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EXECUTIVE SUMMARY

The aim of the contract was to identify, develop angraipe potential welfare indices that are practical a
meaningful for farmed Atlantic codzadus morhua.

The results of crowding trials and post-harvest studiesusdo recommend a welfare standard for pre-handling
procedures (grading or harvest) of raising the cage néh dgpup to 2 metres/day until the maximum depth
prior to handling is equal to or less than 10 metres. ifing or pressure vacuum pumping for harvesting is
recommended rather than lift nets, in view of the welfaenefits.

Investigations of welfare indices lead to recommeindatf:

monitoring ventilation depth, using in-cage cameras anddatedl scoring scheme,

assessment of muscle mass, using a condition index,

monitoring blood lactate using a hand-held lactate metesn blood samples are available,
counting ventilation rates and numbers of surfadediging pre-handling grading and harvesting,
application of a fin erosion key and scoring schemedentify welfare implications of erosion.

Further information on the development of welfare indicaand the main outcomes is summarised below.

Fin erosion

We developed a photographic key and instructions for a 4-finirerosion scale that allows rapid non-

invasive assessment of fin erosion in farmed codriggds potentially subject to errors of judgement, but
after appropriate training, substantial agreement caclieved.

Use of the scoring system in three separate trials shtmwelevels of fin erosion. We found no evidence
that fin erosion reduced condition or increased the thahsto acutely stressful practices such as grading
or crowding pre-harvest. Indeed, cod with the highesldeof fin erosion had lower blood lactate and
plasma cortisol during crowding. Fin erosion scores wesk correlated with blood cortisol, glucose,

lactate, haematocrit, splenic:somatic index or hepatatsornmdex.

Industry application of the photographic key and scoring@reehis recommended in order to determine
how environmental conditions influence fin erosiorg. evhether density and food availability affect

erosion. This could help identify points where welfareriavements can be made.

Behavioural indices

A simple method of measuring the time taken for 5 or 1Qileg¢ion beats was employed for cod at the
surface, during crowding. The high rates agreed withiploggcal measurements for the cod and support
the use of this rapid index of aerobic status where husbanocgdures allow.

A categorical scale for ventilation depth was developdidcation of scores has a subjective element, and
regular retraining was found to be important. For thisbeaty of categorised video could be employed.
Provided appropriate and regular training is in placepckmible scores can be achieved.

During routine activity, virtually all cod were in categdr (shallow breathing) in April, but in July a larger
percentage were category 1 (moderate depth), probably doeréased water temperature, and oxygen
use. Nevertheless, scoring of ventilation depths, mautasing in-cage camera technology, can provide a
welfare index if measurements are made against expeated,rend could be developed for other species.
Ventilation scoring showed a rapid decrease in the ptiopoof cod using shallow ventilation during
crowding practices. Higher levels of distress occurredoih in the corner than in cod the centre of the
sweep, when the cage was suspended at 14 metres. THigshefraising the cage prior to pre-handling
procedures were shown and informed the recommended evsttardard for pre-handling practices.

Condition indices and muscle mass

Two body condition indices were assessed. The commaed condition index assesses whole body
weight relative to body length. An alternative, based atylbweeight after removal of viscera, gave a better
index of muscle mass, particularly for mature fish in wigohad adds to body weight.

Low values for the muscle mass index in female cod (2006 sjudieggests that maturation can have
adverse effects. Female cod in surface waters wiigragonadosomatic index (GSI) and low muscle mass
index showed poor homeostasis. This supports use of théermass index in monitoring welfare.



Cod in surface waters

Surface location in cod, when not feeding, can be takeimdicative of poor welfare. We found small
numbers at the surface in 2006. Their poor avoidancensspdcaptured in hand nets) and poor condition
were coupled with severe osmoregulatory, endocrine andafietdisturbances.

We developed a photographic method to count the percentagd at the surface and showing their white
underbelly during a series of crowding events, in diffecentditions. We believe that over-inflation of the
swimbladder causes this behaviour and the accompanyingbéidtphysiology. Surface bound cod are
conspicuous, but represented <3% of cod in the cage. Thenpege of cod showing their underbelly
provides a meaningful non-invasive measure of welfariggrading or harvesting.

The number at the surface was lowered by raising the cagdagcrowding or by reducing crowd density.
We recommend a welfare standard for pre-handling procefynading/harvesting) of raising the cage net
depth by up to 2 metres/day until the maximum depth prioatalling is less than or equal to 10 metres.

Skin colour and lightness

Direct observations of skin darkening in cod at the sarf@006) with low muscle mass and disturbed
physiology suggests that skin colour can act as a validreéifdicator.

Non-subjective measurements of skin lightness and celetg made using a colorimeter. Readings were
taken beneath the dorsal fin, and on the ventral surfa avoid the influence of the characteristic
patterning of cod. Some trends between skin hue and lighandsfin scores were identified, but there is a
high level of unexplained variability in skin lightness atbur, which at this stage precludes use of these
parameters as reliable welfare indicators.

On-farm monitoring of blood lactate by meter readings

We found that the Lactate Ptbmeter (Arkray Inc) is reliable for rapid on-farm rseeement of blood
lactate in cod, and gives an excellent correlation \athoratory measurements. Application in other
species is recommended, once checks of reliability e undertaken. Alternative meters may be
equally reliable, but need assessing on a case-by-csise ba

A meter reading of ‘Lo’ (<0.8 mM) will provide a rapiddex of health and welfare in relation to gill and
cardiovascular function and provision of oxygen ferobic tissue function. Line-caught cod sampled
rapidly, with minimal time on line or muscular activiggnsistently gave meter readings of ‘Lo’.

Gill colour as a surrogate for haematocrit

A high haematocrit in cod caught in hand nets (2006) and isgnifincrease in haematocrit in crowded
cod, prompted investigation of gill colour, as an on-fangek of blood haematocrit. A chart based on
normal variability in gill colour was prepared frorarRone colours.

Haematocrit and the gill colour score were correlatadite high variability of haematocrit at any colour
score indicates other influences. Furthermore, raggdssment is essential to avoid colour changes and on-
farm monitoring will be affected by light conditions,we do not recommend this method.

Crowding studies and discrimination of line-caught cod ad crowded cod

Statistical analysis was used to investigate whiclhefgarameters measured allow discrimination of cod
caught pre-crowding (line-caught) and the two behavitud#ferent groups of crowded cod (in the corner
and centre of the sweep net). The analysis resultedriectallocation of 68% to 86% of cod. Blood
lactate, haematocrit, and cortisol were importardritignators and condition (muscle mass), skin lightness
and colour also helped discrimination, suggesting that tesesaful indicators.

Plasma lactate, cortisol, glucose and blood haematwerié significantly increased during crowding.
Differences in cage depth and crowd density affectedinttied of responses and differentiation of cod in
the centre and corners of the sweep. The result®regd our recommendation of low cage depths prior to
grading and crowding, to minimise impacts.

Welfare in harvesting

The effects of altering crowding and harvest proceduresniyyloying air-lifting instead of wet brailing to
deliver fish from the crowd to the harvesting tableravinvestigated. Air-lifting from the corner of theeap
was found to avoid the increase in blood lactate and @ueosl reduced the increase in plasma cortisol
normally seen during the crowding and brailing procedirdine with current standard industry practice we
recommend that air-lifting or vacuum pumping is routinedgd to move fish in preference to lift nets.
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1. CONTRACT OBJECTIVES

The main aim of this project was to identify, apprasel develop welfare indices that are
practical, meaningful and specific to commercially fadn&tlantic cod, Gadus morhua.
Initial contract objectives and amendments after anmaiitoring and under novation to
Aquatonics Ltd (02/12/08) were:

1. Undertake a replicated pilot study of a current crowding arelharvest handling
procedure to investigate an initial set of welfare iathes and establish the level of
variability in key physiological, environmental and behava parameters, so that
subsequent experiments take account of these.

