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NESS DISTRICT SALNFGBMHERY BOARD
Review of 2014 to 2016 Adult Salmon Scale Sampling Programme

EXECUTIVEIBIMARY

1 Scale samples were lsmitted from a total of 223 adult salmon captured between 2014 and
2016, equating to seven per cent of the total salmon catch for the period (3,136 fish).

1 Sampling effort in the upper catchment (Garry, Oich, Moriston and Loch Ness) concentrated in
the spiing to early summer period, whereas that on the lower catchment (River Ness) extended
through to the autumn period.

T {FYLXfSa 6SNB GIF1SYy FNRY | KAIKSNI LINRPLRZNIAZ2Y :
Wi dzi dzYy Q@ OF G OKZ LISI| | S R7 pergent ol dNfisti causii€ Beye sampledd Y LINS &

9 It was not possible to determine the freshwater age for 23 of the samples, with the marine age
also indistinguishable in the case of two of these samples. This was due to too few scales being
containedinthee@St 2 1S gAGK (GK2aS LINBaSyid o0SAy3a WNBLIH

T C2dzNJ 2F GKS FAaAK &k YL SR 20SN) §KS UGKNBS &SI NJ
spawners. Of particular interest was a fish that had spawned twice previously and was caught o
its way back to spawn for a third time, an unusual occurrence in Scotland.

9 It was possible to determine the freshwater age for 200 of the scale samples. The majority of
these (83 per cent) were found to have spent two years in freshwater, with a futeer cent
having spent three years in fresh water.

1 The proportion ofthree freshwater year fish recorded in the samples from the Garry and Oich
catchment (57 per cent) and Moriston catchment (25 per cent) in the upper system were
significantly higher tha in Loch Ness (11 per cent) and River Ness (12 per cent) in the lower
system.This pattern is similar to that seen in other Scottish rivers, with the colder climate in the
upper reaches resulting in slower growth of fry and parr.

1 Three freshwater year fisdominated the February samples (75 per cent), but were found to
make up a much smaller proportion of the other monthly samples (zero to 22 per cent of
Y2YOGKEe alYLX Saovd ¢KS WSEFENIe&é ALINAY3IQ altyzy OF
headed fa the very upper reaches of the system where freshwater growth is slower.

9 Scale readings indicate that the majority of both 1SW grilse and MSW salmon spent two years in
freshwater, with a smaller proportion of each spending three years in freshwater,ugththis
was maore common in MSW salmon (19 per cent) than 1SW grilse (seven per cent).

1 It was not possible to carry out any meaningful analysis on the sea age of the submitted samples.

Pageii



NESS DISTRICT SALNFGBMHERY BOARD
Review of 2014 to 2016 Adult Salmon Scale Sampling Programme

This is due to the fact that sampling between 2014 and 2016 was hé#slyd toward sampling
of larger multi sea winter salmon. Of the 221 samples suitable for sea age composition analysis,
187 were found to be MSW salmon with just 34 found to be grilse (1SW).

1 The majority of grilse (93 per cent) had a total age of thregry, with just seven percent having
a total age of four years. Those four year olds were found to have spent three years in
freshwater.

1 The MSW salmon were found to range between four aim years of agelhe majority were
found to have a total agef four years (54 per cent), followed by those with a total age of five
years (37 per cent) and a further eight per cent at six years of age. Seven and nine year old fish
each made up one per cent of the sample; these were found to be repeat spawners.

1 Andysis of scale samples taken frdvtarch and Maycaught fish betweer2014and 2016(the
WALINAYIQ LISNAR2RO AYRAOLI G Sthe mdfokityi of SarBed takerSiINGE | €
February were found to be from 3SW fish (75 per cent), with a smaller propoofi 2SW fish.
¢KS LINPLRNIAZ2YA 6SNB GSNE AAYAfFNI Ay (GKS al @
AL gy Ay3aQ FAAK on LISNI OSyid 27F G2a4rfto0o

1 The April and May samples saw a shift in dominance from 3SW (33 per cent and 10 per cent
respectively) to 2SWdgh (65 per cent and 85 per cent respectively). A small proportion of these
samples were also found to be repeat spawners (three per cent and two per cent respectively).

1 The first 1SW grilse were identified snale samles taken in June making up fp&r cent of the
monthly total, with 2SW salmon dominating (48r cent)and a small proportion 08SW fish
also present in the sample (four per cerBy JulylSW grilse were founid make up 5per cent
of the monthly scale samplewith no 3SW fish present

f CSoNXzZENE IyR al NOK &l YLX S& 46SNB F2dzyR (42 06S TN
ANRGSGKQ o6S3IlFy G2 FLIWISEN Ay GKS ! LINAE &l YLX Sa&
lf0K2dZAAK GKS &l YLX Sa &adzoYAGUGSRIAYTRAR BSBENEO0 A @A
growth (52 per cent); a significant proportion with plus growth also featured (48 per cent).

1 Spring fish with no plus growth continued to feature in June, although making up a much smaller
proportion of the monthly total (ninger cent). By July and August all the samples were found to
show pluggrowth;K2 ¢ S@SNJ I aAAy3If S WALINARY3IQ alftyz2y 41 a A

1 The results indicatéhat the months of April and May are particularly important forriag
salmon on thebS&aa aeadsSye ¢KA& &ddz33Saida GKIG ¢KS
O2yaSNBIGA2Yy YSIFadaNBa F2N WaLINR yapril)Fakhdaugh o | f €
welcomed, do not go far enough.
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9 Fish in the sample aged as grilse (1SW) were found rigerdbetween 3.5 and 9 pounds in
weight, with an average weight 5.7 pounds. The 2SW salmon ranged from 5.5 to 22 pounds, with
an average weight of 11.4 pounds. The 3SW salmon ranging from 7 to 24 pounds, with and
average weight of 16.8 pounds.

