Evaluation of fishing gearsmodified to reduce ecological impacts in

commercial fisheries

by

© AndrewJ. Murphy

A thesis submitted to the School of
Graduate Studies in partial fulfilment of the

requirements for the degree of Masters of Science

Biology, Faculty of Science

Memorial University of Newfoundland

May, 2014

St . Johnos Newfoundland



Abstract

To sustainably and responsibly harvestcommei al aquati c species it
fisheries consideration must bgiventowards the negative physical and biological effects

that fishing gears place onarine ecosystesnFish habitat degradation, bycatch of

undersized andontarget speciegarbon dotprint,reductions in biodiversity and

biomass are just some of the negative impacts of fishing gears. One novel method to

reduce impacts while maintaining commercially viable catch rates of target species is

through modification of fishing gears. Twopetimental studiesonductedor this

thesis evaluated theatch characteristiasf innovative modifiedfishing gearslesigned

to mitigate ecologicalconcernspecifictoe ach st udyds respective f
study, the Newfoundland cod pot wasodifiedin an attempto target flatfish species

while avoidng the capture of snow cra@Blfionoecetes opiljo Major findings include the
importance of artificial light and entransbapean capturing American plaice

(Hippoglossoides platessoideslso, non-baitedpots that containednly artificial light

were successful in capturing plaice while greatly reducing the capture of snowcrab.

the second stugpt-seacatch characteristiad northernshrimp(Pandalusborealig and
nonttargetedoycatchspecieswere comparetietween two trawls, @ancontaining a

traditional rockopper ground geaurrently used in theorthern shrimp fisherythe

other containing an experimental ground géssignedo reduceseabed contacCatch

rates and size of shrimp were found to be comparable between trawls however the

experimental trawl captured significantly more bycatch.
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Chapter 1. Introduction and overview

1.1 Impacts of fishing gears

Fishing provides many benefits to society. In addition to providing a source of food,
employment, and recreation, fishing is strongly tied to many cslamd remains one of
the greatest sources of protein for people all over the We@RA, 1998; Figure 1.1

FAO, 2013. In Newfoundland and Labrador, the seafood industry employs over 20,000
individuals, with 10,398 people employed in harvesting of capisieries, 467

employed in hatchery and gresut of aquacultureand 9,214 people involved in the
processing of aquaculture and capture fisheBé3\; 2013. Fishing remains an

important economic driver in Newfoundland and Labrador. Overall, 251,9584@in
seafood was landed in capture fisheries in 2012 which had a total landed value of $575
million (DFA, 2013. While the benefits that fishing offer are vast, negative bio&gic

and physicaimpactsthatfishing places omarine ecosystesmustbe conglered and

eliminated or at the very leastitigated where possihle

Widespread biological impacts from the use of fishing gears are commonplace in many
fisheries throughout the world. The most frequent examples of negative biological
impacts associataslith fishing gears include: overfishindestruction of the benthos
(i.e.,removal of sponges, corals, and benthic invertebrates), bycatch (i.e., the capture of
marine organisms not directly targeted for fishing, inglgdindersized fish of the target

species, marine organisms discarded at aedtheincidental capture of netarget



species retaineidr their commercial valueland ghost fishing (i.e., lost fishing gear that
continues to capture organisms). Adverse changes to a marine ecosystem chaoraccur
removing large numbers of marine organisms, affecting the community structure and food
chains of ecosystemBIQAA, 1998. Recovery of a marine ecosystem and commercial

fish stocks will thus be more difficult and take much greater time if fispgagand

fishing effortis not managed and regulated appropriately.

Many shtic fishing gears such as gits, pots/traps, and longlines have low physical
impact on the environmemthen comparetb mobile fishing gears such as trawls and
dredges, mainly du® their passive fishing nature. The magnitude of their physical
impacts are primarily a result of iheveight and contact area on the seabedthe

extentto whichthe gear drags on the seabed during setting and haklitigr(et al.,

2008; Grieve eal., 201). Depending on the size of the gear this can be very minimal
impact.In contrast mobile fishing gears such as bottom trawls (otter trawls and beam
trawls) and dredges can have highly destructive physical impacts on the marine
environmen{Lekkeborg, 200p Bottomtrawling is a common fishing method that

involves the towing of a large net by a fishing vessel on the seabed to capture groundfish
and crustaceans that are locatadbrabove the seabd#igure 1.2; Winger et al., 2010

Beam travls and dredges operate in much the same way but primarily target species that
are on or partly buried below the sealfledkkeborg, 200p Consequentlythere are

several factors that can affect the relative impacts of different gear types such as the



geab design and mode of operatjameight, towing speed, and intensity of ukaijonal

ResearciCouncil, 2002.

The physical impactsn themarineenvironment associated with bottom trawl|ibgam
trawling, and dredging have been documented in severags{dd Groot, 1984; Jones,
1992; Schwinghamer et al., 1998;ster and Langton, 1998torse and Watling, 1999
Gilkinson et al., 2006 The most apparent physical impacts of mobile gearscaaping

and ploughing of the substrate, as evidenced by thaimsrof trawl and dredge tracks
present in bottom siéments. These tracks can take weeks or geans to recover to
previous conditions depending on the habitat type and frequency of natural disturbance
(e.g, wave actiorandstorms) in the trawled aredgnes, 1992 The otter doors of a

bottom otter trawl most commonly create furrows in the sediment whereas beam trawls
and dredges cause a flattening of the bottom topogr@dmikkeborg, 200k The

disturbance of trawling and dredging on the seabediecahto reduced habitat

complexity and loss of essential fish habitdatjonalResearctCouncil, 2009.

Another physical effect from trawling and dredging that can have several negative
biological implications is theasuspension cfeabededimentgChurchill, 1989. When a

trawl or dredge comes into contact wille seabed, the sediments are disturbed and this
typically results in the sediment being dispersed into the water column. The resuspension

of large quantities of sedimec&n reduce the qualitf available food for filtefeeders



such as sponges and mollysamother spawning areas, negatively affect feeding and
metabolic ratesf fish andbenthic invertebrateandcause damage to the gills of marine
organismgNational Research Council, 200Resuspened sedimentgan also uncover
dormanttoxic contaminants ., mercury), and increase nutriemtsthe water column
which can lead to eutrophication and phytoplankton bBatimately creaing hypoxic
conditions unsuitable for many marine angsms Further physical effects include:
changsin grain size and sediment textuamdoverturningof boulders(Messieh et al.,
1991; Jones, 199AationalResearctiCouncil, 2002. Overall these physical impacts
reducethe structural complexitypf marine habitatand ofteread to decreased species
diversity and increased predation of young marine organisimise and Watling, 1999
however positive benefits have also been documentad Dendereret al., 2013

Benthic hard bottom habitatgth high abundanceof corals and other sessile fauna are
the most drastically affected by bottom trawling, while effects have been sbderess
impactfulon soft bottoms that did not contain large sessile invertebrates such as sponges
and coralgLakkelorg, 2005. Furthermore, little is known about the impacts that
trawling has on deep muddy habitats anftl Isottoms [gkkeborg, 2005; He and Winger,
2010. It is important to note that the topic of seabed impact due to bottom trawling is
controversial anthighly debated with studies contradicting each other and difficulties in
designingand conducting@xperimentsandconsequentlynterpreting resultsfRegardless
issues relating to the public perceptmfrtrawling are a significant consideration for the
drive for seafood sustainability (e.g., Marine Stewardship Council (MSC) certification),
and addressing these issues of consumepabkit perception to trawling axd great

concern.



It is important taunderstand the negative impacts of different fishing gears in order to
reducetheir potential for harm to marirexosystersand in the process enhance their
ability to target pecificcommercial specie$Vhile the mitigation of all adverse effects of
fishing gears on the marine ecosystaia not expectetb be resolved from gear
modification alone, it is important that technologies developed signifjcaetuce
biological and physical impaon marine ecosystems without resulting in reduced
profitability of the fishing operationMaldemarsen and Suuronen, 2R08educing
physical andiological impacts can lead twalthier ecosysteswhich in turn will aid in

increasing fishery yielddNOAA, 1998.

1.2 Methods to reducethe negative impacts of fishing

Fisheries management is one of the most important steps in redoaieggof thanegative

impacts of fishing. Fisheries management regulates and establishes policies such as
fishing quotas and total allowable catches (TAChahycommercial species in fishes
worldwide in order to sustain fish stocks. When fish stocks de¢naasmgement may

mandate reduced fishing effort or fishing quotas in additionda elosures in order to
protectstocks DFO, 2007). The establishment of marine protected areas (8JFA

another management measure that can be applied to protect and conserve commercial and
nonrcommercial fishery resources and habitats as well as areais tigldiversity or

biological productivity Campbell and Simms, 2009



Fisheries management also regulates the types of fishing gears that can be used to harvest
certain commercial species of figdflanagementan set mandates such as the number and
size of pots/traps that can be skgmesh size of netting, mandatory usédmfdegradable

twine, use of bycatch reduction devices (BRDs), and nAdtizoughfisheries

managemenplays avital role insetting acceptable policies and regulations to reduce the
negative impacts of fishing, thereagreat need foadditional resealtanddevelopment

of innovative fishing gears designed to redpbgsical and biological impaciks marine

ecosystemsThese efforts will aid in creatingoreefficient andsustainale fisheries.

