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Abstract

Most crustacean fisheries are data poor, relying exclusivedjtioer observeor landings
data. As a resuylthere isinadequate data to inform management advice so as to ensure the
sustainable exploitation of stocks growing burden of evidence collection the form of
increasing European Unidegislation, comimed with dminishing public resources hésd

to the need to consid&ilectronic Monitoring EM) solutions as an alternative to traditional
data collection method#o fill data deficits The present study was a proof of concept and
demonstrated possibégpplications for data collected using parafiaired lasers in choard
camera systems in the Isle of Man Crustacean Fishatpderived from footageecorded

by the cameras was found to provide informatiarthe damaged component of ®ancer
paguruscatch the sex ratio o€. pagurusand the size frequencies of b&@hpagurusand
Homarus gammarysomparable in accuracy to that collected by an obser\aiu,

indicating that the cameras can be used to monitor these aspects of the fishery

The magnitude of error attributable to measutheysize of both species remotely fratills
rather thann situwas within an acceptable tolerance, sufficient to detect growth increments
in both species®. pagurusmedian=0.05mmH. gammarusmedian=0.13mm with an

inter quartile range of £1.2mm for both specié¢&)wever,all analystswill need to collect
data to validate their owralibrationmodek before measuringnimalsfrom stills taken using
the camerasThe Isle of Man provides a unique opporturidythis data collection method to
beimplemented at a national levialorder tocreate a comprehensive evidence base for
management five-month fisherydependent data collection program demonstrated the
ability of the cameras to increase the spatial and temporal coverttyedaita collecteadn

the fishery relative to currentiatacollection methods

Key words
Homarus gammary&£ancer pagurusrab, lobster, ovoard camerdlectronic Monitoring

techrology, parallelpaired laser photogrammetry, Isle of Man.
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1.0 Introduction

The majority of information that currently informnstaticgear fisherystock assessments

comes from fishergependent data sources, suckeatreported catch data the form of

log books and landings declaratippsrt sampling, ofiboard sampling by figeries officers

and point of first sale da(€ambiéet al, 2016; Courset al, 2015; Holdet al, 2015) All

these sources provide information about the part of the catch that is legal to land but not the
pat that is discardedt seaincluding prohibited life stagesahare essential to assess
Maximum Sustainable Yield (MSYanimals not suitable for commercial sale and bycatch.
Fisheryindependent surveys and-board observer programs can be used to supght data
collected from these fisherigkependent sourcé€blold et al, 2015) but they are time
consuming and costly in tas of time, money and manpowraanet al, 2013) As a
result,they tendo be carried out infrequentlgrovidingonly a snapshot of population status
at one point of the yeafhey also tend to bestricted to collecting data about commercially
important quota specié€ambieet al, 2016; Holdet al, 2015) This has led to

commercially important quota species being characterised by regular monitoring programs
that combine botfishery-dependenand independent daté/hilst most commercially

important norquota species atee r mdagp o‘od d  a sharacteresgd byaimagequate
data to inform management advise ago ensure the sustainable exploitation of stocks
(Hold et al, 2015) This data de#it is particularly acute in inshore shellfisheries, such as
those forHomarus gammaru@.innaeus 1758) an@ancer pagurugLinnaeus 1758)due in

part to the rural and often inaccessible locations of the fleets, which restricts the potential for
fisheryindependent data collection even furtheraddition, such fleets often land catch in
multiple small fidiing ports, making ikogistically difficult and expensive to get a
representative sample of the landed cé@burseet al, 2015)

Data derived fronexistingdata collectiorprograms has its limitationBaunce and Barbeaux
(2017 comparedyroundfish vessel landings frofishing trips with and without observers
and found evidence to suggest ttata collectedluring observer tripsouldbe biased and
non-representative of normal fishing activities, due to fishers modifying their practites in
presence of observerBhe aim of observer programs is to make inferences from multiple
trips from an entire fleet. However, observers have to stdpoard a single vessel for the
duration of each fishing trip araldeployment effect, defined as axwmandom deployment of
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observers, has been observed in sBy@ogramgFaunce and Barbeaux, 2011; Hilb@tn

al., 2009) As a result, observer progranesd to produce effectively small sample sizes that
are clstered spatially and temporalliiraanet al, 2013). Whilst fisheryindependent
surveyswithin European UnionEU) waterstend toberestricted to collecting data on
offshore finfish stock¢Courseet al, 2015)

Selfsamplingprojects where fishers report, collect andcasionallyprocess biological
samples havbeen useasalternative costeffectivefisheriesdependentlatacollection
method. Theycan provide information about the discarded component of the catch and a
greatertemporal and spatialbveragehan observer progranasd fisheryindependent
surveys(Courseet al, 2015) Self-sampling can result in an increased atarce of the data
by the fleetKraanet al, 2013) howeverdata collectiorprotocolshave toproduce data that
is analytically useful to scientists and fisheries managégst also beingractical to
implement during commercial operatiofdangiet al, 2015) Concerns have been raised
about noradherence of fisherto data collection protocodsd potatial bias in the data
collecteddue to fishers having\aested interest in the outcomafsstock assessmertdold et
al., 2015; Kraaret al, 2013 Faunce and Barbeaux, 2Q1Data collected by observers and
fisheryindependent surveys can be used directly in stock assessments whersamdata
selfsamplinghas to beverifiedto ensure that it is staible for scientific uséCourseet al,
2015)

1.1 Monitoring macro -crustacean stocks and fisheries

Most crustacean fisheries are data poglying exclusively on eithepbserver data or
landings dataThere are numerous crustacea stock assessment methods, that vary in
complexity and data requirements, from relatively simple biomass dynamicssrticate
combine life processes suchgswth, reruitmentand natural mortalityto more complex
modads that require informatioaboutsex rati®, age structure, size structure and catthge

(Smith and Addison, 2003However, mosimethods requiratime series of catctiata

C. pagurusandH. gammarusire commercially important fisheries in the Isle of M@mdes

et al, 2016)contributing £615,478 and £724,478 respectively to the Manx econory@) 2

at the point of first sal@dlthough they are less valuable than other Isle of Man fisheries such
as thePecten maximu@.innaeus, 1758) anBluccinum undatur(Linnaeus, 1758) fishery,

14



they provide a yearound income to a fleet of small inshore vessels that operate mainly
within 6nm (nautical miles) of the coathefishery is managed usj a vaiety of effort
controls:
1 amaximum of 500 pots per license, of which no more than 300 can be fished within the
0-3 nmlimit;
mandatory use of escape gaps in traps;
prohibition of landingegdp e ar i ng ‘ berri ed’ ani mal s
a minimum landing size (MLS87 mm H. gammarusCL) and 130 mmG. pagurus
CW) in most of the territorial water80 mm {H. gammarusCL) and 135 mm(.
pagurus CW) in Bay Ny Carricky.

DEFA has been collecting catch and effort data since 2007 in the form of monthly shellfish
activity logbooks (MSAL), that detail datepak time and Catch per unit effort (CPUE) by
landingweight C. pagurusandH. gammarustocks are subject to relatively little monitoring
or scientific research coraped to mobilegear fisheries (@ble 1). The available data cannot
be modelled to projédiomass into the future, whichassential to avoid overfishinghe

Isle of Man crustacea fisheries are currently unassessed.

Tablel: The availabilityof data for the Isle of Ma€. pagurusand H.gammarus fishery.

Available Unavailable

Landings Natural mortality (N)
Effort Fishing mortality (F)
Landings per unitféort (LPUE) Total mortality (2)
Size at maturity Growth and sizetage
Sexratio

Biomass

Spawning Stock (SS)
Recruitment (R)
Habitatinteractions

Theappropriateness of a minimdiandingsize forH. gammarusan be assessed by
understanishg the functional maturity of a populatioRunctional maturity in female.
gammaruscan be estimated from the ratiotbé abdomen with (AW) to carapace length
(CL) or by using the incidence of berried females in-sizatified samples to construct the
maturity ogive(LizarragaCubedocet al, 2003; Tullyet d., 2001)
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Sex ratios ar@n important parameter for assessing the sustéityati commercial stocks

(Hold et al, 2015) According to evolutionary theory, amjteration to a 1:1 sex ratio leads to

a decrease in the effective population size and therefore a reduction in the genetic diversity
within the population; resulting in a decrease in the resilience of a population to stressors such
as environmental chaag@Allendorf et al, 2008; Holdet al, 2015)

Size frequenciesf speciesan provide inforration about the age composition, growth rates,

and mortality of a stockKing, 2007) In the absence of ageing methods for crustaceans,
accurate size frequency data from sampled catches can be used to make an indirect assessment
of stock staits (Ices, 2016) Reliable growth data is needed to calculate accestimates of

fishing mortality(Addison and Bennett, 1992)

Where possible, measurements of the interactions between commercially fished species and
habitat loss should be ioporated into stock assessrsAttwoodet al, 2005) H. gammarus

andC. pagurushave seasonal distribution patterns that affect their availabilltg waught in

traps (Hunteret al, 2013) The movement patterns and habitat associations of species are
determining factors o$tock delineation and distributigiBowlby et al, 2008) If species

habitat associations eknown, the effect of habitat loss or gain, for example as a result of
direct physical disturbance of the seabed, can be incorporated into fisheries management
strategies and accounted for in stock assessniaiser et al, 2008) There are gaps in
knowledge about the movement patterns and habitat associations bff lggtmmarusandC.

pagurus (Bowlby et al, 2008) which inhibits the sustainablemanagemenbf stocksat
appropriate spatial scaléstudieshave found evidence to suggest that the movement of male
and immature femal€. pagurusis limited (Weddinget al, 2013 Ungforset al, 20079.
However, there is evidence that mature fenm@lepagurusmake long distancenshore to
offshoremigrationsthat are thought to be associated with reproducttamteret al, 2013;
Ungforset al, 2007) Ondes (2015%tudied the distribution of. pagurusaround the Isle of

Man and found thaterriedC. pagurusnveregenerally found irdeeper waterin thesouth and

west during Autumn months H. gammarusare thought to have a limited home range; the
extent ofanymovement is thought to be sidependent with larger individuatsoving greater
distancegSmithet al, 2001) The distribution oH. gammaruss thought to be patchy over a

large scalandmay berandom within spatially discrete fisherigsddison, 1995)
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Stock assessments are inherently complex but are often reliant on temporally and spatially
coarse datasets, as a result they often do not match thelsdgvations of fishefdohnson

and van Densen, 2007Mhere are few existing datasets that enabledtage paerns in fishing

effort, catchability, sexatio, reproductive statysliseaseand the population structure of target
species to be compared spatially, betweanitiple local fishing grounds, over long time
periods(Fisheries & Conservation Science Graup)growing burden of evidence collection,

in the form @ increasing EUegislation, combined with diminishing public resources lbd

to the need to consider technological solutions as an alternative to traditidaatalkection
methods to fill thesdata deficitf Cambieet al.2016; Holdet al.2015.

1.2 Electronic monitoring technologies

Electronic nonitoring (EM) technologies, such as-board camera systems, have been shown
to have the potential to meet the need for cost effective, innovative wegeit data that is
comparablein accuacy to tha obtaned by observers, whilst increasitige sp#al and
temporal coverage of data colledt relative to arrent data collection methods. EM also has
the potential to mitigatssome of the issues surrounding current data collection methods
including the belief that data collected by observer progratnased and unrepresentative of

normal fishing practice§~aunce and Barbeaux, 2011)

Positional data obtained from Vessel Monitoring Systems (VMS) has been used to map and
guantify the impacts of fishing activifyennings and Lee, 2012; Lambeital, 2012)

Logbook data can be combined with positional data to examine catch per unit effort (ICES,
2011; Murrayet al, 2011) and provide estimates of biomass indibesray et al, 2013)
However, VMS ionly mandatoryon specific vessel metigrashich excludes thenajority of
inshore vesselfattargetH. gammarusandC. pagurusSuccessive position records from

VMS are infrequent sprovide information on fishing activity over large spatial scales
(Murrayet al, 2013) As a result, MSALdatacanrot be assigned to spdt@ata on an

appropriatescale to map fishing activity in thsle of Man Crustacean fishery

Hold et al. (2015) andCambiéet al. (2016) investigated the use of-bnard camera systems
to collect fishery dependant data, such as sex ratio and size frequency data, inHhshore
gammarus(European lobsterand C. pagurus(brown crab)fisheries in WalesSimilarly,

Courseet al. (2015) reported success usimigtboardcameras in Scottish waterBhe Isle of
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Man provides a unique opportunity to have this method of data collectioenmapted at a

national levelcreatinga comprehensive evidence base for management.

1.3 Parallel laser photogrammetry

Parallel laser photogrammetry, involving the use of parphéied lasers coupled to cameras

has been found to be a simple and accurate method for obtaining estimttessize of
morphological traits (traitsdf study animals in @ field (e.g. Austin et al, 2017; Luet al,

2016) The lasers are projected onto, and photographmdyakith the trait ofinterest An
estimateof the trait size isnade from the photograph, using the known separation distance
between the laser projections as a reference scale: the laser scale. Parallel laser photogrammetry
works on the principle that the lasers are equidistegardlessf the distance from the source
(Bergeron, 2007)As a result,itere is no need to take into account the varying distance between

thetrait and the camera.

Various sources of parallgglistortionof thelaser scalecanintroduce error intahe trait size
measured from photographThese included parallax as a result of the projection of the lasers
onto a threadimensional surfacéBergeron, 2007and distortion of the lasers caused by the

target surfae not being perpendicular to both laser be@Rahneret al, 2011)

1.4 Known limitations of on-board camera systems

The accuracy of oboard camera systenad producingsize frequency and sex ratio data
comparable to data obtained by-lbmard observers has been evaluateldrawn crab(crab)
andEuropean lobstgfiobster) fisheries in Wales. Animals were passed into the field of view
(FOV) of the cameras over a measurb@ard that was photographed along with the animal.
Estimates of the sizerab: CW and lobster: Clgf each animal were made from the resulting

still images (stills), using the measuring board as a reference scale: the background reference

scale.

An error is introduced whea trait is measured from a still. ¢an be corrected using a
calibration model buthe associatedariationin measuremenisannotbe correcteqCambie
et al, 2016) The size of the error is influenced by properties of the camera. For example,

different camera lenses introduce different levels of image distqHiold et al, 2015) As a

18



result,each individual ofboard camera unitasto be calibratedh situ, in order to determine
thecamera specificelationship between measurements of the trait of inteaksn directly
from a still: the 8ll trait size and the corresponding measurement of the same individual
animals traitn situ the Real trait size

When a background reference scale is used to estimate the size of an animal from a still, the
varying distance between thaimaland the scale needs to be accounted for in the calibration
model. This distance is determined by the body depth of the individual animal and the height
at which it is passed into the FOV of the camera. tébkl. (2016) included a term to account

for it in the camera calibration model whil&ambie et al. (2015) determined that the
calibration model changed from a linear to a-finaarrelationshipvhen the camera mounting
height approached the height of ta@malabove the background reference scaktinkates

made directly from stills using the background reference scale were found to overestimate the
size of both crabs and lobster (Camétiel.2016; Holdet al.2015).

Poor video resolution is associated with errors in measurements taken dioeuthtifts. Due

to the change in camera resolution and perspective with the distance of the camera from the
subject Hold et al. (2015) found that it was also necessary to include a term in the calibration
model to account for the different camera mouniieights: defined as the height of the camera
above the surface over which the animals were passed in to the FOV of the camera.

Cambieet al. (2016)evaluated ifa laser scalemproved the accuracy sfzeestimates otrab
and lobstefrom stills, relative tosizeestimatesnadeusing the background reference scale. A
smaller error was introduced into measurements taken directly fronwdtdis the laser scale
was used. In additiorthere was leswyariation inthe measurementsndicating that tke laser
scale providedh reliable mechanism for eliminating the errors assocmaitdthe variable
distance between the subject and thmexa (Cambieet al. 2016) The relationshigpetween
theRealsizemeasurd by an observesind the corresponding Ssiize measured using the laser

scale, could be approximated by a linear model for both crab and lobster

Cambiéet al. (2016) found that paired green lasers were only clearly visible when projected
onto ananimal'sbody on cloudy days and identified poti@l problems in locating green laser
projections on species other than brown crab and lobster, for example spider crabs. They

suggested two possible solutions; green lasers with a greater intensity or a different colour
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laser. Cambieet al. (2016) also ecommended that the laser separatilistance should not
exceed bm, to ensure both lasers are projected onto even the smallest crustaceans, allowing a

precise size estimation for all species and all age classes.

