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SUMMARY

The Norwegian Ministry of Fisheries and Coastalaft and The Norwegian Environmental
Authorities have expressed a wish of assessinghghetatch and release as a management
principle should be acceptable for Norwegian salichofish in rivers with depressed
population density.

The Norwegian Food Safety Authority (NFSA) has adowly requested the Norwegian
scientific Committee for Food Safety (VKM) to comduan assessment of the welfare
implications of catch and release compared witlditiGnal angling and Kkilling for the
anadromous life stages of the following native salids: Atlantic salmonSalmo sala), sea
trout (Salmo truttd and Arctic char$alvelinus alpinusin Norwegian rivers.

To gather and summarize the scientific backgrounduchents necessary to answer the
guestions posed by the Norwegian Food Safety Aitjhahe VKM Panel on Animal Health
and Welfare established @u hocgroup consisting of six national and internatio(idK)
experts.

The report was produced during most of 2009, andsga state of art overview of current
knowledge on the effects of catch and release ipescon these fish species’ welfare, using
accessible and peer reviewed published literatsirieaais for the assessment. Anecdotic and
non-published reports have been used to a limix¢ehe as they are regarded as untested or
containing unverified statements. The Panel on AhiRealth and Welfare discussed the full
report in a meeting on thé"®f December, and gave its support to the conahissirawn by
thead hocgroup.

The report has concentrated on the literature eratbrementioned three species. Transfer of
knowledge from other species has only been undmmtdk a limited extent as general
physiology and responsiveness to stress and handiliay or do, differ significantly among
species and may lead to erroneous conclusions.

In order to produce a report most accurate witbregfce to the request, thd hocgroup has
concentrated on the impacts catch and releasen@dims on the anadromous life stages of
these fish. Furthermore, the request has beenadloae additional welfare issues with catch
and release that are not seen in retention fisiisghe main difference occurs from landing
onwards, the catch process itself has not beesubgct to exhaustive discussions. Finally,
the ethical aspects of catch and release are nbinwthe remit of VKM and have thus not
been considered.

The report gives a brief overview of the historycafch and release, the three species’ general
biology, and current population status in Norwegiaars. An introductory section describing
current knowledge on pain sensation, fear and stresponses has also been added for
reader’s information. The main body of the repaas lbeen designed to give an outline of
current knowledge associated with each of the guestisked by the Norwegian Food Safety
Authority, leading up to an answer. The summarypoases are as precise as possible. The
subjects cover the factors that may affect fishfavel during capture and handling, and the
report also includes a section on criteria for hnenkilling. The effects of various designs of
hook and bait types is discussed. The recoveryegsofollowing release is also discussed,
including sections on wound infections, mortalitgte, impact on reproductive fitness,
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predation risk and likelihood of recapture. If datand release is to be introduced, then the
final chapter summarises some possible ways toiaratd the effects on welfare. The reader
will notice that while there is extensive infornaation some of these subjects for Atlantic
salmon, comparatively little is known about the aopof catch and release on anadromous
sea trout and Arctic char. Furthermore, in somesgré& has also been difficult to give
conclusive answers, partly because there are nagrelated factors that could affect fish
welfare that should be taken into account but @gohbd the scope of this report, and partly
because there is a lack of experimental data. &ughogress in these fields can only be
accomplished through directed research activiBesed on the review of literature, the panel
concludes that catch and release has the potdntiaarm the fish. During playing and
handling of the fish, it will be subjected to ssemnd other disturbances that may impair the
fish’'s welfare. These have the potential to cawmseates leading to increased mortality (fish
with excessive injury and low likelihood to surviwhould be killed and not released),
secondary infections and impacts on reproductia@weaver, for the anadromous life stages of
the species in question (virtually no informatiam frout and char), available and published
scientific literature does not indicate catch aredease has any long lasting welfare
implications after release. For example, catchrafehse of Atlantic salmon in rivers at water
temperatures less than 1718 have been reported to result in low mortalit@s 6 %). The
numbers of reliable studies conducted under natunadlitions at high water temperatures are
few, and to determine reliable mortality levels fmtch and release at water temperatures
above 17-18°C more studies should be performed. Given that dateh and release
procedures involve subjecting fish to significatiess and other disturbances it is likely that
the fish’s welfare is impaired. Welfare issues uitithg survival can be improved by selection
of correct fishing tackle, handling procedures, &radhing of anglers and guides.

KEY WORDS

Catch and release, anadromous salmonids, Atlaaltios, Arctic char, sea trout, fish welfare
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NORSK SAMMENDRAG

Fiskeri- og kystdepartementet og natur- og miljaveyndighetene gnsker & vurdere om fang
og slipp bar innfares som en mate a regulere fiskt@mden pa i norske lakseelver med lav
populasjonstetthet.

Pa bakgrunn av dette har Mattilsynet bestilt endeting fra Vitenskapskomiteen for
mattrygghet (VKM) om velferdsmessige konsekvenserfisk som fanges i fang og slipp-
sportsfiske sammenlignet med tradisjonelt spoksfider fisken avlives. VKM er bedt om a
vurdere de tre laksefiskartene lakSalmo sala), sjgarret (Salmotrutta) og sjgrgye
(Salvelinus alpinusnar disse befinner seg i det anadrome stadietjildgi nar fisken vandrer
opp i elver for & gyte.

For & skaffe en oversikt over den vitenskapeligeghannen for slikt fiske og gi grunnlag for

a svare pa spgrsmalene fra Mattilsynet, nedsattéis/Kaggruppe for dyrehelse og
dyrevelferd (dyrevern) erad hoegruppe bestaende av seks nasjonale og internésjona
(Storbritannia) eksperter.

Rapporten ble til gjennom flere mgtead hocgruppen i 2009 og gir en oppdatert oversikt
over aktuell kunnskap om hvilken effekt fang ogptisket har pa velferden til de tre omtalte
fiskeartene.Ad hoegruppen har hovedsakelig benyttet vitenskapelig fagfellevurdert
litteratur. Uoffisielle rapporter, brosjyrer elleannet populeervitenskapelig materiale er
benyttet i mindre grad, da informasjonen i disde ikr kvalitetssikret. Faggruppen behandlet
rapporten fraad hocgruppen pa sitt mgte den 9. desember 2009 og ginddslutning til
rapporten.

Vurderingen har konsentrert seg om litteratur omtréenevnte fiskeartene. Overfgring av
kunnskap til eller fra andre fiskearter har blifor i meget begrenset omfang etter som
generell fysiologi og spesielt fysiologisk respop& handtering og stress ofte varierer
vesentlig mellom ulike arter. Kunnskap fra andreranar dermed begrenset overfgringsverdi
og kan lede til uriktige konklusjoner.

For a kunne besvare oppdraget fra Mattilsynet mesig presist, har VKM konsentrert seg

om & beskrive risiko for darlig dyrevelferd nar tle artene befinner seg i det anadrome
stadiet. Videre har Mattilsynet saerlig gnsket dtsddtes fokus pa dyrevelferdsrisiko knyttet
til fang og slipp som ikke forekommer ved tradigtirsportsfiske. Ettersom hovedforskjellen

mellom fang og slipp og tradisjonelt stangfiske to@p etter innfanging av fisken, er selve

kjgringen av fisken ikke blitt ngye vurdert. Videze den etiske siden av fang og slipp ikke
blitt vurdert, fordi dette ligger utenfor VKMs maaid

Rapporten gir en kort oversikt over historien @ih§) og slipp-fisket, de tre artenes biologi og
deres populasjonsstgrrelse i norske elver. En demée seksjon som beskriver aktuell
kunnskap om evne til & fale smerte, frykt og stiess fisk er inkludert. Hoveddelen av
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rapporten er en gjennomgang av oppdatert kunnskgpek til hvert av spgrsmalene som er
stilt i Mattilsynets bestilling, og spgrsmalenebesvart ut fra dette. De summariske svarene er
sa presise som mulig ut fra foreliggende vitenskgeditteratur og erfaringsbasert kunnskap.

Temaene dekker en gjennomgang av faktorer som &airkp fiskevelferden ved innfanging
og handtering, og rapporten inneholder ogsa etithvsn human avlivning av fisk. Effekten
av ulike typer kroker og agn er diskutert. Resjdnsprosessen etter slipp er ogsa diskutert i
avsnitt som omhandler dgdelighet pa grunn av aberl sarinfeksjoner og @kt
predasjonsrisiko. Sannsynligheten for gjenfangstbetydning for reproduksjon er ogsa
omtalt.

Et viktig forbehold ved konklusjonen i vurderingenat mens det for laks er god tilgang pa
vitenskapelig baserte data, er tilgangen sveertelnsgt for de to andre artene sjggrret og
sjgrgye. Videre har det innenfor noen omrader vaarskelig & gi konsise svar som bunner ut
i en konklusjon, fordi det er mange faktorer sommigp@r dyrevelferden, men som det ville
fare for langt & diskutere i dette begrensede ntanhdEil dels er det ogsa slik fordi det ikke
foreligger tilstrekkelige eksperimentelle data ommnet. Videre framdrift innenfor disse
omradene kan bare oppnas dersom en gjgr malrettedskapelige forsgk.

Basert pa en gjennomgang av tilgjengelig vitenskagdateratur, konkluderer faggruppen
med at fang og slipp har utfordringer ut over vaiiiske der fisken avlives etter innfanging:
Fisk blir skadet ved kroking, den kan utsettessiness og andre pakjenninger nar den dras
inn, noe som kan pavirke fiskens velferd negatigt,det er usikkerhetsmomenter knyttet til
dadelighet, sekundaerinfeksjoner og effekter paodiksjonen hos fisken som slippes ut
igien (fisk med store eller alvorlige skader skkke slippes ut igjen, men ma avlives
umiddelbart). Til tross for velferdsutfordringenens beskrives over, peker imidlertid ikke
den vitenskapelige litteraturen pa langsiktige exeléproblemer etter slipp nar de omtalte
artene befinner seg i det anadrome stadiet, seldeinma understrekes at det foreligger lite
informasjon for sjg@rret og sjgraye. Under forhddéd temperaturen i elvevannet er under 17-
18 °C, er det for eksempel funnet lav dgdelighed ) etter slipp hos atlantisk laks. Det
foreligger imidlertid fa vitenskapelige studier devortalitetsundersgkelser er gjort under
naturlige forhold ved vanntemperaturer hgyere eirl8 °C. For a fastsette palitelige
mortalitetsnivaer for fang og slipp under dissentamperaturene, bgr det derfor utfgres flere
studier.