1 If we assure that these samples are representative of the wider salmon population in the Ness
system, then the results suggest that fish over 9 pounds are most likely to be MSW salmon, with
fish under 5.5 pounds most likely being 1SW grilse. Fish between 5.5 anah@spoould be
either MSW salmon or grilse and difficult to positively identify without scale reading.

1 A slight amendment to the data collected as part of our scale sampling programme would allow
us to begin quantifying grilse error. This would involve tise of a scale packet which asks for
length data and a description of the fish in terms of salmon or grilse rather than just salmon.

1 Overall, females were found to account for 59 per cent of the total sample. Howdwer, t
samples submitted from 1SW gsalsvere found to be dominated by male fish (68 per cent), with
the samples from MSW salmon found to be dominated by female fish (65 per cent). This
reinforces the need to collect a more representative sample in future years.

1 Itis recommended that both lenly and weight data be collected during scale sampling so that it
Oty 06S dzaSR (2 RS@St2L)J I WwWbSaa {LISOAFAOQ [Sy3i
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1 INTRODUCTION

The collection and ageing of Atlantic salmon scales has become a fundamental fisheries
management tool. tl allows determination of river age, sea age and varioather scale
characteistics for stock discrimination (Shearer, 1992). Growth pattecas be related to
production, environmental trends. ifming of physiological changes such as maturation,
smoltification and spawning caalso be identified. This information, combined with geand size

data, can be used to inform management decisions within a fishery.

This reportprovidesan overview ofthe Ness DiftA OG  { I f Y2y CAAKSN®Ea . 21 NRQ
Sampling ProgrammeThis starts with a description of the basic markings anolusture of fish

scales,scale ageing techniqgeand the sampling procedures employdtdgoes on to present the

results of the programme; including the numbers and quality of scale samples submnttedhe

three year periodand analysis of the resulting dain terms of ageecomposition and run timing

Finally, the report looks at practicelanagementapplications of the scale ageing data and makes
recommendations for future years.
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2 THE NESS SYSTEM

The Ness catchment is the largest in the North Highlandsdaaiths approximately 200 square
kilometres of land. The upper reaches extend almost to the west coast, close to Loch Hourn and
Loch Nevis. Thiand drains east and north through the Great Glen before entering the sea in the
Moray Firth at Inverness. Fananagement purposes the distrits subdivided into seven key

management unit¢seeFigure 2.1below).

Figure 2.1- Ness System Fishery Management Units

Ness Coastal

River Ness

wme Loch Ness and Smal Tnbutaries
Enrick and Coiltie
w— Motiston

e Garry and Oich

Tarff, Foyers and Farigaig

20 Kilometers

Some features of this map are based on digital spatial data licensed from the Centre for Ecology and Hydrology, © CEHedn«
material based on Ordnance Survey 1:50,000 maps with the permission of the controller of HereMat y 6 s St a't

Crown copyright.

Each of these management units is described in further detail below:

1 Ness Coastal InvernesgFirth and smaller coastal burns, particularly important for sea trout but

also salmon;

1 River Nesg; The temperature of the main River Ness is kept artificially high by Loch Ness, so it
has no temperature barrier. This unit also incorporates the key taities of the main river,
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including the Holm Burn and Allt na Skiach Burn;

1 Loch Ness and Small Tributarieg he famous loch extends to 37km with smaller tributaries, the
mouths of which ardelieved to baémportant spawning areas for salmon, trout and Agchar,

1 Rivers Enrick and Coiltie Flowing into Urquhart Bay and supporting one of only a few alluvial
woods remaining in the United Kingdom, designated as a Site of Special Scientific Interest (SSSI).
Also thought to be important spawning areas for suar and autumn salmon and grilse;

1 River Moristong Designated as a Special Area of Conservation (SAC) for freshwater pearl mussel
FYR 'TGfFyGAO alfyYy2yd LG adzZll2NIa Fy AYLRNIFyY
large scale hydrelectric shemes;

1 Rivers Garry and Oic) Separated by Loch Oich. The River Oich runs parallel to the Caledonian
Canal with extensive modifications being made to the river during its construction. Both the
DFNNE |yR GKS hAOK &dzLJLJ2 NXEand ard ieaNilli impadted Waldrged A y 3 Q
scale hydreelectric schemes; and

1 Rivers Tarff, Foyers and Farigadll support salmon populations to a greater or lesser degree
and form important juvenile and nursery areas. They are, however, less important in tfrms
angling. The Tarff and Foyers are impacted by hytiEotric schemes.

In addition to the above, the Caledonian Canal intersects the Ness system at various Paoénts.
canal runs some 60 miles (Rim) from northeast to southwest. Only one third of thentire length

is manmade, the rest being formed by Loch Dochfour, Loch Ness, Loch Oich and Loch Lochy (in the
neighbouring catchment).
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3 PRINCIPLES OF SCREEADING

Many of the skeletal structures of fish such aales otoliths, opercular bones and firays exhibit

growth rings.These rings are formed annuatlye to seasonal fluctuains in growth and so can be

used to give an indication of the age of a fish. Scales are usually the chosen structure because they
can be sampled without sacrificing theHi

3.1 BASIC MARKINGS ANIREICTURE

The basic markings and structure of a typical generic fish scale aranshdvigure3.1. It can be

aSSy GKIG o0lFlYyRa&A 2F AYRAGARdzZ f fAySa (y2s6y |a WC
wCc20dza Qo

Figure3.1 - Basic markings and structure of a generalised fish scale

ANTERIOR FIELD

Circulus

LATERAL FIELD

Skin melanophores

POSTERIOR FIELD

When the scales are attached to the fish they are held in pockets. The circuli are formed as the scale
pushes against the dermis and the pressure forms ridges on the scale which then becofiesl calci
This process occurs at the edge of the scalereithe new growth is soft. AAthe circuli age and
become further away from the edge of the scalleey hardenas they become impregnated with
mineral salts.
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During the summer monthsvhen food availabity is high the fish grows quickly. In the colder

months growth slows down or stops and the circuli form closer together leaving incomplete ridges.