When using a photographic method to remotely estimate the size ofthdraits a degree of
subjectivity in determining the anatomidehtureshat demarcate the start and end podfits

the trait. Variation has been observed amongst repeat measuremhénéssamerait in the
samestill by a single analyst: the int@nalyst effect, and amongseasurementsf thesame

trait in the same stilhade by multiple analysts: the int@nalyst effec{Galbanyet al, 2016)

In Hold et al. (2016), the same observer who measured an individual amirsiéli passed the
individual under the camera and measured it remotely from the stills. The researcher identify
was included in, and found to be a significant term in the camera calibration model. This
suggested that all researchers who collect and analysep&tillHoldet al. (2016), need to

collect data to validate their own calibration mod&libjectivity in identifying anatomical
featurescan be mitigated by providing training to analysts and by improving the resolution of
the cameras (Cambét al. 2016; Hbld et al. 2015).Mounting orboard cameras above head
height helps to ensure that they do not cause an obstruction and impact normal commercial
operations, however this makes them more difficult to operate and is at the expense of camera
resolution(Hold et al, 2015)

Crabs are traditionally sexed by observing the size and shape of the dimorphic abdominal flap,
whilst lobsters are traditionally sexed by visually assess$iaditst of thedimorphicpleopod

pairs. Sex allocation from still analysis has been found to be 100% accurate for crabs provided
thereis a clear view of thabdominal flapof each anima{Cambieet al. 2016; Holdet al.
2015).However,Hold et al. (2015) found that it was not possible to reliably observe lobster

pleopods irthe extracted stills or raw video footageordedoy ontboard cameras.

Hold et al. (2015)utilised the fact that thimbster AW:CL ratiobecomes sexually dimorphic
atmaturity. Measuring thé&till CL and AWof lobstersenabledHold et al. (2015)to estimate
theratio from the stills Sex was then allocated to edshsterbased orthe RealAW:CL ratio
cut off value betweenmale and female lobstersieterminedusing RealAW and CL
measurements made by an obsemesitu. This methodof sexing lobsterérom stills was
accurate for lh sizes of male lobsteand all femaldobsterslargerthan86mmCL. However

the accuracgecreased to a low of 51% for females less #tanmCL due touvenile females
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having a similamorphologyto males. Sexual dimorphism has been observed in all lobsters
above80mm CL and some lobsters betweenmth and 80 mmCL (Brown, 1982) However,

the Real AW:CL ratio cut of valuemayvary amongst geographically distinct locatiohghe

size at maturitfSOM) varies(Hold et al, 2015)

1.50bjectives

The objectives of this project wete determine if size and sadata obtained from footage
taken by theon-board camera systems was comparablsize and sex datebtained by a
human observer for the same individusissitu. To investigate the error and variability of
measurements taketrectly from stills. To investigate the possibility of using theboard
cameras to monitor other impant aspects of the Isle of Man Crustaceshéty, for example
the presence of shell disease (black spotbrimwn crabs and the functional maturity o

Europeanobster.

To investigate the type and quality of information that can be takenffstiery-dependent
footage collected by fishers during their normal fishing activities, in order to investigate the
feasibility of rolling the camera systems out on a sentinel fleet of vessels. To demonstrate how
data obtained from the camera systems can be utilised alerggsvironmental data and data
provided by fishers, such as MSAlo, investigate spatial and temporal variationthe Isle of

Man Crustaceanishery.
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1.6 Hypotheses

H1: Morphometry of European lobster and brown crab estimated from still images obtained by
each of the ofboard camera systems are comparable to, or within an excepted tolerance
(sufficient to detect growth increments) ¢orrespondingdirect measurements mady a

human observer of the same individualsitu.

H2: Sex allocations from the still images will lre agreement witlsex allocations made lay
human observer of the same individuakitu, for all sizes obrown crabs and fomale and

femaleEuropeanlobsters that are over a certain size.

Has: The condition oEuropean lobsterassessed by thresence and type of damage émel
presencabsence foeggs and thecondition ofbrown crabs; assessedthg presence and type

of damagethe moult state and the preserad®sence of black spot, made from still images
obtained by the eboard camera systems are comparable to assessments of the condition of

the same individual made by a human observsitu.
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2.0 Method

2.1 Camera design

The ar-board cameras used in the present study are the third generation trialled by Bangor
University; the second to utiligearalletpairedlaser photogrammetry. Each unit comprised a
Nextbase 412GW camera with integrated GPS ptaralletpairedlasers (@iforce, 5SmW Red

Laser Modulesgonnected via a single power input cable to an external 12V battery box (Figure
1). The cameras had 1a0 degreewide angle view and were set to video mode at 1440p
reolution at 30 frames per secondihe lasers were focused famaximum intensity at
apprximately 100cm from the sourc&he electronics were housed in a waterproof box, the
integrity of which was reliant on all lids, connectors and watexfaraps being fitted correctly

Each system cost approximately £400constuct and install on each vessaing bespoke

mounting bracket

Figure 1: Labelled image of the third generation of-board cameras trialled by Bangor University in the

present study. Units comprised; A: two paraliaired laers (Odiforce, 5mW Red Laser Modules), B: the
Nextbase 412GW camera with C: the integrated GPS logger and D: the external power source. Credit: Claire
Lambden (Bangor University).

The laserswere fixed at approximately Bm seration distance at the soe however
precision engineering was not used in the construction of the camera units so the lasers were

not precisely parallel from the source to the surface that they were projected onto.
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Footage collected using each camera, and the resulting extracted stills, contained a unique code
for each vesselcomprisingthe GPS coordinates of the location of the vessel; in degrees,
decimal minutes and a date and time stamp. Once the cameras wedetuthere was a delay

of approximately one minute in the GPS recorder activating and triangulating. The date and
time stamps in the footage and extracted stills were only accurate once the GPS recorder had

triangulaked, unless the date and time wals® set manually on the camera.

2.2 Camera installation

Three camera systems were installed on three commercial potting vessels, forgdiifiesin
periods in 2017The camera units were assigned the same identifying number as the vessel that
they were instéed on.The layout of gear on deck varied for each of the vessels participating

in the study, necessitating vessel specific camera installations that took into account operational
and safety issues relevant to the normal working practices of each vesselesult, the
camera mounting height, areas of the vessel and fishing activities carried out in the FOV of
each camera varied. All the cameras were mounted above head height and positioned directly
above the catch sorting area. This was achieved usiagpmke fixture welded to the gunwale

on twovessels (gure 2 and a bespoke mounting bracket attached to the wheel house on the
third vessel. When in use the cameras were powered by an external portable battery, with a
battery life adequate toopver thecamera for a full dayThe mounting height of the camera

units was greatest on Vessel 1 (140cm) and similar on the other two vessels (approximately
100cm).The cameras could be removed from the mountings and storedaod the vessel

when not in use. Oone vessel, Vessel 1, the camera was left mounted to the wheel house even

when not in use.

Each camera system projected the paired red lasers ontegigtieg surface that was in the

FOV of the camera: the defined surface (Table 2). The surface wasoddted in any way

for the purpose of this study. For each individual camera, the magnitude of the laser scale was
determined to the nearest millimetre by measuring the distance between the two laser

projections when they were projected onto a black ptatied on the defined surface.
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Figure 2:The two bespoke fixtures used to instalbmrard camera units on Vessels 2 and 3. The fixtures were
welded to the gunwales on both vessels. N.b. Vessel 1 was selehgatirough théisherydependent data
collection program, so the camera-sgt on this vessel is not shown here. The camera on Vessel 1 was fitted to
the wheelhouse using a custom attachment.

Table2: Table detailing the vessel specifietupsand installationsof the threeon-board camera units installed

on three commercial vessels in the Isle of Man Crustacean fishery. Vessel waraeanonymised using
identifying numbersThe camera unit&ereassignedhe samedentifying numbes as the v&sel that they were
installed on. The defined surface is {he-existing surface that was in the field of view (FOV) of the camera,
which was not changed for the purpose of this stdy.each individual camera unit, the laser scale was
determined to theearest millimetre (mm) by measuring the distance betwedwadiaser projections when they

were projected onto a black matt placenlthe defined surface.

Vessel/Camera Date installed Mountin Defined surface Laser scale
identity (month/year) 9 (mm)

Mounting bracket | Pale grey plastic

1 01/2017 attached to the compartmentalise 49
wheel house sorting table

2 03/2017 Fixture welded to Metal sorting tablg 50
the gunwale
Fixture welded to ,

3 02/2017 the gunwale Metal sorting table 66
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2.31n situ calibration of the individual camera units

An error is introduced when a trégs measured from a st{Cambieet al, 2016) This error

is influencedby properties of the individualameraunits andhe vessel specific camera
installations As a resulteach cameranit had to be calibrated separateiysity, in orderto
determine theamera specificelationship between measurements of crab CW, Iokite
and lobster AW madeemotelyfrom stills andcorrespondinglirect measurements tife
same individuals made by an obsemesitu the Still CW, CL and AW measurements and
RealCW, CL and AWmeasurements respectiveyalibrationof the cameradetemined if

it was necessy to applypredictive moded to Still trait measuremenis order to obtain
accurate estimates of the trsites; thd’rediced CW, CL and AW To control for observer
identity, a single experienced observer (JE) determineith $itu data used to validate all

three onboard cameras and presented all the animals to the respective cameras.

Each camera was calibrated using a sample of crab and lobster caught as part of the respective
vessels normal fishing activities, including aaismthat were illegal to land, such as animals

that were below the MLS and berried and sbi¢lled animals. The number, size range and
condition of each species used in the calibration of each camera varied depending on the
composition of the respectiveessels catch on the day that the calibration was carried out.
Lobsters and crabs were measured and dexdide observein situ before being presented to

the camera, bothadsal and ventral side up. The& CW of each crab was measured as the
widest parbf the carapagearallel to theend of the carapac€igure 3. The Real Clof each

lobster was measured as the distance from one eye socket to the distal joint of the carapace
(Figure 9.
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Figure 3: A browncrab being measured by the obseriesitu during the calibration ofhe orboard camera
unit: Camera 2. Thearapace width@W) of each crab was measuradthe widest part of the carapace,
parallel to the end of the carapace (indicated by the pinkvayrto the nearest millimetre using Vernier
callipers.

In order to determine the AW:CL ratio cut of value between male and female lobsters, the Real
AW of each lobster was measuiiedsitu as the widest part of the second abdominal segment,
per Brown (198). Length and width measurements were taken to the nearest mm using Vernier
callipers. The observer sexed each lobgiesitu by observing the first of the dimorphic
pleopod pairs: the Observed lobster ¢Eigure 4. Whilst each crab was sexad situ by
observing the size and shape of the dimorphic abdominal flap: the Observed crab sex.

Figure 4. A European lobster being measured by the obsénvsitu during the calibration of the cboard

camera unit: Camera 3. The caramalength (CL) of each lobster was measured as the distance from one eye
socket to the distal joint of the carapace. The abdomen width (AW) of each lobster was measured as the widest
part of the second abdominal segment (B: indicated by the green aflfisv3ex of each lobster was

determined by the obsenviersituvia a visual assessment of the first of the dimorphic pleopod pairs (circled in
yellow).
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The dorsakides of each crab and lobstegre presented to thhespectivecamera so thahe
laser scalevasprojectedalong the widthor lengthof the carapaceespectively (Figures 5 and

6) whilst it was held perpendi@r to the axis of both laser§he ventral sides @fach lobster
were presented so that the laser scale was projected h®otength othe abdomerwhilst it

was held perpendicular to the axis lo¢ tasersAnimals wereheld in position for at least one
second; determined by Hodd al.(2016) to be the minimum time necessary for accurate visual
capture. It was not necessary for the laderbe projected onto the ventral sides of crabs,
however a clear view of the abdominal flap was required in order to determifr@rsethe

stills.

Figure 5: Still images (stills) of the dorsal andnteal sides of brown cralA: dorsal; Band C ventral). The

dorsal sids werepresented to the camera so that the laser scale (the distance between the laser projections:
demarcated by green circles) was projected along the width of the carapace whilst it was held perpendicular t
the axis 6 both lasers. The ventral sislef eachcrab werepresented so that there was a clear view of the
abdominal flap, to enable sex to be determined from the 8iliméle; C female). The stills were extracted

from calibration footage taken liie orboard camera unitCamera 2.
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Figure 6: Still images (stills) of the dorsal and ventral sidest@&@uropean lobste¢A: dorsal; B ventral)..The
dorsal and ventral sides were presented to the camera so that the lasdtisealistance between the laser
projections: demarcated by green circles) was projected along the the length of the carapace (dorsal) or
abdomen (ventral) whilst it was held perpendicular to the axis of both lasers. The stills were extracted from
calibration footage taken bipe onboard camera unitCamera 2.

The observer assessed the condition of each individual lobster by recording the loss of claws
and the presenad eggs. The observer assedthe condition of each crab leyaluating ifit
wasexhibiting a physical manifestation of black spot, determined by the presence of at least
one black lesion on the exoskeleton and by quantifying damage by the td@s®and legs

and damage to thexoskeleton. The observer also nafegh individual ¢ab was soft

shelled, determined Bssessing the pliability of the exoskeletonl byobserving the

colouration of theventral side of the exoskeletgpale colouration was taken to be indicative

of softshell inanindividual. It was not noted if a lobstwas softshelledbecause there is no
visible manifestation of this moult stage in lobster.

2.4 Calibration footage analysis

The calibration footage recordbyg the three camera systems was viggimeVLC media player
version 2.2.4 Weatherwax.Data was mtered directly into a Microsoft Excel (2016)
spreadsheet. The default settings in VLC media player and Microsoft Excel were changed as
described in Appendixdo as tespeed up thstill extraction procesand reduce the chanoé

data entry errotsThe interactive zoom feature in VLC media player was used when analysing
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the footage, with the zoom rectangle focused ondiitned surface that the lasemwere

projected oto (Figure 7.

Figure 7: Screenshot (main image) tbfe calibration footage recorded by Camera 1 being viewed in VLC media
player version 2.2.4, with the interactive zoom rectangle focused on the defined surface that the lasers were
projected onto. The inset (indicated by the green arrow) shows thenstdki (still) that was extracted from the
footage in the main image.

The snaphot feature in VLC media player was used to extract a minimum of one still for the
dorsal and ventral sidef each crab and lobster. More than etik was extracted if a more
preferableone wasbservedn subsequent footaghowever only one dorsal and ventral still
were analysed for each animal. The ideal still was one in which the trait of interest was
perpendicular to the axis of the lasers andiomvehich both lasers were projected onto and
visible on the trait of interest. For both species, it was sometimes hard to distinguish the laser
projections from the natural coloration of the animal or soiling of the carapace (Fgores

10).

30



Figure 8: Still image (still) showing how a marking on the carapace of a brown crab (indicated by the blue
arrow in the inset) could be mistaken for a red laser projection. The paired lasers are demarcated by green in
the inset. The dtiwas extracted from calibration footage recorded by théoard camera unit: Camera 2.

Figure 9:Still images (stills) showing the potential difficultydistinguishingthe paired red laser projections
(demarcated by greerfyfom markingoonthe carapace afrowncrab. The sills were extracted from
calibration footage taken usine onrboard camera unitCamera 2.
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Figure 10: Still image (still) showing the potential difficulty in identifying {redred red laser projections
(demarcated by green) on the ventral sidéEuropeanlobster, due to theatural colouration of the lobster.
The still was extracted from calibration footage taken using thieo@mnd camera unit; Camera 2.

