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PREFACE

This master thesis is part of the BreedWell prgjashing to developing methods to
improve fish welfare in aquaculture breeding progga The project is run by the
Norwegian Institute of Food, Fisheries and AquaseltResearch (Nofima) and
funded by the Research Council of Norway. This ptues carried out at Nofima

Marin, over the period from December 2011 to Augixi?.

Animal welfare is a subject of increasing inteffestethical and legal reasons. Various
traits can be used as indicators of animal welflaoe.selection and breeding purposes,
it has been shown that the trait frequency of infe.g. fin damage) can be taken into
account in fish selective breeding and have gelyelbglen used in cannibalistic fish
species such as rainbow trout. However, evidenlegerkto the fin condition of the
Atlantic cod is lacking. | believe this study rehaf to fin morphology and changes in
cod will provide useful knowledge for making lodi@nd meaningful inferences of
the cause of fin damage due to possible sociataatiens (or cannibalism) among

conspecifics.

Changes in fin length, is one of the methods comynosed to assess the degree of
fin damage. Differing from normal methods of measuifish length, we use digital
image analysis to measure fin length of fish iis gtudy which showed the advantage
of being convenient and time-saving. Assessor bygilia test indicated that it was
feasible to record fin length using digital imageakysis which further proved its
accuracy in measurements. | suggest that more edsarand sophisticated
technologies ought to be applied in research stuslith various purposes to speed up

the development of scientific industry in the fugur

Yajing He
As, Aug 2012
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ABSTRACT

Fin damage, commonly termed as fin erosion, has pa#&l considerable attention as
a worldwide welfare issue especially in cannibalish species. As cannibalistic fish,
Atlantic cod Gadus morhuphas been showed to have fin damage. The pretsehyt s
was conducted with 2100 juvenile cod with a meatmainbody weight of 34.6g. The
lengths of four fins (three dorsal and the cauftaleach fish were measured, and the
measurements were made by three different assestsitnee different points of time
(recording 1-3) within six weeks of the experimemhis paper demonstrates the
application of digital image analysis for analyzifig length of cod. In order to
provide an indication of the repeatability of dajiimage analysis, a reliability test
was performed. The image of 42 randomly chosennjlereod taken at recording 3
was analyzed repeatedly by three different assesSignificant differences in fin
length measurements were found both between arfdnwaissessors. However the
Pearson’s correlation in fin length measurementsvdxen each of the two assessor
replicates was equal to or higher than 0.45. Thexe moderate correlations of fin
length measurements between different assessds1%6.84), and the correlations
between replicates within same assessor were stfigriy57-0.94). In addition,
majority of the variance was found to be attributedthe fish effect rather than
assessor effect. Generally there were moderateatambty of the fin lengths
analyzed using digital imagdr£0.46-0.61). With the support of all the statistica
results from the reliability test, it is justifiet say that this digital image based

approach to measure fin length is accurate andbledsr genetic analyses.

All the data set obtained from 2100 juvenile codwaed to assess the changes for all
four fins during the experiment due to growth osgible erosion. “Relative fin length”
expressed as the percentage of fin length to tiaé hody length, was applied in this
study to assess the fin erosion. All four fins ishfsuffered damages within the first

two weeks (recording 1-2), and the caudal fin shbwiee most injury. In the



following four weeks until the end of the experimémcording 2-3), the cannibalism
diminished with anterior dorsal fin still sufferirggeneration. Later the incidence of
fin erosion also reduced compared to that describedhe first two weeks of the

experiment. In general, the damage was concentrateahterior dorsal and caudal
parts of the fish. A possible hypothesis is tha tim erosion was probably due to
attacks among the cohorts in the same rearingamihe establishment of dominance
hierarchy (i.e., social interactions). More releivaesearch is however needed to

understand the underlying reasons that may exfilaiobserved fin damage.

Key words: Atlantic cod Gadus morhuadigital image analysis, fin erosion, fin

length measurement, reliability test
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Introduction

1 INTRODUCTION

Aquaculture industry is one of the fastest growsegtors of animal production in the
world (FAO 2012). In recent years, the scale ofogadish culture like cod has
expanded (Rosenlund & Skretting 2006). Norway ige @f the most famous cod
producing nations in the world. In the 1980s, Noywtarted to develop commercial
cod farming, and in 2002, the first breeding progr@od Culture Norway (Bergen)
was introduced (Moksness et al. 2004). The boothencod fishery industry can be
attributed to the tasty meat and extraordinaryitiomal value of the cod fish. Since
cod is cannibalistic, studying relevant welfareigadors (e.g. fin damages) affecting
cod growth with the purpose of improving its donegion shows substantial
meanings. However, published literature about famdge in cod is lacking. One
thing that has been confirmed is that the canrgbalphenomenon seems to be most
prevalent in larval and juvenile cod (Puvanendraal €2008). Moreover, fin damage
can be considered as an indication of the levebhgdressive activity for a cod

population (Hatlen et al. 2006).

Fin condition can be described by fin status orngiad by fin length and profile
(Latremouille 2003). The inevitable problem in wgidescriptive and subjective
scoring methods to assess fin losses is the inhawdnectivity (Branson 2008).
Kindschi (1987) proposed the term named “relative I€ngth” to assess the fin
damage of steelhead trout through comparing theggsof the percentage of the
specific fin length to total fish length. Later ghinethod was developed and proved
feasible in many fish species such as rainbow tfBasakowski & Wagner 1994). In
order to ensure the accuracy of the assessmeny rtedative fin length, precise body
and fin lengths of the fish must be obtained. Tradally, the length of fish is
measured using measuring tools such as measupeg,thut this method has many
drawbacks such as being time-consuming. In receatsy digital image analysis
technology has developed and has been used instieryf researches (Blonk et al.

2010). Using digital image based approaches toyaeahorphological trait of the fish

1
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has been proved feasible. For instance, it is detumented that the length of tuna
fish can be well measured through using digitalgmg approach (Hsieh et al. 2011).

Unfortunately, to our knowledge, relevant reseanchhe cod fish is lacking.

The main objective of this thesis was to invesBgtite possibilities to use digital
image analyses to measure fin length, in ordeséothese fin length measurements to
assess morphological change of the fins due tothramd possible social interactions
during the experiment. From this deduce the foliayvi

+ To determine the correlations between assessordatween replicates within
assessor in fin length measurements obtained frdrish for the reliability test
and the repeatability of fin length measurements.

* To evaluate the advantages and the disadvantagesonding fin length using
digital image analysis.

* To determine morphological change of four differéins (three dorsal and the
caudal) by studying changes of the fin lengths #redrelative fin lengths [(fin
lengthx100)/total body length] obtained from 21&hfat three different points of
time during the experiment (lasting for 6 weeks).

» Discussion of the possible methods for the assedsonéin erosion
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2 BACKGROUND

2.1 Species traits and culture attributes of Atlatic cod

operculum 3dorsal fins caudal fin Atlantic cod Gadus morhup is a
(gill cover) lateral lin€ squared

well-known groundfish, also known as

codfish or codling (Torsk in

smmebggg/

Norwegian). It has a heavy and
pelvic fin

\ pectoral fm 2 anal fins

tapered body, a large mouth and many
Figure 1. Fins of Atlantic cod Gadus morhup
http://www.allfishingbuy.com/Fish-Species/Atlantic- Small teeth in it. Cod has three dorsal
Cod.htmaccessed 30.07.2012

fins, none of which contain spines. The
tail fin is almost squared. A characterized whétetal line runs from the gill slit to
the base of the tail fin. Cod is a highly fecun@aps with pelagic eggs and larvae
(Kjesbu 1989). The larvae also show extraordindrigh growth potential (>20% per
day) (Rosenlund & Halldorsson 2007). Not only theaten at low temperatures, cod
are still capable to have similar growth rate theotfarmed fish species (Finn et al.

2002).