Gitt at prosedyrene ved fang og slipp medfareriskeh utsettes for mer stress og andre
pakjenninger enn ved vanlig sportsfiske, er detnswanlig at metoden medfgrer negativ
pavirkning pa fiskens velferd. Velferdsutfordringemyttet til fang og slipp kan imidlertid
mates gjennom krav til fiskeutstyr, handteringspdyser for fisken mens den holdes fanget,
og ved oppleering av sportsfiskere og fiskeguider.

Dersom fang og slipp skal benyttes som forvaltnnigsipp, inneholder rapporten et
etterskrift som oppsummerer rutiner, som kan fogejeyat dyrevelferden kompromitteres.
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BACKGROUND

Recreational retention fishing for Atlantic salm@and other anadromous species in
Norwegian rivers is a very popular pastime, and ithmome from fishing licences can
represent large sums. When properly performed alhmlxfed by quick and efficient killing of
the fish immediately after landing, such fishingcansidered justifiable and acceptable from
an animal welfare point of view. In contrast to #igiation in many other countries, catch and
release has not been commonly practised in Norimwever, as many populations of
Atlantic salmon are now seriously reduced in maugrs, there is an increasing demand for
catch and release (C&R) to be practised also incountry. However, in response, a number
of related animal welfare issues have been raised.

According to the Norwegian Animal Welfare Act of 78 section 2 dnimals shall be treated
well, and consideration shall be given to the imgive behaviour and natural needs of
animals, so that there is no risk of causing themecessary sufferiigThe Norwegian Food
Safety Authority has upheld a statement issuedhieyprevious governmental agency (the
Norwegian Animal Health Authority) on March 242002, where it was concluded that
“fishing based on catch and release involves subgecindividual fish to the stress,
exhaustion and danger of injury associated witmbgetaught purely for entertainment and
outdoor recreation and involving no element of f@ogbply. However, it is also stated that:
“Catch and release for selective pressure on staokissizes may be acceptable pursuant to
the Animal Welfare Act provided that the proportafrfish released is small, and the fish are
not seriously damaged or exhausted

The Norwegian Ministry of Fisheries and Coastalaif§ and The Norwegian environmental
authorities have expressed a wish of reassessiethehcatch and release as a management
principle for salmon in rivers with low stock lesetould be acceptable. According to the
ministries’ comments to the Animal Welfare Act Orakferred to the Parliament on the 28
November 2008, a general ban on such practiceticomsidered practical. However, each
incident must be acceptable from an animal welfat of view, and specific regulations
may be relevant (Ot.prp. 15 (2008-2009) 2.2.19.4).

Against this background the Norwegian Food SafetythArity (NFSA) requested the
Norwegian scientific Committee for Food Safety (VKMo conduct an independent
assessment of the welfare implications of catchratehse compared with traditional angling
and killing of fish.

To prepare the scientific background necessarynsovar the questions from the Norwegian
Food Safety Authority, the VKM Panel on Animal Hiahnd Welfare established ad hoc-
group consisting of 6 national and internationgbeaxs. The international experts (2) came
from the United Kingdom. The group was chaired bpd?pal Scientist Rolf Erik Olsen from
the Panel on Animal Health and Welfare.

Norwegian Scientific Committee for Food Safety 9



Doc.nr 09/804-Final

TERMS OF REFERENCE

The main topic of the request is to conduct ansassent of how catch and release affects the
welfare of the fish compared with ordinary anglindpere the fish are killed (retention
angling), and an assessment of the factors thatrgrertant in safeguarding the welfare of the
fish during catch and release. The assessmentisblaitie the anadromous life stages of the
salmonids: Atlantic salmorsS@lmo salay, sea trout$almo truttd and Arctic char$alvelinus
alpinug, and the catch and release fishing of these epeni rivers. The assessment shall
include effects on both the individuals involvediaheir offspring.

All acute, delayed and long-term effects of catoll aelease not associated with ordinary
retention fishing should be considered. Where eigwdifferences between the three species
and between fish of different ages, sizes and deweéntal stages should be addressed. The
influence of different angling practices as to tygfetackle (rods, lines), hooks (without or
with one or more barbs, circle, J-style etc.), kofdbait, playing of the fish and handling
practices (net, hands) should also be taken irdouatt.

The following points should be addressed:

1) Playing of fish for landingHow will playing of the fish affect the fish’'s welfe and
survival rate after release?

2) Handling: Does handling of the fish during catch and reladiffer from handling during
retention fishing? If so, what are the potentialfare implications of any differences?
How will different types of handling affect the iale: Beaching, handling in nets or with
bare (dry/wet) hands, handling in water and ouvafer, duration of handling out of the
water and handling to remove hooks? Is it posgiblendertake any of these handling
procedures safely and efficiently without removthg fish from the water? Is it possible
to restrict the maximum handling time out of wdtee.g. 15 seconds?

3) Humane killing What kinds of conditions will due to welfare calerations require that
fish are killed and not released?

4) Hook types and removal of hookre certain hooks more aversive to fish, and dg an
hooks cause more lesions? Will the additional ddeve bait or other types of bait cause
additional tissue damage? Does the removal of tfuk ltause any additional suffering?
Will the removal of deeply embedded hooks or cartgpes of hooks imply higher risks
of suffering?

5) After release Which factors will affect the recovery rate, imding those mentioned
above and any additional factors, such as envirotahevariables (eg. water or air
temperature)?

a) How long will it take for the fish to recovercinesume normal physiological body
functions and behavioural patterns?

b) Will released fish be more prone to wound infeet or infectious diseases?

c) Will the fish be more susceptible to increaseddption? If yes, how large a
percentage of the fish might be expected to dietdyeedation?

d) Is the fish’ reproduction affected? If so, inathvay?
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e) What is the mortality rate of released fish eaudy the catch and release
procedure, and how long will it take before thegiAre there types of injuries or
physiological or behavioural reactions that wilvays be lethal to the fish?

6) Possibility of recaptureWhat is the risk that released fish will be rdpdly captured?
Will any learned avoidance behaviour depend oragefactors, such as type of fish hook
used and/or the use of different types of bait?

7) Possible procedures to ameliorate effects on weelfarit possible to reduce or eliminate
any suffering or avoid further impairment of fiskeNare after release, by using certain
hooks, types of equipment or certain practicegfaling and handling of the fish?

The Norwegian Food Safety Authority asks for aneassent of the scientific data in the
form of a written report. Any lack of knowledge anéed for further studies should be
highlighted.

INTRODUCTION

A) DEFINITION OF CATCH AND RELEASE

Catch and release refers to the process of cagtfish by using hook and line, and then
releasing live fish back to the waters where thegrencaptured, presumably to survive
unharmed (Arlinghaus et al., 2007).

Catch and release is a relative term and impliggadient from catch and release only, - to
catch and kill angling with release of a proportinthe catch alive. It can be a voluntary
action or the result of harvest regulations (i.andatory). Over time, the use of the term has
broadened from a principle where all captured &sh released, to include the use of special
regulations that force anglers to release part@strof their catch. Such regulatory catch and
release includes release based on length limiwt{oa. all fish smaller or larger than the
specified size limit must not be retained), pratdc{closed) seasons, bag limits, protected
species (e.g. some species are protected and ckgadiy be retained) and protected life
stages (e.g. release of Atlantic salmon kelts)u¥tary catch and release usually refers to the
voluntary decision on the part of the angler teask fish.

The motivation for releasing a fish after capturayntherefore be driven by both ethical
considerations and fishery management objectivesveder, for the purposes of this report
when attempting to evaluate the impact of suchguaoes on the individual fish themselves,
including stress, pain and mortality, it is not omant whether the fish was voluntarily
released or released as a result of fishing reégukt However, an exception to this may be
circumstances when management regulations requigtera to release fish (e.g. if an
individual of a protected species or populatiorraptured during angling for other species)
irrespective of the condition of the fish.

B) THE HISTORY OF CATCH AND RELEASE

A brief outline of the history of catch and releasegiven below. For more comprehensive
reviews, readers are advised to consult publicatmnArlinghaus et al. (2007) and Thorstad
et al. (2008a) from which much of the followinganfation is sourced.
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Fishing techniques that involve hooking fish (ang)i were invented at least 50,000 years
ago, primarily to catch fish for food (Sahrange anddbeck, 1992). Recreational fishing that
is not motivated by personal consumption, salé;aate is also likely to be a very old activity.

There are many Egyptian tomb scenes, drawingspapgrus documents that suggest fishing
being pursued as a pastime. The oldest interpoatafi this originates from a 3,290 year old
Egyptian image displaying a fishing nobleman (Rstchnd Hollingworth, 2002).

