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Abstract

The Institute of Marine Research (IMR) wants to start a systematic survey of shallow, soft
bottom habitats. The IMR wants to implement two new methaitsy photo and videothe
photoframe and the videosleigh methatfhere analyzing of an investigation area is done by
photo or video instead of in situ. The target groups were Pacific oyster, European flat oyster,
Blue mussel and macroalgaBoth methods were tested to seeumber ofindividual Pacific
oyster, European flat oystand Blue mussetould be estimated hyse & photo and videolt

was also seen if these species could be categorized based on vialasthtfipercentageof
macroalgae could be estimatedhe photoframe method were also tested for measuring of size,
both length ath width of Pacific oyster, European flat oyster and Blue mus$bk was tested

by comparing data registered by photo or video against in situ registrations donediyesisn

in the field.

The biology of the bivave species affected the results. Wass apparent through
underestimation caused by individuals growing onto each ahdr misclassification of
species especially forPacific oyster andEuropean flat oysterOrientation of Blue mussel
affected the precision and accuracy of measuring, and in some cases made measuring
possible. Estimating number of individuals was possible when using both methods. Only
videosleigh method seemed suitable for categorization of bivalve species bagatl status

and estimating percentage coverage of macroalgae. Estimation of size by photo was possible
for Pacific oyster and European flat oystBetermining cohortdy analysis of photavas not
possible for either specieBoth methods were timeffective regarding analyzing the
analyzation place was moved and both methaese therefore coseffective. Both methods

may be usedas a surveying tool in the future, where each method has its strengths and
weaknessed-or a systematic survey on sbfbittom labitats, a combination of the methods as

they are now may be advantageous.
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1. Introduction
The Institute of Marine Research (IMR) has conducted a systematic survey of pelagic habitats

along the southern coast Norway since 1919. This dataset, obtainddring almost a 100
years,is an extremely valuable dataset @hanges in the coastal zo(®odvin, 2016) There is
no such systematic survey ioimobile species oshallow, softbottom habitats todaywhich
means that a huge part of the coastal zone is misairggmilar dataset from these habitatan
reveal long term patterns sfpecies distribution and quantityVhen surveying both pelagic and
benthic habitats at the same time andhe same areas, a lottgrm dataset may detect how the
speciesand habitas vary together.In the future surveying ofshallow, softbottom habitats is
going to be a part of the yearly survegich up tonow only has beefocusing on the pelagic
habitat

An important reason why surveying of shalow, sbfbttom habitats is highly relevant today,
is due toalien specieslike the Pacific oyster Crassostrea gigagThunberg, 1798 The Pacific
oysterhas newly been renamed Magallana gigagThunberg, 1793) in the World Register of
Marine Species (WoRMS)rhs name change is disputed in the scientific commuratd an
article by27 scientist argues that the nasiuld bechange back(Bayne et al., 2017)The

old name,Crassostrea gigass thereforeaccepted as an alternative representation in WoRMS.
The Norwegian Artsdatabanken awaits siteation andkeeps theofficial nane forthe Pacific
oyster agCrassostrea gigasThe Padc oyster wil be called Crassostrea gigam this master
thesis.

Wild lving Pacific oysters were first observed in Norway in 2@d8 there is now about 200
localties of Pacific oysters in Norwegian wat@@®dvin et al., 2014b)How the Pacific oyster
wil affect the native fauna isinknown andwil be an important aim ofuture systematic
surve. There havealso been several reports regarditige absence of Blue Musseldytilus
edulis L., along the southern coadtut the reason is unknowrfAndersen et al., 2017A
systematic surveyould helpfolow the development of the Blumussel andmay find factors

affecting its distribution.

The method used today fsurveyng of immobile species on shallpwsoftbottom habitatsis

the standardized quadrant methd®trand et al, 2012)with manual counting and
measurement®f each individu& in the field. This is time consuming and in areas deeper than
1 m, this is also a highly costinethod (Strand et al., 2012)The methodrequires divers,

specializedequipment and qualified personnB¥IR wants to implement newethods that can



be more versatile, spending less rhaors in the field, andnore costeffective. For new
systematic surveys of shallow, softbottom habitats IMR want to use two new methods
photoframe andideosleigh. To be able to use these methotMR need them to be tested with
respect to accuracgnd precisionof counting andmeasurement®f individuals. The aim of this
master thesis wil be tanswer the questisrposed by the IMR; how accurate are these methods
andmay they be used as smarying took?

1.1 New methods, photoframe and videosleigh
Both methods are a type of remote surveying, wiereamera register target species and

analyes are done later, e.g. in a lab. Since they both uses cafoenegistration in the feld,
there is no needbr personnel in the wateiThere is stil need for personnelperating the
equipment. Both methods can be used anywhere where the water depth is greater than 0.5 m

and wha there is enough light for the cameras to take pictarasdeos of good qualiy.

1.1.1Photoframe method
The photoframe method include aframe with a camera attaaich can be lowered into the

water from a boat. The camera then takes petadeen the frame hits the seabed, arebéh
pictures canlater be analyzedy appropriate software oncamputer. Thamethod is assumed
to be suttable fordetecihg immobile individual, separating them into different species

measuring length andidth to estimatesize classes, and facilitate age classification

Remote photandsubsequent analysis have been used in numerous studies in. bielaigs

from satelites has been usidstudies toclassify areas as mussel beds or seagrass meadows
with a great accuracyMuller et al., 2016) Photos takemy AUVs (autonomous underert
vehicle) hae been used to categorizeabitat type and biotic and abiotic elemen{8ewley et

al ., 2015; Gagkov et allnpentichabias moia detdpodgt o n
have been counted ®\guzzi et al. (2011)Theyfocused on how well automatic arsdy from
photos was compared to manual asislyfrom photos They alsocompaed estimations of
bacteial mat coverageAs the lterature shows and Aguzzi et al. (2011plso pointed out,
remote sensingpas beeess commonly used for species identification and individual counting.
This master thesis wil bienportant to asse$®w accuratephoto analysiss on individual level,
especially on benthic immobile specidéeasuring of size from images ka been done several
times mainly onfish specieg(Man et al., 2016; Shafry et aP011; White et al., 2006§or the

study byWhite et al. (2006)measuringwas doneor seven different fish species witngreat
precision and accuracy

The hypothess in tre photoframeexperimentare



Hi: There is a difference between estimating numbers of individuals by photo and Wisitu
corresponding b Thereis nodifference betweemrstimating numbersf individuals by photo

and in situ

H2: There isa difference in estimatinopdividual size (length and width) by photodan situ.

With corresponding b There is no difference iastimating individual sizelgngth and width)
by photo andby in situ

Hs: There isa difference in classificatiomf individuals as dead or alivédy photo and in situ
With corresponding bl There is no difference in classificatioof individuals as dead or alive

by photo and in situ.

Hs: There isa difference inestimatingpercentage coverage of macroalgagohoto and in situ
With correspondingHo: There is no difference in estimating percentage coverage of macroalgae
by photo and in situ.

1.1.2Videosleigh method
The videosleigh is lowered down into the water from a load depth below the lowest

anticipated depth for the target spede®l dragged by a person towards land whie fiming.

The methodwas assumed to be suitable for detectingnobile individuals And that bylater
analysis of the video, the various species and vital status (live/deatt) be determined.

Towed videoand sbsequent analysis have been used in numerous studies in bRlegpnte
surveying with use of video has been used to assess coastal changes with respect to morphology
(Siva et al., 2014and mapping otommon eelgrass(Zostera marinabeds(Lefebvre et al.,

2009) Towed video has been valdated with respect to Queen cbabkts giga$, which is

a slow, mobile species. Here they found that both video and in situ counts had similar outcome,
and it was concluded that towed video was a reliable sampling tool for that p(Boosan et

al., 2016) Towed video has also been used to estimate deosityobile species such as
Thornyheads febastolobussp.)(Lauth et al, 2004pand the Australasian snappePdgrus
auratu9 (Morrison et al., 2006)Towed video has also been tested in Sweden and used for
surveillance purposes there, with a focus on the European flat d@steea edulid.., 1758,

and dassification of habita{Lindegarth et al., 2014; Loo et al., 2014; Thorngren et al., 2017)
The latest validation of this methadgarding theEuropean flat oysters were done in 2017 and
found that there was a strong correlation betwegstration in the field and from video. Based

on this, twasassumed that the same results wil be achieved here in Norway, and possible also

for other bivalve species Iving in the intertidal and subtidal zone.



The hypothess in the videosleigh experimertre:

Hs: There isa difference betweeastimatng numberof individualsby video and in situWith
correspondingHo: There is no difference betweestimatng number of individuals by video
and in situ

Hes: There isa difference in classificatiorof individuals as dead or alivby video and in situ

With correspondingHo: There is no difference in classificatioof individuals as dead or alive
by video and in situ

Hz: There isa difference inestimatingpercentage coveragd macroalgaeby video and in situ
With corresponding bl There is no difference iastimatingpercentage coverage of macroalgae
by video and in sit.

1.1.3How to test and validate the two methods
To test these methodghe data from thephotoframe andvideosleigh were compared to

traditional registratiohmeasurementsdy skindivers in the field Testing the hypotheses and
assessing differences between the registration methoalghelp determine if these methods

are suitable for surveillance purposes.

1.2 Target species
Invasion of alien species as Pacific oyster and absence of Blue mussdingg forcefor

systematic surveying on sdfottom habitats.In addition, the European flat oyster is found in
similar habitats, and there & concern about how the Pacific oyster wil affect the native
European flat oyste(Dolmer et al., 204). Registration of percentage coverage of macroalgae
is of interest as the intertidal zone is often cedewith macroalgae. Macroalgae commonly
found in the Norwegian coastal zone @Ghanneled wrackRelvetia canaliculatg, Toothed
wrack (Fucus serréus), Bladder wrack Fucus vesiculoys Knotted wrack (Ascophyllum
nodosumand Spiral wrack Fucusspiralis) (Nervold, 2008) The relative abundance between
macroalgae and the Pacific oyster is of interest for-leng surveying It is not known how
the invasive Pacific oysterwil affect the native floraand howmacroalgaecompeteswith the

Pacific oyster for space amldfecting itsabilty to grow.

The targetgroups were the Racific oyster, the European Flat oyster, the Blue Mussel and
macroalgae in general

1.21 The Pacific oyster, European flat oyster and Blue mussel in Norway
The Paciic oyster ison the Norwegian Black List 2012Artsdatabanken, 2017a)The

Norwegian Black List is a list of alien species in Norway categorized as having high impact
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(HI) or severeimpact (SE) on native species. The Pacific oyster is categorized as SE (severe
impact) (Gederaas et al., 2012)he European flat oyster is a native s®dn Norway and is

on the Norwegian red list 2015. The Norwegian red list is a list of native species being at risk
of extinction within Norway(Henriksen et al., 2015Yhe European flat oyster is categorized

as NT,nearly threatenedArtsdatabanken, 2017cJhe Blue mussel is categorized as LC, least
concern, and is not a part of the Norwegian red list Z8@tSdatabanken, 2017b)helocations
wherePacific oyster, European flat oyster, and Blue musselrredalong the Norwegian coast

in 2017wasdifferent (Figure 1.1)

Pacifc oyster ... T Flat oyster ... LA Blue mussghrs,

C.gigas - O. edulig:+.

't;i
AT

.
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P d

Figure 1.1: Distribution of Pacific oyster§. gigag (Artsdatabanken, 2017aFuropean flat oyste® eduli}
(Artsdatabanken, 2017k9nd Blue musseM. edulig (Artsdatabanken, 2017c)

1.2.2 Pacific oyster

History and spreadingf the Pacific oyster
The Pacific oyster is native to Japan and seatst Asia(Nehring, 2011)andits abiities to

survive in cold environmentgStrand et al.,, 2013as made them able to spread and reproduce
in nonnative areas around the woil8trand et al., 2012)n Europe, the Pacific oiss were

frst introduced intentionally in Oosterschelde estuary in Netherland by Dutch oyster farmers
in 1964(Dolmer et al., 2014)his was de to a severe decline in the native European flat oyster
population (Groslier et al.,, 20145ince then, it has been introduced several twiksn Europe
(Bodvin et al., 2014bh)oth unintentionally and intentionallfStrand et al., 2012)n 1983 were

the first wild individuals found in the Dutch Wadden Sea, where these probably originated from
a French hatcheryNehring, 2011)Before 2000 th spreading was slow, but since then there
has been an enormous increase, and is now covering large areas in all parts of the Wadden Sea,
making dense reefBodvin et al.,, 2014b)Since Denmark and Germany both is a part of the
Wadden Sea, the spreading of Pacific oysters introduced them in these countriek las wel

Denmark, Pacific oysters is mainly located in the Danish part of the Wadden Sea and in
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Limjorden Hereit has beerconducted aquaculture experiments on imported Pacific oysters
(Bodvin et al., 2014b)Iin the Wadden Sea, the biomass has doubled each year for three years
Bodvin et al. (2014b)eleved that this development wouktbntinue and feared similar
developmentin Norwegian watersThis wasnot the case. There was a population decline in
2015/2016 due to the oyster herpes virus (OsHv1). Itis expected that the populaton now has
stabiized and wil fluctuate in size caused by sisknén the future The population will

fuctuate at around 1000 Pacific oysters peér (Reise et al., 2017)Reise et al. (2017)
categorizes the first period as fAlntroductic
enor mous increase as the fAExpansion phasebo,

They believe that the Pacific oysten the Wadden Sea nowasin the adjustment phase.