In addition, t was preferable if both laser projections were two well defined points, rather
than dispersed points or projections that had split into multiple points (FijLieesi 12), as

an errorin determining the centre of the laser projectimtioduces error intotHl

measurements made using the laser scale as a refdReptacement stills wemxtracted

from the footage as required. If it was not possible to measure a trait from the replacement

still, the reason for still rejection wasded using the codes irable 3.
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Figure 11: Still image (still)showing the paireded lasers projected onto the carapace of a brown crab. One of
the projections (demarcated by blue in the main image) has split on the carapace. The laser speckle
(demarcated by green in the inset) could be indicative of irregularity of or damage to theaar@pss still

was extracted from calibration footagecorded by the oboard camera unitCamera 2.

Figure 12 Still image (still)showing the paired lasedispersing wheiprojected onto the carapace of a brown
crab. This stl was extracted fronsalibration footagerecorded by the oboard camera unitCamera 1.
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Table3: Codes assigned to rejected stills (taken during the calibration process and during the fishery

dependent data collectioprogram)to explain the reason for still rejection and as a result the reason why a

trait could not be measured for an individdmbwncrab or Europeanlobster. Species that the codes were
assigned to are indicated by the letter in brackets (C:crab, ktlf CW: crab carapace width; CL: lobster
carapace length; AW: lobster abdomen width.

Code Description

Con Start or end of CL (L), edge of A(L) or edge of CW (C) obscured by
condensation in the camera housing (see section 2.7)

ES Poor definitionof the eye socket, used to demarcate the start of CL (L) as
result of sunlight reflecting of the eye socket, soiling of the carapace arou
eye socket and poor video resolution.

LNV One or both lasers not visible on the trait of interest (or anganinghe still) as
a result of bright sunlight or due to difficulty distingbing the laser
projectionsfrom the colouration of or markings on the carapace (L & C).

LS One or both of the laser projections split or dispersed when projected ontt
trait of interest (L & C).

NU Animal not presented tine cameragnly one side of the animal presented, ¢
the animal presented so that one or both of the lasers are projected onto-
defined surfaceather than the trait (L & C

OB Start or end o€L (L), edge ofAW (L) or edge ofCW (C) obscured by shado
or object, such as seaweed or the string.

OH End ofCL (L), edge ofAW (L) or edge ofCW (C) obscured byhe handof the
person presenting the animal to the camera

oL Edge ofAW obscured byhe leg of the animal (L).

PD Poor definition of the end of the CL (L), edgeAV (L) or edge of CW (C).

TC Tail fan is curled when the animal is presented to the camera (L).

T The animal presented at an angle that is not perpendicular to thof bzt

lasers (L & C).
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Where possible, for each extracted crab and lobster dorsal still and lobster vehttakestil
Straight Line function in ImageJ was used to draw a straight line between the centre of the laser
projections(Figures 13 and 14)Thelaser scaldéor the respective camera system, determined

as described in section 2.2, was entered theédset Sale function in Imaged in order to make

a pixel to millimetre conversion. Due twnparallelity of the lasersit was found to be
necessary to set the scale in ImageJ for each dorsal and ventral still individually rather than
using theGlobal option in the Set Scatenction to set the scale ontar stills taken by the

same camera unit.

Where possible, the CW each crab was measuriedm the dorsal stilby drawing a straight

line across the widest part of the carapace, perpendicula tmttom of the carapgabe CL

of each lobstewas measurefilom the dorsal stilby drawing a straight line from the esecket

to the distajoint of the carapacandthe AW of each lobster was measufeain the ventral

still by drawing a straight line acr®@she second abdominal segmdriite measure fution in

ImageJ was thensed to determine the straighite length ofeach trait.The zoom feature in

ImageJ was used as required to get a closer view of the anatomical features that demarcated

the start and end points of the trait of interest, for example the back of the eye socket in lobsters.

Figure 13: Still image (still) of the dorsal side of a brown crab, presented to a camera so that both lasers were
projectedacrossthewidth of thecarapace. The Straight Line function in ImageJ was used to draw a straight
line between theentre of the laser projections (the yellow dashed line). The laser scale for the respective
camera system, was used to make a pixel to millimetre conversion, which was then used to measure the
carapace widthQW: indicated bythe purple arrow).
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Figure 14: Still images (stills) of the dorsal and vertsides of a European lobster (A: dorsal; Bntral),

presented to a camera so that both lasers were projedted) the length ahe carapace or the abdomen,
respectively. Thetfight Line function in ImageJ was used to draw a straight line between the centre of the

laser projections (the yellow dashed lines). The laser scale for the respective camera system, was used to make
a pixel to millimetre conversion, which was then usetieasure the carapace length (CL: indicated by the blue
arrow) or abdomen widthAW: indicated by thegreen arrow).

The condition of each crab and lobster was assessed from the stills and coded using the codes
in Table 4 Softshelled crabs were idefi¢d by the colouration of the ventral sidé the
exoskeletonpale colouration between the joints of the limbs was taken to be indideivant
individual crab was softhelled. It was not possible tietermine if a lobster was sefhelled

from the extracted stills or raw video footage. Presence of black spoimdividualcrab was
determined by the presenceaifleastone black lesiomn the dorsal or ventral stilthe Still

black spot assessment.
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Table4: Codes assigned to each animal (photographed during the calibration process and during the fishery
dependent data collection program) to describe condition. Species that the codes were assigned to are indicated
by the letter in brakets (C:crab, L:lobster}only assigned to lobsters photographed using Camera 1 during

the fisherydependent data collection program (segtion 2.7.

Code Definition
A Absence of black spdshell diseasg)C)
P Presence of black spot (C)
1-6 Quantifies the number of missing legs (C)
X Onemissing clawg (L & C)
XX Two missing claws (L & C)
B Berried (egg bearing) animal (L & C)
SS Soft-shelled [* & C)

To control for analyst identity, a singlealyst extracted and analysed all the calibration stills.
As recommended by Hoket al.(2015) training was provided to the analyst by an experienced
researcher (JE) in order to mitigate the subjectivity in identifying the anatomical features used

to demacate the start and end points of the traits.

2.5Morphometric allocation of sex

Where possible, crabs were sexed fromvidratralstills by a visual assessment of the size
and shape of the dimorphic abdominal flap. The accuracy of still sex allocatsns w

determined by calculating the percentage of crabs that were allocated the Observed crab sex.

The AW:CL ratio cut off value between male and female lobsters was determined using Real
AW and CL measurements taken during the calibration process and akaar

investigation into the SOM of lobster in the Isle of Man (Emmensomublishedl In total,

the Real AW:CL ratio was calculated for 264 lobsters (151 females and 113 males). Male
lobsters were found to have a Real AW:CL ratio of less than 0.98t\dmales were found

to have a Real AW:CL ratio of. greater than or equal to 0.52. However, juvenile female

lobsters had a similar morphology to males.

Where possible, the Predicted AW and CL were calculated for each calibration lobster from
the correspnding Still measurements. The value of the Predicted AW:CL ratio determined

the sex that was assigned to each lobster from the stills: the Predicted sex. Sex was assigned
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using the ratio cut off value between male and female lobsters, determined dsedescri

above.

An error will be introduced into the sex allocation of lobsters as a result of using the Real
AW:CL ratio rather than observing the pleopods, due in part to juvenile female lobsters

having a similar morphology to males. The accuracy of thé R#&aCL ratio at allocating

sex to the calibration lobsters was assessed by calculating the percentage of lobsters that were
allocated the Observed lobster sex. Similarly, an error will be introduced in to the sex

allocation of lobsters from stills as astdt of using the Predicted AW and CL rather than the
corresponding Real trait sizes. The accuracy of the Predicted AW:CL ratio was assessed
following the same method used to assess the accuracy of the Real AW:CL ratio. Finally, the
accuracy of the Real drPredicted ratios were compared.

2.6 Error and variance

2.6.1Intra-observer effect

In the present study, tteecuracy oflata obtained usintpe orboard cameras was assessed
usingdata collected by singleobservein situ. However, there will be erron data collected
by observers and as a result variance in data coll&ciedthe same animal multiple times
by a single observer: the intadbserver effect. In order to investigate the wutbserver
variability in data collected fronarals, the singleobserver (JE) performed two repeat nhon
paired Real CW measuremerdgsx allocationand black spot assessments on a set of 30

crabsin situ.

2.6.2Inter and intra-analyst effect

In order to investigate the intanalyst effect for all three traits, defthas the variation

amongst repeat measurements of the same trait in the same still by multiple analysts, three
analysts (CL, JE and SM) measured the relevant traits in a set of 73 crab calibration stills and
a set of 36 lobster calibration stillsor eachtrait, the effect of camera identity on the inter

analyst effect was controlled for by using stiiken by the same dyoardcamera unit (crab

CW: Camera 2; lobsteZL and AW. Camera 3).

So as to investigate the intamalyst effect for all three traitdefined as the variation amongst

repeat measurements of the same trait in the same still by the same analyst, all three analysts
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repeated the measurements described above three times. In order to investigate subjectivity in
still rejection, each analysecorded their still rejection rates and coded the reasons for still
rejection using the codes Trable 3(section 2.4). Two more experienced analysts (JE and SM)
also assessed the crab stills for the presence of black spot, so as to invistigate and

intracanalyst variability inStill black spotassessments

2.6.3Comparison ofthe intra-observer and intraanalyst effect

In order to compare theariability of data collected remotely using the camera systéths
the variability of data collgedin situ, theintra-observer variance in two repeat Real CW
measurements and black spot assessments (pe0ymed by a single observer (JE)itu
(as described in section 2.pWas compared with thater-analyst \ariancein three repeat
Still CW measurements and black spot assessmentsrmedoy thesameobserver/analyst
(JE) during the investigation into the inter and iraralysteffect (as described in section
2.6.2).

2.6.4Still selection

Still selection from the raw video footage may influence the precision and accuracy of
measurements taken directly from stills. For all three traits, the precision and accuracy of
measurements taken directly from stills were assessed in a process whiliebqitS
measurements were made by a single analyst using three different stills (extracted from the raw
calibration footage in a succession of less than five seconds) of the same 42 crabs and the same
36 lobsters.

Further, for 21 lobsters, the mean Predicted AW=CV of the three Still AW measurewasnts
plotted against the mean Predicted CL+CV of the three Still CL measurements, in order to
assess the effect of still selection on the accuracy and precision of dietdetrdW:CL ratio.

To control for analyst identity, the single analyst who investigated the effect of still selection
was the same analyst who determitiee predictive models for all three traits (SM).
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2.7 Fishery-dependent data

The fishersvho parttipated in the fisherdependent data collection progréemnget crab and
lobster in three different areas in the territorial waters of the Isle of(Mguare 15. Fishers

were asked to pass catch of the target species (brown crab and lobster) into eV
camera, as described in section 2.3, in the order that the traps were hauled. Fishers were not
required to keep paper records or modify their behaviour in any other way. It was up to the
discretion of the fishers when they used the cameras andhotv of the catch they

recorded.

Inshore 5424
Targets
- O
o221 ©
IRELAND ﬁz
FRANCE
lchi=as Isle of Man
- 54720’
@ Douglas Bay
@)
Bay Ny Carrickey 0 5  10km
0 5 10 mi
| 1 |
4°45 4°30° 4°15’

Figure 15: Map showing the three areas in the territorial waters of the Isle of Man (indicated by green) where
fishers participating in the present study target brown crab and European lolStedit adapted from
Wikipedia).

Analogous tdhe calibration footagehe fisherydependent footagsas viewed in VLC
media player using the interactive zoom featlites enableda close up of thdefined
surfaceto be viewed in the centre of the screen whilst activities in the entire FOV of the
camera were visible in the inset rectangle inl¢fichandcorner of the scregffrigurel16). To
control for analyst identity,liethe fishery-dependentootage and extraet stills: the fishery

stills, were analysed by the same trained analyst thagsmththe calibration footage (SM
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Before being analysed, random sections of
previewed to determine what information could be takemfit (Figure 17. For example,

when previewed, fatage recorded b§amera 3n Junewasof poorer quality than footage

from previous monthsThis was found to be a due to condensation in the camera housing as a
result of a leak around the screwaffixingthe window to the baxAs a result, the only

information that was takemdm this footage was the numizerd fate of crab and lobster in

each georeferenced trap.

-

Figure 16: A: still image (still) extracted from fishergependentootagerecordedby Camera 1, showing a

close up of the defined surface in the centre of the screen whilst activities in the entire field of view (FOV) of the
camera are visible in the inset rectangle in the-tefbd corner of the screen. B: Zoomed in image of the inset
rectangle, showing activities in the entire FOV of the camera. A lobster is being bandedrffide of the

image) whilst the next trap is being hauled onto the gunwale {night side of image). GPS data has been
removed to protect commercial senaiti.
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Figure 17: Rawvideofootage from the oboard camera unit installed on Vessel 3, showing a male brown crab

being presented to the camera dorsal then ventral side up before being discarded (left to right). GPS data has
been removed to protect commercial sensitivity.

For footage thatould beused tameasure theizeof crabs and lobsters, stills were extracted

and measured in ImageJ as described in section 2.4iddwplayack speed was decreased

as required to allowhe best still to be extracted even if the animal had only briefly been

passed under the camera by the fisher. The speed was decreased to as slow as 0.06 times the
original speed for the fastest footage. For example, to extract stills of lobstersxbeatifieir

tail fans when they were held ventral side up. The video playback speed was increased to as
fast as 1.5 times the original playback speed during periods when the catch was not being

sorted.

Trial and error found that the most efficient way to extract and analyse the fishery stills was

to pause the footage and analyse each still as soon as it had been extracted. If a still was
rejected the footage was restarted and a replacement still edtifgmbssible. If it was not

possible to extract a usable replacement still, the reason for the still rejection was coded using

the codes iTable 3section2.4.

For footagehat could baised to investigate the sex ratio of crab and lobster, where lpossib
crabs and lobsters were allocated a sex from the extracted stills as described i”2 fedtion
order toquantify the still rejection rate and qualify reasons for still rejection for each of the
traits, the AW for each lobster was measured from théalkestill where possible, even if it
was not required for sex allocation, i.e. if a lobster was berried or doitsal still had been

rejected.
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Each crab and lobster was assigned an identifying code comprising the code of the vessel it
was caught orthe date that it was caught, the string and trap nhumber and the GPS
coordinates of the trap that it was caught in. Gberdinatest the moment the traps were

first visible in the FOV of the camera were taken to be thectmapdinateson two vessels,

this corresponded to thmordinatest the time the trap was hauled onto the vessel, whilst on
the third vessel this corresponded to¢berdinatest the time the trap was put on the sorting
table. The earliest registered G&®rdinatesvere assigned to all the traps that had been
hauled before the GPS receiver had triangulated. The fate of each crab and lobster was
determined if possible and coded using the codé@sle 5.The crab and lobster fate

unknown codes, CU and LU respectiyalere used if an animal was taken permanently
outside of the FOV of the camera or if the camera was switched off before the fate of an
animal could be determindxy the analyst

Table5: Codes assigned to each brown crab and Bean lobster caught during the fishery dependant data
collection programin the Isle of Man Crustacean fisheRBgbruaryto June 2017to describe the fate of each
animal. The crab and lobster fate unknown codes: CU and LU respectively, were used ihalveas taken
outside of the field of view of the camera or if the camera was switched off befaralyst could determine
thefateof an animal

Code Definition
CK Crab kept
CD Crab discarded
CuU Crab, fate unknown
LK Lobster kept
LD Lobsterdiscarded
LU Lobster, fate unknown

The video footage was reviewed as necessary for information that could not be determined
from the stills, for example in bright sunlight it was sometimes only possible to sex crabs
when they were tilted away from thight; at the point of discard or when thegm being

put into a fish box If a crab could not be sexed from a dorsal still or the raw footage, the

reason was coded using the codetahble 6

43



Table6: Codes assigned t@&jected ventral still images (stillgf brown crabto explain the reason for still
rejection and as a resylthe reason why a crab could not be sexed from the still or theideofootage. The
footage wasecordedby three orboard cameras during asherydependent data collection program in the Isle
of Man Crustacean fishery, February to June 2017

Code Definition

Con Abdominal flap obscured byoadensation

in the camera housing

L Abdominal flap obscured by the legs of tl
crab
NU Crab notpresented to the camera or only

the dorsal side of the animal presented ti
the camera.
OB Abdominal flap obscured gnobject,

such as seaweed.