England seems to be the origin of voluntary cateti eelease. For the fifth edition dhe
Compleat Anglef1653 onward), 1zaak Walton asked Charles Cottonrtte a section on fly
fishing, which contains a specific reference touwtéry catch and release: “This is a
diminutive gentleman, e en throw him in again, &tcim grow till he be more worthy your
anger.” In the reign of George Il (1727-1760), dingits for roach Rutilus rutilug were
imposed, and it was illegal to take, possess, lbrasg undersized fish or fish caught out of
season (Policansky, 2002). As fly fishing becameemegimented in 19th century England,
writers increasingly mentioned releasing a portadnone’s catch voluntarily. Revered by
millions of boys worldwide, the founder of the B&cout movement Lord Baden-Powell
preached the gospel of catch and release wherevieshted (Precourt, 1999). He wrote of the
need to let fish go so that other anglers mightehgwod sport, that fish might grow and
reproduce, and that the reason for recreationainfisis to renew and recreate more than it is
to catch fish. The British were therefore probathig first to practice voluntary catch and
release as an ethical principle and during fisluogppetitions. The British also developed the
so-called coarse-fishing ethics, voluntarily relagsalmost every non-salmonid fish (North,
2002). Late in the 20th century, the British codisking ethics received considerable support
in Europe, with many highly committed anglers andlar groups practicing voluntary catch
and release (Policansky, 2002; Arlinghaus and Mel2893).

Regulatory catch and release relates to the implatien of the first fishing regulations
throughout Europe. However, European catch andaseléhas a variety of origins and
traditions (Aas, 2002). In mainland Europe, thewibat catch and release is “an unethical
and reprehensible fishing practice” is much momam@mn than in the UK and North America,
although there are some who view catch and relaas#oth an ethical and conservative
approach to resource utilization” (Aas, 2002). Tieed for anglers to release a portion of
one’s catch was advocated in America as early 64.X8oncerns for conservation in America
during the 19th century led to acceptance of catahrelease as a means of preserving stocks
of fish, contrasting the continental European tradiof fish as a source of food.

Regulatory catch and release, particularly of usided or otherwise protected fish, is
presently almost universally accepted as a “go@d'ido conserve fish stocks and fishing
opportunities. Voluntary catch and release in Earapd elsewhere seems to be growing with
the spread of the British so-called coarse (i.en-salmonid) fishing ethics and the so-called
“specimen hunting” practiced by many of the higbmmitted and often species-specialized
angler groups. They strongly adhere to voluntaftgrototal catch and release, as do some of
the competition or “match” anglers across Europer{iN 2002). This is accepted in some
cultural environments, but less popular in oth8rghsistence thinking prevails particularly in
Eastern Europe, northern Scandinavia (Aas and Kadt®, 1995), northern North America
(e.g. National Research Council (NRC), 2005), anchost marine recreational fishing areas
outside the English-speaking world.

Norwegian Scientific Committee for Food Safety 12



Doc.nr 09/804-Final

Magnitude of catch and release today

Globally, millions to billions of fish are releasedter capture by recreational anglers every
year. Rough global release rate estimates are &fb& (Cooke and Cowx, 2004). In the
United States alone in 2000, an estimated 11 mibioglers participated in 78 million marine
fishing trips and caught 445 million fish, of whi@b3 million or 57 % were released
(Bartholomew and Bohnsack, 2005). The proportionaafght and released fish has increased
from 34 % of the total catch in 1981 to 59 % in Q948artholomew and Bohnsack, 2005).
However, there is considerable diversity in catcid aelease rates in different cultures,
institutional environments and, situations invotyimany different species.

Catch and release of salmonids

Members of the salmon family, mainly salmon, troahd char, have been important

recreational species for centuries. Since the raiddlthe 28 century there has been an

increasing, although not uniform, acceptance oflcand release fishing for these species,
most notably for brown trout and rainbow trout.clmtrast, for Atlantic salmon, which has a

long history of being killed when caught, this guiaece has tended to come later.

The extent of acceptance of catch and releaseran@dr Atlantic salmon varies between
countries within the species’ distribution rangateh and release angling for Atlantic salmon
has the longest history in North America, beingadted as early as the 1880s (Wydoski,
1977). A hundred years later, in 1981, the firstcleaand release-only fisheries were
introduced on some Canadian rivers (Tufts et 8002. In Eastern Canada, anglers have been
required by law to release all Atlantic salmo®3 cm since 1984, and faced with declining
populations are actively encouraged to voluntardyease smaller salmon to maintain
recreational angling. However, within Canada, caod release as a management tool has
not been widely accepted in Newfoundland (Dempsai. £2002).

Until the 1990s, few anglers in the United Kingdowleased salmon other than kelts
(spawned fish) or fish very close to spawning. 8iticen, catch and release has become
widely practised and promoted. In recent yearsy dndf the recorded rod catch has been
reported as being released (Environment Agency6;2Bheries Research Services, 2004).
While most fish are released voluntarily, it hagfeompulsory since 1999 to release salmon
caught before June 16n England and Wales because of depleted rungririgs running
salmon.

In Northwest Russia, recreational fisheries in khemansk Province began developing in
1989, with foreign anglers releasing most of tleaiich. In recent years more than 80 % of the
total catch taken by anglers has been reportedue heen released (ICES, 2009).

The International Council for the Exploration oktl$ea (ICES) receives catch and release
reports from eight countries (Denmark, Canadaatul Ireland, Norway, Russia, UK and the
USA) (ICES, 2009). The proportion of the total ¢atieing released has increased over the
last decade, and varies between 19 % in IcelarD@®% in the USA (2008). Altogether,
204,000 Atlantic salmon were released in these trimsrin 2008.
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C) THE PRESENT CATCH AND RELEASE OF SALMONIDS IN NORWAY

In Norway, there has been a traditional culturefisining and killing fish for consumption.
Until recently, there has been little tradition folassic catch and release angling for
salmonids, that is, with the intention to fish ®trgpecific individuals or species and then
release them. However, in the past years therdodéas an increasing debate about whether
catch and release can be used as a managemetd tegulate exploitation of declining fish
populations of anadromous salmonids. At presetthcand release of salmonids is not illegal
(including voluntary release), but restrictions @ayeen put in place to limit the extent to
which it can be used as a mandatory measure tdateguver fisheries. In statements from
Department of Environment (dated 28.01.2008) ardDhectorate for Nature Management
(dated 30.01.2008) it is stated that release ofdmmaous salmonids as a regulatory
measurement should not be increased from the prdagrevel.

There has been little knowledge with regard todkient of catch and release of anadromous
salmonids in Norwegian rivers. The first time cathd release data appeared in official
statistics was 2008, with the number of Atlantibrean released amounting to 5,512 (ICES,
2009). However, it is not known what proportionfish caught and released Atlantic salmon
are subsequently reported in the official statsstgo this number should be regarded as a
minimum, with the actual number possibly being leigh

On the other hand, releasing fish after they hagenbcaught unintentionally has been
practiced in Norway for a long time. For examplee statutory requirement to release of
undersized fish (30/35 cm for anadromous salmortids)been in existence for many years.
The release of a species such as Atlantic salmoeghtautside its legal season, when fishing
for other species, has also been frequently pettiMore recently, the imposition of bag-
limits or protection of particular size groups «h, such as large female salmon, has been
introduced; fishermen having to release any fishallowed to be caught according to the
regulations. The release of Atlantic salmon ke{t®. spent fish) in the spring is also
mandatory in many watercourses, and wild specintleat are accidentally caught, during
deliberate intensive fishing for escaped farmethsal are also released.

The practice of catch and release seems to haweased in many Norwegian rivers in later
years, possibly due to two factors. Firstly, casrid release is now a common practice in
many other countries and foreign fishermen haveuddno this practice to Norway when
fishing, especially for Atlantic salmon. Many fogeianglers also now view catch and release
as an important conservation practice, which isoadted among their Norwegian colleagues.
Secondly, declining stocks of wild salmonids regsithe development of new management
strategies and associated regulations. As an atteen or in addition to reduced/closed
fishing season and bag-limits, catch and releaséban suggested as a means of maintaining
fishing activities in rivers whilst maintaining irogant sources of income to the fishing right
holders and other stakeholder benefits (e.g. agpgtinrism), and to protect the remaining fish
stock from poaching. There is also an argumentttieege activities will act to preserve the
culture of angling and interest in anadromous saldsamong local people.

As an example of the positive effects of catch mdelase on salmon production, the studies of
the Atlantic salmon in the River Alta can be us€de development of hydro power in 1987
had serious negative effects on the fish produdtiotme upper 5 km of the Atlantic salmon
stretch (closest to the dam), where the salmonyatexh in the mid 1990s declined to
approximately 20 % of pre-development levels. Thasequence was that the number of
spawning females dropped to a level that was taottomaintain juvenile recruitment in the
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area. As an alternative to closing the area fohnirig, voluntary catch and release was
introduced in 1997 (Ugedal et al., 2007). This g®in management strategy has been
suggested as an important factor for the tenfobdeimse in the number of female spawners,
from approximately 10-25 in 1996-1997 to approxiehatl50-250 after 2005 (Ugedal et al.,
2007; T. Neesje, NINA, unpubl.). The area is noviyfubcruited with juveniles (Hindar et al.,
2007).

D) DESCRIPTION OF THE SPECIES

ATLANTIC SALMON (SALMO SALAR)

Atlantic salmon are naturally distributed along teest and west coast of the North Atlantic
Ocean (MacCrimmon and Gots, 1979). Most Atlantiensa populations are anadromous,
although some populations are freshwater resid@asmetsenet al.,, 2003). The Atlantic
salmon populations display considerable phenotppasticity and variability in life-history
characters (Flemingt al., 1996; Klemetsegt al., 2003). They spawn in rivers in the autumn,
and the eggs hatch in the following spring. Thespiles (parr) remain in freshwater for 1-8
years, most usually 2-5 years (Klemetseml., 2003), before they transform physiologigcall
and morphologically into smolts and migrate to seaxploit the rich feeding opportunities
(Wedemeyeet al., 1980; Hagasen, 1998). At sea, Atlantic salrare distributed over large
areas in the North Atlantic Ocean (Hansen and QuifA8). Adult salmon mature after 1-5
winters (usually 1-3) in the sea and return toHvester to spawn (Klemetsat al., 2003). A
varying proportion of male juveniles may not migrdb sea, but become sexually mature
‘precocious parr’ being capable of successful répction with adult females (Dallest al.,
1983; Myers and Hutchings, 1987).