2 KSy GKS FAAK 0S3Aaya G2 3ANRG F3IFLAY Ay (GKS 61 N¥YS|
theincomLJt SGS OANDdzZ A>X GKA&A NBIA2Y Aa 1y26y La |y Iy

The annuli in different species or specimens may differ in appear&utevill always have one or
more of the following characteristics:

9 Cutting over of circuli;

91 Closely spaced circddillowed by a zone of widely spaced circuli;
1 Abrupt ending of circuli;

1 Uneven spacing of circuli; and

9 Clear patches without any circuli.

The age of the fish can be determined from the number of annual checks (annuli). Temperature is
the main contributingactor to annuli formationdue to its effects on the metabolic rate and growth
of the fish.

False checks ar@ common feature on scales, particularly where the growth of the fish has been
interrupted by factors such as pollution events, capture by asgler sudden changes in
temperature. This makes the ageing of fish more difficult, especially in cold water species such as
salmon and trout. These are very sensitive to extremes of temperature and may stop feeding in very
warm or very cold conditions.

3.2 SALMONSCALES

Salmon g Wnadromou§) O T A aniraté BpAi@Es from the sea to spawad so their scales

exhibit features from their freshwater and seawater years. After hatching salmon spends on

average two years in freshwater where it is knowntas WL} NNR® ¢KS alfyvyz2y
WAY2F OAFAOFGA2YQ YR YAIANI GSa R2,dnrkingNdd lend of 2 6 I NR
freshwater growth.

The fish &ys at sea for at least onsinter where itsscales exhibit large growth rates due to the
abundance of food available. If they first return after one sea wirtkey become known as grilse.
An image of a typical grilse scale is presenteéigure 32 below.
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Figure3.2 - Scale from a grilse aged 2.1+ (twears in the river ancne year in thesea)

1" Sea Winter
Juvenil
2 enile
Freshwater
1% River Growth
Weight: 4lb
Condition: ‘Fresh’

Date: 2" September 2015
Captor: Lee MacKenzie
Site: River Ness, Silver Wells, Inverness Angling Club
Age: 2.1+
N Description: ‘Grilse’ that spent two years in freshwater as a
; \\. m r Juvenile, followed by a single year at sea. Total age 3+
Zj‘-'\.' N E S S { years, egg laid in winter 2011, hatched in spring 2012,
I District saimon Fishery Board Ness & Beauly Fisheries Trust ‘smolted’ in spring 2014, and returned to river in late

summer 2015. Good amounts of ‘plus’ growth on the edge
of scale indicating that it has fed well since the winter.

Hshthat stayat sea for more than onwinter return at a &rger average size. Theswilti sea winter
(MSW)salmonare believed begimeturning very ealy in the year (sometime late November/early
December in the préous year)compared to themain grilse run which usualigturn between June
and October Scalefrom typical MSWsalmon arepresented inFigure3.3.

The first fishaged 3.3 yearwas captured in Aprand soisOf a4 SR & | Wamiddh y3Q T A
by the scale which shows no growth after the thsda winter checkThis mdicates that the fish
entered the river early in the yeavithout putting on any significant growth since the last winter.

The secondishg | & OF LJG dzZNB R I idJuly and/sb NBlassedras NaydzYFYASANKD  a | £ Y 2
FAAK SEKAOAGA WLX dz&a Q 3INE ¢ (i dnsistehtivid Nde fadt hat #had 2 y R &
more time to feed at seaince the last winter

Y
€
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Figure 33 - Scale from a 3 multi sea winterW & Y J8@8monl y R
salmon.

KNESS 0mn#

District Salmen Fishery Board  IN€SS & Beauly Fisheries Trust

I HdOHb YdzZ GA

3" Sea Winter

2™ Sea Winter

1" Sea Winter

3" River Juvenile
2" River Freshwater
1% River Growth

Weight: 23.5lb

Condition: ‘Fresh’

Date: 26" April 2015

Site: River Moriston

Age:33

Description: ‘Spring” salmon that spent three
years in freshwater as a juvenile, followed by
three years at sea. Total age six years, egg laid
in winter 2008, hatched in spring 2009,
smolted in spring 2012, returned to river In
spring 2015.

2" Sea Winter

1" Sea Winter

o Juvenile
‘[ Freshwater

17 River Growth

BKNESS [,
' District Salmen Fishery Board

Ness & Beauly Fisheries Trust

Weight: 16.51b

Condition: ‘Fresh’

Date: 25" July 2015

Site: River Ness, Town Water

Age: 2.2+

Description: Summer salmon that spent two years in
freshwater as a juvenile, followed by two plus years
at sea. Total age four plus years: egg laid in winter
2010, hatched in spring 2011 and smolted in spring
2013, The fish then returned to river as an adult in
summer 2015, having put on a little plus growth since
its last sea winter.
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On their return to freshwater salmon do not feetthe mineralisation process is reversadd the
scales are reabsorbed from the outside ed@dis demineralisation process known as the
W/ NA ©K T @friitvas described by Crichton in 1935) gmbvidesa source of calcium during
periods of deficiency.