S Sunlight reflecting otheabdominal flap.

Where possible, the condition of each crab and lobster was assessed from the stills as
described in section 2.3. Although it was not possibtietermine if a lobster was soft
shelled from the extracted stills or raw video footdpe fisher on one veds¥essel 1
developed a hand signal to indicate to the camerathiidividual lobster was seshelled

before discarding it.

Various features In ImageJ were trialled in an attempt to reduce the numbers of stills that
were rejected (Appendix). For examplethe Invert function in Imagewas found to
sometimes improvthe contrast between the laser projections and the colouration of an
animal (Figure 18) omprovethe visibility of the projections when sunlight was reflecting of
the carapacddowever, the utity of all these features welimage dependant; none of the
features worked consistently to resolve the same issue in multiple stills. The time cost of
trying all the different featuresas found to outweigh the benefit of a minimal redurctn

the number of rejectetills.
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Figure 18: Still images (stills) showing how the Invert function in ImageJ (A:ingarted image; B: inverted
image) could sometimes be used to increases the sbbebveen the red pairdaser projectiongcircled by
red in theinvertedimage) and thecolouration oforown crab.

Although fishers were not asked to pass bycatch into the FOV oftheardcamers, stills
of visible bycatch were extracted from tighery-dependentootageto give an inecation of

the quality of imagehat could be obtained using the cameras.
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3.0 Statistical analysis

All statistical analysis was performed in Microsoft Excel and R version338&(R Core

Team, 2013)The significance level was set at 0.05.

3.11In situ calibration of the individual camera units

The relationship between the Real anidl 8ait measurement&as investigated separately
throughoutor each of the three traits: CW, CL an8lVAPrior to statistical modelling, @

plots of the CW,CLandW dat a were visually inspected to
test(Brown and Forsythe, 1974yas used t o test for heteroscec

plot was used to check for outliers.

In order to determine the effect of camera identity on the error in the Stilheagurements
ANCOVA was used to model the error in the Still tsateas a function of the Real trait size
and the camera identitiiodel 1).

(Still trait sizeReal trait size)~Real trait sitéamera identity ~ Model 1

Initial data exploration found that the retatship between the Still trait measuremeasl

the Real trait size was linear for all three traits and indicated that a camera specific predictive
model was requirefbr all three traitsThe starting predictive model for each trait included

all the terns (Model 2). Any nonsignificant terms were dropped in a process of model
simplification. Anova for model selection was used to test if the simpler model explained
significantly less of the variation in the Real trait size. The most parsimonious model was

chosen as the preferred predictive model for each trait.

Realtrait size~ Still trait size*Camera identity = Model 2

3.1.1 Real and Predicted size frequencies

Thecamera specifipredictive modelsvereapgdied totherespectivestill CW, CL and AW
measurement® produce the Predictediit sizes The PredictedCW, CL and AW datasets
for all three cameras were combined were the Real CW, CL and AW datasets. Linear

regression analysis was used to model the relatiohgtipeen the Predicted traidtasets
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andthe corresponding Reahit datasetsThe goodnesef-fit of each predictive model was

assessed by inspecting the diagnostics plots and the residual error structure.

A non-parametric KolmogoreySmirnov test was used to test for significaiffiedences
between the Real and Predicted size frequencies of the calibration lobsters and crabs. The
mean size, median size, size range, and number of undersized individuals were calculated for

the Real crab and lobster size frequencies and the corresgdtrédicted size frequencies.

3.1.2Condition assessment

For all three cameras combined, three calibration crabs were assessedlaslsdft 38 as
infected with black spot and 37 assessed as damaged by the olrssitved. 1 calibration
lobsterswere assessed as being berried and five assessed as dayntgedbserven situ.
These low sample sizes excluded the possibilitysorigstatistical analysigo compare the
results of thestill and in situ condition assessmentsowever some descripé results are
presented in sectiohl1.1 Finally, the still rejectiomates and reasons for still rejectiaere
compared descriptively fdroth crab and lobster

3.2 Morphometric allocation of sex

Due to the small numbers of large and small lobsters tasealibrate the camera systems
lobsters smaller than 80mm CL were binned together, as were lobsters larger than 100mm
CL. Lobsters in between 80mm and 100mm CL were binned into 5mm size classes. This size
class was chosen to enable a direct comparesbe thade between results obtained in the
present study and results obtained by Hatldl. (2015) using a background reference scale
rather than a laser scale. The accuracy of the Real AW:CL ratio at allocating sex to male and
female lobsters was assesbgdalculating the percentage of lobsters in each bin class that

were allocated the Observed lobster sex.

The accuracy of the Predicted AW:CL ratio at allocating sex to lobsters from stills was
assessed using the Observed lobster sex, following themsathed as described above for

the Real AW:CL ratio. The accuracy of the Real and Predicted sex allocations were
compared graphically for each sex. With regards crabs, the accuracy of still sex allocations
was determined by calculating the percentageaii<that were allocated the Observed crab

sex, for all size classes combined.
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3.3 Error and variance

3.3.1Intra-observer effect

A nonparametridolmogorow-Smirnov test was used to test for significant differences
between the two Real crab size frequenomeasured by the single observer (@E)itu. The
intra-observer variability in théwo non-paired repeat black spot assessments and sex

allocations were compared descriptively.

3.3.2Inter and intra-analyst effect

For all three traits, the intranalysteffect was investigated by calculatitige mean error in
the three repedtill measuremestperformed byeach of the three analysfhe inter and
intracanalyst effect in Still black spot assessmevege investigated by calculating the mean
percentagé+CV) of crabs correctly and incorrectly assessed as having black spot, in the
three repeadssessments performed by the two analysts

So as to investigate the int@nalyst effect, ANCOVA was used to model the Real trait size
as a function of the Stilrait size and the analyst identity. The starting predictive model for
each trait included all the termigl@del 4). Nonsignificant terms were dropped in a process
of model simplification. and anova for model selection was used to test if the simpler model

explained significantly less of the variation in the Real trait size.

Real trait size ~ Still trait size*Analyst identity Model 4

3.3.3Comparison of intraobserver and intraanalyst effect

The obgrver who collected theata used to investigate timtra-observer effecivasone of

the analysts who participated in theestigation into théntra-analysteffect (JB. In order to
compare the intrabserver and intranalyst effectKolmogorovSmirnov tests were

performed on all possible combinationgtod three Still crab size frequencies obtained by the
observer (JE) during the investigation into the wamnalyst effectTheresultswere compared
with the resulbf the KolmogorovSmirnov tesused to deirmine the intrabbserver effect in
Real crab ize frequenciessection 3.3.1 The intraobserver effect in the twio siturepeat

black spot assessments was compared descriptively with thanahgst effect in the three

Still black spot assessments carried out by the same observer/analyst.
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3.3.45till selection

The effect of still selection on the accuracy and precision of Still measurements was assessed
for all three traits in a process whereby Stdit measurements were made by a single analyst
using three different stills of the same 42 srabhd same 36 lobsters. For all three traits, the

Real traitsizewas plotted against the are Stillmeasurement (xCV), alongside the ideal
relationship: Real trait size equals Still trait sikke effect of still selection on the accuracy

of the Still measurements was graphically assessed. For eachheagffect of still selection

on the precision dbtill measurement&zas assessed by calculating the mean coefficient of

variation of the three Still measurements.

For 21 lobsters, the predictive models were used to calculate and plot the mean Predicted
AW=CV of the three Still AW measurements against the mean Predicted CL+CV of the three
Still CL measurements. The Observeldstersex was included as a categoricatiableso

thatthe effect of still selection on the accuracy and precision of the Predicted AW:CL ratio

couldbe graphically assessed for each individual lobster.

3.4Fishery-dependent data

3.4.1 Fishery still rejection

In order to investigate why trait®uld not be measured from the fishegpendent stills,
percentage histograms were created for the codes assigned to rejected stills (Table 3, section
2.4) taken by all three camera units combirTed still rejection codes were grouped according to
humanerror and error as a result of the photogrammetric appadne.code for condensation was not

included in the analysis.

3.4.2 Fisherydependent data applications

In order to demonstrate possible future applications of data acquired from the canesna syst
the trap coordinates taken from the footage were plotted in ArcGIS version 10.3. The points
to line tool was used to join the traps together and plot the stArgsat map was created to
show the observations of the targpecies collectethroughot the fisherydependent data
collection programPre-existing environmental data layers: bathymetry, median particle size

and benthic infauna biomass were mapped to explore any habitat interactions of the fishery.
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descriptively for both crab and lobsté&he utility of the cameras in investigating the spatial
and temporal variations in the sex ratio of crab was demonstrateddiing pie charts for
each month and each Port Erin gsguare within which fished traps fell. Pie charts were
only created fom particular month and grid square if the number of obsergatibarab was
greater than 1Mue tothehigh lobster still rejection rate,was not possible to use the
fishery-dependentootage to investigatine spatial and temporal variations in #ex ratio of

lobsters

Thecamera specifipredictive modelsvere applied téhecrab and lobster size
measurements takelirectly from thefishery-dependent stills. Size frequency histograms
were plottedo investigatehe spatial and temporal variatgin the size frequenes ofboth
speciesin eachport Erin grid squareHistograms were only created for a particular month

and grid square if the number of observationsrab or lobstewas greater than 10
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4.0 Results

4.11n situ calibration of the individual camera units

The size and condition of animals used to performrttsitu calibration of the three camera
systems varied depdimg on the composition of the respectixgssels catch on the day the
cameras were calibrated. For all three camesasbinel, a total of 195 and 15fets ofdorsal

and ventral stifl of crabs and lobsters were extracted respectively. The Real and Still CW and
CL datasets failed to meet the assumption
p<0.05). Therefore, #re was an increase in the possibility ofetyme errors when

comparing the relationships between the Still emidesponding Real trait sizdsetweerthe
threecamera systems. Neagquality of variance was likely a consequence of the diffesieat

ranges of each species used to calibrate each individual camera system.

For all three traitsANCOVA showed that there was a significant effect of the camera
identity on theerror inStill trait size(Model 1; Figure 19. Measurements taken directly from
stills could under or overestimate all three trait sizes if the stills were extracted from footage
taken by Cameras 2 8r Whereas measurements taken directly from stills consistently
underestimated all three trait sizes if the stills were extracted fromg®oaken by Camera

1. The magnitude dheerror in all three Sitill traisizes also tended to be gredtarthis

camerahan for the other two camerdsr similar Realrait sizes

(Still trait sizeReal trait size) ~ Real trait size*Camera identityModel 1
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Figure 19: The relationship between the error in the Still trait siz#ll(Real trait size)measured remotely
usingpairedlasers as a reference scakk: prowncrab CW, B:Europeaniobster CL, C:Europeaniobster AW

with the corresponding Real trait size, meastuiresdity, for the animals used in the calibration of all three

camera units combined (blue: Camera 1, black: Camera 2, green: Camera 3). The red dotted line represents the
ideal relationship between the Stlhd Real trait sizes, i.e. no difference.

With regard to lobster CL and AW, the error in Still trait measem@sthanged with the

Real trait size if the stills were taken by Cameras 1 and 3, as indicated by a gradient
significantly different from zer¢Camera 1: p<0.05; Camera 3: p < 0.01). For camera 3, the
error in bothStill lobstertrait sizes increased with increasing Real trait size, whilst for
Camera 1 the error in bo8till trait sizesdecreased with increasing Real trait size. The error
in Still CL measurements changed rsgnificantly with the Real CL size if stills were taken
using Camera 2 (p = 0.23), even though the rate of chartge efror in Still CLwith Real

CL was the same for Camera 2 as for Camera 3, as indicated by idgradiahts (gradient

= 0.08).This could be indicative that an insufficient sample size and size range of lobster
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were used to calibrate Camera 2 compared to Camera 3 (Camera 2: n= 15, CW range: 71.4
88.4nm; Camera 3: n=55; CW range: 67133.1Imm) resultng in insufficient statistical

power to detect a significant change in error with Real trait size even if there was one.

For crab, the error in StiCW measuremendecreased with the Real CW size for stills taken
using all three cameras, as indicatecglyradient significantly different from zero for

Camera 3 (p < 0.005) and near significantly different from zero for Cameras 1 and 2 (p=0.07
andp=0.05 respectively).

Initial data exploration found that the relationship between trait measurementslitaictiy

from stills and the corresponding Real trait sizes was linear for all three trpger{dix IlI).
ANCOVA showed that there was a significant effect of the camera identity on the linear
relationship between the Real and Still trait measuremengdl fibree traits, indicating that it
was necessary to apply a camera specific predictive model to measurements taken directly
from stills. Anova for model selection determined that the preferred predictive model for
lobster CL and AW was the starting neddModel 2 (Table 7; Figures 20 and RThe

preferred predictive model for crab CW was the simpler mddietiel 3. However, due to
heterogeneity of variance in the data, it is possible that the st@iihgredictive model

failed to detect a significamiteraction of the camera identity atek Still CW size.

Real trait &ze ~ Still trait size*Cameralentity Model 2

Real trait size ~ Still trait size + Camera identityModel 3
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Table7: The results of the ANCOVAs aadova for model selection, used to determine the toaitvn crab

CW, Europeanlobster CL and AW) and camera specfiieferredpredictive models adopted to calibrate the
corresponding trait measurements made from still images: the Still trait Stbs\, Still ¢, andStill aw). >
indicates a significant difference in model parametersveen otboard camera unitggradient or intercept),
where 1>3 in the Model gradient column would indicate that the gradient for Camera 1 is greater than the
correspading model gradient for Camera Rl indicates an intercept that is near significant at the 0.05
significance level (p=0.08%** p-v a | u e ; *Op-valueH.01;* p-value < 0.001.

Differences in model parameters

Preferred predictive model F statistic p-value Moc_iel : Model
gradient intercept
Realc ~Still c.* Camera Fs,11=1104 <0.001* 1>3* 1>N
Realaw~Still aw* Camera  Fs,111494 <0.001* 3<1* 3>1*
Realcw~Still cw+ Camera  F3 16511560 <0.001* *3<1>2* NA
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Figure 20: The relationship between the Predicted European lobster AW, derived from measurements made
from still images using parallel lasers as a reference scale and the Real lobster AW measituetbr the

animals used in the calibtian of all three cameranits combined (blue: Camera 1, black: Camera 2, green:
Camera 3). The red dotted line represents the perfect relationship between the Predicted and corresponding
Real AW size, i.e. Predicted AW equals Real AW.
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Figure 21: The relationship between the Predicted trait g&ebrown crab CW and B: European lobster CL)
derived from measurements made from still images ysrajlel lasers as a reference scale and the Real trait
size,for animals used in the calibration afl three camera units combined (blue: Camera 1, black: Camera 2,
green: Camera 3). The red dotted line represents the perfect relationship between the Predicted and
corresponding Real trait size, i.Bredicted trait Ste equals Real trait size.
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For all three traits, the respa predictive modelsxplained 98% of the variance in the
Predicted trait sizebue to outliers in th€redictedlatases, the median residual error was
calculated for each dataset instead efrtiean residual erroféble §. The preferred

predictive model tended to overestimate the Real CW and Real AW slightly, as indicated by a
negative median residual errdvhilst the preferred predictive CL model tended to
underestimate the Real CL slightljhe CL predictive model had the smallestidual error
structure(Figure22). For all the traits, 50% of the Predicted trait siere within £1.2 mm

of the corresponding Real trait size

Table8: The results of the linear ggession analysis on the Predicteobwn crab and European lobsteait
sizes (crab: Predictedcw; lobster: Predictedc, andPredictedaw) againstthe correspondindreal trait size
(crab: Realcw,lobster:Realc, andRealaw). The median, range arndter quartile range (IQR) of the residual
error are shown for each of the preferred predictive mod#is. residual error in the predictive modelsar
shown graphically irFigure 22

Residual error

Preferred Predictive model R?2  Median (mm) Range (mm) IQR (mm)
Predictecc.~Realc . *Camera 0.98 0.05 -4-5 -1.1-1.2
Predictedaw~Realaw*Camera 0.98 -0.07 -3-7 +0.8
Predictectw~Realcw+Camera 0.98 -0.13 -5-9 +1.1
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Figure 22: The relationship between the residual er(BredictedReal trait size)n the Predictedrown crab
and European lobster tragtizes (A: brown crab CW, B: European lobster CL, C: European lobster AW)
derived from measurements made from still images using paired lasers as a reference scale and the
corresponding Real trait sizmeasuredn situ, for the animals used in the calibration of all three camera units
combined (blue: Camera 1, black: Camera 2, green: Camera 3). The red dotted line represents the ideal
relationship between theredictedand Ral trait sizes, i.e. no difference.