Atlantic salmon return with a high level of preoisito their home river for spawning (Hasler,
1966; Harden Jones, 1968). Moreover, Atlantic sal@pparently return to the same area of
the river where they spent their pre-smolt periadgd ecological and genetic differences
among subpopulations within rivers are also docuster{e.g. Heggbergett al., 1986;
Summers, 1996; Primmaest al., 2006). Salmon populations differ both egadally and
genetically (Hindaet al., 1991; Klemetseet al., 2003; Verspoor et al., 2005).

The International Council for the Exploration oétBea (ICES) refers to 600 different salmon
stocks in North America and 1500 in the Northeatsamtic (www.ices.dk). In Norway only,
there are 452 salmon riverBaple 1).

During their upstream migration, Atlantic salmon nlat feed, and their energy reserves are
used for body maintenance, gonad growth and margflonssomet al., 1997). Some Atlantic
salmon may spawn repeatedly, up to five times dutireir lifetime (Jonssoset al., 1991a;
Klemetsenet al., 2003). However, post-spawning mortalitpften high (particularly among
males) and most individuals spawn only once or éwid¢he survivors, kelts, migrate
downstream to sea shortly after spawning, or dutivegfollowing spring or early summer
(Jonssoret al., 1990; Halttunen et al., 2009).

Atlantic salmon typically enter coastal home watansl rivers from the sea several months
prior to spawning, and timing of the run is highgriable both within and among populations
(Fleminget al., 1996; Klemetseet al., 2003). Most Atlantic salmon in Norway andn@da
enter the rivers from May to October (Klemetseralet 2003), with a general tendency for
large multi-sea-winter salmon to enter the riveadier in the season than smaller one-sea-
winter fish (Power, 1981; Jonsseh al., 1990). Water discharge appears to be aoriaom
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proximate factor stimulating adult Atlantic salméo enter rivers from the sea, but in
combination with other environmental factors (reweel by Banks, 1969; Jonsson, 1991).

Across the whole distribution range, many Atlars&mon populations are in decline, despite
reductions in marine fisheries (ICES, 2004; Klerartst al., 2003). Several factors have
contributed to this decline, and human impacts sagloverexploitation, acid deposition,
transfer of parasites and diseases, aquaculteshvitater habitat degradation, hydropower
development and other in river impacts seem torbgoitant contributors (Johnsen and
Jensen, 1991; Anonymous, 1999b; Committee on Atlssdlmon in Maine, 2004; ICES,

2004).

According to a recent survey of the population ustain 452 Norwegian watercourses
containing Atlantic salmon, 10 % of the watercoarbad lost their populations, while 33 %
of the watercourses were categorized as threatenétkrable or reduced éble 1). In 54 %

of the watercourses, populations were moderatelgtier affected. However, in 46 % of these
the fishery managers had some concerns about dhes sof populations. Fifty-two salmon
stocks were affected by acidification (Directordbe Nature Management). The parasite
Gyrodactylus salaridyas now spread to 46 river systems, and 10 sastumks are regarded
as lost. One third of the salmon rivers are regdlatvhich has been identified as a significant
negative factor for a total of 85 salmon stocks.e TNorwegian Scientific Advisory
Committee for Atlantic Salmon Management (Vitenskdget for lakseforvaltning) has given
advice that harvest rates should be reduced in &8 e 151 largest salmon rivers (Anon.,
2009).

Table 1. Population status of Atlantic salmon in 452 Norveegrivers categorized by the Norwegian county
governors in 2007 (Directorate for Nature Managetntettp://www.dirnat.no).

Category Number of populations Percent
Lost populations 45 10.0
Threatened or vulnerable populations 83 18.4
Reduced populations 65 14.4
Moderately to low affected populations with spedqi€208 46.0
concerns

Moderately to low affected populations without spec¢ 38 8.4
concerns

Uncertain status 13 2.9

SEA TROUT (SALMO TRUTTA)

The brown trout is indigenous to Europe, North édrand western Asia (MacCrimmon et al.,
1970; Elliott, 1989). The anadromous brown troutjcl in the following is termed sea trout,
is not as extensively distributed as freshwatedesd populations. Sea trout are mainly found
in Iceland, Scandinavia, rivers draining into théity Sea and Cheshkaya Gulf as well as the
Baltic, North Sea and Bay of Biscaya (Frost andwBrp1967). Within the same gene
population some individuals may be resident whitekecs are anadromous (Jonsson and
Jonsson, 1993). Anadromous behaviour is more fraguexhibited among females than
males. In a study of 17 small coastal streams uthsand middle Norway, Jonsson et al.
(2001) showed that approximately 50 % of the maed 96 % of the females were
anadromous. Trout may, like some Atlantic salmayehreproductive success as small non-
anadromous males. These small “precocious parmiatccompete directly for females, but
opportunistically dart into the nest to fertilizggs at oviposition (Jonsson, 1985; Fleming,
1996).
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Similar to Atlantic salmon, brown trout usually spain rivers in the autumn and the eggs
hatch the following spring (Klemetsen et al., 200B3)e smolt ages in Norwegian populations
range between 1 and 7 years (usually 2 to 4 yeanms)the smolts are 10 to 23 cm in length
(Jonsson, 1985, 1989; L'Abée-Lund et al., 1989)e Tverage age of smolts increases
towards the north, from 2.1 years at®#to 5.6 years at 78N (Jonsson and L’Abée-Lund,
1993). This variation in smolt age with latitude ssggested to be an effect of water
temperature; fish in the northern populations oerage grow more slowly due to the colder
water (L’Abée-Lund et al., 1989). Anadromous figimde found in rivers and brooks of all
sizes, and small rivers may be abandoned undeilehosnditions, such as low water during
winter.

After entering the sea, the sea trout feed in §add coastal waters usually over the summer,
for two and more year (Jensen, 1968; Nordeng, 19@i@sson and Jonsson, 2002). Sea trout
in northern and southern Norway may also stay astal waters during winter (Jonsson and
Jonsson, 2002; Knutsen et al., 2004; Rikardsen.eR@06; Jensen and Rikardsen, 2008).
They may migrate up to 100 km from their home rivieat generally less than 40 km,
depending on the length of the fjord where thembaiver drains (Fiske and Aas, 2001). Sea
trout are seldom found far offshore in the Atlar{idemetsen et al., 2003) and survival can
be as low as 25 % during the first summer at seskérand Aas, 2001).

In the southern part of its distribution range, seat may begin to sexually mature after one
summer at sea (Jonsson and L'’Abée-Lund, 1993)héunmiorth, for example in northern
Norway, fish often spend two to three summers atosfore spawning for the first time.

Sea trout are multiple spawners, and more than 30a8 spawn more than once (Fiske and
Aas, 2001). The number of repeat spawners, howseems to decrease towards the north,
being about 60 % in the south and 30 % in the ndmih with some variation (Klemetsen et
al., 2003). Males usually mature at a younger hge females (Jonsson, 1989).

The size of mature sea trout varies between 2518&3dcm (0.15 and 15 kg), but is most
usually 30 — 50 cm (0.3 — 1.5 kg) (Fiske and A@¥)1). Within the same population, males
are more variable in size than females (Jonsso89)19he longevity of both males and
females increases with increasing latitude (50 %@mfr58 to 70°N), and decreases
significantly with increasing sea and river temperas. However, body size was not
correlated with latitude (Jonsson et al., 1991b).

According to a classification of the populationtstain 1161 Norwegian watercourses with
anadromous sea trout in 2007, 2 % of the wateresunad lost their populationgable 2).
Further, 30 % of the populations were categorizetheeatened, vulnerable or reduced, while
57 % of the populations were moderately or littlfeeeted. However, in 52 % of these
watercourses, fishery managers had concerns di@population status.
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Table 2. Population status of anadromous brown trout in 146fwegian rivers categorized by the Norwegian
county governors in 2007 (Directorate for Naturensigement, http://www.dirnat.no).

Category Number of populations Percent
Lost populations 28 2.4
Threatened or vulnerable populations 104 9.0
Reduced populations 238 20.5
Moderately to low affected populations with speqi&06 52.2
concerns

Moderately to low affected populations without spe¢ 52 4.5
concerns

Uncertain status 133 11.5

ARCTIC CHAR (SALVELINUS ALPINUS)

The Arctic char has a circumpolar distribution tigh the Holoarctic region, and more than
50,000 populations are found worldwide (Maitlan89%; Klemetsen et al., 2003). It is the
northernmost of all freshwater and anadromous epecAlthough non-migratory and
anadromous populations exist, the most common Aaottar habitats are oligo- or ultraoligo-
trophic coldwater lakes containing few other figle@es. Indeed, in northern or alpine lakes,
it is often the only fish species present. The plyes and ecology of Arctic char are more
variable than in most other freshwater fish spedies example, the size of mature females
may vary between 3 and 12,000 g (Klemetsen et2802; Klemetsen et al.,, 2003). The
anadromous form is only found in the northern arefsts distribution range (Northern
Norway, Northern Russia, Northern Canada, Icelandd Greenland). In Norway,
anadromous Arctic char is found in the northernntims (Nordland, Troms and Finnmark)
and Svalbard. The southern limit is in Bindalen Nlordland. However, occasionally,
anadromous Arctic char have been reported caugsanme of the southern rivers in Norway.
Most often anadromous char is found in watercourgkgh also support populations of
Atlantic salmon and sea trout. The proportion acidromous individuals in a population may
vary among watercourses (Klemetsen et al., 2003).

Arctic char populations may consist of both restdend anadromous individuals. Among
anadromous fish, both immature and sexually matisie undergo coastal sea migrations
during the summer months (Nordeng, 1983; Johns@89)1 Most migrants, (including
immature fish) return to freshwater every year,allguearlier than sea trout. The general
assumption is that most anadromous Arctic char @tayreshwater during the winter.
However, the occurrence of arctic char in estuaresfjords during winter has recently been
documented (Jensen and Rikardsen, 2008).