Several innovative modifications to fishing ge&es/e beenleveloped over the years to
mitigateproblems and concerns in many fisheries throughout the worddct, dozens of
research institutes and universities have active research programs that undertake applied
research and development of innovative fisheahnologes(e.g.,ICES, 2013. Some
examples of gear modificatiotisat have been applied t@ditional fishing gears are

describd below.

Bycatchis a classic example of a comnhpidentified problem many bottom trawling
fisheries faceBycatch is déned asthe capture of marine organisthst arenot directly
targeted foharvest during a commercial fishing operatidhis includes undersized fish
of the target speciespntargetmarine organisms discarded at,salincidentally

capturedhontarget species retainddr their commercial valuelhe use of BRDs in



trawlssuch as t he Nor dmfhereshgmp fisherio raduce then a d a 6 s
capture of fishand the use of turtle excluder devices (TEDghaUnited States and
Australian shrimp fisheriet® reduce the capture of sea turtlesve helped to
significantly reducdycatchrates The use of the Nordgregrid has been shown to
decreaséycatch by 60 to 95%vithout compromisinghe captureateof conmercial
quantities of shrimpRroadhurst, 2000 The Nordmgregrid precedes the cedd of the
trawl and serves to permit the passage of shintgpthe codendavhile directing anything
larger than the bar spacings of the grid upwards and out of an opetinegtop of the
net.First developed in Norway to reduce the capturisbfin shrimp trawls, it was tested
in Canada in the 1990s and proved to be highly effedtiekéy et al., 1998 This
prompted fisheries management to requirénahore and oftsoreshrimp fishing vessels
i n Ca noalera shamp fishery to use therdmgre gridwhich has been mandated

for use since 1992DFO0O, 2M7; Fuller et al., 2008

Turtle excluder devices are another bycatch reduction device which functions similar to
theNordmgre gridbut has been used primarily to reduce turtle bycatch in the United

St at es 6 Gurbpical shfimpMsheriescrod A u s t heanlpravendisheryn o r t
(Brewer et al., 2006; Eayrs, 200A TED is compsed of a grid preceding thedsnd

which allows shrimp to pass throughwhileed i ng sea turtles out th
The use of TEDs have significantly reduced the capture of sea turtles in these shrimp

fisheries; in some cases TEDs have been shown to exghuied7% ofeaturtlesunder

test conditiongWatson, 198)L Their effectiveness can be lower in the field however



(NOAA, 1998 and reduction of mortality rates in sea turtles while using TEDs can be
variable with about a 280% reduction in sea turtle mortality estiefor the Gulf of

Mexico (Coxet al., 200Y.

Reducing seabed impacts is another important concern in bottom trawling fisheries. To
addresshis concern, some studies have assessed the effectiveness of modifications to the
ground geacomponent®f bottan trawls designed thavereducel seabed contact. An
exampleof modificationsto reduce seabed impact include the use of gmiagic trawl

doors.

Semipelagic doors, unlike demersal trawl do@® designetb avoidcontact with tle

seabed. Hydrodynamforces generated lilgesehigh aspect trawl doors aid in spreading

the trawl open without the trawl doors making contact with the sgatsednd Winger,

2010. Two studiesDelLouche and Legge, 2004; He et al., 2086amned the feasibility

of semipelagc trawl doorsin northern shrirp fisheries of the Northwest Atlantzad

found that there was no significant effect on the size range orrea¢sof shrimp in

compariso tocatches made kg traditional shrimp trawlt was concluded however that

greaer monitoring of trawkensorequipmenivasnecessary for this method to work

effectively He and Winger, 209)0While the Newfoundland shrimp fishery has not

presently adopted semelagic trawls initsfleetg r i mar i |y due to fishe

preferences in fishing geaemipelagic trawling is being used successfully in other



shrimp fisheries all over the world, including the Northeast coabiedfnited States

Europe, India, and parts of Asia (pers. confaWinger, Director of CSAR, Marine

Il nstitute of Memori al Uni v er dAistudy byBr&xer. J o hn
et al. (1996 in Australia also displayed encouraging results for the application of

semipelagic trawl doors, with no sacrifice in thatch rates of red snappers and reduced

bycatch of nortarget species in comparison to a traditional bottom trawl.

1.3 Objectives and overview of research

The objective of the researshmmarizedn the following chapters was to evaluate the

catch charaeristicsof new, innovative fishing gears designed to mitigadecific

ecologicac oncerns i n Newfoundl and and Labrador 6
designed to capture commercial quantities of targeted species while reducing negative
ecological inpacts such as bycatch and habitat degradétmnseabed impadby

fishing gears. In evaluating the effectiveness of these fishing gears it will add to the

growing body of research investigating gear modifications to reduce ecological impacts

on marineecosystems and also assist in refining current gear designs to fish at optimal

levels.

The first experimental chapter (Chapter 2) investigates the effectiveness of several
modifications to thentrance of th&lewfoundland cod pot to capture species aiffith

while avoiding snow crablo reach this goal, mumber of treatmentsere performed.



Specifically,the effecs of potentranceshape fish retentiordevice (FRD) trigger
diameter FRD trigger spacing, and artificial ligitere investigatedrwo atsea
experiments were carried adatmeasurahe effectiveness of these treatmentsaitch
ratesand body lengthef flatfish such a®A\merican plaice flippoglossoides platessoides
and Greenland halibuRginhardtius hippoglossoide€xperiment | usedeveral
combinations of the above treatmem$aited potsvhile Experiment llassessethe
effects of bait absence and preseoiedlatfish catch ratefor the two different entrance
shapes in the presence of artificial lighiResults of Experiment | shed that
presence/absence of artificial light and entrast@pesignificantly influenced catch rates
of American plaiceExperiment liconfirmed the importance of entrance shape as well as
the ability of artificial light alone to capture American plaideich subsequently reduced
snow crab captur®verall, e results exhibit the importanceeasftrance shape and
demonstrat@ovel findings with regard to the importanceasfificial light on capture

rates of American plaice.

The second experimeaitchapte (Chapter 3) examines and comgmthe catch
characteristicef abottomottertrawl with ground geadesigned to have reduced seabed
contactarea over that ad standard trawl! currently used in the Newfoundliastiore
shrimp fishery. Comparative-aeafishing trials were performed using the alternate haul
technique to determine if the experimental trawl had compacakldé ratesf shrimp,
body size of shrimp and bycatch of netargeted specids the standard trawResults of

thefishing trialsdenonstrate thatcatch rates anbodysize of shrimp were comparable
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between both trawls, howeveatch rates of netargeted species were highettlie
experimental trawlFlume tank testing of the experimental gear demonstrated reduced
bottomcontact areaf the ground geaHowever atsea tservation®f mud caked on
theground gear of thexperimental trawl and mud in the cafmovides evidencthat the
experimental trawmmost likelydug into the seabeslringseveral fishing towdt is
proposed thahisincreased disturbance to the seabed resulted in higher catch rates of
norttargeted species. In conclusion, additianalificationsto the ground gear of the
experimental traw@rerequiredin order to reduce potential seabed impaatsl catch

ratesof nontargeted species.
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Chapter 2. Modifying the Newfoundlandcod pot to capture flatfish

species whileavoiding snow gab (Chionoecetes opilip

Abstract

Severalyears agpa stewardship decision was maeroluntarily banharvestingof

Greenland halibutReinhardtius hippoglossoidgsy gilinetin communities orthe

northeast coast of insular Newfoundlaowling to a high incidence of snow crab bycatch.
The development of a pot fishery to capture commercial quantities of this species would
hel p small b onadgain(aec8sS thijfhis resowsch whichdassequently

not been fished in over a decatiethe current study, the Newfoundland cod pot was
modifiedin an effortto capturespecies of flatfishvhile attempting to reduce the

incidental capture of snow craBlfionoecetes opiljo Modifications to theentrance of
theexisting Newfoundland cod pot ilncled entrancehay, fish retention device (FRD)
trigger diameterFRD trigger spacing, armutesence/absence af artificial fishinglight

within pots. Two atsea experiments were carried out to assess the effectiveness of these
treatments on flatfish capture. Experiment |combinations of the above treatments

were employed witlbaited pots while Experiment Il assessed the effects of bait absence
and pesencen catch rates of flatfistor two differentpotentrance shags in the

presence of artificial lightFew Greenland halibut were captutédoughout the
experimentshowever captures of another commercial flatfish species, American plaice
(Hippoglossoides platessoidesvere substantiaResults of Experiment | indicate that

presence/absence of artificial light and entrasi@gesignificantly influence catch rates
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of American plaice, wie in Experiment Il entrance shagvas significant in deteliming
catch rates oAmericanplaice.The results exhibit the overall importance of artificial
light and entrancehape on capture rates of American plawihin the depths fished