Ouitliers in the residual error of the predicted CW model, characterised by a magnitude
greater than 6mnwere investigated and found to &ssociated with errors in the CW
measurements taken from the stilisher thannaccuracy in theeal measurement value

recordedn situ (see Appendix IMor methods).
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4.1.1Condition assessment

The calibration still analysis was 100% accurate at determining if an individual lobster was
berried (n=11) and 100% accurate at assgskmage to lobsters when it was quantified by
the number of missing claws (n=%jowever, it was noted that a nberried lobster could

potentially be assessed as berried as a result of shadow falling on the (G teia23).

Figure 23: Still images (stills) showing the various conditions of the calibration lobsters (A: a lobster that
appears to be berried (egg bearing) due to shadow from a curled tail fan; B: a lobster that is berried; C: a
lobster that is migag one claw)For all three lobsters, the condition assessments made remotelgtittsm
were in agreement with the condition assessments agitel by the observer. All the stills were extracted
from calibration footage taken lille onboard camera uitt Camera 1.

Still analysis was found to be an inaccurate method for assessing if a crab veae bedt

For all three cameras combined, analysis of the stills only accurately determined that one crab
was softshelled (n=3) whilst two individuals were wrongly detened to be sofshelled.

19% (n=195) of the crabs were assessed as damaged by the absatusguantified by the

loss of claws and legs and damage to the exoskeldithrad®nage assessmermtf the same

crabs determined that 22% (n=195) individualsexngamagedFigure24). Indicating that

damage assessments from stills could potential overestimate the damaged component of the
catch slightly.

58



Figure 24: Still images (stills) of nopaired dorsal and ventral sides of damadedwn crabs (A and B:
damaged carapace: circled in blue; C: one missing claw and two missing legs; D: damaged ab&omaih).
four crabs, the condition assessments made remotely from stills were in agreement with the condition
assessents madén situbythe observerThe stills were extracted from calibration footage takethieyor
board camera unitCamera 2.

Still analysiswas foundbe an inaccurate method fassessing the presence of black spot on

an individual craland was found toverestimate th percentage of the catch that was

infected. 19% (n=195) of crabs were determined to be infected with black spot according to a
visual assessment by the obseimesitu, whilst 32% (n=195) of crabs were determined be
infected with black sgdrom analysisf the stills.The still analyst failed to detect the

presence of black spot on 34% (n=38) of the crabs that were assessed as having biack spot

situ (Figure 29.
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Figure 25: Still images (stills) of the dorsal and ventral sides (left: dorsal; right: ventral) of three crabs that
were assessed for the presence of black spot (shell disease) by a still analyst. All three crabs were also assessed

for the presence of black spot &y observein situ. For two of the crabs, the stil
assessment disagreed with the observerds assessments
not the observer; B: assessed as having black spot by the obsetrvet the still analyst). For the third crab,

the still analystds black spot assessment was in agr e
having black spot by both the still analyst and the observég.stills were extracted from calibratidootage

taken by the oiboard camera unit: Camera 2.
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4.1.3Real and Predicted size frequencies
Kolmogorow-Smirnov testshowed that there was no significant difference between the Real

and Predicted size frequencies of both species (crabs: D 3; .63, lobstes: D =0.069, p
=0.91; Figure 26)
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Figure 26: Real and Predicted size frequencies of: A: brown crab CW (5mm bin widths); B: European lobster

CL (3mm bin widths). Predicted size frequencies were derived from measurements made from still images using
paired lasers as a reference scale. The correspunBieal trait sizes were measuiadsity, for the animals

used in the calibration of all three camera units combined. Sample sizes are shown above the respective
histograms. Differences in the sample sizes of the Real and the corresponding Predicttd degass a result

of the rejection of dorsal stills for both species.
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Differences in the sample sipéthe Real andorresponding Predicted datasetsdue to

still rejectionfor both speciesThe predicted nurndy of crabs under the MLS, was four and

six less thann the Real datasets for the 130mm andd@5MLS respectivelyTable 9.

Whilst the difference in the predicted number of lobsters under the MLS was 11 and 17 less
than in the Real datasets for the 87mm and 90mm MLS respectimigver, whenthe

numbers of lobsters under the MLS was compared for only the animals that had been
measured using both the Real and Predicted rdstlioe difference between thee@icted

and Real lobster datasets decreased to one less for both the 87mm and 90mm MLS.

Table9: Summary statistics for the Real and Predicted brown crab and European lobster dditaseaignals
used in the calibration of all threen-board cameras combinedReal dataset (craln=195; lobster n=1%)
Predicteddataset(crab n= 173, lobster n= 18). MLS is the minimum landing size in most of the territorial
waters of the Isle of Man. BNC MLS is the minimum landing siBayrm\y Carrickey. Subscriptadicate the
specieghatthe minimum landing size relates to (ab, L: lobstel). Differencesn the sample sizes of the Real
andcorrespondingPredicted datasets are ag@sult of the rejection of dorsal stills for both species.

Crab Lobster
Statistic Real CW Predicted CW Real CL Predicted CL

Mean 146.3 146.9 93.5 93.1

SD 27.2 275 13.3 13.2
Median 148.8 149.3 92.2 92.7
Range CL 75.4215.6 73.4212.9 58.0135.7 69.5136.5
No. under MLS (87,13C°) 47 43 53 42

No. under BNC MLS (99135 64 58 67 50

4.1.2 Calibration still rejection

For all three cameras combined, the CL of 24% of the calibration lolastgtise AW of
23% of the lobsters could not be measured remotely (both n=155). Witd ceghr the CW
of 11%of the calibration crabs could not be measured remotely (n=195).

For calibration lobsters that were presented to the cameras both dorsal and ventral bele up, t
predominant reasdior therejection oflobsterdorsalstills waspoor definition of the eye

socket (17%, n=155hilst the predominant reason for the rejectiblobster ventral stills

was poor definition of the edge of the abdomen width (5%, n=155). The crab dorsal
calibration stills were only rejected duepoor definition of the carapace edges (11%, n5195
Figure27).
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Camera 1 had the highest doraatl ventrakitill rejection rate, with 35% (n=75) and 18%
(n=22) of lobster and crab dorsal sti#gected respectively, as a result of poor definition of
the eye socket or carapa®®hilst 11% (n=75) of the lobster ventral stills were rejected as a
resut of poor definition of the abdomen width (Figur@®) 2

Figure 27: Dorsal still image (still) of a crab extracted from calibration footage taken using tHmard
camera unit: Camera 2. The still was rejected, i.e. the carapédth was not measured from the still, due to
poor definition of the carapace edge (demarcated by blue).

Figure 28:Dorsal and ventral still images (stills) of European lobster extracted from calibration footage taken
using theon-board camera unit: Camera 1. The still was rejected, i.e. the carapace length (CL) or abdomen
width (AW) were not measured from the stills, due to poor definition of A: the edge of the abdomen width; B and
C: the eye socket of the lobster, which is usedemarcate the start of the CL.
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4.2 Morphometric allocation of sex

Male lobsters were found to have a Real AW:CL ratio of less than 0.52 whilst females were
found to have a Real AW:CL ratio of. greater than or equal to 0.52. However, juvenile female
lobsters had a similar morphology to males (Figure 29). The Real AW:CL ratio was 100%
accurate at allocating sex to female lobsters that had a Real CL greater than 95mm and 100%

accurate at allocating sex to male lobsters in all size classes excepiibrar@size class.

Due to the rejection of dorsal, ventral or both dorsal and ventral stills only 62% (n=154) of

the calibration lobsters could be sexed using both the Real and Predicted AW:CL ratios,
restricting the sample sizes available to compare theamcof both ratios at allocating sex.

The Predicted AW:CL ratio was 100% accurate at allocating sex to female lobsters in three
more size classes than the Real ratio and less or equally accurate at allocating sex to males in
all size classes. However, shtould be due to anomalies skewing the relatively small sample

size of males that could be sexed using both ratios.
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Figure 29: Histograms showing the results of the sex allocation of lobsters based on the Real and Predicted
AW:CL ratio(female: purple; male: blue)The Real ratio was determined using the Real trait sizes medsured
situby an observer. The Predicted ratio was determined by applying the respective predictive models to the CL
and AW trait sizes measured ditlgdrom still images. The accuracy of both the Real and Predictedswitio

allocating sex was determined by comparing the Real and Predicted sex allocations to the Observed lobster sex,
determined by a visual assessment of the first of the dimorphieaulsio situ Sample sizes are shown above

the respective histograms. Differences in the sample sizes between the Real and Predicted datasets are due to
the rejection of dorsal and ventral stills precluding the use of the Predicted AW:CL ratio to allocate sex.

4.3Error and variability

4.3.1Intra-observer effect

The KolmogorowSmirnov test showed that there was no significant difference between the
two Real crab size frequenci@éolmogorow-Smirnov: n =30 D=0.07, p=Eigure 30,

indicating that there was no signdiat intraobserver effect in repeat CW measurements
made by the single observer (JE)itu.

65



Frequency

I T T T T T T T T T T T 1 I T T T T T T T T T T T 1

140 150 160 170 180 190 200 140 150 160 170 180 190 200
First measurements (CW:mm) Second measurements (CW:mm)

Figure 30: Size frequencies resulting from two sets of repeat Real brown crab size measurements (CW; n=30),
measuredn situby a sinde observer (JE)

No intraobserver effect was observed between the two repalasex allocations and black

spot assessments made by the single obsersén. The percentage of crabs allocated as

male and female in the first set of assessments wagg@ement with the percentage of crabs
allocated as male and female in the second assessment (Female=40%, Male=60%, n=30). As
were the percentage of crabs assessed as having black spot (first assessmeabdd%, s

assessment:30%, n=30).

4.3.2Inter and intra-analyst effect

An inter and intreanalyst effect was observed in the still rejection rate; with the choice of
whether or not to reject a still changing between repeat analyses of the same set of stills by
the same analyst, as well as differbgfween analyst3.he mean error in the StiHait
measurements (£SD)eashown for each analys$or all the stills that were measured three

times by all three analys(sigures31to 32).
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Figure 31. The mean error in three peat Still trait measurements ((Stitleal trait size) + SDperformedby
three analysts using parallel lasers as a reference sale, during an investigation into theniallyat effect in
Still trait measurement@\: Europeanlobster CL+ SD; Bbrown crabCW+ SD)Analyst identity is indicated
by colour (pink: CL, blue: JE and dark green: SM). The correspan&ieal trait size was measureg an
observerin situ (European lobster: n86, brown crab: n=19). The red dotted line represents the perfect
relationship, i.e. no difference between the Real and Still trait measurements.
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Still-Real abdomen width (AW:mm)

Still number

Figure 32 The mean error in three repeat Still abdomen width measurements ((StRe&WAW) + SD)
performed by three analysts using parallel lasera asference sale, during an investigation into the intra
analyst effect ilEuropean lobsteStill AW measurements. Analyst identity is indicated by colour (pink: CL,
blue: JE and dark green: SM).Jhe corresponding Real AW size was measured by an obsesier(n=24).
The red dotted line represents the perfect relationship, i.e. no difference between the Real and Still AW
measurements.

The intraanalyst effect for all three analysts (CL, JE &M), was greatest for the crab CW,

as indicated by a mean Still measurement error of betvie@mnd-2.4. The trait with the

smallest intraanalyst effect varied depending on the analyst identity: for CL and SM it was
the carapace length of lobster, \g8hfor JE it was the abdomen width of lobster. Although

this suggests that the intamalyst subjectivity in determining the start and end of the three
traits was greatest for the CW of crab, it should be noted that the set of crab stills and the set
of lobster stills were extracted from footageorded byifferent camera units (lobster:

Camera 2; crab: Camera 3). Subjectivity in the identification of anatomical features can be
influenced by properties of the individual camera sen®&uter et al, 1998; Galbanyt al,

2016)

For al three traits, ANCOVA showed that there was a significant effect of the analyst
identity on the linear relationship between the Real and @iitldize suggesting that all
analysts need to collect data to validate their own linear predictive simdete undertaking

analysis of stills taken using the-board cameras. Anova for model selection determined
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that the preferred predictive model with the highest power to explain theamagyst effect
in the variance in the Real trait size wasdel 4 for CL (R?=0.72, F,21271875, p<0.001)
and the simpler mod#lodel 5 for AW (ANCOVA: R?=0.96, F3 21271875, p<0.001) and
CW (ANCOVA: R?= 0.98, k349777716, p<0.001)

Real trait size ~ Still trait size * Analyst identity Model 4

Real trait size ~ Stilirait size + Analyst identity Model 5

36% of the crabs (n=73)sed to investigate thieter and intraanalyst effectvere assessed as
having black spot by the obsenmersitu. For both analyst€8JE and SM)none of the repeat
Still black spot assessmenvere in complete agreement with each othieere was
considerabléntra-analyst variability in the results of repeaisessments made by SM (Figure
33).

There was also considerable ingaralyst variability in the number of crabs incorrectly
assesseds having black spot in repeat Still assessments, (JE: mean (ZC8AE7%;SM:
mean (xCV) =14+1.0%n=73 and lessnter-analyst variability in the number of crabs
correctly assessed as having black spot (JE: mean (£C¥).2%;SM: mean (xCV)
=10+0.6% n=73. In any particular assessmgehbth analysts were likely tinderestimate
the total percentage of the catch that was infedtetetween 13% and 32¢%=73)

69



9] -
» ] 30%
1 A

20 ]
. ]
=
s ]
S 15 1
° ] 15%
@ . o/
g 0] 127 110,
3
2

) ,

3% o,
0 |
3 2 1
25 -
1] B
20 -

8%

3 2 1

Number of crabs
—
(]
1

= h
1
. S
e
-
=

Number of repeat Still black spot assessments

Figure33: The numbebf browncrabs correctly (black barand incorrectly ljrownbars) assessed as having

black spot (shell disease) in all three (3), two out of three (2) and one out of three (1) repeat black spot
assessmentsade from dorsal and ventistill images Gtill black spot assessmehtd 73 crabsduring an

investigation into the intranalyst effect in Still black spot assessments. Analyst identity is indicatbe by

letters (A: SM, B: JE). The accuracy of t&8ll assessments were assessed against black spot assessments of the
same individuals n@e by an observer (Ji) situ. Percentages above the bars are the percentages of the total
catchcorrectly(percentages abovke black bars) and incorrectly (percentages alibedrownbars)assessed
ashaving black spot, in each repeat assessmenttotdlgpercentage of the catch assessed as having black spot

in each repeat assessment can be calculating by addingrtiieers above the black and brolars. 36% of the

catch was assessed as having black spot by the obsesiter

4.3.3Comparison ofintra-observer and intraanalystvariability

The observer who collected tHataused to investigte the intraobserver effecivas one of

the analysts who participated in the investigation into the-artedyst effect (JE)n order to
compare théntra-observer and intranalyst effectKolmogorov+Smirnov tests were

performed on all possible combinations of the three Still crab size frequencies obtained by the
observer (JE) during the investigation into the watnalyst effect. The results of these tests

are presented ihable 10alongside the resutif theKolmogorovSmirnov test used to
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determine the intrabbserver effedn the set of two repe&eal crab size frequenciésection
4.3.1)

Table10: The results of thaonparametricKolmogorovSmirnov test between the two sets of Real brown crab
size (CW) frequencies measured by a single observem(3i). Also presented are the results of Kolmogerov
Smirnov tests between all possible combinations ahtiee set®f Still CWfrequencies measured from still
images (stills) byhe same observer (JE¥ing ired lasers as a reference scale, duringiavestigation into

the intra-analyst effect in Still CW measurements.