Pacific oysters were frst observed in Limfjorden (Denmark) in 2P0@3 (Bodvin et al.,
2014b) From Denmarkthe speciespread to Sweden atige first detection of largaumbers

of Pacific oystersvasin 2007 Snce thenit has spread along the Swedish weststda 1979

and in the 1980s Norway imported Pacific oysters from Scotland for aquaculture purposes
several times There were given1l permits br Pacific oysterfarming in Norway, but these

were revoked in 2010. Wild living Pacific oysters were first ol in 2003 in Meflorden,
Vestfold. There are now about 200 localtie sfevél Pacific oysters in Norwegian waterBhe
population in @e localty in Arendal,Norway (N58.4748, E8.9089 is genetically related to

the populations in three localties $weden(Bodvin et al., 2014b)

In Europe today, the Pacifioyster can be found along the Atlantic coast, in the Mediterranean,

around the British Isles arab farnorth asScandinavia(Dolmer et al.,, 2014)

In Norway the Pacific oysters are mainly found in the upper 50 cm, but also dowh o 1
water depth(Bodvin et al, 2014a)The northernmost location of Pacific oyster Exle,
Nordmgre KN62.3156, E5.847Q (Artsdatabanken, 2018)Seawater temperatures indicate
possible growh as far north as Lofoteisland at approximately 68 fBodvin et al.,, 2014a)

The IMR started registration of densities, size and distribution in Norway in 2009 at chosen
localties andfollowed those locationfor 6 years.One of these localties, Tromlingene
(N58.4759, E8.9087) had a relatively large populaton in 2009, which had decreased
dramatically in 2010, caused by the extremely cold winter 2009/2010. In 2011 the population
was stil small athe winter 2010/2011 vgaalso very coldSince then the population has shown

an increase every yeap to 2015Bodvin et al., 2014a)Jnpublished results of the same study

areain 2015 indicatd a massive increase in population size, with an estimated population size

12



of <100000 individuals (Torjan Bodvin IMR, per®nal comnunicatior). There areno
guantitative studies for this localty after 2015.

Biology of Pacific oyster
Habitat
Pacific oysterscan attach themselves to almost any hard surface, but they also ext in s

bottom habitats, then typically attacled to small stons, shells of other moluscs or to
conspecifics (Bodvin et al., 2014b)t seems that they prefer oysters and both Iving and dead
Blue mussels as substrate, whie shells of other bivalves are of minor impo(oloeer et

al., 2014) At very high densites they also attach to each other, making -dkeeestructure
(Dolmer et al.,, 2014)Pacific oysters prefer sheltered waters in coastal marine and estuarine
areas with good water circulatiom the intertidal and shallow sttislal zone (Dolmer et al.,
2014) Along the Norwegian coasthe Pacific oyster has been found from normal water level
down to 45 meters underneath the lowest wat@&rk (Bodvin et al., 2014b)but they have
been observed down to 40 metéoIimer et al., 2014)

Reproduction, growth and impacts of abiotic factors
As an intertidal spedes, the Pacific oyster is very tolerant to varying abiotic conditions, e.g.

temperature and salinity, both during growth and reprodug&trand et al., 2012Yhe Pacific

oyster can grow and reproduce in salinties betweeA2IPBSU (Nehring, 2011)andDolmer

et al. (2014}tates that gametogenesis begins aroul€ 46d a salinity of 1832PSU Pacific

oysters can tolerate shderm salinity levels as low asPSU(Nehring, 2011)Nehring (2011)

report that Pacificoysters need a temperature 18°C in 4-8 weeks to be able to reproduce,

while Dolmer etal. (2014)eport spawning down to 26.Anincrease irday length may reduce

the temperature requirement which may make spawning possible in northern Norway. In
addition, spawning products from one individual induce spawning of other individitidlas

been speculated that coordinated spawning in a densely populated area wil be triggered as soon

as the temperature requirements have been met for one indi{Bodvin et al., 2014b)

The temperature range for survivabwever,has not been fully evaluated. The upper thermal
imit is considered to bapproximately 3€C (Strand et al., 2011whereasNehring (2011)
reportgrowth up to 35C. The lower thermal limit is more uncertain. Strand et al. (2012) lists
different reported lower thermal lmits, which les betweé@ and-14°C, andNehring (2011)
reports survival when the air temperature is as lowl@¥C. Ecological niche modeling based
on surface seawater (SST) and atmospheric (AT) temperature hasidsek to define their

thermal limits (Dolmer et al., 2014)Here Dolmer et al. (2014%tates that in its native range,
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the species maintains sstistaining populatons with SS& 14.028.9C in warmer month
and-1.9-19.8C in colder month, and AT of 181°C in warmer month anel23-14°C in colder

month In addition to tolerate extreme temperatures, it has also been found that they tolerate
large variations in temperatures. Getligr stated,intertidal molluscs often exhibit seasonal
variations in their cold tolerance aaglemore cold tolerant during the winteifhe increase in

cold resistance is due to a combination of low temperature, low light intensity, and food
deprivation (Strand et al., 2011)This means that the Pacific oyster has the possibility to grow

and reproduce in Norway under normal temperature circumstances.

The Pacific oystershave high fecundity and produce about 5000 milion eggs(Nehring,

2011) whereasBodvin et al. (2014band Dolmer et al. (2014)eports production of up to 200
milion eggs. The eggs are released over segpalvning burst§Nehring, 2011)Fertiization
occurs externally, and must happen within-18hours after spawningDolmer et al., 2014)

This is why spawning indue spawning of otherindividuals as they need synchronous
spawning for feitization (Bodvin et al, 2014b)The larvae stage is placdkic and lasts
between 2 and 4 weeks. The duration depends on water temperature, salinty and food supply.
The larvaehave the abilty to swim however itis mainly spread out by current$his means

that long spreading distances is possible, theoretiagglyto 240 km(Dolmer et al,, 2014;
Nehring, 2011)This can explain the genetically similarities found between Norwegian and
Swedish populationsThe larvae then find a suitable habitat and attach themselves permanently
by secreting cement. After attachment the larvae metamorphose into juvenil&@hspBiacific
oyster has a very high growth rate in good conditions, and can reach a size ofr2@duition,

life expectancy can be up 20 years. Pacific oyster reach maternal age one year after settleme nt
(Nehring, 2011)They are protandrous hermaphrodites, mainly maturing as males first. In areas
with good food supplyfemales are most commoiVhen the food is limited the females can
change back into male@olmer et al., 2014)

1.2.3 Eurgean flat oyster
History and prevalence of European flat oyster
The European flat oyster is found along the Atlantic coast, rom Morocco to the coast of

Helgeland in Norway. In the last 30 years, the populaton has been strongly impacted by
sickness, espedy oyster specific parasites introduced into Europe in 19i8.parasite was
spreadinto Europe by movement of oysterfom the United State¢Culloty et al., 2007)

Scandinavia however, is the only large area withearious ilness amongst European flat
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oysters(Bodvin, 2011) Newer studies have similar resultkis alsoincludes the lateststudy in
2016(Mortensen et al.,, 2016; Mortensen et al., 2017)

In Norway, the European flat oyster is mainly located along the Skagerrak Bodgh, 2011)

as can be seen in figure 1Simiarly as the Pacific oyster, they decreased dteally in the

harsh winters of 2009/2010 and 2010/2QRadvin, 2011) In 2010 they were classfl in the
Norwegian red list 2010 as EN, endangered, and has since increased in number enough to be
categorized as NT (nearly threatened) in 2(8rfsdatabanken2017c) The increase is not as

big as the increase seen in the Pacific oyster.

Biology
The European flat oyster is found down to a depth of 3Gemerally existing in the subtidal

zone. The European flat oystelerates water temperatures betwegrb°C and about 35C.
andcan also exist in salinties between-48PSU The optimal salinity les between 24 and 34
PSU(Nielsen et al., 2016)

1.2.4 Blue mussel
The Blue mussel isative in Norway and is distributed along the entire Norwegian coast. It is

found as south as North Spain, and recently as north as Svéoatersen et al., 2017 the

last years the IMR have gotten sevaegbortsregarding absence of Blue mussels. Last year
Andersen et al. (201 Hompiled the information from al theseports and found that there

were nounambiguouslycaug for the absence. Hence, what is causing this is not known. There
were, however, reported mortalities of Blue mussels in Netherland and France due to sickness
(Andersen et al, 2017)The same year as this information was compied and assessed,
Mortensen et al. (2017und Marteilia refringensinfected Blue mussels at Bamlo, western

Norway. This might have caused several of the disappearances, and the I&fedths a plan
for an extended survey and study of affected mugdétstensen et al., 2017)

Biology
The Blue mussl Ive mainly in the intertidal zoe but also dow in the subtidal area. They

have been observed down to a depth of 48srboth the Pacific oyster an European flat oyster,

the Blue mussel tolerated varying conditions in salinity levels and temperahag.tolerate a
salinity level asdw as 4 PSUbut they prefer a salinity above 15 P3tJseems that Blue
mussels are more cold tolerant than Pacific oysters, as they tolerate freezing conditions for
several monthsThe Blue musselggrow and reproduce in temperature between 5 anelC20

with a maximum tolerance of 2& (Goulletquer, 2004)
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Blue musselshave alonglife expectancy, udo 1824 years and ahigh fecundity The
fecundity isaffected by food availdlity and temperature as with most specieSimilar as the
Pacific oyster, the larvae stage is piamic andlong spreading distances is possidige to
currents here as well.In areas where the Blue mussel thriged exist at high numbergshey

form dense populationsaled mussel bed&ouletquer, 2004)

1.2.5 Macroalgae
Brown algae dominase the flora along the Norwegian coabhe gecies are mainlyn order

Fucales, with species Badder wrackandK notted wrackOtherapparent specigs Channedd
wrack, Spiral wrack and Toothed wradie intertidal zone in Norway and the northern Europe

in general has a zonation patteithe upper part of the intertidaloze is dominated by
Channeled wrack and Spiral wrackis belthas mainly a water depth less than 0.5The

next belt is dominated Wgladder wrak. Followed by awide beltof Knotted wrackdown to

the Toothed wrack belt beneatiNervold, 2008) This zonation pattern is greatly affected by
competition. Competiton between other macroalgae involve factors as light, space and
nutrients. Other biotic factorswhich impact the distribution is herbivores grag. The effects

of these factorare a complex proceg¢Edwards et al., 2012)

Macroalgaeare sessie orgamss, which are attached to a hard substrafiins include rocks,

gravel and musselsAlgae living in the intertidal zondor exampleon mussel bedsre affected

by tidal flows. As the tides shift, the abiotic conditons wil changed cause salinity and
desiccation streg¥Karsten, 2012)The salinity can vary between 0 and 33 P#lthe intertidal

zone These factors affecthe horizontal distribution of macroalgaédbiotic factors like this

may shift the competitive balance between speesvards & Connel, 2012and affect the
zonation pattern.Other factors impacting the local zonation pattemclude physical

disturbance, herbivgy nutrient avaiability and polutionWiliams et al., 2013)The factors

who determinethe lower limit of algaedistribution iscomplex andnvolve severaltypes of

biological competition. It involves both intra and interspecific competitiorbetween algae
species and between algae and animals, as Blue nidss®bld, 2008)Kelp and other species
existing in the sublittoral zone exhibit a more stable environnfgatsten, 2012)

Temperature is alsan abiotic factor affecting the distribution of macroalgae, both localy and
at a largergeographicalscale (Martinez et al., 2012Both temperaturglependent effects on
performance and temperature toleranc€Eggert, 2012) How temperature affects the
competition amongst species are less clgatwards & Connel, 2012)The physiological

responses ttemperaturechanges are not fully understoolticreased temperature has affected
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the distribution of Toothed wrack in the Cantabrian Pdartinez et al., 2012)Synergistic
effects between temperature, climatic and-donatic physicalfactors may cause unexpected

distributional responsedartinez et al. (20123Iso points out thahe interaction betweethese
affecting factors are largely unexplored.

Macroalgae are sessie organisms greatly affectedbidiig and abiotic factors around them.
Many speciesnay therefore be used as indicator species to indichéanges in the coastal zone.