The largest Arctic char migrate first to sea, ofte\pril or beginning of May, and have the
longest sea period (Berg and Berg, 1989). Indivglsaldom migrate further than 20 to 30
km from their home river. The coastal feeding miigras usually last for 30 to 50 days, which
is shorter than for sea trout (Berg and Berg, 19893; Finstad and Heggberget, 1993;
Rikardsen et al., 1997, 2000; Jensen and Rikard@348). The reason for this difference in
behaviour is not known (Rikardsen et al., 2004).

Arctic char are multiple spawners. When suitabléitats are present and accessible,
anadromous char will most frequently spawn in lakethe autumn. The eggs hatch in the
following spring. In lake populations smoltificatiausually occurs at 4 to 6 years (16 — 22
cm), while in river populations smoltification udlyatakes place at 2 to 3 years and at a
smaller size (Fiske and Aas, 2001). In generatefagrowing individuals will smolt at an
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earlier age and smaller size than slower growislg, fand northern population’s smolt at older
average age than southern populations.

After completing their marine feeding (typicallytaf two years), many individuals in the
Norwegian populations mature at approximately 25fecmmales and 30-35 cm for females
(Svenning et al., 1992; Kristoffersen et al., 19®4kardsen et al., 1997; Fiske and Aas,
2001). Most anadromous Arctic char usually weigbsl¢han two kilos, but may in some
rivers grow up to 4-5 kg. Levels of marine mortakitan be high and is highest for smaller
individuals. Only 15 to 30 % of the fish may sumvithe first season in the sea, while among
larger and older fish 75-85 % may survive (JensehBerg, 1977; Fiske and Aas, 2001).

According to a classification of the populationtsgain 107 Norwegian watercourses with
anadromous Arctic char undertaken by the Norwegtamnty governors, 3% of the
watercourses had lost populatiod®lfle 3). Further, in 9 % of the watercourses, the Arctic
char populations were categorized as threatenebhenable or reduced. In 80 %, the
populations were moderately or little affected. Hower, in 49 % of these watercourses the
managers had some concerns about their populdttrss

Table 3. Population status of anadromous Arctic char in M@rfwegian rivers categorized by the Norwegian
county governors in 2007 (Directorate for Naturensigement, http://www.dirnat.no).

Category Number of populations Percent
Lost populations 3 2.8
Threatened or vulnerable populations 3 2.8
Reduced populations 7 6.5
Moderately to low affected populations with spegidi2 48.6
concerns

Moderately to low affected populations without spec¢ 34 31.8
concerns

Uncertain status 8 7.5

E) DESCRIPTION OF PAIN AND SUFFERING IN FISH

Nociception in fish

Nociception and pain are terms which are often iagpinterchangeably in the published
literature on animal pain; however, these are ggigénct in their definition. Nociception is
merely the detection of a noxious stimulus that cardoes cause injury, and is usually
accompanied by a reflex withdrawal response. Alimats are considered to be capable of
nociception; however, pain perception is more difii to demonstrate. The widely used
definition of human pain is “An unpleasant sensamg emotional experience associated with
actual or potential tissue damage, or describédrms of such damage” (IASP, 1979). From
this definition, a negative affective component bamed with a sensory aspect constitutes
pain. This conscious experience comprises of fgeliof suffering or discomfort such that
individual welfare is reduced. Pain assessmerttagefore difficult, and depends upon direct
verbal communication from the individual that expeces pain.

To determine if an individual unable to communicatebally is in pain, a note was added to
this definition that stated: “The inability to commicate verbally does not negate the
possibility that an individual is experiencing pai®ther measures are used to determine
whether infants are in pain and these have beeliedpp animals who also cannot
communicate their internal state. Measuring theatieg affective component in animals
which can be described as discomfort and suffersndifficult. We cannot know how an
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animal “feels” but robust indirect measurements icorm our assessment of the potential
for pain. Prolonged, adverse changes in behavi@mirlast longer than an instantaneous reflex
response, and deleterious changes in physiologgsponse to a noxious, painful event can
indicate to what degree the animals’ normal behavand physiology are affected. If these
responses are reduced by the administration ofasial, then, one can include that the animal
is experiencing a negative affective state duéhéopotentially painful event. Definitions of
animal pain are therefore founded upon behavicamdl physiological responses rather than
emotional states that an animal cannot communicate.

Animal pain is defined as the sensory perceptiotissiie damaging, noxious stimuli or an
aversive sensory experience (see Zimmerman, 19&6ony, 1997). A reflex withdrawal
away from that stimulus should occur almost ingtaebusly, and any injury should be
associated with vegetative responses (e.g. inflalomaand cardiovascular responses).
Further, the animal should learn to avoid that oosistimulus and prolonged changes in
behaviour should be expected to occur that aresimgple reflexes. There are a few studies
demonstrating hook avoidance in pike and carp (Bewgk 1970a, 1970b). These behavioural
changes should have a protective role to reduddduinjury and pain, prevent the injury
occurring again and to enhance healing and recov&dgitional criteria, such as the
possession of a nociceptive system similar to fimatd in mammals, relevant brain areas to
process pain or nociceptive information, pathwagafthe periphery to these brain areas, and
the existence of opioid receptors and endogenousdgp must also be met to determine
whether an animal can perceive pain (Bateson, 18a&ddon, 2004). The robust and easily
measured criteria as listed above can be usedsasasvhether a procedure that causes tissue
damage does result in an animal possibly expengrnain.

Much of the debate upon the ability of fish to exg@ece pain surrounds brain anatomy, and it
has been suggested that because the fish bramales and does not have the enlarged
neocortex of humans, fish are incapable of suffe(Rose, 2002). However, critics do agree
that fish are capable of nociception, and can eihite simple detection and reflex

withdrawal response to noxious stimuli. Howevegréhis disagreement as to whether fish
experience the negative feelings associated wiith (f@ose, 2002; Sneddon, 2004, 2006). If
one accepts the critic argument, then this meaaisahly primates and humans will suffer

from pain. This premise defies the laws of evolutsince no function suddenly arises in the
absence of a primitive ancestor (Bekoff and Sherr2804). If we accept this opinion, then

we agree that cats, dogs, birds etc are unableperience discomfort and suffering. Perhaps
animal pain should be considered as a primitivdimentary experience on a phylogenetic
sliding scale (Bekoff and Sherman, 2004). In tewhghylogeny, humans experience the
most advanced, complicated pain and suffering vasefissh possess a relatively primitive

form of pain, however, it is no less important.

Fear in fish

Fear can be defined as “the activation of a defenisehavioural system that protects animals
or humans against potentially dangerous environahénteats” (Fendt and Fanselow, 1999).
These behavioural responses are usually combingdagtivation of the autonomic nervous
system (LeDoux, 2000). This includes increased thesie (Black and deToledo, 1972),
release of endogenous opioids (Bolles and Fansel®80), and the release of several
hormones such as cortisol (Tomie et al., 2002)iriguiear humans experience the subjective
state of fear (Bradley et al., 1993; Jones, 198@gin, when investigating fear in animals
robust behavioural and physiological parameters banmeasured to give an indirect
assessment of fear. Three main criteria can be wasddtermine whether animal fear occurs
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(Fendt and Fanselow, 1999). Firstly, the brain eral systems that control the fear response
should be similar with a common neuronal basishtsé that control human fear. Secondly,
threatening, fearful stimuli should generate a wiast suite of behaviours that shield the
animal from the threat. Thirdly, drugs that redudmeman fear should also reduce fear
responses in the animal.

Classical conditioning using negative reinforcemanfiear stimuli is an important component
of defensive behaviour and the amygdaloid and tiapgal regions of the mammalian brain
are crucial. In fish these responses are alsovatet by homologous limbic brain regions in
the telencephalon. The mammalian amygdala has bwen known to be important in
motivational state and fear (Carter, 1996; Mard))1). The dorsomedial (Dm) telecephalon
in fish is involved in this emotional learning airsdhomologous to the amygdala (Bradford,
1995; Butler, 2000; Portavella et al., 2004). Thammalian and avian hippocampus is
involved in memory and also the learning of spaitbrmation and the dorsolateral (DI)
telencephalon in fish that is homologous to theobgampus (Bradford, 1995; Butler, 2000;
Portavella et al., 2002, 2004). Therefore, evemighahe fish brain is different in structure to
the mammalian brain there are homologous regionsabng the expression of fear.

Fish display escape behaviours when confrontedobgnpially threatening stimuli (Chandroo
et al., 2004; Domenici and Blake, 1997; Yue et 2004), including erratic movement
(Cantalupo et al., 1995; Bisazza et al., 1998) fa@ezing and sinking to the bottom of the
water body (Berejikian et al., 1999, 2003). Theshdviours may have a protective role and
reduce the threat (Ashley and Sneddon, 2007).

Alarm substances are released from damaged fighaski alert conspecifics to danger. Innate
behavioural fright responses are displayed byiklen this substance is added to the water,
however, these are species specific with indivislealy responding to the alarm substance of
conspecifics (Smith, 1992; Lebedeva et al., 1994wB and Smith, 1997; Berejikian et al.,
1999; Asley et al. 2009). Crucian cafparassius carassiygiven alarm substances reduced
feeding and exhibited alarm behaviours (Hamdaal.eR000). Dashing, vigorous movements
in the substrate, and fast swimming towards refugere performed for some time after the
substance was provided. These behaviours are loftexd to predator avoidance (Hamdani et
al., 2000; Ashley et al., 2009). Fish perform aacleehavioural response to alarm substance
and a physiological stress reaction with increggdedma cortisol and glucose (Rehnberg et
al., 1987; Ashley et al., 2009). Research intorledravoidance in fish demonstrates that a
consistent repertoire of behaviour is elicited bgrful stimuli that are not merely a reflex
response. Rainbow trout can learn to associaghadue with a fearful stimulus and respond
solely to the light cue by exhibiting avoidance &abur (Yue et al., 2004). Fear of an
aversive stimulus motivates the animal such thafjuiickly acts to avoid this negative
experience.