Theerosion2 6 a SNWSR 2y | aOFtS a I NXadzZ TheehredioK A & LINI
erosioncan be used tgiven an ingtation as to how long a fish has been in freshwater, adémtify

1Sftdaz AdSd WalLlsSyiQ FTAAK gKAOK KI @S FsedFigweSRI & dz
3.4below).

Ff Y2y Wl St ( Qngitshedgis cteatifg’lad K RS 3 NG

Figure3.4{ O £ S TNRY &
WAL syAy3a YIN] QD

9lb fishcaught onthe River Qich,
25* March 2016 - erosionon
the edge of the scale indicates
that it wasa ‘keit’

The presence of a spawning mark can also be used to id@néfyous spawners, i.e. those fish that
have entered the river and spawned, returned to the sea, then entered the river again to spawn for
a second tine. An example of a multi sea winter salmon scale exhib#ipgeviousspawning marks
presentedin Figure3.5.
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Figure3.5 ¢ Impression of asalefrom a 22(SM)m WNB LIS | (& Ldauglyf anyigRdverd | £ Y2 Y
Garry in May 2015

3" Sea Winter

ing Mark (SM)

1" Sea Winter

2" River | Juvenile
Freshwater
1"River | Growth

Weight: 211b

Condition: ‘Coloured” with predator damage

Date: 16" May 2015

Site: River Garry, Estuary

Age: 2.25M1

*  ‘Run out’ ~ Gradual transition to marine growth, may be associated with the time token for the smolt to Description: ‘Spring’ ! i with a total age of six years.
migrate from the upper system through Loch Oich and Loch Ness. 10 ¥eg s daic In winite 2000 S harc g i gpELOg 2003

The fish spent two years as a parr in the river, before
* ‘Spawning Mark’ -Scales are reabsorbed when the fish stops feeding creating erosion on the edge of the | pecoming a smolt and migrating to sea in spring 2011. After

scale. The spawning mark is the old eroded edge with new marine growth beyond it. two years feeding in the sea the fish returned to river in

spring 2013. It spawned in winter 2013, before returning to

‘_\ Q the sea as a kelt in spring 2014. The fish spent a further year

z:;«‘i‘ { reconditioning in the sea, before being captured on its
\ District Salmon Fishéry Board Ness 8 Beauly Fisheries Trust retum tospawn for a second time In spring 2015.
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4 SCALGBAMPLIN®ROCEDURE

Ghilliesand anglerswere issued with scale packetsweezers and asked as a minimum to take
samples from every third fish landedormal procedures for minimising trena and damage to the

fish wereemployed (e.g. minimum déndlingtime and wet handp Thefish were keptunder as much
control as possiblepreferably remaining in the landing ndhe fish wereweighed as usual anthe
anglers asketb record theirW ¥ 2 NJ f Sy3dKQ> YSIFad2NBER FTNRY GKS
(seeFigure 41 below).

Figure 41 Adult salmonshowing fork length and scale sample area

dorsal fin

tail fin )
lateral line

adipose fin

anal fin — pectoral fin
pelvic fin

>
Forklength (cm)

The weight and length of the fistvere recordedon the scale packet provided, together with the
date andlocation of capture (th river, beat andpool from which it was taken)Further comments
were includedh y G KS Ww S, Yohethkr aviththé sex(olithedigh (if possible).

Scales wer¢éakenfrom the area highlighted in green (s€&gure4.1 above)between the dorsafin
and lateral line. Thignsures that the best pasible shped scales are takemaking reading much
easier A total of fourto fiveindividual scales wereemovedfrom each fish This allows the age to be
verified and accouma T2 NJ | y& WNIThdf ScaleSvérS yhanQtrandf@dedtoSthe
completed scalgacket.

Scale packets were submitteto fishery board water bailiffs or trust biologistsThese were then
given a referenceumber before being sent to a specialist scale reader (Bryce Whyte) for validation
The raw data was then sent back in a spreadsheet subsequently analysed number of scais
samples were photographed, witnnotated images provided to those who captured the fifhe
resultsare presented in the following sections of this report.

Pagel0of 39
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5 RESULTS

This section of the reporpresents the results of the 2@1to 2016 Ness DistrictScale Sample
Programme; including the numbers and quality of scale samples submitted and analysis of the
resulting data in terms of age composition and month of capture.

5.1 SCALEAGES

Scale samplewere sibmitted from a total of 223adult salmoncaptured between 2014 and 2016
equatingto sevenper centof the total salmon catcHor the period(3,136fish). The detailf each
sample submittedare presented imMppendix 1 of this report The age igeneraly presented as a
three number code, where:

9 The first number = river (or freshwater) age
9 The second number = sege&a

9 Third number = 0 (no plus growth)

9 Third number = 1 (plus growth)

9 Third number = 2 (previous spawner)

9 Third number = 3 (full erosion)

Forexanple,f0 KS 38 2F | FTA&K A& 3IAGSY a WounQs (GKAA

Fd &aSk sAGK y2 Lfdza INBHGK O6AYRAOFGAY3I GKEOG Ad
salmon).

Where it was not possible to age the figtiue to poor scale quality or low numbers of scales
AyOf dzZRSR Ay (KS -vi@ YALNzSE 0 AgKBEcEmmiyVeLSié Sl ndipossile to
age part of the scalge.g. the river age) theh WK Q wasiaclided ihstead.