(340530 m)

2.1 Introduction

This study marks the first timéhatthe Newfoundlandcod pot habeen modified to target

a different species of groundfishhe Newfoundlandcod pot desgned byWalsh and
Sullivan (2008 was shown to be effective at capturing commercial quantities of Atlantic
cod Gadus morhupwith one fisherman in particulaeportinga catch of over 100 cod at
over300kg in a singlepotfor an overnight seWVith success in capturing cod, and the
capture of fatfish speciesn baited potglocumented iprevious studiesJarlile et al.,

1997; PinklamandSalerno, 200) it washypothesizedhata select few modifications to
the entrance as well as providing a visual stimulus (artificial light) would demonstrate the
ability of the Newfoundland cod pot tapture additional species @mmercialffish,
specifically flatfish such a&reenland halibutReinhardtius hippoglossoideslso known
locally as turbgtandAmerican plaicelippoglossoides platessoigebereafterreferred

to asplaice

The entrance design is perhaps the most impoctanponentor facilitating fish entry

into apot. An easily accessible entrance as well as a large surface area to hold captured
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organisms inside the pot effectively increases catch Hsliesro, 1974; Miller, 1979;
Furevik, 1994Bagdonas et al., 201.4n the curent study, ectangular and circular
entrance frames whiatespectivelycreated trapezoidnd conical funnelaere bothtested

to determine the entrance shape that was mastteféat capturing flatfish.

Oneway nonreturn devices, alsknown adish retention devices (FRD) serve to reduce
escapement of fish entering the pot. One example of an FRD are triggers which are slim,
finger-like projections ofteelthat are mounted on the entrance of the pot and may be
pushedmward with easeHowever theyare unalte to swing in the opposite direction
thereby preventing escapement from the pot. The effects of triggers have been
documentedn many studies ofish and crustacean captuaad have been shown to

enhance catch efficiency by preventing escapeifitigh and Ellis, 1973; Miller1979;

Saulthaug, 2002; Pinkham and Salerno, 2007

Species and sizeskectivity may be altered by modifying the diameter and spacing of the
FRDtriggers. For example, a greater trigger diameter and decreased spacing between
triggers situated in a pot entrance serves to increase ibtames of an organism to enter
the pot Spacing in turn may also affect the escape rate of fish if they are able to locate
and swim back through the trigger spacings in the entr&scape maglso be

influenced by fish size and behavidttigh and Ellis, 1973; Furevik, 1994; Carlile et al.,

1997). Modifications to the diameter of the individual triggers as well as the spacing
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between triggers were assessed in this simdigtermine their importance @apturing

different species and sizesfah as well as different species @ustaceans

The use of artificial lights for fishing has bedmcumentedn several studiesStoner,
2003;Marchesan et al., 200Rose et a) 2005. Artificial light canserve asn attractant
to lure the targeted organism ieteract with goot through the stimulus of the light
intensity itself {.e., phototaxis) oby luringbait fishto the aredhat the target fish may
thenprey on.Bait effectively increases treurroundingarea that may attract fish to
approachapot (Thomsen et al., 20)@ia the dispersal dbiochemicals from the bait
plume.Initially, fish will use long rangehemosensory cudisataid them in seeking out
theolfactoly chemicalgeleased by the bait source within a baited pot. This bait plume
can travefrom great distance®ut only downstrearwith the water current andwill

lose its effectiveness as an attractant ¢ivee as the chemicals from the bait plume
disperse Artificial light on the other hand is an orrdirectional attractat which
effectively creates a 360° zonélight thatmay also help fislto more easily locatthe
entrances tenterbaited pots since fish behaurcswitchesto utilize visual and lateral

line stimulationwhen in close proximity to po{(®larchesan et al., 2005; Thomsen et al.,
2010 in orderto locate bait in pots and traps at short rantyethis study, the use of
artificial light wastestedin nonbaitedand baitedpots alike to determine the
effectiveness of artificial light as an attractant in facilitating the entry of flatfish into the

pots.
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Initially, Greenland halibutvas targeted in the fallving experiments due to a
long-standing stewardship decisibg fishermen in the region of Notre Dame Bay
(Located in NAFQODivision 3K) to diontinuethe use of gilets to fish foiGreenland
halibuton the historicaGreenland halibuiishing grounds in the deep water bays. This
decision was made in order to reduhbe incidental bycatch and mortality of
commercially important snow craBubsequentlyhe Greenland halibutesourcenas not
been fished in over 15 yeaRotting Greenland halibutvould thereforeallow inshore
fishermen in the under Beet to once gan accesshis resourceGreenland halibus a
commercially important groundfish specieshie Newfoundlandand Labrador region
which comprised over 68% of the total landed value of all groundfish species landed in

2012 10,823 tonnewerelanded at aalue of over $53 milliondFA, 2013.

Potswere selected as an altemfishing gear to targebreenland halibutiue toseveral
favourable characteristitbat they posses$s comparison to other stafishing gears

such as longlines and giktts or mobile fishing gears such as trawls and dredges.
begin, sart-up costs for pots are generally low, pots are flexible and transpottabyfe,
have minimal seabed impaandpermit the live capture of marine organisms (especially
important in times whereetrieval of fishing gear is nopossible e.g. inclement weather).
Furthemore potscan be very selective for different species and sfizkscaptured in
potsproduce higher quality fillets when compared to longlines and gillaats

nontargeted seciescaptured in potmay be returned safely to the sea if handled quickly

and carefullyfSai nsbury, 1986; O6Brien ald Denni s,
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Suuronen et al., 20)2The latter attribute was an especially important factor for selecting
pots as the alternative harvesting gear of flatfish in this study because it would aid in

mitigating the mortality of snow crab captured as bycatch in the pots.

As with all fishing gess, there arémitationswhich must be considered. The greatest
limitations to usingpotsinclude:ghost fishing of lost potandlow capture efficiency of
manyfish species Thomsen et al., 201&uuronen et al., 20LZortunately there are

ways thathese problems can be alleviated. Pots can be fitted with biodegradable twine
(e.g.,Legge et al., 200%nd escape ventginger and Walsh, 200201]) to reduce the
probability offish and crustaceans beingtainedin lost pots. Low capture dish speces

is an obstacle thalis study isattempting tasolvethrough several modifications to the
original Newfoundland cod poThe pots used in this study have two large accessible
entrances for each pot with a large bottom area (1.88.188 m) andafloating net bag

to effectively increase the inner volume of the pot and allow greater fish capture.

This stuly aimed to quantify the effesdf 1) entranceshape 2) FRD trigger diameter, 3)
FRD trigger spacing, and gyesence/absence aftificial light on cegpturerates offlatfish
speciegGreenland halibuandAmericanplaice. Two atsea experiments wecarried
out during this studyExperiment lusedseveral combinations of the above treatments
while Experiment llused information from Experiment | to standardize various

treatments beforassessg the effects obait absence and presence for the two different
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entranceshages in the presence aftificial light. Unfortunately very fewsreenland
halibutwere retainedh pots throughout ik study. Insteagencouraging numbers of
American plaice were captured almost exclusiwelthe presence drtificial light. It is
important to note thaigh potting studieare still in their infancyut are attracting
increasednterest as a means to reduce ecological impdabereforeltie information
obtainedn this studywill help to contributeto future studiesf the potential foartificial
light as an attractaim capturing flatfish species as well @stlinethe most opmal pot

configurations for flatfish capture.

