimensions

Section left Mean channel wet Wetted area Streambed area (A)
bank (m) width (m) (m)
28.8 6.1 175 181

Cnoecglas: fish census values

E/F Pass
1 2 3 Total Total 95% conf Dens Dens
n n n obs.n | est.n interval obs. est.
nm? | nm?
Salmon fry 44 15 6 65 68 65-73 0.37 0.39
Salmon parr 20 7 0 27 27 27-29 0.15 0.15
Trout fry 56 13 5 74 76 74-79 0.42 0.43
Trout parr 24 2 0 26 26 26-26 0.15 0.15
Cnoecglas:presence of norsalmonid species
Eel \
12 5 Cnoeglas: salmon body length
10 -+
> 8-
=
TR
S =0+
(i
4 - mil+
2 _
. | MJ |,||\ (i h (T
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2. Shurrery, Forss Water
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Shurrery: site dimensions

Section left Mean channelvet Wetted area Streambed area (A)
bank (m) width (m) (m)
13.4 6.5 90 90
Shurrery: fish census values
E/F Pass
1 2 3 Total | Total 95% onf Dens | Dens
n n n obs.n | est.n interval obs. est.
nm? | n.m?
Salmon fry 106| 27 8 141 144 141-148 1.57 1.60
Salmon parr 33 8 0 41 41 41-41 0.46 0.46
Trout fry 2 0.02
Trout parr 1 0.01
Shurrery. presence of norsalmonid species
Eel
8 - Shurrery: salmon body length.
- Fry sample n = 50 of 141
6 -
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g
34 - m O+
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2
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3. Lythmore_Forss Water
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Lythmore: site dimensins

Section left Mean channel wet Wetted area Streambed area (M)
bank (m) width (m) (m)
17.5 10.6 179 179

Lythmore fish census values

E/F Pass
1 2 3 Total | Total 95% conf Dens | Dens
n n n | obs.n| est.n interval obs. est.
n/m? | n/m?
Salmon fry 237 59 19 315 321 315-327 1.76 1.79
Salmonparr 58 15 5 78 80 78-83 0.44 0.45
Trout fry 6 6 0.03
Trout parr
Lythmore presence of norsalmonid species
Eel | Stickleback |
8 - Lythmore salmon length distribution.
- Fry sample n = 61 of 315
6 -
35 -
g
24 - m O+
(&)
L 3 - ml+
2 - 2+
1 -
M 1 A

30 40 50 60 70 80 90 100 110 120 130 140 150 160
Body length (mm)
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4. Rumsdale, River Thurso
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Rumsdale: site dimensions

Section left Mean channel wet Wetted area Streambed area (M)
bank (m) width (m) (m)
22.7 8.1 169 169

Rumsdale: fish census values

E/F Pass
1 2 3 Total | Total 95% conf Dens | Dens
n n n obs.n | est.n interval obs. est.
nm? | n.m?
Salmon fry 101 | 47 23 171 191 174-209 1.01 1.13
Salmon parr 24 6 2 32 33 32-35 0.19 0.20
Trout fry 40 40 0.24
Trout parr 9 9 0.05
Rumsdale: presence of nesalmonid species
Eel \
[ Rumsdale: salmon body length
6 - Fry sample n =54 of 171
5 |
2y
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?',' 5 m O+
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5. Dalganachan, River Thurso
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Dalganachan: site dimensions

Section left Mean channelvet Wetted area Streambed area (A)
bank (m) width (m) (m)
29.2 4.9 143 159

Dalganachan: fish census values

E/F Pass
1 2 3 Total | Total 95% conf Dens | Dens
n n n obs.n | est.n interval obs. est.
nm? | nm?
Salmon fry 115 72 54 241 350 270-430 1.69 2.45
Salmon parr 27 8 1 36 37 36-38 0.25 0.26
Trout fry 0 0 0
Trout parr 2 2 0.01
Dalganachan: presence of nesalmonid species
Eel \ Stickleback |
8 1 Dalganachan: salmon body length
7 - Fry sample n = 56 of 241
6 |
35 -
c
s
24 - m O+
(&)
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6. Dalnagleton River Thurso
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Dalnagleton site dimensions

