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DISCLAIMER
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publication, complete accuracy cannot be guaranteed. Neither IFI nor the author(s) accept ar
responsibility whatsoever for loss or damage occasioned, or claimed to have been occasioned, in
full as a consequence of any person actingefraining from acting, as a result of a matter contained
this publication. All or part of this publication may be reproduced without further permission, provi

the source is acknowledged.

AKNOWLEDGEMENTS

The authos would like thanlall their colleagues in Inland Fisheries Ireland who contributed scale,
otolith and opercular bonsamplesand images for inclusioim the document. Thanks also t&evin
Gallagher Gavin Marshatind Robert Roselfrom the Agri-Food and Biosciences Insttié Northern
Ireland for facilitating one of two ageing workshapsThe authors would also like to gratefully
acknowledgePeder Fiske and Gunnell Ostborg of the Norwegian Institute for Nature Redearch
their assistancen the ageing of salmon scale3he authors also wish to thank the editors of this
volume, Dr. dmesKing and Dr. Michael Millane (IFI) and the guest editor Dr. Robert Rosell (AFBI NI)

who checked the text and made some useful comments and additions to the text and reference list.



IFISHZ Fish and Habitas: Science and Management

Table of Contents

FOTEWOI. ...ttt en e 6
Preface.......ooviiie 7
L. INErOAUCTION. ... 8
2. MethOodOoIOgY......cooiiiiiieieie e 10
2.1 SCAIBS....coi i 10
2.1.1 SCAlE tYPES .. .o e 10

2.1.2 How to removescales from a fiSh..........c.occoveeeiiiiiiiiis 11

2.1.3 SCal@ StOTAGE. ... . eveeeeeee ettt 11

2.1.4 Preparation for ageing (cleaning and mounting).................... 11

2.1.5 Equipment used in scale ageing............cccvvveieeeiniiiiiiineeeenns 13

2.2 OpErCUlar BONES........uuuviiiiiiiiiiieeieee e 14
2.2.1 Opercular DoNe types.........c.uvveveeiiiiiiiieeee e 14

2.2.2 How to remove opercular bones...........ccceeveeiiiiiiiieiee e 15

2.2.3 Preparation for ageing (cleaning)........ccccccveeeveeeiieniiiniieneneee.n. 15

2.2.4 Opercular bone storage...........oooeeeeeeieeecccccccceeer e 15

2.3 OLONENS. .. 17
2.3.1 OtOlith tYPES...cc ittt 17

2.3.2 How to remove otoliths from a fish.............cccccviiinne 18

2.3.3 Otolith StOrage........cooeeei e 18

2.3.4 Preparatio for ageing...........ccvvvvveeieieieiieeeieiriieeeeeeeeeeeeeeeee e, 19

3. Age and growth determination..............ccooovviiiiiiiiceeeiiiien e 20
3.1 Common ageing conventions/nomenclature...............ccccceevcvveeennnnenn. 20
3.1.d SCAIES....eiiiiiiie e 21

3.1.2 Maturity marks andhe underestimation of age (scales).......... 21

3.1.3 Regenerated (replacement) scales...........cccocccvvvvrnnerrnnnnnnnee. 22

I I @ ] (][4 PRSP 23

3.1.5 Opercular DONES.......coooiiiii e 23

3.2 Growth rateCalCulation..............c.vveeviieiiiiiiiee e 24

3.3 Angle Of MEASUIEMENL. ........uuiiieiieiiieeieieeee et 24

3.3.1 Recommended angle of measurement for salmonids (scale®5

3.3.4Recommended angle of measurement for Arctic char (otolith23

No. 1 2019



IFISHZ Fish and Habitas: Science and Management

3.3.5 Recommended angle of measurementgderch (opercular bon@p

3.3.6 Cyprinid scalescomparison of key features...............cccccuueees 29

3.3.7 Summary of ageing information...................ccceccccecniiiinne, 31

4.0 Catalogue of Fish Ageing IMages.........coovviiiiiiiiiiiimeieeee e 36
4.1 Brown trout $aImOo truttd ...........cooeeiiiiiiiiiieee e 38
4.1.1 Identifying features.............oooooi i 38

4.2.2 Distbution and biological information..............cccoccvvvvveeennnnns 38

4.1.3 AQEING NOLES....ccciiiiiiiiiiiee e e e 39

4.2 Sea troutRalmo truttd .........ooovvriiiee 53
4.2.1 Identifying features.............ooooei i 53

4.2.2 Distbution and biological information..............c.occcvvvveeennnns 53

4.2.3 AQEING NOTES.....ceiiiiiiiiiiie et e e 54

4.2.4 Additional information (anadromous salmonid scales)........... 54

4.3 Atlantic salmonSalmo Salgr..........ccouiiuiiiiiiieriiie e 62
4.31 1dentifying fEALUIES.........cooiiiiiiiiiee e 62

4.3.2 Distribution and biological information................cccccvveveeenee.. 62

4.3.3 AQEING NOES.....cciiiiiiieiiiiie ettt 63

4.4 Arctic charalvelinus alpinUS...........uevvieeiiiiiiieee e 69
4.4.1 1dentifying fEatUreS........cooiiiiiiiiieeie e 69

4.4.2 Distribution and biological information................ccccvvvveeeenne.. 69

4.4.3 AgEING NOES.......ceeiieiiieieeeeeeeeee e eeeeeeccccevennnervnsneeeeeenn d O

4.5 Pollan Coregonus autumMNaliS........cccoeiiiiriireieeenniieeee e siireeeee e 74
4.5.1 Identifying features...........cooooiiiiiiiiiiiieeeeer e, 74

4.5.2 Distibution and biological information.................cccccvvvveernnnn 74

4.5.3 AQEING NOTES......ciiiiiiiiiiiee et e e e e e ssiirreee e e e e snneee e d D

4.6 PIKEESOX IUCIUS....uvvieiiiiiieeeeeeeeee e 80
4.6.1 Identifying features...........oooi oo 80

4.6.2 Distbution and biological information..............ccoccvvvveeeennnns 80

4.6.3 AQEING NOTES.....ceiiiiiiiiiiiee ettt 80

4.7 PerchRerca fluviatilif..........coooiiiii e 86

4.7.1 1dentifying featUreS......cccoovv i 86

No. 1 2019



IFISHZ Fish and Habitas: Science and Management

4.7.2 Distpution and biological information.................ccccvvvveeveennen. 86

oy C I Yo 1= 1 o 4 [0 (= 86

4.8 ROACHRULIIUS TULIHUS......eeeeieiieieeee e 93
4.8.1 Idenifying fEatUreS........occoiiiiiiiiiiic e 93

4.8.2 Distribution and biological information.................ccccvvveeeennen. 93

4.8.3 AQEING NOES.......coiiieieee e 93

4.9 RuddScardinius erythrophthalmps...........ccoooeoiiiiiiieeeee 102
4.9.1 Identifying features...............cooo oo cccccr e 102

4.9.2 Distribution and biological information.................cccccvvvveeneee. 102

4.9.3 AQEING NOTES....ccciiiiiiiiiiiee e e e 102

4.10 BreamAbramis BramiL..........cccuuveiieeiieiiiiiiiiieeeeeeeeeeeeee e 107
4.10.1 Identifying features........ccccvvvvieiiee e, 107
4.10.2Distribution and biological information................ccccccvvveeee... 107
4.10.3A0EING NOLES......ceiieiiiiiiiiieee et e e e e e e e e e s 107

4.11 Roach x Bream hybridutilus rutilus x Abramis brama..................... 112
4.11.1 Identifying features........ccccvviieiiee e, 112
4.11.2Didribution and biological information.............ccccoeccvvveeeneen. 112
4.11.3 AQEING NOTES.....ceiieiiiiiiiiiiee ettt e e s re e e e s e e e e 112

4.12 DACELEUCISCUS lEUCISOUS.......uvrreeeiiiiiiiiieiee ettt e e e e e 117
4.12.1 Identifying fEatUIeS........ccooiiiiiiiiiiie e 117
4.12.2 Digibution and biological information................................. 117
4.12.3 AQEING NOES......uuuiiiiiiiiiiiieieieeee e e e eee e 117

5.0 GlOSSary Of tEIMS.....cooiiiiiiiiiiee e 122

8.0 RO BIENCES . ..ot 124

No. 1 2019



IFISHZ Fish and Habitas: Science and Management No. 1 2019

Foreword

Determining the age of fish is a core tool for fishery scientists. Age determination is est@ntial
knowledge of recruitment frequency and henpepulation trends and stability Fish growth rates

can vary considerably between geographically separated populations of a species and also within an
individual population where there can be varying life history strateghanaging fishing activity for

both recreationally and commercially targeted species and protecting rare species under

conservation concern is practically impossible without the ability to determine age.

This manual is aimed as a starter for scientists setting out to determine thefagdi@dual Irish
fresh water fish, and sets out the methods, from fish in the hand to the measured age, with worked
examples of 10 of the common species routinely handlechiand Fisheries Irelanstaff, specifying

equipment requirements, nomenclaturand age recording formats.

The examples are deliberately chosen for clarity and have been verified by a panel of experienced
staff. Practitioners know fish ageing is not always this straightforwarthere will always be
protracted discussion over thefficult examples and sometimes there will be no absolutely agreed
definitive answer for the age of a fish from a scale or bone reading such that experts will agree to
differ. For those who wish to dig deeper into the history and background there is dpdem
comprehensive reference list of classic and more recent papers and texts against which to refer such

arguments.

For the core function, however, of ageing most specimens passing through the laboratory and
supplying management information, this manusla new and significantly valuable collection of

information and should stand in good stead as training and reference material for years to come.
Robert RosellGuest Editor)

AgriFood and biosciences Institit®rthern Ireland
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Preface

Fish ageing is a fundamental element of fisheries researthe structuresused for fish ageing
capture vital information on factors influencing populations such as age and growth, population

dynamics and life history characteristics.

Thismanual describes the proceduresused by fisheries scientists whageingmany of the most
commonfish species recorded in the Irish freshwater environmand guides the reader through
the collection, preparation and interpretation of different@gg structures. Includedis achapter
presentingageing structure imagegscales, opercular bones and otoliths)assified by agewith
notes on life history featurefor ten fish species (i.e. brown trout, salmon, arctic char, pollan, pike,
perch, roach, rudd, bream ardhce). The chapter also includes images from sea trout and roach x

bream hybrids
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1. Introduction

Age determination is an important element in the study of fish population dynamics and forms the
basis for calculations leading to knowledge on grovwmttortality, recruitment and other important
parameters of their populations (FAO,7. Fishery biologists use structures such as scalese
(e.g.cleithra, vertebraeor opercular bonesor calcified structures (e.@toliths) to determine the

age of may fish speciesThesestructures produce periodic growth increments (in a manner similar
to the rings of a tree) useful for age determination in fish (Carap@001). Scales andtoliths are

the most widely used because they are easy to collectsaoik (FAO, 1®4).

The historyof fish age determinatiorhas beenexplainedby numerousauthors (e.g. Dahl, 1909

Ricker, 1975; Jackso?Q07). The earliest references to rings on hard structures of fish date to the

17" and 18" centuries. Scientific validation &isha O} £ Sa o0S3ty Ay GKS 1 GS m
Scales were the first source of determining fish age (Sigler and Sigler, 1990; Jackson, 2007).
Difficulties with accurately identifying fish age using scalesealbawever, led to investigations into

other structures. Otoliths were first used as an accurate and reliable method in 1899 (Jackson, 2007;
Tzadiket al.,2017). The first reference to the use of opercular bones, vertebrae, and several bones

in the pecbral girdle for ageing appears in 1905 (Jackson, 2007).

In addition to providing information oage growth, mortality and recruitmentthese structures can
provide information on age at maturitypopulation structure life span, mortality andeproduction
(Bagenal and Tesch, 1978\dditionally, with the advances of témology such as digital cameras
and laser ablationinductively coupled plasma mass spectrometry (LANMSPsome of the above
structures are being used to determine occurrencespdwning events, freshwater and sea age,
extent of fresh and marine residence, movement anigratory habits(e.g.Secor 2004;Ryanet al.,
2016).