5.2 SAMPLING EFFORT

Theresults indicate that ampling effort in the upper catchmen{Garry, OichMoriston and Loch
Nesg concentrated in the spring to early summer period, whereas that onléeer catchment
(River Nessgxtended through to the autumn periodhis was duéo the fact that fishing effort is
highest on the upper system during the spring period and lower system in the summer/autumn
period (seeFigure 5.1below).
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Figure 5.1¢ 2014 to 2016 combinedhonthly rod catchfor each management unit (bluegompared
to the number of scale samples submittgded)
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Scale samples were taken from a highgdNR LJ2 NJi A 2 y  Ba®h (KK S/ WRKLSNAWZIAY' Y S N.
Wi dzii dzY y{ReFiQureis@below). Sampling peaked in April wheam impressive 27 per cent of

all fish caughtwere sampled. This fell to 11 per cent in May, eight per cent in doddell steadily to

just one per cent in September.

Figure 5. Proportion of the combined2014 to 2016nonthly rod catch from which scale sampde
were taken
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In future years sampig effort during the summer and autumn periods should be increased. This
could be achieved byecruiting more anglers on the River Ness and Loch Ness to participate in the
scale sampling programme.

5.3 SAMPLE QUALITY

The lengthof fish wasomitted from all of the samplessubmitted over the threeyear period. This
was due to a printin@rror on the scale packetsvhich has beerrectified with a new batch of scale
envelopes

It was notpossible to determinghe freshwater agdor 23 of the sampls submitted letween 2014
and 2016, with the marine age also indistinguishable in the case of two of these sammies
majority of cases this was due to too fewales beingcortained in the envelope, with those present
beingW NB LJ | OSswSy G aol €S

When a scale is #b, a replacement (regenerated) scale grows rapidly to reach the size of the
original. Regenerated scales do not form circuli during the period of rapid growdtloféean appear

clear, pebbly or irregularly formecbmpared to the original scalgseeFigure5.3 below). When the
regenerated scale reaches the size of the original, further growth occurs and circuli are formed at
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the same rate as the surrounding noegenerated scales. Since they lack age and growth
information prior to scale loss, ages estimatédm regenerated scales are not reliableThe
occurrence of replacement scales is the primary reason for need to take four to five scales from each
individual fish.

Figure 5.3 A normal scale (left) and & LA OF f  WNI I(iight) @cdn¥hs yain€lishaTod: f S
replacement scale hagregularly formedregenerationin its centre makingthe freshwater age

impossible to determine.

! ydzYo SN 2F a0l tS Sy@gSt2L3a 02y il Ay S Roptideh NNB 3 dz
locaions on the fish(seeFigure5.4 below). These are likely to have resulted from loose scales being

taken from the landing net or river bank. Scales should be taken directly from théetwaen the

dorsalfin and lateral line on the fish. Thésures that the best pasible shaped scales are taken

making reading much easier.

Figure 5.4 Scale of the best possible shape taken from between the dorsal fin and lateral line
(left) next to an irregularly shaped scale from another part of the fish (right).
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5.4 KELTS, BAGGOTS AMWRIERS

Scalesamplesrom four fish sampled between 2014 and 2016 indicate that they fedtimer salmon
Y1 StGaqQs Wwol 332 lindebdeetrtludédNion thS andlyQispcortaii&ian this report
becausehey were fishthat enteredthe system in theprevious year.

A kelt is a salmon which hapawned They are sually identified by thie thin shape, distended vent
and pres¢’ OS 2 F W3 anf the gily filaind@r@sii(SeéFigure 5.5 below). hey are often
encountered by anglers in spring when they regain a silvery appearance and easilyenistaken
F2NJ FNBaK Nilzy WaLINAY3IASNERQO®

Figure 5.5 A typical female salmon kelt with thin shape yet silvery appearance

' UNJI gySNH O6YIf SO ghNdatHashilB0I@ spanooh@sStiy to spawn THese |

fish are occasionally caught in springtime on tivers of the upper Ness system, but more often on
the River Ness which is known for its late spawning fish.

Baggots are generally well proportionethough slightly dark colouredparticularly on their gill

covers. Rggots can be distinguished from coloured hens by their soft flesh, distended bellies and

sometimes open ventseeFigure 5.6elow).

! Ww I ig tfieSndd®e for a mature male salmon catughthe spring which has not spawned or
may possibly bgust part spentlf these fishwere to becut open they have mature testes, hence the
name rawn.
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Figure 5.6 AconfirmedWo | 332G Q 2NJ dzyalJ ¢y SR FSYILfS alrtyz2y O
in February 2016

5.5 PREVIOUS SPAWNERS

Four of the fish sampledover the three year periodvere found to beW LINBS@ N2 d¥NB LIS G Q & LI
(seeTable 1below). Thesearefish thatentered the river and spawned, returned to the sea and then

entered the river again for a secorm third. Good field signs of a previous spawner are the
presence of gill maggots on a fresh run fish, or healed damage to the lower edge of the caudal (tail)

fin as a result of previous spawning activity.

Table 1- Details of fish identified fromthe 2014 to 2016cale samplé y I f @ aA & & o0SAy3

spawnerg)

Date of | Location Weight Condition Released Age
Capture (Ibs)
10/03/14 | River Moriston | 18 Fresh Yes 2.3(sM1
16/05/15 | River Garry 21 Coloured with predator | Yes 2.2(SM)1

damage (dolphin).
15/04/16 | River Oich 20 Fresh Yes 2.3(sSM1(SM1
24/04/16 | Loch Nes 14 Fresh Yes 2.2(SM)1
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Of particular interest is the 20lb repeat spawner caught and released on the River Oich by lan

Stoddart on the 18 April 2016(seeFigure 5.7below). This fish had spawned twice previously and

was caught on its way back to spaven & third time, an unusual occurrence in Scotland.