In traditional cod farming, the cod fry dependswaiid stocks. However, the annual
landings from wild stocks have been declining aonthe stocks have showed a
significant decrease compared to historical le(fdigsksness et al. 2004). Considering
the limitation of wild fishery of Atlantic cod arttie considerable profit, an applicable
commercial cod farming method was needed. Forthpatee potential for the

development of cod commercial farming is large, Hredmain limitation is probably

in the juvenile cod production (Moksness et al. 0@ttempts have been conducted
continuously. For example, in Norway, comparing teeccessful commercial

production of Atlantic salmon, a passionate intetess been created to develop
commercial cod farming (Rosenlund & Halldérsson 20@reat efforts were made

around 1990s for cod farming, however, the comnaBeeition process stopped later
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due to various reasons (Rosenlund & Skretting 200B¢ production of farmed cod
(Gadus morhuphas increased rapidly from 2000, but the productiolumes of cod

are still low compared with salmoB4Imo salay (Fig. 2 and 3).
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Figure 2. Production of Atlantic salmorS@lmo salayin Norway from 1950 to 2010 (FAO
Fishery Statistic).
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Figure 3. Production of Atlantic cod3adus morhupin Norway from 1950 to 2010 (FAO
Fishery Statistic).

2.2 Cannibalism

The research history of Atlantic cod is long, ahd majority of the basic culture
details have been established. However, problenssnme areas still exist, including
larval and juvenile mortalities due to cannibali@@nown et al. 2003). Cannibalism is
an extreme form of predation within group membé&rsv@nendran et al. 2008), and it
can be attributed to the social interactions amoaborts. The causes of social

interaction are various. In aquaculture speciegelamount of individuals are reared
4
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together in one unit. The density of individualamsich higher than that in the wild,
and considerable phenotypic variation in the fispydation can be found\s a result,
aggression happens more frequently among integpatidividuals (Muir & Bijma
2006). These aggressive (or cannibalistic) behawiwaly cause harms to the fish and
may lead to devastating losses if it is not manggegberly (Folkvord 1991). For
example, Turnbull et al. (1998) mentioned that aggion in fish is frequently shown
in the form of fin damage. In contrast, the incidemand severity of fin injury can be
also used as the criteria to evaluate the aggressidish, which has been used in
salmonids (MacLean et al. 2000). Cod are well-knaggressive fish species and can
be cannibalistic if food availability is suboptim@osenlund & Halldérsson 2007),
and the cannibalism phenomenon found to be mos@ajaet in larval and juvenile
cod (Puvanendran et al. 2008). Therefore, reducampibalism should be treated as
an essential and critical issue for further codnfag, since juvenile cod production is

the key point of the cod commercial farming.

2.3 Fin erosion phenomenon

The commercial fish should look healthy and aesthly pleasing, at least without
visible signs of suffering or deformities. Persom-Ruyet et al. (2007) thought that
the commercial value of hatchery-reared juvenikgelated to the fin condition.

Damaged fins will affect the appearance of fishhenwy. Further, fin condition can be
used as a potential indicator of fish quality sashdorsal fin length (Winfree et al.
1998). For example, the Norwegian industry standand fish incorporates the

absence of fin loss (or damage) into the judgmeénsuperior fish Norwegian

Industry Standard for Fisth999).

Fin erosion can be defined as degradation of theklin or fin rays of teleost fish and
cause various morphological changes such as splithd histological reduction in
fin size (Sharples & Evans 1996). Latremouille 0feviewed methods used for the

assessment of fin erosion, which can be mainlydéiinto methods describing the
5
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fin status and methods quantifying the area ortlemnd fins. A relatively objective
method called “relative fin length” (fin lengthx1@&al body length) for quantifying
the extent of fin erosion, proposed by KindschigaQ has been widely used for the
assessment of fin erosion with the measuremeninoehgths. Fin erosion is best
documented in farmed salmonids such as rainbowt t(@mcorhynchus mykiss
(Bosakowski & Wagner 1994). For instance, Moutouakt(1998) found that the
severity of erosion on the dorsal fins seemed grahan that on the caudal fins, and
the cause of dorsal fin damage is of a behaviargiro Moreover, aggressive nipping
in juvenile steelhead trout was proved due to te&aldishment of dominance
hierarchies, and the erosion was also observedaptymat the dorsal fin (Abbott &
Dill 1985). For cod, relevant research appearsetéebs. Fin nipping has been found
in juvenile cod, and higher incidence of fin eroswas found on small cod (55g) than
large cod (250g and 450@)atlen et al. 2006). However, according to theultss
shown in the report commissioned by the Scottisluakglture Research Forum
(SARF), minimal level of fin erosion was seen imfi@d adult cod (4 to 8kg), except

for the first dorsal fin (Smith et al. 2009).

2.4 Digital Image Analysis

From the design of digital image analysis systeng. (&), a digital image analysis
system can be systematically divided into the fellg parts: digital camera,
illumination, digitizer, computer hardware and sate (Wang & Sun 2002). Good
illumination can significantly reduce inappropri&eternal effects, such as shadow. A
brief explanation of the workflow is that the digér will change the pictorial images

into numerical form for subsequent image processing
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iqumaru
Ling x Q

Computer <
Q_‘.ﬁ Sample

Figure 4. Main components of the digital image analysis sysf@/ang & Sun 2002)

The traditional measuring method is awkward anctaonsuming. Each time before
measuring the fins, fish should be narcotized axetifto obtain an optimal measuring
condition. Fish may experience potential damagsti@ss, if the evaluation work is
done regularly. It seems like this method is unptadgle in some cases. With the
development of advanced technology, digital imagelysis can easily solve this
problem. The images can be used repeatedly wiithterrupting the fish. Sometimes
the experiment and the data analysis are conduictedifferent places. Thus,
experimenters can take pictures of fishes then #degk pictures through the internet
to researchers in different places for further gsial To some extent, using digital
image measuring system can not only reduce the cessary repetitive manual
operations but make reanalysis easy. In realigitaliimage analysis has been used in
descriptive work in aquaculture (Blonk et al. 2Q1@nd it is supposed to do

outstanding contributions in aquaculture researches

2.5 Feasibility analysis in statistics

In research studies, the term reliability refers“tepeatability” or “consistency”.
Simply put, a measurement is deemed reliable iEmee result can be obtained again
and again assuming the subject under measuringvexiable. Two measures of
reliability are mainly of interest: change in thean and the correlation between test
and retest (Hopkins 2000). Change in the mean gimglans the difference between

the means of two tests. The change can be derreed lboth random change and
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systematic change. Pearson correlation coeffigiehis a typical parameter to assess

the correlation between test and retest:

Cov(X,Y)
JVar(X) /Vary)

WhereX, Y are normal distributed and independent of eacéroth

Corr=p=

A preferable measure of reliability is intraclassrelation coefficients (ICCs). When
more than two tests are taken, it can be calculased single correlation. Intraclass
correlation was typically used for measuring honmaggy (Shrout & Fleiss 1979).

In the classical test theory, the actual measurénwrsists of two parts:

X=T+e

X = the measurement in the study;
T = the true score;
e = the measurement error.

Assuming the measurement error is uncorrelated twithscore:

Var(X) =Var(T) + Var(e)
The reliability of a measuring task is defined ks true score variance to the total

variance.

R= Var(T) _ Var(T)
Var(X) Var(T)+Varn ¢

The variance of true score cannot be calculates tathe true value are never known
for a measurement. The best way is to estimakg iknd X are two measurements of

the same subject, either from same assessor atiti@cent assessors.

X1=T+e and %=T+e,

with Var(X,)) =Var(X,) = Va( X andvar(e )=Var(e, )= Var (e

Cov(X,,X,)=Cov(T+g ,T+g )=Cov(T
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_ Cov(X,,X,) _ Var(T)
Corr
JVar(X)Var(x,) Var(T)+Var(g

It is clearly showed that the reliability coeffioleis an intraclass correlation
coefficient. When the scores assigned by asseasensumerical data such as length
and weight, measurement reliability can be assebgeahalysis of variance model

(Landis & Koch 1975).

In the most elementary reliability testing studyhwiepeated measurement, each of
(=1, 2...n)assessors independently measuring one charactenste on each of the

samd (i=1, 2...k) subjects.