While various publications haygovided information on specific species (esga trout, CSTP201Q
salmon,ICES, 2011})his manual aims t@uide the reader through theollection, prepamation and
interpretation of different ageing structuresfor many of the most common Irish freshwater fish
species irone publication Theageingstructures described here are scales, otoliths and opercular
bones. Brief instructions are presented on how to talied preparestructuresand age various fish
species. Additionally themanual provides aatalogueof reference images for these specig<ote

that eel(Anguilla anguillage determination is not covered by this manual and the prospective eel

age reader is referred ttiCES, 2009.
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This manual is aimed atew and existingnland Fisheries Ireland stafisheries scientistsfishery
sciencestudents and those with an interest in fish ageing and fish ecaldgys alsohoped that the

catalogueof images will be a valuable comparative reference source for international colleagues.
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2. Methodology

The following provides arief descriptionof three of the most common structurgscales, otbiths
and opercular bones) used for ageing fish. Brief instructions detdilivg to remove, store

prepargdmount and imagehe structuresfor ageing and other analgsare also provided
2.1Scales

The skin of most fish is covered with scales. These structureéflexile, calcified plates lying
within shallow envelopes, or scale pockets, in the upper layers of the de(Budock and Roberts,
1974as cited in Able and Lamoni@Q06) (Fig.2.1). These structures are covered with a very thin,

outer layer of skin called the epidermis (Taylor, 2012).

Epidermis Scale Dermis

~

Fig 2.1: The skin of a fislisourcelFl)

2.1.1Scaletypes

Fsh scales can be divided intour main types i.e. cosmoid, placojdganoid and elasmoid
(Patterson,et al., 2002) GCosmoidscales are present on lungfishes and some extinct fossil fishes.
Placoidscales are found on cartilaginous fish such as sharks and rays. These scales do not grow in
size as the fish increases, instead more scales are added. Ganoid scales are flmwer @nder

fish species such asurgeons and gaand are composed of bondBony fish (teleosts) have elasmoid
scales and these are further subdivided into two typegcloid and ctenoidBréager and Mortitz,

2016). All speciesdescribed in this documerttave either cycloidFig. 22) or ctenoid scalegFig.

2.3). The mairdifference between these two scale types is their shape.

Cycloidscales thesehave a smoothrounded posterioredge and are most common on fish with soft

fin rays, such aétlanticsalmon,browntrout and roach(Bagenal and Tesch, 1978)g.2.2).

Fig 2.2: Example of aycloid scale:
Roach Rutilus rutilug (source IFI)

10
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Qenoid scales Theseare similar tocycloid scales but have a toothed outer edge, and are found on

fish with spiny fin rays such as perf@&@agenal and Tesch, 191{8¢eFig.2.3).

Fig 2.3: Example of atenoid
sale: PerchPerca fluviatilug
(source IFI)

2.1.2 How to remove scales from a fish

To provide a level of consistency in the ageing and growth analysis process, it is important that
scales are removed from specific locatiamseach fish species; this can vary per spe€ieble3.2).

Note that carefully handled ahlive fish returned to the water have the capacity to replace twst
removed scalesGently scrapescales fronthe recommended location.A blunt knife or forceps is
sufficient for this process.From dead specimens, the scales can be lifted by workiagbtade
against the grain and more scales can be takénhandling live specimens in the fielde scale
sample take shouldbe taken quickly a minimum numberof scales removed5-6 for small scaled

fish, down to 23 for large scaled fish with forcepscammended for larger scaled fisithe knife

should be cleaned after each fish sample is taken to prevent contamination.

2.1.3 Scale storage

Scalesamplesshould be stored in scale envelopddeally samples should not be left in a clump, but
spread out to dry in the envelope. Details suchspscies name, river or lake name, site number,
fork length, weight, capture method arghte of capture should be recorded on each scale envelope.
It isrecommended thatndividual smalkcale envelopefrom a river site or lakehould be stored
loosely in a large brownlabelled envelopein a dry locationto prevent fungal growth. Once

thoroughlydried these envelopes should be stored in dry comdisi n the office or laboratory.

2.1.4 Preparation for ageing (cleaning and mounting)

It is important to select scales with cléarreadable centres for age analysifCSTP 2010)
Replacement(re-grown or regeneratedl scales where portions of the centre of the scalack a

record of growth previous to the scale loss evang not suitable for agimg (See sectior8.1.1).
11
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Replacement scales selected should®iminedand returned uncontaminated to the scale envelope

for anyfuture analysige.g. genetics) The steps for removing, preparing and mounting of fish scales

are described in Table 2.1f samples are to be used for microchemistijd CRMS analysesplastic

knives anddisposable nitrileglovesmust be utilised to aoid zinc powdercontamination (CSTP,

2016). Carefully remove a selection of scales from the envelope and plaemlimyo dishes/small

petri dishes(a separate dish should be used for each fidled with contact lens solutiofsoapy

water/distilled wate (depending on the tests being carried out on the scales) and allow to soak.

Scaleseavily soiled with dried slime can be effectively cleaned by holding forceps, washing in 0.1M

Sodium Hydroxide, rinsing distilled water and drying off witissue before handling.

Table2.1: Summary of equipment required and methodology for removing, preparing and

mounting of fish scales

Step Procedure Equipment used by IFI
Nortlethal procedureReanove minimumof 5-6 scales | Blunt knife, tweezers diorceps
1. from fish Ensureknife is cleaned before next sample
Removal | to avoid contaminationRemove gently frorapecified
area (Table3.2)
5 Spread evenly in envelope to avoid clumpirgr dry | Labelled scale envelope
) individual envelopes if dampStore scale evelopes Pencilmarker
Storage . . .
looselyin large brown envelopes in a dry location
Clean with water/contact lens fluldiashing up liquid | Petri disdembryo dish
3 Remove dirt/mucus material from posterior s€ales. | Pipette ForcepsFineglasescloth
CIeaﬁin Rubbetween fingers or use a damp fine glasses clg Contact lensaution/distilled
9 water/washingup liquid0.1M Sodium
Hydroxide
Position severadcales concaveide downon a glass | Glass slide&nd cover slip)
slide with cover slip or between two glass slidgslect| Sticky tape to fix slides
scales with complete centres and with little erosion,| Water bottle
4.
: take care not to tear or damage scal¥¢get or dry
Mounting
mount (allow scales to dry for dry mountj wet
mounting add a drop of water tthe glass slide, try to
avoid air bubbles under the second slide/cover slip
Aged using a manual or electronic microfiche/scann Hardware 300dpiMicrofilm Scanner
5 Imaged by a electronicscanner. Scalendicated by a | Magnification: Range of lens from x455
; bar .9.1mm or 1000 microns)Magnification setting| Software Use suitablemagng software
Imaging/ | . - . A
. is specified oimage to aid with further growth
Ageing . . ]
.| analysis See Fig 2.4mage preference are:
Electronic . ) o
(&) Jpeg image ageingpublications
(b) TIF imageageing/growth analysis
Manual Microfiche Growth is calculated using penci| Hardware Microfiche
ruler (or paper) to an image projected on a screeBee | Magnificatiorvlens size (mmj
Fig 2.5% 2.6 Length at age data is retained on a x21/32mmlLarge cyprinids/pike/salmon
6. . ' - .
Imaging/ paper strip, measured using a ruler to the nearest n x24/29mm Large cyprinids/pike/salmon
Adein and inputted directly to the ageing database. x42/17mm(Salmonidsgmall
M?anugl In contrast to the electronic microscope images, sce cyprinids/pike)
often are easier to read when drgounted. Large x48/15mm Salmonidsimall
scalesare sometimes best examined under a binocu| cyprinids/pike)
microsc@e (set up as for opercular bones below) RuleV Paper stripgpencil

12
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2.1.5Equipmentused in scale ageing

- A) Digitalimaging of scales

Magnification: Range of lens from 455

Software Imaging software

Fig. 2.4 Example of digitalmicrofiche setup used in IFI

B) Manual ageimy of scales

Fig. 2.5: Steps-4 illustrate how scales are aged using manual microfiches. 1) Preparation (see
Table 2.1) 2) Place several scales on slide and select best scale. 3) Using edge of paper skeip or r
at focus, place at appropriate angle of measurement. 4) Mark all annuli and the scale edge

FISH 1:0: 00059 [ SITE: Lough Com | DTG 18/61 113 [SP: Rouch | € $:bem | W: 2.0

MAG: ISenm /148 IWherion Fo Fonmwta ¢ L (% (si g) | Tomat
i . 5‘6“’0 A6£-1+
focus S T Fiset LENGTH : .
e ¢ ¢ (anouius) ¢ aamm [ L'z §6°(2/48
of Jung: 4Smm 1§ 13 em

| u:lucmﬂainpﬂmmIﬁru||nﬂruqu|:|'ﬂ|||nll|wuuulnﬂl||mﬂ:||n|‘|wu|mﬂ: ||n|:wn|nm1;unmuuuﬂhgnwu||lwmwu||lll 1'u;nmluu&wquwuuwluuu |m|ll|

Fig. 2.6Example ofdetails on paper strip showing fistD/ species fish length/weight/date of
capture/site name/total scale length/each annulus length frofiocus magnification settingsand
total age. In this example tafish is aged 1+

13
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2.1.6 Lighting options

A high quality binoculamicroscope,with optional digial camera attachment, can offer lighting
options additional to the conventional transmitted riderlit arrangementincluding surface view
illumination, single or cross polarised light, or dark fielth angledlight. Theselatter lighting
options can be particularly useful when looking for annuli in-offescalesof large, old or specimen
fish where scale thickenings an issue. In this thicker age determination materials¢alesor
opercularand cleithral bones) the internal structure dhe annulus is not perpendicular to the
outside faces of the specimerThiscan lead to a double line visible where the annulus meets the
near and far sides of the specimen.ldngeand/or older fish this can lead to double counting of an
annulus. Panning the focus through such structures can clarify the issueder a binocular

microscope, switching to a surface view without transmitted light may also help.

A calibrated eyepiece graticule and stage micrometer can be used for absolute measurement of
material. For field or public display use, digital microscapiéis means to capture images taptop

computers or project to screen are also available
2.2 Opercular bones

The determination of age and growth from opercular bonea vgell-establishedmethod and has
been found to be more effectivéhan scales in@ne fish speciesyhere fish are available as dead
specimense.g.perch ¢ SN b @i@RahdiMaifiaidi 1971) and pik&€gox LuciugFrost and
Kipling, 1959). Currently pergthe only fish species that IFI fishergsen® & ag&using opercular

bones.

2.2.1 Opercular bone types

The opercular bone or operculum is the hard bony flap covering and protecting the gills of fish
(Robertset al., 2000) (Fig. 2)7 In most fish the rear edge of the operculum roughly marks the

division between the head and the body.

The operculum is composed of four fused bones; the interagdarc preopercllar, suboperalar
and opercular. Of these four bones, the opercular baiég 2.d) is primarily used for ageg

purposes

14
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a) interopercular c) subopercular

b) preopercular d)opercular

Fig.2.7: The four fused bone&-d) of the operculum inEuropean perchRerca fluviatilig
including the location of the operculabone (ighlightedby blue arrow) which is used in the
ageing process

2.2.2 How to remove opercular bones

Fish are euthanised prior to removal of opercular bonés downward incision is made along the
posterior edge between the opercular and the subopercular bones 2. Twist, lift and pull
away opercular bone with fingers/tweezergor larger fishhe incision is made with a sharp scalpel

in front ofthe opercular bone beforéwisting it off. This will avoid breakag€Rable 2.2).