2.2 Materials and Methods

2.2.1 Potting Technology (Modification of Newfoundland Cod Pot to Capture Flatfish

SpeciesGreenland Halibuand American Plaice)

The potting technology used in this study consistetheNewfoundland cod pot
(Walshand Sullivan, 200§ with modifications made to the entrarsteape the diameter
and spacing of the triggers on the fish retention device (FRD), and the presence or
absence of artificial lighfThesemodificationswere carried ouatthe Centre for
Sustainable Aquatic Resources (CSAR3heries and Marine Institute of Memorial
University. The frame ofach of the collapsible cqabts (Figure 2. lwasconstructed
from 15.9 mm §/8 inch round stock steel and measdrl.98 m x 1.98 m x 1.02 m high.
Standard 100 mm size {dch) green polyethylene mesh covered the top, bottom, and

sides of the framdzach pot haa large floating net bag which serwesncrease catch
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rates Additionally, the net bag may functi@s alarge codend that assists in the landing
and handling of the catch. A total of twelve pots were used in this study. One
experimental pot modification was the shape of the entranttepots containing either
rectargular entrance@0 cmx 20 cm)with trapezoidfunnels or circular entrancé4$0 cm
diamete) with conical funnels. Pot entrances were located on opposite sidastopot
andthe funnelsvere made from %.cm (2 inch white knotless twineThe oneway fish
retention devices allow organismseoter the pot but prevent them from exiting the gear.
Two differentFRD trigger diameter§3 mm and 5 mm)and three differer®RD trigger
spacing (52 mm, 109 mm, and 166 ntreatmentsveretested during thistudy.Space
between the steel triggers oBtRRD was easily altered by removingividual triggers.
This effectivelycreated three FRD trigger spacings: 1) 52 + 3 mm, 2) 109 + 4 mm, and 3)
166 + 3 mmOf the 12 pots useid the study, 6 had trapezaatrances, 3 of which
contaired3 mmdiametertriggers, and 3 containdgdmmdiameter triggersThe other 6

pots had conical entrances, 3 of which contained 3dmameteltriggers, and 3 contagal

5mmdiametertriggers.See Table 2.1 for full list of treatments.

Theeffect of thepresence/absence attificial light was alsdestedto observe if flatfish
would respond to light as a stimulus to enter the pots. The artificial light source was
commercially available fishing lightdat did not possess an identifiable brand name
Each fishing light possesedtwo green LED lamps (532 nm peak wavelength, line width
at E/Z = 26nm) situated within a waterproof housing containing a power source of two

AA batteries(Figure 2.2) Using a light meter it was found that the fishing lights emitted
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a luminance of appximately 3.0 lux from a distance of 30 @mair. These lights could
function up to a marum operatinglepth of 700 mLights werehung vertically from

the centreof thepot, between the two entrances, wilte lightshining downward.

2.2.2Gilinet Suwey to Verify Presence Gireenland Halibutt the Study Site

Two gillnets were deployed 12 days prior to the beginning of the potting experiments as
well as on Day 5 of the experiments. All gillnets were deplayethe seabedithin the

study site. Theitinets used were 91 m (50 fathom) in length and consisted of 165 mm
(6.5 inch) mesh throughout. Soak time for gillnets was two nights (48 hours) before being

hauled.

2.23 Experimental Sea Trials

Sea trials were conductémm September 17 to October 4, 2012, aboard ti#l8¢4
commercial fishing vess€cean Breeze IThe study site (Figure 2. was locateavithin

a deep water channlelcated between the communityBfightonand Long Island.
Typically, pots were set f®4 hairs before being hauleHowever, dr two of the sample
periods Day 6 and Day 9nclement weather delayed pot retrieval for 48 hoReder to

Table 2.1 for full list of treatments in Experiment | and Experiment II.
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Pots were fished in depths rangingrfr approximately 340 m (1&&athom) to 530 m

(290 fathom) Temperature dat@ggers were attached pmtsto obtainbottom
temperaturavithin the study aregExperimental pots that were baited used a standardized
bait regime of approximately 0.75 kg squaiadd 0.75 kg herringachcut into three pieces
and placed in twbait bag. A bait bag was placed in front of each entrance. Pots were
freshly baited after each haahck and used bait was disposed of outside the study area.
Fishcatchesvere grouped by geies weighed £ 10 g) and individual body lengths

(= 1 mm) wererecorded. In addition, body widtdorsal fin to anal finjvas recorded for
flatfish with fins compressed against the sidéhe body. Crustaceans were grouped by
species and weighed (0 g). Catch rates of a particular species were defined as the
weight in kilograms of the species captured per pot haul (i.e., kg/pot Aluljganisms
were released alive at the capture gMfger the catch information was collected, the pots
were rebaited and then returned to apximately the same location from whitireyhad

been hauled.

Two experiments were performed in this study. Experiment | observed the effects of
entranceshape FRD trigger diameterFRD trigger spacingand pesenciabsencef

artificial light on catch rates. In Experiment Il, information from Experiment | was used
to standardize entrance shape and FRD treatments to allow more rigorous testing of the
effects of baipresence/absenead artificial light on catch rates fiéh andcrustaceans
(Table 2.1) Experiment |l observed the effects pfesencabsencef bait for each

entranceshapeon catch ratewith 5 mmFRD trigger diameter, 166 miaRD trigger
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spacing anartificial light presenin all pots. The full list of treatmenis summarizedn

Table 2.1.

2.24 Data Analysis

Analysis of parametric data was performed in SPSS® Statistics Version 19

(IBM Corp.,2010. For Experiment |, malysis ofAmerican plaicecatch weights included

a threeway ANOVA which examined the effect of independent variatdagrance

shape, trigger diameter, and trigger spacintherdependent variablglaice catclrate
Similarly, a threeway ANOVA was performed for plaice body lehgexamining the

effect of independent variables entrance shape, trigger diameter, and trigger spacing on
the dependent variablplaice bodylength For Experiment I, a twavay ANOVA was

used to examinthe effect oindependent variables entrance shapel, presence/absence

of bait on dependent variablgaice catch rate. Likewisa,twoway ANOVA was

performed to examine the effect of independent variables entrance shape, and

presence/absence of bait on dependent variplaiee body length.

In analzing snow crab catch rates for Experiment |, faary, threeway, and tweway
ANOVAs wereemployed to measure the effects of independent variables such as
presence/absence of artificial light, entrance shape, FRD trigger diameter, and FRD
trigger spacingn dependent variable snow crab catch. retese ANOVAs however

ei t her vi oeégaditgfivariareaestor Bad imteraction terms atlderefore
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independensamples-testsand oneway ANOVASs were carried out tanalyz the

effects oftheindepemlent variables separately on snow crab catch ratese analyses

were performed separately for each artificial light treatment as it was observed that snow
crab catch rates were substantially higher when artificial light was present as opposed to
light absent | wanted tosee if | coulddeterminewvhetherthis result was due to light

effectively increasing the area of attraction of the pot or if light facilitated the ability of

the crab to enter the pot due to one or more of the other pot modificateonsriirance

shape, FRD trigger diameter, FRD trigger spacifg}t, ttests were performed

comparing the effects &fRD trigger diameteon mean catch rates of snow crab across
each entrance shape and FRD trigger spacirttgiabsence of artificial lig and also

when artificial light was present. Omeay ANOVAs were performed assessing the effect

of FRD trigger spacing on mean catch rates of snow crab across each entrance shape and
FRD trigger diameter in the absence of artificial light and also wiigitial light was
presentlndependensamples-tests were completed comparing the effect of EfRiger
diameter on the mean catch rate of snow crab for each entrance shape in the absence and
presence of an artificial light sourdéinally, ttests wee used to assess the effect of entrance
shape on the mean catch rate of snow crab for each FRD trigger diameter when artificial light
was absent and present. For Experiment I, an indepesdeniles-test was used to

compare the effect of bait presentes@nce on mean catch rates of snow crab for each

entrance shape.
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Bonferroni és adjusted al ph-waiselereovratdin was used
multiplett est compari sons. Significance | evel f
adjusted alpha level or 0.0Bor each ANOVA performed, full factorial models

examinng the main effects and the interaction terms were completed. If interaction terms
were observed to be statistically insignificant(p.05) in the full factorial models than a

reduced model examining only the main effects were completed in order tased¢he

power of the ANOVA tests and determine if there were any observed significant

differences betweeineatments fothe full factorial and reduced models. If no significant
differences were observed in the reduced modelstheresults of thdull factorial

model verereportedL eveneds equality of variances wa:¢
variances for all ANOVAs. All catch weights were {e@+1) transformed and body

lengths logo transformed to improve on normality and homogeneity of variances

2.3 Results

2.3.1 Gillnet Surveys: Verification &reenland HalibuPresence in Studirea

Two gillnets hauled back on September 7,2@&re &t at 366 m and 521 m. The gt
set deployed at 366 m captured nireenland halibuwith total lengthsanging from
3846 cm Mean=40.8 cm). The giltet set at 521 m captured ei@reenland halibut
with total lengths ranging from 381 cm (Mean =44.3 cm). Onlyinformationon

Greenland halibutverecollected in these preotting gillnet sets.
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Two gillnets were also deployed on Day 5 of the pottingegiments. Once again
Greenland halibutverecaptured in both gilinets. The firgillnet was set at a depth of
approximately 36 m and captured fougreenland halibuwith total body lengths ranging
from 4450 cm(Mean=47.2cm). This gilhetalso captured 13 Atlantic cod, sidfish,
andninesnow crab. The second gillnet was set at a depth obzippately 52 m and
captured 1@reenland halibuwvith total body lengths ranging from 4B cm

(Mean=44.8 cn). Additionally, two American plaicepneeelpout, and 18 snow crab

were captured in this net. A total of fi@eenland halibutvereeuthanized andissected

for stomach content analysis. The stomachs were all found to be empty. It is unclear
whether theGreenland halibutvere not feeding prior to being captured or if evacuation of

the stomach contents occurred following capture in the net.