Studies in anti-anxiety drugs are few in fish bueyt have shown similar receptor sites for
benzodiazepines in the brains of fish in areas evaipe with mammals (Nielsen et al., 1978;
Hebebrand et al., 1988; Rehnberg et al, 1989). Aditnation of a benzodiazepine drug
reduced aggression between male Siamese fighBhgBetta splendanéFigler et al., 1975).
Other research has suggested these drugs givesh tmédulate their behaviour to reduce fear
(Rehnberg et al., 1989). Fish given a fearful stimexhibited reduced exploratory behaviour
but this was not seen in anti-anxiety drug treéitgdd(Rehnberg et al., 1989).
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Stress

Stress can be defined as a condition in which amalnis challenged by a threat
(environmental or behavioural) and cannot maingimormal physiological state. The stress
response, therefore, attempts to maintain the ndumationing of the animal or homeostatic
balance. Stress can be thought of as a stimulushwthallenges homeostasis (Wendelaar
Bonga, 1997). Primary physiological responsesresstinvolve two endocrine pathways: the
adrenergic (or sympathetico-chromaffin) and the dilyalamic-pituitary-adrenal/inter-renal
(HPA/HPI) axes. Fish do not possess adrenal glantsnstead have inter-renal cells in the
head kidney; however, the stress response in Bskery similar to that in mammals
(Wendelaar Bonga, 1997). Catecholamines, includudgenaline and noradrenaline, are
released as a result of adrenergic stimulation (8em 1997) and affect blood flow and
oxygen transport (Nilsson, 1984). The HPI respossa hormone cascade leading to the
synthesis of corticosteroids, primarily cortisol fish (Fagerlund, 1970; Wendelaar Bonga,
1997). A plethora of studies have measured stresfish. Acute stress results in the
physiological responses above which relatively kjyiceturn to normal, however, chronic
stress can lead to secondary effects such as tpmmmune function, reproductive failure,
anorexia and decrease growth (Wendelaar Bonga,)188¥m the catch- and- release studies,
it would seem that many fish recover quickly frame stress, i.e. within 4 hours (e.g. Suski et
al., 2007) and this short stress response willsa$sireturning the fish to normal function.
However, mortality has been recorded in some ssudgleere it was linked to play or emersion
duration (Meka and McCormick, 2005; Danylchuk et 2007).
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ASSESSMENT

1.PLAYING OF FISH FOR LANDING
As a group, salmonids are highly adapted to bottuemce and rapid-burst swimming.

In contrast to other factors, comparatively littlsearch has been undertaken on the effect of
playing time (retrieval time between hooking angtoge for the purposes of unhooking and
release). There are no detailed published studig¢kerelationship between playing time and
subsequent fitness post-release; most studiestbasied to focus on the cumulative impact of
hooking, playing and subsequent handling (includimghooking) prior to release on
subsequent survival and behaviour.

The period over which salmon and trout are playgdaiglers varies considerably and is
influenced by such factors as environmental coowldi(e.g. water height and temperature),
season, fish size and condition, angler experiemcethe type of angling equipment being
employed (Thorstad et al., 2003a).

The physiological effects of exhaustive exercisdisim are well documented (for review see
Wood, 1991; Kieffer, 2000). Prolonged, rigorousrswiing to a state of exhaustion results in
a series of metabolic, acid-based and ionic chanpggically, plasma lactate levels may
increase in both blood and tissue, and sodium/ciddevels may be disturbed. Mortality
among severely exercised fish has been attribotéuketintracellular acidosis within the white
muscle (Wood et al., 198B8pllowing experimental exhaustive exercise, salmsmovering in
soft water (neutral pH) may experience greaterl$egephysiological disturbance than fish in
acid or soft water (Bielak, 1996; Rossiter et H996).

Direct studies on the physiological impact of captand handling associated with angling
catch and release are rare. Prolonged playing tim@ease levels of physiological stress
(Wood et al., 1983) particularly when combined wiigh water temperatures (Wilkie et al.,
1996). Thorstad et al. (2003a) report of incredsedls of physiological disturbance among
angled Atlantic salmon with increasing playing tsneThis finding supports some
circumstantial evidence from similar studies intiimg that fish played and retrieved as
quickly as possible tended to resume normal migyab@haviours more rapidly than fish
played for extended periods (Webb, 1998).

Playing time was also loosely correlated to fistesHowever, fish sizper seis not a good
predictor of physiological disturbance. Neverthglesmong mature salmon angled late in the
season, physiological disturbance was shown toels Among multi-sea-winter (MSW)
salmon than smaller grilse (1SW) (Booth et al.,5)99he capacity for exhaustive exercise,
magnitude of post-angling disturbance and theihloeld of mortality following angling were
all greater for fresh run (‘bright’) salmon thatdheecently entered freshwater than fish that
had been in freshwater for some time and spawrats]KBrobbel et al., 1996).

The process of retrieval and capture by the useanid-tailing’ or ‘beaching’ may require the

fish to be played to a greater level of physicdiastion than those landed via a landing net
(Webb, personal observation).
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How will playing of the fish affect the fish’ waksand survival rate after release?

Both catch and release and retention catch (catdrki#l) involves a certain time of playing
and possible air exposure. Likewise, the fishtisezinetted or drawn towards the angler to be
caught. With similar playing time, catch and reea®es not impose significantly higher
stress-levels than conventional retention catclwéd@r, the combination of playing of long
duration and significant air exposure may leadxbagstion and poor condition of the fish.
The condition of the fish is therefore likely to &féected by the duration of prior playing.

Under ideal conditions Atlantic salmon and othelmsmids can probably cope with the
effects of exhaustive angling. It is very difficuti establish the effects of playing time by
anglers per se in isolation from other potential stressors (eagsociated handling).
Consequently, there is comparatively little datd arformation on the specific impact(s) of
the duration and intensity of playing time on fistelfare and subsequent survival.
Nevertheless, there is some circumstantial evidémaephysiological disturbance is related
to playing times and that fish that are retrievadckly resume normal behaviors more
quickly following release. As a general advice, largyshould a) reduce playing time to a
minimum, and b) use equipment that facilitatesdaptrieval and capture (i.e. strong fishing
line and a net).

Figure 1: A gillie can be of great help during catand release (Photo: T. Naesje).

2. HANDLING

Catching of fish for retention differs markedly rfincthat of catch and release. For retention
fishing, the goal is to land the fish efficientlyrfkilling. This may include beaching or pulling
the fish aboard a boat, being dragged or lifteddHeat fully or partially onto the shore by
pulling the fishing line, using tail grasp (grasgedthe base of the tail), or body/head grasp
(the fish is brought the hand and grasped tigliithgers may be temporarily inserted into the
mouth, gills or eyes to prevent escape), beingedefscooped up with a ‘landing net’ in the
water — which is then usually hoisted or carrietl @uthe water to the shore or into a boat)
and/or gaffed (a large metal hook is drawn quickty or through the fish’s body). Following
landing, the fish are killed via a blow to the topthe head, often by use of an instrument
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called a priest. At this stage salmon are alsondfled immediately by cutting the gills. The
time between capture to final dispatch can vargnfseconds to minutes.

Handling during catch and release may be quitelainido that used in retention fishing.
However, in retention fishing, if the fish is renealyand killed quickly it is unlikely that it
will experience prolonged pain, fear or stressrdfiading since it is dead. Catch and release
fish may experience, therefore, extended periodkanfdling and as such increased stress
(Thorstad et al., 2003a; Suski et al., 2007; Thanpst al., 2008). Handling of fish during
capture, hook removal and practices such as wajgimetting, holding fish in keep nets do
result in significant physiological stress (Cookelk, 2003b; Thorstad et al., 2003a; Butcher
et al.,, 2008; Thompson et al., 2008; Whiles et 2009) which is exacerbated by higher
temperatures (Meka and McCormick, 2005; Millardakt 2005). Therefore, handling time
should be significantly reduced in catch and redeas

Handling in air has a significant effect on strassl mortality post-release since this leads to
collapse of the gills as well as metabolic impaintsedue to reduced oxygen availability (e.g.,
rainbow trout, Ferguson and Tufts, 1992; rock bAsshloplites rupestrisCooke et al., 2001;
smallmouth bassMicropterus dolomieuCooke et al., 2002; largemouth bass, Suski et al.
2004; Thompson et al., 2008). Different speciesy var their sensitivity to air emersion
(Arlinghaus et al., 2007). For some species, bb#ld in air for less than a minute may cause
increased mortality in exercised fish (e.g. rainkboout mortality: air O seconds, 12 %; air 30
sec 38 %; air 60 sec, 78 %, Ferguson and Tufts2)1¥9sh are often seen to struggle and
gulp trying to draw water into the mouth. Keepinghfin the water for the maximum amount
of time possible would alleviate these effects. Tise of a suitable net enables a fish to be
unhooked while still in the water, involving lessrm air exposure and the fish is recovering
during the unhooking process.

Often landing fish involves the use of a landing et abrasion can occur when knotted nets
are used, so those that do not abraid the fish agchknotless nylon or rubber net are
preferable, particularly with small diameter meBlarthel et al., 2003). Nets fitted with large
mesh sizes may serve to increase the likelihoathofaging the fins, so landing nets used for
catch and release should have a large enough apéminthe whole fish but have small
enough mesh size such that parts of it's body doégrotrude through the net. Handling fish
with wet hands may also reduce abrasions to the akid removal of mucus. Gloves
(abrasive) may damage the mucus layer, and shatldenused.