Yij SUFT g

Y;;= the measurement of thé¢h subject made by theh assessor
v= overall population mean of the measurements

7= thei th subject effect

;= residual error

i ande; are assumed to vary normally with means of O amthuces of?ando?.

The estimated intraclass correlation coefficientediability can be used as an index

to assess the reliability of the measuring proced8hrout & Fleiss 1979), which is

denoted a;E):

~ o
= S 1
P o 1)
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3 MATERIALS AND METHODS

A 6 weeks experiment was carried out on Atlantic,cand the experiment was
performed at the experimental base, the Cod Brge8iation, of Nofima Marin in

Tromsg in November 2009. Pictures were taken otdukin the experiment at three
different points of time during the experiment, afiwl lengths of the fish were

measured using these digital images. Two diffeamalyses on the digital image were
done, and the image materials were all obtainea fitee fish in this experiment. The
first analysis was a reliability test with the pase of testing the feasibility to record
fin length using digital image analysis. The analyzmages were obtained from the
fish derived from two randomly chosen tanks in thigeriment. In addition, the

second analysis was made based on all the davhtseed from the whole fish in the

experiment aiming at assessing the morphologicahgés of the fins on the fish.

3.1 Experimental system

3.1.1 Fish materials

The number of tanks, the number of fish and famiper tank in the experiment was
decided after initial power calculations and sintioles (Jdegard & Olesen 2011). As
a result, a total of 2100 tagged fingerlings (watimean initial body weight of 34.6g
hatched in March to April 2009) from 100 full silanfilies originating from the
National Cod Breeding program were used. Eachsibllgroup were split into three
sub-groups (300 sub-groups in total and 7 indiMglua each sub-group), each
sub-group was further represented in one of 10Kst&h90L) randomly. Meanwhile,

three sub-groups (21 fish) were stocked in eatheofL00 tanks.

3.1.2 Recordings at the station
During the experiment, the weight and length ofhefish were measured at three
different points of time. Body weight was measutedhe nearest 0.1g, and body

length to the nearest 0.1cm. First recording wastatking (2° and & November,
10
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2009), second recording was two weeks after thekistg (16" and 17 November,
2009), and third recording was four weeks latethat end of the experiment (14

to16" December, 2009). Dead fish were registered througthe experiment.

Pictures were taken of all 2100 fish at all threeordings during the experiment, and
they were identified by their individual PIT tadgefore taking pictures, fish received
a temporary anesthesia with MS-222 to avoid stiessmake them lay still during the
photography. Later as shown in Figure 5, fish waeeed on a uniform and white
background with the true left side of fish body dpcalibration ruler was placed
adjacent to the fish. Moreover, two papers werachttd by the side of fish, on which
the tank number and the fish number were writtespectively. The fish number
represented the photographing sequence of eactvitisim one tank, since pictures of
the 21 fish were taken one by one. All digital irmagvere saved in JPEG-format for

further image processing.

Specific Fish Number«

Measured Fish+

Tank Number«

Reference Ruler«

Figure 5. Sample digital image (photograph) of a juvenild egth a calibration rule for length
estimation and two labels for identification, phgrmphed by technicians in the cod breeding
station (Nofima Marin, Tromsg) in November 200S¢neling 1).

3.2 Fin length measuring methoddigital image analysis)

The digital image (2048x1536 pixels) was performexsing MATLAB software
(version 7.12, r2011a). Each image was changedagsgale after reading into the

workspace. Ten centimeters was firstly measureu fite ruler as a calibration vector.
11
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Measurements were conducted by taking the maxinemgih reading (i.e., parallel to
the fin rays; fig. 6). Three dorsal fins and theda fin with the abbreviated name of
Finl, 2, 3 and 4 were measured by three differes¢ssors (named M, B and K), who
did not have the experience of digital image anallgefore. Assessors were taught to
use ordinary cursor positioning and mouse clicksngasure the fin length through
locating the starting points of fins on the baske sand the terminal point of fins on
the outer side along with the fin ray. For the @u, the length of fin ray on the
dorsal side of the fin was measured (Zimmerman |le2@06). Fin length was
estimated based on the proportional relationshipvdsen the fin vector and the 10cm
vector from the calibration ruler. Finally, the nemt length of each fin was

automatically recorded for further analysis.

1] TURTER R RN e e
: ] - "

Figure 6. Location of the measurements taken for maximuntefirgths of three dorsal fins and
the caudal fin.

3.3 Analysis 1(verification of digital image analysis to meastirelength)

3.3.1 The reliability test design of the digitalage analysis

The investigation for verifying the feasibility ohplementing the digital image based
approach to analyze fin length was essential.cluoled whether the image analyses
carried out by different persons on the same frescaherent, and whether the image

analyses done by the same person is reliable r{oe.too discrepant resulting fin

12
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lengths when done twice or more times by the saengeop or different persons). The
pictures of 42 fish taken at recording 3 were aredy repeatedly by the three
assessors, in order to investigate the correlaifotihe measurements carried out by
same and different assessors. In detail, M, K andale measurements three times,
twice and once, respectively. Therefore, assessihsreplicates were divided into
six groups: M1, M2, M3, B1, K1 and K2. The capitdters refer to the assessors, and
the digits refer to the number of replicates (Tab)e There were 252 (42 fishx6
measures) observations obtained from all the amsessth replicates for each of the

four fins.

Table 1. Descriptions of the abbreviations for assessth mplicated measurements.

Abbreviations Description

M1 First measurement of assessor M (11:00 Brec, 2011)
M2 Second measurement of assessor M (13:00"bb#g, 2011)
M3 Third measurement of assessor M Jan, 2012)

Bl One measurement of assessor B

K1 First measurement of assessor K (Autumn 2010)

K2 Second measurement of assessor K (Jan 2012)

3.3.2 Statistical analysis - Analysis 1

The statistical analyses were conducted using wargiatements of the Statistical
Analysis Software (SAY release 9.2 for Windows (SASstitute Inc., Cary, USA).
Means of fin length measured by same assessor #fetedt assessors were
compared separately by using the dependent grouRSTTstatement (paired
comparisong-test). The degree of association between the maasmts made by the
assessors was analyzed by running PROC CORR statemestimate Pearson’s
correlations. Data set was also statistically aredyby analysis of variance (ANOVA)
using the general linear model (GLM) statement #re MIXED statement. When

running the statistical model, fin length measumeim@as used as the dependent

13
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variable. The effect of assessor, fish and repetitiere used as the class variables.
Different combinations of these variables wereegsand the GLM statement was
used to test the significance of these class a@salThe level of significance was
indicated at < 0.05. Four different mixed linear models wereratsed to estimate
the variance component of those effects which heghlested significant by GLM
statement before. In the Mixed Model ANOVA, the igace of the random effect
parameters was referred to as variance componeiariée components were
estimated using restricted maximum likelihood applo (REML). Reliability (or
repeatability) is expressed as the ratio of betwsdaect variance to the total
variance (Eqg. 2). It ranges from “0” to “1” (morkose to “1” indicates more excellent
reliability). Furthermore, the LSMEANS statemerdg$t-square means) was used to
detect differences of the fin length measurememtvéen the assessors in the

reliability test (used in model 4).

_cov(PP) _ cov(fish+e, fishte) of
R= = > =—
Op0p, Op O

With 0, =0, =0,; cov(fish,e) = C cov(g,e)=C

azf =variance component due to fish;
o1 = total variance.

Mode 1: Assess the variance due to fish effect to see dpeatability of the
measurements.

First, we assumed a linear mixed model with thie &€ect as a random effect.

Y, = pt f te  (3)

Y= ijth measurement of the fin length;
u= overall mean;
fi= random effect of fisly

;= residual errors.

From Eq. (2) we easily derived the formula for tk&ability (repeatability) for this
14
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model. Such a coefficient was referred to as itdssccorrelation coefficient between

any two measurements assigned to the same suligbgtvjas calculated as:

o?
R: fish (4)

Uﬁsh-'-asrror
Model 2: Assess the variance due to assessor effect.
Both assessor effect and fish effect were incluakedandom effects (in order to take

into account the effect due to assessor).