2. Organise a preliminary workshop on cod welfare to appraeséndings of the pilot study,
to develop an agreed set of welfare indicators for inyastin in the later replicated trials
and revise the sampling protocol if required.

3. Run a series of replicated trials during commercial Isisvinat will further investigate and
validate the chosen welfare indicators (derived througlesssnent of the results of the
pilot study and the initial workshop), so that they arstwaluable to the industry.

4. At the Project Annual Monitoring (Interim Report Forra)change to year 2 studies was
agreed with SARF to examine the effects of depth of s\eedposition in the sweep net,
instead of the series of manipulations initially proposed.

5. Under the novation (02/12/08) it was agreed that Aquatonicswilidnot be held
responsible for prior changes to the project beyondctimractor’'s control, specifically
lack of cage replication in year 2 studies, lack of assest of eye damage using
fluorescein staining, and lack of assessment of burrowitigei sweep net.

6. Produce and present a report of cod welfare indices @odnraend pre-harvest handling
protocols to the industry.

7. Under the novation, (02/12/08), the original objective to wisgaa final workshop to
disseminate the results of the project to the wider ingashd other interested parties was
no longer required.

All contract objectives (as modified by the Annual Monitgrand novation) have been met
in full. The scope of the studies, results, outcomesracommendations are outlined below.

2. SCOPE OF STUDIES

The studies were carried out at NoCatch Ltd (formé@diinson Seafarms), in Vidlin Voe,
Shetland, using cod held in suspended sea c&yesig the contract a series of potential
indices of cod welfare were explored including:
* behavioural indices (swimming rate; ventilation ratesitNegion depth) monitored by
video recording, photography and visual observations
» physical indices (fin damage, condition indices, organ nissr, gonad, spleen)
relative to body mass, skin colour/lightness, gilbcw)
* physiological/biochemical indicators of homeostasigsstror exertion (swimbladder
pressure, haematocrit, blood and plasma lactate coatienfy, plasma osmolality,
plasma concentrations of cortisol, glucose, sodiumchiatide).

Over the 2 years of studies in Shetland, four categofiesd were investigated:
* cod captured by rod and line fishing (with minimal time iae)|
» cod showing abnormal behaviour (swimming in surface watatsght in hand nets
» cod crowded using industry standard practices
* cod from which blood samples were obtained immediatedy-plaughter



3. PILOT STUDIES (2006) OF BLOOD PARAMETERS TO GUIDE
DEVELOPMENT OF OPERATIONAL WELFARE INDICES

In the first year of the studies (2006), four sea cagekat with cod that had reached harvest
size were used. In two of the cages, more than 100 caslaaptured by rod and line fishing,
over a period of up to 3 hours. Cod in the other two cagge subjected to crowding in a
sweep net, using current harvesting practices. An igt@alp of cod were taken from these
cages by rod and line fishing, and further groups of cod were birodled at timed intervals
during crowding.

A range of blood parameters were measured to assesslpbieil and biochemical health
and well-being (Arlinghaus et al., 2007) and to guide our devedopmf welfare indices.
Blood measurements falling outside the normal homeostatge could be indicative of poor
welfare, particularly if coupled with physical damagebehavioural changes. However, the
occurrence of physiological responses to stress isewsssarily equivalent to suffering and
responses may be beneficial, at least in the shemnh t(Huntingford et al., 2006).
Nevertheless, repeated exposure to acute stressorslamgaa exposure to poor conditions
has adverse effects (Wendelaar Bon$897; Pickering, 1998) and monitoring multiple
components of stress responses has given valuabletmsighthe welfare of various species
of fish (Turnbull et al., 2005; Adams et al., 2007). For gxanfish with low plasma cortisol,
glucose and lactate and normal plasma osmolality, #sas/i@dequate growth and condition
index are usuallgonsidered to be in good health and experiencing good welfarenéAdt
al., 1993; Turnbull et al., 2005).

To obtain meaningful data for blood parameters, it wégarto ensure that the cod were
landed rapidly and immediately blood sampled, becausecagaising duration on line causes
physiological disturbances (Cooke et al., 2008). Captureodf from a vessel moored
alongside the cage minimised the time on the line randcular activity before percussion
killing, which was followed immediately by rapid blood sdmg (within 1.5 min from
hooking).

The results for plasma lactate showed that our proesdawoided the notorious problem of
elevation of blood/plasma lactate seen after line capturfesh that are not immediately

landed (Gustaveson et al., 1991; Pottinger, 1998; Cooke et al., 2008) studies, the mean
plasma lactate concentrations of cod caught by rod aed(®.44 mM and 0.35 mM in the

two cages studied) agrees with published values for routiegilyeaor resting cod, monitored

in the laboratory, where capture is more straightfodw@elson et al., 1996; Herbert and
Steffensen, 2005; Johansen et al., 2006). Similarly, bloodndtaerit and plasma

concentrations of cortisol, glucose, sodium and chlondee all realistic compared to those
previously published for undisturbed cod held in tanks (Staurtnast, €1994; Olsen et al.,

2008; Herbert and Steffensen, 2005), which demonstrateslitiéywaf our methods.

Routine farm activities, our presence and sampling df and natural diurnal cycles over the
timescale of our studies had little or no effect om measured blood parameters (Brown et
al., 2009). This leads to the conclusion that rod and lipeuoaof cod held in commercial sea
cages can provide meaningful measures of physiologicalbeely for a caged population,
provided that time on the line is minimized and musculéivity after capture is avoided.

Examination of the physiological responses to crowding\{Br et al., 2009) was used to
select those blood parameters that could be most infiveria further studies and guide the



development of welfare indices. For example, onlyhslichanges in plasma osmolality and
sodium occurred, and there was no change in plasma chidudeg crowding, so we
discontinued monitoring the osmoregulatory parameters. oltrast, there was a clear
increase in plasma cortisol, demonstrating physiologitstuirbance during the sweeping and
crowding (Figure 1). Blood glucose also gave useful infoonatind was retained in later
studies. The variability in these blood parameters andtitat power analysis was used to
inform the design of later studies.

Figure 1 Plasma cortisol concentrations before and during crowding of cod
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Fig 1. Data are mean $E at each time point. Large asterisks show whengesah male and female cod
differed significantly; small asterisks show groups thaedifignificantly from pre-crowding control values; 3-
way ANOVA andpost-hoc multiple comparisons.

Blood lactate rapidly increased in cod crowded in the swetgBrown et al.,, 2008), and
indicated increased muscular exertion, probably due to thersalvmplications of rapid
swimbladder inflation during sweeping cod into surface watéml with an over-inflated
swimbladder face the choice of tolerating the incredsyancy, or struggling against it, and
the latter could compromise their aerobic scope (Lape@ntd., 2006) and would account for
the increase in blood lactate during crowding. In lafgdies, we assessed the possible use of
a tonometer (TonoVet Tiolat Oy, Helsinki, Finlandto measure swimbladder pressure
(section 9).

The idea that crowding in a sweep net resulted in ovéation of the swimbladder was

supported by the presence of cod with fins out of watericpkatly in the corner of the net,

while those in the centre of the sweep net were mofg@lenclhe welfare of the corner fish

was of concern to everyone involved in the project, includS&PCA staff present during

these studies. We hypothesised that the responses tdirgoo¥ corner fish differ from those

in the centre of a sweep, and that these differenegsreflect differences prior to crowding.

These hypotheses were explored in 2007. We also assksseffetts of cage depth and the
potential benefits of a reduced cage depth prior to crowdingsiang (sections 6.2, 6.3 &

12).



