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Summary

Recreational fishing is a highly popular pastime throughaustralia which imparts significant socio-
economic benefits. Recreational fishers in Australiavégirover 60 million finfish each year, and
whilst a wide range of factors influence the welfarevidd finfish, concerns have been raised regarding
the welfare of fishes caught and retained in recreatifisia¢ries. The science of whether fish can
experience pain remains very uncertain, but this does nolugeeconsideration of their welfare,
especially as their responses to stressors are well kand/ican be measured using functional criteria.
This paper critically reviews the peer reviewed scientiierature that has examined the range of
methods available to recreational fishers to dispatdisinto determine which of these are most likely
to represent best practice for humane dispatch ofitéiken by recreational fishers in Australia.

Historically asphyxiation was probably the most common method bigedcreational fishers to kill
finfish, however scientific evidence suggests that asphyxiatiair or in water at ambient temperatures
is highly stressful and results in poor welfare outcomediriifish, as well as reduced product quality.
Our survey suggested that the asphyxiation method remainsooedy a minority of recreational
fishers. Hypothermia in an ice slurry without stunning doesewatlt in elevated stress levels in many
fish species, however this method may not be suitable rige lzodied and/or cold adapted finfish, due
to the extended periods of time that can pass before deairsocHowever, for smaller finfish (and
especially those adapted to tropical and warm tempematironments), thermal shock can drastically
shorten the time to loss of brain function and deathfewaseconds, meaning that immersion in an ice
slurry should be considered an acceptably humane methodling kit least some species of fishes.
Exanguination (bleeding out) alone is stressful and prolongddtfzerefore not an ideal method of
killing finfish, however bleeding finfish after stunning is likelto improve welfare without
compromising quality, hence most authorities consider thasHtishould only be bled after the fish has
been stunned or dispatched using other methods such as bkaig spipercussive stunning.

Decapitation or cervical dislocation can result in immedid¢ath (and therefore minimal stress) in
some species of finfish, however for other fish speciesthd may not be immediate using these
methods. Because of this, decapitation or cervical distotis generally recommended for use only on
fish rendered unconscious via other methods such as percssswveng. Spearfishers or fishers with
access to guns or bow and arrow can inflict instantangeait of fish if a “kill shot” is performed (i.e.
one that kills the fish immediately by penetrating vital orgamthe brain), but if the fish survives the
shot they should be killed as quickly as possible using etiehods such as percussive stunning or
brain spiking. In the National Code of Practice for Rdayeal and Sport Fishing, fishers are
encouraged todispatch fish immediately with a firm tap on the head with a suitable blunt object or by
pithing” (Recfish Australia 2008). This review finds that theeseommendations still represent best
practice for rapid and humane killing of finfish. Percusstunning is probably the easiest method for
recreational fishers to use, while brain spiking (also knasvpithing or iki-jime) requires higher skill
levels, but can be a one-step process which results in tlestidevels of stress and maximal product
guality. However, because the brains of fish are not largepossible to miss the small target, which
is why educational materials are needed to provide the rélamatomical and “how to” information to
allow recreational fishers to develop the confidence tdhesii-jime method more widely.
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1.0 Introduction

Recreational fishing is a very popular pastime throughoutralies which imparts significant socio-
economic benefits to the Australian lifestyle and economgchByear recreational fishers interact with
large numbers of wild finfish and shellfish, a largegomion of which are released (McLeay et al.
2002), however over 60 million finfish per annum are harvestedretained (Henry and Lyle 2003).
Fishing is one of several factors that can influence thiameof wild finfish and other aquatic animals
in wild fisheries (Diggles et al. 2011a, 2011b), and in recemdst concerns have been raised regarding
the welfare of fishes caught in wild capture fisheries {élast al. 2005, Davie and Kopf 2006, Cooke
and Sneddon 2007, Mood 2010, Diggles et al. 2011a, 2011b). In Australi@ctkational fishing
industry has demonstrated its continued commitment to imprentof welfare outcomes for finfish
through many environmental initiatives that aim to protectrastbre fish habitaf (NSW Department
of Primary Industries 2009), as well as development ofdvedding initiatives such as the National
Strategy for the Survival of Released Line Caught Fish @aglLet al. 2002), the NEATFish
environmental standard for fishing tournaments (Sawynok.e2C48, www.neatfish.corjyy and the
National Code of Practice for Recreational and SpoHiigs(Recfish Australia 2008).

While the science of whether fish can experience pain renmghly uncertain (Rose 2007, Browman
et al. 2011, Rose et al. submitted) this does not precludeeratson of their welfare, as the fact that
fish can experience stress when subject to unfavouralditons is well documented and their
responses to these stressors can be measured usingniinctiteria (Diggles et al. 2011a, 2011b).
Thus, the basic principles of humane slaughter remainasifoll all animal species, being: rapid loss of
consciousness without avoidable stress, followed by deatlsessad by loss of brain function without
regaining consciousness (Southgate and Wall 2001, Davie and2R06j. In the National Code of
Practice for Recreational and Sport Fishing, fishereaceuraged todispatch fish immediately with a
firmtap on the head with a suitable blunt object or by pithing” (Recfish Australia 2008). This advice is
consistent with the universal principles of humane slaugtgerell as the guidelines provided by the
National Consultative Committee on Animal Welfare (NCCAWhich suggestCaptured fish which
are to be kept, must be killed as soon as possible, either by a blow to the head or by using the sharp end

of a knife to destroy the brain. Prompt killing protects the welfare of the fish and improves the quality of

the product” (http://www.daff.gov.au/animal-plant-health/welfare/nccavidglines/fishing.