2.32 General Observations aribtal Catch of Potting Experiments

Overall, for both experiments, American plaice dioaed thdish captures followed by
Atlantic cod, redfishGreenland halibytspotted wolffish, andhiscellaneou$ish
(grenadier, eelpout, and sculp{ifable 2.2). Snow crab dominated the crustacean
captures, followed by toad crab (Table 2\&mco tenperature data loggers logged a

consistent bottom temperature of 3 °C throughout the study.

Artificial light proved to be very important factor influencing the capture of American

plaice.Individual daice were captured almost exclusively with lighe¢sent (i.e., 99%gs
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opposed to light absent treatmeimt&xperiment 1 85% of pots thatontainedartificial

light captured plaice in contrast émly 4% of pots with light abseliTable 2.2) Noting

the large discrepancy in abundancelaice betweefight treatmentsExperiment 1l was
designed to examine tledfectivenes®sf artificial light in pots with bait present and
absentAlso, during Experiment,lalthough the same percentage of pots were occupied
by Atlantic cod,a greater number of cod weraptured in potsontainingartificial light.
Further,throughoutExperiment | a geater biomass of snow cralascaptured in the
presence of artificial light with 1.7x more snow crab captured in pots containing artificial

light (Table 2.2).

Artificial light was also found to be important in the capture of plaice during Experiment
Il with more plaice captured overall in pots containamtificial light and no bait, as
opposed to pots containimgtificial light and bait. Overall, 1.75% more plaice were
captured in pots containiragtificial light and no bait (Table 2.2). Although few Atlantic
cod were captured during Experimentfile out of sixwere captureth pots containing

light and no bait. Conversely, snow crab were captured more often andatutiaés were

5x higher in pots containing light and bait (Table 2.2).
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2.3.3 Experiments | and 1l

2.3.3.1 American Plaice

As was previously outlined, artificial light was very important in the successful capture of
American plaice with approximately 99of plaice captured in pots containing an
artificial light source during Experiment |. Subsequergbrametric analyses of plaice

catchrates and total body lengtix®rerestricted to potevhereartificial light waspresent.

Results of dull factorialthreeway ANOVA analyzing the effects of pot entrarstee,
FRDtrigger diameter, anBRD trigger spacing omeancatchratesof American plaice
cgpturedin Experiment | (Table 2.3pdicated entrancehae (F1,4s= 11.111, p = 0.002)
and FRD tigger spacingFi,4g= 3.601, p = 0.035ignificantly influenced catch rates,
while there was no effect of FRD trigger diametars6= 0.995, p = 0.324fable 2.3)A
reducednodelthreeway ANOVA with the interaction terms removed wasformed
sequenally; however there were no significant changes to thialpes of the source
variablesOverall, pots with trapezoid entrances (Meai.263+ 0.148kg/pot haul

(1 SE)) captured a significantly greatbiomassof plaice(1.8x more plaicepver the
potswith conical entrance@viean= 0.697+ 0.165kg/pothaul (1 SE))

(tse=3.112,p=0.003; Figure 2).
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The relationship between body length and width of plaice captured in both conical and
trapezoid pots throughout the study is illustrated in FiguseA2full factorial threeway
ANOVA analyzing the effects of entrance shape, FRD trigger diameter, and FRD trigger
spacing on mean plaice body lengimdicatedno interactions. Therefoereduced

model threevay ANOVA examining only the main effectgas sed and indicatethat

both FRD trigger spacing4 247= 3.318, p= 0.038) and FRD trigger diameter
(F1,247=8.396, p = 0.004) were significarfigble 24). The mean body lengtlos plaice
were subsequently anaba for each-RD trigger spacingf the 3and 5 mm FRD trigger
diameters. Mean body lengths of plaice varied without trend forleREHrigger spacing
containing the 3 mrkRD triggerdiametey while mean body lengths of plaice decreased
with increasing=RD trigger spacingontaining the 5 mrtrigger diameter (Table Q).

Next, mean bdy lengths of plaice were anaba bygrouping data from both the FRD
trigger diameters and entrance shapegetdy the differences betweeneanbody

lengtrs. Through this analysis it was determined that mealy bengths of plaice varied
without trendbetween th&RD trigger spacing treatments (Table R Bosthoc analysis
identified two homogeneous subsets with the 52 mm and 166 mm trigger Sjoaciimgy
one subsetind the 166 mm and 109 mm trigger spadorgiing the second subsédte
maxmum differencebetween treatment®oweverwas minorat2.72 cm(Table 26). The
percent frequency plot for individual American plaice for each of the HR&etrigger
spacings (Figure 8) indicates that the 52 mRRD trigger spacing gauredthe greatest
frequency otundersize (<30 cnplaice followed by the 166 mm, and 108n FRD

trigger spacing.
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With regard to Experiment Il, @vo-way ANOVA indicatedentrancesha had a
significant effec{F1,3s= 6.793, p = 0.014on American plaice catch rates while
presence/absence lmdit had no significant effe¢E136= 0.210, p = 0.650Table 27).
Removing the interaction term and running a reduceevwayp ANOVA model did not
significantly affect this result.rpezoid potsvhich contained light and no bait captured
substantially (1.6L.7x) more plaice than conical pots for both bait treatments as well as

1.4x more plaice than trapezoid pots containing bait (Figuije 2.

A two-way ANOVA indicated that the litareatments had significant but smakffect
(F1,150=4.083, p = 0.0450n the mean body length of American plaice while entrance
shape had no effe@1 150= 1.651, p = 0.201fable2.8). Running a reduced twway
ANOVA model did not change this resuRlaice captred in pots that did not possess bait
exhibited a mean body length of 2&8.7cm (1 SE)while plaice captured in pots
containing bait exhibited a mean body length of 30180cm (1 SE) The mean
difference in body length therefoneas2.5 cm betweebait treatmentsSimilar to

Experiment I, undersized (< 30 cm) plaice were well represehigdré 28).

Partially eaten, deceasefimerican plaice were observed in potsotilghout both
experiments. This displayexiidence of snow crab predation on smatierican plaice

which occurredn 31% of pot sets where both species were captured together.
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2.33.2Snow Crab

Homogeney of variance was violated farfour-way ANOVA analyzing the effect of pot
entrance shape, FRD trigger diameter, FRD trigger spacingorasednce/absence of

artificial light on mean catch rates of snow crab. Further, homogeneity of variance was
violated on ahreeway ANOVA analyzing tle effects of pot entranshapeFRD trigger
diameter, andFRD trigger spacing on meaatch rate®f snow crab gaturedin potswith
artificial light presentwhile interaction effectamong main terms were observed in
treatments with artificial light alesitfor Experiment I Due to the inconsistencies in the
threeway ANOVASs, a series of full factorial and reduced tway ANOVAS were

performed on the above variables to determine if any of these variables were statistically
significant or had significanhit er acti on ter ms. Many of thes
equality of variances whighrompted analyses examinitige effect of each ofthe pot
modificationson snow crab catch ratesparately foeach light treatmenihe purpose of

this was to determiné there were differences among snow crab catch rates and/or
observable trends between and within different pot entrance shapes, FRD trigger

diameter, andRD trigger spacing treatments for Experiment 1.

FRD trigger diameter did not have a significaffect on mean catctatesof snow crabn
the absence of artificial light amo®dRrD trigger spacings for both the conical and
trapezoid entrance pots (Tabl®)2However, onical potditted with 3 mm diameter

triggerscapturedsubstantialljower biomas$2.1-11.6x lesspf snow cralat allFRD
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trigger spacing treatmentempared to the trapezoid p¢isable 29). Analysis of the

effect of FRD trigger diameter on snow crab catch rates in the presence of artificial light
revealed that theonical entrancevith 166 mm trigger spacing qaturedsignificantlyless
snow crakin the 3 mm diametdfRD trigger treatmenthanthe 5 mm diametdfRD
triggertreatmenttio = 5.201,p = 0.001;Table 2.D). Once again, conical entrangets

fitted with 3 mm diametelfRD triggerscaptured substantially fewer-{& less) snow

crab tharthose fitted wittb mm diameteFRD triggers (Table 210).