Duplicate cages were set up for crowding trials in 2007, biotrtwmately, due to unforeseen

technical difficulties, one cage was lost from thadgt so cage duplication was not feasible.
In April 2007, the cage was held at 8 metres for an iritial and then lowered to 14 metres
and re-swept, two weeks later. In July 2007, at a reducedyah& cage was again swept
from 14 metres. On each occasion, cod were initialytured by rod and line to provide a
control group and then cod were sampled at 30 min intefirgatsthe centre and corner of the

sweep net.

4. CONDITION, MUSCLE MASS AND MATURATION

Condition index (K), calculated using the standard formila= 100 x [whole body mass
(g)/length (cmj] has been suggested as a measure of energy reseambeftt and Duitil,
1997; Lloret and Ratz, 2000). However, maturation increasesdgmaas relative to body
mass, increasing the gonadosomatic index (GSI), and neittase whole body mass and
apparent condition, but muscle mass relative to bodysnmay actually decline. An
alternative condition index, Kiscera Calculated using body mass after removal of thesvésc
(Rideout et al., 2006), offers a better measure of muscles mad may therefore be
considered as a more useful welfare indicator in fdrowal.

In the 2006 trials (June), values fof.Kiscerawwere significantly lower in female cod than male
cod, suggesting that maturation has adverse effects owmlenusass of female cod.
Furthermore, a small number of cod that were locatesiiface waters and easily caught in
hand nets had low values for,Kiscera @nd showed poor physiological homeostasis (see
section 6.3). These cod were mainly female, with a higb@adosomatic index (GSI) than
line-caught female cod from the same cage (me8&ik +net-caught cod; 18.532t31 (n=8);

rod and line cod: 10.72 2.33 (14);P = 0.04, Student’s t test). These data support the use of
Ko viscera @ Mmeasure of muscle mass relative to size, as d us#ittator of cod welfare.

Several elements of data obtained in 2007 suggested thatati@t has adverse chronic
metabolic effects on farmed cod. Plasma glucose ofchught cod significantly declined as
GSl increased (General linear model (glm) mixed modael, ds random effeci.?, 5.28,P=
0.02), but female cod had higher plasma glucose than male(xg8d5.57, P= 0.02)
suggesting higher levels of stress. A similar effect alas apparent in data from crowded
cod. Although plasma glucose was increased during crowdiege twas relatively lower
plasma glucose as GSI increasgd,(9.77,P = 0.002) and females had higher glucasg, (
5.57,P = 0.03). The haematocrit response to crowding wasratbaced by maturation and a
high GSI % 9.67,P = 0.002), but without any effect of gender. However, plasorgisol
responses to crowding were not affected by GSI.

5. FIN DAMAGE

Confinement of fish in aquaculture can lead to aggressidmphysical damage from biting
causing fin damage (Moutou et al., 1998; Turnbull et al., 1998leHzyal., 2007), and levels
of fin damage have been used as an indirect measuggassion in salmonids (Moutou et
al., 1998; MacLean et al., 2000). There has been much leksowaod, but recent work has
identified the potential importance of fin damage in juleebd, particularly when food is
restricted (Hatlen et al.,, 2006). These researchers tegb@ correlation between bite
incidence on fins and weight loss, but found only sporadic re@ef fin damage in 450 g
cod. However, their experiments used juvenile cod, heldnks for relatively short periods,
which has limited relevance to commercial rearing camabt Damage during handling in



husbandry procedures such as vaccination could add to any figdatnut has not been
assessed in cod. Our aim was to develop a qualitative reeafsfin damage for application
as a potential welfare indicator in cod reared in sgasa

In 2006, all signs of acute and chronic damage to fins, skiayes were systematically
recorded for more than 500 cod of 1.34 to 7.62 kg, using a preeagee of criteria. Damage
to the eyes and skin was infrequent and was not aggravatedwding for grading/harvest,
and was not investigated any further in later studies.ifdihial studies of fin damage revealed
difficulties in reliably distinguishing acute and chronicrdage, which prevented detailed
analysis of the data. However, a valuable libraryplodtographs had been collected, and
these were used to devise a simplified scoring systepefeentage area of fin erosion, based
on a system used in trout (Hoyle et al., 2007). Initiaycategories of damage were
described, from insignificant to severe, but a team eeto test this categorical scale on a
further 243 cod led to reduction of the categories to a @tgoale, scored 0 to 3, as shown in
Table 1.

Table 1 Scale for assessment of fin erosion in cod

% Fin erosion Description
Score
0 0-5% insignificant fin erosion
1 6-20% minor/moderate fin erosion
2 21-50% significant fin erosion
3 >51% severe fin erosion

The reliability of fin scoring was assessed in two esesiin which independent operators
assessed fin erosion prior to any training (30 fins) and a#erng (40 fins). Each operator

made three assessments for each fin, in randomised ®taekappa statistic, which is based
on the difference between observed agreement andxpatted by chance was calculated for
both intra- and inter-observer agreement. Table 2 showsggested qualitative scale of
agreement (Landis and Koch, 1977), although it has beed tiodt the number of categories
and subjects affects the magnitude of the value, andhbdtappa statistic is higher when
there are fewer categories.

Table 2 Description of strength of agreement for kappa statie

Kappa statistic Strength of agreement
<0.0 Poor
0.0 -0.20 Slight
0.21 -0.40 Fair
0.41 - 0.60 Moderate
0.61-0.8 Substantial
0.81-1.00 Almost perfect

Initially, scores varied between observers and discrégamere discussed. This training and
discussion improved agreement. A post-training test exestiswed ‘substantial agreement’
between observers (kappa statistic = 0.695), and subst@nafhost perfect intra-observer
agreement (kappa statistics = 0.754 and 0.813).



Figure 2 shows the photographic key developed during the cbrniffas key allows rapid
non-invasive assessment of fin damage in farmed cod.rdhowaitrout, wild fish had to be
employed to identify fins in pristine condition (Hoy¢ al., 2007), as these are rare on trout
farms. In cod, however, assessment of fin erosion in &0Z22 fish, showed insignificant
fin erosion in 7.7% of cod. Furthermore, a small samphill cod (n = 13) from the fish
market (Lerwick) showed a high level of apparent fin erqsamticularly in the caudal fin
and right and left pectoral fins, although the possibiltgamage during trawling and post-
capture handling cannot be excluded. Those few wild spesimeh pristine fins, had more
elongate and sail-like fins, presumably because of tHerélift environmental conditions
experienced and the greater age of the wild cod examinech wieire 4 to 8 kg in weight.

Figure 2 Photographic key for scoring fin erosion in Atlantic cod

Atlantic Cod (Gadus morhua) Fin Erosion Key

1% Dorsal Fin Caudal Fin Pectoral Fins Score Description

Insignificant
0-5% Loss

Moderate
6-20% Loss

Significant
21-50% Loss

Severe
50+% Loss

The index of fin erosion in farmed cod allows regularnitaring whenever husbandry
procedures provide the opportunity for close examination, ssictudng stocking, grading,
vaccination, or at slaughter, and hence could enableifidatibn of particular points in the
production cycle where welfare improvements can be nrgkessment of fin erosion scores
for groups of cod in individual cages could allow differenbesveen hatchery origins or
farm site locations to be identified and erosion to loaitored over time. Application of the
erosion key will also allow assessment of how envirartaleconditions influence fin erosion
and, for example, whether cod densities and food avatilahifect aggressive interactions
that may cause fin erosion.