Finfish can be killed using a wide range of methods (reztiklby Southgate and Wall 2001, Robb and
Kestin 2002, Yue 2008, Robb 2008). There are several methods av&datelcreational fishers for
dispatch of the finfish they harvest, including asphyxiatiomimor water, exsanguination (bleeding
out), hypothermia by placement on ice or immersion in iceteee slurry, shooting with guns,
spearguns or bow and arrow, or rendering fish insensybhissical damage resulting from percussive
stunning, cervical dislocation, or brain spiking (also knownp#hing or iki-jime) (Davie and Kopf
2006, Cooke and Sneddon 2007, Diggles et al. 2011a). Sometimes cambimdtiwo or more of

! hitp://www.fishhabitatnetwork.com.au/fags/
2 hitp://mww.dpi.nsw.gov.au/fisheries/habitat/rehabilitgtfishers
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these methods may be used (e.g. percussive stunning follywexisanguination in conjunction with
hypothermia in an ice slurry).

Other methods that are sometimes used to dispatch finfisbmmercial aquaculture or for scientific
purposes include electrocution (Robb et al. 2002a, 2002b, Robb an@®®&hLambooij et al. 20086,
2007, Soto et al. 2006, Lines and Spence 2012), exposure to gases $L® or nitrogen (Roth et al.
2006, Wills et al. 2006, Erikson et al. 2006, Robb 2008, Acerete28@D), injection with barbiturates,
and sedation or overdose with chemical anaestheticsdingldricaine methane sulfonate (MS 222),
benzocaine hydrochloride, 2-phenoxyethanol, metomidate; clove oil aneSAdgsoeugenol) (Meinertz
et al. 2006, AVMA 2007, Bosworth et al. 2007, Matos et al. 2010pfRaifarah et al. 2011). These
other methods are not available to recreational fisherstaumst, safety or logistical constraints
(electrocution, nitrogen, Cf (Davie and Kopf 2006), and/or legislation that prohibits tbespssion
and use of some chemical and anaesthetics due to caoaeuh chemical residues (Meinertz et al.
2006) and/or their misuse. Because of this, electrocutgppsure to gases, barbiturates and
anaesthetics will not be reviewed further here. The rengimethods of dispatch of finfish that are
available to recreational fishers will be criticalgvrewed in order to determine which of these are most
likely to represent best practice for humane dispatdimfish taken by recreational fishers in Australia.

2.0 Methods

A review of the peer reviewed scientific literaturedaselected other literature relating to humane
dispatch of finfish, was conducted using several databaskslastracting engines, such as Scirius,
Scopus, ISI Web of Knowledge, Cambridge Scientific Abstrades]line, and IngentaConnect as well
as internet databases such as Google and Google Scholathessegrch terms fish and finfish together
with the terms welfare, dispatch, slaughter, stun, eusimnauthanase, brain spike, and iki-jime. A
survey of Australian recreational fishers was also caedum the Fishing World magazine website
over 100 days from 8 February to 18 May 2012, to gather baselimenatfon on their behaviour in
relation to the methods they used to kill finfish. Tasults from this process are presented below.

3.0 Reaults

31 Asphyxiation

Asphyxiation historically was probably the most common methddllofg fish (Poli et al. 2005), with
the time required for fish to die using this method beimgpliivariable depending on the fish species,
the temperature, and whether fish were being held in watair gRobb and Kestin 2002). The vast
majority of fish are ectotherms and their metabolic riteimperature-dependent, meaning their oxygen
requirements are reduced when temperatures are lower, then@®cess of asphyxiation will generally
be prolonged whenever air or water temperatures are coolehgateiand Wall 2001, Poli et al. 2005).
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311 Inair

Asphyxiation in air involves the removal of fish from the wat®&/hen fish are taken out of the water,
their gill lamellae collapse, greatly reducing the amadxygen exchange, resulting in anoxia and
eventual mortality (Southgate and Wall 200The time to death in air depends on the identity of the
fish species as well as the ambient temperaturegXample, rainbow trout die after 2.6 minutes at
20°C, 3 minutes at 14°C, and 9.6 minutes at 2°C (Kestih #9@1). Brain death in Atlantic salmon
(Salmo salar) was shown to occur after two to three minutes at 2B8Cat 2°C this was prolonged to
14 minutes (Robb et al. 2000). In contrast, e®wg\illa spp.) can survive for a very long time (>24
hours) out of the water, especially in moist conditions (Rafb Kestin 2002, Poli et al. 2005), and
European carpQyprinus carpio) are also very tolerant of hypoxia (Hastein et al. 2005)deéd,
Rahmanifarah et al. (2011) found that it took nearly 5 htmrrspercular movements in carp to cease
once they were removed from 23°C water. Mugnier et al. (1228)d that air exposure for up to 4
minutes induced no biochemical stress response in juvembettPsetta maxima), possibly because
turbot obtain only 70% of their oxygen requirement through the, gilith the remaining 30%
exchanged through the skin (Morzel et al. 2002).

Nevertheless, asphyxiation in air is extremely aversivedst fish species, which usually show violent
escape behaviors accompanied by maximum stress responbesafiRl Kestin 2002). Because of this,
several authorities including the Australian and New Zeatamehcil for the care of animals in research
and teaching (ANZCCART), American Veterinary Mediéasociation (AVMA), the European Food
Safety Authority (EFSA) and the Farm Animal Welfare Gou{FAWC) in the UK do not consider
asphyxiation by removal from the water as a humane methkitling fish (FAWC 1996, Reilly 2001,
EFSA 2004, AVMA 2007). Furthermore, these escape behaviouahjanction with the anoxia from
air exposure induce several physiological and biochemical chamgfes fish, including elevated blood
lactate, cortisol and glucose levels, decreased muscleglddenosine triphosphate (ATP), as well as
increased risk of muscle damage, haemorrhage and braisihgarlier onset of rigor mortis (Poli et al.
2005). Rigor mortis is the contraction of muscle fibrea assult of calcium leakage, in the absence of
ATP (Adenosine Triphosphate), which is the muscles energgeaeaquired to contract and relax the
muscle (Poli et al. 2005, New Zealand Institute of Cheyni2008). These data demonstrate that
asphyxiation is stressful and results in undesirable physioical changes that can significantly reduce
the quality and shelflife of the resulting product (Hara888, Poli et al. 2005, Poli 2009).