Next, he effect of FRD trigger spacing on snow crab catch rates was analyzed within the
trigger diameter treatments for each entrasiw@pe The analygsrevealed that there were
no significant differencefound between trigger spacing in the absence (Tablg &rl
presence (Table 2} of an artificial light source. These results for the FRD trigger
diameter and FRD trigger spacing treatments indicate that FRD treatments can be
combined across FRD trigger spacing to investigate the effects of FRD triggeretiamet
for each entrancghapgTable 2.B) as well as the effect of entranslgapeor each FRD
trigger diameter (Table 24) on snow crab catch raté&here were significant differences
in mean snow crab teh ratedbetweerFRD trigger diameters for the caral entrance in
the absencéz> = 2.614, p = 0.016nd presence @irtificial light

(tos = 3.273,p = 0.003;Table 2.B). The 5 mm diametdriggercapturedover 5< more

crab in the absence of light and over<more crab when light was present in tloesp

(Table 2.B). There were no significant differences in mean snow athaategor the

33



trapezoid entrandegweenFRD trigger diameters eitherthe absencer presence of

artificial light (Table 2.B).

With regard to the effect of entranseapgor each FRD trigger diameter anow crab
catch ratesthere were significant differences in mesmowcrab catchrates found
between entrancghapsin the 3 mm diametdfRD triggertreatments in the absence
(t22=4.199, p = <0.001and presence d@irtficial light (t2s = 3.328, p =0.002;
Table2.14). In both cases, trapezaémtrances qaured approximately 4.5more crab
than conical entranc€$able 2.4). Conversely, no significant differences in msaow
crab catclrateswere foundbetween entrateshapsin the 5 mm diametdfRD trigger
treaments in the absen¢e. = 0.628, p =0.536)or presence ddrtificial light
(tis=1.012, p =0.327;Table 2.1). Overall, ®nicalpotswere found to gaturemore
snow crab irpots with5 mm diameteFRD triggers, andtrapezoid pots captured

significantly more crab with the 3 mm diamekdRD triggers(Table 2.4).

Regarding Experiment Ihomogeneity of variance was violated for atway ANOVA
analyzingthe effects of pot entrance shage presence/alisee of bait on snow crab

catch rates. Therefore the effect of bait presence/absence was analyzed separately for
each pot entrance shapesignificant effect of bait absence/presence on neageh rates

of snow crabwas found for crab captured @onical pts(t1s = 6.502, p = <0.001)ut not

in trapezoid potst{s = 1.191, p =0.25ITable 2.5). Over 50x more crab were gaured
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in the conical entrance with bait as opposed to noWwhite 1.6x more cré were

captured in the trapezo&htrance with bait as opposed to no (figure 29).

2.33.3Greenland Halibut

Overall, only fiveGreenland halibuivere captured in pots throughout the course of this
study, with all captures occurring in Experiment | when the artificial light souase
absent. Four of théreenland halibutvere captured alive amdnged inengthfrom

3542 cm Mean= 37.5cm) while the fifthGreenland halibutvas partially eaten by snow

crab. Four of the fivé&reenland halibuivere captured in pots with trapezoidrances.

2.4 Discussion

This studyaimed to capture flatfish species suclGasenland halibuand American

plaice while avoiding snow crahrough modifications tthe entrance ahe
Newfoundlandcod pot designas well as the application of an artifitlight lure Several
treatments such as pot entrasbape FRD trigger diameterf-RD trigger spacing, and
presenckabsencef artificial light were examined in Experimehwhile the effect of
presenckabsencef bait on the capture of organisms for each pot entrsimapeusing
artificial light, 5 mmFRD trigger diameter, and 166 mRRD trigger spacing in all pots
was examined in Experiment Qverall, these experiments demonstrated the importance

of entranceshape and artificial light in the capture of American plalt¢es application of
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artificial light as a potential lure for fish to enter pots hasbeein wellstudied Therefore
the results obtained ingéke experiments are quite novel and are valuafdemation
moving forward inthe developnent ofpotting technology and techniques to capture fish

species.

Observed abundancesft#tfish capturedn this study wergreaterthan observed
abundances ofdtfish capturd by baited pot$n a previous studgonducted byinkham
and Salerno (2007Yheytargeted winter floundgPseudopleuronectes americahusth
their pots and captured a total of 26 winter flounder over three seasons (i.e., summer,
winter, and springl,160 traps hauled over 33 trjpd pating trials. These flounder
ranged in sizérom 15 to 42 cm with half13) of the flounder being at or above the
minimum legal landing size of 30.5 cm. In comparison, @reenland halibuand 422
plaice were captureolver twelve fishing days in the cent study. The plaiceanged in
sizefrom 18 to 47 cm and 168 individual plaice (approximately 40%illgflaice

captured)wvere either at or above the minimum legal landing size of 30 cm.

The presence of an artificial light source in the pots was foundda besentidiactor
influencing catch ratesf American plaicen this study Plaice were gaturedalmost
exclusively wherartificial light was present making it a significant factor fargeting
plaice when using potting gedllaice behaviar in relation to artificial light has not been

studied before so these ar@velfindings. American plaice commonly inhabit depths of
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20-180 m (glesias et al., 1996wvhich is shallow enough for haal light to penetrate.
This may explain the willingness of plaice to enter pots containing a relatively high
intensity (3.0 lux) green light source in the fairly deep depths of the study site %3840

m).

Pot entrancehapeproved to be another imgant factor influencing American plaice
catch rates. Plaice wereptaredin the trapezoid entrangmtsin greater quantities as
opposed to the conical entrarmasin both experimentd hypothesize that this is due to
the flattened entrance and funoékhe trapezoid potahich would conceivably be more
conducivefor a flatfish such aplaice torest uporbefore pushing past the triggers and

entering into the pah contrasto the rounded funnel of the conical entrance.

In Experiment I, the effeatf the absence and presence of bait on catches of plaice and
crab were examined. Baiting pots and traps serves to increase the rate of erttrg until
bait odour is exhaustedfter whichtime the rate of entry decreas@hpmsen et al.,

2010. During Experiment Il, atches of plaice were found to bgrsficantly greater
(2.3xmore)in the trapezoid entrances over the conichélieve that this difference is
again relateda the preferred movement of Americalaice over the more flattened

funnel ofthe trapezoid entrance. Interestinglypstantiallymore plaice were gauredin

both entrancshaps with bait absent and only light prese@bnverselylesssnow crab

biomass wasapturedn both entrancehaps with bait absent and only light present
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During the study it was observed that a number of pots showed evidence of snow crab
predation on American plaice. This was determined by the appearance of partially eaten,
deceased plaice in pots containing large numbers of snow crab. It is a poshkdtility

there were more plaice captured in poltenbait wasabsendue tofewer snow crab
beingcaptured imon-baited potsPlaice weregperhaps more willing to enter pots

containing fewer numbers of snow crab in order to reducpdbsibility of predatin by

snow crabThere ardnoweverseveral other reasomfy a fishor crustaceamay enter a

potin the absence dfait such as: random movements, inhabiting a pot as a residence or
shelter, curiosity, intraspecific social behaviourlamating prey(High and Beardsley,

1970.

A high percentagef plaice caturedin this study were juveniles that would be

considered undersized (< 30 cim)a commercial fisheryit was observed that there was
mud on pots that were hauled up from the seabed for a numpet ldiulsindicating a

muddy bottom habitatValsh and Brodie (1988pund that most catches of juvenile
American plaice found on the southern Grand Bank were located in areas of a large mud
deposit. It is believed that muddy bottoms may ses/aurserareas for juveniles that

feed on small infaunal invertebrates in these habitatsheaysnay more efficiently avoid
predators by burying themselvesie sedimentWalsh, 199). The study area for these
experiments may be an important nursery grounguianile plaice which would explain

the large numbers of juvenilesptaredin this study. To reduce the capture of juvenile

plaicein pots,the mesksizein the bagof the pot could be increased to allowe th
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escapement of undersized fish as the pot ifeldao the surfacélhe 110 mm mesh used
throughout the pot stretches to approximately-®®51m opening which corresponded to

the smallest body width of American plaice captured during the study (Figiré\a.

increased mesh size that could createpgmaximate 100 mm opening when stretched

would allowforf uveni |l es to escape throughadilthe mest

plaice could be captured (Figur&pR.

The only pot entrance modification that was found to have a significant effect on the
catch rates of snow crab Experiment was FRD trigger diametefhere were no
significant effects of entranshapeor FRD trigger spacing, and no significant effect of
absence/presence of artificial light on snow crab catch rates. However it is wianth no
1.5x more snow crab were captured in the presenietbfbait andartificial light during
Experiment | which would be substantialmprovement for fishermen targeting snow

crabwith baited pots

In the conical entrance potsi@v crab catches weneuch lower for the 3 mrdiameter
FRDtrigger over the 5 mm diametERD trigger. It was discovereduringthe
experimentghat thelength ofindividual 3 mm diametetriggersin theconical entrance
potswere too long for this narrowegge of steelThe tiggers in these potsere easily
bent andsometimes becanmentangledn the mesh of the funnel atlduswould not be

easily manipulated bfysh and crustacearatempting to push past them. ThenB1 FRD
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triggers for the trapezoientrances on the other hand were at an appropriate size where
theywere not easily bent arttid not becomentangledn the mesiof thefunnel,which

is perhaps whadllowedfor morecomparable catches with the 5 niRRD triggers.