As an example, a species could indicate temperature changes or pohgidbiervold (2008)

states, surveying of both algae and animals along the coast may help the understanding of
interaction between differentpscies It has been found thaBladder wrack and Common
impets (Patella vulgatg impact each other. There has also been found that the percentage
coverage of macroalgae in genembact distribution and abundance of intertidal gastropods
(Marzinelli et al., 2012)

Oredominating macroalgae speciesthe Norwegiarshorelineis Knotted wrackThis is a key
foundation species, especialy at rockyr®s where macroalgae completely dominafBse
Knotted wrack has a wide temperature toleraricem beneathreezing andup to 25°C, with
an optimal temperature of P& (Marba et al., 2017)

1.2.6 Pacific oysters impact on coastal ecosystems
Pacific oysters are recognized as ecosystem engirs®she impact they make depend on

population size A high population sizereateseefs of a hard structure where there eaviere

mobile sediments, heacthey raise and stabiize the sediment surface locally. Established
Pacific oyster reefs controls local physical variables as flow speed, which influences
recrutment, growth and survival of benthic spec@yster reefsnay also protect the intertidal

habitat of native bivalves and other invertebrate fauna by preventing erosion. When the Pacific
oyster make reefs, they increase the surface area four times compared to a soft bottom habitat.
When living inlarge numbers as reefs, they excrete a vast nurabé&ces, which enriches the

sediment organically. This result in sediments with high organic content, ammonia and
hydrogen sulphide, and low oxygen levéBolmer et al., 2014)

The effects of established noative species on native populations vary with the ecology of the
invader, phase of invasioandnature of the invaded¢ommunity The impactis alsodependent

on trophic level and ecological role of the species affected, and whether similar ecological types
are found within the systenThe specific impacts of Pacific oysters are not very wel studied,

especialy notin newly invaded aredsd how this wil affect the native fauna here in Norway
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in the future is not knownThe reef structure forms a hard substrate which may aid settleme nt
of other species and refuge from physical stress and predation. There have been demonstrated

that the specerichness is higher on oyster reefs compared to bard@almer et al., 2014)

Biodiversity is found to be higher in Pacific oyster beds than in Blue mussel beds, and also the
composition of species was differe(@olmer et al., 2014Both Pacific oysters and native Blue
mussels tend to settle in the same locations, and overgrowth of Blue musseland is a
concern when the invasive Pacific oystpreads outlt wasassumedhat competitionwith the
Pacific oysterfor food was limitng the distribution and biomass of Blue muss@®imer et

al., 2014) Nielsen et al. (2016fpund that they do not compete for foothe two species select
different types of microalgae, which is also raéet in their soft tissuesln addition, Blue
mussels also can use the Pacific oyster redf@laat andncrease their survivalCoexistence

is therefore possible, and has been observed in Lingfjprddenmark. Bt overgrowth may still

be possibleas thePacific oysters are competitively superiand the exact factoor factors
responsible for coexistence unknown. Changes in any one factor can induce dominance of

Pacific oyster, and the Pacific oyster remainpogential risk for Blue mussels tae locally
extinct (Dolmer et al., 2014)

Native European flat oysters and invasive Pacific oysterdifflesent ecological nichesThe
European flat oysters livenore subtidaland has a more limited tolerance range for temperature
and salinity compared tdPacific oystes (Dolmer et al, 2014; Nielsen et al,, 201B8) areas
whereboth species exist, élPacific oysters can exist deep enough to interact witlEdinepean
flat oyster. Pacific oysters have a very rapid groati Nielsen et al. (2016jpund that they
have gnilar food preferences. This means that the Pacific ogsterdominateEuropean lat

oysters localties over tméolmer et al., 2014)

Dolmer et al. (2014had conducted a risk assessmentboth short term and lorigrm changes
in temperature and pH, whereas two different scenarios of long term chaagemcluded.
The impactof Pacific oysterswhere divided betweedifferent habitats Dolmer et al. (2014)
have summarized their results in table 11. They have included present knowledge of
interactons with Blue mussels, temperature controlledtritdiion and recrutme nt,
acidffication, predation and health stai{idolmer et al., 2014)The softbottom habitat type

investigated in this Mastethesis, represent important habitats for Pacific oysters in
Scandinavia.
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Table 1.1: Table created bipolmer et al. (2014)of the resultof the risk assessment. See the article for more

information regarding categorization of habitat and climate models.

Short term
Temp.: 1-2°C
pH: -0.15

Long term
Temp.: 2.53.0°C
pH: -0.25

Long term
Temp.: 3.03.5°C
pH: -0.35

Low energy Rock

Limited impact

Moderate impact

Moderate impact

Low energy Littoral

sand and mud

Limited impact

Moderate impact

Moderate impact

High energy Littoral

sandand mud

Moderate impact

Moderate impact

Moderate impact

Low energy Littoral

biogenic reefs

Moderate impact

Moderate impact

Moderate impact

High energy Litoral

biogenic reefs

High impact

High impact

High impact

Low energy

Sublittoral sediment

Limited impact

Limited impact

Limited impact

High energy

Moderate impact

High impact

High impact

Sublittoral sediment

Expected impact on sefffottom habitats, were a moderate impact where the sediments were
sand and mud, regardless of the engngsent The erergy impacts whether the Pacific oyster

was expected taffect sublittoral sediments, both ashort and long ternscale.

1.3 How biology of target species affect sampling
When using the photoframe method as a tool for quantity measuring, the photoframe wil be

placed out randomly within an investigation area a certain number of times. When placing the
photoframe out randomly, the densites within the frame wil change. oNipt caused by
random distributionwithin the experimental area, but also by the biology of the different target
species. As both Pacific oyster and Blue mussel prefer the intertidal zone, placement of the
photoframe in the intertidal zone wil most likelye dominated by these two species. Opposite,
the European flat oyster prefers the subtidal zone, and wil most likely dortingtarea This
depthdependent species distributiomll most likely be apparent in the videosleigh method as
well, as the slgh is dragged from the subtidal to the intertidal zone. Further, within the water

depth each species exists, they increase in number as the water depth decreases. Pacific oyster
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and Blue mussel wil have higher denstielse toland, while the Europeafiat oyster will
have maximum densitpelow the lowest water markDifferent species of macroalgae are
expected to exhibit a zonation pattefifnis could be detected by both the photoframe and the
videosleigh method if determined to species. Hemacroalga was treated as a group, and

therefore esgting and distributednconsistentlywithin boththe intertidal and subtidal zone.

Since sampling wil be done at different depth, there wil most likely be seen different densities
of Pacific oyster, Europeanafl oyster and Blue musselesting both methods for different
densities is therefore important. Testing at different depththen most likely cover different

densities andhdicate whether this affecthe accuracyand precisionto thenew methods.
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2. Materials and Methods

2.1 Location

The experimental areeonsisted of two localities (figure 2.1), whidimd multiple sheltered
sites with soft bottomContaining suitable habitats for tfeur groups dinterest: Pacific oyster,
European flat oysterBlue musseland macroalgae Both localties were usetesting the
photoframe method, and only locality 2 was used testing the videosiegiod.

Flangeborgholmen

Locality 2

iy 4

Kaninholmen
Cond,
3

Wannado®

Figure 2.1: Map showing the two localities used during the experiméntality 1 N58.2639, B.5011. Locality
2 N58.4456, B.8337.

2.2 Photoframe

2.2.1 Construction
The photoframe was an aluminum frame of 0.5 x 0.5 m footprint (Figure 2.2). Attached to the

frame was a GoPro Hero 3 camera, approximately 0.5 m above the sBabdype of camera

was used in a previous stusthere they classified similaareas(Loo & Scherer, 2014)The
camera took picturekom above,covering the frame area.
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Seen from above Seen from the side

Camera

05m 05m

Figure 2.2: lllustration of the photoframe.

2.2.2 Experimental degn

The aim of this experiment was to determihgohoto could be used to determine number and

size of different shellsThe presence of target groups was the only criteria for placemdim¢ of

frame within the experimental aredhe frame was placed ou6 3imes, making 36 photos to

be analyzed. When the frame was placed on the bottom, the camera was turned on, and set to
take one picture per second. The camera was set to take one picture per second to ensure at least
one analyzable picture was taken freach placement. To identify the photos later, a note with
sample number (1éné36) were held beneath the
the target content within the frame was counted and measured manually. Every Pacific oyster,
European flat oyst and Blue mussel were measured with respect to length and width. If some
individuals were grown into and/or over each other and made measurement impossible, NA

was noted. Each individual counted was registered as lving or deadoctierence of
macroajae was notedspercentage coveragand dher species were disregarded.

2.2 3 Statistical methods and analysis

Statistical analysis used the term franm® photos of each frame placement, n = 36. And the
term sample for the number of individuals counted or measured within a frame, n varies.

One photo, representing the clearest image of the bottom content, was chosen for each of the
36 frames.When analyzig the photos, it was important that the photos were randamideid

was important to ensure that there wouldnbeconformation biasvhen analyzing the photos
(Thorngren et al., 2017¥ince the same persoboth analyzedphotosand did the fieldwork

When this method is going to be used in the future, the personnel analyzing the photos would
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have no prior knowledge about the contdbiwas important thathis also was the case when
testing the methodror this reasonall 36 frames were randomized by creating random names

before analyzing.

The program ImageJ was used to measure the shells detected. For each photo, the scale was set

by using the frame (0.Bn) as a reference length. Both length and width were noted when
possible, when not possible NA was noted.

The statistical program R was used to analyze the data. When analyzing count data; Kruskal
Wallis rank sum testMcDonald, 2009)was used to assess differences. Count data was also
assessed for correlation by Spearman correlation (¢MsDonald, 2009) Length and width
measurements Haan assumed normal distribution as it veasitinuous data, and assessment

of differences was carried out by ANOVA, and a linear model was used to create regression
lines (McDonald, 2009)

2.3 Videosleigh

2.3.1 Construction
A videosleigh with two cameras was used (figure 2.3). Cameerafacing forward and one

cameradownward Both camera were 0.5 m above the seabed. The size of the videosleigh
frame is noted in the illustratioffigure 2.3) and in more detail iappendixA. A rope was used

to drag the sleigh towards land, and it was attach to the sleigh at point A. On the sled runner,
tape gfpes of 5 cm length were used to make a reference lemgthhat measuring of
individuals were possibé.

Seen from above

Seen from the side

0.6m

Figure 2.3: lllustration of the videosleigh.
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2.3.2 Experimental degn
The aim of this experiment was to determifevideo could be used tdetermine number of

individuals of thedifferent species andto determine if the accura@nd precisionaredependent

on the density of individualsThe preence of target groups si#he only criteria for placement

of transects within the experimentalea A transect line was laid out, with a length of 15 meters
and markings every 5 meters (figure 2.4). The transect line was laid out perpendicular to the
shoreline, such that different depth was represented in each transecwaShiscause it was
assmed different densties at different depth, and it was important to test the method on
different denstitieslt wasensuredthat the transect lingvere ataminimum depthof 0.5 m such

that the camera always was under water. The cameradtebte under ater to make clear
videos. The videosleigh was then placed at the start, the dpeptsin the transect lineO(m,

figure 2.9, and both cameras were turned on and set to flming. To identify the transect films
later, a note with transect and trip numbe ( t r ansect 1éné. 10 and tri
in front of each camera. One person stood on landpal®t the sleigh towards land with a

slow constant speed, approximately 0.2 m/s (min. 0.12 m/s, max. 0.27 m/s), whie another
personin the waterassuredthat the sleigh followed the transect lin&his speed was found
appropriate in a studwhich also used towed vide(hindegarth et al., 2014When the sleigh
reached thaipperend of the transect line, the sleigh was then placed at 0 m agaipulkat
towards land along the same transect line repeatétithe 7 first different transect lines the
same transect line was dragged and fimed &stinthe following 3 transect lines were dragged
and fimed 6 timesThis research design made it possible to assess both accuracy and precision
of the videosleigh methodince the videosleigh is manually operated, it is affected by weather,
wind and the sabed topographyRepeatedhfiming of one transect would alsensure at least

one flm was analyzable (Gitmark et al., 2016)The front camera was not used for further
anayzing in this experiment. In the future it was thought to help give an overview of the

environmentas there would be no personnel in the water obsetkisg

After each transect replicate, the target species within the transect area made by theesled runn
was counted manually by skiivers. The existence of macroalgae was noted in percentage
coverage. Other species were disregarded. The area made by the sled runners were divided into
sectors, where individuals was counted within each sector. Eaclr sgisted of 5 meters,

making 3 sectors 1) 0-5m, 2) 510 m and 3) 145 m, as ilustrated in figure 2.4. There was
assumed different denstties in the different sectors, as the different sectors were at different
depth. Dwnviding into different sectors weh counting gave counting results from differe nt

denstties, as was a part of the experimental aim.
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Sea surface

Sector 3

Sector 2
10 m

Figure 2.4: lllustration of thetransectline andifferent sectorseach transect was divided into.

2.3.3 Statistical methods and analysis

Raw data consisted eideo fles with multiple replicates of samgansect.Windows Movie
Maker was used tout the videofles such asach video was afne replicate.Similar as the
photoframe methodrandomization was important to ensure thatooformation biasoccurred
when analyzing the videogThorngren et al, 2017)Also, in this method, the personnel
analyzing the videos when this method is uldéer would have no prior knowledge about the

content. Therefore, &89 videos were randomized by creating random names before analyzing

The statistical program R was used to analyze the data. When analyzing count data; Kruskal
Wallis rank sum test wagsed to assess differenc@slcDonald, 2009) Count data was also

assessed for correlation by Spearman correlationMefonald, 2009)

25



3. Results

3.1 Photoframe method

3.1.1 Counts of individuals

The total number of individuals counted in situ was higher than the number coyndato
(table 3.1)The Pacific oystewas the only species having more individuals coulitgghoto
compared to in situThere were only 3 more individuals countey photo. BothEuropean flat

oyster and Blue mussel had a larger difference, 30 and 18 individuals respectively. Counts
within each othe 36 framesare shownin appendixB, and divided intospecies in appendix C.

Table 3.1:Summarized counts ofindividuals in photo and in situ, separated in spadi@stotalAnd percentage
of individuals detectelly photo compared to in situ, separated in species and in total.

Species Number of Number of Percentage of
individuals counted | individuals counted | photo estimate
in photo in situ

Pacific oyster 221 218 105.24 %

European flat oyster| 25 55 45.45 %

Blue mussel 107 125 85.60 %

Total 353 398 88.69 %

The methods by which the individuavgere counted were sted for differencewith a Kruskal
Wallis rank sum test. Théotal number of individuals counted in situ aty photo was
significantly different (P = 0.008Frames with two or less number of individuals was removed.
The remaining fraes were not significant different from each other (P = 0.09¢hen
assessing correlation, a spearman correlation test was Tundotal number of individuals
had a significantcorrelation coefficient § of 0.970(P = 2.x101) (figure 3.1 A).Removing

frames with two or less number of individuals when assessing correlatisralso done. This
reduced the correlation coefficients € 0.920, P = 8.61011%).