3.1.2 Inwater at ambient temperatures

Another method of asphyxiation of fish is by retaining thera gontainer of non-aerated water held at
ambient temperature (For information on the fate df fiswater chilled below ambient temperatures,
see Section 3.2). Under these circumstances when no wemthange is permitted at ambient
temperatures, death of the fish eventually occurs duspoyaiation as a result of a reduction in the
oxygen content of the water, possibly in conjunction with dugl of toxic metabolites such as
ammonia. Experimental attempts have been made to killHistater from which all the oxygen has
been removed, either by degassing the water or by displadugngxygen with an inert gas such as
nitrogen or argon (Robb and Kestin 2002, Wills et al. 2006, &milkt al. 2006). These studies have
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shown that it is difficult to remove sufficient oxygen froine water for death to occur in a short period
of time (Kestin et al. 1997). Even if inert gases weralable to recreational fishers, maintenance of
the anoxic water is also difficult, because fish actiatyd the process of adding the fish enable
atmospheric air to become dissolved in the water. In thieskes, the fish showed aversive reactions
during induction of insensibility; however, these were les®rgethan those shown by fish killed by
CO; narcosis (Kestin et al. 1997). Time to death for filbwaed to asphyxiate in water at ambient
temperatures can be much prolonged over that if fish asplgixia air, especially at lower water
temperatures. For example, Acerete et al. (2009) foatdEiropean sea baddigentrarchus labrax)
took much longer (128 minutes) to be killed by asphyxiation in &diuaf water compared to fish
exposed to C@narcosis (16 minutes) and hypothermia in an ice slurry (B4tes). The poor welfare
of the seabass asphyxiated in water was demonstratedebfadt that they exhibited significantly
elevated blood plasma glucose levels compared to fisild kilehypothermia in an ice slurry or by
exposure to CO(Acerete et al. 2009). Other undesirable changes suchraased cortisol and lactate,
reduced muscle pH and ATP, and early onset of rigor spatdtiof which demonstrate that asphyxiation
in water at ambient temperature is highly stressful amfeantly reduces the quality and shelflife of
the resulting product (Poli et al. 2005, Poli 2009).

3.2 Hypother miain iceslurry

Addition of ice to water at ratios of greater than quad to 1:1 (ice:water) forms an ice slurry with
water temperatures around -2°C to 2°C, with the fimairg temperature depending on the water
temperature before addition of the ice, the quantity antpérature of the ice used and whether the
slurry is made up with freshwater or seawater. In theraiesof prior application of other killing
methods, asphyxiation is the usual cause of death in fisedpladce slurrys (Robb and Kestin 2002,
Poli et al. 2005, Bagni et al. 2007). The metabolic ratectwiteerms such as fish is temperature-
dependent, and their oxygen requirements are much reduceftlen water (Southgate and Wall 2001).
This means that onset of asphyxiation in water tendsetdelayed as water temperatures are reduced
(Robb and Kestin 2002, Bagni et al. 2007). When large bodied tempeadior cold water adapted fish
are placed in an ice slurry, they are not normally sturinedhe treatment, and hence they may
subsequently retain brain function for some time uadiphyxiation occurs (Robb and Kestin 2002,
Ashley 2007). Indeed, up to 3 hours may be required before daemtt slurry for some cold adapted
species such as salmonids (Southgate and Wall 2001), however étesl. (1991) found that rainbow
trout (Oncorhynchus mykiss) taken from 14°C water lost brain function after only 9.6 minutem ice
slurry. In contrast, time to death of European sea aedgnatised to 19.5°C once placed in an ice
slurry was longer (34 minutes), but still much faster than tbr European sea bass asphyxiated in a
bucket of water at 19.5°C (128 minutes) (Acerete et al. 2009).

Wall (2001) and Davie and Kopf (2006) observe that fish spehagsare tolerant to hypoxia (e.g.
catfish (Ictaluridae) and carp (Cyprinidae)) are likelydie more slowly than more active fish species
such as salmonids and scombrids when placed in ice slumiésed, Rahmanifarah et al. (2011) found
that 1 kg European carp transferred from 23°C wateniatier chilled to 0.6-1.5°C took an average of
11 minutes to lose equilibrium and 33 minutes to becomesponsive to external stimuli. However,
for some fish species, if the differential between théiant temperature of the fish and the ice slurry is
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high, thermal shock can dramatically shorten the timed® of brain function (Robb and Kestin 2002).
This appears applicable particularly for smaller (< c. 500apical and warm temperate fish with low
thermal inertia, and for these if the temperature diffgakis large enough (c. > 20-25°C), stunning can
occur almost immediately upon placement in the ice slamg, death can follow rapidly (Wilson et al.
2009, Blessing et al. 2010, B.K. Diggles, personal observatidnsleed, Poli et al. (2005) noted that
studies by Bagni et al. (2002) and Zampacavallo et al. (2008pfthat immersion in ice slurry did not
appear particularly stressful to warm water Mediterrarszecies, such as sea bre&pa(us aurata)