In 2007, the fin scoring system was employed in three aeparnals. Many cod showed
insignificant damage (score 0) or minimal erosion (sddte particular fins, but the*dorsal
fin typically showed some erosion, with scores oftertol3. There was a significant



correlation of erosion between fins¥ and 2° dorsal fins x?, = 20.45,P <0.001), ¥ dorsal
fin and right pectoral finy? = 4.36,P <0.037), i dorsal fin and left pectoral firxt, = 7.48,
P <0.006), 2° dorsal fin and caudal firxt, = 30.57,P <0.001) and % and 3" dorsal fin §*
=50.13,P <0.001).

We added scores for the 8 fins, which gave total scorestakebr 0 and 15. Overall, the
amount of fin erosion seen in the farmed cod examinedelatsvely slight compared to that
described in rainbow trout, where more than 70% loscaar (Hoyle et al., 2007), and this
raised the question: does fin erosion in farmed codtéafiea welfare?

We examined this question by investigating the correlates afalmage in line-caught cod,
using generalised multiple mixed model regressions of tiotatore and % dorsal fin scores
against other measured parameters (trial date as a rarftkmt). eThe statistical analyses
showed that the low levels of fin erosion had no éeietis impact on condition. Indeed there
was a significant positive relationship between totakfinre and K, viscera(X1> = 8.93,P =
0.0028). This suggests that fish with the highest muscle haassthe highest levels of fin
erosion. However, total fin score andoKiscerain the larger sample of cod obtained after
crowding, showed no significance relationshjp?(= 0.44, P = 0.51), so we must remain
cautious in interpretations of links between fin erosind muscle mass.

5.1 FIN EROSION, BLOOD PARAMETERS AND ORGAN:SOMATIC INDICES

Once the key for assessing fin erosion was developed,ene able to investigate whether
cod with high levels of fin damage were physiologically poomised. Our statistical
analyses showed that the total fin damage of 27 line-caugghsampled in the three 2007
trials was not significantly correlated with plasmancentrations of cortisol, glucose, or
lactate, blood haematocrit, splenic:somatic indexepabosomatic index. This suggests little
impact of fin damage on homeostasis. However, plasmasa@band plasma lactate were
significant negative correlates of the scores tolfheorsal fin, which usually showed the
highest levels of erosiorx{ = 10.276,P = 0.001 and:* = 4.469,P = 0.035 respectively).
These negative correlations indicate that cod with thiedsiglevels of fin damage and higher
Kno viscera have lower blood lactate and lower plasma cortis@aid, this paradoxically
implies that fish with highest levels of fin damageowhlower levels of stress and
physiological disturbance.

5.2 FIN EROSION AND RESPONSES TO CROWDING

In pilot studies, during the normal harvesting and gradinggases, crowded cod increased
their haematocrit and plasma concentrations of cortiastate and glucose compared to
values in line-caught cod (Brown et al., 2009). During themsggear of the project, we were
able to assess whether these responses were increasednaith higher levels of fin damage,
i.e. whether fin erosion increased the sensitivitysttessful husbandry practices. Statistical
analysis showed no significant correlation betweesrméacortisol and total fin score of 1
dorsal fin score during crowding (glm mixed models, tiesandom effectx(®= 1.64,P =
0.22; x1° = 0.55, P = 0.46 respectively). Similarly, there was no sigaific correlation
between total fin scores and blood haematocrit or plasctaté and plasma glucode £
0.819,P = 0.504,P = 0.206 respectively). Therefore, we found no evidendefithdamage
exacerbates the effects of acutely stressful practices



6. BEHAVIOURAL INDICES

In the pilot studies, continuous surface and sub-surfat@pviecording was used to explore
cod behaviour and investigate unusual behaviour, such as sbriadang by fins (during
crowding for harvesting), swimming behaviour, and respiyafogquency and ventilation
depth as potential welfare indices. Attempts were madeamitor swimming activity (body
lengths mift) from sub-surface video recordings, but differences ia direction of
movement made the method unreliable.

6.1 VENTILATION FREQUENCY

Monitoring ventilation frequency in individual cod by remot@eo recording proved
impossible for commercial cages, and was not pursuedtimefustudies. However, timing of
7 to 10 ventilatory beats in cod resting at the surfdoeing crowding, was achieved. The
number of trials and measurements were limited, but stholat 26 of 27 cod monitored had
ventilation rates above the normal reported range (28 toreaths per mi) for resting cod
held in normoxic conditions (Claireaux & Dutil, 1992; Neiset al., 1996). Ventilation rates
typically rise to 28 breaths minduring exercise, reaching up to 38 breathsminring
exhaustive exertion (Nelson et al., 1996). We monitore@anmentilation rate of 28.4 15

(n = 9) after 70 min of crowding and 30.70t93 @ = 11) after 104 min crowding when
sweeping a cage suspended at 8 metres, and 31L.&6(m = 7) after 90 min in the crowd for
a sweep from 14 metres depth. There was no evidence foificsigt differences in
ventilation rates after 70 min crowding or between sagyeept from 8 metres and 14 metres
(ANOVA: 1.35, P = 0.279). Nevertheless, the increased ventilation ratgaced to resting
levels indicates that in some husbandry procedures, mezntref the time taken for 10
ventilation beats could give a rapid and non-invasive imdeerobic status, and has potential
use as a simple index of welfare.

6.2  VENTILATION DEPTH

Ventilation volume of fish is regulated according to envirental conditions (Holeton &
Randall, 1967) and can be visualised as more pronounced openayvament. Our initial
video footage of cod (pilot studies) suggested differencesntilatgon depth of routinely-
active cod and crowded cod. We suspected that the indreasatilation depth could occur
because of an increase in buoyancy, resulting from swaadel inflation, causing increased
exertion, and because of the increase in fish densithe crowd. Initially, sub-surface
recording was made difficult by fish coming too close te kBns. However, the available
video footage was sufficient to allow development ofeeaognisable categorical scale of
ventilation depth (Table 3). For later studies, a cowling tailt around a VideoR&{Pro3E
ROV to maintain at least 30 cm between the fish and the lens.

Table 3 Categorical scale of ventilation depth

Score Description
0 shallow breathing = normal
1 moderate depth of ventilation
2 deep/laboured ventilation




Later studies scored ventilation depths of routinelywvaatod from video recording collected
for a 20 min period before crowding and at 30 min intervalsndwrowding in a sweep net.
Before crowding, we were only able to score a smathlver of cod captured on video in the
20 min allowed, but this would be less of a problem if agplduring routine on-farm
monitoring of ventilation depth.

In developing the method for ventilation scoring, weeased the level of agreement between
observers or by individual observers. To do this, two mvese independently categorised
ventilation depth, three times (after randomisatiotheffootage). A kappa statistic (Landis &
Koch, 1977) was calculated for inter-observer and intsenier agreement for 3 sequential
independent assessments by each observer of 40 cod preradnan video footage. The
observers showed substantial agreement for the firstrtws through the video footage
(kappa statistic = 0.73, 0.67), and moderate agreement ftiritti@ssessment (kappa statistic
= 0.54). There was almost perfect intra-observer agnee(happa statistics observer 1 =
0.898, 0.948, 0.851; observer 2 = 0.691, 0.697, 0.634). These results tlatednthe
reliability of the method. However, the allocation afventilation score has a subjective
element and during development of the technique, it becaeae ttlat regular ‘retraining’ is
important to achieve reliable categorising of ventilatidepths. For this, a library of
categorised video could be employed.