2.2.3 Preparation for ageing (cleaning)

Paired gercular bone from each fish arplaced in a labelled glass beakseparate beaker for each
fish) halffilled with water. Glass beakers are placed in a water bathated close t070°C) for
approximately 350 40 minutes to allowskin/residue to soften Remove beakersom the water
bath and clean each opercular bone witmning cold water and dab with tissymperto remove
skin/residue Allow to dry. The identification of annuli is enhanced by drying for an extended period
(Table 2.2)

2.2.4 Opercular bone storage

Dry goercular bone sampleshould be stored itabelledscale envelopes provided. Details such as
spedes name, river or lake name, site number, fork length, weight, capture medimoddate of
capture should be recorded on each scale enveloB&ore scale envelopdsoselyin large brown
envelopes to prevent fungal growth. These envelopes should be stored in dry conditions in the

office or laboratory(Table 2.2)

15
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Table2.2. Summary of equipment required and methodology for taking, preparing and ageing of

fish using opercular bones

Step Procedure Equipment used by IFI
1 Hsh areeuthanised prior to removal 1 Scalpel
1 Make a downward incision under posteri 1 Forceps
edge between the opercular and th 1 Tweezers
suboperculabones (Fig2.7)
1. 1 Twist lift and pull awayopercular bonewith
Removal fingers/tweezers
1 For larger fish make a cut with a scalf
between the preopercular and the opercula
bonesto remove skin before twisting it off
This will avoid breakages
1 Add operculum to glasbeaker with some 1 Glass beaker
water 1 Water bath
5 1 Placeglassbeakerin water bath (heated closé 1 Paper towel
Clea.ning to 70 degreek
1 Allow 3540min for skin/residue to soften
1 Clean with running cold water and dab wi
paper tissue to remove skin/residue
1 Place opercular bones in labelledcale
envelopes
3. 1 Allow to dry for a few days. Do not seq I Scale envelope
Storage envelope The identification of annuli i
enhanced by drying for an extended period.
1 Keep in dry location
4, 1 None required
Mounting T NA
1 Place operculum under microscope.Fine|  Hardware:Binocular
tweezers can be used to adjust for best img microscope with
position 9 video attachment
5 1 Maintain magnification at 0.63x 1 Lighting:e.g.
Imaging/Ageing 1 Focus. for image preference 1 Magnification: fixed at
I Saveimage as 0.63
1 TIF-image for ageing/growth analysis 1 Software:imagng
1 JPEQ reports and publications software
1 SeeFig. 2.8

Fig.2.8:Example of &C,
microscopeand lighting unit
setup for ageing (opercular
bones and otoliths)

16
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2.3 Otoliths

An otolith is a hard calcium carbonate structure located directly behind the brain of bony fishes (Fig.

2.9). Otoliths are generally more accuratiean scaledor ageing fish. With theiinternal location,

they donot incur the same damage from stressagch as spawning, migration and reabsorption

GKFG | LIISENI Ay &aolftSao ¢t KS&S LINRPOSaaSaiedOly Ol c
disruption of circuli development from erosion and/or resorptidm)scales and are often the cause

of underestimating fish age, particularly in older age classes of all Irish fish species but in particular
spawning salmonids. Drawbacks with otoliths include the retention and euthanizing of fish to
remove them and a greater amount of time/effort must bedantaken to prepare otoliths for the

ageing process.

2.3.1 Otolith types

Otoliths exist as paired structure€dmpana and Neilson, 1985There are three types (sagittae,
asteriscus and lapillus), all of which aid fish in balance and heariihg sagitte are the most
frequently used otolith for ageing (Chilton, 1982The size and shape of otoliths varies widely

depending on each fish speciggerr and Campana, 2014).

Fig.2.9: A) Location obtolith sand B)image ofotolithsin Arctic dar (Salvelinus alpinus(source
IF1)
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2.3.2How to remove otoliths from a fish

No. 1 2019

A number of methodsare usedfor extracting otoliths from fish and the technique is usually

dependenton the shape of the head. The metlsased forotolith removal(i.e. Arctic char)n IFI

are based on factors such fish sizeand operator preference. Three methods commonly used are

i K Rightibetween the ey@s>
2.3(Secoret al.,, 199).

2.3.3 Otolith storage

idKS

GDdzA f £ 2 (0 A y @ethoday describédlidSTgble i K S

Pairs of otoliths should be stored in appropriately labelemnbered traysyials, capsules or muki

celled plastic boxes (Butler, 1998cale envelopes are not recommended as otoliths can be crushed

when packed together.

Table2.3: Otolith removal techniquegfrom Secoret al., 1992)

awA3IKG 06SiGsSS

method

GDdAtt20AYy SE

ah LIDeK | G OK £
method

91 Otolith removal for deep
bodied fishes and large ¢fal
Length>200mm) fishes

1 Use this method for new
species anavhere staffhave
had no previous experience

A good technique for
removing large sagittae
(>3mm) from big, adult fish
(>100mm). Some experience
is required before attempting
this techniqge to avoid otolith
damage/loss

Make a dorseventral
transverse cut sing a shrp
instrument (knife/scalpel)

1 Inlarger fish, cut away the
head from the rest of the body

91 Position the head squarely
and securely on the cutting
surface to make the cut

1 Avertical cut is made centrally
through the top of the skull to
split theskull in half

1 The brain is exposed
underneath (cut
horizontally/transversely)
without damaging the otoliths

Make a transverse cut from
the top of the head

Hinge the fish's head away
from the body

Locate the exposed butterfly
shaped capsules that house
the otolith

Giip the otolith with
forceps/tweezers and remove

9 Push the brain to one side; th
otoliths are usually resting
inside hollows at the base of
the skull

1 Grasp the otolith with

forceps/tweezers and remove

Grasp the otolith and work it
back andorth so that the
otolith is "backed out" of the
fish

In fishes with partially
encapsulated otoliths, gently
shift the otolith back and forth
within the capsule and
gradually angle it out of the
capsule

18
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2.3.4Preparation for ageing

No. 1 2019

Otolith preparationtechniques depenslon research needs, life stage of the fish, otolith size and

shape and reading techniques (Moralgm, 1992). The following table summarises the stages

followed by IFI scientists during tipeeparationof otoliths for ageingof Arctic dar (Table 2.4).

Table2.4: Summary of equipment required and methodology for taking, preparing and ageing of

fish using otoliths bones

Step (L-5) Procedure Equipment
1 See Table 2.8bove 1 Sharp knife/scalpel
1 Safety gloves
1.
Removal i Forcgps/twgezers ' '
1 Plastic equipment if conducting
microchemistry analysis
5 1 Clean with paper between fingers to remov § Paper tissue
Clea.ning material. Rotate on paper towel removing | 1 Water (distilled if conducting
fibrous tissue microchemistry analysis)

1 If otolith is <300 um the it can be analysed | § For otoliths <300um. Keep intac
intact (most Arctic char otoliths in Ireland in storage. The most common
are below this size limit) method used in IFI.

1 If otoliths are >300um they contain too 1 For otoliths >300unthe
much threedimensional material and must following procedure is
be embeddedin medium sectimedand undertaken
polished to removeexcess medium. This wil § Embedded mediunglow

3 expose the coréor ageingand obtain a flat viscosity and transparent)
M " surface parallel to the desired section pland §  Sectioning using a Isomet saw t
ounting 7
cut at desired plane/angle
FromSecoret al., 1992 1 Polish usingtoliths are polished
on grinding stones, wedry
sandpaper]appingwheels,
polishing cloths, ad various
other abrasives
From Secoet al, 1992

1 Storein adry/dark location 1 Numbered trays, labelled vials,

1 Place pairs of otoliths in labelled storage capsuleor multi celled plastic

1 Adult otoliths are often stored dry in boxes

4, numbered trays, in labelled vials, capsules
Storage multi celled plastic boxe@utler, 1992)

1 Scale envelopes are not recommended as
curved otoliths can be crushed when packe
together

1 Place otoliths in ethanol for 20 minutes 1 Hardware: Microscope video

1 Use2-oxypropenol in a camera film liaf attachment

5. similar small containerPlaceotolith in lid 1 Lighting
Imaging/Ageing using black background for imaging 1 Magnification: x0.63x6.3
1 llluminated from above 1 Software:lmagingsoftware
1 Save image as JPEG

19



IFISHZ Fish and Habitas: Science and Management No. 1 2019

3. Ageand growth determination

3.1 Common @eing conventions/nomenclature

Annual growth cycles for fish in a temperate climate carlRd A RSR Ay (i 2 6 N¥Y & 3I NP
Gy ZAWER ¢ Ay 3 & (Canbveral®9Rided in Griffiths and Kirkwood, 1995Scales, otoliths and

opercular bones show the life history of the fish in a marsigilarto rings of a tree.These rings,

also known as circylform out from the centrefocusor core of thesehard structures(Hg. 3.J.

These structures increase in size as the fish grows by adding circuligoubire edge. Like a tree

the fish normally grows faster in the summer when temperatures are warmer and there is more

food available and the circuli are spaced farttapart. During the winter, growth slows down and

the circuli are closetogether, forming a dark ring or annulsig. 3.). Each annulus represents a

yeai@ growth and by counting the annuli it is possitlestimate the age of a fish.

Table 3.1 General ageing guidelines-Yfl) forall fish species

I. A fish in its first growing season is categorised to the age group O (fry, young of th
(YOY)etc.). There will be no annulussible on the geing structures for these fish

II.  Afish in its second growing season is categorised to the age group 1. A fish in this gr
only have one annual mark (annulus)itnscale, otolith or operculum

lll. A fish in its third growing season is categorised to the age group 2 or 2 yearswolc
annuli). This continues up to the tu edge of the ageing material

IV. atfdzaé ANRSOIKY D N2 ¢ ih&kouter EdeSdildnhdiska is frecoiidad
GLI dza ¢ 3ANR G GK | ndddl adeRRESRD éi&8m HIEKS NB O 2

V. Fish that migrate betweae fresh and salt watere.g. salmon and sea trolitave special
naming designations to show th@eriod(s)spent in both environments (e.STP201Q
ICES, 2011

VI.  Knowledge ofnitial scale developmenin juvenile fish is important in fish ageinthe initial
processof scale developmenin juvenile fishis known as squamation (Taylor, 2012his
processbeginsat different times of the year, locations on the figind at various length:
during larvaldevelopmentdepending on the speciesThisinformation isused to etablish
an arbitrary birth date and provalan optimumscale removal locatiofor each speciefor
ageingpurposes

VIl. Therecan be a wide range afther factors that influence the development of an annult
Therefore, all fish in this documenare aged éas seea ®calesare aged based on th
features displayed on the image no matter the time of y@awhich the scale was recordec
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3.1.1 Scales

Scale edge

Plus (+summergrowth - --

3 year winter growth Annulus: Year 4

Annulus: Year 3

3“year summer growth

Annulus: Year 2

2" year winter growth
Annulus: Year 1

2" vear summer growth

Fg. 3.1:Atypical salmonid scal¢4+ yearsghowing key ageing characteristics

3.1.2 Maturity marksand the underestimation of agéscales)

Spawning marks are laid down in scales when the outer growing edge of the scale erodes, leaving a
ring or partial ring of missing, partly missing, or cross cutting circuli after which the scale returns
normal growth. Note that growth interruptions (=Checks) in fish through any cause , e.g. surviving
pollution incidents, movement between different environments, or extreme temperature events

can also produce similar marks

The ageing of fish withsignificant spawning marks shoulde treated with caution, and
interpretations should be kept to a minimum (Allan and Ritter, 1977). Beyond the age of maturity,

the age of fish may be underestimated (Chilton, 1982).

Salmonids in particular, appear to incur significant cutting over/erosion and reabsorption of circuli
during the gonad development/spawning process compared to other famiNiege when circuli do
not complete a full circumference of the scale (see Plaesl0, 11,13,18, 19, 23, 2431).
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Studies by the Celtic Sea Trout Project suggested that fish with spawning marks should be aged at
length only with no back calculation performed§TP201Q CSTP, 20)6

3.1.3 Regeneratedreplacement)scales

All species may have regenerated (replacement)escal hese saleshave formed at a later stage in
fish development.Theyfill gaps in the scale coat quickdfter the loss of a previous scale and riut
include allcirculi or relevantageinginformation. Examples of these will bdisplayed in plates
throughout the document.These should ndbe used for ageing purposeklowever, itcan be worth
noting where there is a consistent pattern of scale loss at a particular tirmsample of fish from a
particular area or site as this can indicate an environmental stressor event ties acurred but

otherwise gone unnoticed

Fig.3.2: Examplef regenerated (replacementycloidscales(A) cyprinid (B) salmonid
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3.14 Otoliths

Usng current imaging methodologfe colour of the growth zones in otoliths results in alternating
opaque (annulus/winter growth) and translucent/hyaline (summer growth) bands (Asigoad,

2001). The centre of the otolith used for ageing is known as the core (Kduailh 2001) (see Fig.
3.3.