As expected, less snawab were gatured in pots with bait absevgrsuspots with bait
present in Experiment Il. Snow crab are more olfactory than visual predators and without
a bait plume to help guide them towards thefpmh a distanc€Vienneauet al., 1993)

and fresh baito entice tlem to enter the pot, there wesignificant decreasen snow

crab catch rates in pots witht bait The presence of artificial light in all the pots for
Experiment Il stillhoweverattracted snow ab to enter the pots. It ossible thatrsow

crab entered the pots to feed on any other fish (i.e., American plaice) that were already
captured. No significardifference inmeancatchratesof snow cralbetween entrance
shaps wasfound However the conicakentrance pots witbait presentaptued

significanty more (over 50xmore)snow crab than conical pots with bait absent and more
snow crab was captured overall in the trapezoid baited pots over the trapezbaitadn

pots

Greenland halibuvere present in the study area as indicated by exploratory gillnets set
prior to and during the experimenihedegreeof Greenland halibut densities within the
study arednoweverwas not determinedraditional ecological knowledge of Greenland

halibutdensitieswithin the study area by fishermen indicated that historic&@hgenland
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halibutwerepresent in large quantitieldowever,very fewGreenland halibuvere
cgpturedin pots throughout the study. A study Ygldemarsen (197%howed similar
resuts where he tested collapsible pots on fishing grounds for Greenland halibet but
was not able to capture aaf/the target specieblowever, @ the same fishing grounds

usinglonglines he found the catels to be much more substantial.

The fiveGreenlan halibutthat were cpturedduring the currenstudy were gatured

only in Experiment | when artificial light was abselb previous studies have observed
the response dbreenland halibutbo artificial light; nevertheless it is probable that
Greenland hlibutavoided the light source due to its high intené3ty lux)and/or
wavelength (green532 nm peak wavelength) which may have been too bright for them
at such depths. A previous studyMgchesan et al. (209%ound that green colored light
inducedstrong repulsion in European seabass. Other studiesnura, 1958; 195%ave
found that many fish species prefer to aggregate in dim areas just outside the brightest
areas ofpot. Also, Greenland halibutre visual predatottat are more attracted to
moving as opposed to stationary prey, similar to another flatfish spgmesnter
flounder(Macdonald, 1988 Greenland halibuare adapted to hunt at low light to no light
conditions in great depths of water (4D800 m).Y oung (age ) juvenileGreenland
halibuthave been observedtagrate up through the water colupfrut only at nightand
particularly around midnighwhich is in contrast tolder juveniles and adutreenland
halibutthathave been documented to remain close to the oceardfioing theday and

night (Jorgensenl 997 all under low light conditionsThe illuminance of a full moon on
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a clear night can be from 02700 lux (Bunning and Moser, 1969vhich isamuch

lower intensityof light in comparison to the artificial lightssed throughout this study
(i.e.,31ux). It is conceivable thaBreenland halibuivere sensitivand not well adapted

to the relatively high illuminance of the artificial light source and perhaps remained on
the dimly lit periphery of the illuminated zerof the artificial light American plaice were
captured almost exclusively in the presence of artificial light whil&reenland halibut
were captured in pots containing artificial light which would suggesnsiderable
difference ineach flatfishspecieélevel of attraction toward the light sourdéthe
illuminance of thdight used in the experiment could be dimirdior placel in an area

of the pot where the light illuminating the entrances appeared dipeneaps more
Greenland halibutvould enter the potd-or example, if the light was attached to the float
connected to the net bag that siseveral meters off the sealtkdn it is possible

Greenland halibutnay be more attracted to enter the pot.

SinceGreenland halibuare more visualygdators, perhaps the use of an artificiabiteo

bait inside potsvould increase catch rates@feenland halibuExperiments with

Atlantic halibut(Hippoglossus hippoglossusaisedin captivity have demonstrated they

will only enter pots whethe baitwas gently moved tarmulate movement of their prey

(pers. comm., S. Grant, Research Scientist, Marine Institute of Memaorial University,
StJohnos, Newf oundl an dGree@andhaldeld.und&i mi | ar | y,
laboratoy conditions would not feed arapelin until they were moved about on a fishing

line throughout the water column (pers. comm., Y. Lambert, Research Scientist, Maurice
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Lamontagne Institute, Moxloli, Quebec, Canaddh the current study, bait was
immobile and concealed in bait bageseobservations suggektture Greenland
halibutpottingstudies shouldonsideradding moving bait such as a pendulum mounted
artificial bait inside pots to entid@reenland halibub enter in addition to reducing the

intensity of the illuminance of #hartificial light source.

Atlantic cod catch rates were found to be greatest in treatments with artificial light present
with 65% of cod in Experiment | captured in treatments with an artificial light source and
bait present and 83% of cod capture@kperiment Il occurring in pots with artificial

light only. These results demonstrate the important role that artificial lights could have on
improving catch rates of cod in pots and it is recommended that more experiments be

performed using artificial liigt in pots to target Atlantic cod.

At one time he American plaice fishery was the largest fishery for flatfighén
Newfoundlandegion.This resource was greathyerfishedhough,and declining catches

in themid-1980sand 1990s brought about a moratorium in 1995 banning all fishing of
American plaice stock@viorgan et al., 2001which continues to this day. Stratified

random bottom surveys completed by DFO have indicated that there have been increases
in the abundancand biomass of plaice since 2002 in Div. 2J3K (region of the study

area). Yet, the current biomass and abundensgll far lower tharaverages of the mid

1980s at 10% and 25% respectivéyfO, 2012.

43



Thegoal of this study was to capture commerciamties of flatfish species while
avoiding the capture of snow crab in modified fish pots. | believe that some of the
findings in this study were importaimt attempting tamitigatethis problem. One of the
most important results of this study was thathbdmerican plaice and snow crab are
attracted to pots that contain an artificial light souhoevever few crab will enter a pot
absent an olfactory stimulus (i.e., bait) while American plaice will enter a pot containing
only artificial lightas the stiralus In targeting American plaice and avoiding the capture
of snow cralwith pots the results suggest that the presence of an artificial light source
and absence of olfactory bait isiable option, as mean catch rates of plaice in pots
containing lightand no bait were actually greater (1.4x more) thaan catch rates of
plaice in pots containing artificial light and bait. In future stutkegeting American

plaice it is recommended that pots be tested within the preferred depth range

(i.e.,20-180m) of American plaicel@lesias et al., 1996

Even though the targésh species in this studgreenland halibytwas not captured in
commercial quantities, these experiments were still a success in the fact it was
demonstrated that the Newfoundland pod design with some minor modifications was
able tocapturefish specieghat differ in morphologysuch as American plaice. The
behaviour of plaice to actively enter a pontainingonly artificial light is a new,
importantfinding which opens the door for moresearchusingatrtificial lightsin fish

pots It is recommended thatifure studies using pots targetGreenland halibut be

conducted in areas where known commercial quantfiésis species existélso, future
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studies workingvith fish potsshouldmake use oértificial lights with different

intensities and wavelengths of light. StudiesMgrchesan et al. (2005) and Widder et al.
(2005)have shown thathangingthese two variables can result in various levéls o
attraction or aversion to light as a stimulugish. Furthermoreis recommended that
mobile, artificial baitthat sways with the bottom curretttsplacedin the pots as another
possible attractant tenticefish to enter into the pot while avoiditige capture o§now

crab.
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Table 2.1Full list of treatments for Experiment | and Twelve pots were fished per day.

Six pots were utilized for each entrance type with three replicates for each trigger

diameter (Experiment I) or bait (Experiment Il) treatm&humbers in the columns

correspond to the three trigger spacing treatm@a2s 3 mm, 109 £ 4 mm, and

166+ 3 mm)used in Experiment I. All pots used in Experiment | contained bait. All pots

in Experiment Il were equipped with artificial light, 5 ndirametettriggers, and

166+ 3 mm trigger spacing.
Conical Entrance Trapezoid Entrance
Experiment _3mm 5 mm _3mm _5mm
# Day qumeter qumeter qumeter Dlgmeter
Trigger Trigger Trigger Trigger
1 No Light No Light No Light No Light
& 52 mm & 52 mm & 52 mm & 52 mm
5 Light Light Light Light
& 52 mm & 52 mm & 52 mm & 52 mm
3 Light Light Light Light
& 109 mm & 109 mm & 109 mm & 109 mm
4 No Light No Light No Light No Light
& 109 mm & 109 mm & 109 mm & 109 mm
Experiment 5 No Light No Light No Light No Light
I & 166 mm & 166 mm & 166 mm & 166 mm
6 Light Light Light Light
& 166 mm & 166 mm & 166 mm & 166 mm
7 Light Light Light Light
& 109 mm & 109 mm & 109 mm & 109 mm
8 No Light No Light No Light No Light
& 109 mm & 109 mm & 109 mm & 109 mm
9 Light Light Light Light
& 166 mm & 166 mm & 166 mm & 166 mm
Conical Entrance Trapezoid Entrance
Experiment 10 Bait _ No B_ait Bait _ No Bait
I 11 No Balt Bait . No B_alt Bait _
12 Bait No Bait Bait No Bait
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Table 22 Summary of the total catches for Experiment | andlilimerical values

indicate the total number of individuals captured in potsifermost commonly captured

fish and miscellaneoussh specieqi.e., grenadier, eelpout, and sculpin) whitl@uesfor

snow crab and toad crab indicate kilograms (kg) of species captureduiiber of pot

hauls for each treatment is indicated by (n) while percentages in parentheses indicate the

percentage of pot hauls a species was captured in for each corresponding treatment.