We employed ventilation scoring from video records inttiree 2007 trials. Figure 3 shows
the distribution of ventilation scores in a cage thas witially suspended at 8 metres (April
2007), then lowered to 14 metres for further study two westks &nd finally studied again in
July, at 14 metre depth when there were fewer codeircéige and a reduced crowd density.
Accurate densities are difficult to measure, becausehefdifficulties in estimating the
volume of the sweep net, but we estimated densitie22® kg nt in July compared to-480
kg m*in April). During crowding, there was a rapid immedidezrease in the proportion of
cod showing shallow ventilation (Figure 3). Statist@aalysis of the ventilation depth scores
for the separate trials, showed no evidence of diffepatterns of ventilatory behaviour
through time, of cod swimming in the centre of the sweeegh cod in the corner of the sweep
(x% = 10.7687P = 0.2151 x% = 4.0962,P = 0.8483x% = 5.5082,P = 0.7021 in the three
trials respectively). However, at fixed time pointsréhavere significant differences in the
percentage of cod in each category of ventilation dapthe two locations (generalised linear
models of replicated data at fixed time points, ignorimgtiols). Results showed:
(1) Fewer corner cod than cod in the sweep centre watest in the 8 metre trial
(x?1=29.2,P < 0.001).
(i) More corner cod than cod in the sweep centre with s2anethe 14 metre April
trial (x%= 26.1,P < 0.001).
(i)  Fewer corner fish compared to cod in the sweep centteseore 2 in the 14
metre July trial%?1=19.2,P < 0.001).

These results suggest a higher level of aerobic stressl in the corner than those swimming
in centre of the sweep. These behavioural indices ar&ethacp by physiological
measurements (see section 12), which further validatéehavioural methodology. In the
third trial (July), corner fish were less affected bgwding at a lower density and again this
agrees with data for the measured physiological parasneter

Our results show the viability of using ventilation degshan index of aerobic welfare in cod.
However, seasonal influences need to be considerethgDutine activity prior to crowding



in the two April trials, virtually all cod were in caiey O (shallow breathing), but in July a
large proportion were category 1 (moderate), probablgatiig seasonal increases in water
temperature and effects on oxygen availability and uss.cmplicates the routine
application of ventilation depth as a welfare indicatéevertheless, scoring of ventilation
depths monitored remotely using drop-down videos could be llysefuployed to monitor
on-farm welfare, provided measurements are made agapetted norms.

Figure 3 Distribution of ventilation depth scores pre- and during crowding
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6.3 COD IN SURFACE WATERS

Cod held in on-growing cages are not usually present attfacs (Rillahan et al., 2009), but
small numbers were located here during 2006 and warrantedt aigpection. Their location
and poor avoidance responses (allowing capture in handpnet®d to be indicators of poor
welfare. These cod had low,Kyiscera (Muscle mass) and showed severe osmoregulatory,
endocrine and metabolic disturbances (Table 4; Broval ,eP009). Their dark colouration
suggested that skin colour might be a valid welfare indiq@ee section 7).

Cod at the surface were also identified during the crowdundjes. We made the prediction
that a rapid rise from depth could lead to over-inflatidnthee swimbladder, and cause
difficulties in normal swimming, particularly as the dipmof fish in the crowd increased.
One way of examining such difficulties was to monitiee humber of cod with fins out of
water or belly visible (due to positive buoyancy). Tova counting of the proportion of cod
in the cage that were at the surface, a rapid sequdnueotographs was taken at 30 min
intervals during crowding. Each photograph was taken fronsah@e position, at the corner
of the sweep, looking along the float line, to include wWiele surface of the sweep (see
Figures 4A & 4B). Most of the cod floating at the suefagere in the corners of the sweep.

Table 4 Blood parameters of line-caught cod from two cages and
cod caught at the surface in a hand net

Line-caught Surface caught
Hand Net
Parameter Cage A P Cage B Cage A P
Cage A& B line vs netted
Plasma Cortisol 8.13+ 3.4¢ NS 6.82+ 0.8¢ 88.54+ 20.61 <0.00?
(ng/ml) (0.096)
Plasma Glucose 53.40+ 1.81 0.041 48.23+ 1.7 69.73+ 12.4: NS (0.118
(mg/100ml)
Plasma Lactate 0.44+ 0.03¢ NS 0.35+ 0.022 2.59+ 0.5 <0.00?
(mM) (0.053)
Haematocrit 20.11+ 0.3¢ 0.001 22.09+ 0.4¢ 28.69+ 1.3¢ <0.00?
(%)
Osmolality 338.55+ 0.7% 0.00z 343.08+ 1.25])| 383.27+ 13.0¢ <0.00?
(mOsm kg
Plasma Sodium 169.07+ 1.1 0.01 165.09 + 0.9 181.26+ 2.01 <0.00?
(mM)
Plasma Chloride 147.32+ 0.5¢ 0.04¢ 145.74+ 0.5t 156.56+ 3.11 <0.00?
(mM)

Data are means S$E; line-caught from Cage A:=54, line-caught from Cage B:=44, Hand net: Cage A:=9.
P values (Student's t test or Mann Whitney Rank Sum test)paring data between Cage A and B for line-
caught cod, and line-caught and netted fish in Cage AnbiSignificantly different

To make counts, three photographs at each time pointsgéreted and given a coded label.
Three assessors then made counts of surface bound ceacbrphotograph, marking the
belly of each counted cod on the photo. Figure 5 showsndgen percentage count of cod
from the cage at each time point.

There were no cod at the surface prior to crowding. Gathéhe fish with a sweep net from
a 14 metre deep net, with cod at an initial density 46 kg m®, and crowding them to a
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density of 480 kg /M in April, increased the number of cod with visible unddigelat the
surface (Figure 5). More than 2% of cod in the cage weiteeasurface within 30 min. Figure
5 compares this response to that seen when the cage wesade at the same depth in July,
at a crowd density of less than half that in April. Altlgh seasonal effects cannot be
excluded, it seems probable that the reduced density haakficies effect: less than 0.15%
of the cod in the cage became surface bound.

Figure 4A Example of photograph used to count surface cod with
visible white belly

- - ;X - T e ——

e I N

Cage initially suspended at 14 metres:
0 min crowding, 11/04/07

Our counts of cod at the surface demonstrated the bextedféects of reducing cage depth.
Figure 5 allows comparison of the number of cod with #hsvhite belly in cages initially
suspended at 8 m and 14 m depth, at a similar crowd dens#§Q kg nt’). At the lower
depth, the percentage of the cod in the cage that weree adutface and showing their
underbelly was significantly reduced € 0.001).

Although these results are based on single trials ¢h sat of conditions, they showed that
assessment of the number of surface cod is feasilecamd provide a meaningful non-
invasive measure of welfare during crowding. The cod atsthiéace are conspicuous, as
shown by the photographs in Figures 4A & B, but represenitedamum 2.74% of the cod
in the cage. Their appearance suggests fatigue, which magdered by an exceedance of a
physiological threshold, but there is evidence in someispdbat fatigue represents a
behavioural decision (Peake and Farrell, 2006). The decisiay amt as a protective
mechanism to avoid excessive activity or activity teagnergetically inefficient. In this case,
we suspect that the cod had inflated swimbladders, causing msagmdifficulties,
particularly at high densities. Once the sweep net wésased the cod rapidly righted
themselves. Almost all swam away within 1.5 minutes, ahaithin 5 minutes. Numbers at
the surface were improved by reducing the depth of themageto crowding or by reducing
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the density in the crowdVe therefore suggest a welfare standard for pre-handlaaggures
(crowding for grading or harvest) of raising the cagedepth by no more than 2 metres per
day until the maximum net depth prior to handling is resatgr than 10 m.