1 year  winter
growth/annulus

1* year summer
growth

Fig 3.3: Example of a otolith of an Arctic char Salvelinus alpinus
3.1.5 Opercular bones

Using current imaging methodology, the colour of the growth zones results in opaque (summer

growth) bands and translucent (annulus/winter growth) bands (Babama Tesch, 1978) (see Fig.
3.4).

o 3" summer +
Z [
a |l T~ growth
W s
0
S S TR T e .
_____________ 2" annulus
2nd /// g
summer
growth
1% year winter
1* year summer .~ growth/annulus
growth

Focus

Fig 3.4: Example of an percular bone ofa perch Perca fluviatilig indicating key ageing feature
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3.2 Growth rate calculation

The length of fish at each age can be calculated from the body length scale nediienaip and
measurement of annuli radii (Bagenal and Tesch (1978)s is knowrasback calculation.IFIstaff

normally estimate growth of fishsingbackcalculationof fish scales and opercular boneo back

calculation is performed owtoliths. Francis (1990) defined ba€xl f Odzt G A2y & al {8
uses a set of measurements made on a fish at one time to infer its length at an earlier time or
GAYSae

[ S (l®@& 1910jormula for back calculations presented here. This meth@ssumes that when

the body:scale relationship is linear and passes through the origin, scale growth is directly
proportional to body growth (i.e. isometric growtlikennedy and Fitzmaurice, 197Bagenal and
Tesch, 1978)Other methods are availabler non-linear growth(Bagenal and Tesch, 197&\ll fish
lengths displayed in this documemtre fork length andhave been measured to the nearest
millimetre. [ S Q& iFdedddbedias follows:

Li=LT*(Si ST)
Where:
Li=lengthofk & K ¢ KSyA O yegyldaf dFa2 NI SR
LT= length & fish at capture (fork length)
**ST (total scale length)= Total scaleadiusat capture
Siannulusf) a0l S N} RAdzA 4G wiAYS 27F

** ST= total scale length as measured along the angle of measurement (AOMpfir fish of that species

3.3 Angle of measurement

The aboveformula is used tocalculate growth (length at age) othe majority of fish species
documented in this manualHowever, there are differencdsetween speciegs towhere thescale
radius measurement should be takerarfgle of measuremen{AOM). The following section
illustrates the appropriateangles of measuremerfA.0.M) used forageingsalmonids, cyprinids and
pike scales; perch operculum and Arctic char otolitiitie examples showmvill demonstrae how

[ Sd-b&xkcalculation formula is useid generate length at age
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3.3.1Recommended angle of measuremehotr salmonids(scales)

Angle of measurementSalmon and trouttraditional line/anterior-lateral axifICES1984
Martinsonet al., 2000; Ogle, 200)3Pollan:anterior scale radius (Wilson and Pitcher, 1983)

Anterior edge

2 (Enclosed) Example:
'9,,7 Species Salmon $almo salgr

%, » ol ST LocationRiver Dee, Co. Meath
R Date of capture 07/08/2014

Length:14.7 cm

Weight 45¢g

Magnification: n/a

Age: 1+

Ventral

Dorsal L . [ St Qa C2NXdz |
edge i }}u) l“‘ LT= 14.7cm
T ST =.3cm
- Focus S1=1.9cm
L1=14.7%(1.9/ 4.3) =6.5cm
, (i.e. L1 =length at the end of 1
L Posterior year)
Posterior margin margin

Fig 3.5:Recommended angle of measuremef#.O.M)for scale radius measuremerand
terminology for salmonid scales
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3.3.2Recommended angle of measurement éyprinids(scales)

Angle of measurement Approximate posterior lateral axigbove dorso-caudal (posterior) axis

(McCarthyandKennedy, 1965posterior marginlbafiezet al., 2008.

Dorsal

Posterior
margin

Anterior edge (Enclosed)

Ventral edge

Posterior
margin

Example
SpeciesDace I(eciscus leuciscus)

Location River Barrow, Co. Kilkenny
Date: 22/07/2015

Length:7.2 cm

Magnification: n/a

Age:1+

[ SI Qa C2NXdzZ |
LT=7.2cm

A.0.M=3.0cm

S1=1.7cm

L1 =7.2%(1.8/ 3.0) = 4.3cm (length
at end of $'year)

Posterior edge (Exposed

Fig 3.6: Recommended angle of measuremef#.0.M)and terminology forcyprinid scales
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3.3.3Recommended angle of measurement fike (scales)

Angleof measurement Dorsalventral radius ffrost and Kipling, 195®racken, 1973)

Anterior edge (Enclosed)

Scale edge

(+) Growth | Example

SpeciesPike Esox lucius
Location Atedaun Lough, Co. Clarg
Date: 10/09/2010
Length:26.4cm
Magnification: x32
Age:1+

Si (Annulus)
Year 1

Focus

Ventral edge

Posterior edge (Exposed

Fig. 3.7 Recommended angle of measureme#.0.M)and terminology forpike scales
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3.3.4 Recommended angle of measurement for Arctic char (otoliths)

Angle of measurementDorsal axio edge(Klumbet al.,, 2001;Aymeset al.,, 2015)

Ventral edge _ Example

Si (Annulus) SpeciesArctic char $alvelinus alpin)s
Year 1 Location Shindilla Lough, Co. Galway
Date: 07/09/2010

Length 20cm

Back calculationn/a

Magnification: n/a

Age 3+

Core

nterior edge

Posterior edge
A

Si(Annulus)
Year 2

Si (Annulus)
Year3

O | Dorsal edge

<

Fig.3.8: Recommended angle of measurement and terminology for Arctic char otoliths
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3.35 Recommended angle of measurement for peropdrcular bong

Angle of measurementApproximate perpendicular to its posterior edde= (Cren1947;Shafi and

Maitland, 1971; Mann, 1973)

. Example
Posterior edge SpeciesPerch Perca fluviatiliy

Location:Lough Derg

Date: 14/06/2016

Length:14.3cm

Weight: 40g
Magnification: n/a

S2 Age: 2+

(Annulus
Year 2 [ S Qa C2NXNdz |

LT=14.3cm

A.O.M=8.0cm
Si{)=3.9cm

Si ¢)=7.6cm

Sl (Annulus Li("): 14.3%(3.98.0) =7cm
vearl) Li(®): 14.3%(7.68.0) =13.5cm

1ar to posterior

:{\P.M: perpendicular t

-
-
-
-

Anterior edge

Fig.3.9: Recommended angle of measurement and terminology for perch opkncbones

3.3.6 Cyprinid scalsc comparison of keyeatures

Scaleof three common cyprinid species and oogprinidhybrid found in Irish waterare displayed
in Figure 3.10 To demonstrate some key morphological traits,sathlesmagedare from fish ofa
similar sie (to nearest 0.5cm) and where possibipturedat the same time and location. dhsure

of identification in the field, observing these features in tlab during the ageingprocesscan be

useful forspeciesverification
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SpeciesRudd SpeciesRoach x bream hybrid

Location Lough Gur, Co. Limerick Location:Inniscarra Reservoir, Co. Cork
Sample date 26/09/2018 Sample date 18/08/2015

Fork length 17.2 cm Fork length 17.6 cm

Anterior crest Anterior crest more prominent in hybrids thar
bream but can vary depending on inherite
characteristics. Scales are smaller than true roe

and rudd

More rounded (convex) dorsoand |

ventral edges can indicate a brear
hybrid 7

1mm 1mm

Scales are much smaller tha
similar sized rudd and roach.
Anterior crest is often not
present /not as distinctive in
bream

Dorso and ventral edges ar
straighter than bream and thei
hybrids

and rudd

SpeciesRoach SpeciesBream

Location:Inniscarra Reservoir, Co. Cork Location:Inniscarra Reservoir, Co. Cork
Sample date 18/08/2015 Sample date 1808/2015

Fork length 17.6 cm Fork length 17.6 cm

Fig. 3.10 Comparison of cyprinid scales from similar sized cyprinid species (all images recorded at
x55 magnification)
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3.3.7 Summary of ageing information

The following table Table 3.2) provides a synopsis of important informatidar each species
described in this documentThis includes speciesame arbitrary birth date, length at squamation
(1** scale development), suitable ageing structures and appropriatation for removing such

ageing structures.
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Table3.2 Approximatefirst scale §quamation) length arbitrary birth date most suitableageing structure and removdbcations for common lIrish

freshwater fish species

st Most .
1 Birth suitable Removal AT o el
Species scale Ref. Ref. - - (Image) Ref.
(mm) date ageing location
structure
Family Salmonidae
Parrott, Kaeding
Brown trout (1934) (1976) Scales (S): -8 rows
(Salmo 30-35mm Spring Bardonnet Scales gbove the lateral line, Shearer
trutta) Jensen & ot al Jgst behind the dorsal (1992)
Johnsen, (1995) fin
(1981)
Sea trout
(Salmo n/a - Late April | Elliot (2009) Scales | Scdles (Sxefer to Shearer
trutta) Image (1992)
Atlantic 30mm Jensen & 15 April Allan and %:IZS (Spefer to Shearer
salmon (total Johnsen, P Ritter (1977) Scales g (1992)
(Salmo salgr length) (1981) ICES (2011)
Scales (S):Refer to Otoliths:
. Autumn image Baroudy
Arctic char Frost (1978) (1995)
(Salvelinus 38mm Frost and Baroud Otoliths
; (1978) Spring y Otoliths (Oth): _
alpinug ; (1995) . Scales:
spawning Located directly
behind the brain of Shearer
(1992)

bony fishes
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st Most .
1 . . Removal locatiom
. Birth suitable Removal
Species scale Ref. Ref. - - (Image) Ref.
date ageing location
(mm)
structure
Family:Salmonidag(Continued)
IFI/AFBI NI .
IFI/AFBI NI Pollan ageing Scales  (S): remov .
Pollan 17 Pollan agein worksho from an area just Wilson and
(Coregonus geing 1% April P Scales above the lateral line, Pitcher
A mm workshop notes
autumnalig : between the dorsal (2983
(2017) (unpublished, and adiose fin
2017) P
Family:Esocidae
Scales .
(Williams,
(other 1955)
structures ;
Schneider | e g cleithra | Scales (S) : thos :;g':mﬁ;zr
Pike 3235 Sta s (2001) Clark or located in middle
. Raat(1988) | 1> April ; . (2991)
(Esox luciys mm & Steinbach | gpercular | above lateral line .
p : - Schneider
(1959) bones easiest to interpret (2001)
When.dead Casselman
specimers (1973)
available
Family:Percidae
Opercular bone (Op)
part of the gill cover
on bony fish (Sectior] Opercular
Spanovskaya 2.3) bone: Le Cren
Perch Perca 18-28 & Grygorash 1M MS h_alf|8:j Operular | d (1947)
fluviatilis mm (1977) ay aitlan bone | Scales (Syhe secon
(1970) row above the lateral Scales:
line below the Kornilovs,
insertion of the first (2015)

dorsal spine
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st Most .
1 . . Removal locatiom
. Birth suitable Removal
Species scale Ref. Ref. . - (Image) Ref.
(mm) date ageing location
structure
Family:Cyprinidae
CraggHine Scales (S): thos Mann (1973)
Roach 185 Bagenal & 1% June and Jones Scales above the lateral line Steinmetz
(Rutilus rutilus) mr.n Tesch, (1978) (1969) below the insertion of andMuller
Mann 1973 the dorsal fin (2991)
Scales (S): thos
Kucharczylet .
Bream 17 st above the lateralihe, Treeret al,
(Abramis brama)| mm al., (1998) 1" June | Cowx (1983) Scales anterior to the dorsal (2003)
fin
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st Most .
1 . . Removal locatiom
. Birth suitable Removal
Species scale Ref. Ref. . - (Image) Ref.
(mm) date ageing location
structure
Family:Cyprinidae(Continued)

Rudd 21 Kennedy and Kennedy & E)((::thei)jn (ii’): ablc()jve; Kennedy and
(Scardinius mm Fitzmaurice | 1®June | Fitzmaurice Scales lateral line anterior to Fitzmaurice
throphthal

erythrophthalmus (1974) (1974) dorsal fin (1974)
Roach x bream Scales  (S):  abov Steinmetz
hvbrid n/a - 1*June | Cowx (1983) Scales lateral line under the and Muller

Y dorsal fin (1991)

Kennedy .