Section left Mean channel wet Wetted area Streambed area (1f)
bank (m) width (m) (m?)
34 5.6 190 264
Dalnagleton fish census values
E/F Pass
1 2 3 | Total | Total | 95% conf | Dens | Dens
n n n obs. | est.n interval obs. | est.
n n/m? | n/m?
Salmon fry 89| 30| 31 150 178| 154-202 0.79 | 0.94
Salmon parr 3 2 5 5-7 0.03 | 0.03
Trout fry 2 2 0.01
Trout parr 0 0 0
Dalnagleton presence of norsalmonid species
Eel \
7 A
Dalnagleton: salmon body length
61 Fry sample n = 56 of 150
5 |
2y
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7.Smerrary, River Thurso
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Smerrary: site dimensions

Section left Mean channel wet Wetted area Streambed area (1f)
bank (m) width (m) (m?
16.4 9.6 * 144 144

*Section not rectangular

Smerrary: fish census values

E/F Pass
1 2 3 Total | Total 95% conf Dens | Dens
n n n obs.n | est.n interval obs. est.
n/m? | n/m?
Salmon fry 107| 45| 30 182 209 188-230 1.26 1.45
Salmon parr 34 7 2 43 44 43-45 0.30 0.31
Trout fry 0 0 0
Trout parr 2 2 0.01
Smerrary: presence of neealmonid species
Eel \
7 -
Smerrary: salmon body length
6 Fry sample n = 48 of 183
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8. Dalemore, River Thurso
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Dalemore: site dimensions

Section left Mean channel wet Wetted area Streambed area (1)
bank (m) width (m) (m?)
50 4.4 219 263
Dalemore fish census values
E/F Pass
1 2 3 Total | Total 95% conf Dens Dens.
n n n obs. est. interval obs. est.
n n n.m? n.m?
Salmon fry 407 | 227| 112 746 878| 827-929 3.41 4.01
Salmon parr 60| 20| 11 91 97 91-105 0.42 0.44
Trout fry 0 0 0
Trout parr 6 6 0.03
Dalemore: presence of nesalmonid species
Eel \ \
20 - Dalemore: salmon body length
18 - Fry sample n = 149 of 746
16 -
14 - m O+
>
g 12 - =1+
$ 10
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9. Hoy, River Thurso
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Hoy: site dimensions

Section left Mean channel wet Wetted area Streambed area (1f)
bank (m) width (m) (m?
21.4 7.9* 161 231
*Sectionnot rectangular
Hoy: fish census values
E/F Pass
1 2 3 Total Total 95% conf Dens Dens
n n n obs. n est. interval obs. est.
n nm? | nm?
Salmon fry 125| 68 38 231 277 245-309 1.43 1.72
Salmon parr 20 6 28 29 28-31 0.17 0.18
Trout fry 1 1 0.01
Trout parr 0 0 0
Hoy: presence of nosalmonid species
Eel \ Stickleback |
7 .
Hoy: salmon body length
6 - Fry sample n = 56 of 231
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10.Barrock Mill, Wester/ Burn of Lyth
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BarrockMill: site dimensions

Section left Mean channel wet Wetted area Streambed area (1f)
bank (m) width (m) (m?
22.4 7.9 173 173

Barrock Mill: fish census values

E/F Pass
1 2 3 Total | Total 95% conf Dens Dens
n n n obs.n | est.n interval obs. est.
n/m? | n/m?
Salmon fry 4 1 0 5 0.03
Salmon parr 2 1 0 3 0.02
Trout fry 2 1 0 3 0.02
Trout parr 1 1 0 2 0.01
Barrock Mill: presence of nosalmonid species
Eel \ Stickleback |
37 Barrock mill: salmon body length
= 2
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11. TheClow, Wick River
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TheClow: sitedimensions

Section left Mean channel wet Wetted area Streambed area (1)
bank (m) width (m) (m?
28.0 4.3 120 167
TheClow: fish census values
E/F Pass
1 2 3 Total Total 95% conf Dens Dens
n n n obs.n | est.n interval obs. est.
nm? | n.m?
Salmon fry 16 1 21 21 21-23 0.18 0.18
Salmon parr 41 6 4 51 52 51-54 0.43 0.43
Trout fry 0 0 0
Trout parr 0 0 0
TheClow: presence of noisalmonid species
Eel \
57 The Clow: salmon body length
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{KSNAFTFQaY aAGS RAYSyairzya
Section left Mean channel wet Wetted area Streambed area (1f)
bank (m) width (m) (m?)
22.1 7.3 161 169