All of the previous spawners recorded to date on the Ness system calasmed aQlternativeor
Wienniala LI 6y SNE QI bactd dea inrkaud year Befoie returning to spawn for a second
time. In Scotland it is unusual to see more thavo spawning by an individuafish; however fish

with up to four spawninghave been identified in Norwegian rivers.

Repeat spawning fish are important for the entire rigewck for a number of reasons:

T

T

Older salmon are larger and have a better chance of spawning successfully;

The larger females are more aggressive and capture the optimum spawning sites in the river,
improving the chances of spawning success;

The larger the hen salmon, the more fecund itl ke (i.e. it will deposit a larger number of
eggs);

Large salmon are known to be more attractive to other fish than the smaller ones and so the
eggs are more likely to be fertilised;

The larger the salmon the bigger the eggs, providing the fry with gelaiood reserve and
increasing survival; and

7

¢KS fFNBSN 0KS alrfy2ys (GKS RSSLISNI 4KS ySai
high or low water conditions.

2 NJ

¢tKSaS WOSGSNIyaQ IINB FOhAy3a (2 WTAfek TheK&so 3 LJa Q

remind us of the importance of returning as many spring salmon as possible. By removing even the

smallest of fish you may prevent it from spawning not just once, but even two or three times.
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Figure 5.7 Annotated photograph of a scalfrom the 20Ib repeat spawner caught and released on
the River Oich by lan Stoddard on the"Bpril 2016

5 Sea Winter i
1* Spawning Mark
(3" Sea Winter & 1 freshwater Year)
2% Sea Winter
. Marine
Growth
17 Sea Winter
g 2 River Juvenile
(AN — - Freshwater
3 iver
RMNRRRER T s Growth
i l'll' il o
A | Weight: 20lb (Approximataly)  Condition: ‘Frest’
Date:15% April 2016 Site: River Oich—Ian Stoddart

Age:2.3SM15M1

Description: R:p,;at spawning ‘spring’ salmon with = total agecf S
years. Egglsidin winter 2006, hatched inspring 2007. Spent two
years in freshwater before becoming a smolt and migrating tothe
sea in spring 2009. Retumed to the river after three yearsin
spring 2012. Spawned inwinter 2012, retuming to the sesass
keltin spring 2013. Spenta further yearreconditicning inthe sea,

Q before retuming to freshwater for 3 secondtime in spring 2014,
( Spawned for 3 second timeinwinter 2014, returning to theseaas
District Salmon Fishery Board Ness & Beau!y FiSheﬁeS Trust akelt againin spring 2015. Spenta further year recanditioning in

the sea, before being captured onitsreturn tospawn for athird
time in spring 2016.
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5.6 FISH FARM ESCAPEES

No fish farm escapees were identified from theales samples collectdmbtween 2014 and 2016
However, scapes from fish farmare a cause for conceamd anglers should know how to identify
them.

For conservation and wild fish interests, escaped fish may: represent a disease hazard; occupy
valuable habitat to the exclusion of wild fish; and have the potential to interbreed witd fish,
leading to dilution of genetic integrity.

Farmed salmon can differ morphologically from wild salmon in several ways:
1 Shortened gill covers such that the gills are visible when the covers are normally closed;
1 Snout/jaw deformations;

9 Bud firs (when dorsal or pectoral fins are worn down to a cartithge stump where the rays
are no longer visible);

1 wavy rays on dorsal or pectoral fins;
1 Rounded tail lobes; and
91 Higher numbers of dark spots below the lateral line.

Photograpls of a typical esgaed farm salmon is shown iRigure 5.8 below. This illustrates the
shortened gill cover, wavy rays on pectoral fins dathaged dorsal fin
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Figure 58 - A confirmedfish farmescapeewith shortened gillcover, wavy rays o pectoral

fin and damagediorsal fin
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5.7 AGE COMPOSITION

The sea ages of Atlantic salmon indicate crucial differences between oceanic feedingwdtioks
have important implications for conservation and management (Batai 2010). It is also known

that W SeaWinter (1SWrilseCandWa dzf G A { NBSW) saloyfXaShive different freshwater
habitat preferences (lowland and upland areas respectively). An understanding of the age
composition of a salmon therefore provides important details regarding their lifestyles and
requirements of the fish and their populations (Bacsiral, 2010).

5.7.1 Freshwater Age

It was possible to detenine the freshwater age for 206f the scale saples submittedbetween
2014 and 2016The majorityof thesefish (83 per cenf were found to havespenttwo yeals in
freshwaterbefore smolting and returning to the sdaeeFigure5.9 below). A further18 per cent
were found to havespent threeyearsin fresh water

Figure5.9 - Proportion of sampled rod catch2014 to 201§ shown by years spent in freshwat

0%

m1 Year
m 2 Years

3 Years

Each springthe largest parr become silvery smolts and migrate downstream towards the sea. In the
southern rivers of thdJnited Kingdom this can happeiter just one year. In the more northerly
Scottish rivers (which have shorterogring seasonsymolts areusually two to three yearsf age as

isthe case in the Ness District

Studiesof salmon scale samples taken from other rivers in Scotlandicate that a greater
proportion of fish with threefreshwater years (and abov@ye found to origina¢ from the upper
reaches of rivers than the lower reaches. This is thoug be due to thecolder climatein these
areasandsubsequentack of nutrients resulting in slower growtatesof fry and parr.
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A simila pattern isevident fromadult scale samies taken across the Ness Distritite proportion
of three freshwateryear fishrecordedin the samples frm the Garry andich catchmentJ7 per
cent) and Moriston catchmen®b per cent) in the upper systemwere significantly higher thami
Loch Ness @ per cent) andRiver Nes§l2 per cent)in the lowersystem(seeFigure5.10 below).