Dace 19 Kennedy 1 (1969) Scales  (S).  aboyv Kennedy,

(Leuciscus Scales lateral line anterior to
) mm (1969) March | Caffreyetal., ) (1969)
leuciscus) (2007) dorsal fin
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4.0 Catalogue of Fish Ageing Images

This chapter presents images of ageing struci{geales, opercular bonesd otoliths)from ten of

No. 1 2019

the most common Irish freshwater fish specidmages of scales from sea trout and roach x bream

hybrids are also includedNotes on life history features for each species are provided and each

image is classified by age

Table4.1: List of plateof age read material

Plate No.  Species Location Length (cm) Age ¢rs) Capture date
1 Brown trout Dodder, River 6 0+ 15/07/2014
2 Brown trout Vartry, River 9 1+ 11/08/2014
3 Brown trout Lettercraffroe Lough 15.1 1+ 04/09/2013
4 Brown trout Shindilla, Lough 20 2+ 07/08/2013
5 Brown trout Clare River 27.2 2+ 29/07/2014
6 Brown trout Owel Lough 37 2+ 27/04/2013
7 Brown trout Blackwater (Mn), River 25.6 3+ 09/07/2014
8 Brown trout Kylemore Lough 24 3+ 21/08/2013
9 Brown trout Ennell Lough 37.1 4+ 20/09/2017
10 Brown trout Gara Lough 47 6+ 04/09/2015
11 Brown trout Ree Lough 57 6+ 04/03/2014
12 Brown trout (Ferox) Melvin, Lough 36.1 6+ 19/07/2014
13 Brown trout (Ferox) LoughCorrib 85 (est.) 10+ 17/08/2000
14 Sea trout Vartry, River 28 2.0+ 30/08/2011
15 Sea trout Castletown River 28 2.0+ 29/08/2011
16 Sea trout Kylemore Lough 27.5 3.0+ 21/08/2011
17 Sea trout Castletown River 34.5 2.1+ 16/08/2011
18 Sea trout Dungloe Lough 37.5 2.1+ 23/07/2015
19 Sea trout Dargle River 51.7 2.1.1SM+  27/09/2011
20 Sea trout Currane, Lough 71 3.4SM+ 19/07/2010
21 Atlantic salmon Kylemore Lough 12 1+ 21/08/2013
22 Atlantic salmon Vartry River 14.9 1+ 12/08/2014
23 Atlantic salmon Bandon River 55.5 2.1+ 19/07/2015
24 Atlanticsalmon Caragh (Kerry), Lough 84 2.2+ 22/08/2017
25 Atlantic salmon Suir, River 117 2.3+.2SM+ 01/02/2013
26 Arctic char Glen Lough 15.3 2+ 30/07/2014
27 Arctic char Shindilla Lough 20 3+ 07/09/2010
28 Arctic char Kindrum, Lough 27.7 5+ 17/07/2009
29 Pollan Allen, Lough 9.1 0+ 01/09/2015
30 Pollan Ree, Lough 16.1 1+ 01/07/2016
31 Pollan Ree, Lough 26.5 3+ 01/07/2016
32 Pollan Ree, Lough 28.8 4+ 01/07/2016
33 Pike Barrow, River 16.5 0+ 20/07/2015
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34 Pike Atedaun Lough 26.4 1+ 10/09/2013
35 Pike Barrow, River 41.6 2+ 20/07/2015
36 Pike Lene, Lough 58 3+ 02/10/2013
37 Perch Templehouse Lough 7 0+ 01/10/2014
38 Perch Derg, Lough 10 1+ 15/06/2016
39 Perch Derg, Lough 14.3 2+ 14/06/2016
40 Perch Derg, Lough 154 3+ 21/06/2016
41 Perch DerrybrickLough 23.8 5+ 11/10/2011
42 Roach Muckno, Lough 4 0+ 08/09/2015
43 Roach Cullin, Lough 6.5 1+ 11/08/2015
44 Roach Gara, Lough 10 2+ 04/09/2015
45 Roach Glenade Lough 121 3+ 27/08/2013
46 Roach Ross Lake 14.8 3+ 14/08/2013
47 Roach Urlaur Lough 171 4+ 25/07/2013
48 Roach Glenade Lough 17.9 4+ 27/08/2013
49 Roach Glenade Lough 20.6 5+ 27/08/2013
50 Rudd Cullaun, Lough 7.2 1+ 27/08/2015
51 Rudd Cullaun, Lough 12 2+ 27/08/2015
52 Rudd Atedaun, Lough 16.8 3+ 10/09/2015
53 Rudd Aughrusbeg Lough 13.8 6+ 31/07/2013
54 Bream Stonemans Lake 6 0+ 24/06/2015
55 Bream Stonemans Lake 8.5 1+ 24/06/2015
56 Bream Inniscarra Reservoir 12.2 2+ 18/08/2015
57 Bream Inniscarra Reservoir 19.1 4+ 18/08/2015
58 Roach x bream hybrid Muckno, Lough 4.8 0+ 23/09/2015
59 Roach x bream hybrid MacNean (Lwr), Lough 7.1 1+ 28/06/2013
60 Roach x bream hybrid Barrow, River 8.8 2+ 20/07/2015
61 Roach x bream hybrid MacNean (Lwr), Lough 19.5 7+ 28/06/2013
62 Dace Barrow, River 4.2 O+ 20/07/2015
63 Dace Barrow,River 7.2 1+ 22/07/2015
64 Dace Barrow, River 14.3 2+ 21/07/2015
65 Dace Barrow, River 18.1 3+ 21/07/2015
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4.1 Brown trout (Salmo trutta)

4.1.11dentifying features

Brown trout usually have a pale belly with greenish grey/olive brown/golden flanklsa darker
back with a reddistorown/orange adipose fin. Brown trout are pigmented with spots, mostly
blackish but sometimes with reddispots fisheriesireland.ig(Plate 6.1) Late 0+ and 1+ $h have
up to 8a LJ- NINJ ¢greyish \éertical bars on the flankBrown tout colouration is highly variable
YR KlIa 0SSy Feady@08y iSR o6& hQ

4.2.2 Distribution and biological information

Brown troutare a member of the salmonidae family. They imdigenous to Europe, North Africa

and western Asialemdsenet al.,2003).

Table4.1: Brown trout life stagegI-Il)

I.  Fry. Following hatching, absorbing their yolk sac as alevins and emerging from gravels,
trout start feeding and developing tetorial behaviour in shallow waters in their nat
streams. Approximate size range for 0+ frtGtm(see PlatéNo.1).

. Pary ! FGSNIJ I &@SFNRD&a INRBGUGK a FTNBS ONRG)
river but may expand their territory tdeeper areas. Appramate size range for 1+ parr: !
15cm(see Plate No. 2-3).

. Adult: After year 2brown trout become classified as adults. At this stdmewn trout can
often move to lakes or deep, slower poolsiin river channels ircatchmentswherethere
lakes are absentThey will return totributary streams and rivey to spawn in the witer
months

Plate4.1: Brown trout (Salmo trutta) (source IFI)
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Listed below are some of the mosbmmon life stage informatioto be aware of when ageing

brown trout.

Table4.2: Common variationsn the brown trout life-cycle(l-V)

I.  Brown trout resideheir entire life in the natal river (Elliott, 19943eePlate No. 5)

Il.  Brown trout migrates at an age of 1+ or 2+ to a main river and the adult fish only rett
the natal river for spawning (Elliott, 199%)ee Plate No. 7)

. Brown trout migrates at an age of 1+ to 2+ (3+ do occur but are rare) to éskeBlateNo.
3,4,8,9,10,11). The spawning population consists of iteroparous (spawning several
during their life) males and females from the lake, returning to their natal river for spaw
A portion of the male population do not migrate toe lake and become sexually mature
their natal river (Elliott, 1994)

IV. Ferox are a long lived piscivorous form of brown trouh@adyet al., 2008) Specimens
have been recorded up to 12 years old (Gargan, P. pei® comm. While they share the
same scientific nameas brown trouf they appear to be reproductively isolated al
genetically distinctThorneet al.,, 2016) They are present in lakes in Ireland which shai
large area, deep refuges and histofaxisting populations ofArctic char. Examplesof this
variation are present in the documen{see Plate No. 1& 13). Other genetically distinci
varieties of trou with separate spawning habits angresent in somelarge Irish lakes
includng Gillaroo and Sonagh€Rergusorand Taggart, 1991)

V. In addition to this list a number of systems in Ireland are stocked with adult brown trot
reference scale from an artificially reared, pond-gnown brown trout is included in thi:
document geePlateNo. 6).

4.1.3Ageingnotes

Historical(angling reports, life history data) and environmental information (survey site info, water
chemistry are important tools for biologists when ageing brown trout and other salmonid species.
The recording of fish colour/condition ofbrown trout as well astime of capture canalso be
informative. Brown trout recorded during the early summstpically show no narrowing circuli at
the scale edgésee PlatéNo.5). In contrast a fiskkaptured in late August/Septembenay begin to
show narrowing of the circuéit the edge of the scalfsee PlateNo. 3, 8). This can be mistaken for

an annulus (se®late No. 5).Factors that may affect this include a drop in temperatadack of

feeding, and/or a switch from feeding to gonad development prior to spawiaieg in winter.
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Plate No: 1

SpeciesBrown trout Salmo truttg
Location River Dodder, Dublin 16
Capture date 15/07/2014

Fork length 6.0cm

Age 0+

Magnification: x 55

Comments There is no annuluformed on this
scale, only plus (+) growtlrishage is O+.

Scale edge

(+) Growth

Focus

I 1 mm l
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Plate No. 2

Scale edge

Focus

Year 1 (+) Growth

| 1 mm | '.

SpeciesBrown trout Salmo truttg
Location River Vartry, Co. Wicklow

Capture date 11/08/2014
Fork length 9cm

Replacement scale

Age 1+
Magnification: x 55

Comments: This example shows the variation in grow
that can ocar in Irish waters. This fish residedthe River
Vartry, an oligotrophiciver. While the river contains large
numbers of resident brown trout, they display a slo
growth rate in this nutrient poor environmenthe scale at
right of the image is a replacement scale. This is eviden
the largerunevenfocus. These scales are naged during
the ageing process.
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Plate No:3

— Scale edge

(+) Growth

Year 1

Focus

1 mm

SpeciesBrown trout Salmo truttg

Location LettercraffoeLough, County Galway
Capture date 04/09/2013

Fork length 15.1cm

Age 1+

Magnification: x 55

Comments:From the image we can see that the circuli are beginning
narrow at the outer edge of the scale. This is attributable to the sumi
growth (wider ciculi) slowing down and autumnal growth (narrowing circy
beginning to appear. This growth pattern is very common in salmo
captured inthe later part of the fieldwork season (late August/September)
is not an annulus; it is a slowing downtbé cNNB y i & S| N &

42

No. 1 2019



IFISHz Fish and Habitat: Science and Management No. 1 2019

Plate No.4

Location Shindilla Lough, County Galway
Sample date 07/08/2013

Fork length 20cm

Age 2+

Magnification: x 55

| Comments: This fish is aged as +2 A
~.| replacement scale is shown at the top of th

v/ image.
L
1
\l ,\
45
. Scale edge
o = “_-_\‘
=
// e~ ‘*&\\ Year 2
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Plate No: 5

SpeciesBrown trout Salmo truttg

Location Clare River, County Galway

Sample date 29/07/2014

Fork length 27.2cm

Age 2+

Magnification: x 45

Comments The Clare River is a major contributor of ad
trout to Lough Corrib but contains some very lar
residenttrout in its own right. This fish displays reside
river growth with no major growth contrasts throughoy
its life. It is aged as 2 years old (2¥)d dsplay a fast
growth rate. Replacement scales can be seen inritet
hand corners.

£ Y RS .
4 & Replacement scale
£ - ?,' SadE

NN
\

-
\ ; ;
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Plate No: 6

SpeciesBrown trout Salmo truttg (Stocked)
Location Lough Owel, Co. Westmeath
Sample date 27/04/2014

Fork length 37.0cm

Age 2+

Magnification: x35

Comments IFlbrown trout stocking programmes primarily consists of 2 yq
old fish ongrown atFl fish farm facilitie¢Cowen J. 2017pers. commn). Note
the even growth rate as a result of a precise feeding regime and a lag
seasonal growth variations (summer vs. winter) in comparison to a wild
This particular fistappears tohave derivedrom stock propagated in Novembe|
2011 Itislikely to have been introduced into Lough Owelpest of astocking
programmein March 2014

(+) Growth
Lake growth (MarclgApril 2019

Scale edge

Year 1

Farmed growth (spring 204larch 2014)

\\ | - Focus
i

iy
) '.‘..'v‘ {/,v ,
W T
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Plate No: 7

Scale edge
(+) Growth
Year 3
Year 2
N Al 31 Vour 1
\%:%“
i

'&? “," - Focus
’}"";," ! } ;/
/ o

SpeciesBrown trout Salmo truttg
Location River Blackwater, Co. Monagha
Sample date 09/07/2014
Fork length 25.6cm

Age 3+

Magnification: x45

Comments:This fish may have moved t
the larger, more productive main

after two years in its natal river. Note th img iy
increase in growth in year 3. Replacemef*x ‘k s
scales are present at the bottom right Ji TR0

the image. gl s
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Plate No. 8
--- (+) Growth
End of year slowdown (not i
annulus) _as 3 . Scale edge
. i Freet w<<--
R o =

1 S

T f:‘-“’fﬁ%l ‘}\\ 3

v Year 2
o 5
E 0
o
(@)] f
O] §
st H
3 |
' 0 \ : Year 1
£ ‘Al
s |
= |
(@)
E U
=
04 Focus

SpeciesBrown trout Salmo trutta)
Location Kylemore Lough, County Galway
Sample date 21/08/2013

Fork length 24cm

Age 3+

Magnification: x 45

1 mm

Comments Evidence of a slowdown in growth at the outf
end of the scale in year 3 (fish was captured in late Augc
2013.
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Lake growth

River growth

Plate No: 9

(+) Growth --------

SpeciesBrown trout Salmo truttg
Location Lough Ennell, Co. Westmeath
Sample date 20/09/2017

Fork length 37.1cm

Weight 600g

Age 4+

Magnification: x 32

Comments A notable increase in growth after year 1 suggey
an entry to a more productive lake environment.