{KSNATFQaAaY FA&K

OSyadz @It dzSa

E/F Pass
1 2 3 Total Total 95% conf Dens Dens
n n n obs.n | est.n interval obs. est.
nm? | n.m?
Salmon fry 161 82 30 273 301 282-320 1.70 1.87
Salmon parr 32 13 3 48 50 48-54 0.30 0.31
Trout fry 0 0 0
Trout parr 4 4 0.02
{ KSNATFTFQAY -dalNBnidSpeceS 2F y 2V
Eel \ Stickleback |
8 -
7 - Sheriff's: salmon body length
6 Fry sample n = 56 of 273
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13.Bilbster,Wick River
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Bilbster: site dimensions

Section left Mean channel wet Wetted area Streambed area (1f)
bank (m) width (m) (m?
26.0 8.0 210 380
Bilbster: fish census values
E/F Pass
1 2 3 Total | Total 95% conf Dens Dens
n n n obs.n | est.n interval obs. est.
nm? | nm?
Salmon fry 79 26 21 126 141 126- 155 0.60 0.67
Salmon parr 47 6 1 54 54 54-55 0.26 0.26
Trout fry 0
Trout parr 7 7 0.03
Bilbster: presence ofion-salmonidspecies
Eel \ Stickleback \ Flounder | Lamprey(Lampetrasp.)
8 - Bilbster: salmon body lengh.
- Fry sample n = 56 of 126.
6 |
35 -
c
S4
g m 0+
3 w1+
2 |
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M 1
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14. Achnaclyth, Dunbeath Water
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Achaclyth: site dimensions

Section left Mean channel wet Wetted area Streambed area (1f)
bank (m) width (m) (m?)
12.3 10.0 123 135

Achnaclyth: fish census values

E/F Pass
1 2 3 Total Total 95% conf Dens Dens
n n n obs.n | est.n interval obs. est.
n.m? | n.m?
Salmon fry 33 4 3 40 40 40- 42 0.33 0.33
Salmon parr 33 11 2 46 47 46 50 0.37 0.38
Trout fry 0 0 0
Trout parr 1 1 0.01
Achnaclyth: presence of neaalmonid species
None
6 -
Achnaclyth: salmon body length
5 |
54
o mO0+
=] 3 |
g w1+
o
2 - 2+
m 3+
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15. Culvid, Dunbeath Water
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Culvid site dime

nsions

Section left Mean channel wet Wetted area Streambed area (1f)
bank (m) width (m) (m?
16.7 13.3 223 270
Culvid: fish census values
E/F Pass
1 2 3 Total Total 95% conf Dens Dens
n n n obs.n | est.n interval obs.n/ | est.
m? n/ m?
Salmon fry 205( 70 24 299 311 302-321 1.34 1.39
Salmon parr 61 6 2 69 69 69-70 0.31 0.31
Trout fry 0 0 0
Trout parr 4 4 0.02
Culvid: presence of nosalmonid species
Eel \
8 .
. Culvid: salmon body length.
| Fry sample n = 50 of 299.
6 |
35 -
@
34 - m O+
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o 1 L L
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16. GobernuisgachBerriedale Water
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Gobernuisgachsite dimensions

Section left Mean channel wet Wetted area Streambed area (1)
bank (m) width (m) (m?
13.8 125 173 173
Gobernuisgach: fish census values
E/F Pass

1 2 3 Total Total 95% conf Dens Dens

n n n obs.n | est.n interval obs. est.

nm? | n.m?

Salmon fry 31 9 2 42 43 42-45 0.24 0.25
Salmon parr 22 4 1 27 27 27-28 0.16 0.16
Trout fry 7 1 0 8 8 8-8 0.05 0.05
Trout parr 15 5 0 20 20 20-21 0.12 0.12

Gobernuisgachpresence of norsalmonid species

none \

Frequency

:

Gobernuisgach: salmon body length

B0+ ml1+ m2+ W3+ 4+
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Body length (mm)
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17.Corrichoich, Berriedale Water
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Corrichoich: site dimensions

Section left Mean channel wet Wetted area Streambed area (1)
bank (m) width (m) (m?
125 10.6 130 130
Corrichoich: fish census values
E/F Pass
1 2 3 Total Total 95% conf Dens Dens
n n n obs.n | est.n interval obs.n/| est.
m? n/ m?
Salmon fry 19 6 4 29 31 29- 36 0.22 0.24
Salmon parr 24 2 1 27 27 27-28 0.21 0.21
Trout fry 0 0 0
Trout parr 3 3 0.02
Corrichoich presence of norsalmonid species
Eel \
5] Corrichoich: salmon body length
4 |
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18.Braemore, Berriedale Water
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Braemore: site dimensions