and European sea bass. Wilson et al. (2009) compared chitithgnesthesia (MS222) for euthanasia
of zebrafish Danio rerio) and found that time to death was longer (mean 53 secandgjistress was
greater for fish exposed to the anaesthetic, and4tBatfish recovered from anaethesia, compared to a
mean time to death of 7 seconds with no recovery ofrighe chilling treatment when transferred from
28°C to 2°C, in the absence of ice crystal formation. yTieeommended use of chilled water for
euthanasia of zebrafish in light of the faster timeléath and fewer signs of distress (Wilson et al.
2009). Similarly, Blessing et al. (2010) found that bony bredemgtolosa erebi) up to 13.5 cm length
taken from water at 25.5°C and placed in an ice slirtyice:freshwater at 0-2°C), took on average 0.1
min to lose equilibrium and 0.34 minutes to die, significafatster than bony bream anaesthetized with
100 mg/L benzocaine (mean 2 minutes to lose equilibriunmagah time to death 3.6 minutes).

The body temperature of fish placed in an ice slurry. &-2°C decreases in an logarithmic manner
depending on the fishes initial temperature and body mass (StewdrFry 1970, Skjervold et al. 2002,
Morzel et al. 2002), with the majority of heat being ltsbugh the body wall and fins (Stevens and
Sutterlin 1976, Crawshaw 1979). In small to medium sized fisited in water of different
temperatures, the rate of change of body temperatur@pisl, rranging from around 2°C body
temperature change per °C water temperature diffelfeniia(°/min per °difference) for fish less than
10 grams body weight, to around 0.2°/min per °differencei$tr dround 200 grams (Stevens and Fry
1970). These data suggest that stunning due to tempetdedpren an ice slurry will be most effective
for smaller fish held at high ambient water temperat(#@8-25°C), and that there is likely to be an
upper limit to the size of fish which can be rapidly stunimegin ice slurry. For example, Morzel et al.
(2002) found it took 25 and 55 minutes for the body temperature ajra®@ turbot Psetta maxima) to
decrease from an initial 16°C to 5°C and 3°C, respectiwghen placed in an ice slurry at 1°C.
Lambooij et al. (2002a) found that 5% of European e&fguilla anguilla) were not successfully
stunned when transferred from 18°C water to iced waten average temperature of 0.2°C, however all
eels were killed within an average of 27 seconds when theytveasferred to cold brine at -18°C. Fish
stunned and killed in ice slurry nevertheless tend to hapeowad product quality indices including
reduced buildup of lactic acid, plasma cortisol and glucoseeased muscle pH and delayed onset of
rigor mortis compared to fish killed by asphyxia or sooteer methods such as exposure to, CO
(Acerete et al. 2009). Indeed, many of the physiochemicduptauality indices of fish killed in ice
slurry can equal those obtained using so called “faster*amade humane” killing methods such as
percussive stunning, electrocution or brain spiking (Poli.e2G5, Scherer et al. 2006, Giuffrida et al.
2007), indicating that the process of inducing hypothermia viaeslicry is not necessarily overtly
stressful or causes additional stress above that of hgraltine (Poli et al. 2005).
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Thus even though large bodied and/or cold adapted finfish rkayataelatively long time to die in an
ice slurry, for smaller finfish less than approximately 56éngs, thermal shock due to the rapid initial
decline in body (particularly brain) temperature when the mtateperature differential is above 20°C
(Stevens and Fry 1970) greatly shortens the time to |ldssaof function and death (Wilson et al. 2009,
Blessing et al. 2010). However, cooling rates of fishes eay due to physiological and anatomical
differences between fish species (Skjervold et al. 2002,centhe stunning effect from initial rapid
cooling is not likely to be universal and this technique maynost effective only for smaller tropical or
warm temperate fish species acclimated to higher wadmperatures (Blessing et al. 2010).
Nevertheless, based on their findings for bony bream, Blesgiraj. (2010) stated that ice-slurry
immersion should be considered as an acceptably humahedredft killing some fishes for research,
subject to appropriate trials on other warm-water species.

Despite evidence to the contrary, hypothermia usingeasligry was not considered a humane method
of killing fish by ANZCCART, but these guidelines areeathtand are under review (Reilly 2001). The
use of hypothermia for killing fish was also not endorsgdhe AVMA (2007), EFSA or FAWC
(FAWC 1996, EFSA 2004). However, based on results of Wilsah é2009), ice slurry has recently
been recommended for euthanasia of tropical zebra fistSimeldearch institutionswhile the NSW
Department of Primary Industries (2012) considered thatlisto medium-bodied, warm-water fish
species may be dispatched humanely using an ice slurrg.cdrditions for the slurry prescribed by
NSW Department of Primary Industries (2012) were thdtou&l contain at least equal volumes (>1:1)
of crushed ice and water, that the water temperahanad be closely monitored, and more ice added as
required to maintain its temperature &€ @r less during addition of fish.