Yijk =t fi +aj +%k %)

Yii = ijkth measurement of the fin length;
= overall mean;

f, = random effect of fish

a= random effect of assesgor

€jk = residual errors.

Mode 3: Assess the variance due to the interaction betwssassor and repetition.
Fish effect and the interaction between assessbrreplication were presented as
random effects in this model. Assessor*rep varidthle interaction between assessor
and repetition) was introduced to take into accdbet differences between all the
replicates made by the three assessors, due tepheations made by each assessor

was uneven and performed at different times.

Y’jkl = U"'fi +(ax r)jk +qkl (6)

Y = ijklth measurement of the fin length;

= overall mean;

f, = random effect of fish

(axr);= interaction between assesgand replicatiork;
gju = residual errors.

Model 4: Three assessors were the only assessors invaivadistudy.

15
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Assessor effect was included as fixed effect. lchscase, assessor effect should be
parameterized asEA; = 0. Fish effect and the effect due to interactimetween

assessor and replication were designated as raafieats.

Yijkl = H+ fi + A) +(ax r)jk 6 (7)

Y = ijkth measurement of the fin length;

w1 = overall mean;

f, = random effect of fish

A= fixed effect of assessgr

(axr); = random effect of interaction between assejsand repetitiork;
gju = residual errors.

The intraclass correlation coefficient for this mbdas calculated as:

2
g
' fish
R'= 2 + 2 - + 2 (8)
insh Jassessor rep g errol

3.4 Analysis assessment of morphological changes of the fins)

3.4.1 Assessment methods

The whole data set of the 2100 fish was used tesashe fin change for each of the
four fins during the experiment. The measuremeagether were done by either

assessor K, B or M (i.e., each fish was analyzedtone by one of the three assessors

at each recording) (Table 2).

Table 2. The number of measurements obtained by eachsassgseach recording, and the total
number of measurements obtained across all assessach recording.

Assessor M Assessor B Assessor Fotal Number*
Recording 1 — 1163 785 1948
Recording 2 685 1199 126 2010
Recording 3 565 — 1473 2038

1 With 152, 90 and 62 missing values at recording dnd 3, respectively.

16
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The mean of the raw fin lengths for each of the fims at the three recordings was
calculated in order to describe the changes irdiffierent fins during the experiment.
Relative fin length, also called “fin index”, wasad to assess the fin erosion. It was

calculated as:

Relative fin length = Fin length

Total body length x 100 (9)

The total body length refers to the length of tisé from the snout to the end of the
tail fin (i.e., the maximum length of the fish) §Fi7).

Total bodv length

standard length

Figure 7. Total body length is the maximum length of trghffrom the snout to the end of the
tail fin, and the standard length is the lengthhef fish from the snout to the end of the vertebral
column.

3.4.2 Statistical analysis — Analysis 2

Data from the whole experiment were statistically®al by analysis of variance

(ANOVA) using the GLM statement of the SRSelease 9.2 for Windows (SAS

Institute Inc., Cary, USA). In the model, fin lehgmeasurement was used as

dependent variable. Assessor and recording timee wesed as class variables.
17
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Furthermore, the LSMEANS statement was used tocteddferences of the
measurements of fin length and the relative figterbetween assessors and between

recordings during the experiment.

The main GLM model:

Yijk = pta +lBj + &k (10)

Yij= ijkth measurement of the fin length;
1 = general mean;

o; = effect of assessaor

pi= effect of recording,

gijk = residual errors.

18
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4 RESULTS

This section consists of the results from the bdity test (42 fish in two tanks at
recording 3 only) and the results from the assesswiethe changes in different fins

during the whole experiment (2100 fish).

4.1 The results of the reliability test (42 fish)

4.1.1 Measurement differences

4.1.1.1 Measurement differences between fins

The coefficient of variation (CV) was highest fanE (CV of 20 and 19 for tank 35
and tank39, respectively; table 3) followed by F{@/ of 18 for both of the two

tanks, respectively; table 3) then Fin3 (CV of Ifl &6 for tank35 and tank39,
respectively; table 3) and lowest for Fin4d (CV ofaBd 10 for tank35 and tank39,
respectively; table 3). In other words, the CV asrall means within each fin

progressively decreased from Finl to Fin4 in battks.

4.1.1.2 Measurement differences between assessors

Measurement differences due to assessor bias wesrved on the three dorsal fins.
Assessor K appeared to make lower measurementsiakyp K1 which maintained
the lowest measurements (K1 line in Finl to 3;d&@)l. Assessor M by contrast had
three consistently high measurements (M1, M2 andiM in Finl to 3; table 3). In
general, significant differences in fin length maasents were observed not only
between different assessors but also between theates within same assessor

(Table 4). The noted difference between measuresmera| fins was less than 5mm.
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Table 3. Descriptive statistic parameters of fin lengtts) analyzed using digital images with
respective assessor replicates, including threécatgs of assessor M (M1, M2, M3), two
replicates of assessor K (K1, K2) and one measureafeassessor B (B1). Fin 1 to 4 refers to the
1% dorsal fin, the % dorsal fin, the 4 dorsal fin and the caudal fin, respectively. Cyresents
the coefficient of variation. CV (%) = (SD / Meax}00.

Tank 35 Tank 39
N Mean SD CV (%) Mean SD CV (%)
Finl
M1 21 1.72 0.42 24 1.83 0.33 18
M2 21 1.64 0.37 23 1.68 0.26 15
M3 21 1.51 0.18 12 1.66 0.24 14
Bl 21 1.68 0.32 19 1.62 0.30 19
K1 21 1.36 0.21 15 1.32 0.21 16
K2 21 1.47 0.24 16 1.48 0.16 11
Fin2
M1 21 1.87 0.29 16 1.56 0.25 16
M2 21 1.74 0.25 14 1.53 0.23 15
M3 21 1.59 0.21 13 1.56 0.22 14
Bl 21 1.59 0.22 14 1.35 0.26 19
K1 21 1.39 0.28 20 1.26 0.22 18
K2 21 1.56 0.23 15 1.32 0.17 13
Fin3
M1 21 2.04 0.16 8 1.87 0.22 12
M2 21 2.03 0.18 9 1.82 0.24 13
M3 21 1.91 0.23 12 1.70 0.26 16
Bl 21 1.83 0.19 10 1.67 0.19 12
K1 21 1.60 0.27 17 1.48 0.25 17
K2 21 1.72 0.20 12 1.50 0.22 15
Fin4
M1 21 2.74 0.17 6 2.66 0.23 9
M2 21 2.73 0.21 8 2.63 0.23 9
M3 21 2.76 0.21 7 2.67 0.22 8
Bl 21 2.48 0.20 8 2.37 0.24 10
K1 21 2.80 0.21 8 2.59 0.25 10
K2 21 2.64 0.21 8 2.52 0.25 10
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Table 4. Pairedt-test results between the measurements obtainedtiee different assessors (replicates are indjudeross two tanks (DF = 41). Fin 1 to 4

refers to the St dorsal fin, the %' dorsal fin, the % dorsal fin and the caudal fin, respectively. Thbraviations of the assessors with replicatesistedl in table 1.
The comparison of the fin length measurements wilsisessor is indicated by a *. Insignificant défeces in the fin length measurements betweensassesith
replicates are bold marked.