Scale edge

1 mm
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Plate No: 10

SpeciesBrown trout Salmo truttg
Location Lough Gara, County Sligo
Sample date 04/09/2015

Fork length 47cm

Weight 1.55kg

Age 6+

Magnification: x40

Comments:An example of where to avoid bach
calculation. As described in Section 6.1.3, g
can be undereimated when spawning
marks/erosion occurs, particularly in salmonid
This fish could be aged as 5+ with year 4 an
counted as one annulus. Note how year 4 ang
merge on the dorso and ventral edges of tk

’ (+) Growth
Vi ".r.' o\

. o
Cutting | {

over/
erosion

Leke growth

River growth

/
;,

v

/

I
I
|

i

e ———

i

\ ) \
J .'nl\' | : !
| _. |
wl 4 A\ \ i\l
(| e |
K ! N
(AT} ) \ \
WY " ‘,.‘ W
| w‘ \ “. N ' ’ 2 i ) : | {
1 BRHI u Y ¥ I
\ ! \ | f 0 ! | \
) ( ) { :.' { j M| | f
il Y | | Ayl A / il f ) [l
AL VR TR 7/ Ik
I RN )13 ¥ b
\ \ PR () ‘ < )
W\ \ N d/ [!
WA\ v v < g
VI AR RN & .
I A\
Y

scale due to this cutting over of circuli.
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Plate No: 11

Scale edge

\\
\ \

Year 5
Cuting
erosion
= TR Year 3
—‘r/’/f»—'a \\\. \
/ ~ 3 ‘:“\4‘. ‘\ |
-
N Year 2
\\\‘H\ \
\ \ WY
5 \ AL \\

.
‘ M(‘ ’\ i

\\\

i3

;

SpeciesBrown trout Salmo truttg Comments A brown trout from Lough Ree, a lake th
Location Lough Ree ={ regularly produces largbrown trout. This fish appears
Sample date 04/03/2014 = to have tltee spawning marks starting in year four.
Fork length 57cm | significant erosion/sawning marksare present, hck
Weight 2.44kg = calculation is not recommended his scale was recorde
Age 6+ == in early March, yet the small number of circuli present
Magnification: x28 as plusgrowth on the scale edge indicates growth h
T taken place post spawning in year 6.
,/1/ T ,////7/ Z | p p p giny

//5 7
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Plate No:12

o _—

1—Year 1

/ Focus
\"5' ,“/ )
s

1 mm
SpeciesBrown trout (Ferox)Jalmo truttg Comments A Feroxbrown trout from Lough Melvin.
Location Lough Melvin Ferox have been shown to be genetically distir
Sample date 19/07/2017 from other brown trout populations in Lough Melvil
Fork length 36.1cm (Ferguson and Taggart, 1991). While this fish displ
Age 6+ a dearand steadygrowth pattern, a slow growth rate
Magnification: x50 can be observed.
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| 1 mm |

SpeciesBrowntrout (Ferox) $almo truttg
Location Lough Corrib

Sample date17/08/2000

Fork length est. 85cm

Weight: 79669 (17lb 90z)

Age 10+

Magnification: x30

Plate No:13

_____

YearlO

Year9

Year7
Year6

Year5

[

Comments A ferox brown trout from Lough Corril
Scales were recordechs part of an IFI projec
investigating ferox populations in Lough Corri
Subsequenttelemetry studies revealed that these

unique fish are vulnerable to exploitation due to thei
relatively small populations and reliance enlimited

number of spawningokcations. Since 2008 measure
have been implemented to protespawning and post
spawning populations of ferox in Lough Corrib and
Lough Mask. This fish displays fast growth rate in ye
3 and 4 but has maintained its growth at a slower rat
in later yeas. A replacement scalés present in upper
part of the image. As significant erosion/spawnil
marks are present, back calculation is n
recommended.Thanks to Paddy Gargan (IFl) fbe

ageingof this fish.
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4.2 Sea trout Salmo trutta)

4.2.11dentifying features

Adult fish: eyesre above the level of a horizontal érthrough the tip of the snout;he "wrist" of
the tail does not narrow in and then expand agasndstinctly as in the salmomeshrun sea trout
are blue or green and silver with smalisikxaped black spots; sea run fish which have been in fresh

water for a long period will become dark and heavily spotted like brown fffiaiteriesireland.ig

4.2.2 Distribution and biologicahformation

Sea trout are theanadromousvariation of the specieSalmo trutta The parr of sea trout smoltifies
and migrates to the estuary or to the sea and remains there to develop or gAfter a period,

from less than one yedp several years, the adult fish returns to freshwater (Eli@tal., 1994).

Plate4.2: Seatrout (Salmo trutta) (source IFI)

Table4.3: Sea trout life stages-l) with ageing example@rom ICES2011)

I.  Fry and ParrSe browntrout (Tabled.1, Plates No. 13).

II.  Smolts This life stage describes the downstream migration and adjustment for living a
Sea trout smolts typically run to sea from March to June each year. The transition fror
to smolt is known as smoltificatiomhe most common agecorded in fish smolts is 2+. I
productive rivers large 1+ parr will smoltify and in less productive risemltshave been
recorded as old as 4 years

lll.  Finnock Finnockmigrate spenda shortperiod (35 months) at seabefore rdurning to
freshwaterwithin the same yea(see Fig4.1, Plates No. 14-16). Varying between regions
finnock may mature and spawn in their year of first return from the sea or return to
without spawning and mature in a subsequent year.

IV. Maiden: Maidens migrate and spenan entire year at sehefore returning to freshwatel
(seePlates . 17-18).

V.  Multi seawinter maiden: Multi seawinter maiden (MSW) sea trout are fish which remair
at sea for the duration of two winters or more before migrafito freshwater. A rare
occurrence but has been observed on some large sea trout on the east coast of Irelanc
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VI.  Multi spawners A smaller proportion of sea trout stocks are often multiple spawners
migrate back to sea after spawning on sevesatasions. Multspawners are commont
larger fish (>45cm). Large sea trout have been documented to complete the yearly ¢
spawning and sea migration up to ten timegheir lifetime (see Plate N@O).

4.2.3 Ageing notes

Shearer (1992) descritdghe following as the standard for notatirgnadromoussalmonids.

Table4.4: Ageing notatiororder (1-3) for the ageingof anadromous salmonids

1. Asingle digit (e.g. 2) indicates freshwater age pri@snwlting followedby a decimal point (.)
which separates marine and freshwater growth (e.g. 2.)

2. Following this decimal point, a number to illustrate life history is added. This can vary fror
GKFyYy &S eégdumdor fded@k)s andseadwinter maidersd..1+) / one year
spawners€.g..1sm)/ multiyear spawnerse(g..2sm) and upwards)

3. Aplus (+)imdded ati KS Sy R 2F (GKS y2il G§A2Yy ( AceRsbke
6.3).

4.2.4 Additional information (anadromous salmonid scales)

Recordingfish colour/condition of anadromous salmonids at time of capture can be informative
Recently returnedish (immature or maturing adults) typically show no narrowing circuli at the scale
edge. In contrast a stale fish may begin to show narrowing otiteelli at the edge of the scale.
This would indicate a lack of feeding in anadromous fish residing in the freshwater environment for
an extended period of time, and/or a switch from feeding to gonad development prior to spawning.

Although not calibratepthese observations will contribute to interpretation.

54



IFISHz Fish and Habitat: Science and Management No. 1 2019

Plate No: 4

Scale edge

<

g

= (+) marine growth
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Year 2
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S Year 1

©

=

<

(%]

o

LL

Focus
1 mm
b growth

SpeciesSea trout $almo truttg ;
Location River Vartry, Co. Wicklow Comments Two year old finnocksee Table 6.3)Two
Sample date 29/08/2011 years of freshwater growth. Following year #hat
Fork length 28 cm migratesto sea to feed forless than 1 year before
Age 2.0+ returning to the river. b growth also presenisee
Magnification: x 32 Section 5.0).
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Plate No: b

No. 1 2019

/ Scale edge

Marine growth

-
=

Freshwater growth

SpeciesSea trout $almo truttg
Location Castletown River, Co. Louth
Sample date 30/08/2011

Fork length 28 cm

Age 2.0+

Magnification: x 45

Comments Two year oldinnock (see Table 6.3)

b growth present and highlighted (see Secti(
5.0).

, ; —— ‘:"‘"" \\\ - (+) marine growth
- D )
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Year 2
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N\\&%\‘\ Year 1
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Focus
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Plate No: B

g > € Scale edge
Za : : PR (+) Growth
= Year 3
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SpeciesSea trout $almo truttg
Location Kylemore Lough, County Galway
Sample date 21/08/2011

Fork length 27.5cm

Age 3.0+

Magnification: x 55

Comments A three year old finnocksee Table
4.3). The transition to the marine environmen
at the end of year 3 is clearly defined.
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Pate No: 17
Sea winter check (year 3
i < Scale edge
< (+) Growth
=
o
o
Q
% Year 3
=
% ’ ’ — \\\\&\\\\ Year 2
o)) 7 3 N
s m‘*\“w’(
3 1] . ‘:‘. " lh\ Ml Focus
LL

i {’ [I

SpeciesSedrout (Salmo truttg
Location Castletown River, Co. Louth
Sample date 16/08/2011

Fork length 34.5cm

Age 2.1+

Magnification: x 45

Comments One sea winter maider(see
Table 4.3) This fish has spent an entire ye;
at sea before returning the following yeal
Maidens are predominantly larger thay
finnock with specimens generallgreater
than 30cmin length,a benefit of a full years
feeding at sea. Total age is 3+ years.

?}T:” ; 2 i
//
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Plate No: B

Marine growth

Freshwater growth

SpeciesSea trout $almo truttg
Location Dungloe Lough, Co. Donegal
Sample date23/07/2015

Fork length 37.5cm

Age 2.1+

Magnification: x 45

Comments Onesea winter maiden (see
Table 4.3). b growth also present (see
Section 5.0).

(+) growth

Scale edge

Year 3

Year 2

1 mm
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Plate No: D
(+) Growth-- - - -  Seawinter check (Year ¢
| / Scale edge
Marine E -3
growth : Spawning mark
: (Year 4)
FW reentry ' _
(Year 4) Cutting
“““ over/
N, erosion
Year 3
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growth 1
. Year 2
'!
o /
T <
i
G 2 Year 1
e (o)) b 4.
LL v|
*
- Focus

SpeciesSea trout $almo truttg
Location River Dargle, Co. Wicklow
Sampledate: 27/09/2011

Fork length 51.7cm

Age 2.1.1SM+ (total age = 4 years)
Magnification: x 45

Comments The River Dargle in Co. Wicklow has some of the largest sea
in Ireland. This fish resided in the river for 2 years. After sfyly, the fsh
spent a full year at sea (year 3) before returning to spawn (SM) in year 4. 7
Ad SOARSYyOS 2and sigifitantilasy 8f ciedhSysdr 4, an
indication of spawningsee Section 5.0)The scale was recorded from this fis
in Sepember ofthe following year (+) during its return to freshwater.
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Plate No:20
! W Scale edge
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Q ¥ '| ~’I">" UGl i
B CALREY . \
Focus
SpeciesSea trout $almotrutta) Comments Lough Currane in Co. Kerry is one of the premier
Location Lough Currane, Co. Kerry || trout fisheries in Ireland. Specimen sea trout are regularly captu
Sample date 19/07/2010 in this venue.The Currane systemproduceslarge smolts up to 25
Fork length 71cm 26cm (Fahy, 1980;Roche, W. 201&ers. comn). Juvenile trout
Age 3.4SM+ (total age = 7 years) bendit from migrating from unproductive tributaries to the lake
Magnification: x32 which leads to faster growthates prior to smoltification.This fish

spent 3 years in freshwater. It appears to have entered Lo|
Currane in Year 2 (note the dramatic increase in growth im 2@a
Following smolfication &ter year 3, it appears to have spawned ag
finnock and continued this pattern of spawning each successive Yy,
b growth is also shown in the image(see Section 9\dte the
cutting over of the spawning markésee Sectiob.0). Therefore, this
specimen is not suitabl®f accurate back calculations.
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4.3 Atlantic salmon(Salmo salay

4.3.1 ldentifying features

Adult Atlantic salmon have a small heatd blunt noseadult salmonare steelblue and silver in
colourwhen fresh (just returned to freshwater) (see Plate 4.3he caudal peduncleor "wrist" of
the tail narrows in and then swells out @g at the base of the tafin. At spawning time, the
females are dull leaden coloured; the males, which develop a hook in the lower jaw, become

mottled with red andorange(fisheriesireland.ie)

Plate4.3: Atlantic salmon $almosalar) (source IFI)

4.3.2 Distributionand biological information

Atlantic salmon occur naturally along both east and west coasts of the North Atlantic Ocean
(Klemetsenet al., 2003). The following table displays the different life stages of Atlantic salmon

(Salmo salgr

Table4.5: Life stages of Atlantic salmofi-V)

l. Fry and ParrJuvenile salmon display similgwowth patterns to brown trout (sed’lates
No. 2021).