3.3 Exsanguination (bleeding out)

Exsanguination, or bleeding out, is a process that enaofquired during the slaughter of finfish in
order to maximize the eating quality of the final produdut8gate and Wall 2001, Robb and Kestin
2002). Exsanguination is usually administered after some fr@tuonhing (Southgate and Wall 2001),
however exsanguination without stunning is also used (Robb antnK2802). To achieve
exsanguination, the gills or isthmus are cut, or one aemgils are manually pulled out, or the caudal
vein is cut, after which the fish is usually returned toewdab bleed (Robb and Kestin 2002).
Exsanguination alone is a relatively slow method for Kilfiish: Atlantic salmon $almo salar) killed

by exsanguination took 4.5 min to lose brain function agileicutting without prior stunning (Robb et
al. 2000), while Erikson et al. (1999) reported that 10 to 15 minuéssrequired to ensure death after
bleeding by a gill cut in the same species at a loweeniatmperature. Other fish species may take
even longer to die from exanguination. For example, Morzell.ef2002) found that bleeding by
cutting the gill arches and returning turbBsdtta maxima) to the water was a very slow killing method
for this species: as many as five out of 8 fish showedorse to external stimuli (tail pinching) after
30 minutes at 16°C. Morzel et al. (2002) also found that guitie caudal vein and placing turbot back
in water at an ambient temperature of 16°C was an legsrefficient method, since no fish was killed

3 http://oacu.od.nih.gov/ARAC/documents/Zebrafish. pdf
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or even stunned in 90 minutes, presumably because the wouledl,hessulting in unsuccessful
exsanguination (Morzel et al. 2002).

Out of the four bleeding procedures tested by Morzel €2@02), the most rapid killing method was
cutting four gill arches and placing the fish immediatelyamice slurry. However, even with this
method the turbot exhibited adverse reactions such as vigesoape attempts and wide opening of the
mouth and gills, as well as responses to tail pinchirigant of 8 fish after 15 minutes (Morzel et al.
2002). Bleeding-out is most likely to be effective when appl active fishes which require high
concentrations of oxygen (e.g. Scombridae and Salmonidag)e(@nd Kopf 2006). Less active fishes,
such as catfish (Ictaluridae), may survive long periods of ptamd flow to the brain, and for these
species other killing methods (brain spiking and percusdivening) have been recommended (Davie
and Kopf 2006). Since there are no reports that exsanguinaithout stunning achieves a better
bleed-out than exsanguination after stunning, bleeding figh siinning is likely to improve welfare
without compromising quality (Robb and Kestin 2002, Davie andf K§®6). Indeed, the NSW
Department of Primary Industries (2012) stated thaisfinfhould only be bled after the fish has been
stunned or dispatched using another method such as brain spikiagcussive stunning.

34 Decapitation / Cervical dislocation

Decapitation and/or cervical dislocation are killing methtitht sever the head from the body or break
the cervical bones of the neck. Spinal section of the eénwiztebrae with a sharp instrument such as a
knife or cleaver is another derivation of this technique.r $@mme species of fish, death occurs
immediately after cervical dislocation resulting in miainstress (for example, in whitir§gllago spp.,

BK Diggles, personal observations), however for other figties death may not be immediate after
decapitation or cervical dislocation unless both the baath spinal cord are subsequently pithed. For
example, decapitation has been used to kill eels, whematoriously hard to kill (Robb and Kestin
2002). However, even with the head severed from the body, Vanhaad Flight (1997) reported it took
up to 13 minutes before eels ceased reacting to noxiouslistmd up to 27 min elapsed before total
loss of brain function occurred (Robb and Kestin 2002). ThMA\W2007) recommended that fishes,
as well as amphibians and reptiles, can be euthahgysgetcapitation, but only after being stunned first
by cranial concussion (= percussive stunning). Davie and Kopf)2006idered that decapitation was
similar to brain spiking in terms of injury, distressdadifficulty in restraining conscious fish, and
recommended its use only on unconscious fish, after rendberfgsh unconscious via methods such as
percussive stunning. Similarly, cervical dislocation, deesipn and spinal section were considered
acceptable methods of euthanasia of fishes by the ANZCCART ,only if the procedures were
performed on fish that were previously stunned or anaestdgfReilly 2001).

35 Shooting

Shooting of finfish can be done by recreational fishers ugungs, spearguns or bow and arrow.
Shooting with rifles or handguns is sometimes performesbime aquaculture industries where large
tuna are caught with a gaff or by a diver, pulled to theaserbind shot in the head with a twelve bore
shotgun, rifle or handgun (Robb and Kestin 2002). ShootirftgaMjun can result in immediate death if
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the shot is accurate, resulting in minimal stress, andhifs reason the method was developed to kill
high value fish quickly to prevent damage and stress d@scgpe attempts (Robb and Kestin 2002).
Shooting of finfish with rifles or handguns is not gengrdtbne by recreational fishers in Australia, due
to safety reasons as well as strict gun control laasrtiean only a very small number of fishers now
have access to these weapons. However, in remot@ltcabme charter operators may possess a gun
for occupational health and safety to quickly subdue laagegerous fish or sharks, and/or for self
defence against attack from crocodiles, or even pirBteBi@gles, personal observations).

Spearfishing was performed by traditional fishers worldwiole millennia, originally by throwing
sharpened sticks or sticks with bound spearheads mamesfrell, stone, bone or the barbs of stingrays
(Davidson 1934, Barton et al. 2009). Today, recreational fsg®ans use modern equipment consisting
of spearguns powered by elastic or compressed air. rflShea has one clear welfare benefit over
virtually all other forms of fishing, that being therevistually no bycatch as spearfishers select the
animal they wish to take prior to shooting it (Diggles et Z011a). Death of the fish can be
instantaneous if a “kill shot” is performed (i.e. one tkils the fish immediately by penetrating vital
organs or the brain), however issues related to thexeetff fishes that are speared but escape from the
spear remain, as do those related to humane killing ofexpéiah that are not taken with a “kill shot”
(Diggles et al. 2011a). For the latter, the options foinkjllavailable to other recreational fishers
(including exanguination, percussive stunning, decapitation afjund) are available to spearfishers,
although asphyxiation and hypothermia are not available optitres spearfisher remains in the water.