The total number of individuals was divided irépecies Pacific oyster, European flaiyster

and Blue musselfigure 3.1, BD). All three species had a significant spearman correlation
coeficient (P = 2.¥101°7 0.039). The correlation coefficients(was 0.874 for Pacific oyster,
0.556 for European flat oyster and 0.893 for Blue musa#ien assessing differences, both
counts ofPacific oyster and Blue mussel were significant different between counting methods
(P = 0.012 and 0.009Y.he European flat oyster was not significant different between photo
and in situ counting (P =0.212).
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The total number of individuals detected in photo, compared to detection in situ, was 88.69 %.
This was not transferable to speciesllewhich had variable percentage level of detectign
photo (table 3.1).
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Figure 3.1: Scatterplot of number afhdividuals counted both in situ ard/ photo, where a point represeiat
frame. A: All individualsrs= 0.970, P = 2.%10%¢ and n=36 B: Pacific oysterrs = 0.874 P = 2.%101°, n = 30.
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3.1.2 Lengths and widths measurements

A: Length measurements B: Width measurements
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Figure 3.2:Frequency plot showing the frequency of each size measuredypptiotoand in situ The red solid
line indicates the measurement frequencies dioyephoto, and the green dashed line represent in situ
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Frequency diagrams of length and width measurements within each species are illustrated in
figure 3.2.Based orPacific oysterlength measurements, there appeared to be totemtsby

photo and in situanalysis By photo, therewere one cohort with a length around 7 cm,
superimposed on a cohort with length around 10 cm, and one with lebgtlt 17.5cm (few
individuals). In situ the cohorts appearedsith alength around 715 and 19 cm, where the
cohorts of 15 and 19 cm had few individualEhe width measurementdy photoshow a large

cohort with a width of 5 cfollowed by two smaller cohorts 8tand 15 cmin situ width
measurements shoa large cohort at around 6 csupeimposed on a smaller cohort with a

width of 9 cm.

Two cohorts were apparent frolength measurements of European flat oybiath by photo
and in situ.The two cohorts found were at different lergtiBy photothere was a large cohort
at around 7.5 cmigth and a smaller cohort atound 11 cm. Whereas in situ found a small
cohort with length of 4 cm, and a larger cohorBaim length. Width measurements by photo
show two cohorts superimposexh each other, one with a width @6 cm andone of9 cm. In

situ showa cohort with width of 3.5 cn8 cm and one at around 10 cm.

From length measurements of Blue mussels tregppeared atvo superimposed cohorts by
photo and only on@ situ. The photo cohorts had a length of 5.5 cm and 7 cm, and the in situ
cohortat 6.5 cm.The two cohorts visible in photo was clearer in width measuremeéns.
cohort with width of 2 cm and one with width of 3 dididth measurements done in stieemed

to show two cohorts. One small cohorts with a width of 1 cm, aafsdge containing almost

every individual with a width of 3.5 cm.
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Figure 3.3 show the lengths measurements and figure 3.4 show the width measurements of
every measurablé®acific oyster European flat oysteandBlue musselfound, grouped in frame

and countingmethod (see appendbD for all measurements)As shownfrom both figires, the
number of individuals (n) varies both between frames and within frames. Of the 36 frames, 7
contained only 1 individual, and an assessment of differences with ANOVA (analysis of
variance) was not possible. Within each remaining frame there wesignificant differences
between in situ anghoto measuring of length (P = 0.07@.949).Within two frames(no. 34

ard 36), the wvidth measurements were significhntdifferent between photo and in situ
measurement$P = 0.009 and 0.027, respectivelyjhe remaining frames were not significdynt
different (P =0.072 1).

When comparing all measuremgnthere was a significant difference between both length and
width measurements done in situ and photo (P = 0.008 amd(>2respectively). Since n
varied within frames, an assessment of how this affected the results wasTdere.were
created four groups; 1) 0 %, 2)3D %, 3) 3150 % and 4) 51100 %. Where the percentage
gven in each group represented percentage difference in n between counhog wathin
each frame. SeappendixE and F for more details abouhe placement of each franethin
these groupsThe group (2) were the difference in n wher8 %, both length and width
measurements were significant different (P = 0.001 and 0.0Q&:atesly), whereas other
percentage differences (group 1, 3 and 4) where not (P = 6(2%28). When comparing only
the mean lengths and widths of every frame, the resaltsnot significant different (P = 0.099
and 0.111, respectively), including &hmes and variations in n.

When looking further at the mean length and width of each frame, the linear relationship
between in situ and photo measuring is apparent in figure 3.5 and 3.6. The red lines indicate
how the relationship would look like if thenean length/width was the same, a perfdct)
relationship. The black line represents the actual regression line between the two counting
methods.
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Figure 3.5 Comparison of mean length (cm) measurements d
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Each point represents one frame, n=36. The red line sho\
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Both the mean length and width measurements done in photo can explain the measurements
done in situ (P = 2x1011 and 3.&1019, respectively). The linear model of mean lengths
explained 73 % of the variability, whie the linear modéimean width explained 69 %he
regression lines for the mean measurements was as follows;

(1) Length: 0 T8 T W& Pox -
(2 Width: @ 1 p o 1@ Yo -

Where y was the mean length/width in situ of every shell in framei iwas the mean

length/width in photo of every shel in frame i addvas the residual error of frame .

It was apparent that both mean length and width measurements, are after a certain point, smaller

in situ than in photo, i.e. shells appeared bigggohmto.

Mean length and width measurements of each species compared between photo and in situ was
llustrated in figure 3.7. Mean length and width measurements in phétac#it oystes could

explain the measurements in situ (P =837 and 3.6:10“respectively). The linear models
explained 64 % and 43 %, respectively, of the variability within the data. It was apparent that
there were few frames containirturopean flat oystertherefore making few point to form the
regression line. Length measurenserh photo could not explain in situ measurements (P =
0.091). The linear model explained 40 % of the variabilyidth measurementby photo could
explain in situ measurements (P =0.013), and the linear model explained 55 % of the variability.
When lookng atBlue musseal there were no apparent relationship between photo and in situ
measurementsLengths measurements dangphoto could explain in situ measurements (P =
0.048), but the linear model explained only 17 % of the variability within the Tagawidth
measurementdy photo could not explain the width measurements in situ (P = 0.724), and the
linear model explained only 0.06 % of the variability within the data.

The regression lines of each species and each measurement was given in taleath? ine
accordance with significance level.
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Figure 3.7: Comparison of mean measurements, where a) illustrate length and b) width measurements, each

separated in speci®acific oysterEuropean flat oystemdBlue musselEach point represents one frame, number

of frames (n) included varied. The red line shows a peffdctelationship, and the black line was the regression

lines found The different regression lines wittorresponding Ralues were presented in table 3.2 beneath.
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Table 3.2: Regression ling with corresponding significance level of each species, both length and width

measurements.
Species Regressionline Significance level (Pvalue)
Pacific oyster| (3)Length:d0 pHTMTwqg@ TGO - 8.3x107
4 Width: 0 o& 1T ¢m® T - 3.0x10*
European flat (B)Length: @ 1T® ¢ WT® Cwt - 0.091
oyster (6) Width: @ p& 0 ¢TI Wi - 0.013
Blue mussel (M) Length: @ 18t Y1 pw - 0.048
(8)Width: ® o& v YT Qup - 0.724

Where y was the mean length/width in situ of every shell in framei iwas the mean

length/width in photo of every shell in frame i alddvas the residual error of frame .

3.1.3 Living and dedddividuals
The number of iving and dead individuals registered in situ yndhoto was given in table

3.3. The total number of individuals was higher in situ regardless of registration as living or

dead. When assessing this difference with a Krdkais rank sum test iwassignificantly

different for both living anddead registratiom (P = 0.003 and 0.005). The only count highest

by photo was of lving Pacific oyster An assessment with a Kruskadallis rank sum test

revealed a significant diffenee in bothregistration ofliving and dead individualsof Pacific
oyster (P = 0.000 and 0.004).

European flat oysteand Blue musselhad both higher counts in situThe only not significant
difference between registration method was found betvdsaaBlue nmussed (P = 0.056).
Europearfiat oyster both dead and Iving, and Ivinglue mussel were significanly differe nt
(P =0.001" 0.489)between categorization method.

Table 3.3:Number of individuals registered as living or dead, divided into species.

Species Individuals registered as living| Individuals registered as dead
Photo In situ Photo In situ

Pacific oyster 218 206 4 11

European flat oyster, 18 42 7 13

Blue mussel 104 115 3 10

Total 340 363 14 34

3.1.4 Percentage coveragemfcralgae
Percentage coverage mwhcralgae was determined to the neare& fercent. 11 of the 36

frames containedmacralgae (see appendix C for more detaisyVithin them the largest
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diference was 10 %etweenthe two registration m#ods with a mean o#4 %. The two
registration methods were plotted against each other in figure 3.8. An assessment of difference
between the two methods was done with a Krugkallis rank sum test, and no significant
difference was found (P = 0.319). A spearman correlaist was done to assess if the two
registration methods varied together. The correlation coefficfedtwas 0.452 andwas not
significant (P = 0.162).
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Fercentage coverage registeren in situ

S do o o
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Percentage coverage registered in photo

Figure 3.8: Scatterplot of percentage coverag
registered by photo against percentage covera
registered in situ.s= 0.4524 (P = 0.162). Each poir
represents a frame, n = 11.

3.2 Videosleigh method

3.2.1 Counts of individuals

Table 3.4:Summarized counts ofindividuat®unted byideo and in situ, separatedarspeciesand in total. And
percentage of individuals detectieglvideo compared to in situ, separatetbiapecies and in total.

Species Number of Number of Percentage of
individuals counted | individuals counted | video estimate
in video in situ

Pacific oyster 735 1069 68.76 %

European flat oyster| 49 279 17.56 %

Blue mussel 946 1339 70.65 %

Total 1730 2687 64.38 %
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The total number of individualsletectedoy video, compared to detection in situ, was 64.38 %.
The detection level was similar fd?acific oysterand Blue mussel whie only 17.56 % of

European flat oystewere detectedby video (table 3.4).

00
- ow

500
|
]

Number of individuals
300
1

Transect number

Figure 3.9:Plot of total number of individuals found in each transect. Each sectorwithin the a transect was marked
with different shades of gray as legend describes. * was number of individuals counted in situ, whereas other
counts were donbky use ofvideo.

Figure 3.9 show the variability within videcounting, and between video and in situ counting
within the same transect and/or sedgwe appendidG for detailed counts)A KruskalWallis

rank sum test was performed to assess the difference in mean number of indicoludésd

by video and in situ, including all transects. There was no significant difference between the
two counting methods (P = 0.437).

The counts were parated into different sectors, as these sectors had mainly different densties.
None of the sectors had significant differences between the two counting methods (P-= 0.457
0.581).

The precision of video counting varied between 4 and 67 individualall fepecies combined
(table 3.5). For Pacific oyster the precision was between 1 andidduals for European flat
oyster between 1 andidividuals and for Blue mussel between 2 andirilividuals There

were few transect where the in situ court V@hin the video+ SD count none of which were
of only European flat oysters.
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Table 35: Comparing he mean video courtstandard deviatioto in situ countvithin each transect, divided

into speciesGreen markings meaiihatin situ count fell vthin video+ SD.

Transect | All individuals Pacific oyster European flat Blue mussel
oyster
VideoxSD | In VideotSD | In VideoxSD | In VideoxSD | In
situ situ situ situ
1 156+44 181 | 58+20 90 63 16 92+23 75
2 134+44 104 | 68+20 59 4+4 11 62+26 34
3 41967 594 | 225+10 264 | 1+2 30 193t61 300
4 189+8 560 | 1095 296 | 445 52 76£11 212
5 12616 156 | 35+21 30 9+6 41 82+10 85
6 192+35 362 | 69+18 125 | 2+1 26 121+33 211
7 39+4 86 10+1 9 3+1 11 332 66
8 14822 176 | 50+7 40 10+5 41 90+21 95
9 172+35 266 | 66+13 114 | 4+6 26 10222 126
10 155+14 201 | 53+9 56 5+1 22 96+8 126

When comparing the mean number of all

individuals counted in situ they relate as

individuals coubtgsideo against number of all

llustrated in figure 3.10 A. They had a spearman

correlation coefficient(rs) of 0.976, which were significant (P = 2P016), Transect 3, 4 and 6

had more than 300 individuals counted in situ and appeared to have a large difference between

video and in situ counting (figure 3.9). Hence, these transect would possibly impacutte re

in a negatve wayWhen excluding those transects, the spearman correlation coefficient was

reduced @= 0.964, P = 0.003).

When diiding the total count into species (figure 3.X0Bthere were found no significant

difference between registratiomethod (P = 0.3471 0.437).Pacific oysterand Blue mussel
had both significant correlation coefficientss), 0.903 and 0.948 (P = 0.001 and 2.8).
European flat oysterdid not have a significant correlation coefficieind) 0.067 (P = 0.854).
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Figure 3.10: Scatterplot of number of individuals counted both in situ bpdideo, where a point represents a
transect, n = 10. A: All individualss = 0.976 and P =2.2x1016. B: Pacific oysterrs =0.903 and P =0.001 C:
European flat oyster = 0.067 and P =0.854 D: Blue musselrs=0.948 and P =2.9x10°5.