I. 9nolt: Refer to sea troutsge Table4.3). Irish Atlantic salmomigrate to sea in spring
mostly as 2+ year olsihnolts. While some fisheries produce 1+ or 3+ year old smolts
scales ohdult Atlantic salmon displagein this documentare from fish which migratec
as2+year oldsmolts

M. Grilse(adult salmon) A salmon that returns to freshwater after one full year at sea. -
is the youngest and most common l$¢éage of the adult Atlantic salmon stock in Iri
waters. The peak run for grilse is from late May to AugGsilse are ged as X.1+ (X
age of srolt).
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Multi sea winter (adult MSW salmon)MSW salmon are fish which remained at sea
the duration of two or morewinters, before migrating to freshwatesee Plates No. 23
24). These fish often return in the early part of the season hence they arencoiy
1y26y a I GaLINAY3IASNAE D | 26SPOSNE GKS:
the year, with runs in summer and at the back end of the sea®m occurring in somi
systems

4.3.3 Ageing notes

Unlike brown trout, adult Atlantic salmorlife history always comprises time speim the marine

environment While ageingnotations are the same as sea tro(gee Table4.4), there are few

notable differences when assigning an age to Atlantic salfsea Tablel.6).

Table4.6: Ageing notedor Atlantic salmon

Marine growth notations same as sea trout¢J able4.4)

Marine growth in adult Atlantic salmon is notated as .1+ and upwéséds PlatesNo.
23-25). It is highly unlikely that O+ occurs in adult Atlantic salmon

Summer checksThe first seaannulus occurs between 40 and 60 cm estimated b
linear back calculation. When there is doubt about the identification of the first
winter band, any band occurring at a baziculated length of less than 35cm
assumed to be a summeheck and NOT an annuldECES, 1994see Fig4.1, PlateNo.
24)

check"x.,x

1* sea winter annulus Fig 4.1: Example of a summer checks. a
e true annulus on an adult Atlantic salmon
(Salmo salar)source IFI)

4.3.4Additional information (anadromous salmonid scales)

Refer tosea trout: Section 4.2.4

63

No. 1 2019



No. 1 2019

IFISHz Fish and Habitat: Science and Management

Plate No. 4

Scale edge

(+) Growth

Year 1

Focus

1 mm

Comments 1 year old salmon pafsee Table 6.1).

Location Kylemore Lough, County Galway

Sample date 21/08/2013

Fork length 12.0 cm

SpeciesAtlantic @lmon Salmo salar
Age 1+

Magnification: x55
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Plate No.22

Narrowing

circuli i .
not an :

annulus

Scale edge

SpeciesAtlantic @lmon Salmo salgr
Location Vartry River, Co. Wicklow
Sample date 12/08/2014

Fork length 14.9 cm

Weight 449

Age 1+

Magnification: x55

Comments 1 yearold salmon parr (See Table 4.1). Capture date masAugust 2014.
Note narrowingcirculi begnning to appear at scale edge. This is not an annulus, or]
slowdown of growth in the same year.
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Plate No:23

Year 3 (sea winter
annulus)

',i“!‘,‘l;;‘

{?{w Z
(j}l’i |
:"' N 1l
AR ESRETR LA
0“I' 11} \\)

i o Xt < < = Focus

SpeciesAtlantic @lmon Salmo salar
Location River Bandon, Co. Cork
Sample date 19/07/2015

Fork length 55.5cm w‘/
Age 2.1+ (total age = 3 years) ] 5
Magnification: x 22 &

Comments Grilse(see Table 4.5)ill always display one
sea winter.This is the youngestea age that an adult
Atlantic salmon can b¢1+). This fish went to sea as 1mm

two year old smolt (2) followed by a full year feeding [ |
sea (.1). Its scale was recorded on its returntie tiver
the following year (+).
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Plate No. 2
(+) growth
. Scale edge
% Year 3
o
2
B N Summer
= AR check
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\“%:\\ W
7 N | \ W
; “_ \ \ W
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SpeciesAtlantic @lmon Salmo salar
Location Lough Caragh, Co. Kerry
Sample date 22/08/2017

Fork length 84cm

Weight 5.2kg

Age 2.2+ (total age = 4 years)
Magnification: x 30

Comments Large summer MSW salmd@see Table 4.5)This
fish went to sea as a two year old smolt (2) followed by a fu
years feeding atea (.2). It returned to freshwater during th
summer of the following yeaft).

ieiten

’.‘ ﬂ',';d f'””?_ (}f:‘lull'-.ld,! : 3

lc'o? .

)

Focus

| 1 mm
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Plate No. B
Scale Edge

Year 7 (spawning mark’

D
I | /:/( / /
l////flﬂﬁ?;f”h
i

FW reentry
FW reentry Year 6(spawning mark
Summer i V
check
Year 5
Summer
check
_*Year 4
Summer
— AR check
(29 AN DA
= \ A ' 3 Year 3
g RN ) \ AN
c . ALY A
= \ ! "&&\\\ DN Summer
= AL Vu *\ \d.:. !
VIR \j\\‘,’; )\“‘\“\s‘v" '( check
Vi " \N“‘\ Q\{w
4 AN \\\ opE
" o \ \‘\ l{ ) 4
it ' Il \ ) bt .{. f/} g
N ‘.1} i // 4;.' WM ‘ e Year 2
FW Growth [} // | ' el
(Par) il ' : Year 1
.;"‘ ‘

N\ A S, T2 Tt n"‘l‘/ﬁi’ Ry

SpeciesAtlantic @lmon Salmo salar
Location River Suir, Co. Waterford
Sample date Found early February 2013
(Post spawning mortalily

Fork length 117cm

Age Multi sea winter salmon (2.3+.2SM)
(Totalage =7 years)

Magnification: x 22

Comments Large MSW fish (see Table 4.Bhis fish spent
two years in freshwater before going to sea and th
remained at sea for three winters. At the end of the thi
winter at sea the salmon came back and spawned. The
then went back to sea and remained for another wint
before returningto spawn a second time. After spawning for
second time the fish was found dead in February along
Rver Suir. The age determination can be described
HbPobH{ad CKSNB A& y2 y2il |
found dead posspawning. The total age years.Thanks to
Paddy Gargan (IFI) and to Peder Fiske and Gunnell Osthg
the Norwegian Institute for Nature Researabr fageing this
fish.
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4.4 Arctic char (Salvelinus alpinup

4.4.1 |dentifying features

Body shape is trodike, coloration variable according to habitat, sex and breeding conditions; olive
or blue-grey abovePlate4.4), becoming lighter on the sides; some fish, especially breeding males,
become red or orange on the belly and have the lower fins pink or red, wetimtior white edges;
Arcticchar have pale spots on a dark ground, whereas trout and salmon have dark spots on a light
baclground; in Irish watersArctic char grow to about 0.7kg but are often much smaller

(fisheriesireland.ie).

4.4.2 Distribution and biobgical information

Historically, Arctic dar have been recorded in 8kikes in Ireland bytdue to the stresses of
pollution, eutrophication, acidification, climate change, invasive speeies approximately one
third of these populations are now deemecktinct (Igoe and Hammer, 200Bergusoret al., 2019.

In more northerly latitudeschars are anadromous in naturérctic char in Britain and Irelando

not migrate to sea While most authorities agree that these stocks belong to a single polymorphic
species complex, isolation between separate lake systeasded to the development ofseveral
phenotypic characteristicgMaitland et al, 2007) An example of thign Ireland is in Lough
Coomsaharnin County Kerry wherérctic char have a higher gitlaker count than most other

European populations (Igoe and Hammar, 2004).

Plate4.4: Arctic char $alvelinus alpinus(source IFI
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4.4.3 Ageing notes

Thefollowing table describes some biological data useful for the ageing procésstifchar.

Table4.7: Ageing notes for Arctic char

Otoliths contain the best permanent pattern of fish growth as bone reabsorption is
known to occur unlike scales (Barbour and Einarsson, 19@7¢n marking an annulu
for an image, mark atuier edge of winter (dark)dnd(see Plates N@6-28).

Arctic char scales cdre extremely difficult to age.Due to their small size and erosio
ageing scales can often underestimate agkhis is particularly apparent after year
(Morrissey, E2016pers comm).

Arctic dar scales are very useful for othecientific research programmesuch as
populationgeneics and microchemistry analysis
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Plate No: &

SpeciesArctic char $alvelinus alpings
Location Glen Lough, Co. Donegal
Sample date 30/07/14

Fork length 15.3cm

Weight 40g

Age 2+

Comments Annuli marked on outer edge of
dark lines following image settings (see Table
4.7, Table 2.4).

+ Growth
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PlateNo: 27

SpeciesArctic char $alvelinus alpinys
Location Shindilla Lough, Co. Galway
Sampledate: 07/09/2010

Fork length 20cm

Weight 869

Age 3+

Comments Annuli marked on outer edge of dark lines
following image settings (see Table 4.7, Table 2.4).
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Plate No: 8

SpeciesArctic char $alvelinus alpings
Location Lough Kindrum, Co. Donegal
Sample date 17/07/2009

Fork length 27.7cm

Weight 233g

Age 5+

Comments Annuli are marked on outer edge of dark lines following image settings
(see Table 4.7, Table 2.4).

+ Growth
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4.5 Pollan(Coregonus autumnalis)

4.5.1ldentifying features

Bluebacked, silvery, forkailed, herringlike fish;a salmond it has an adipose fin, buto spots;
grows to about 0.7kdfisheriesireland.ig(Pate 4.5). Terminal mouth 74-86 lateral line scale%1-
48 gill rakers (Maitland and Herdson, 2009).

Plate4.5: Pollan(Coregonus autumnaligjsource IF)

4.5.2 Distribution and lological information

The pollanis a unique and threatened freshwater fish speciglemic to the island of Ireland.
There are extant populations of pollamLough Neagh, Lower Lough Erne and LeAdlbn,Reeand

Derg on the Shannosystem (Fergusoet al., 1978; Rosekt al., 2004 Harrisoret al., 2010Q.

As withArcticchar, pllan in northern latitudes are anadromous (Harreidal., 2001). The only non
arctic populations occur in Ireland and theme landlocked relics of postgial colonisation (Rosell
et al, 2004). The Irish pollan is relatively shdived with cohorts often not exceeding five yeaskl
(Wilson and Pitcher, 1983jarrodet al, 2001, Rosellet al, 2004) Occurring in shoalgollan are
primarily zooplanktorfeeders (Wilson, 1984 cited in Rosstllal, 2004) Most populations in Ireland
attain amaximum length of 30cniRosellet al., 2004) with somespecimensn Lower lough Erne
recorded at 38cnfRosell1997)
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4.5.3 Ageing notes

Table4.8: Ageing notedgor pollan (I-V)

I. Pollan achieve fast growth rates in their first year. Lengths ud4d5cm have been
recorded intheir first year(Wilson and Pitcher, 1983The first annulus can be quite clear
read with wide winter bands present (see Plate. 30).