Fishing with bow and arrow was also a traditional fishingthod used for millennia (Barton et al.
2009). In Australia a minority of recreational fishers tod@mntinue to target some fish species
(particularly invasive species such as European &yjminus carpio) using a bow and arrow. The

situation regarding welfare outcomes for finfish shot udiog and arrow are virtually identical to

those relating to use of spearguns, except that all gpfmmkilling available to other recreational

fishers (asphyxiation, exanguination, hypothermia, percussivaning, decapitation and iki-jime) are
also available to bow and arrow fishers.

3.6 Per cussive stunning

Percussive stunning is a process whereby fish are killedrbgving them from the water, restraining
them and a blow or blows are delivered to the head using &“plidst”) or similar (Robb and Kestin
2002, Poli et al. 2005). When the blow is correctly appliediswofl adequate force, all movement and
brain function is lost immediately (Kestin et al. 1995, Marale1997, Robb et al. 2000, Morzel et al.
2002, Lambooij et al. 2002b), but if applied incorrectly, or wigufficient force, insensibility may not
be immediate (Kestin et al. 1995, Robb et al. 2000), or tharfeshrecover consciousness (Davie and
Kopf 2006), which is why some authors recommend that percussiversg should always be followed
by pithing, bleeding-out or decapitation (Davie and Kopf 2006).

Fish killed by percussive blows show reduced physical agctafitslaughter, reduced post mortem
muscle acidification due to lactic acid buildup, and sloasset of rigor, all of which are associated
with minimal stress and improved flesh quality (Azam [etLl&89, Marx et al. 1997, Poli et al. 2005,
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Duran et al. 2008, Digre et al. 2011). Indeed, this method sidemed amongst the fastest and most
humane methods of dispatch of finfish available to reaeatifishers in the field (Davie and Kopf
2006). Furthermore, because less accuracy is requineduoe unconsciousness due to brain injury
when using a blunt club than when using a narrow spike, pereustsinning requires little skill and as
a result is the killing method primarily recommended farreationally caught fish, even if other
procedures such as brain spiking or exanguination are teedgDavie and Kopf 2006).

Applied correctly, percussive stunning can quickly kill viftpaall species of fish. For example,
flatfish such as turbotPéetta maxima) can be difficult to kill using methods such as ice slurry,
asphyxiation, exanguination or electrocution (Morzel e2@02), and percussive stunning was the only
method tested that killed the fish immediately (Moreehl. 2002). However, some authors consider
that percussion is not suitable for killing certain spesesh as eels (van de Vis et al. 2001). The
AVMA (2007) considered that most fishes, amphibians and esptian be euthanased by percussive
stunning followed by decapitation, pithing, or some other physwethod. Similarly, percussive
stunning was considered an acceptable form of euthanasiisties by the ANZCCART and the
AVMA, provided it was immediately followed by brain destroati(Reilly 2001, AVMA 2007). The
NSW Department of Primary Industries (2012) consideredpéadussive stunning was the preferred
method of dispatch for finfish caught by recreational fishprovided it is done swiftly and delivered to
the correct area. They recommended a sharp blow to theshealdl be inflicted in the area just above
the eyes using a special tool such as a heavy wooden harallgriest, prior to any other treatments
such as bleeding/exanguination (NSW Department of Primalystries 2012).

3.7 Brain Spiking / Iki-jime

Together with percussive stunning, brain spiking (also knowpithimg or iki-jime — that latter being a
Japanese term denoting ‘live killing, or to terminatelevhlive’) is the most rapid method of dispatch
of fish available to recreational fishers in the fielcayiz and Kopf 2006). Administered accurately,
brain spiking can be a one-step process which results Inlest levels of stress and maximal product
quality in slaughtered finfish compared to all other methdddispatch (Boyd et al. 1984, Poli et al.
2005, Davie and Kopf 2006). Once the brain is destroyed, thesfisimiediately killed (Lambooij et
al. 2002b), which drastically reduces stress, lactic awddoruising and other undesirable changes
which occur if the fish is left to die slowly in air, tea or on ice (Boyd et al. 1984, Harada 1988, Poli et
al. 2005). Brain spiking thus improves product quality by mining pH drop due to lactic acid
buildup, and also significantly delays the onset of rigor isioespecially if the iki-jimed fish is placed
immediately on ice (Boyd et al. 1984, Harada 1988, Lowe 498B).

However, the brains of fish are not large and a high leivekil and a certain amount of anatomical
knowledge is needed to accurately pith the brain of a livg(lfismbooij et al. 2002b, Poli et al. 2005).
Further, effective restrainment of the fish is an impurfaerequisite needed for accurate brain spiking
(Lambooij et al. 2002b), hence the difficulty of this processy be amplified in some recreational
fishing scenarios, such as at sea on small boatdg@ad Kopf 2005). Because of these reasons, it is
possible to miss the small target point and the fish sedfer during the procedure (Poli et al. 2005).
Because of this, percussive stunning is often recommended @uigetof the iki-jime method, as this
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ensures the stunned fish are easier to restrain duringpiking process (Davie and Kopf 2006).
Indeed, ANZCCART and the AVMA considered that brain destwodby pithing was an acceptable
form of euthanasia for fishes, provided they were firdilynsed by percussion or some other means
(Reilly 2001, AVMA 2007). In contrast, the Western Australiepartment of Fisheries (2012) simply
recommends that “live fin fish should be spiked in the Hdagime) with a narrow spike, or blade, to
penetrate and destroy the brain”, prior to further prepar&drathe table.