When diiding each transect into the 3 sectors, the pattern in figure 3.11 appeass. wes
apparent in figure 3,%ector 1 had fewer individuals than sector 3, whereas sector 2 was in
between. Sector 3 had the highest spearman correlation coefffrient0.830, which were
significant (P = 0.006). Sector 1 and 2 had not a significant spearman correlation coeficient (r
=0.333 and 0.23, P = 0.349 and 0.449).
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Figure 3.11: Scatterplot of number of individuals countey video
againstindividuals counted in situ, separated in sectors. Red repr
sector 1, green sector 2 and blue sector 3. Sectrr=10.3333 P =
0.349, sector:2rs= 0.2727 P = 0.448 and sector & = 0.8303 P =
0.006.

3.2.2Living and dead individuals
The total number of individuals was higher in situ regardless of registration as lving or dead

(table 36). When looking further intaspecies countPacific oysterregistered as dead was the
only count higherby video compared tdn situ. When assessinglifferences with a Kruskal

Walls rank sum test between video and in situ registrations, there were found no significant
differences. Both within each species, andotal (P = 0.353 0.850).

Table 36: Number of individuals registered as living or dead, divided into species.

Species Individuals registered as living| Individuals registered as dead
Video In situ Video In situ

Pacific oyster 721 1033 40 36

European flat oyster 30 213 22 66

Blue mussel 471 690 513 649

Total 1295 1937 690 751
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3.23 Percentage coverage of algae

100
]
BEOO
SN

80

60

40

Percentage coverage of algae within each sector
20

Transect number

Figure 3.12 Plot of percentage coverage in each transect, divided into three sectors. The sectors were marked
with different shades of gray as legend describes. * was percentage coverage registered in situ, whereas other
registrations were done from video.

Figure 312 show the variability of percentage coverage of algae registered in different transect
and within each sect@see appendix G, table.®@2 for more details)There were on average a

5.9 % higher percentage coverage found by video than inAskiruskalWallis rank sum test

was used to assess difieces between the mean percentage covefagel byvideo and in

situ, including all transects. There were found no significant diffeseriPe= 0.120) between

the two registration methods. It did not appear from figure 3.12 that the percentage coverage
vared consistently between sedoWhen comparing registration methods within the three

sectors, there were found no significant differences (P = 0.034.2).

The mean percentage coverage of algae registered by video was plotted against the percentage
coverage of algae registered in situ in figure 3.13. The two registration methods had a spearman

correlation coefficient § of 0.8789, which were significant (P = 0.001).
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Figure 3.13 Scatterplot of mean percentage covera
registered in video agaihpercentage coverage registere
in situ. = 0.8789 (P = 0.001). The points represe
transects, n=10.

3.3 Analyzing time
The average time used to analyze one photo/video is summarized in Tadlbe3time used to

analyze each frame took on average 1.47 minutes longer in sitbythee ofphotes. The extra

work prior to analyzing in the photoframe method was turning the camera on and take a picture
of an identification note. This took about 1€cends. When taking this into accouptioto
analyzing was stil faster. HE in situ analyzing time in the videosleigh method took 28
minutes longer than video analyzings this method did not have an equivalent method with
manual counting, the work ipr to analyzing would be the same fbe actual use and when
testing the method. With a speed of about 0.2 m/s and a transect line of 15 m, a transect took

75 s to fim. The time spent of flming was and wil be affected by drag speed, transect length
ard number of replicates wanted.
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Table 37: An overview of he average time used to analyze one photo and one video (one video equals one trip

within one transect).

Analyzing place

Average time used
(minutes) per photo

Average time used
(minutes) per video

Photo/Video

6.74

18.33

In situ

8.23

46.50

The differences in analyzing time betwephoto/video and in situ registrationsyas in both

methods not significantly different from each other (P = 0.051 and Q.8&&ppendixH for
detaied time spent of each photo asteo.
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4. Discussion

4.1 Photoframe method
Comparing counting doriey photo agaist in situ countingwithin the investigation area was

one of the aims ahe photoframe methodSincethe photoframemethod was tobe compared

to in situ registrations, the in situ registrations were treated as the correct number of irglividual
In situ registrationsmay alsocontain errorsThere were not done an investigation on how well

in situ counting was in the photoframe methdn situ counting within frames was the
traditional method(Strand et al., 2012)sedfor surveying speciesimilar the target species in

this experiment Ths traditional quadrant method has been used for several years and counting
of individuals in this method has been treated as the correct number of individuals within an
investigation area. When counting within a fixed frame, each individual counted could be
physicaly removed from the investigation area. Ensuring that the risk for overlooking an
individual or counting an individual twice was minimize@he in situ count in the photoframe

method waghereforetreated as the correct number of individuals.

4.1.1 Estimating number of individuals
The photoframe method detected 88.69 % of all individuals registered in situ (table 3.1). As

this method hadhot been tested before, it was difficult to interpret if this \aasgh or low
number of individuals A study of stil photoswas done in Australiafor analyzing down to
benthic group butthey did not classify down to speciekhey found that out of 9000 photos,
only 0.52 % of points analyzed could not be classiffé¢daddington et al., 2010Comparedto
this study, the detection level from the photoframe method wasTbie. stud/ show how
accurate photeestimation can be Individuals werenot classified down to speciesnaking
classification easierThis may have affected the difference found dietection level When
comparing the detection levelith a study who usetbwed videoand similar target species
(Thorngren et al., 201/)heconclusion was that detection level of about 80 Wassatisfying.
Compared to this study, the detection level in the photoframe methsddeguate.

A study on differences between resolution used when analyzing a photo from a photoquadrat
found that the highest resolution (100 points) was necessary to be comparable to divers
observations(Rein et al., 2011)in this method all individualsseen was counted, not a certain
number of random pointsthis meant thatesolution was as high as possible, an&eis et al.
(2011)found, this was comparable to divers observations, in this case the in situ dGbents.

found thattaxa registered was stil highen diver observations. If number of taxa could be

compared to number of individiglthese findings indicate that divers would observer more
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individuals compared to photo registrationgn this experiment there were in general and in

total found more individuals in situ compared to photo registrations.

When testing the hypothesid: posal in the introductionfor all species combinedthere were
found a significant differenceThe H hypothesis coulthot be rejectedThis significance could

have been caused layge differences isome framegsee appendiB for more details of counts
within individual frames) which had a large impact ahe resu. Whenremoving frames with

two or less individualsthere were not found a significant differencén error in frames with

very few individuals would result in a high percentage differeri@nce affecting the reks
greatly. When using this method in the future these results indicated that frames with few

individuals were especially important &malyze thoroughly

Regardless of the significant differenceetween counting methpdthere werefound a
sgnificant spearman correlation coefficient. Which meant thettwo counting methods varied

in the same matter. This indicated that number of individuals seen in situ refiected the number
of individuals seen in photo. From these results remotéting seemed to workn interesting

result was that excluding frames with two or less individuals rebltieespearman correlation
coefficient Of the frames with two or less number of individuals, only one was different in
photo and in sitsee appeatix B). This gave a higher spearman correlation coefficient.

Blue mussel
If using a detection level of 80 &adequatethe photoframe method detected the Blue mussel

satisfying Even though the Blue mussel had a high percentage detection level, thera wer
significant difference between counting methddeaning that the Hcould not be rejectedhs
discussed earlier, frames with high percentage differences affects the results greatly, and when
looking at Blue mussels, there were five frames with a eifiee of 50 percent or higher (see
appendixC for more detailed count within each framés for al species combinedthere were
alsofound a significant spearman correlation coefficiéot Blue mussels.

Pacific oyster
The detection level of Pacific oystevas105.24 %by photo, meaning that tHeacific oyster

was overestimated by 5.24.%/hen testing the +lthere were found a significant differennce
and the H could not be rejectedThe Pacific oyster had a significant apman correlation
coefiiciert, however lower than for all species combined.
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European flat oyster
The detection level of European flat oystewas lower than the totgbercentageof all

individuals (45.45 %).Since the detection levelas halved and lowerthanthe satisfying level,

the detection level for European flat oysters afned adow. Despite this lowpercentage

found there were not a significant difference between counting metdodould be rejected

and the corresponding ntillypothesis wasccepted. In addition, the spearman correlation
coefficient was significant.As was apparent from figure 3.1 D, this wast aperfect 1:1
relationship. Meaning that the two counts vary in the same mattgnere the in situ counts
always wasmuch higher than photo count#s discussed earlier, the cause of the differences
found in Blue mussel and Pacific oyster was probably caused by frames with large percentage
differences. It was reasonably to believe thatle percentage differereebetween conting
methodswas not present her®etailed counts within each frame revealed several frames with
large percentage differences between counting meibeel appenddC for more details) The
absence of large percentage errors was not causing the lagkif@fasice in European flat

oyster count Since therewere large variations between counting methahd a generally low
detection level there might bassues with the statistical testinglumber of frames contained
European flat oyster was only .JA small sample number may cau&t an actuakignificant
difference presentwas notfound Hence, the rejecting of Hmay beincorrect This was
reasonably to beleve as the detection level was low, and that large errors between counting
methods was present did not seem that European flat oysters waceurately counted by

photo regardless of significance level found.

In this experiment there were found relativefgwv European flatoysterscompared tdPacific
oystes. Knowing Pacific oystex preferring European flat oysters as substrate, Pacific syster
were probably growing rio many European flat oysterShadowing them anchaking them
more difficult to spotWhen counting in situit was possible to it clusters up and examine
them closer Thereby avoiding the effects of shadowingnother explanationfor the hgh
number of Pacific oysterand low number oEuropean flat oysterwas misclassification of
individuals into different speciesMisclassification might explain some of the large
underestimateof European flat oyster and the overestimation of Pacific oyB@avin, 2011)

The possible errors from misclassificatiomasexplored in more detaibeneath.

Misclassification of species
Summarized counts from the photoframe method were shown in table 3.1, where it became

clear that only counts of Pacific oysters westimated higher by photo than in situOf the
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three different target spesieounted Blue mussels was easilentified. Blue mussels was

both different in shape and colaomparedto Pacific oyster and European flat oyster
(Gouletquer, 2004; Nehring, 201Bacific oyster and European flat oyster was more alike.
These two species are separated morphologicathdry shape (length/width ti@), thickness

and smooth/sharp edgéodvin, 2011;Nehring, 2011)From a twedimensional image from
above, its mainly the morphological characteristics of shape who was apparent. The Pacific
oyster however, has a very variable shape, and can have a similar length/width ratio as the
European flat oyste(Nehring, 2011) This similarity would make misclassification possible.
Misclassification can to some degree explain how European flat oysters greatly
underestimated, while the Pacific oyster were overestimaasdsome European flat oysters
were registered as Pacific oystekdisclassification canot be the only explanatiprance te

over and underestimate was not equal

A survey onrocky shoresby Pech et al. (2004\vho used photos for estimating percentage
coverag of Blue mussels and other species, found that 37 % of photos included objects with
diffuse boundariesThis lead to misclassification, and to inaccurate estimation of percentage
coverage. Since morphological differences was used to clasefgters into European flat
oyster and Pacific oyster, diffuse bounes would make this more difficulDiffuse boundaries

could lead to misclassification and good image quality weagimportant to minimize this. To

know which degree misclassification dhaccurred one need to ere that all individuals were
observed and registered exclude missed individuals.

4.1.2 Estimating individual size
The frequeng plots (figure 3.2) showthat length and width measuremerppearedeither

slighter smaller oslightly bigge by photo compared to in sitThis difference appeared to be
different for each species. Where Pacific oyster and Blue mussels appeared slightly bsmaller
photo, and the European flat oyster appeared slightly bi@ece this appears as a continuous
issuewithin a speciesthere might be a problem with the scale used for measuninoto.

The calibration of length was set by using the frame as the reference length (50 cm). Since
bivalve species grow onto each other, a number of individuals mayotieetaf in a plane closer

to the camera than the reference length. This would make some individuals appearing bigger
by photo than in situSince Pacific oyster and Blue mussels appeared smaller, nifisaied

that other error sources were pres@italve species often exhibit differeatrientatiors, which

affects whether an individual appeared smaller or bigger by p@dker error sources which

may affect individuals differently was diffuse boundaries and pixel resolutidiffuse
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boundariesmay affect both theaccuracyand precisionof measuring as sizeestimationinvolved
measuring between boundaridéthese boundaries were inaccurate, the measurements would
also be inaccurateMeaning that diffuse boundariesay give dower precision, as ére would

be alarger spreadf length and widthmeasurementglone by photoThis was not tested in this
experiment, as only one camera type was used and no comparisons between photo analyzation
was doneDiffuse boundaries maalso affect the accuracy byaking photo measurements
different from the true values measured in sihe existence of diffuse boundaries may be
caused by pixel resolutionsed. A low number of pixels would affect the accurang precision

in a negative manner. However, the lowegel number necessary for accurate measuring need
to be studiedby comparing different pixel resolutions. In this experiment there were used a
GoPro Hero 3 camera, withl MP (megapixels).These error sources could all cause difference
in length and widthmeasurementatindividual level. To which extent has not beeéwestigated
further here.

The frequency diagrams (figure 3.2) was plotted to asses if cohorts could be deyguitedo
Detection of cohogt would give information if a population reprodsceHow often it
reproducesand size of new cohorts$t did not seem that both length and width measurements
done by photo reflected the cohorts found from the measurensmsin situ. If errors in
measurig was cause by errors in scale or any other consistent etra cohorts would stil be
visible from a frequency diagraniThis was not the casévleaning that error sources not
affecting all individuals consistently was presamid affected the results egity Such that
length and width measurements by photo could not be used to assess Ealoorsources like

this was explored in detail above.