[I.  The majority of growth in O+gdlan is generated in the early part of the growing season \
slowing growth rates being displayedtiveen September and February

lll. 1+ llan also displayhis growth patternfrom September to February. Later (subseque
years involve a lower number of circuli (see Pldte 31).

V. { LI gyAy3I YINJa O6y2N¥Itfte 28ENYVEH 2¢8NNEK
loss of circuli (see Platdo. 32).

V. As with all salmonids, badalculation with caution once these patterascur.

Note: Pollan (in Lough Neagh) can show summer checks in growth which can confuse age

determination (Wilson and Pitcher 1983)ossibly linked to thermal stress.
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Plate No. ®

SpeciesPollan Coregonusiutumnalig
Location Lough Allen

Sample date 01/09/15

Fork length 9.1cm

Weight 8.5g

Age 0+

Comments: Fast growth generated pos
hatching (see Table 4.8). Fish age is 0+.

+ Growth

Scale edge

Focus
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Plate No:30

Comments:Fast growth continues into

SpeciesPollan Coregonus autumnalis
year 1(see Table 4)8

Location Lough Ree
Sample date 01/07/16
Fork length 16.1cm
Weight 56.8cm

Age 1+

---- + Growth

Scaleedae
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Plate No:31

Scaleedge

--- Cutting over

Year 3
Year 2
Year 1
S
W27 | \
NI BTN ¢
RN, aople, 4 4 Y
N~ S Focus
O R ’
\?\ -~ w .‘\ N v " ,‘,-'
‘Cv._.t/ p :
a . -

SpeciesPollan Coregonus autumnalis
Location Lough Ree
Sample date 01/07/16

1mm
Fork length 26.5cm |—{
Weight 308.8g
Age 3+

Comment Significantcutting over appears in year 3
Posterior seams (whitarrows) indicate presence of ai
annulus (see Table 4.8, Section 5.0).
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Plate No:32

Scaleedge

1 mm
SpeciesPollan Coregonus autumnalis '—(
Location Lough Ree

Sample date01/07/16
Fork length 28.8cm
Weight 429.4g

Age 4+

Comments Spawning marks evident with cutting ove
present from year3 onwards Posterior seams (whit€
arrows) are also indicative of an annulus (see Table
Section 5.0).
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4.6 Pike (Esoxlucius)

4.6.1 Identifying features

Torpedo shaped body; shovel like snout; large mouth with many sharp teeth; single dorsal fin set far
back, over the anal fin; greenish olive, mottled with lighter patches; the young have a more barred

colordion (inlandfisheriesireland.e

4.6.2 Distribution and ological information

Pike are present in many systems throughout Irelafgawninghas beernobservedin pikein Irish
waters inFebruaryMarchin conjunction withwater temperatureseaching9-10°C (Kennedy, 1969)
Onset of sexual maturity is dependent on growth rate with faster growing specimens maturing after
2 yeargBillard, 1996).

Plate4.6: Pike Esox lucius(source IF)

4.6.3 Ageing notes

Temperature appears to be the main drivierthe formation of an annulus in immature pike more
mature fish,gonad development anthe interruption of growth during spawning aregake over as

drivers inannulusformation (Casselman, 196as cited in Craig, 1996
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Table4.9: Ageing notes foPike

High variation in growth is characteristic in pikehis can cause difficulties for scale read
(Mann and Beaumont, 1990Males usually grow slower than females and males may :
growing after they reach sexual maturity

The first annulus is usually unique in that the extremely rapid growth following
characterised by irregular or incomplete circuli, often cHéia in pattern with wide spacinc
It may also consist of several close, irregular or discontinuous cirtuis seldom
represented by a hyaline area (white line or blank stripe) ondbale(see Plate No. 35)
(Schneider2001.

The second annulus is usually indicated by several close, discontinuous circuli. It r
indicated by a white line at the latdraegion, but is seldom indicated by the chainli
pattern of the firstannulus(seePlateNo. 36) (Schneider, 2001).

Annuli of the third and later years are usually represented by a whiteolitinchedcirculi
(seePlate No35) (Schneider, 2000).

Be aware of double bands in an annulus. Only@ageceePlateNo. 35) (Schneider, 2001).

VI.

Age estimated from scales tends to be less than true age. Reliability ofagmitegoften
declines after age 4. Variance increases as age increases, with underestimatio
developing irolder fish at 810 years (B#ird, 1996)

No. 1 2019

Note: While all the examples of pike age determination in this document are from scales, opercular

(metapterygoid) bones or cleithra are considered to be more reliafflasselman 1973, Frost 1959)

but clearly only usable when a dead specimen is availdblgdeithra are available,rppare them for

ageing as for perch operculars
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Plate No:33

| SpeciesPike Esox luciys

Location River Barrow, Belview, Co. Kildare
Sample date 20/07/2015
Fork length 16.5cm
Age 0+
Magnification: x55

Focus

| 1 mm |

82



IFISHz Fish and Habitat: Science and Management No. 1 2019

Plate No:34

SpeciesPike Esox lucius

Location AtedaunLough, Co. Clare
Sample date 10/09/2010

Fork length 26.4cm

Age 1+

Magnification: x 32

Comments An annulus is indicated by a
white line (see white arrow). This patterf:s
seldom occurs in year 1 (see Table 4.9)

7 _

Scale edge

1 mm
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Plate No:35

+ Growth -------

Scale edae

SpeciesPike Esox lucids

Location River Barrow, Bagenalstown, Co. Carlow
Sample date 20/07/2015

Fork length 41.6cm

Age 2+

Magnification: x30

Comments Evidence of a false che¢kee Section 5.0
(double band) after year 1. This is highlighted
checked lindsee Table.9).
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Plate No:36

Scale edge
Year 3
Year 2
Year 1
g
I'| )
X
~ Focus
. . 1 mm
SpeciesPike Esox lucius |
Location Lough Lene, Co. Westmeath

Sample date 02/10/2013
Fork length 58 cm

Age 3+

Magnification: x24

Comments: White lines at posterior end
indicate an annulus (see white arrows) (sf
Table 4.9).
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4.7 Perch (Perca fluvidlis)

4.7.1 Identifying features

Two dorsal fins set close together, the first with sharp spines; spines also in the origin of the anal fin
and in the origin of the pelvic fins, which are placed undergbetorals; Greenisblive, with black

bars on the sides; pelvics, anal and-failred or orange

4.7.2 Distribution and biologicainformation

Perch tolerate a wide range of environments,thorefer shallow and moderatelyproductive
freshwaters. Young larvaeonsumealgae and zooplanktorotifers, cladocerans and copepods)t
adult perch can continue this dietary patternn unproductive waters Adults are primarily
piscivoous in habit. Larvae and young juvenilesngregate irshoak whilst adults are more solitary
in nature. Spawning in Irish watersccursin April and May when temperatures reacHl9 degrees

(www fisheriesireland.ie).

Plate4.7: Perch Perca fluviatilig (source IFI)

4.7.3 Ageing notes

Perchpopulations arecharacterised by #arge variance in weight and size heterogeneggulting
from feeding competition(Toner and Rougeot, 2008Y his variation is often characterised by slow

growing zooplankton and invertebrate feeders or fast growing piscivétesiilovs, 2015)

Table4.10: Ageing notes foperch
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I.  When ageingerch treat each individual as a separate entity and do not lawlphtterns
among age class€blorrissey, E2016 pers comm).

[I.  Year 1 can be extremely faint in opercular borless so with scales which can be use
for observing the first years growth (Kornilovs, 2018jhen ageing opercular bonesok
for a difference in shade rather than a classic white line that appears in later (gesm:
Plates No.39-41) (Morrissey, E2016 pers comm).

Ill.  Sampling perch scales is easy and quick, but the use of scales in the determina
perch age has its limitslf the details hampering the ageing of perch (e.g. the format
of false rings) are known and the growth of the persifeist and steadythe use of scale i
justified.
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Plate No:37

SpeciesPerch Perca fluviatiliy

Location Templehouse Lake, Co. Sligo
Sampledate: 01/10/14

Fork length 7cm

Age 0+

Magnification: n/a

Comments No change in shadgsuggests a|
lack of an annulus (see Table 4.10).

Edge + Growth

Focus
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Edge

Plate No: 3

+ Growth

SpeciesPerch Perca fluviatiliy
Location Lough DergCo. Tipperary
Sample date 15/06/16

Fork length 10cm

Weight 10g

Age 1+

Magnification: x 0.63

Comments A change in shade indicate
the first annulus (see Table 4.10).

Shade
change
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Edge

Shade _
change

Plate No:39

SpeciesPerch Perca fluviatiliy
Location Lough DergCo.Tipperary
Sample date 14/06/16

Fork length 14.3cm

Weight 40

Age 2+

Magnification: x0.63

Comments A change in shade indicates the fir
annulus (see Table 4.10). Note the contre
between the first and second annulus, whic
displays more promineriines.

Year 2

Year 1
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Edge

Year 3

change

Plate No:40

SpeciesPerch Perca fluviatiliy
Location Lough DergCo. Tipperary
Sample date 21/06/16

Fork length 15.4cm

Weight 449

Age 3+

Magnification: x 0.63

Comments A change in shade indicate
the first annulus (see Table 410). Note t}
contrast between the first annulus an

years 2 and 3.

91

No. 1 2019



IFISHZ Fish and Habitas: Science and Management No. 1 2019

Plate No:41

SpeciesPerch Perca fluviatiliy
Location Derrybrick Lough, Co. Cavan
Sample date 11/10/11

Fork length 23.8cm

Weight 208g

Age 5+

Magnification: x 0.63

Comments A change in shade indicate]
the first annulus (sed@able 4.10).

Edge

Year 4

Year 2
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4.8 Roach Rutilus rutilug

4.8.1ldentifying features

Mouth inferior; dorsal fin noticeably large, with its origin over the insertion of the pelvic fins; Anal fin
short, with 912 branched rayst1-44 scales along lateral line; blue on the back, silvery on the sides
(sometimes with a bronze lustre in big fish); dofsalbrownish red; pelvicand analfins and tail

red; (fisheriesireland.ie).

4.8.2 Distribution and biologicainformation

The first introduction of roach idreland occurred in 1889 in the River Blackwater in County Cork
(Caffreyet al, 2007) . SG6SSy (KS ™dc aréash rdpighRspréatl tdlcaionigmahy n Q &
catchments throughout the countryA highly successful speciesach spawn in large numbers, can
utilise a wide variety of spawning mediand can tolerate a wide variety of environmental

conditions.

Plate4.8: Roach Rutilus rutilug (source IFI)

4.8.3 Ageing notes

Table4.11: Ageing notes foroach

l. The first annulus can be difficult to observe, particularly in larger speciifMoSarthy
and Kennedy, 1965pbscured by thickening of the centre of the scale

Il. Closely spaced circuli at wintéiands well defined annuli, suggestive of the wint
bands oftrout and salmon (McCarthy and Kennedy, 19¢®e PlatedNo. 44-45). Scale
erosion in cyprinid scales is known as chaining (Kennedy and Fitzmaurice,
Posterior seanis a good indicator of an annulus (McCarthy and Kennedy, 1965)

Il Scales of roaclalso display straighter damsand ventral edges, and often display
distinctive crest on each side of its anterexge (see Fi@.10).

V. Scalesn roachare significantly larger than similar sizeethm EeeFig. 3.10)
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Plate No:42

SpeciesRoachRutilus rutilius )

Location Lough Muckno, Co. Monaghan
Sample date 08/09/2015

Fork length 4.0 cm

Age 0+

Magnification: x 55

Comments: This fish displays no annulu
only summer growth post hatching in th
same year. Fish age is 0+.

Scale edge

+ Growth

1 mm
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Plate No:43

IFISHz Fish and Habitat: Science and Management

an annulus (see white arrow) (see Secti

Comments: Posterior seam is indicative g
5.0, Table 4.11).

Location Lough Cullin, Co. Mayo
Sample date 11/08/2015

Fork length 6.5 cm

SpeciesRoachRutilus rutilius L)
Age 1+

Magnification: x 55
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Plate No:44

SpeciesRoachRutilus rutilius L)
Location Lough Gara, Co. Sligo
Sample date 04/09/2015

Fork length 10 cm

Age 2+

Magnification: x 30

Comments:Posterior seams are indicative ¢
an annulus (see white arrows) (see Secti
5.0, Table 4.11).

Scale edge

N\

I Year 2
Year 1
<€ Focus
1 mm
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