Fin 1 Fin 2 Fin 3 Fin 4
Replicates Mean+SE t P-value MeantSE t P-value  MeantSE t P-value  MeantSE t P-value
"M1 vs. M2 0.11+0.02 5.45 <.0001 0.0840.02 3.85 0.0004 0.03+0.02 1.65 0.1074 0.02+0.02 151 0.1384
"M1 vs. M3 0.1940.05 4.11  0.0002 0.1440.04 3.51 0.0011 0.15#0.03 5.31 <.0001 -0.01+0.02 -0.64 0.5279
"M2 vs. M3 0.07£0.04 195 0.0584 0.06+0.03 1.86 0.0695 0.12+0.02 5.05 <.0001 -0.04+0.02 -2.19 0.0345
K1 vs. K2 -0.13+0.03 -4.53 <.0001 -0.12+0.03 -3.92 0.0003 -0.07+0.03 -2.51 0.0162 0.12+0.03  4.26 0.0001
M1 vs. B1 -0.12+0.04 -3.34  0.0018 -0.241£0.04 -6.67 <.0001 -0.21+0.02 -9.38 <.0001 -0.284£0.02 -11.94 <.0001
M1 vs. K1 0.43+0.05 8.31 <.0001 0.39+0.04 8.68 <.0001 0.41+0.03 12.75 <.0001 0.01+0.03  0.27 0.7852
M1 vs. K2 0.30+0.04 7.12 <.0001 0.2740.03 8.05 <.0001 0.34+0.02 15.60 <.0001 0.13+0.02 5.81 <.0001
M2 vs. B1 -0.01+0.03 -0.30 0.7656 -0.16+0.03 -4.94 <.0001 -0.18+0.02 -7.24 <.0001 -0.261£0.03 -10.03 <.0001
M2 vs. K1 0.32+0.04 7.35 <.0001 0.31+0.04 7.51 <.0001 0.38+0.03 12.98 <.0001 -0.02£0.02 -0.69 0.4953
M2 vs. K2 0.1940.03 5.54 <.0001 0.1940.03 5.89 <.0001 0.32+0.02 15.18 <.0001 0.10+0.02 4.55 <.0001
M3 vs. B1 0.07£0.04 1.74 0.0896 -0.11+0.04 -2.96 0.0051 -0.061£0.03 -1.92 0.0624 -0.291#0.03 -10.16 <.0001
M3 vs. K1 0.24+0.03 7.30 <.0001 0.25+0.03 8.09 <.0001 0.26+0.03 9.16 <.0001 0.02+0.03 0.76 0.4509
M3 vs. K2 0.11+0.03 3.97 0.0003 0.13+0.03 3.98 0.0003 0.20+0.03 7.58 <.0001 0.14+0.02 5.86 <.0001
Bl vs. K1 0.31+0.04 7.62 <.0001 0.1540.03 4.97 <.0001 0.21+0.03 6.45 <.0001 -0.27£0.03 -9.01 <.0001
B1 vs. K2 0.1840.04 491 <.0001 0.03+0.03 1.10 0.2768 0.14+0.02 5.86 <.0001 -0.15+0.02 -7.13 <.0001
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4.1.2 Pearson’s correlation

4.1.2.1 Correlation between assessors, repliciethe four fins

Almost all the correlation coefficients shown ibl&a5 were numerically greater than
0.6, except for the few correlations between K1 Bhdwhich were relatively low
with the values below 0.5 (bold markers in tableT)e first two replicates made by
assessor M (M1 and M2) were made within two hourghe same day (19Dec,
2011) showed “almost perfect” correlations for fallir fins (r=0.94, 0.91, 0.88 and
0.89, respectively). However, the correlations leetw M3, which was done
approximately 2 weeks laterfdian, 2012), and the previous two replicates (M an

M2) were numerically reduced (r=0.60-0.89).

4.1.2.2 Mean correlation coefficients for all fdurs

The mean correlation coefficient refers to the allemean of the correlation
coefficients across all the 15 correlation coediits within each fin (table 5).

For example:

For Finl, r = (0.94+0.61+0.63+0.77+0.81+0.62+0.45+0.50+0.504-€0571+0.73+
0.63+0.65+0.57)/15 = 0.68

The mean correlation coefficients tended to inadesm Finl to Fin4 ( = 0.68, 0.71,

0.79 and 0.81, respectively; fig. 8).
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Table 5. Pearson’s correlation in fin length measuremérgsveen assessors and between
replicates within same assessor across two tanks 4R) as well as across all measurements of
four fins (N = 168). Fin 1 to 4 refers to th& dorsal fin, the % dorsal fin, the 4 dorsal fin and

the caudal fin, respectively. The abbreviationthef assessors with replicates are listed in table 1
The correlation coefficients equal or lower thab Were bold marked.

Assessor x rep M2 M3 Bl K1 K2
Finl
M1 0.94 0.61 0.77 0.45 0.71
M2 0.63 0.81 0.50 0.73
M3 0.62 0.50 0.63
B1 0.54 0.65
K1 0.57
Fin2
M1 0.91 0.60 0.68 0.50 0.72
M2 0.65 0.67 0.46 0.64
M3 0.55 0.65 0.52
B1 0.73 0.78
K1 0.69
Fin3
M1 0.88 0.74 0.76 0.63 0.80
M2 0.82 0.75 0.71 0.84
M3 0.70 0.75 0.78
Bl 0.63 0.76
K1 0.76
Fin4
M1 0.89 0.83 0.76 0.75 0.80
M2 0.89 0.73 0.81 0.79
M3 0.65 0.76 0.77
Bl 0.67 0.82
K1 0.72
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Mean correlation coefficient
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Figure 8. The mean correlation coefficient for each of ther fins. Bar height represents the
mean, with error bars indicating the standard dirigs.d.). Fin 1 to 4 refers to th& dorsal fin,
the 29 dorsal fin, the 4 dorsal fin and the caudal fin, respectively.

4.1.3 ANOVA-Variance Components

4.1.3.1 Significance tests

The GLM statement was used to look at the fixedat$f to see which factors were
significant. Firstly, assessor effect, fish effeatsl the interaction between them were
estimated. Significant differences in fish and asee effects were observed

(P<0.0001; table 6), but no significant differemegs found in the interaction between
fish and assessoP£0.3002; table 6). Therefore, the interaction betwassessor and

fish was not included into the mixed models foicaddting variance components.

Table 6. Significance tests for fixed effects, includingsassor effect, fish effect and the
interaction between fish and assessor. Significéewed was set at 5%.

Source DF MS F-value P
Assessor 2 1.9015 58.18 <.0001
Fish 41 0.3234 9.90 <.0001
Assessor*fish 82 0.3620 1.11 0.3002

The interaction between assessor and repetitioniwagled replacing the interaction
between assessor and fish in the second signigcaest. All three factors were
significant (P<0.0001; table 7), which would beenkinto account in the mixed

models for variance estimation.
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Table 7. Significance tests for fixed effects, includingsassor effect, fish effect and the
interaction between assessor and replicate. Signife level was set at 5%.

Source DF MS F-value P
Assessor 2 1.9015 65.26 <.0001
Fish 41 0.3234 11.10 <.0001
Assessor*rep 3 0.3710 12.73 <.0001

4.1.3.2 Analysis of variance
When the mean squares were equated to their exipestathe estimated variance

components were as follows (Finl in model 1 as genable 8):

From the residual mean squaraﬁ1 = 0.0519 (residual error);
60; =0.3235-0.05190; =0.045 (variance due to fish effect);

oy =0; + 0. =0.097 (total variance)

Table 8. Analysis of variance and the mean square expestator Finlin Model 1.

Source of DF SS MS Expected MS F-valueP
variation

Total 251 24.1510

Fish 41 13.2616 0.3235 Var(Error) + 6Var(fish) 6.24 <.0001

Residual 210 10.8893 0.0519 Var(Error)

Model 1: fish effect was included as random effect

As shown in table 9, the intraclass correlationkiofL and Fin3 were close (0.464 and
0.468). Compared to Finl and 3, Fin2 showed higiteaclass correlation coefficient
(0.482). The intraclass correlation of Fin4 was thighest among the four fins

(0.607).
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Table 9. Variance components of all the assessor measuote@eross two tanks for all four fins
and the ICCs of the fin length measurements estidnasing Model 1(N = 252). Fin 1 to 4 refers
to the £ dorsal fin, the % dorsal fin, the 4 dorsal fin and the caudal fin, respectively.

Percentage of total variance

Variance due t8
due to (%)

R b
Fin .
Fish (afl )  Error (J:l) Total(oy ) Fish Error
Finl 0.045 0.052 0.097 46.4 53.6 0.464
Fin2 0.040 0.043 0.083 48.2 51.8 0.482
Fin3 0.037 0.042 0.079 46.8 53.2 0.468
Find 0.037 0.024 0.061 60.7 39.3 0.607

aafl = variance due to fishaf1 = residual variance;aTzl = total variance

®Rrefers to the intraclass correlation of reliabifity each fin in Model 1.