The two frames who had a significant differeng®. 34 and 36)and where klcould not be
rejected,were tle two frames with the highest count of individualhey wereonly differe nt
regarding width measemens, but the high densities were most likely the cause. Especially
Pacific oysters tend to grow onto and into each other at high der{§k@ser et al., 2014)
This would make some individualpartly covered and measuring not possible frarfixed
angel In addition, measuring from a &kl angle may cause errors when measuring bivalve
speciesn different orientations Because the apparent length and widts depended on angle.
Measuring of marine species from pholasearler mainly beendone mdifferent fish species,

often with automated programs.

A study who tested how well fislkength could be automatic measured, meaduthelength of
a fish manually and then 100 times by an automatic proggdm | e altering the
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relative tothe cameraThey found that a fish of 413 miength had ahigh precision astandard
deviation of 1.2 mm(White et al., 2006)From the regression Iinél) found in this experime nt
an individual with a length 0413 mm would be measured 483 mm A difference of50 mm
was considerable higher comparedtte standard deviatiofound when measuring this fish.
Meaning that measuring of bivalve species waisaspreciseas measuring of fishAVhite et al.
(2006) measured one fish againsimanochromebackgroundto highlight its shape Measuring
in this experiment included high densities, individuals at different orientationsvaaiatle

background.Not surprisingly was the precisio higher in tlis experiment

A study done on assessing differences between camera type, illumination and position was done
regarding measuring of fish. In this testing the errors that occurred lied between 0.74 % and
3.68 %(Shafry et al., 2011)A similar test was also done Man et al. (2016)here the errors

led between 0.74 % an@.03 %.In the experiment here, it was not possible t@ompare
measurements done by photo and in situ at individual level. This would have involved marking
of individuals in thefield and makeunbiased countingmpossible A group of measurements

(a framg were therefore comparednd individual error percaage was not found Whenusing

the regression lines to assess differences in length and width measured by photo and in situ
there were found a higher percentage difference as the length and width increased. The largest
length measuredvas 14.5 cm. Using the regression line (18, tiesulted inan error of about

10 %. This was higher than boBhafry et al. (2011&nd Man et al. (2016)The largest width
measured wa5 cm, resulting in an error of 11 % when using the width regression line (2). As
was the case for the study done \White et al. (2006), these studieswvas also done in an

artificial environment wher factors as background and overlapping individuals was not
present.

To find these regression linesjirear model orength and width measuremenivas doe. So

that length and width measured in photo couldcbavertedinto the corresponding lengttand

width measured in situWhen these methods are used in the future, in situ length and width
would not be known. Possibilities for converting photo measurements to immaiube
advantageuls when comparing results to earler di#s. The model found that individuals
appeared bigger in photo than in sitRegression linges(1) and (2)was found for all species

to see if length and width measuring was possible. Begnession lnesvere significant, ad

in general it seemed likindividuals could be measured by photbis necessary tdivide into
individual specie. Regression lines for individual spece®re found, (3) (8), not all were

significant. Regression lines found to be neignificant, did not satisfyingly correcfor the
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variability within the data. This include length measurements of European flat oysters and width
measurements of Blue musseEhe regression line for length measurements of European flat
oyster explained 40 % of the variabilitiindegarth et al. (20149rgues that 40 % explanation

of the variability wasasatisfying level in a management context. Meaning that this model may
be usedn a management context regardless of the lack of signicamhe regression line for
width measurements of Blue mussels, explained ©@:@ % of the variability and could not be
argued for use in a management context. The regression line for lengthreneents of Blue
mussels were found to be significar@nly 17 % of the variability could be describethis

model did not seem appropriate even in a management context regardless of the significance of
the model. These modelgorrect for errors occurreduring measuring by photdf variables as
camera computer program, distance to the seabed, etc. changeliyration routine should be
included.

An assesmentof how number of individuals measured (n) affected the results were Tane
were foundthat differences between-30% in n resulted in a significant difference in both
length and width measurements the width measurements this category contained frame no.
34 and 36, which had a significantidth measurementThese frames were also the t@mes

with the highest counts of individuals.

From these results it seems that high densities make measuring diffindlthat measuring of
individuals was nosignificantly impacted by differences in individuals (n) measured by photo
and in situ. At lower densites both Pacific oyster and European flat oyster was measured
accurately, whie Blue mussels were nohese specietend toform clusters in sofbottom
habitats, as they need a hard substratum to attach themseh@sngity (shells/f) is not the

whole picture,as a frame with few individuals coughve al individuals in a cluster.

4.1.3 Classification of individuals as dead or alive
When assessing differences between registration metregisding vital statusthere were

found a significant differene in all categoriesexceptdead Blue musselsThis meant that for

all but dead Blue mussels thes Ebuld not be rejectedA survey of European flat oyster in
Kosterhavet also categorized individuals as Iving or dead, and found the resakstaefisto

a model for abundance estimation when including both Iving and dead individaarsl
(Lindegarth et al.,, 2014This meant that they also found this categorization into lving or dead
as difficult even though they did not comment thistHer in th@& report. It was clear that
classification of individualshas been proven difficult This was not a surprise, as it often

requires inspection from several angl@$is was not possible when analyzing by photo, where
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individuals was onlyvisible from one fixed angle.The photoframe method seemed to be
unsuitable for classificatioPacific oyster, European flat oyster and Blue musselving or
dead.

4.1.4 Estimating percentage coverage of macroalgae
Coverage of macroalgae was determinedhe¢onearesfive percent anavas rounded up. When

assessing differences in registration methods, there were found no signififierethces The
meandiffierence was only 4 %, however looking at figure 3.8 it was apparent that this differe nce
vared between0 and 10 % without consistency. The majority of phaimstaining macroalgae

had only small amountsbetween 5 and 10 %. As the coverage was determined to the nearest
five percent, a lttle difference in judgememthen analyzing photogould make this little
difference big, since the only available category was 5 or 10 %. It was possible that the results
would correlate better with use of a finer scaspecially when the coverage was low.

There have been developeditomatedsysters detecting coverage of coral reefs with use of
stil photos from video. Recognitions rates was ranging bet@@eand 77 ¥¢Marcos et al.,
2008) On average 60 % of macroalgae was detkdn the photoframe methodhis was a
similar detection level alarcos et al. (2008pund They concluded that a detection level of

90 % was sufficiently. Meaning théboth studies did not registered percentage coverage
suficiently. A study comparing manual against automatic detection of bacterial mat coverage
was done byAguzzi et al. (2011)When they compared the two detection methods there were
found apearson correlation coefent of 0.67, which they concludetb be high. When
comparing the registration methods in this experiment, there were fap@hranan correlation
coefficient of 0.452Comparedto the study done byAguzzi et al. (2011)the photoframe
method had a low correlaton coeffiaig. Another study done byGa gk ov e t alsa | . (2
tesed automatic detection of benthic coveragey bund a standard deviation of 1.5 % and
5.3 % for the twospecies studiedThere were also found tendency of a higher standard
deviation as the benthic coverage increaddey concluded that this level was at an acceptable

level. Meandifference on percentage coverage was in this experiment found to be 4 %. This
value was between the standard dievia found acceptabbyGa gk ov et al . (201!

The results regarding percentage coverage of macroalgaeinconclusve. The H hypothesis
could be rejectedThere were not found a significant spearman correlation coefficamt the

results did not seem to be related.
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4.2 Videosleigmethod
Comparing counting donen ivideo against the correct number of individuals within the

investigation area was one of tiwestigation aims Since the videosleighmethod was to be
compared to in situ registrations, the in situ redistnrs were treated as the correct number of
individuals present within the investigation area. Errors could of course occur here as well.
When testing the videosleigh method there were in one case over 600 individuals over an area
of 7.5 square meters (&@ividuals/md). It waspossiblethat an individual was easily missed,

and that different observers would miss different individuals. To investibatgrecision of in

situ counting in the videosleigh method, transect 5, 6 and 7 was counted manuafly by si

two different skin diers There were differences in number of individuals counféese were

not significant different from each other (for more details around individual counts between
observers sesppendixG). Meaning that precision within in situ countirsyifficient A Swedish
research team tested the videosleigh method last year, where they also tested how differe nt
observers affected the number of individuals counted in situ. They also found that there were
no significant differences betweatifferent observer{Thorngren et al, 2017Even though

there were only three transect compared to each other inXberineent, and the lack of
significance could be caused by a small sample nuritber Swedish results support the use of

the in situ counting as the correct number of individuals.

4.2.1Estimating number of individuals
The videosleigh method had a detattievel of 64.38 %, including all species.study on use

of the videosleigh method regarding European flat oysters found a detection level of about 80
% (Thorngren et al., 2017Vsing this as a standard, the videosleigh method had a low detection
level. In the study by Thorngren et al. (2017)there were a maximum density ofly 12.5
individualsfr?, compared to the maximum of 8@ividualsh¥ in this experiment.When the
density increass especialy Pacific oystegrow onto each other, makingoth accurateand

precisecounting more difficult.

The precision of video counting was found in table Biére the threer six videos from each
transect were used to find the mean and standard deviation. The standard deviation was ranging
between 1 and 67 number of individua®nly a few timesdid the in situ count fell within the

video = SD count.From these results it did not seem like videmnting was accurate.

Sincethat same transect were filmed and counted tores times, whie only once in situ, the
mean of video aants was compared to tlsngle in situ count to test the sthypothesis. There

were not found a significant differenceThe H hypothesis could be rejected and the
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corresponding ndlhypothesis acceptedfYhen looking at detection leyehigh densites was
possibly causing the difference in detection levmdtween this and the studby Thorngren et
al. (2017) Testing the difference between ctrp methods at different denstties, there were
not found any significant differenceat either low or high densitiesAs density was not an
apparent cause for errors in countiiggh density could not explain the difference in detection
level This meanghatthe videosleigh method had a low detectiewel andcould stil estimate

number of individualsby video.

When assessing correlation, there were foundgrafisant spearman correlation coefficie nt.
Which meant thathe two counting methods variedh ithe same matter. This indicated that
number of individuals seenin situ reflected the number of individuals se&Ele®m From these
results remote counting seemed to work. A significant correlation coefficient was also found
in a similar study on towkvideo for registration of Queen Condtobatus gigas(Boman et

al., 2016) Supporting that counting in video reflect the actual number of individuatesent

within an investigation area.

From statistical testing the videosleigh method did seem to accurately estimate number of
individuals by video.From description statistics, detection level, mean and standard deviation
it did not. This could mean that the differend®tween counting was isome way consistently,

as also was apparent from figure 3.A8d this consistent error was large enough for the in situ

count to fel outside the range of counts done by video.

Blue mussel
If using a detection level of about 80 % as a satisfying , ldkel detection of Blue musselas/

slightly lower, about 70 %. Even though this was lower than what was found satisfying in the
Swedish studyThorngren et gl.2017) it was higher than the total detection lefael all species

in the videosleigh methodndicating that within the videosleigh method, Blue mussels had a
high detection levelWhen assessing differences between photo and in situ registrahens,

was not found a significant difference and thefdfl Blue mussel could be rejected. In addition,
the spearman correlation coefficient was significant, further supporting that Blue mussels could
be accurately counted in videBrom table 3.53 out d 10 counts in situ fell within the video

+ SD estimation.

Pacific oyster
The Pacific oyster was underestimated by 31.24&@ng a detection level slightly higher than

the total detection levebr all speciesAs was the case for Blue mussels, it seemed that within
the videosleigh method the detection of Pacific oystéficient The Hs hypothesis could also
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be rejectedregarding Pacific oysters, in additon to aignificant spearman correlation
coefficient These resultssupportthat Pacific oysters could accurately be counted in vidleo.

situ counts of four transect fell within the estimated number of individuals by pWetning
that an consistent error in Pacific oyster was not as grdaprabably aren total.

European flat oyster
When focusing on European flat oysietbe detection level was only at 17.65 %, an

underestimate of 82.35 %he H hypothesis could stil be rejectedhe underestimation
percentage was at about the same level as thetidletpercentage foundh the Swedish survey
(Thorngren et al., 2017Meaning that the results in this experiment was very Borngren

et al. (2017)conducted the study well below the lowest water matere was noner few
other bivalve species within the investigation ataahis experiment the investigation area was
both beneath and above the lowest water mark aagr@at number of Pacific oysters and Blue
mussels was presefnowing Pacific oystexprefer European flat oysters as substrate, Pacific
oystes were probably growing on andcovering many European flat oystersAnother
explanation for the difference in detection level betwedtaciic oystersand European flat

oyster was nisclassification down to species The possibiity of and possible errors from
misclassificabn was explored in more detail beneath.

Misclassification of species
All counts were higher in situ (table 3.Zhere vasanunderestimation of individualshut not

all species were equal underestimateds explained above for the low detection level of
European flat oysters, some may have been difficult to detect since Pacific oysters were
growing over then{shadowing) This wasmost likely not thecase in 80 % of the occasions.

As mentioned, another source of error was misclassification. Misclagsificdias been
discussed in greater detagarlier regarding the photoframe methodhe causes for
misclassification was similar in the videosleigh methotb determine towhich extent

misclassification occurred was necessary to ensure that every ind&idhal been counted.