Figure 5.10 Proportion of sampled rod catck2014 to 201§ on each main tributary of the Ness
District found to have spent three years fineshwater

60% 57%

Proportion of Scale Sample

Garry & Oich Moriston Loch Ness River Ness
Management Unit

Number of

samples = 175 m Fish with three freshwater years

Furthermore, thee freshwater year fish dominated the February samples (75 per cent of monthly
sample), but were found to make up a much smaller proportion of the other monthly samples (zero

to 22 per cent of monthly samplegeeFigure 5.11below)p ¢ KS WS | INdn&caught Nk y 3 Q 2
January and February are believed to be headed for the very upper reaches of the system.

Figure 5.1% Monthly proportion of sampled fish falling into each freshwater age class
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Theproportion of scales sampled from gril§6SW) and salmo(@SW)falling into each freshwater
year class is compared kigure5.12 below. The majority of grilse sampled betwe@014 and 2016
(93 per cent)were found to have spent two years in freshwater as juveniles.

Figure 5.12 Proportion of scales sampled &m grilse (1SW) and salmon (MSW) falling irgach
freshwater year class
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10% 0% 0%

0% :

1 Year 2 Years 3 Years
Number of Years in Freshwater
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Two of the grilse sampled in the 2015 programfeguating to severper cent of the total grilse
sample)were found to have spent three years in freshwater. Both of these fish waarght on the
Rive Ness at Dochfour in July. Theyay have been destined for the upper reaches of the system
where freshwater growth rates ardower. A mucHarge proportion of the MSW fish (1Per cent)
were found to have spent 3 years in freshwatere tlmajority of which wee captured in the upper
system in the early part of the season.

Overall, scale readings indicate that the majority of both 1SW grilse and MSW salmon spent two
years in freshwater, with a smaller proportion of each spending threesyiedreshwater.

5.7.2 Sea Age

It was not possible to carry out any meaningful analysis on the sea age of the submitted samples.
This is due ¢ the fact that samplingpetween 2014 and 201@asheavily biased towardampling of

larger multi sea wintesalmon. Ofthe 221 samples suitable fosea age composition analysi37

were found to beMSW salmon with just 3tbund to be grils§1SW)
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5.7.3 Total Age (Freshwater and Sea Combined)

Themajority offish sampledetween 2014 and 2016 (4%r cen) were found to havea comhined
freshwater and sea age of foyears(seeFigure5.13 below). A further 30per cent were dund to
have a total age dive yearsand 14per cent with a total age ofhree years.Just one pecent of the
samples were found to be either seven an@years old (repeat spawning fish).

Figure 513- Proportion of sampled rod catch2014 to 2016 shown bycombined freshwater and
seaor total age

1%_-0% 4

%

m 3 Years
m 4 Years
m5 Years
6 Years
7 Years
8 Years

9 Years

Number of
samples = 200

¢CKA& LINPPOARSE | ISYSNIf WNHzZA S 2F (KdzyoQ NBIIF NRA)
It does not however consider the differences betweBtSW salmon and1SW grilse. This is

important because, as mentioned preusly, the samples takebetween 2014 and 2016vere

heavily biased towardsISWsalmon.

Figureb5.14 presentsthe proportions ofISWgrilse and MSW salmosampledfalling into eachotal

age categoryThe majority of grilse (93per cen) had a total age ofhree years with just seven
percent having a total age of four yeafm$hose four year olds were found to have spent three years
in freshwater. As stated previously, this could be an indication that thexgweaded for the colder
nutrient poor upper systems where growth rates are slowbr.this part of the system greater
proportion of fish spend an extra year in the river before reaching the optimundition for
smoltfication

The MSW salmooontained in the sample were found to rangetweenfour andnine years of age.
The majority were found to havea total age of four years (5g¢er cen), followed by thosewith a
total age of five years3{ per cert) anda further eightper cent at six years of ag8even and nine
yearold fish each made up one per cent of the sampleege fishwere found to berepeat spawnes
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that spent either oneor two extrayears in freshwater during the spawning process

Figure5.14ct NP L2 NI A2y 2F wm{2 3INAfAS 6:0G2LW IyR a{?
class
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5.8 RUN TIMING

Research has shown that thpasvning destination of salmon can belated to timing of river entry.
Early run fish are known to travel furth@pstream, with later running fish remaining lower in the
catchment(Baconet al, 2010) Dversity in adult run timingis particularly importantin terms of
ensuring the longevity of the salmon population, but alsogcenomics of a fishery as it extentie
fishing seasor{Baconet al, 2010) Information gained from scale reading regarding run timing is
therefore of particular interest.
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5.8.1 Relaive Proportions of 1SW and MSWshk

Analysis of scale samples taken frdish caught betweerMarchandMay 6 4t KS WA LINAY 3IQ L
indicatesthat they were all MSW salmon (s&&ure5.15 below). Themajority of samples takerin

Februarywere found to be from3SWfish (75 per cent) with a smaller proportion of 2SW fishhe

proportions were very similan the Marchsamples; however thesef 42 Ay Of dZRSR WNB LIS |
fish (4 per cent of total).

Figure 515- Relative proportions ofLSW, 2SW and 3S¥¢h identified from scale samples taken
in each month of the season
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The April and Maysamples saw a #h in dominance from 3SW (33 per cent and 10 per cent
respectively) to 2SW fish (65 per cent and 85 per cent respectively). A small proportion of these
samples weralso found to be repeat spawners (three per cent and two per cent respectivély).
reped spawners recorded to date have all been associated with spring salmonipdeine).