R = fish variance (Jfl ) + total variance UTZl ).

Model 2: Both fish and assessor effect were included adaameffects

As shown in table 10, the variance due to assesf$ect (0.021, 0.017, 0.026 and
0.020 for the four fins, respectively) was much éovthan the variance due to fish
effect (0.048, 0.043, 0.041 and 0.039 for the ffis, respectively). However, the
assessor effect was indicated significant for @lirffins through the likelihood ratio

testing between model 2 and model 1 (P<0.0001).

Table 10. Variance components of all the assessor measuateraeross two tanks for all four
fins estimated using Model 2(N = 252). Fin 1 teefers to the % dorsal fin, the % dorsal fin, the
3% dorsal fin and the caudal fin, respectively.

Percentage of total

Variance due to .
variance due to (%)

Fin Assessor  Fish Error Total
Assessor Fish Error

(g5)° (g7) (a2) (0%)
Finl 0.021 0.048 0.034 0.103 204 46.6 33.0
Fin2 0.017 0.043 0.027 0.087 195 495 31.0
Fin3 0.026 0.041 0.017 0.084 31.0 48.8 20.2
Fin4 0.020 0.039 0.013 0.072 27.8 54.2 18.0

®g? =variance due to assessors
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Model 3: Fish effect, interaction between assessor and mepetwere included as
random effects

As shown in table 11, the percentage of the taabnce due to the effect of assessor
with replications (22.8, 23.0, 32.5 and 20.3% fa tour fins, respectively) was much
smaller than the proportion of the total variance do fish effects (48.5, 49.4, 50.6
and 60.9% for the four fins, respectively). Howevitre assessor*rep effect was
proved significant for all four fins through thé&eilihood ratio testing between model

3 and model 1(P<0.0001).

Table 11. Variance components of all assessor measureraerdss two tanks for Finl, 2, 3 and
4 (N = 252) estimated using Model 3. Fin 1 to 4refto the  dorsal fin, the % dorsal fin, the
3% dorsal fin and the caudal fin, respectively.

Percentage of total variance
due to (%)

Variance due to

Fin Assessor*rep Fish  Error Totaf

Assessor Fish  Error

(02.)° (07) (02) (0%)  rep

Finl 0.023 0.049 0.029  0.101 228 485 287
Fin2 0.020 0.043 0.024  0.087  23.0 494 276
Fin3 0.027 0.042 0.014  0.083 325 50.6 16.9
Fin4 0.013 0.039 0.012  0.064  20.3 609 18.8
02, =variance due to the interaction between assesgbrepetition

Model 4: Assessor effect was designated as fixed effecttrendish effect and the

interaction between assessor and repetition weskided as random effects

The variance components due to assessor*rep (0@0281; table 12) in this model

markedly decreased compared to the correspondingnea components in model 3
(0.013-0.027; table 11). Tendencies towards areas® in the intraclass correlation
coefficients of reliability from Finl to 4 were fod in both model 1 and 4, whereas
the intraclass correlation coefficient of reliatyilior each of the four fins in model 4

(0.569, 0.597, 0.688 and 0.732 for the four fimspectively; table 12) was detected

higher than that in model 3 (0.464, 0.482, 0.468 &607 for the four fins,
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respectively; table 9). Moreover, systematic edoe to assessor bias was observed

on both Fin3 and Fin4?(= 0.0347 and 0.0419 for Fin3 and 4, respectivelgte 13).

Table 12. Variance components of all assessor measuremertss two tanks for Finl, 2, 3 and
4 (N = 252) estimated using Model 4. Fin 1 to 4refto the  dorsal fin, the % dorsal fin, the
3% dorsal fin and the caudal fin, respectively.

Percentage of total
variance due to (%)

Variance due to

Fin  Assessor*rep Fish Error Totaf R'a
Assessors h Eror
(0hy)  (07) (@) (0P)  rep o
Finl 0.0081 0.049 0.029 0.086 9.4 56.9 33.8 0.569
Fin2 0.0049 0.043 0.024 0.072 6.8 59.7 33.2 0.597
Fin3 0.0045 0.042 0.014 0.061 7.5 68.8 23.7 0.688
Fin4 0.0023 0.039 0.012 0.053 4.3 73.2 220 0.732

4R’ refers to the intraclass correlation of reliabifity each fin in Model 4.

R'= fish variance 0?4) + total variance (7T24 )

Table 13. The least square means of the fin lengths andlipyethe three assessors for all four
fins across two tanks (N=42). Significance levetwsat at 5%P-value equals to or lower than 0.5
is indicated by a *. Fin 1 to 4 refers to tiédbrsal fin, the % dorsal fin, the ¥ dorsal fin and the
caudal fin, respectively.

Least square means

Assessor M Assessor B Assessor K P-value
Finl 1.67 1.65 1.41 0.1077
Fin2 1.64 1.47 1.38 0.0662
Fin3 1.89 1.75 1.57 0.0347*
Fin4 2.70 2.43 2.64 0.0419*

4.2 Morphological changes of the four fins duringhe experiment (2100 fish)

The status of the fin situation on each fin primthe experiment was not considered.
As shown in table 14, the body length increasednduthe experiment (15.4 to
18.4cm), and the increase of fin lengths was ptopaal to the body length with the
caudal fin having the highest increase (2.34 tO&. In addition, the length of Fin4

28



Results

seemed to be longer than the other three dorsalvithich was observed on all three

recordings.

Table 14. Mean body length and weight, and the mean figtles for the four fins analyzed at
the three recordings 2and 3' November, 16 and 17" November and f4and 18' December,
respectively) during the experiment. All values evareans (s.d.). Fin 1 to 4 refers to tflaldrsal
fin, the 2 dorsal fin, the % dorsal fin and the caudal fin, respectively.

Body Body length Finl Fin 2 Fin3 Fin4
weight (g) (cm) (cm) (cm) (cm) (cm)

Recording 1 34.6 (11.8) 15.4 (1.50) 1.38(0.32) 1.33 (0.21) 1.49 (0.22) 2.34 (0.29)
Recording 2 42.2 (13.8) 16.2 (1.57) 1.53(0.35) 1.44 (0.22) 1.61(0.23) 2.42 (0.29)
Recording 3 63.5(20.7) 18.4 (1.69) 1.58 (0.41) 1.56 (0.31) 1.77 (0.32) 2.80 (0.34)

In accordance with the data shown in table 3 obthiinom the reliability test, some

systematic errors from different assessors did rodating the measuring process. As
shown in the “fin length” part of table 15, assedgohad a tendency to make higher
measurements than the other two assessors faualfihs, and the measurements of
B (1.55, 1.46 and 1.70, respectively) in the thiteesal fins were found to be higher
than K (1.34, 1.35 and 1.48, respectively). Sanneléacies were also found in the
“relative fin length” part. However, the assess@shdid not significantly affect the

accuracy of the mean length of the fin in the ekpent, since the assessor
arrangement for the overall measuring works did memsate well in terms of the

combination of assessors that one had higher cerlomeasurement and the other(s)

had the opposite one, see table 2.

The least square mean of the fin lengths incredsedg the experiment for all four
fins (table 15). These were estimated using the GhMlel for analyses 2 (eq. 10),
which was consistent with the situation observethbie 14. When using relative fin
length, the least square means of the percentafie @ngth over total body length
decreased for all four fins over the course ofquetd (2 and 3 November to 18
and 17" November) in the experiment (-0.12%, -0.19%, -238nd -0.53% for Finl

to 4, respectively). In the following four weeks6{land 17 November to 1% and
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16" December), the least square means of relativéefigths of the second and the
third dorsal fins as well as the caudal fin incesh€.01%, 0.54% and 0.31% for Fin2

to 4, respectively), except for the first dorsal (i0.09%).