Alteration of equipment and procedures used inhcatd release angling may improve the
welfare of individual fish. Rapid removal of hooss cutting the fishing line when hooks are
deeply embedded and cannot be easily removed,lsoeecommended. Recommendations
have been made by Canadian and Australian anglingupg (Schupplid, 1999;
http://www.freshwatersanglers.com,acited in Cooke and Sneddon, 2007) but they are
difficult to regulate. Norwegian recommendation dirares made by Norske Lakseelver and
Norges Jeger- og fiskerforbund and an instructiodew has also been produced
(www.lakseelver.npwww.njff.no). Diodati and Richards (1996) and Meka (2004) regub
higher fish mortality among inexperienced catch aetbase anglers than experienced
demonstrating that training and experience loweesisk to fish welfare.

Weighing of the fish should be avoided becausdefincreased handling time and increased
chance of damage to the fish, e.g. fins, mucus k@ when weighing. Length can be
measured while still in water (the fishing rod denused as a tape measure). There is a table
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in the Norwegian catch and release handling braghreferred to above, where the angler can
find the fish weight corresponding to the fish le#mdf weighed, it is possible to weigh fish in
containers of water rather than in air.

Effective training and information dissemination aa important factor in improving the
efficiency of angler’'s treatment of fish since enpeced anglers cause fewer injuries to
caught fish than novice anglers (Meka, 2004).

Does handling of the fish during catch and releddger from handling during retention
fishing? If so, what are the welfare implicatiorfativese differences? How will different types
of handling affect the welfare: Handling with netswith bare (dry/wet) hands, handling in
water and out of water, duration of handling outaiter and handling to remove hooks? Is it
possible to do any of these handling procedureBowit removing the fish from the water? Is
it possible to restrict the maximum handling tinug of water to e.g. 15 seconds?

In retention fishing, fish is landed by any meamailable and killed shortly afterwards. In

contrast, fish subject to catch and release magrexe extended periods of handling and
the associated risks of increased stress and iniaydling of fish during capture, hook

removal and practices such as weighing, nettind,herdding fish in live wells or keep nets do

result in significant physiological stress whicleiacerbated by higher temperatures.

Hooks should be removed while the fish remains a&tew— ideally contained within a large
knotless net. Fish should be handled with wet hards handling times minimised. Under
normal circumstances, (especially if the angleassisted by another person) hook removal
can be done with long-nosed pliers while the fshktill in water, and the fish can be released
without taking it out of water at all. If the hoak deeply embedded, the fish’'s head can be
supported out of water for a few seconds while nangpthe hook or the line is cut. Hence,
maximum handling time out of water can be restddt®0-15 seconds, even when a photo is
taken. This is achieved by letting the net fall gvaad holding the fish just above the water
surface for a few seconds while taking the pictufeso, it is important to hold the fish
horizontally with the combination of a gentle sugpw grip around the base of the tail and
support under the front part of the belly. Fishiddanot be held vertically (via the head or the
tail) as this may damage the spine. The practicevefghing live fish should be avoided.
Changes to equipment and handling procedures mpgoua the welfare consequences for
individual fish subject to catch and release. Hasvevelatively little research has been
conducted in this area to fully validate the apphas outlined.
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Figure 2: If the fish has to be taken out of tha@exahold it horizontally with a combination of gkngrip
around the base of the tail and support under thetfpart of the belly. The fish on the picture thaeen tagged
for a scientific study (Photo: T. Naesje).

3.HUMANE KILLING

Humane methods of killing fish are proposed fohfissed in experimental studies and in
some countries for harvesting and slaughter of éarinsh yet little has been recommended
for fish caught by angling (European Commission DG96). Of course, catch and release
results in the release of the caught fish so hunkdleg may not be considered important.
However, in some circumstances fish otherwise degdtio be released may be judged to be
excessively injured or unlikely to survive, killimgay be necessary.

In the case of excessive stress or injury, humalhigk should be adopted (European
Commission DGXI, 1996; American Veterinary Medigedsociation (AVMA), 2001). The
Norwegian Animal Welfare Act (1974 and 2009) adsifleat animals should be treated well
with no risk of causing unnecessary suffering amoutl be conducted by someone with the
skill to humanely kill an animal using an appropgianethod. The Act also specifies the need
for immediate unconsciousness to reduce possibiersy but does not recommend a
particular method of killing fish.

Euthanasia should be applied where deep hookingiesj are sustained to the gullet or
extensive damage occurs to the gills (Arlinghaualgt2008). Excessive bleeding has been
linked to high mortality (Millard et al., 2005; Anighaus et al., 2008) and, therefore, fish
exhibiting high levels of blood loss may also bedidates for euthanasia, together with fish
struggling to return to equilibrium, since this icates a high level of stress (Danylchuk et al.,
2007).

Killing of the fish that would otherwise be reledsavolves the angler making an important
decision about the likelihood of the fish sufferiagd surviving after release and may require
education and training to identify the key signs mbblems and appropriate humane
endpoints. Humane endpoints are normally appliedcientific studies to identify a point
where minimal pain, stress or suffering has occubet enough data has been collected to
achieve the aims of that study. Ideally humane emdp would be identified before pain or
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stress are experienced by the animal, howevenghray the fish has to be hooked in order to
be caught.

Humane slaughter methods have been developed éorldaculture industry which are
pertinent to recreational anglers (Robb and Ke&@®2; van de Vis et al., 2003). The main
principle of these slaughter methods is that thecgss of killing should render fish

immediately unconscious until death without exgtthe fish, causing pain or suffering (van
de Vis et al., 2003).

Anglers may adopt a variety of methods, howevencassion where a sharp blow to the head
using a blunt instrument (priest) is often emplayBdis can cause brain destruction or simply
stuns the fish whilst pithing or destruction of theain tissue may be performed or
exsanguination (bleeding out) where the gills areleading to massive blood loss. If done
correctly, the concussion method followed by pithor exsanguination is considered humane
as it results in immediate loss of consciousneghinviseconds (van de Vis et al., 2003).
Inexperience at handling and killing fish can résulthat the fish is hit several times before
unconsciousness and death occur, thus a periodffefiag may occur (Wall, 2001). Other
approved methods include cervical disruption, pitghand overdose of anaesthetics for
humane killing of fish in the laboratory (AVMA, 209 European Commission DGXI, 1996).
Suffocation in air and the use of live chilling wedish are left on ice to die are not humane
and should not be employed (van de Vis, 2003). ptaetice of despatching the fish as
quickly and efficiently as possible is the most laun@ approach.

What kinds of conditions will due to welfare coesations require that fish are killed and
not released?

If a fish is judged to be unlikely to survive foling release, then it may be appropriate to
humanely kill it. The criteria for such action menglude sustained deep hooking injuries to
the gullet or extensively damaged gills. Excessi®ding has been linked to high levels of
mortality and may also therefore be an appropijiaéfication for euthanasia together with
the failure to respire normally or return to eduilim or normal swimming.

Clear criteria should therefore be developed tadapoor standards of fish welfare and to
minimise the risks of the deliberate abuse of tbktrto kill fish in catch and release fisheries.
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Figure 3: Priest (Photo T. Poppe).

4.HOOK TYPES AND REMOVAL OF HOOKS

Hooking location is perhaps the single most impdreguipment related mortality factor for

angled fish (Cooke and Wilde, 2007), and hook tyjas play an important role for catch and
release mortality arising directly from hookingungs (Muoneke and Childress, 1994; Cook
and Wilde, 2007). Hook type and design may alstuémice the handling time and any
associated air exposure time (Cook et al., 2001le B different angling techniques, fish

morphology, feeding ecology, behaviour, life higtetc., it should be noted that results from
a study of one species under certain conditionsnatenecessarily applicable for another
species, or the same species under different ¢onslit

When evaluating the effect of hooks and hookingshbuld be noted that many studies,
including those conducted in Norwegian fisherieslicate that catch and release of Atlantic
salmon at water temperatures of less than £Z18sults in low levels of mortality (0-6 %)
(see chapter 5e). The potential to significantjuee mortality further via changes to terminal
gear may therefore be relatively limited in thesbédries.

In the recreational rod and line fisheries in Noywatlantic salmon, Arctic char and sea trout
are mainly caught on flies, lures, and naturalsh@senerally, only the use of worms, spoons,
spinners, wobblers/plugs and flies is permittedrgkioft 2003-02-25 nr 256Forskrift om
oppgaveplikt og om redskaper som er tillatt benytted fiske etter anadrome laksefisk).
However, at the local level, County Governors atiteolocal stakeholders have the powers
to issue more detailed restrictions. Only one partrod is currently permitted.

A large variety of different designs and sizes @bks are readily available to anglers. In most
cases the selection is a matter of personal chéloaiever, some fisheries may choose to
prescribe, via a voluntary or mandatory code, tlmalmer, size and design of hooks, or the use
of barbless hooks. In Norway, large hooks, 13 mnal{jple hooks) or 15 mm (single hooks)
from stem to the hook point, are prohibited in #oreto reduce the risks of ‘foul-hooking’
(Forskrift 2003-02-25 nr 256. Forskrift om oppgaMdpog om redskaper som er tillatt
benyttet ved fiske etter anadrome laksefisk).
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Hooks used in fly fishing may be single hooks, deudr treble hooks, with or without barbs
and with variable sizes. Treble hooks are also usedombination with certain types of
salmon and sea-trout flies, such as tube-flies \&iadidington shanks. Traditionally, one or
several sets of treble hooks of variable sizesuaesl with artificial baits (spoons, wobblers
and spinners). When fishing with worms, single r®ake most commonly used.