The first 1SW grilse were identified scale smples taken in June making Wy per centof the
monthly total, with 2SW sbnon dominating (78&er cen) and a small poportion of 3SW fishalso
present in the sample (four per cenBy JulylSW grilse ere foundto make up57 per centof the
monthly scale samplesvith no 3SW fish present

Smilar proportions ofAiSWand 2SWfish were found to be preserih the August sarmles (59 per
cent and 35 per cent respectively)f particular interest was the presence of 3S@mon(six per
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cent ofthe total). Thisrelatesto a single fistwith WLJ dzd @BditBtizgihkt @ vas a summer
rather than a spring salmorgeptember andDctober samples were again dominated by 1SW grilse
(75 per cent and 100 per cent of totals respectively).

5.8.2 Plus Growth

Wt fdzd INRPGUKQ NBFSNER (2 GKS lY2dzyid 2F INRPSOIK aKsz
entering the river duringthe edl WA LINA Y IQ LISNA2R R2 &2 0ST2NB (GKS
so show little or no growth since the last wémtcheck. The fish that enténe river later in the year

(such as grilse and summer/autumn salmon) spengé feeding at sea and so theiales exhibit a

much greater degree of growth since the last winter check.

CKA&d RAFFSNBYOS Ay GKS lFY2dzyd 27F L dza INRBGOGK 2y
is illustrated inFigure 516 below, which pesents the relative proportiof scale samples showing
SAGKSNI Wy2 LJ dza ANRGgGKQ 2NJ WLIX dza 3INRB g (K

Figure 516-PNR LI2 NI A 2ya 2F aOFt$S al YLX $a&a akK2@iy3d SAGK
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All of the Februarnand Marchsamplesvere found to be fromi¥ & LINSh ¢xAiloetingno plusgrowth.
Fresh ish exhibitinglus growtltbegan to appear in thédpril sampesand made upl1 per cent of
the monthly total, with those wth no plus growth making up 83er cent of the total The samples
submitted in May wereonce againdominated byW &NJAJyish @xhibitingno plus growth (52 per
cent); however a significant proportion dish with plus growth also featuredig per cen).
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The results othe 2014to 2016scale sampling programme, together withaysis othe latest five

year average mahly rod catches,ndicate that the months of April and May are particularly

important for sping salmon on the Ness system. This suggests TKa§ { O2 G i A &aK D2 @SN.
a0l Gdzi2NE O2y aSNDI A 2@l fishShust deNdStdrnedr i NJ tHERAGNR vy 3 Q T A
although welcomed, do not go far enough.

Spring fish with no plus growth continued to featuredimne although m&ing up a much smaller
proportion of the monthly total (nine per cent). By July and Augilisthe sampleswere found to
show pus growth.

Of the eight September samples submittdaetween 2014 and 2016, one fish (equating ® fder

OSyild 2F GKS Y2yidiKfté &l YLX S0 #thbut ScBedayialsisiithis 8SE KA 6 A
poundfish captured at the Lik¢ Isle (River Ness) dne 2% September 2014 would most likely have

0SSy ARSYGAFASR & I WadzYYSNR alfyz2yo |1 25SHSNE
spring period. It exhibited a relatively high level of scale erosion (4 degree), due to the time it had

spert in the river without feeding. On capturd 6 & LINRP ol of & Ay GKS LINROS:
Y A 3 NJ, dil ha® ffa@e been washed downstream during high flows.

This is a significant observation, particularly as it demonstrates that scale reading can be used to

ARSY(GAFE |yR LINRGSOUG @dzt ySNIrofS WaLINAy3IQ FAAK
comply with theWb S & & SalmaniOddsédviation Polldy y R y 20 (1 Aff WwWO2f 2dz2NBR
GKAAZ Al O2yFTANNXAEA (GKS RiMeBNe$S$Sy OS 2F WALINAY3IQ al f Y?
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6 PRACTICAMANAGEMENAPPLICATIONS

A key chlienge facing Scottish fisherganagers ishe abilityto balance theconservatn of stocks
of MSW salmonwhilst still maintainingan economically viabldéishery (Baconet al, 2010) The

information gained from scale readingombined with length and weight dataan be used to
inform management decisions which help to achieve thisvo particularly topical practical
applications are illstrated in further detail below.

6.1 SPRING CONSERVATMBWSUES

In line with recommendations contained in th&ild Fisheries RGA S ¢ INPR dzLJQ& NI LI2 NI
declining spring salmon catches and following a consultation period, the Scottish Government
introduced statutory conservation measures to ensure that no salarentaken in Scotland before

1st April each yearThe national measurecame into force on Friday '® January 2015, the key

elements of which are detailed below:

1 The annual close timeas been extended until 3March;
f The start of the net fishing season is delayed uritiril;

f Fishing by rod and line can take place from the season start date within the district uthtil 31
March on a catch and release basis (any salmon caught Imeusturned to the water with the
least possible harm);

1 The measures seek to underpin any existing voluntary/statutory measures; and
1 The measures will be reviewed annually.

The results ofhe 2014 to 2016&cale sampling programmes indicate that the 8chtd K D2 GSNY YSy
spring conservation measures do not go far enoughthAgegulations currently standll fish must
be returned up to the I April.

The results of scale sampling suggest tthet months of April and May are particularly important for
spring salmon on the Ness systemith spring fish also found to be present in June sampldss
information may support an extension of the spring conservation period td thiuly

6.2 NEW CONSERVATIOBGULATIONS

The Scottish Government has recently annoced new conservation regulations which will take
effect from the ' April 2017 running on fromthe existing spring conservation regulations which
conclude on the 1 March 2017As aresult® NI RS o0 Q &0 (dza KessHistrictNS Yl Ay
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