Table 15. The least square means of fin lengths and reléitiMengths [relative fin length (%) =
(fin lengthx100)/total body length] obtained frohetthree assessors at three points of tiffe (2
and 3" November, 18 and 17' November and 4and 18 December, respectively) during the
experiment for all four fins. Fin 1 to 4 referstte T dorsal fin, the % dorsal fin, the 4 dorsal

fin and the caudal fin, respectively.

Least square means

Finl Fin2 Fin3 Fin4
Fin length (cm)
Assessor M 1.67 1.58 1.77 2.58
Assessor B 1.55 1.46 1.70 2.50
Assessor K 1.34 1.35 1.48 2.50
Recording 1 1.43 1.37 1.53 2.37
Recording 2 1.47 1.41 1.55 2.42
Recording 3 1.67 1.61 1.86 2.80
Relative fin length (%)
Assessor M 10.02 9.51 10.62 15.66
Assessor B 9.31 8.75 10.15 14.97
Assessor K 8.22 8.19 8.93 15.06
Recording 1 9.29 8.94 9.94 15.48
Recording 2 9.17 8.75 9.61 14.95
Recording 3 9.08 8.76 10.15 15.26
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5 DISCUSSION

The discussion section is mainly divided into tbhlofving two sections. Firstly is a
discussion of the feasibility to analyze fin lengtsing digital image. Secondly, the
study of the morphological changes of differensfduring the experiment in farmed

cod is discussed.

5.1 The feasibility to analyze fin length using djital image

In this study, fin length was measured with digitahge analysis. It is an elaborate
method and has been developed and used in fishesearch (Blonk et al. 2010;
Hsieh et al. 2011) due to its advantages suchisgime efficient. In the present study,
the assessors measured the fin length by markiogbints of each fin on the image
from base side of the fish to the outer end offithv@ising cursor locating with mouse
clicks. This method is the same as that used irstifitevareAnalyzingDigitallmages
for measuring the size of leaf (Pickle 2008). Tovile an indication of reliability of
digital image analysis and of effects of assesberjmages of 42 fish from two tanks
were repeatedly analyzed by three different assgs¥arious indices and coefficients
were used in the study, since there is no genegeeanent about the rigorous

statistical approach for the reliability test (Ribgd al. 2004).

5.1.1 Statistical parameters

As mentioned in the background, the repeatabilityneasurements in repeated trials
on the same subjects can be assessed by thelitgiiasit (Hopkins 2000). In present
study, there were positive correlations betweeresssss (r=0.45-0.84) and between
replicates within assessor (r=0.57-0.94) acros$oall fins. This indicates that there
are strong correlations between replicates witheseasor, but the correlations
between different assessors are moderate. In addifhe correlations between the

replicates obtained from assessor (M) made onahme slay (with two hours interval)
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were observed to be significantly higher than thnatde on different two days (with

two weeks interval). It is possible that the effecf memory are more pronounced if
two measures are made within a short interval coetgpto measurements done far
apart. Further, it is notable that there was aervwal of almost two years between K1
(autumn 2010) and K2 (Jan 2012), but the correlatibetween this two replicates
obtained from assessor K were found at moderat. l&his indicates that the fin

lengths analyzed by different assessors using afligihage are consistent and

repeatable.

Further we ran mixed model ANOVA to estimate vacemomponents of the effects
in the models to calculate the intraclass cormetatcoefficient (ICC). Intraclass
correlation coefficient is anotheowerful and preferable parameter used to estimate
the repeatability, especially when more than twststeare compared (Wong &
McGraw 1996). Generally, the intraclass correlatmoefficient was classified as
follows: 0-0.20, “Slight”; 0.21-0.40, “Fair”; 0.40:60, “Moderate”; 0.61-0.80,
“Substantial”; and >0.80, “Almost perfect’(Kho dt 2008).

Model 1 only included fish effect as the randomeetf and the variance due to
assessor effect was then included into the errbus] the intraclass correlation
coefficient of the first model does not yield infmaition about differences among
assessors but the accuracy of the measuremensprdceshown in table 9, there was
moderate level of repeatabilityr€0.46-0.61) between the measurements. From a
genetic analysis point of view, it also indicathattthe maximum heritability of the
trait fin length is moderate. As presented by Vditl (1996) “the maximum
heritability estimate possible from a single meassrthe repeatabilityn addition,
the repeatability obtained in our study is high,ewhcompared with the results
presented in the clinical trials. For example, tlepeatability for pathological
diagnosis between trained pathologists ranged o088 (fair) to a high of 0.43
(moderate) (Nicholson 2004). Therefore, it is justi to say that this digital image

32



Discussion

based method to record fin length is reproducible.

In model 2 to 4, the variance due to assessorteffas estimated in different ways.
Because the assessors make uneven number of mmaastse(M: three times; K:
twice; B: once), which makes it incorrect to asstss variance due to assessor
replicates directly from the residual error (Steieé al. 2003). For this reason the
variable called assessor*rep was used in model Biddel 4, the assessor effect was
included as the fixed effect to see the differerafasieasurements between assessors.
The variance due to assessor*rep decreased shanmplgdel 4 after getting rid of the
systematic error from different assessors, compairtrdthat in Model 3. This implies
that most of the variation due to assessor effestvels from the inter-assessor
variances, and using different assessors may isertdee variation. Yet the assessor
variances were much lower than the variance dueshoeffect in the three models
(the former was roughly equal to or lower half lo¢ fatter). The dominant source of
variation therefore was shown to be attributech fish, even though all the effects
included in the models were reported to be sigaifiqP<0.0001). This indicates that
means of a large number of analyses made by méfieyatiit assessors will not differ

a lot (Kazmierczak et al. 2006).

In this study, correlations of fin length measuratseacross assessors and replicates
were generally high and the repeatability for dijimage analysis was estimated on
0.46-0.61 providing consistency of the measurenbetveen and within assessors.
Majority of the variation was attributed to theHfisffect. However, results showed a
significant effect of assessor (P<0.0001). Thiscinies with another study performed

on common soleSolea solegBlonk et al. 2010).

5.1.2 Factors affecting the accuracy of the measents using digital image
One possibility of causing assessor bias is differenderstandings of fin length

definition by different assessors, especially whelging the fins which are in a poor
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condition. h this study, fin length was measured from the lhaste outer edge ¢
each fin along with the fin ray. The assessorcursor positioningand mouse clicks
to locate the starting and tterminal point of each fin. Unfortundgewhen the photo
was takensome dorsal fin(especially the first dorsal fiyere not fuly open or had
been seriously damaged when the photos were t&lgn8). Hence,he click points
of those fins coulahot be identified clear and consistently bgifferent assessors. In
our study, all three assesstended to have higher CV on the thdggsal fins thar
the caudal fin (table 3), anche mean correlation coefficienisa found to be
increasing fromFinl to Fin: (fig. 9). This indicates thahe disagrement between

assessors magcrease whethe complexity of the measuremémtrease:

Figure 9. Images of first dorsal fin whicare seriously damaged ortrammpletely opel

In addition a few factors may adversely affect the accurdayp@asuring the lengi
of fins. One undesirablactor is derived from the lack of ability of usichromatic
diagrams analysis. Those originachromatic image automaticall switched to
grayscaleafter being read into the MATLAB workspacBased on the feedba
received from two of the assessors (B and M), theyld often backtrack the origin

image to verify the position of fin ray especidity the firstdorsal fin.

(1.22cm;chromatic)
Figure 10. Length of thesame intact first dorsal fin analyzed usichromatic or achromatic

(1.25cm; achromatic)

image.

5.1.3 Benefits of digital image analy
This digital image analysis is far more time e#iti than tradional manua method.
The assessors in our study could complete the asalysthe fin length of all foL

fins on an individual fish using digital image withone minute.In addition, the
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images can be easily stored in computer for ldteck or possible reassessment as we
used in the current study during the fin lengthlgses. The procedure does not
include manual records, therefore avoiding posdialescribing errors. What's more
the digital images can provide more informationtsas the deformity situation of
each fish than just a single fin length messagemrRhe economic point of view, an
ordinary digital camera with high pixel resolutimninexpensive (price of US$399 for
the digital camera used in this study) comparedth wie total fee for a long distance

sampling trip.