Measurement set numbers Kolmogorov-Smirnov teg
Species Real sets n D p-value
1&2 30 0.07 1.00
Still sets n D p-value
1&2 49 0.06 1.00
Brown crab 183 49 0.07 1.00
2&3 49 0.06 1.00

Comparison of taKolmogorov+Smirnov test resultmdicated that there was no significant
intra-observer or intraanalyst effect for repeat Real and Stithb size frequencies measured

by the same observanalyst.

Therewas a small amount afitra-analystvariability in thetotal percentage of the @t that
was assessed as having black spot inhteerepeatStill black spot assessmeiftsean +CV
= 8.0+0.1% n=73) compared to ntra-observewariability in the percentage of the catch
that was assessed as having bladt spthe two repeah situblack spot assessments
performed by the sanabservetanalyst(first assessment:30%, second assessment:30%,
n=30)

4.3.4Still selection

The effect of still selection on the precision of Still trait measurements was on average least
for the CW of crabsas indicated by the smallest mean coefficient of varig@: mean
CV=1.4). Likewise, the effect of still selection on the precision of Still trait measurements
was on average the greatest for lobster AW, as indicated by the largest mean coefficient of
variation AW: mean CV=2.9).
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Still selection had the greatest effect on the accuracy of the Still AW measurements and the
smallest effect on the accuracy of the Still CW measurements, as indicated by the variance of
the respective Still trait measuremeak®ut the ideal relationship between the Rea Still

trait size (Figures 34 and B5
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Figure 34: The mean European lobster abdomen width (AWxCV) of three measuremaelefsom three
different still images of the same aninfidle mean @l lobster AW)using parallel lasers as a reference scale,
plotted against the corresponding Real AW measured by an obsesitr(n=36). The red dotted line
represents the perfect relationship between the Real and Still measuremenéglidMequals Still AW

72



140+
’g 130j

m
-
N
?

110+ P
100+

Real lobster size (CL:
o (o]
sl

\‘
b

601"
I ' I . |

60 70 80 90 100 110 120 130 140

Mean Still lobster size (CL:mm)

| PSR W] [ RN FNE NN LN (TR N E VO FNNRCL N FONCCLZI WL B |
80 90 100 110 120 130 140 150 160 170 180 190 200
Mean Still crab size (CW:mm)

Figure 35:The mean European lobster carapace lengthGL+CV)and mean brown crab carapace width (B:
CW=CV)of three measurementsadefrom three different still imaggstills) of the same anima(themean

Sill crab size andnean 8ll lobster size respectivelysing parallel lasers as a reference scaktted against

the corresponding Real trait size measured by an obsansitu (crab: n=42; lobster: n=36), The red dotted

line represents the perfect relationship between the Real and Still measurements, i.e. Real size equals Still size.

Dependent on still selection and as a result the accuracy and precisioRddinted AW
and CL, the sex of an individual lobster could be misallocékegure 3§, as indicated by the

variance of the Predicted AW and CW trait sizes about the line that regrédserdeal ratio

73



cut-off between male and female lobstetswwy T® & 6 0. However based on the ratio of
the mean Predicted AW and CL measurements, lobstesassigned the correct seX/@6f
the time (n=21).

| BICI Qllj

70

SIIZI

40

1
Y

Mean Predicted abdomen width (AW mm)
GICI

30

T T |
70 80 a0 100

T T T
110 120 130 140
Mean Predicted carapace length {(CL:mm)

Figure 36: Mean Predicted AW(xCV) plotted against mean Predicted CL (£@\21 lobstersmeasurd three
times, from three differenets of dorsal and ventral still images (stills) All the still measurements were
performed by a single analyst, using lasers as a reference scale. during an investigation into the effect of still
selection on the accurg®f the Predicted AW:CL ratio at allocating sex to lobst&rse colourindicates the
Observed sex of each lobster, determined by a visual assessment of the dimorphic pleoptatipbyra

single observein situ (blue: male, black: female). The red that line represents the ideal ratio enff value
between male and female lobstetsw 1@ @ 6 0 determined fronin situ measurements taken during the
calibration process of all three epoard cameras and as part of an investigation into the size of ityatur

(SOM) of lobster in the Isle of Man (Emmerson, unpublished data). Error bars or points above the dotted line
represent lobsters that were determined to be female according to the Predicted AW:CL ratio, whilst error bars
or points below the dotted limepresent lobsters that were determined to be male according to the Predicted
AW:CL ratio.
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4.4 Fishery-dependentdata

4.4.1Fishery dill rejection

During the fisherydependent datcollection period of Februaty June 2017, a total of 3061
individuals were presented to the camera comprising 2230 crabs and 831 lobsters. On Vessels
1 and 2, the same fisher passed the animals under the camera, whilst on Vessel 3, apart from
a few animals during periods of largedag the same fisher passed the animals under the
camera. As a result, fisher identity was excluded as a factor in the number of rejected fishery

stills.
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Figure37: Percentage histograms of the codes assigned to still imaije¥ tédtenby the three otboard

camera unitsluring the fisherydependent data collection program, to explain the reason for still rejection and as

a result the reason why a trait (Browncrab CW, B:Europeariobster CL and CEuropeariobster AW) could

not be measured for an individual anima\V: one or both lasers not visible on the trait of interest or
anywhere inthe stilPpH: edge of the CW, end of the CL omOH@&dge of t
the edge of the AWobscr ed by the fisher’s hand whilst the | obste
to the axis obne or both othe lasersPD: poor definition of the CW edge, end of the CL or the AW edilié;

animal not presented to the camera; only one sideeb&nimal presented, or the animal presented so that one or

both of the lasers are projected onto the defined surface rather than tt@Bratge of the CW, start or end of

the CL or edge of the AW obscured by shadow or inanimate object, such asdeawe stringt.S: one or

both of the laser projections split or dispersed when projected onto the trait of irE&gsdpr definition of the

eye socket, used to demarcate the start of theOCL ;edge of the abdomen obscured by the leg of the animal

TC: tail fan is curled when the lobster is presented to the camera. The still rejection codes are grouped

according to human error and error as a result of the photogrammetric apparatus (green: hurdankgey;

apparatus).
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When all the cameras wepperating without condensation in the camera housing, the lobster
fishery stills wergrimarily rejected due to human errtwobstemot being presented to the
camera properly was the predominant reason @lhgould not be measured from thersal

stills (Figure 37 and 38i.e. the dorsal side@aspresented so that one or both of the lasers
were projected onto the defined surface rather than the trait, only the ventral side was
presented or the indilual was not presented at aNith regardiobster AW ,the majority of
lobster ventrastills were rejected because the edfjthe abdomen was obscured by the

f 1 s h e rwhilst thie l@bstdr was held at an angle that was not perpendicular to the axis of
one or both othe lasersWhilst crabdorsalstills were predominantly rejected as a result of

one or both lasers not being visible on the carapace of the crab as a result of bright sunlight or
difficulty distinguishing the laser projections from the colouration of, or markings on the
carapacéFigure 38) Howe\er, for all thredraits, there was a degree of subjectivity in

coding the reason for still rejectiotinere were multiple reasons why some stills could have

been rejected
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Figure 38:Still images (stills) showing theredominant reasons for the rejection of dorsal and ventral stills

taken by the three emoard cameras during the fishedependent data collection program in the Isle of Man

Crustacean Fishery, February to June 2017, and as a result the reason why(A:t&iropean lobster: CL, B:

brown crab CW and C: European lobster AW) could not be measured remotely using parallel lasers as a

reference scale. A a European lobster dorsal still rejected due to the individual not being presented to the

camera correctlyi.e. one of the laser projections (circled in green) was projected onto the defined surface

rather than the CL; B: a brown crab dorsal still, rejected due to the red laser projections not being visible on

the carapace, as a result of bright sunlight amdidficulty distinguishing the projections from the colouration

of the crab; C: a | obster ventral sthaelddeofthe Awhidsst ed bec s
the lobster was held at an angle that was not perpendicular to the axéestrs.

When all the cameras were operating without condensation, 1% (n=1586) of crabs could not
be sexed from thaghery stills or video footage. Wilst 80% (n=718) of lobsters could not be
sexed from the fishery stilld% as aesult of dorsal stillegjection;31% as a result of ventral

still rejection and 33% as a result of the rejectionathldorsal and ventral still3he

predominant reason that a crab could not be sexed from the ventral stlievassunlight
reflecting of the abdominal flapi€o (n=1586 Figure 39.

77



of the abdomen. This still was extracted from footage thkehe orboard cameraunit: Camera 3 during the
fisherydependent data collection program in the Isle of Man Crustacean fishery, Felbouhme 2017.

4.4.2Data applications

During the fisherydependent data collection program it was up to the discretion of the fishers
whenthey used the cameras and how much of the catch they recorded. The number of strings
and traps recorded by the analyst during the fisdependent footage analysis are presented

in Tablell, along with the information that the analyst estimated couldkentfrom each

d a yfdotage. For example, the fate of both crabs and lobsters was always decided in the
FOV of only one camera: Camera 1. As a result, the analyst determinszéhfaequencies

of landed crab and lobsteould only be obtained from faage taken by this camera.

Observer trips may be needed to verify the accuracy of fiskegpgndent footage analysis at

determinng the information in Table 11
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Table11: The number fostrings and traps recorded by the analyst during analysis of footage estbrdthe three ehoard camera unitduring the fisherydependent data
esti mat ¢

collection program in the Isle of Man Crustacean Fishery, February to June 20&en crosses indicate mfr mat i on

footage, information that

information ouldbetakenf r o m a

whi |l st

red

indicates

t hat t he

anal yst

t Siee freq is an kbpreviatioa wrtsizerfraquenay.
Observer trips may beeeded to verify the accuracy of fishelgpendent footage analysis at determining the information in the ldbscripts explain why less

part i culHghlobdter dodsal stifl rejectioa @gteS bfigRt sunlight C: condensation in the camera hougin

Vessel Date _ Crab and lobster _ Qrab _ Lopster

Code  (day/month) stlr\ilr?és tg?)é g:sb(;tceil;tions Damage Sclzgig];rh?[q Slgﬁdféﬁq rig())( S(;igr?tq SI:aZr?dféZq rit?())(
1 07/04 2 20 X X X X X X X X
1 25/04 2 20 X X X X X X
1 27/04 5 7-20 X X X X X X X X
1 04/06 3 1319 X X X X X X X X
1 25/06 1 25 X X X X X X X X
1 29/06 6 1323 X X X X X X X X
1 30/06 5 1325 X X X X X X X X
2 05/0% 14 1512 X X X X X X X X
2 26/0F 4 7-10 X X X X X X X X
2 28/05 5 4-10 X X X X X X X X
3 09/03 3 14-20 X X X X X X X X
3 28/04 4 7-23 X X X X X X X X
3 09/05 4 16-20 X X X X X X X X
3 10/05 3 14-20 X X X X X X X X
3 12/05 7 12-24 X X X X X X X X
3 25/0%° 4 6-18 X X X X X X X X
3 26/06° 4 16-20 X X X X X X X X
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ArcGIS was used to create a heat map of the observations of the target species collected
throughout the fishergependentaa collection program (Figure 10~or each Port Erin grid
square, the environmental variabéssociated with the observaticare summarised inable

12.
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54°5'N

Target species count

[ 1-50

B 51 - 100

I 101 - 200 \

B 201 - 400
Il 401 - 600

Figure 40: A heat map showing the observations of the target species (brown crab and European lobster) i
each Port Erin grid square, observed in footage collected by thrdmard cameras during the fishery

dependent data collection program in the Isle of Man Crustacean Fishery, February to June 2017. N.b. target
species count is not representative of hater unit effort.
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Table12: Table summarising the environmental variables associated with observations of the target species
(European lobster and brown cralm) each Port Erin grid square. The observations were recorded by three o
board cameras during a fishedependent data collection program in the Isle of Man Crustacean Fishery,
February to June 2017.

Environmental variables

Port Erin grid Mean benthic
square Range of median production (g
Mean bathymetry (m)  particle sizes (mm) WM m?)
K12 -7.8 0.61.6 0.0
L9 -9.0 1.2-2.0 71.0
L11 -8.0 1.61.8 0.0
L12 -8.2 1.61.7 11.1
M8 -14.9 1.31.9 113.7
M11 -7.4 1.02.0 0.0

The utility of the cameras in investigating the spatial and temporal variations in the sex ratio
of crab around the Isle of Man was demonstratedregting pie charts for each month and

each Port Erin gridgquare within which fished traps fell. Pie chavese only created for a
particular month and grid square if the number of observations of crab was greater than 10.
The number of female crabs caught in traps

observations(Figure 4).
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- No. male crabs

No. female crabs

Bathymetry

Figure 41: Seasonal and temporal variation in the sex ratio of brown crab around the Isle ofSdamatio
data was collected using three-board cameras during a fishedependent datcollection program in the Isle
of Man Crustacean Fisherfrebruary toJune 2017Pie charts were only created for a particular month and
Port Erin grid square if the number of observations of crab was greater théi: February; B: March; C:
April; D: May; E: June) The pie chart size is proportional to the ragnofobservectrab.
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36 The temporal variation in therab andobster size frequeiesfor one Port Erin grid square
37 arepresenteds an example of the outptlhat could be produced usisgemeasurements
38 obtaineautilising paralletpaired lasers in ehoard camera syster(iSsigures 42 and 43)
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40

41  Figure 42 The temporal variation in the size frequency of brown crab in one Port Erin grid square: L9. (A:
42  February; B: April; C: May; D: June) measureémotely using paired lasers as a reference scale. The size
43  frequency data was collected by threebmard cameras during a fishedependent data collection program in
44  the Isle of Man Crustacean Fishery, February to June 2017. Histograms are only sheaontbs when there
45  were more than 10 observations.
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Figure 43: The temporal variation in the size frequency of European lobster ifPorteerin grid square: L9.

(A: February; B: March; C: April; D: June)neasured remotely usingiredlasers as a reference scalehe

size frequencgata was collected using three-board cameras during a fishegdependent data collection

program in the Isle of Man Crustacean Fishery, February to June 2017. Histograms are only shown for months
when there were more than 10 observations.

Although fishers were not asked to pass bycatch into the FOV of the cameras, examples of
bycatch that was recorded by one of theboard cameras: Camera 1, are preserfiigni(e
44). Species names are not giventle accuracy of species identification from footage taken

by the onboard cameras needs to be verified.

Figure 44: Examples of bycatch that was recorded by one of the thré®am cameras: Camera 1, during the
fisherydependat data collection program in the Isle of Man Crustacean Fishery, February to June 2017.
Species names are not given as the accuracy of species identification from footage taken-bpahné on
cameras needs to be verified.
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5.0 Discussion

5.11n situ calibration of the individual camera units

The present study utilised the third generation eboard cameras trialled by Bangor
University, the second generation to utilise parallel laser photogrammetry. An error is
introduced when a trait is measurethotelyfrom a still Unlike in Cambieet al. (2016) the
present study found thatwas necessary to include the camera ideasty factowhen

modelling the relationships betwe&till trait measuremen@ndthe corresponding Real trait
measurementdhis could be due to inter and instudy differenes between the camera

units and installationsrhe three cameras utilised in the present study were mounted at
approximately 100cm (Cameras 2 and 3) and 140cm (Camera 1), whereas the two cameras

utilised by Cambieet al.(2016) were both mounted at approximately 80cm.