Figure 4B Example of photograph used for counts of cod at the surface with
visible white bellies

Cage initially suspended at 8 metres:
30 min crowding, 24/04/07
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Figure 5 - Cod showing underbelly during crowding

W 14 metre cage, crowd at ~ 480 kg m™
@ 8 metre cage, crowd at ~ 480 kg m™
s{ [ 14 metre cage, crowd at ~ 220 kg m™

% cod in cage at surface

Time (min)

Fig 5. Data are mean % counts= 3 photographs, $E) resulting from counting white underbellies of ebd
the surface, by 3 observers. ANOVA on Ranks showed signtfidifferences (H = 31.18, <0.001).Post hoc
Tukey tests identified significant differences betweanhepair (q: 3.946, 3.946 and 7.8%1<0.001 in each
case).

7 SKIN COLOUR

In 2006, the cod caught at the surface of the cage in arfe@indere noticeably darker than
other cod in the cage. These cod were subsequently foupel ito poor condition (low ko
viscerg- Although background colour is a major factor in detemmgrskin colour (Doolan et
al., 2007), other factors such as density, diet and stes®sdiso been reported to affect skin
colouration of farmed fish (van der Salm, 2004; Doolanl.e2808). Therefore, skin colour
or skin lightness/darkness could act as practical wellfidiees.

In the 2007 trials, we measured skin lightness/darkness usiolprameter (Minolta Chroma
Meter: CR- 410; measurement area 63 mm) to avoid subjestioes. The colorimeter directs
a pulse of light at an object and measures reflecggt o calculate chromaticity and
lightness on the international colour scale (Comimis$nternationale L’Eclairage, CIE) of
Lightness (L*), red-green (a*) and yellow-blue (b*). Aneaage of three readings were
obtained for each fish. In the first trial, we to@adings immediately beneath the dorsal fin,
but in later trials, readings were also taken on thdraé surface, between the pelvic fins,
where the characteristic patterning of cod cannot infleeeadings. From the readings, hue
and chroma (colour intensity) were calculated usingaheviing equations: chroma ¥ (a**

+ b*); hue (in degrees) = arctan (b*/a*) for positive valuésoand b* and appropriate
adjustments when a* or b* <0 (Robb, 2001; Stein et al 2005).

In line-caught cod, dorsal skin hue and lightness weretifeighas correlates of total fin
damage P = 0.0018 and 0.001 respectively: glm mixed model regressionsabfitotlamage
against all other parameters, with trial as a randdec®f which suggests that dorsal skin hue
or lightness may be useful welfare indicators whetks are closely inspected. However
there was a high degree of variability in the readibggsal lightness/darkness of salmonid
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species signals social status (Hoglund et al., 2000) anddhid complicate interpretation if
it also occurs in cod. Social stress increases skin ésskim salmonid species and triggers
hormonal responses, including an elevation in blood ob(titoglund et al., 2000). We found
no evidence of a correlation between plasma cortistihe-caught cod and their dorsal or
ventral lightness or hue and chroma readifgvdlues 0.11 to 0.95), so the variability in
readings remains unexplained, and further work is requirddrebeconsidering use of
lightness or colour as welfare indicators.

8. ON-FARM USE OF LACTATE PRO ™ METER

When oxygen availability for tissue function is compraedis glycolysis gives rise to
increased lactate production as a by-product of anaerobichyaitate metabolism in white
muscle cells. The muscle lactate enters the bloodnsasurements of blood lactate are
commonly used to assess the impacts of aquacultural presesluch as crowding and pre-
harvest handling, or the metabolic consequences of ex@uswvimming and fatigue
(Gustaverson et al 1991; Nelson et al., 1996; Hopkins and, @862; Johansen et al., 2006;
Peake and Farrell, 2006). Therefore, the measurement @d loio plasma lactate has the
potential to be used as an index of physiological and balmaiovelfare, and can provide
valuable insights into the aerobic status of fish in aguae, where both oxygen availability
and use may vary. Lactate meters offer the possihtyapid on-farm results without the
need for costly and delayed laboratory analysis. Welmmg the Lactate PF8 meter
(Arkray Inc) in measuring blood lactate of cod. This mefiees a reading of ‘Lo’, when
blood lactate is less than 0.8 mM.

Meter readings of ‘Lo’ were obtained for all cod caughtrbg and line. This low blood
lactate was confirmed by laboratory assays, for whichntean (+SE) blood lactate of 34
line-caught cod was 0.4503:22 mM. This leads to the conclusion that a meter mgaafi ‘Lo’
can provide a rapid index of health and welfare in igatio gill and cardiovascular function
and the provision of sufficient oxygen for aerobic tiskuection.

Where it is necessary for practical reasons to dedagling of blood lactate, collection of
blood into tubes containing an anticoagulant and antiglticotyix (sodium fluoride and
oxalate) ensures stability of blood lactate readingsatfdeast 8 hours (Brown et al., 2008),
which increases the practical use of blood lactate aparational welfare index.

Pilot studies suggested that sweeping and crowding bringsshpfrom their preferred
position towards the bottom of the net. When broughnhtgpsurface waters, the swimbladder
inflates and increases buoyancy, so that more energysad in swimming, leading to a
potential oxygen shortage and use of anaerobic pathways gemeraiscle lactate. The
diffusion of muscle lactate into the blood means Hiabd lactate is an indicator that can be
employed in conditions such as crowding or where tlsedésturbance or increased exertion.
In these conditions, meter readings for whole bloathte showed an excellent correlation
with laboratory measurements of plasma lactate<{®.94) or wholeblood lactate (R=
0.93). These data showed the reliability of inexpensive m)esech as the Lactate Pro, for
on-farm application to assess the aerobic status ofefhircod. Alternative meters may be
equally reliable, but need assessing on a case-by-case basis

Lactate meter measurements can provide an index of aevebimre that is relevant during

any farm procedure that affects physical activity, and pgesvinformation on welfare in a
more general sense. Table 4 shows that cod caught ecsusfaters by hand netting had
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elevated lactate concentrations, as well as otheicatdns of poor physiological
homeostasis.

9. SWIMBLADDER PRESSURE

The possibility of measuring swimbladder pressure, awe#are index in cod, was
investigated using a rebound tonometer (TonOVEblat Oy, Helsinki, Finland) that is
marketed as a veterinary tool for measuring pressuresiay@. In practise, it proved difficult
to obtain consistent readings. The tonometer gavablarresults depending on where the
probe hit the bladder and so measurements were discontintredthird crowding trial.

10. GILL COLOUR AS A POTENTIAL SURROGATE FOR HAEMATO CRIT

Our pilot studies showed that haematocrit is one of thsiplogical indicators allowing
recognition of welfare and well-being (Arlinghaus et aD07), but measurements require
careful handling of capillary tubes and centrifugationclhs unlikely to be easy on-farm, at
the cage side. A high haematocrit in cod caught in hansl {T@ble 4) as well as the
significant increase in the haematocrit of cod crowded Harvesting prompted us to
investigate the possibility of assessing gill colour, asreogate for blood haematocrit.

A series of Pantone colours that covered the spectfugil @olours were identified in trial
examinations of gills of harvested cod and collated sesias, from the lightest to the darkest,
with allocated scores of 0.5 to 7. This colour chart wmas used to rapidly assess gill colour,
immediately before blood sampling.

There was a significant correlation between haemiatanod the gill colour score of cod
crowded in a net suspended at 14 metres, which gives sometdoppse of the colour chart
as a surrogate for haematocrit. However, the lowetation coefficientsr(= 0.223,P=0.046
in April; r = 0.377,P<0.001 in July), indicates other influences and poor predigotential.
Other difficulties for reliable on-farm monitoring giil colour are likely to limit the value of
gill colour as a practical welfare index. These are:

(1) Ambient light conditions may affect colour matching

(i) Blood oxygenation and circulation will affect gill coio

(i)  Very rapid assessment of colour is essential to abeicffects of circulatory

changes after death.