One or several hooks

Comparative studies of fish mortality linked to areseveral hooks have shown contradictory
results. According to Muoneke and Childress (199i#hgle hooks may be more deeply
ingested that treble hooks, but if ingested, trétdeks cause more severe injuries. Ayvasian
et al. (2002) reported that treble hooks causedifgigntly greater mortality of tailor
(Pomatomus saltatr)x than other hook types. In a study of stripedshorone saxatili$,
Diodati and Richards (1996) found that treble hoakse associated with lower mortality
compared with single hooks, which were more likiglybe swallowed. In a salmonid study,
DuBois and Dubielzig (2004) found that there weoedifferences in the frequency of serious
injuries or mortalities for brown trout, rainbowotrt, or brook charSalvelinus fontinalis
caught with treble hooks or single hooks. Similafty rainbow trout, Jenkins (2003) found
that single baited hooks and treble hooks weredddg the oesophagus at the same rate.
Department of fisheries and Ocean (DFO) (1998) ntepahat barbless double hooks produce
more lesions than barbless single hooks. Howevaglof and White (1992) failed in
demonstrating difference in mortality between the hook types in non-anadromous trout.

The hook points cannot be easily manipulated anmbved from tissues independently when
using double or especially treble hooks. Thereftite,removal of treble hooks may require
longer handling times, as demonstrated for rainlamut (Meka, 2004). Replacing treble
hooks with single hooks (or even double hooks) meyonsidered a means of reducing the
risks of lesions associated with hook penetratiot facilitating easier removal and reduced
handling times (Pelletier et al., 2007). Howevenrenstudies are needed to assess whether
more hook points causes higher mortality ratesatcic and release fisheries for Atlantic
salmon, sea trout and Arctic char.

Hook type or size

A large number of hook designs are available omtbheket, but only circle hooks have had a
consistent positive effect on the hooking locatidmen compared with conventional J hooks
(Cooke and Suski, 2004; Bartholomew and Bohnsa@B52Cooke and Wilde, 2007). Circle
hooks are used mostly with live or natural baitg] are intended to penetrate and lodge in the
jaw. Cooke and Suski (2004) reviewed the use afecinooks in more than 40 studies. They
found considerable variation in the mortality afHficaught with both J and circle hooks, but
the overall mortality was consistently lower forobe hooks. This was also found in studies of
Pacific salmonids; coho salmor®.( kisutch (McNair, 1997) and Chinook salmorO(
tshawytschp(McNair, 1997; Grover et al., 2002). In additidvieka (2004) reported that the
frequency of internal injuries in rainbow trout wemuch less using circle hooks than
traditional J hooks. However, there are also sotuodies showing low mortalities for all
studied types of hooks, including circle hooks, fxample in studies of rock bass
(Ambloplites rupestris (Cooke et al., 2003a), bluegillLépomis macrochirys and
pumpkinseedLl(. gibbosu} (Cooke et al., 2003c).

If hooks are deeply embedded (hook points penegrdtie oesophagus and/or stomach with

resultant damage to internal organs such as heévieo), they almost certainly will result in
serious injury and mortality (white seabakajes calcarifer(Aalbers et al., 2004), brook
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trout, (DuBois and Kuklinski, 2004), rainbow tradason and Hunt, 1967), largemouth bass
Micropterus salmoideg¢Pelzmann, 1978). Hook size may also affect teguency of deep-
hooking. In several species of Mediterranean fislihas been shown that fish taken with
larger hooks were seldom deeply hooked (Alos et28108). This may be explained by
physical limitations for the fish to swallow largebjects, and the fact that large hooks are
easier to remove than smaller ones. However, Téarst al. (2000) found no difference in

the hooking site of different sized hooks (artdicilies) used to catch Atlantic salmon in the
River Alta fisheries.

Figure 4: Treble, normal and circle hook (PhotoPiappe).

Figure 5: Barbless fly hook (Photo T. Poppe).
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Live, natural or artificial lures

Several reports compiled by Arlinghaus et al. (20@&al with mortality in different species
subjected to different angling methods. The typebait or lure may also influence the
hooking place and, hence, the level of associatedatity (Warner, 1976, 1979). Studies
performed in the Rivers Kharlovka, Eastern Litsal d&vonoi, in North West Russia, (fly
fishing, ICES, 2009) and in the River Alta, Norwdfly fishing, Thorstad, 2003a),
documented that 5-7 % of the salmon caught wer&dum the gill arches. Hooking in the
gill arches and the associated vessels may causks lef wounding and associated bleeding
that are lethal. Studies on flies versus lures lzaiti show that flies tend to be less injurious
and have a lower chance of causing mortality (Ahiaus et al., 2007). For example, hooking
mortality in rainbow trout was shown to be lowest &everal fold for fly-caught fish
compared to lures (Schisler and Bergersen, 199@)ileBly, Meka (2004) showed that
rainbow trout captured on spinning lures tendebletinjured more frequently than fish caught
by fly-fishing. Muoneke and Childress (1994) conidd that artificial lures as spoons,
spinners, wobblers and flies tend to hook fish dipelly thereby allowing quick hook
removal and less opportunity for damage to vitghoss or tissues. Pauley and Thomas (1993)
revealed that cutthroat trou®corhynchus clarkiimortality rates were generally higher for
fish captured on worm-baited hooks (40-58 %) reéatb those captured on lures (11-24 %).
Further, high mortalities (73 %) were recorded lemdlocked Atlantic salmon allowed to
swallow worm baits, while worm and fly-hooked salmgenerally suffered higher mortality
than salmon caught on lures (Warner, 1976, 19n9ohtrast, studies of ling co®phiodon
elongate} (Albin and Karpov, 1998) and weakfisGynoscion regalis(Malchoff and Heins,
1997) did not find differences in mortality betweksh captured on natural baits and those
caught on atrtificial lures.

Organic and live bait are typically fished more g@sly or with a slack line compared to

artificial baits. Schill (1996) found that the freency of deep hooking was greater in rainbow
trout captured on a “slack line” than on a “tightel’. Similar observations were made by
Schisler and Bergersen (1996) among rainbow traudjlet with artificial fish eggs as bait.

Barbless or barbed hooks

Traditionally, hooks have been designed to perewffectively through the mouth parts of
the fish and then to prevent the hook from disladgiThis is, achieved through the use of
barb; a sharp pointed part of the hook that pdiatskwards.

Arlinghaus et al. (2007) reviewed the literature marbed versus barbless hooks and found
conflicting results. For example, the use of bablaooks has been shown to reduce the
amount of time required to remove the hook by iasireg the ease of removal (Diggles and
Ernst, 1997; Cooke et al., 2001; Schaeffer and rHafin, 2002; Meka, 2004). Furthermore,
tissue damage on hook removal was also reduced bambless hooks. In contrast, Schill and
Scarpella (1997) synthesized the results of pasiiet comparing hooking mortality of
resident salmonids caught and released with badoedl barbless hooks. The authors
concluded that the use of single barbed or barlflessor lures plays no role in subsequent
mortality of trout caught and released by angl@raylor and White (1992), Schill and
Scarpella (1997) and Turek and Brett (1997) hagse abncluded that single barbless hooks
provide little benefit compared to barbed hooksvéttheless, in spite of these studies, based
on the reduced handling times and increased shbtlgtjuries, the use of barbless hooks has
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been recommended for use in catch and releaseeriésh(Cooke et al., 2001; Cook and

Suski, 2005; Arlinghaus et al., 2007; Pelletieakt 2007). Barbless hooks are now readily
available in most fishing tackle shops and maileorautlets, and barbed hooks can be easily
de-barbed with the use of pliers.

Hook removal

The purpose of most hooks is to get lodged in &lae ywhere they can best be removed using
long-nosed pliers or forceps. Unless the hook tsimenediately after the strike, it will be
more or less swallowed by the fish and may peretdstep into the tissues of the qgills,
pharynx, oesophagus or stomach (“deep hooking, \aitl, therefore, be more difficult to
remove without causing damage to the fish (Pauley Bhomas, 1993). Deep-hooking is
frequently correlated to haemorrhage after reléAs&s et al., 2008). Typically the removal
of such hook(s) will be more difficult, the level @amage to soft tissues more extensive, and
may require more handling of the fish than is agdse. All these factors are likely to increase
the risks of damage and reduced survival afterasele(Cooke and Wilde, 2007). Special
pliers and de-hooking devices have been designedder to facilitate the removal of hooks
embedded in soft tissues.

As hook removal in deeply hooked fish may causeresmeed injuries, it has been
recommended to cut the fishing line and leave tbekhin the fish: often under the
assumption that the hook will eventually be regiatgd (Bartholomew and Bohnsack, 2005;
Cooke and Wilde, 2007). For example, Schill (19¢@)nd that 60 % of rainbow trout
managed to expel hooks. Some studies have presasigits documenting reduced mortality
if the hook was not removed in deeply hooked fisly. for rainbow trout (Schill, 1996;
Schisler and Bergersen, 1996). Aalbers et al. (R@®b found increased survival in white
seabassAtractoscion nobilis when deep hooks were left in, but the growth ratehe
affected fish was reduced. Others report similartahity rates for fish where the hooks were
left in or removed, such as red dru8ciaenops ocellatyisrooked in the oesophagus (Jordan
and Woodward, 1994). Wilde and Sawynok (2009) stidhe catch and release recapture
rates of 27 Australian species and found that teicapates were similar for fish were hooks
were left in versus those from which hooks were aesd. In a study on Japanese char
(Salvelinus leucomaenisind masou salmom®acorhynchus masyuDoi et al. (2004) found
that hooks removed from the mouth caused low mtyrtéd-15 %) in both small and larger
fish within 21 days after catch and release. Intremt, if the hooks were not removed from
the mouths of the larger char, mortality was re&yi high (40 %). When hooks were
removed from the oesophagus, levels of mortalityeveggnificantly higher both in small char
(66.7 %) and large masou salmon (45 %).

Deep hooking may be less of a problem when cirotekk are used (Cooke and Wilde, 2007),
and the use of barbless or de-barbed hooks makegitioval of the hooks from the pharynx
or oesophagus region easier and faster (Cooke asid 3004; Meka, 2004).

Are certain hooks more aversive to fish, and do hagks cause more lesions? Will the