For all the traitstheerrorin Still measurement®nded to bgreatestor thecamera with the
greatest mounting heigh€Camera 1for similar Real trait sizesThis could be due to thadt

that larger camera mounting heights require greater camera resolution to produce the same
image quality as caemas mounted at smaller heigf@ambieet al, 2016) Poor video

resolution can be associated with erroBtill measurement@old et al, 2015) Stills taken

by Camera 1 were of poer resolution than stills from the other two cameras, evidenced by
the largest number of calibration stitigecteddue to poor definition of all three traits. the
present study, the camera identitygd as a resulhé mounting height by proxy, wazated

as afactor. The optimal tradeff between video resolution and the camera mounting height
could be established by investigating the effect of height as an independent variable.

For crab, a significant or near significant negative relationshipdmgtwhe error in the Still

CW and the Real CW was observed for all the cameras. Contrastingly, the error in lobster traits
decreased or increased significantly with the Redl $rae if stills were taken bameras 1

and 3 respectivelyzor all thetraits, changes in thmagnitude otheerrorin Still measurements

with Real traitsizecould bedue tononparallelity ofthe lases. A change in the laser separation
distance with the height of the trait above the defined surface results in an engr bei
introducednto the laser scald his errorchanges with thbeight of therait and introduces an

error intoStill trait measuremestmade using thiaserscaleas a referenc& he height of the
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trait above the defined surfaees determinefly thevaryingheight at which eacanimal was
passed into the FOV of the camera #rabody depth adachindividual, which increased with
increasing Clor CW (Cambieet al.2016; Holdet al.2015) In addition,measuremestof the

largest trait sizesequired large extrapolations beyotite laser scalewhich could have

resultedn a magnification of anypneasuremergrrorin thelaserscale(Galbanyet al, 2016)

A non-significant changén the error in Still CLwith RealCL size was observed foa€Camera

2. This could be indicative that an insufficient sample size and size rahgestér weraised

to calibratethis cameraresulting in insufficient statistical power to detect a significant change

in theerrorin Still CL with RealCL. To accuratelyletermine the predictive model for all the

traits it would have been preferable to calibrate each camera using stratified sampling per 5mm
size class of both crab and lobster, spanning the size range of animals that are caught in traps.
It would also havdoeen preferable to use an equal number of each species to ensure that the
ANCOVA for each traiwas balanced, so thttere wa sufficient power to detesignificant

effects of any terms before they were dropped during the process of predictive model

simgification.

The preferred predictive model tended to overestimate the Real CW and Real AW slightly.
Whilst the preferred predictive CL model tended to underestimate the Real CL sliyithy

the respective predictive models were applied to measureragatsdirectly from the sts,

the residual error structure was greatestterPredicted crab CW dataskike Cambieet al.
(2015), outliers in th€W residual error structure, charactedd®s a magnitude greater than
5mm, were attributed to the errassociated with measurements taken directly from the stills
rather than inaccuracy in the Real trait size recomlasdu. The magnitude of the error
attributable to measuring an individual remotely rather than directly was less than 5 mm for
lobster CL ad less than 9mm for crab CW, which is sufficient to detect growth increments in
both species, as hypothesigBennett, 1973; Agriaet al, 2007)

5.1.1 Condition assessment

The present study validated the potential of using the cameras to assess damage to the target
species. Discarded healthy shellfish are thought to have high survivability, whereas the
survivability of damaged individuals is thought to be much loi@eurseet al, 2015) When
damage was quantified by the number of missing claws, the calibration still anagsis w

100% accurate at assessing damage to lobsters. However, the sample size of damaged

86



127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

lobsters was small (n=5). When damage was quantified by the number of lost claws and legs
and damage to the exoskeleton, still analysis was found to slightly overegtimatenber

of damaged crabs; 22% were assessed as damaged during the calibration still analysis process
compared to 19% situ (n=195). Indicating that footage from the-board cameras could be

used quantify the damaged and undamaged components ddbheatch, as hypothesised.
Quantification of the undamaged component can provide an indication of recruitment and the
health of the stock., whilst quantification of the damaged component can be considered an
index of mortality rather than recruitmei@ourseet al, 2015)

The present study found that Still black spot assessments were not an accuratéanethod
remotely assessing the presence of black spot in crabs. The investigation into the inter and
intra-analyst effect found that the percentage of infected animals was likely to be
underestimated, by between 13% and 32% (n= 73). There was subjectdiginiguishing

black spot lesions from the natural colouration of the carapace in both the Still black spot
assessments and assessments made by the olsesitierin the Still assessment, there was

the added difficulty of not being able to view potehggions at different angles and in

different lights. Analyst training could help mitigate some of this subjectivity. Alternatively,
fishers could be asked to indicate to the camera that an individual is infected before it is held

in position under the caera.

Analysis of the fisherglependent footage highlighted the potential for the cameras to be used
to monitor the presence of shadisease in lobster (Figure ¥55till assessments for lobsters
would need to be validated using a method similar t@tigeused in the present study for

crabs.
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Figure 45: Dorsal (left) and ventral (right) still images (stills) of a European lobster thought to be infected with
shell disease. The lobster was recordedheyoriboard camera unitCamera 1, during the fishendependant
data collection program in the Isle of Man Crustacean Fishery, February to June 2017.

5.1.2 The 4ill extraction process

The still extraction process was the most tcnasuming part of the calibration and fishery
dependent video analysis process. The time taken varied depending on the vessels specific
fishing activities, the time that each individual animal was held uhdecamera and the

number of animals in the traps, which varied seasonally. Precisely parallel lasers would
reduce the still analysis time by enabling the Global option to be selected in the Set Scale
function in ImageJ, in order to set the scale oncetiits taken by the same camera unit.

When the Global option was selected, the time taken to analyse a pair of dorsal and ventral
stills decreased from approximately 20s andt85K0s and 15or crab and lobster
respectivelyOnce the cameras are rolleat @n a sentinel fleet, only a sub sample of the
footage for each catch will be analysed, rather than all the recorded strings as in the present
study (Kaiser, 2017, pers. commiork is currently in progress to automate the image

extraction and measuremteprocess.

Thevideo analysis process could be sped up furthe@ed frequency and sex ratio datauld
be automaticallgtored and linked to CPUE and spatial d@urseet al. (2015)
successfully trialled the use of EM systems to provide catchastnm Scottish inshore
fisheries. The systems comprisedlmard cameras and sensors to automatically collect

effort data with little or no detriment to catblandling procedures:
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1 hydraulic pressure sensors that recorded the location of every strimgaghahot or
hauled,;

1 data storage tags that recorded soak time at the string level and provided temperature
at depth data; and

1 aradio frequency identification (RFID) tag system that recorded soak time at the trap

and string level.

Archipelago Marine Re=arch AMR) analysis software (EMIPrayas used to automatically
storeand graphremote crab and lobster size estimatiandlink the estimations$o the sensor

dataand mapped strin¢Sourse et al., 2015, fig. 19)

5.2 Morphometric allocation of sexand size at maturity

As hypothesizedstill analysis was 100% accueaat allocating sex tmale anl femalecrabs
in all sizeclasses anthe Predicted\W:CL ratio was100% accurate allocating sex to
female lobsters all size classes over 80m@iL. Contrastingly, the AW:CL ratio was found
to beaninaccurate method for allottag sex to maldéobsters in most size classes

Hold et al.(2015) found that the Predicted AW:CL ratio was 100% accurate at allocating sex
to male lobsters in all size classes and 100% accurate at allocating seal®ltbsters

larger than 86mm CIHold et al., 2015, fig. 4)The observed differences in the accuracy of
the Redicted AW:CL ratio between Hokt al.(2016) and the present study cobkldue to
differences in the still measurement protocol. In addition to using a background reference
scale instead of a laser scale, Heldl. (2016) measured both the CL and Akm the

dorsal stills. This meant that the same reference laser scale wéas useasure both the CL

and AW. As a resulany error introduced in to measurements of the CL andd&@/toan

error in the scale would have been the same for both, saitsould not have influenced the
result of the calculated ratio. Whereas in the present study, different stills caefbte

different laser scalesere used to measure bauf the traits. As a resullijfferenterroisin

the laser scales could haveuiesd in an error being introduced to the calculated rhtio.
addition, observed difference could be due to anomalies skewing the relatively small sample
sizes of maleand femaleshat could be sexed using the Predicted ratio in the present study
compare to Holdet al (2015): 68 and 32 males and 122 and 64 females indiald

(2015) and the present study respectively.
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207 Further, hepresent study found that thegh fishery still rejection rate precluded the use of
208 the Predicted\W:CL ratio for determning the bbster sex ratiand the SOM of female

209 lobstersirom thefishery-dependentootage.The accuracy astill analysis at determining if a
210 lobster was berried wd®0%(n=11). Howevera larger sample of berried lobstersuld

211 need to be use verify the potential of using theameras taletermine SOM by using the
212 incidence of berried females in sigatified samples to construct the maturity og®erried
213 crabs rarely enter trafg®ndes, 2015)only one wasecordedduring the fishersdependent
214 data collection progranm FebruaryFigure 4§. As a result, the cameras are not a useful
215 tool for investigatingunctional maturity in crabwhich is typically determined kihe

216 presence of eggs on fema(ékiget al, 2016)

217

218

219  Figure 46: Still image (still) of a berried (egg bearing) brown crab. The crab was recordéiaebyrboard
220  camera unit:Camera 2 in Februar017, during the fisherndependant data collection program in the Isle of
221 Man Crustacean Fishery, Februaty June 2017.

222

223 As an alternative to the use of the AW:CL ratio, a system could be put in ghaceby

224 fishers sex each lobster situby a visual assessment of the pleopods and indicate the sex to
225 the camera. For example, a set of two discs with a symbol for male and female could be put
226 inthe FOV of the camera. The disc that corresponds to the sex of each lobster could be
227 covered by th fisher before the lobster is held in position under the camera.

228
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5.3 Error and variability

5.3.1Inter and intra-observer and analyst effect

For all the analysts, the greatest irarayst effect in Stillmeasurments was observed for
crab CW.Thetrait with the smallest intranalyst effect varied depending on the analyst
identity. Although this suggests that the indirzalyst subjectivity in determining the start and
end of the three traits was greatest for the CW of crab, the set of cramstilleaset of
lobster stills were taken using different camera units. Subjectivity in the identification of
anatomical features can be influenced by properties of the individual caemsi@s,

including resolutior(Butleret al, 1998; Galbangt al, 2016)For exampl e, a
a region ohigh intensity pixelsvas observed around the edges of some anim#ie stills

This effectis caused by pixels on the camera sensor receiving too muckGiggn, 205)

“Hal

andmay increase the subjectivity in measuring lobster AW from stills, since the edges of the

abdomen are often delineated by white markikggure 473. As a result, to compare
subjectivitybetween théraits all thecrab and lobster stills shouideally be taken using the

same cameranit.

!

Figure 47. Zoomed in still image (still) of the tail fan of a lobster showing two regions of high intensity pixels: a

AHal o effectod (demarcat ed fronycalipratibn fantage takei thy the-board i | |
camera unit: Camera 3.

For all three traits, there was a significant effect of the analyst identity on the linear
relationship between the Real andl Srait sizes This suggestthat all analysts need to
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collect data to validate their own linear predictive model for each trait, before undertaking

still analysis.For each traitthe effect of camera identity on the intaralyst effect was

controlled for by using stills taken by the sameboard camera unftrab CW: Camera 2;

lobster CL and AW: Camera 3j.analysts measure stills from multiple camera units, the
predictive models for each trait may need to include both the analyst identity and the camera

identity asfactors.

5.3.2Still selection

Similarto Jeffreyset al.(2013) who used laser photogrammetry to measure multiple
Rhincodon typuéwvhale shark) traits, the present study found that the coefficient of variation
of measurements of the same trait in different stills was on average greatesttfaitt
measurements that were most affected by the body angle and movement of the subject: the
CL and AW of lobsters.

Variationin Still measurementas a result of still selectias influencedby differences in
parallaxdistortion of the laser projectiois each still Two main potential sources of

parallax were identified in the present study (pebs Morgan): parallax as a result of the
lasers being projected onto a curved or bumpy sudadeparallax caused by theojection

of the lasers on to a surface that waspapendicular to the axis of one or both laser beams
The former source of parallax could have been caused by the natural curvature of the
carapace of both the target species, the lasers being pdopecte the tops of the legs of a
lobster when the ventral side was being presented to the camera and as a result of the lasers
being projected onto the flexed or moving tail fan of a lobster, wek&tboth dorsal and
ventral side uggFigures 48). Rothmanret al.(2008)argued that if a target surface is\aent or
bumpy the known distance between the laser projections may be altered with no reliable
correction factor. Whilst Jeffreyst al.(2013) found that variability caused by lateral flexion
of a whale shark tail bending towards or away from the camét;acanld result ireither an

increase odecrease in Still measurements of the total length of the subject.

The latter source of parallax could have been caused by a combination of human error: the
positioning of the animal undéne camergFigure 49 anda divergence or convergence of
the lasers from the source, resulting in the lasers being projected onto the trait at an angle. As

well as being a potential source of parallax,-rgarallelity of the lasers makes the effect of
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288 parallax harder to quafy, as it may vary with théeight of the trait above the defined
289 surface
290

201

292  Figure 48:Still images (stills) showing potential sources of parallax distortion of the laser projections, as a

293 result of the lasers being projectedto a curved or bumpy surface when the dorsal or ventral sides of

294  European lobster were presented to theboard cameras. (A: parallax due to one laser being projected onto

295 the flexed or moving tail fan of a lobster when it is presented ventral sidg parallax as a result of lasers

296 being projected on to the top of the legs of a lobster when it is presented ventral side up; C: parallax due to one
297 laser being projected onto the arched carapace of a lobster whilst the other laser is projected daketherf

298 tail fan of the lobster, when it is presented dorsal side up).

299

300

301 Figure 49: Still images (stills) showing potential sources of parallax distortion of the laser projections, caused
302 by the projection of the lasers on to thait of interest when it was not perpendicular te txis of one or both
303 lases. (A: parallax as a result of the abdomen width &uaopeaniobster being tilted away from the

304  horizontal when the lobster was presented ventral side up; B: parallax dbe tasers being projected on to

305 the carapace length of Buropeaniobster when it was tilted away from the vertical, when the lobster was

306 presented dorsal side up; C: parallax as a result of the lasers being projected on to the carapace width of a
307 browncrab when it was tilted away from the vertical, when the crab was presented dorsal side up).
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Footage collected from the dward cameras could provide training datasets that can be used
to mitigate all the sources of subjectivity in the video and stillyaisaprocess, including
subjectivity in determining whichtillsto reject due tparallax. Such a datasedudd also be

used to erify standards amongst analy@®ycroftet al, 2013) An automatel image
extractionprocess wouldnitigate subjectivity in thetill selectionprocesswhilst an

automated measurement process would remove the inter andnatyat effect in Still trait

measurements.