3.8 Results from website survey

A three question survey was conducted via the Fishing Walyhrine website over 100 days between
February and May 20%2 The survey questions were designed to obtain basicniafion on
recreational fisher behaviour relating to whether they cifiefish caught during the course of their
activities, and if so, what methods they used to do squestion exploring the use of live bait was also
included to obtain information on this topic. The surveswadvertised via the Fishing World website,
in Fishing World Magazine, and through electronic mailaast from the Fishing World website that
are sent to around 12,500 e-mail accounts every week. $iioscto the e-mail service is free, as is
access to the Fishing World website, hence cost was raistacle likely to discourage access to and
participation in the survey. The survey was designed so thaboalyesponse could be submitted from
each IP address, to discourage the submission of mulég®mnses from one person. Survey data by
Roy Morgan Research on newspaper and magazine readerghiptralia as of May 2012 found that
Fishing World magazine has a readership of 1.0 -1.1% ofr@lizst population over 14 years of age
(194,000 — 208,000 people). The audience for this magazine rsledges comprising a sub-section of
more avid fishers, hence the results of the survey may not agbebe completely representative of
responses that may be expected from “average” or occasemmahtional fishers. After the 100 day
period, the survey was completed by respondents from 450 |Bsaddr

Of the 446 respondents to question 1, only 36 (8%) stated thatdleaged every fish they caught,
indicating that 92% of respondents dispatched at least semeuring the course of their fishing trips
(Figure 1). The second question examined use of live bagspdtdents were given 4 options and
asked to select one option that best reflected thewithdil circumstance. The responses indicated that
55% of the respondents surveyed had used live bait at some-ignee(2). Only 3% of respondents
exclusively used dead bait, while 13% of respondents used attlfices exclusively (Figure 2). A
total of 29% of respondents only used dead bait or lures dumgig fishing activities (Figure 2).
Survey question 3 attempted to determine the methods usegti@ational fishers to kill their fish.
Respondents were asked to select one of the 7 options prowidesttdescribe how they killed the fish
they caught. The majority of respondents (79%) used bestigeranethods for killing their catch.
These included option 4 (percussive stunning or decapit@&do),option 5 (iki-jime, 9%), option 2 (ice
slurry, 9%), or option 6 (a combination of either bleedingnsing/decapitation or iki-jime followed by
ice slurry, 52%). Only 13% of respondents indicated they kilter fish by exanguination alone
(option 3), while only 5% indicated that they killed thegtfiby asphyxiation (option 1). Option 7 (not
applicable) was included for fishers who released alheir tcatch, and this was selected by 4% of
respondents.

4 hitp://mww.fishingworld.com.au/news/humane-dispatch-surve
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Answers Skips
m Do you kill any of the fish you catch ? 446 4

0% 16%% 92% COUNT PERCENT
Yes | 410 92%
No, 1 release everything I catch 36 B%

Figure 1. Survey question 1 examined whether recreatioharsikilled any of the fish they caught.
The respondents indicated that 92% of fishers killed at fEse of the fish they caught, while 8%
released every fish they catch.

Answers Skips

m Do you use any of the fish you catch as live bait ? 444 6
D% 28% S56% COUNT PERCENT
ves | 3 !_ 246 55%
Mo, 1 only use lures or dead bait 127 29%
No, 1 only use lures 36 13%
No, 1 only use dead bat 15 3%

Figure 2. Survey question 2 examined use of live bait. 55¥eafespondents surveyed had used live
bait at some time, while 13% of the respondents used atifices exclusively.

Question RIENCE Sk
0 3 If you take fish to eat or as bait, how do you currently kill them? Do you: 445 5
Q905 19
0% 26.5% 53% COUNT PERCENT
6. Use of a combination of 2 and either 3, 4 or 5 7 J@ 233 52%
2. Kill the fish by bleeding it out? 57 13%
4, Kil the fish with a knock to the head (stunning) or
decapitation? 41 9%
2. Kil the fish by placing it in an ice slurry (chilling)? 39 9%
5. Kil the fish using the brain spiking (ki jrme) method? 38 9%
1. Let the fish die in the air or in a bucket of water
{asphyxiation)? 21 5%
7. Mot applicable 16 4%,

Figure 3. Survey question 3 examined how respondents killedigteirThe majority of fishers (79%)
used best practice including percussive stunning, (9%), iki (@%@, ice slurry (9%) or a combination
of bleeding, stunning or iki jime followed by ice slurry (52%)nly 13% of respondents indicated they
killed their fish by exanguination alone, and only 5% killedrtfigh by asphyxiation.
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4.0 Discussion

As originally discussed by Robb and Kestin (2002), a reviewhefsubject shows that fish killing
methods are incredibly diverse, but fall into two broaigaries: those that induce loss of sensibility
slowly, and those that achieve this rapidly (Robb and Kestin)20D@2e universal principles of humane
slaughter require a first step of rapid loss of consciogswébhout avoidable stress, followed by death
as assessed by loss of brain function without regairongaiousness (Southgate and Wall 2001, Davie
and Kopf 2006). In general, this and other previous reviews osulbject pertaining to finfish have
demonstrated that those methods that induce loss of gignsiver a long period of time (asphyxiation,
exanguination) are stressful and tend to impinge more oweliare of the animal and are detrimental
to the overall quality of the carcass (Robb and Kestin 2B0R et al. 2005, Gregory 2008). In contrast,
methods that cause a rapid loss of sensibility (shooteigbral percussion, brain spiking) result in
minimal stress and the highest quality product, providingttiey are carried out correctly (Robb and
Kestin 2002, Poli et al. 2005, Gregory 2008) (Table 1). Neverthelbe situation regarding what
methods are considered “humane”, and what are not, is byeams black and white. Indeed, this
review highlighted grey areas in relation to the accepitgldind “humaneness” of a couple of methods
commonly employed for killing fish caught by recreationakhérs in Australia, namely
decapitation/cervical dislocation, and hypothermia in aslicey (Table 1).

Table 1. Summary of humane acceptability (or otherwiseh® various methods of killing fish
examined in this literature review.