Section left Mean channel wet Wetted area Streambed area (1f)
bank (m) width (m) (m?
13.8 12.5 173 173
Braemore: fish census values
E/F Pass
1 2 3 Total Total 95% conf Dens Dens
n n n obs.n | est.n interval obs. est.
nm? | n.m?
Salmon fry 133| 40 25 198 211 200- 222 1.14 1.22
Salmon parr 54 13 6 73 75 73-79 0.42 0.43
Trout fry 0 0 0
Trout parr 4 4 0.02
Braemore presence of norsalmonid species
Eel \
[ Braemore: salmon body length
6 - Fry sample n = 53 of 198
5 |
2y
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19. Strathcoull, Berriedale Water

- Heamhar!
O —~
T /
iy ..'d'_ ¥ 5. = .I' i
e YE f
_.‘.hfl "..: | |
s \ "
VAN |
\-\ _\\ 1 Beinn g an
ks
S
J. 1 'L T LT -’ L oI i :T' r . TSN S S . o iy
I &d] Do i ) 4
kN | _I__.-"f.- n"} 3
o k!
[ /I:"n,n Lirclesy \"..,‘Naw
N ':'.jr L"'n-..‘_

83



Strathcoull: site dimensions

Section left Mean channel wet Wetted area Streambed area (1f)
bank (m) width (m) (m?
11.8 8.9 105 137
Strathcoull: fish census values
E/F Pass
1 2 3 Total Total 95% conf Dens Dens
n n n obs.n | est.n interval obs. est.
nm? | nm?
Salmon fry 9 7 2 18 21 18-30 0.17 0.20
Salmon parr 30 11 4 45 47 45-52 0.43 0.45
Trout fry 0 0 0
Trout parr 0 0 0
Strathcoult presence of norsalmonid species
Eel |
5] Strathcoull: salmon body length
4 |
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20.Waq, Langwell Water
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Wag: site dimensions

Section left Mean channel wet Wetted area Streambed area (1f)
bank (m) width (m) (m?
23.3 8.4 195 209
Wag: fish census values
E/F Pass
1 2 3 | Total | Total 95% onf Dens| Dens
n n n | obs. | est.n| interval obs. est.
n n/m?| n/m?
Salmon fry 108| 28 9 145| 148 145-153| 0.74 0.76
Salmon parr 28 7 0 35 35 35-36| 0.18 0.18
Trout fry 0 0 0
Trout parr 7 7 0.04
Wag presence of norsalmonid species
Eel \
9 - Wag: salmon body length.
8 Fry sample n = 52 of 145
7 |
50
§ > m O+
T 4 -
s ml+
3 |
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2 |
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21. Aultibea, LangwelWater
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Aultibea: site dimensions

Section left Mean channel wet Wetted area Streambed area (1f)
bank (m) width (m) (m?
16.0 9.3 163 187
Aultibea: fish census values
E/F Pass
1 2 3 Total Total 95% conf Dens Dens
n n n obs.n | est.n interval obs. est.
nm? | nm?
Salmon fry 101| 35 13 149 156 149-164 0.91 0.96
Salmon parr 38 6 1 45 45 45-46 0.28 0.28
Trout fry 1 1 0.01
Trout parr 4 4 0.02
Aultibea: presence of notsalmonid species
Eel \
" Aultibea: salmon body length
6 - Fry sample n= 49 of 149
5 |
2y
g4
= m O+
g3 w1+
2 - m2+
Ll ORVIEACT
0 T T T T T T T T T
30 40 50 60 70 80 90 100 110 120 130 140 150 160
Body length (mm)

88




22.Coille BraichLangwell Water
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Coille Braigh: site dimensions

Section left Mean channel wet Wetted area Streambed area
bank (m) width (m) (m?) (m?
12.0 134 161 168

Coille Braighfish census values

E/F Pass
1 2 3 Total Total 95% conf Dens Dens
n n n obs.n | est.n interval obs. est.
nm? | n.m?
Salmon fry 8 3 1 12 13 12-15 0.07 0.08
Salmon parr 23 11 3 37 39 37-44 0.23 0.24
Trout fry 0 0 0
Trout parr 4 4 0.02
Coille Braighpresence of norsalmonid species
Eel \
4 .
Coille Braigh: salmon body length.
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23. Consideration of fish density in relation to wetted streambed aread estimated total
streambedarea.