5.4 Protocol for the use of the orboard camera

A protocol may need tbe put into place to standardize the way that animals are presented to
the camerasniorder to reduce the still rejection rate due to human error and improve the
accuracy and precan of the predicted trait sizéSo ago minimize parallax error both

lasers should be projected on to, and photographed on the trait of interest when it is
perpendicular to the axis bbthlasers. Error due to parallax cad$s thebody angleand

movement of lobsters could be reduced if they are restrained flat agaidsfitiesl surface

with the maximum extensiohis could be achieved usindgrsal and ventral lobster

restraint boards per Rycrddt al. (2013. Such a restraint could hathe additional benefit of
increasing the accuracy tReedicted AW:CL rati@t alloating sex to lobsterglowever,

any increase in the accuracy of Still measurements and the number of lobsters correctly sexed
from the stills, would have to be balanced against the increased time cost to the fishers of
using such a devicdlternatively,lobsters could be pinned on the defined surface with the

tail fan extended using banditmngs With regards a protocol for presenting crabs to the

camera, fishers may need further training to ensure their handstaresceuring the edges of

the carapaceshen crabsire presented dorsal side ag indicated by the high still rejection

rate for this reasor8fbo, n=1553. Fishers may need to be asked to pass alternate sides of the
animals under the camera in a specified order, such as dorsal then veatial @ider to

facilitate the pairing of the extracted dorsal and ventral stills for each animal. A gap between
successive stills taken from the same trap may indicate that the footage needs to be referred to

in order to determine if a still has been mdsse

Fishers may need to be asked to wipe the camera window before and after each use to ensure
that it is not dirty and to prevent an accumulation of salt spray, both of which may affect the

image qualityWhen not in use, the cameras should be storeddh a way so as to minimise
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the chance that they are knocked, which could affecparallelity of the laser$he cameras
should be calibrated before and after esampleof catch is passed under thdmy placing a
ruler in betweerthe laser projectiaon the defined surfack the laser separation distance
changegoutside an acceptable toleranaaycatch that has been presented to the camera
since the last successful calibration would rniedak rejecteddue to error in théaserscale

for atleastsome of the catch

5.5Limitations of data collected using then-board cameras

Fisherydependentlata collected usingn-boardcameras, as in the present study, has its
limitations. The catchability of crab and lobstex determined by a compleéxteraction
betweerphysiological, behaviouragnvironmentafactorsandfishery-relatedprocesses
(Addison, 1995; Miller, 1990; Lizarrag@ubedcet al, 2015) Studies have found evidence
of a phenomenon known as trap saturation wherebgrdsence of a lobstar a trap deters
the entry of crabs or additional lobsteCanversely, the presence ofrab only deters the
entry of additional crab@ell et al, 2001) Ondeg2015 observed a significant negative
relationship between the numbedalbsters and brown cralbaught in traps in the Isle of
Man Crustacean Fighy. Trap saturation may result in an aggregated distributianiofals
on the seafloor appearing as a uniform distribution in a stddison, 1995)As a result
CPUE recorded frorfishery-dependentootage may not be linearly related to stock
abundance and density, r@presentative of the population of either species around the Isle of
Man (Addison, 1995)Data collected by a sentinel fleet can only track wkkappening in

the fishery and ghuld ideally be supplemented by fisheries independent research.

The presence of ofboard camerasay influence the behaviour of fishers and a depleyt

effect may be observatlie to the fact thatatacanonly be collected by theesselghat have

cameras installed on thefhedeployment effect could be mitigated by installing cameras

on a larger selection of vessels, which wdudwethe additional benefit of providing greater

spdial coveragdgHold et al, 2015) Similar to selisampling, @ta collected using the

cameras coultbe more readily acceptdyy thefleet, compared to data collected by other
fishery-dependent dateollection methods, such as observer programthe present study, it

is not known i f the f i s lerasrwas conpletelyiranéeomorfwaswh e n
influenced by unknown factors. For example, in July the skipp&ftessel 2 said that he did

nothave time to pass catch under the camera because a large number of crabs were being
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caught in each traghelsle of Man Crustaceanighery is yearound so the sentinel fleet
could potentially collect data 12 months of the year. Howekieraiount bfootagethat can

be collected in winter months will be limited by the availability of daylight.

Depending on the information required from the footage, fishers may need to be requested to
modify their normal fishing activitieszor example, if the fatef animals needs to be known
fishers may need to ensure that all the animals are kept in the FOV of the camera until the
point of discard or point at which they are being put in a fish box. However, data

requirements cannot be at the expense of healtBafety and operati@al considerationsn

the present study, on two of the vessels it would not have been possible to have both the crab
and lobster fish boxes in the FOV of the camera without them posing a trip Hazheke
instances, an additionadmera could be used as an alternative to fishers modifying their

behaviour.

In the present study, the video analyst evaluated what infornwtidd be taken from

footage from each vessélowever, tserver trips may be neededvdidatethat the

information is accuratéor example, it can be difficult to accurately determine-ficale

effort parameters: the number of traps and soak time, from an EM instaffatarse et al.,

2015) Depending on the data requirements of a fislieyendent data collection program,
fishersmay need to provideformation that is not ascertainable from footdmekeeping

paper records or by indicating information to the camera. For example, a hand signal could be
used to indicate that a crab or lobster i$-shelled Training may need to herovidedand

stardards verified for eachessebparticipating in the sentinel fleet, to ensure that data is
accurate to witim an acceptabllerance and analytically useful to scientists and fishery

managers.

Unlike in Cambieéet al.(2016)and Holdet al.(2015) the déined surface that the fishers
pased the animals over wastrateredfor the purpose of this studuring the consultation
process with the fisherswas decided that the green and magenta chequered wooden board,

used byCambiéet al.(2016) would hincer and be badly damaged as a result of thes her ' s
normal activities over the prolonged study period (Emmer3oh6, pes. comm). For

example, on Vessel 2 the defined surface in the FOV of the camera was the surface that the
traps were hauled onto. Thell rejection ratedue to poor definition of thedges of crab CW

and lobster AWcould be improved by increasing the contrast betvtbe animal and the
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406 backgroundGoodcontrast is alsessentiain order to automate tredill extraction process

407 (Cambieet al, 2016) If this is achieved usinthe wooden board p&ambieet al.(2016) the
408 distance between consecutive 1cm squares could beaiselilrate the cameras andedas

409 an alternative scale with which to measure traits if the lasée scnot visible in a still af

410 both lasers are not projected onto the trait of interest. For example, if the animal is smaller
411 than thdaser scaleThe bacground reference scale could help extend the application of the
412 cameras to collect data on more size classes of the target species and pgcatshisose

413 colouration mayreclude the use of the laser scateaddition, ess variation in thiaser

414 scalebetween the camera uni®uld enablea more accurate comparisofsize between

415 geographically distinct regions fished bgssels irthe sentinel fleet.

416

417 5.6Wider and future applications of the onboard camera systems

418 The present study was a proof of concept and demonstrated possible applications for data
419 collected usingheon-boardcanera systems in the Isle of Man Crustacemhéry (Figure

420 50).

421

(:C Available data

Data not currently
- available

Data that would need to

. be provided by fishers
Replicates Trap-haul
Variables e i ( 7 L /
(included in present | M'edlar? | Bathymetry | Benth!c | Location | Date |
study) \ particle size \ \ production | \ \
S N . \
Additional /" Detailed Vs - ok .
variables that | habitat |  Bait type | SCaPe [ Temperature | 08k | sl |
could be type \ gap size \ * time K strength |
considered -
Ve : ~N Y e Y
Response variables (Z(act;rbgt)a;?lglrtaiﬁgrrt Mean/median size of Sex ratio of crab and
lobst crab and lobster lobster
obster y

. J

423  Figure 50: Flow diagram showing how fishegependent data collected by the threeboard cameras was
424  combined with prexisting environmental layers in the present study and how it can be combined with
425 additional data (both available and not currently available) to investigate the effect omsespariables such
426  as catch per unit effort.
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When the tragoordinatesvere plotted in ArGIS the strings were found to between
approximately 130m and 400m for a five andti2p string respectively. However, the
maximum length of a string fished inetfishery is apmximately 100mThe discrepancy
between the real and the plotted string leagths due to the drift of the vessels during the

time taken to haul and sore&h trap and is indicative thiap haulcoordinatesaken from
thefootagemays fishing activity on the surfacather than théshing footprint on the

sedloor. The coordinates of traps taken at the point of deployment may be more accurate at
mappirg the fishing footprinthoweverfor all the vessels participating in this studysthi

would require the installation of an additional camera, as none of the trap deployment areas
were in the FOV of the cameras. Spatial and temporal variations in fishing activity and catch
composition could be investigated at a higher resolution by uséngameras to record
consecutive catches fished by the same strings. Flying array underwater video systems or
drop-down cameras could be used to obtamre detailedhabitat data for the areas fished by
the string. Habitat associations of the target sgecie t he f i shing footprint
behaviour could be investigated by plotting toerdinate®f the string as they move.

Application of the orboard cameras usedtime presenstudy extends beyond the recording

of size, sex and condition of thedat species. Photographic methods have beecessfully
used to discriminate morphologically amongsimarusamericanugAmerican lobster)
stocks(e.g. Rycroftet al.2013; Cadrin 1996 Preliminary work would be required to

determine which trait or traits discriminate geographically between lobsters around the Isle of
Man. Cadrin (1995) employed video analysis software to measure carapace, abdomen and
chela landmarks, such as CL and AW and found that inshore male American lobsters could
be discriminated from offshore males on the basis of larger relative chela size aldse. Wh
Rycroftet al. (2013) determined that it was necessary to measure multiple traits to identify
the ones that could be used for discriminative analysis between Amlefsterpopulations

from threedifferent sites in the Gulf of Maine.

On-boardcameas could be used to demonstrate that bycatch ofarget species is alive
and healthy at the point of discast, ago convince the European Commission to grant
exemptions to the landings obligation, due to come into effect for crustacean fish20&8
(Fisheries and Conservation Science Group, 2@ygatch species identification and

damage assessments from stills would need to be valididtenh the form of Closed Circtii
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Television (CCTV) camerdsasalreadybeen successfully trialled to monitor bycatch in
several fisheries, includinthe Alaskan Rockfish Fishefiational Marine Fisheries

Service., 2011andtheNorthern Australian Prawn Fisheflyiasentest al, 2012) Camera
resolution and configuratiodmavebeen identified abmitations to using caeras as bycatch
monitoring toolgAmes, 2005)Sufficient frame rates and image clarity are required to
provide a high probability of capturing an image tt@ttains unique characteristicsaof
species, in order to differentiate between similar spédieeset al, 2007) The cameras
used in the present study had frame rates that were over three times greater than the cameras
used byAmeset al, (2007)to provide bycatch composition estimates comparable to those
recorded by o#board observersn the Alaskan longline fishery for Pacific halib&ishery
dependentootagefrom the onboard camerasould be used determine the time between the
bycath being hauled onto the vessel and the point of disaardn index of survivability.

Adequate spatiand temporatoverage of theameras could be used to collecibsex ratio
data during the monthaf April to Autumn to map the nortlsouth nigration of female crabs
(Ondes, 2015)Such a datet would be useful for observing changes in migration patterns
around the Isle of Man, for example as a responsedan warming or acidification.
Increases in sea water temperatures has already been attributed to an expaiingmd of

some crustacean species in the northeast Atléloés, 2015)

5.7 Costimplications

The camera units used in the present study had a simple design and were inexpensive to
construct and install: approximately £400 per unit. Tleeiery and precision of each

camera unit has to be balanced against the financial cost of its construction and installation.
Camera units comprising precisely parallel lasers are required in order to automate the image
extraction and measurement processwelver, the construction of such units would require
costly precision engineering. Other recommendations made in this report could incur minimal
or no cost, for example asking fishers to extend the tails of lobsters with banding tongs, a

standard piece adquipment already carried on vessels that target lobster.
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4905 6.0 Conclusion

496 Data derived from footage recorded by theboard cameras was found to provide

497 information on the damaged component ofdfrab catch, the sex ratio @rabsand the size
498 frequendes of bothcrab and lobstercomparable in accuracy to that collected by an observer
499 in sity, indicating that the cameras can be used to monitor these aspects of the Isle of Man
500 Crustacean Fishery. The magnitude of error attributable to measuring tbélsitle species
501 remotely from stills rather than situwaswithin an accepabletolerancesufficient to detect
502 growth increment@ both speciesAn accurate method is requiredallocate sex to lobsters
503 fromdtills, so as tautilise the cameras tmonitor the sex ratio of the lobster catthe five

504 month fisherydependent data collection program showed tipabocol may need to be put
505 into place to standardise the way that aténag@e presented to the cameiaxrder to reduce
506 the still rejectdn rate due to human error and improve the accuracy and precision of the
507 predicted trait sizes by minimising parallax er©amera units comprising precisely parallel
508 lasers are required in order to automate the still extraction process and facilitatinidpe

509 out of the cameras on to a sentinel fleet in the Isle of Man Crustacean Fishery. Once the
510 cameras are rolled out, all still analysts may need to collect data to validate their own
511 predictive models befonmeasuring traits from stillepending othe properties of, and

512 vessel specific installations of each camera unit, the prediotdeels for each tramhay need
513 toalsoinclude the camera identitfpplication of the orfboard cameras extends beyond the
514 recording of size, sex and condition of theget species. The cameras could be used to
515 demonstrate that bycatch is alive and healthy at the point of discard, so as to convince the
516 European Commission to grant exemptions to the landings obligation
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690 Appendices

691 Appendix |
Computer program Change to default setting Reason
VLC media player version | Snagshot hot key interchanged | Reduces the number of
2.2.4Weatherwax. with stop hotkey i.e. snapshot h{ key strokes and
key changed from ShifSto S. therefore the video
Tools>Preferences>Hotkeys analysis time. Reduces
the chance that the
video is accidently
restarted instead of
extracting a still.
The puse on last framaption Prevents video closing
checked after thelast frame, so
Tools>Interface that a still can be
extracted from the last
frame if necessary.
Microsoft Excel (2016) | TheEnable AutoComplete for | To reduce the chance ¢
cell valuesoption was unchecke( data being entered
File>Options>Advanced incorrectly.
ImageJ A short cut was created to open| To reduce the number
the Set Scale dialog box. of key strokes and
Plugins>Shortcuts>Add Shortcuf therefore time needed t
by Name analyse the stills
692 Tabledetailingchanges made the default settings of computer programsegdto carry out thealibration and
693 fishery-dependenfootage and still analysis process.
694
695
696

107



697 Appendix Il

Feature and location Description Use
(short cut)
Invert function Creates a reversed image Improved the contrast between the
Edit>Invert analogous to a laser projections and the colouratio
(Ctrl+Shift+1) photographimegative. of an animal or improved the

Light background
Process>Sharpen>Light
background

Separatecolours
Process>Sharpen>
Separate colours

Sharpen
Process>Sharpen

Find edges
Process>Find Edges

Allows the processing of
images with bright
background and dark
objects.

Adjusts the brightness,
leaving the hue and
saturation untouched.

Increases contrast and
emphasises detail in the
still image.

Uses an edge detector to
highlight sharp changes ir
intensity within the still
image

visibility of the projections when
sunlight was reflecting of the
carapace.

Helped distinguish between the pal
surface and the animal.

Used tolocate the laser projections
or increase the contrast between th
animal and the pale background.

Improves definition of crab carapac
edge or end carapace or thelbat
the eye socket of lobster. Howeyir
may also accentuate noise in the st
image.

Usedto correct poor definition of the
edges of lobster AW and crab CW.

698 Table detailing thearious features In ImagéJdatwere trialled in an attempt to reduce the

699

numbers of stills that werejected
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Real lobster size (CL:mm)
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701

702  Relationship between brown crab and European lobster size (A: crab CW; B: lobster CL) measured directly
703  from the stills (the Still size) and the corresponding measurement of the same individual made by the observer
704  in situ(the Real size), for all three m@ra units combined (blue: Camera 1, black: Camera 2, green: Camera 3).
705  The red dotted line represents the perfect relationship between the Real and corresponding Still animal size, i.e.
706 no difference.
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Real lobster abdomen Width (AW:mm)
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Relationship between European lobster abdomen ) measured directly from the stills (the Still size)
and the corresponding measurement of the same individual made by the cbsstuéthe Real size), for all
three camera units combined (blue: Camera 1, black: Camera 2, green: Camera 3). otteddéidelrepresents
the perfect relationship between the Real and corresponding Still AW, i.e. no difference.
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Appendix IV

Outliers in the residual error of the predicted CW model (PredictedRess size),
characterised by a magnitudeegter than 6mm, werheckedy extracting stills of

individual crabsalongside the callipers that were used to take the Real measurement of the
CW. The known length of the Vernier scale was used to measure the distance on the main

calliper scale.

Still image(still) used to checkn outlier in the residual error of the predicted CW model (Predicted -8teal

size), characterised by a magnitude greater than 6fma known length of the Vernier scale (indicated by the

red arrow) was used to measure the distance on the main calliper scale (indicated by the yellow arrow) in order
to check for an erroin the Real carapace width recordedsitu.
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