Generally consideredMay be acceptable andGenerally considered not

acceptable and humanghumane for certain speci¢acceptable if applied tp
and/or under certain conditionsconscious fish

Shooting Hypothermia in ice slurfy Asphyxiation

Percussive stunnifg Decapitation/cervical Exsanguination /bleeding
dislocation* out*

Brain spiking/iki-jime*

* Should be followed by iki-jime, bleeding or decapitati@nvical dislocation to prevent recovery.

* |deally used on fish rendered unconscious by percussive stunni

© For best quality and welfare, large fish (>500 grams)ulshbe stunned and/or iki-jimed prior to
placement in ice slurry.

The vast majority of the research into humane killindirdish has been conducted in Europe, where
interest in the subject has been driven mainly by a teeddfine humane killing methods in the face of
rapid increases in aquaculture production (FAWC 1996, EFSA 200%ikias al. 2005, Ashley 2007,
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Lines and Spence 2012). However, because of the Euroceniui 6f this research, some methods of
killing fish (namely hypothermia in an ice slurry and detsmn/cervical dislocation), have been
considered to have failed to meet certain criteriahfomaneness, based on data from European fish
species alone. In contrast, there is evidence to suggéstt tleast some species of warmwater fish (Poli
et al. 2005, Wilson et al. 2009), including Australian nativecigs, may respond differently, as shown
by Blessing et al. (2010) for bony bream, and by informal obsens of the responses of other species
such as whitingSillago spp.) to treatments such as ice slurries and cervidakdi®on (BK Diggles,
personal observations). These data demonstrate thatat best practice to blindly accept results from
fish welfare studies done in temperate Europe on Europeares@and attempt to apply them to very
different species of finfish that are adapted to surwivevastly different environments, such as in
tropical Australia. The results of the website survey comdubere, as well as the authors personal
observations, show that both hypothermia in an ice slundy decapitation/cervical dislocation are
widely used methods for killing a variety of fish spedredwustralia. The available science suggests at
this time that it would be premature and unwise to distetfaese methods without further study.
Hence in the context of recreational fishing (and for thatter, commercial fishing, aquaculture and
laboratory work as well), we concur with Blessingle{2010) in stating that methods such as ice-slurry
immersion and decapitation/cervical dislocation should neraacepted as humane methods of killing
fishes under Australian conditions, at least until appropsatentific studies on Australian native
species prove otherwise.

Unlike in commercial fishing or aquaculture, finfish caughtdégreational fishers are typically captured
singly or in small numbers at any one time. This mehas recreational fishers who are educated
regarding best practice methods for humane killing ofsimfre well positioned to ensure that every
fish chosen for harvest can be slaughtered quickly usesy practice methods for humane killing
(Diggles et al. 2011a). While asphyxiation remains commonly ugedalmy fishers around the world,
the website survey conducted during this study indicated that onigatityr of Australian recreational
fishers (c. 5%) continue to utilise this method. Furtiare, the survey found only a relatively small
number of fishers (13%) used exanguination alone as a metluispatching their fish. This positive
result may be in response to increased education imtrgears in both Australia (Recfish Australia
2008) and overseas (Cooke and Sneddon 2007, EIFAC 2009) that may havegetoacreational
fishers to use more humane slaughter methods such as iges gluith or without exsanguination),
cerebral percussion and iki-jime. The use of these metalmie, or in combination, is not only
generally considered to be “best practice” and “more huin@evie and Kopf 2006), they have the
added benefit of improvement in product quality (Poli et al. 005

This literature review has confirmed that recreatiorsdldis in Australia are well placed to employ best
practice methods of humane killing of the fish they harwektle the survey suggests that uptake of
these methods may be widespread, provided recreationatsfisine informed and have access to
appropriate educational materials on the subject. Thiswefinds that the recommendations of the
National Code of Practice (Recfish Australia 2008) cahtstiendorsed as representing best practice, in
that they encourage recreational fishers to use percudsneirgy (to assist in restraining the fish),
and/or iki-jime, followed by hypothermia in an ice slufwhich is usually performed in conjunction
with exsanguination), which will maximise both fish we#faand product quality.
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Regardless of whether the fish has been previously stunmest,dhe iki-jime method of brain spiking
(if administered accurately), can be a one-step prockshwesults in the lowest levels of stress and
maximal product quality in slaughtered finfish compared tothler methods of dispatch (Boyd et al.
1984, Harada 1988, Poli et al. 2005, Davie and Kopf 2006). Indegidatsl brain spiking tools are
now widely available in fishing tackle shops, while recreatiofishers can also employ other
implements such as sharpened screwdrivers with sinffiectieeness, hence a lack of availability of
suitable equipment is not a barrier to uptake of the methodthdrmore, the iki-jime method is the
only best practice method of humane killing available toréiskars while they are underwater if they
fail to kill their quarry immediately by shooting with aateshot. However, despite all of these benefits
for the iki-jime technique, the effectiveness of the maghe as a humane method of dispatch is reliant
on the ability of the fisher to firstly accurately locale brain and then determine the best method of
penetrating the cranial cavity with a suitable implemenbrider to destroy the brain quickly and
effectively. Average recreational fishers with limitadatomical knowledge of the fish they are
catching are likely to find the process difficult, and mfial interviews with a variety of fishers (BK
Diggles, personal observations) found evidence that fearigsfing a relatively small target with the
spiking implement may be preventing many recreational fisirera attempting the brain spiking
procedure. This is why the current project was undertakeder to provide accurate information on
the iki-jime procedure to better equip recreational fislveith the “how to” information needed to
encourage wider use of brain spiking as a method of humspetch.
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