4.2.2 Classification of individuals as dead or alive
The difficulty in categorizationof vital statusin the photoframe methodid not seem to be

followed in the videosleigh method. Here there were found no significant differdretagen
registration methods. ¢ould therefore be rejected, and the correspondinghypbthesis
acceptedThe Swedish study i ncl ud eidadditi@ttoeeing andz e s
dead In the category probably livingherewasfound a lage proportion of the individuals who

were categorized as living in sitthey concluded to merge the two categorizes as seeing
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differences between fAlivingo and (Themgrerbetb| y
al., 2017) When merging the Iving categesi they found thatowed videocould accurate
categorize individuals as lving or deakhother Swedish survey mentionerl the photoframe
metod, found categorization based on vital status diffi§Litddegarth et al., 2014A survey

using dragged videoon another target specieQueen Conchfound a significant difference
betweenregistration method§Boman et al., 2016Regardless of difficulties found in other

surveys, the videosleigh method seemed to accurately categorize individuals as lving or dead.

4.1.3 Estimating percentage coverage aicnoalgae
Coverage of macroalgae was determined to the nefeegiercent andvas rounded ug-rom

figure 3.2, it was apparent that all registrations done by video, estimated the percentage
coverage higher than in situ registratiohiere were found no significd differencesbetween
registrations methogsand H hypothesis couldbe rejected.In addition, there was found a
significant spearman correlation in the videosleigh methdtlis meant that the two
registratios method varied in the same matfewhich al® was apparent from figure 3.13.

When transects were assessed for coverage of macroalgae, this was done within the differe nt
sectors B0o usedwhen counting individuals. This meant that each transect was ieompf

three coverage values added togetierittle difference in judgement would result in five
percent difference, asthe coverage was determined to nearest five percent. Since three coverage
values were added together, errors coefglalize each othetn addition, the coverage of

macroalgae wagenerally higher in the videosleigh methad thata difference of five percent
had lessmpact on the detection level

There have been developed system automatically detecting coverage of coral reefs with use of
stil photos from video. Recognitions eatwas ranging ddween 60 and 77 $Marcos et al.,

2008) As mentioned, there were registered a higher percentage coverage by video, and the
detection level of macroalgae was theref@¥s %.Meaning the registration by video found

twice the coverage found in sitMarcos et al. (2008jpund a detection level between 60 and

77 % They concluded that detection level of 90 % was the sufficient level. A detection level

of 90 % meansa difference of 10 %om 100 % In this experiment the detection level was
higher. The difference from 100 % exceeded 10 %. Percentage macroalgae was therefore too
greatly oerestimated by videoA study comparing manual against automatic detection of
bacterial mat coverage was doneAnyzzi et al. (2011)When they compared the two detection
methods there were found paarson correlation coefficient of 0.67, which they concluded as

being hgh. The spearman correlation coefficien0.879) in this experiment can therefore be
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concluded to be highAnother study also testing automatic detection of benthic coverage, found
a standard deviatioof 1.5 % and 5.3 % fothe two species studied. Theyuhd a tendency of

a higher standard deviation as the benthic coverage incre@kedcontusion wasthat this

level was at an acceptable leelGa g k o v e In this éxperimer® €hénean percentage
difference was 5.9 %, slightly higher than witaee g k o v e tfound to.be acc2plables )

4.3 Analyziig time
Both remote analyzing in the photoframe and the videosleigh method was faster than in situ

analsis but not significantly different. Even though the analyzing stil took some time, the
analyzing site was moved away from in situ, into a lab/officéc.eThis movementwvould save

cost regarding personnel and equipment out in the field.

A transect of 15 meters covered an area of 7,5his was the same area covered by 30 frames
(0.25 m x 30 =7.5 #). Average analyzing time per photo was 6.74 minutes, 30 phatols
therefore take 202.2 minutesto analyze The videosleigh method analyzed the same area in
18.33 minutes (on average), a clearly time effective method when looking at square meters
coveral. Keeping in mind that the videosleigh method did not estimate size of individuals seen.

In the photoframe method, the covered area could be spreasieoud larger area

A study done byPech et al. (2004¢ompared manuabgainst photgercentage coverage of
different speciesincluding Blue mussel. They commented that in situ refistrawas time
consuming, and registration in photo was time saving out in the feidther studywho
compaed in situ against photo registrations found tldalyzing by photo was twice as
eficiently as in situ analyzindPreskitt et al., 2004 5upporting the results aboth photo and
video analysis as time and cadlective analyzation methods.
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5. Conclusion

The biology of the three targspecieswho werecounted affected the results. Both counting
and measuring in the photofranmeethod andcounting inthe videosleigh methodThis was
apparent through underestimation caused by individuals growing onto each other,
misclassificationof speciesand orientationmaking measuring either inaccurate or not possible.

Statistical testing supports the use of bwithods for stimating numberof individuals by
photo/video The photoframe metholdad a higher detection level than the videosleigh method.
Estimating sizein the photoframe methodas possible for al three targgpecies combined,
and for Pacific oysteand European flat oysteseparateDetecting cohorts by photo was not
possible for either specie3he orientation relative to the camera was probably causing the
difference found for measuringof Blue mussels.Only the videosleigh methodould categorie
individuals based on vital status accuratélyie percentage coverage of macroalgae were low
in the photoframe method, ara coarse scale was affecting the results here. Making the
photoframe method not able to estimdite coverage accurateihe videsleigh method was
not affected byhis andcould estimate the percentage coverdde less time spent analyzing
by photo/video than in situ wamet significantly different but it was timeeffective in the field

as the analyzation was moved and done.ldieis time saving in the field would also make the

methods coseffective. The videosleigh method could coven investigation area faster than
the photoframe method, keeping in mind thideo was not used for size estimation.

The photoframe methothay be used as surveying tool for estimating number of individuals
andestimating size of Pacific oyster and European flat oy$ter. videosleigh method may be
used as a seeying tool for estimating number of Pacific oyster and Blue mussaiegorize
species as living or dead and estimate percentage coverage of macrDalgaeding on the
research question andmai both methods may be used in the future where bothithas

advantages and disadvantag&®r a systematic survey on sbfhttan habitats a combination
of the methods as they are now may be adveotay
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APPENDIX A: CONSTRUCTION OF VIDEOSLEIGH
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Figure A.A: Detaileddrawing of the videosleigh construction. Used for making the videosleigh.
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APPENDIB COUNTS WITHIN EACH FRAME

Table A.B: Number of individuals counted within each frame, both counted in photo and in situ.

Frame number

Number of individuals
counted in photo

Number of individuals
counted in situ

1 1 1
2 4 3
3 3 3
4 5 5
5 1 1
6 4 4
7 7 8
8 7 7
9 1 1
10 3 3
11 6 7
12 4 5
13 1 1
14 2 2
15 2 2
16 1 1
17 4 5
18 8 6
19 4 4
20 1 1
21 5 4
22 2 2
23 2 2
24 4 9
25 5 6
26 14 21
27 11 19
28 8 10
29 1 2
30 4 5
31 26 26
32 33 42
33 30 30
34 49 53
35 40 44
36 60 64
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APPENDIE COUNTABND COVERA®HATHIN EACH FRAME, DEVIDED
INTO SPECIES

Table A.C: Number of individuals countédeicentage coverageithin each frame. Divided into counting method,
photo and in situ, and into species, Pacific oyster, European flat g§istermusseand macroalgae.

Frame Pacific oyster European flat Blue mussel Macroalgae (%)
number oyster
In situ In situ
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APPENDIX D: ALL LENGTH AND WIDTH MEASUREMENTS

Table A.D: Length and width measuremts in cm of every individuals seen by photo and in situ.