Throughout this report fish densgitvalueshave been expressed relative to the wetted
stream areaasmeasuredon the day The totalarea of the stream be&wasnot fully wetted

in some sitedecause the survey was conded under low water conditions. Total
streambedarea was therefore also estimat@ccording to the likely position of the edges of
the stream under average flow conditigres judged by eye.

Obtaining accurate estimates of total streamdth wasparticularlyproblematicwhere the

stream was bounded by gravel. Lateral bars accumulate in times of high rather than average
flow and, therefore, their limits cannot be taken to define the normat¢aim edge. The sites

at Dalnagleton, Bilbster, Culvid, Strathcoull and Aultibea posed partdiffigulties, as can

be judged from the photographs in the relevant appendices. The difficulties could be
resolved by remeasuring the sites when stream discha conditions are considered to be
normal and, if necessary,«@lculating the valueshown below

Estimated true density (n.i)
Measured wetted area Estimatedtotal Wetted
River Site name streambedarea area/ total
Fry Parr Fry Parr area
Forss Cnoeglas 0.40 0.16 0.39 0.15 0.98
Shurrery 1.60 0.46 1.60 0.46 1.00
Lythmore 1.79 0.45 1.79 0.45 1.00
Thurso Rumsdale 1.13 0.20 1.13 0.20 1.00
Dalganachan 2.45 0.26 2.20 0.23 0.88
Dalnagleton 0.94 0.03 0.67 0.02 0.71
Smerrary 1.45 0.31 1.45 0.31 1.00
Dalemore 4.01 0.44 3.34 0.37 0.83
Hoy 1.72 0.18 1.20 0.13 0.70
Wester Barrock Mill + + + + 1.00
Wick The Clow 0.18 0.43 0.15 0.31 0.72
{ KS N ] 1.87 0.31 1.78 0.30 0.95
Bilbster 0.67 0.26 0.37 0.14 0.55
Dunbeath | Achnaclyth 0.33 0.38 0.30 0.35 0.91
Culvid 1.39 0.31 1.15 0.26 0.83
Berriedale | Gobernuisgach 0.25 0.16 0.25 0.16 1.00
Corrichoich 0.24 0.21 0.24 0.21 1.00
Braemore 1.22 0.43 1.22 0.43 1.00
Strathcoull 0.20 0.45 0.15 0.34 0.76
Langwell Wag 0.74 0.18 0.69 0.17 0.93
Aultibea 0.96 0.28 0.84 0.24 0.87
Coille Braigh 0.08 0.24 0.08 0.23 0.96

+ numbers insufficient to derive value

Table A. Comparison of density values expressed by wetted area or total streambed area.
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Table Ashows numerical densities for fry and parr expressed relative to the alternative
measures ofthe surveyarea. For many sites where the stream channel was incised the
alternative measures of density have the same value. Where this was not the case, density
expressed relative to total streambed aresanecessarily less than the value expressed for
wetted area.

R2 =0.8925

===
P N R O 0N
1

Fry density (n.n?)

0.4 1 R2 = 0.6764
0.2 ®

0 T T T T T 1
0 50 100 150 200 250 300

Altitude (m)

Figure AThe relationships between altitude and fry densifgr an edited set ofsites of
a Tl @2 dgNdiitp, éxBréssed relative tavetted area {n blue) and total streambed area
(in red).

Figure A is in part a feresentation of Figure 1af the main text As per Fig. 11Fig. Ashows

the relationship(marked in bluepetween altitude and fry density expressedr wetted

area The rehtionshipist 2 NJ 6§ KS SRA (SR a Stie caréspoading @2 dzNJ 6 f S¢
relationship between fry densitgxpressed petotal streambed area ialsodepicted

(markedin red). It can be seen that the overall relationshgtiffer only slightly but that the

distribution of points is more dwerentfor wetted area than fototal streambed area

suggesting that wetted area is the mardormative measure

In this context,timust be remembered that juvenile salmonids are territodal, in a weH
stocked stream, it is highly unlikely that they passively contract their territories to
accommodate displaced competitors when falling water levels make marginal habitat
untenable.lt is much more likely that they continue to regulate theééansity. In the main

part of this report it was suggested that when marginal habitat contracts at times of low
flow, fish temporarily disperse to newly suitable habitat that arises reciprocally elsewtiere
this is the case, measures of wetted area wallrbore biologically appropriate than
measures of total streambed area and, as for Figure A, density values basetted area
will be the more cberent

92



93