11. DISCRIMINATION OF LINE-CAUGHT COD AND CROWDED COD, IN
CENTRE AND CORNER OF THE SWEEP NET

There were differences in ventilation depths of mololé i the centre of the sweep and cod
in the corners of the sweep net (Figure 3), which mayereéda different levels of aerobic
distress in the two groups. Data for blood parameters layglgal parameters, skin colour and
fin damage for 231 cod in the three trials were used to tigaés which measurements best
identified the cod as: (i) line-caught controls, (ij)dcm the centre of the sweep net during
crowding, or (iii) cod in the corners of the sweep netimducrowding. For this analysis,
Fisher's Linear Discriminant Function Analysis (LDFAas employed. This method relates
to Principal Components Analysis, but LDFA deliberatigtgls combinations of explanatory
variables that maximally separate experimental units pre-defined groups. The analysis
weighted the importance of each measurement while méyisgparating the three groups of
cod to determine which combination of features best segsathé groups. In analyses with
three groups of cod (line-caught, centre and corner figlo,linear discriminant functions
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were used to separate the groups. The first functiod, sBparated line-caught cod from the
other two groups. The second function, LD2, helped to sepeeatre and corner fish. When
only two groups were analysed (centre vs corner fishy, @mé linear discriminant function
was used. As there were gaps in the datasets, eighindisnt analyses were employed,
looking at the 3 trials separately and excluding measuresmehere there were many missing
values. In each case, the success rate in allocaithtpdhe known groups was assessed.

Figure 6 shows one example of the separation achieveédedahree groups. In this case, there
was 86% correct allocation of line-caught cod, which Hawevalues of LD1. Separation of
cod caught in the centre and corners of the crowdingsigdess easy, and is determined by
both LD1 and LD2. Corner fish tend to have larger valdesDi and LD2. The analysis
resulted in correct allocation of 65% of cod in theteeof the sweep and 69% of cod in the
corner of the sweep, giving overall 68% correct allocati@ble 5 summarises the pattern of
identification of the various parameters as contrimitéw LD1 and LD2 to allow
identification of the three groups.

Figure 6. Separation of cod into line-caught (0), centre (1) and
corner (2) categories by Linear Discriminant Function Analysis,
using all data for all trials.
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Table 5. Summary of 8 discriminant analyses for separation of line-caught and
crowded cod: in centre and corner of sweep net

Variable loading >0.5| la 1b 2a 2b 3a 3b 43 41
Haematocrit +LD1 | +LD1 +LD1 | +LD1 | +LD1
-LD2
Plasma lactate +LD1 | +LD1 | +LD1 | +LD1 | +LD1 | +LD1
Plasma glucose +LD2 | +LD2 +LD2 | +LD2
Plasma cortisol +LD1 | +LD1 +LD1 | +LD1
-LD2 | -LD2
Dorsal hue +LD1 | +LD1 | +LD1
Gonadosomatic index -LD2 | -LD2
Dorsal lightness -LD2 -LD1 +LD1
Dorsal chroma +LD2 +LD1 | +LD2 -LD2
Swimbladder -LD1
pressure
Ventral chroma -LD1 | -LD2
Ventral lightness -LD2 | -LD2
Ventral hue -LD1 | -LD1
-LD2
Splenic:somatic index -LD2
K no viscera -LD1 | -LD1 |-LD1 | +LD2
Hepatosomatic index -LD2 | +LD1 | +LD1

Plus sign identifies positive effects on LD1 or LD2; nagasign identifies negative effects on LD1 or LD2
la = data from all three trials, excluding ventral colmat measured trial 1), swimbladder pressures (not
measured trial 3) and fin scores (missing values3jig8% correct allocation.

1b = data from all three trials, including fin scores, &¥sect allocation

2a = trial 1 data (11/04/07), no measurements for verdtalir, 83% correct allocation

2b = trial 1 data (11/04/07), no measurements for &kodlour, excluding swimbladder measurements where
many gaps in data set, 81% correct allocation.

3a = trial 2 (24/04/07), 86% allocation success.

3b = trial 2 (24/04/07), excluding bladder pressure wheresuissing values, 82% accuracy

4a = trial 3 data (10/7/07), no data for bladder pressiB% correct allocation

4b = trial 3 data (10/7/07), no data for bladder pressurésutitin damage, 64% correct allocation

Table 5 shows that plasma lactate was a good discrimioftioe line-caught cod and the two
groups of crowded cod, except in tHe tial (July), when the density in the crowd was less
than half that of the April crowds. Blood haematotgianother contender in discriminating
between the three groups, but was not useful in the fpst #ial, when the cage depth prior
to sweeping was lower than in the other trials. Péastancentrations of cortisol were
sometimes useful. There was also evidence that comditdex (K. viscera@S @ measure of
muscle mass), skin lightness, hue, and chroma camilmget to the discrimination of the
three groups of cod.

Further analyses were performed, excluding data forchught cod, to assess which
parameters allow discrimination of cod in the centnel @orner of the sweep net. The
percentage correct allocation varied from 63 % to 87 %s&ahroma, condition ( viscera

and GSI were useful discriminators. Plasma lactategiuncbse were good discriminators,
with higher levels suggested for corner fish in both Apialls, which suggests physiological
differences linked to the behavioural patterns of the twaogs identified in sections 6.2 and
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6.3. Therefore, we examined whether cod caught in the ecasftrthe sweep showed

significantly different responses in these discrimonafrom those in the corner of the sweep
net.

12. RESPONSES TO CROWDING

The changes of the candidate discriminators of line-dacgth, and cod in the centre and
corners of the sweep, were examined for each of the 2@WVding trials. This involved
statistical analysis of the effects of time, locatemd gender on dorsal chromage Kiscera
plasma glucose, plasma lactate, plasma cortisol amddteaerit.

Condition (Ko viscerd Was not significantly different in male and femated, or in cod in the
two locations during crowdingP( >0.05 in all cases). This suggests that condition is
unimportant in influencing the different behavioural resporisesrowding. Dorsal chroma
was not affected over the period of crowding in any efttials i.e. it was unaffected by the
stress of crowding, however, in the first trial (Apthere was a significantly higher dorsal
chroma in cod in the corner of the sweep than thasplsa from the centré®(= 0.02). This
lends support to further work on the importance of daskiur as a welfare index.

Figure 7 and 8 summarise the results for plasma lactatkee 3 crowding trials. Plasma
lactate concentrations were significantly increasem/alihe basal concentrations of 0.24 to
0.76 mM, as in the pilot studies. Cod in the centre angec®f the sweep net differed in their
plasma lactate in the 14 m trial at high density (Apiflihese data support the continued use
of blood lactate as an index of physiological welfare amditions that increase physical
activity.

Figure 7 Effect of crowding 8 metre and 14 metre cages (April)
on plasma lactate of cod in center and corner of net

Centre 8 metre . Centre 14 metre
Corner 14 metre

Corner 8 metre
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Fig 7. In the 8 m trial, corner and centre cod showedn#asi and sustained increase in plasma lactate
during crowding, within 30 min. Female cod showed significahitjher plasma lactate than male cod
during this trial P = 0.04). Crowding from a cage depth of 14 m resulted in both-talated and
location-related differences in plasma lactd®e<(Q.001). Cod in the corner had significantly higher
plasma lactate throughout this trial, and all fish shbasignificant increase at 30 min compared to time
0 min values in line-caught co® € 0.04), and a further increase between 90 min to 12Pn9.001)
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Figure 8 - Plasma lactate of cod crowded in 14 m
cages at low and high density
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Fig 8. In the low-density crowd (July 2007), within 30 min plasattate was increased above basal
concentrations found in line-caught cd0.004) but then showed some recovery (decrease between
30 min and 120 minP = 0.01), and no apparent differences between cod in tbddwations.
Crowding at a higher density (April 2007) resulted in botletmalated P<0.001) and location-related

(P<0.001) differences in plasma lactate.