5.1.4 Considerations for future improvements

There could be some improvements in accuracy efgudigital image analysis to do
fishery researches. In accordance with the suggedty Chang et al. (2010), the
assessors with more common trainings could prowidee fin length estimations with
high accuracy. The training should be based on mareful and precise definition of
the analysis. Moreover as presented in Kazmieretak (2006), the assessors should
be more patience to backtrack the original pictucemake reassessment in case of
uncertainty. In addition, we consider the advenimafre sophisticated digital camera
technology with a finer resolution (clear detectairthe measuring points), developed
user-friendly digital image analysis interface @hatic image analysis ability) may

also contribute to improve the accuracy of usirggtdi image analysis.

5.2 Assessment of the morphological changes ofdin

“Relative fin length” expressed as the ratio of liemgth over total body length was
used in our study to assess the degree of fina@ro$his ratio assumes that fin length
grows in proportion to total body length in the eise of fin erosion, and Bosakowski
and Wagner (1994) provided fin length analysesafibd rainbow trout in support of
this assumption that the fin growth is isometrichéhéas, other studies were found to

use standard body length replacing total body tengtcalculate relative fin length
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(Ellis et al. 2009).

5.2.1 Change of the fin lengths during the expenim

Atlantic cod Gadus morhupare cannibalistic, and cannibalism seems to bst mo
prevalent in larval and juvenile cod (Puvanendraal €2008). As mentioned before,
high frequency of fin damage has been found onj®senile cod (Hatlen et al. 2006).
Cod with a mean weight of 34.69g introduced in therent study therefore may also
be aggressive. The obtained results from our stimbyved that the increase of total
length is accompanied by the increses of lengtlallofour fins. Further, from the
changes in relative fin length, we can see thdbal fins were eroded during the first
two weeks (recording 1-2) of the experiment withuaa fin exposing the most
serious damaged condition (decreased 5.3%). Itates that the susceptibility and
mode of action for fin erosion is likely to varytieen different finsas previously
reported in North et al. (2006). At the final reding on 14" to 16" December
however, siginificant erosion was still found ore tiirst dorsal fin compared with the
other three fins (table 16). As significant fin € was confined to limited areas of
the body (mainly the anterior dorsal part of fin)is likely that the observed fin

erosion in our study may partly result from therghalism of cod.

5.2.2 What causes the fin damage — possible hgpesh

Fin erosion resulting from aggressive conspeciSosell documented in fish species
such as Atlantic salmon parr (Turnbull et al. 19¥8sed on an earlier study, groups
of fish tend to form dominance hierarchies aftevmg in a new stable environment,

and then aggression tends to diminish when thautwky is established (Sloman et al.
2001). A group of cod were reported to be organimetbminance hierarchies (Brawn

1961). As mentioned before, all four fins were dgethin the first two weeks of the

experiment (recording 1-2), and it is possible thdividuals act aggressively fighting

each other to establish their own hierarchies i@ ¢inoup at the beginning. At

recording on 1% and 18' December (recording 3) the damages diminishednase
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found mainly on the anaterior part of the dorsas fil hypothesize that the fin damage
during this period may still be caused by the chalsm among the cod in the same
tank, since the dorsal fin has shown to be a peesite of attack by conspecifics in
the same rearing unit (Turnbull et al. 1998). Tedtdorsal fin showed a remarkable
high relative fin length (10.15%) which was higliean the value at stocking (9.94%),
suggesting that there may be fin erosion existingr o the experiment. Moreover,
caudal fin length change leads to total body lemtjginge (Fig. 6), which then affects
the relative fin length. This might be another mrat explain the strange increase of
the relative fin length in the third dorsal fin. diefore, | suggest that standard length
(the length of the fish from the snout to the ehthe fleshy part of the body; see fig
6) is probably more suitable than total body lengtltalculating relative fin length.
Because the standard length has the charactedbtimot being affected by the
damages to the caudal fin. However | must emphdbketethese are only hypotheses,
and there may be many other reasons for the olbdirvelamage. Several physical
and physiological factors are known to cause fwsi@n, to understand more about

the underlying triggers that may influence thedinsion, more research is needed.

5.2.3 Discussion of methods for the assessméint efosion

Various methods can be used to describe or quafififyerosion, as shown in
Latremouille (2003).Monsen et al. (2010) assessed fin erosion of thie ifi this
experiment by subjective scoring fin loss on aesdadm 0% fin erosion to 100% fin
erosion in 5% interval on the first dorsal fin aieé caudal fin. At recording 3, two
fins were reported suffered 23.1% and 13.3% erosempectively. This is in line with
the observations of more erosion in the first didiisafrom our study. More advanced
descriptive scales like photographic key has besad dor visual assessment of fin
erosion in adult cod (4 to 8kg) (Smith et al. 2QG@e fig. 11. Photographs are taken
of the interested fins from fish, representing éiméire range of erosion (i.e., intact to
absent fins). The images are then subjectivelyddiinto several levels, and these

levels are defined according to a certain standaod.example, as shown in fig. 11,
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these four point scales classify fins erosion agymficant (score 0), moderate (score
1), significant (score 3) and severe (score 4)etham the area of the fin lost. Later,
assessors assess the photographic key score fdingheubjectively. Hoyle et al.
(2007) considered that this photographic key isualisand more informative for
assessment of fish erosion, because photographishavs extents of fin tissue loss
instead of degrees of fin shortening. However, ¢teie Ruyet et al. (2007) thought
that it is easier to determine the fin length tinaty be expressed as relative fin length
of all fins than erosion levels. In my opinion, fiength (or relative fin length) is
easier to determine, and it is less affected bgsssss. As described in our study, by
recording the maximum length of the fin rays, assedias is limited. However,
photographic keys for assessing fin damage may dre mformatics and convictive
to be used as the indicator to assess fish welldoeeover, it is possible to do rapid
descriptions of fin condition in the field usinggibgraphic key. Further experiment
are required to analyze the fin condition using tpbgaphic key, which might be
useful to get a more accurate estimation of fin ages of the fish in the experiment.

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

Figure 11. Photographic key for assessing fin erosion in Aitanod (4 to 8kg) (Smith et al.
20009).
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6 CONCLUSIONS

A computer based software program (MATLAB) to measiin length of fish using
digital image analysis technology was used in ¢higly to assess the morphological
changes of four different fins in Atlantic cod. ®ar knowledge, this is the first study
to investigate the feasibility of implementing dajiimage based approach to analyze
the length of fins. In our study, image analysesied out by different persons on the
same fins were coherent and the image analysestyaie same person was reliable.
Repeatability for the measuring process varied ffad6 to 0.61 for the four fins,
proving satisfying consistency of the method withach assessor. Bias in estimation
due to different assessors was observed in our.stlowever, to our knowledge,
recent developments in digital image analysis @ogare unable to fully automate
the analysis of the length of fish without introthgs assessor effect. Therefore, we
consider digital image analysis can be used asnibasuring tool to accurately
analyze the fin length of cod in this experimengifal image analysis technique has
the potential to be included in the fishery reskeas¢ because it is time efficient and

makes reassessment possible.

The method used in this study for quantifying fianthge is “relative fin length”,

which reflects the degrees of fin shortening. Tésults from our study showed that
the fin damage was observed on all four fins affitise two weeks (recording 1 to 2).
Later until the end of the experiment, siginificambsion was only found on the first
dorsal fin compared with the other three fins. \WeHer observed that the fin erosion
mainly focused on specific part of the fish, whishihe anterior dorsal fin. Therefore,
| hypothesize that the obtained fin erosion mightchose linked to the cannibalistic
behavior of the juvenile cod. Fish fought each ptbheestablish their own hierarchies
at the beginning causing fin damages, and the agigeebehaviors tended to diminish
after the establishment of the dominance hieraschiie addition, because of the

limitation of using fin length (or relative fin lgth) to assess fin erosion, | suggest
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that further research is required to analyze fosien using photographic key.
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