Frame | Counting | Species | Length | Width 8 Photo M.edulis | 4 2
place (cm) (cm) 8 Photo M.edulis | 6 35
(photo/in 8 Photo NA NA NA
Situ) 8 In situ O.edulis [ 9 7
1 Photo C.gigas | 6 5 8 In situ M.edulis | 6 4
1 In situ C. gigas| 5.5 4 8 In situ M.edulis | 7 4
2 Photo M.edulis | 6 3.5 8 In situ M.edulis | 4 2
2 Photo O.edulis [ NA 10 8 In situ M.edulis | 5 3
2 Photo C. gigas| 11 NA 8 In situ M.edulis | 2.5 1
2 In situ O.edulis | 11.5 10.5 8 In situ M.edulis | 7.5 4.5
2 In situ M.edulis | 6.5 3.5 9 Photo C. gigas| 8 6
3 Photo M.edulis | 5 3 9 In situ C. gigas| 85 6
3 Photo C. gigas| 6 3 10 Photo C. gigas| 10 6.5
3 Photo M.edulis | 4.5 2 10 Photo C. gigas| 7 6.5
3 In situ C. gigas| 6.5 6 10 Photo C. gigas| 8 4
3 In situ C. gigas| 6.5 4 10 In situ C. gigas| 9 7.5
3 In situ M.edulis | 5 3 10 In situ C. gigas| 7.5 8
4 Photo M.edulis | 5.5 3 10 In situ C. gigas| 10.5 6.5
4 Photo M.edulis | NA 3.5 11 Photo C. gigas| NA 6.5
4 Photo M.edulis | 4 25 11 Photo O.edulis | 5 55
4 Photo M.edulis | NA 2.5 11 Photo C. gigas| 7 4
4 In situ M.edulis | 5.5 3 11 Photo C. gigas| 7 7
4 In situ M.edulis | 6.5 5 11 Photo M.edulis | 5 NA
4 In situ M.edulis | 6 3.5 11 In situ C. gigas| 7.5 5.5
4 In situ M.edulis | 9 4.5 11 In situ C. gigas| 9 75
5 Photo M.edulis | 8 4 11 In situ M.edulis | 6.5 35
5 In situ M.edulis | 8 4 11 In situ C. gigas| 8.5 7
6 Photo M.edulis | NA 35 11 In situ M.edulis | 5.5 35
6 Photo M.edulis | NA 2.5 11 In situ C. gigas| 5.5 35
6 Photo M.edulis | 6 3 12 Photo C. gigas| 10 7
6 Photo M.edulis | 5.5 3 12 Photo C. gigas| 6 4
6 In situ M.edulis | 6 3 12 Photo C. gigas| 8 6.5
6 In situ M.edulis | 4 2.5 12 Photo O.edulis | 4.5 6.5
6 In situ M.edulis | 5.5 3 12 In situ C. gigas| 8 7
6 In situ M.edulis | 6 35 12 In situ C. gigas| 9.5 8
7 Photo M.edulis | NA 4 12 In situ O.edulis | 6.5 75
7 Photo NA NA NA 12 In situ C. gigas| 105 9.5
7 Photo C. gigas| 7 6.5 12 In situ O.edulis | 6 6
7 Photo C. gigas| 6.5 3 13 Photo C. gigas| 6.5 45
7 Photo C. gigas | NA NA 13 In situ C. gigas| 6.5 6.5
7 Photo C. gigas | NA NA 14 Photo C. gigas| 6.5 45
7 Photo C. gigas | NA NA 14 In situ C. gigas| 7 6.5
7 In situ O.edulis | 7.5 7.5 14 In situ C. gigas| 3 3
7 In situ O.edulis | 7.5 7 15 Photo M.edulis | NA 4
7 In situ M.edulis | 8 4 15 Photo M.edulis | 5.5 25
7 In situ C. gigas| 10.5 7 15 In situ C. gigas| 9 6.5
7 In situ C. gigas| 7 9 15 In situ M.edulis | 8.5 4
7 In situ C. gigas| 7 6.5 16 Photo C. gigas| 10 9
7 In situ M.edulis | 4 2.5 16 In situ C. gigas| 10 8
7 In situ C. gigas| 10 8.5 17 Photo M.edulis | 7 3
8 Photo M.edulis | 7 3.5 17 Photo C. gigas| NA NA
8 Photo M.edulis | 6 3 17 Photo M.edulis | NA 3
8 Photo M.edulis | NA 4 17 Photo C. gigas| 7.5 9
8 Photo M.edulis | 4 2.5 17 In situ C. gigas| 8 9
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17 In situ C. gigas| 8 6 25 In situ C. gigas| 8.5 7
17 In situ M.edulis | 7 3.5 25 In situ C. gigas| 8.5 6
17 In situ M.edulis | 7 35 25 In situ M.edulis | 7 4
18 Photo C. gigas| 7.5 6 25 In situ M.edulis | 8.5 4.5
18 Photo C. gigas| 10.5 6.5 25 In situ M.edulis | 6.5 3.5
18 Photo M.edulis | 7 4 25 In situ M.edulis | 6.5 4
18 Photo M.edulis | NA 3 26 Photo M.edulis | NA 2.5
18 Photo C. gigas| 7 4 26 Photo M.edulis | NA 2.5
18 Photo C. gigas| 7 5 26 Photo M.edulis | 6 NA
18 Photo C. gigas| 5.5 35 26 Photo M.edulis | NA 3
18 In situ C. gigas| 10.5 6 26 Photo M.edulis | NA 4
18 In situ C. gigas| 8.5 6.5 26 Photo M.edulis | 6.5 4.5
18 In situ C. gigas| 11 7 26 Photo M.edulis | NA 3.5
18 In situ M.edulis | 8 4.5 26 Photo M.edulis | NA NA
18 In situ M.edulis | 5 2.5 26 Photo M.edulis | NA NA
19 Photo C. gigas| 5.5 5 26 Photo M.edulis | NA NA
19 Photo C. gigas| 8 6 26 Photo M.edulis | NA NA
19 Photo O.edulis | 7.5 7 26 Photo M.edulis | NA 3.5
19 Photo O.edulis | 6.5 7 26 Photo M.edulis | 5 2
19 In situ C. gigas| 9 8 26 Photo M.edulis | 5 2.5
19 In situ C. gigas| 8 9 26 In situ M.edulis | 7.5 3
19 In situ C. gigas| 6.5 5.5 26 In situ M.edulis | 4.5 3
19 In situ C. gigas| 8.5 6.5 26 In situ M.edulis | 8 4
20 Photo C. gigas| 8 6 26 In situ M.edulis | NA NA
20 In situ C. gigas| 8.5 6.5 26 In situ M.edulis | 5.5 3.5
21 Photo M.edulis | 6 25 26 In situ M.edulis | 6 35
21 Photo C. gigas| 8 6.5 26 In situ M.edulis | 6 3.5
21 Photo C. gigas| 9.5 5 26 In situ M.edulis | 5 3
21 Photo C. gigas | NA NA 26 In situ M.edulis | NA NA
21 Photo M.edulis | NA NA 26 In situ M.edulis | NA NA
21 In situ C. gigas| 11 7 26 In situ M.edulis | 5 35
21 In situ M.edulis | 7 4 26 In situ M.edulis | 7 4
21 In situ C. gigas| 8.5 6.5 26 In situ M.edulis | 7.5 4
21 In situ M.edulis | 6.5 4 26 In situ M.edulis | 6.5 4
22 Photo C. gigas| 135 9 26 In situ M.edulis | 6 35
22 In situ C. gigas| 135 9.5 26 In situ M.edulis | 7 4
23 Photo C. gigas| 6.5 5 26 In situ M.edulis | 6.5 35
23 Photo M.edulis | 6 NA 26 In situ M.edulis | 6 3.5
23 In situ C. gigas| 7 55 26 In situ M.edulis | 6 35
23 In situ M.edulis | 7 35 26 In situ M.edulis | 6.5 3
24 Photo M.edulis | 6 3 26 In situ M.edulis | 4.5 3
24 Photo M.edulis | 6 35 27 Photo M.edulis| 7.5 NA
24 Photo C. gigas | NA 8 27 Photo M.edulis | NA 3.5
24 Photo C. gigas| 9 5 27 Photo M.edulis | NA NA
24 In situ C. gigas| 7.5 6.5 27 Photo M.edulis | NA NA
24 In situ M.edulis | 8 4.5 27 Photo M.edulis | 3.5 4.5
24 In situ M.edulis | 6 4 27 Photo M.edulis | NA 25
24 In situ M.edulis | 6.5 35 27 Photo M.edulis | NA 2
24 In situ M.edulis | 6 4 27 Photo M.edulis | 4 2
24 In situ M.edulis | 7.5 4.5 27 Photo M.edulis | 5 2
24 In situ M.edulis | 5 3 27 Photo M.edulis | NA 2
24 In situ C. gigas| 7.5 6.5 27 Photo M.edulis | NA 7
24 In situ C. gigas| 8.5 7.5 27 In situ O.edulis | 6 6.5
25 Photo C. gigas| 6 55 27 In situ M.edulis | 6 4
25 Photo M.edulis | 7 3 27 In situ M.edulis | 6.5 3.5
25 Photo M.edulis | 7 3 27 In situ M.edulis | 6 3.5
25 Photo C. gigas| 7 55 27 In situ M.edulis | 4.5 3
25 Photo M.edulis | 5 3.5 27 In situ M.edulis | 7 3.5
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27 In situ M.edulis | 5.5 35 31 Photo O.edulis | 8.5 10
27 In situ M.edulis | 4 3 31 Photo M.edulis | 5 NA
27 In situ M.edulis | 7.5 5 31 Photo C. gigas| 6 5
27 In situ M.edulis | 4.5 3 31 Photo C. gigas| 6.5 3.5
27 In situ M.edulis | 6 3 31 Photo C. gigas| 6 NA
27 In situ M.edulis | 6 3.5 31 Photo C. gigas| 9 5.5
27 In situ M.edulis | 7.5 5 31 Photo C. gigas| 7.5 5
27 In situ M.edulis | 6.5 35 31 Photo C. gigas| 10.5 6
27 In situ M.edulis | 7 4 31 In situ C. gigas| 7 4
27 In situ M.edulis | 4.5 3 31 In situ M.edulis | 5 3
27 In situ M.edulis | 6.5 4 31 In situ C.gigas | 8 7
27 In situ M.edulis | 5.5 3 31 In situ C. gigas| 5.5 4.5
28 Photo C. gigas| 8.5 8 31 In situ C. gigas| 6.5 4.5
28 Photo M.edulis | 5.5 3 31 In situ C. gigas| 6.5 4.5
28 Photo M.edulis | 4 15 31 In situ O.edulis | 9.5 10.5
28 Photo M.edulis | 3.5 2.5 31 In situ O.edulis | 4.5 4
28 Photo M.edulis | 7.5 4 31 In situ O.edulis | 8.5 10.5
28 Photo C. gigas| 7 5 31 In situ C. gigas| 115 10.5
28 Photo M.edulis | 8 3.5 31 In situ C. gigas| 4.5 5
28 Photo M.edulis | 3 2 31 In situ M.edulis | 5.5 25
28 In situ M.edulis | 7 4 31 In situ C. gigas| 11 9.5
28 In situ M.edulis | 8 4.5 31 In situ C. gigas| 7.5 6
28 In situ C. gigas| 9 6 31 In situ C. gigas| 8.5 6.5
28 In situ M.edulis | 8 4 31 In situ C. gigas| 9 6.5
28 In situ M.edulis | 5.5 35 31 In situ O.edulis | 10.5 10.5
28 In situ M.edulis | 6.5 3.5 31 In situ C. gigas| 7 4.5
28 In situ M.edulis | 5.5 3.5 31 In situ C. gigas| 5.5 4.5
28 In situ M.edulis | 7 4 31 In situ M.edulis | 7 4
28 In situ C. gigas| 9.5 7 31 In situ C.gigas | 9 6
28 In situ M.edulis | 6.5 35 31 In situ C. gigas| 8 5.5
29 Photo O.edulis | 7 4.5 31 In situ C. gigas| 7 4
29 In situ O.edulis | 6 7 31 In situ C. gigas| 8.5 6
29 In situ M.edulis | 8 4.5 31 In situ C. gigas| 8 7
30 Photo C. gigas| 9 55 31 In situ C. gigas| 105 6
30 Photo C. gigas| 7.5 5.5 32 Photo C. gigas| 6 45
30 Photo M.edulis | 5 35 32 Photo C. gigas| 85 5
30 In situ C. gigas| 0 55 32 Photo C.gigas| 5 6
30 In situ C. gigas| 9 8 32 Phao O.edulis | 6.5 7
30 In situ M.edulis| 7.5 4 32 Photo C.gigas | 7,5 7
30 In situ C. gigas| 7.5 5.5 32 Photo M.edulis | 6.5 3.5
31 Photo M.edulis | 5.5 3 32 Photo M.edulis | 6 25
31 Photo C. gigas| 5 3.5 32 Photo O.edulis | 6.5 9
31 Photo C. gigas| 4 4.5 32 Photo M.edulis | 6 3.5
31 Photo C. gigas| 5.5 4 32 Photo M.edulis | 7 3.5
31 Photo C. gigas| 6 5 32 Photo C. gigas| NA NA
31 Photo C. gigas| 7 5 32 Photo C. gigas| 7.5 3.5
31 Photo C. gigas | NA 6 32 Photo M.edulis | NA NA
31 Photo C. gigas| 9.5 NA 32 Photo C. gigas| 9 4.5
31 Photo M.edulis | 7.5 3.5 32 Photo C.gigas | 8 5
31 Photo C. gigas| 6 4 32 Photo C. gigas| 6 4.5
31 Photo C. gigas| 10.5 6 32 Photo M.edulis | NA NA
31 Photo C. gigas| 6 4 32 Photo C. gigas| NA 6
31 Photo C. gigas| 7.5 4.5 32 Photo C. gigas| NA 6
31 Photo C. gigas [ NA NA 32 Photo C. gigas| 7.5 5
31 Photo C. gigas| 6.5 35 32 Photo C. gigas| 6.5 4.5
31 Photo M.edulis | 6 3 32 Photo M.edulis | 6 NA
31 Photo C. gigas| 7 4.5 32 Photo C. gigas| NA NA
31 Photo O.edulis | 11 10.5 32 Photo C. gigas| 125 7.5
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32 Photo M.edulis | 5.5 2 33 Photo C. gigas| 10 6
32 Photo C. gigas| 8 4.5 33 Photo C. gigas| 7.5 7
32 Photo C. gigas| 7.5 5.5 33 Photo C. gigas| 8 6.5
32 Photo C. gigas| 7 6 33 Photo C. gigas| NA NA
32 Photo M.edulis | 9 NA 33 Photo C. gigas| 9 6
32 Photo C. gigas | NA 5 33 Photo C. gigas| 7.5 3.5
32 Photo C. gigas| 7.5 4.5 33 Photo O.edulis | 6.5 8.5
32 Photo C. gigas | NA 4.5 33 Photo M.edulis | 7 3
32 Photo M.edulis | NA NA 33 Photo O.edulis | 6 7
32 In situ O.edulis | 2 3 33 Photo C. gigas| 10 10
32 In situ C. gigas| 7 4.5 33 Photo C. gigas | NA 8.5
32 In situ C. gigas| 7 6.5 33 Photo C. gigas| NA 6
32 In situ C. gigas| 11 6 33 Photo C. gigas| 8 35
32 In situ C. gigas| 3 4 33 Photo C. gigas| 9.5 55
32 In situ C. gigas| 8.5 6 33 Photo C.gigas| 5 NA
32 In situ C. gigas| 7 6.5 33 Photo O.edulis | 6 6
32 In situ M.edulis | 9.5 4 33 Photo C. gigas| 8.5 4
32 In situ O.edulis | 6.5 6 33 Photo C. gigas| 8.5 5.5
32 In situ O.edulis | 7.5 8 33 Photo M.edulis | 7 35
32 In situ O.edulis | 6.5 7 33 Photo C. gigas| NA 5.5
32 In situ O.edulis | 10 10 33 Photo M.edulis | 5 3
32 In situ M.edulis | 5.5 3 33 In situ O.edulis | 7.5 8.5
32 In situ C. gigas| 7 6 33 In situ M.edulis | 6 2.5
32 In situ C. gigas| 7.5 5.5 33 In situ C. gigas| 8 5.5
32 In situ C. gigas| 7.5 6.5 33 In situ C. gigas| 19 9
32 In situ M.edulis | 6.5 35 33 In situ O.edulis | 9 11
32 In situ O.edulis | 4 4 33 In situ M.edulis | 8 4.5
32 In situ M.edulis | 6.5 45 33 In situ C. gigas| 9.5 7
32 In situ C. gigas| 6 4 33 In situ O.edulis | 7.5 8
32 In situ C. gigas| 6.5 5.5 33 In situ C. gigas| 9.5 7
32 In situ C. gigas| 11 6 33 In situ C. gigas| 9.5 6.5
32 In situ C. gigas| 9.5 8 33 In situ C. gigas| 8.5 6.5
32 In situ O.edulis | 4 4 33 In situ C. gigas| 10 6.5
32 In situ C. gigas| 9 6 33 In situ O.edulis | 7.5 7
32 In situ C. gigas| 9 6.5 33 In situ C. gigas| 9 7
32 In situ O.edulis | 10.5 10.5 33 In situ O.edulis | 7.5 7
32 In situ O.edulis | 8 9.5 33 In situ M.edulis| 7.5 3
32 In situ O.edulis | 1.5 15 33 In situ C. gigas| 8.5 6.5
32 In situ C. gigas| 7 6 33 In situ C. gigas| 5.5 3
32 In situ C. gigas| 7.5 6 33 In situ C. gigas| 7 6
32 In situ M.edulis | 6.5 3.5 33 In situ C. gigas| 8.5 7
32 In situ O.edulis | 4 25 33 In situ O.edulis | 7 8.5
32 In situ C. gigas| 8 6.5 33 In situ M.edulis | 8.5 5
32 In situ C. gigas| 7.5 6 33 In situ C. gigas| 12 9
32 In situ C. gigas| 7.5 6 33 In situ C. gigas| 10 8.5
32 In situ C. gigas| 10.5 6 33 In situ O.edulis | 7.5 8
32 In situ C. gigas| 6.5 6 33 In situ O.edulis | 8 8.5
32 In situ O.edulis | 3.5 4 33 In situ C. gigas| 8.5 7.5
32 In situ O.edulis | 9.5 6.5 33 In situ C.gigas | 8 5.5
32 In situ M.edulis | 7.5 4 33 In situ M.edulis | 8 35
33 Photo O.edulis | 6.5 6.5 34 Photo C. gigas| 11 15
33 Photo O.edulis | NA 9 34 Photo C. gigas| 12 5.5
33 Photo M.edulis | 8.5 35 34 Photo C. gigas| 175 7.5
33 Photo C. gigas | NA NA 34 Photo O.edulis | 8 8
33 Photo C. gigas | NA NA 34 Photo C. gigas| 5 3
33 Photo C. gigas| 11 5 34 Photo C.gigas| 5 35
33 Photo M.edulis | NA 6.5 34 Photo C. gigas| 4 15
33 Photo C. gigas| 10.5 5 34 Photo C. gigas| 8 4
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