Plasma cortisol was significantly increased above lmsalentrations during all 3 crowding
trials (Figures 9 to 11), but showed different patternegponses.

Figure 9 Plasma cortisol of cod crowded in
8 metre cage (April) 2007
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Fig. 9. Plasma cortisol significantly increased betw@emn and 30 minK <0.001), and 30 to 60 min
(P <0.001). There was some recovery between 90 min and 12Ganrsignificant comparison of 30
min vs 120 minP = 0.43).
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Figure 10 Plasma cortisol of cod in 14 metre
cage (April) 2007
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Fig. 10. Plasma cortisol showed a significant increasedsm 0 min and 30 mirP(<0.001), was
maintained at 60 min, and showed some recovery after 60(Fnin 0.002), with no significant
differences between cod in the corner and centre ofttbers throughout the triaPE 0.18).

In the two April trials, gender affected cortisol respes to crowding. Female cod
showed a higher plasma cortisol concentration than omdein both crowding trials

(P = 0.02 and 0.004 respectively. This is reminiscent of ffieete noted in the pilot

studies (run in June: see Figure 1).

Figure 11 Plasma cortisol of cod in 14 metre
cage (July) 2007
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Figure 11. Plasma cortisol prior to crowding was sigaiftly lower in July than in April (Figs 9 &
10). In July, there was no effect of location in thewd or gender on the cortisol responses. There
was a significant increase at 30 min in crowd (P<0.001)tlaerd recovery (comparison of 30 min vs
120 min, P<0.001).
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Data for plasma glucose during crowding showed signifieffiects of crowding in all three
trials, but there were complex time relationships afférénces between the responses of cod
located in the corner and centre of the sweep thahatidollow the same pattern as cortisol
responses. In all three trials, there was a sigmifigehigher plasma glucose concentration in
cod located in the corners than in cod located in émtre of the sweep. Since cortisol was
not significantly different in cod from the cornerdacentre of the sweep in either of the 14
metre trials, differences in glucose are likely ¢flect an increase in catecholamines due to
oxygen shortage. This conclusion is supported by the sigmtifa@relation between plasma
lactate (triggered by oxygen shortage) and plasma glucgse=66.34, P < 0.001).
Interestingly, correlation analyses suggested thatléeowd had higher plasma glucos@:(
=8.24,P = 0.004), but no gender effects were apparent in glm agal{she changes in each
trial.

The suggested increase in circulating catecholamines dumngditly can be predicted to

stimulate splenic release of erythrocytes and areasa in haematocrit. In all 3 of the 2007
crowding trials, there was a sustained increase in bluematocrit, with a significant

increase by 30 min of crowding. The location of cod (ceatr@ corner) had no effect on
haematocrit in the 8 metre April trial, but splenic:stimindex (SSI) was significantly lower

(P = 0.015) in cod in the corner of the sweep net, which sugdbat erythrocytes were

released into circulation. Therefore, SSI may be aremsensitive index of a

neural/catecholamine response to oxygen shortage than b&mdatocrit. This idea is

supported by evidence of a negative correlation betweera@Eblood lactate in the three
trials (x* =7.94,P = 0.005).

In the 14 metre April trial, when there was a high crowdsdg, cod in corner of the net
showed a further increase in haematod®?it=(0.03) at 60 min of crowding. This agrees with
analysis of SSI for this trial, which identified anesff of location P = 0.004), with SSI lower

in cod in the corner of the sweep net. In July at lodensity, the sweep from 14 metre had
no significant effect on SSI, while haematocrit wasraased. The lack of a significant
difference between cod in the two locations agreds ather data for these fish and suggests
that lower levels of physical activity are beneficiake section 6.3). Our data for blood
haematocrit and SSI support the continued use of theametars as indices of physiological
well-being and welfare during crowding or other husbandry proesdur

The results from our studies lead to the conclusional@tv cage depth and a low density are
beneficial for cod during crowding. However, the praiies need to be considered, and
low fish density will reach a point where harvestinginsealistic. Lower depths of crowding
are a more realistic option and can reduce the numbsurédce cod that tend to be in the
corners of the sweep net (see section 6.3).

13. WELFARE IN HARVESTING

During the contract period, harvesting practises changild,tke aim of reducing adverse
implications that were shown in the pilot studies. Tiieoduction of air-lifting from the
corners of the sweep net, where cod could be most yeaxtiessed is of significance, since
there were higher levels of disturbance in these caakicitowding trials (sections 6.2 & 12).
We therefore investigated the impacts of the new cnogvddnd harvest process, which was
complete in 90 min. Blood samples were collected imntel§iafter a cod was stunned with
a MT4 Pneumatic Fish Stunner (Richard Bass Ltd), followed bpmeysination after cutting
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through three gill arches, by catching the spurts. Bloosl aedlected from individual cod at
known times after starting the sweep.

The practise of air-lifting from the side of the hatveage avoided a significant increase in
the mean plasma glucose or plasma lactate normadly daring crowding. Figure 12 shows
the plasma lactate values of individual cod over the BDahharvesting, 78% of which had
lactate concentrations within the normal range fotimgsod. Plasma cortisol concentrations
of these cod was increased from 1.510.49 ng/ml in line-caught codh (= 6) prior to
harvesting to 10.10 $.46 @ = 25) during crowdingR < 0.001, Mann Whitney Rank Sum
test), but the increase was less than in previous cngwdals.

Figure 12 Plasma lactate of cod prior to and during harvestig by
air-lifting from cage suspended at 8 metres
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14. RECOMMENDATIONS AND FURTHER WORK

A photographic key and scoring scheme for assessmeninoérbésion key has been
developed. We recommend application of the scoring schémnedetermine how

environmental conditions influence fin erosion, for exlanwhether stocking density affects
erosion, and to assess the welfare implicationshcériosion.

Hand-held lactate meters are recommended for use inarnogiblood lactate, as a means of
assessing husbandry practices and their impacts on wiglfeoel. This approach can also be
readily used in other farmed species. The work on foedsed on one meter and it is
important to emphasise the need for validation if adteva meters are employed.

We recommend use of in-cage cameras to monitor codvibeina We developed and
validated a ventilation depth index for cod, but seasormahsimeed fuller consideration. This
scheme could be adapted for other species. Direct codintentilation rates are also
recommended when circumstances allow this.
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A condition index, based on eviscerated body mass aseasure of muscle mass, is
recommended for assessment of chronic impacts on céarevel

Assessment of the numbers of cod at the surface, whiefeeding, is recommended as an
index of chronic welfare. We have also developed a methodassessment of acute
behavioural changes leading to surface location duringicgoBased on the results using
this method, and other behavioural and physiological indiaesrecommend a welfare

standard for pre-handling procedures (grading or harvestingising the cage net depth by
up to 2 metres per day until the maximum net depth pritwatalling is equal to or less than
10 metres.

In line with current standard industry practice, aiiddt or vacuum pumping fish at key
points in the production cycle (harvesting, grading etcgeé®@mmended in view of the clear
benefits over the use of lift nets.

For cod, swimbladder inflation was identified as a fieacto standard handling procedure.
While changes in husbandry procedures went significantiarnds reducing the incidence,
and reduced the number of fish at the surface, further tigaiens of the causes and
significance of this behaviour are required.

Maturation, and its effects on the welfare of farmed,as been identified in this study as
an area of significant concern. Further investigatiom strategies to minimise and/or prevent
maturation in farmed Atlantic cod is therefore wareaint

The link between pre-slaughter handling stress and end-prqdatty, which was beyond
the scope of this project, is another key area for futiom.
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