Total for Exp. |

Species and Exp. Il Total for Exp. | Total for Exp. Il
Light Light Bait Bait
absent present absent present
(n=48) (n=60) (n=18) (n=18)

American plaice 422 3 265 98 56
P (4%) (85%) (89%) (83%)
Greenland 5 5 0 0 0
halibut (8%) (0%) (0%) (0%)
. 9 17 5 1
Atlantic cod 32 (17%) (17%) (17%) (6%)
. 4 3 1 1
Redfish spp. 9 (8%) (5%) (6%) (6%)
, 4 0 0 0
Spotted wolfish 4 (8%) (0%) (0%) (0%)
Miscellaneous 6 3 2 1 0
fish (6%) (3%) (6%) (0%)
556 948 49 249
Snow crab 1,802 (96%) (95%) (67%) (89%)
1.6 7.3 2.0 1.7
Toadcrab 12.6 (13%) (42%) (33%) (33%)
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Table 2.3Experiment .Summay of threeway ANOVA to testthe effectof pot entrance
shapeFRD trigger diametermandFRD trigger spacingn mean catch ratesf American

plaice captured ibaitedpots containingnartificial light source

Source di SS MS F-statistic p-value
Entrance 1 0.311 0.311 11.111 0.002*
Trigger diameter 1 0.028 0.028 0.995 0.324
Trigger spacing 2 0.201 0.101 3.601  0.035*
Entrance x Trigger diameter 1 0.018 0.018 0.633 0.430
Entrancex Trigger spacing 2 0.020 0.010 0.349 0.707
Trigger diametek Trigger spacing 2 0.105 0.052 1.873 0.165

Entrancex Trigger diametek Trigger spacing 2 0.008 0.004  0.144 0.866
Error 48 1.343 0.028

*Significantly different at p<0.05
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Table 24 Experiment .Summay of a reduced modehreeway ANOVA to testthe
effectof pot entrancshapeFRD trigger diameterandFRD trigger spacingn mean

body length of Anerican plaice captured in baited pots containing an artificiatl lig

source.
Source di SS MS F-statistic p-value
Entrance 1 0.000 0.000 0.043 0.836
Trigger diameter 1 0.077 0.077 8.396 0.004*
Trigger spacing 2 0.061 0.031 3.318 0.03*
Error 247 2.280 0.009

*Significantly different at p<0.05
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Table 25 Experiment .ISummaryof mean body lengthsf American plaice captured for
each FRD trigger spacing among baited pots containing 3 mm trigger diameter and 5 mm

trigger diameterAll potsadditionallycontairedanartificial light source.

Body length
FRD Trigger FRD Trigger (cm)
diameter (mm) spacing (mm)  No. of pots Mean SE
3 52 29 25.72 0.890
109 42 28.98 1.059
166 50 25.98 0.734
5 52 11 30.45 2.577
109 54 30.35 0.903
166 66 28.98 0.819
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Table 26 Experiment .Summary oimean body lengths of American plaice captured for
each FRD trigger spaciregnongbaited potcontaininganartificial light source

Homogeneous subsets are identified (i.eand B.

Bodylength
FRD Trigger pacing No. of individuals (cm)
(mm) captured Mean SE
52 40 27.03 A 1.00
109 96 29.75B 0.69
166 116 27.69 AB 0.58
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Table 2.7 Experiment Il:Summay of two-way ANOVA to testthe effectof pot entrance
shapeandpresence/absence lodiit on mean catch ratesf American plaice captured in
pots.All pots were fished witlartificial light, 5 mm diameter FRD triggers, and 166 mm

FRD trigger spacing

Source df SS MS F-statistic p-value
Entrance 1 0.272 0.272 6.793 0.014*
Bait 1 0.008 0.008 0.210 0.650
Entrancex Bait 1 0.020 0.020 0.500 0.485
Error 32 1.283 0.040

Total 36 4.349

*Significantly different at p<0.05
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Table 28 Experiment Il: Summary of twavay ANOVA to test the effect of pot entrance
shapeandpresence/absence ladit onthe meanbody lengthof American plaice captured
in pots.All pots were fished witlartificial light, 5 mm diameter FRD triggerand

166mm FRD trigger spacing.

Source df SS MS F-statistic p-value
Entrance 1 0.018 0.018 1.651 0.201
Bait 1 0.045 0.045 4.083 0.045*
Entrancex Bait 1 0.005 0.005 0.438 0.509
Error 146 1.603 0.011

Total 150 318.217

*Significantly different at p<0.05.
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Table 29 Experiment .Summary oindependensamples-testscomparng the effecof
FRD triggerdiameteron the meaatch rateof snow crab gaturedin baited potsacross
each entrancehape and FRD trigger spacing in the absence of an artificial light source
No significant differences in mean catettesof plaice were found using Bonfero ni 6 s

adjusted &0pB7A | evel (U

FRD Catch rate
Trigger FRD Trigger No. (kg/pothau) Analysis
Entrance  spacing diameter of t- p-
shape (mm) (mm) Pots Mean SE df statistic value
Conical 3 3 4.27 3.92
52 5 3 927 645 4 0577 0.595
3 6 3.68 1.50
109 5 6 1780 407 10 2.071 0.065
3 3 2.20 0.97
166 5 3 2560 1658 4 1487 021
Trapezoid 3 3 13.17 491
52 5 3 363 1.70 4 1849 0.138
3 6 16.45 6.65
109 5 6 1310 364 10 0.006 0.995
3 3 17.03 2.26
166 5 3 297 337 4 1.733 0.158
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Table 210 Experiment :.Summary oindependensamples-testscomparng the effect
of FRD triggerdiameteron the meaatch rateof snow crab gaturedin baited pots

across each entranskape and FRD trigger spacing in the presence of an artificial light

source.
FRD FRD Catch rate
Trigger Trigger No. (kg/pothaul) Analysis
Entrance  spacing diameter of t- p-
shape (mm) (mm) Pots Mean SE df statistic value
Conical 3 3 3.00 1.86
52 5 3 1510 13.92 4 0456 0.672
3 6 3.87 201
109 5 6 1297 459 10 1.567 0.148
3 6 483 2.38 .
166 5 6 3383 538 10 5.201 0.001
Trapezoid 3 3 8.20 5.01
52 5 3 1610 130 4 1653 0.174
3 6 2188 5.14
109 5 6 1800 267 10 0.030 0.977
3 6 19.70 6.94
166 5 6 2173 303 10 1.059 0.315

*Significantly differentat Bonf er r alphalévelf<a.@g7u st ed
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Table 2.11 Experiment :Summary obneway ANOVAs comparing the effecof FRD
triggerspacingon the mearatch rateof snow crab gaturedin baited potsacross each
entranceshape and FRD triggediameterin the absence of an artificial light sourbko

significant differences in mean catch ratesmmdw crabwere foundi.e., p>0.05).

FRD FRD Catch rate
Trigger Trigger  No. (kg/pothaul) Analysis
Entrance diameter spacing  of F-
shape (mm) (mm) Pots Mean SE df statistic p-value
Conical 3 52 3 427 3.92
109 6 3.68 1.50 2,9 0.034 0.967
166 3 220 0.97
5 52 3 9.27 6.45
109 6 17.80 4.07 2,9 0.398 0.683
166 3 25.60 16.58
Trapezoid 3 52 3 13.17 491
109 6 16.45 6.65 29 0.271 0.769
166 3 17.03 2.26
5 52 3 3.63 1.70
109 6 13.10 3.64 29 2225 0.164
166 3 7.97 3.37
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Table 2.12 Experiment :Summary obneway ANOVAs comparing the effecof FRD
triggerspacingon the mearatch rateof snow crab gaturedin baited potsacross each
entranceshape and FRD triggediameterin the presence of an artificial light sourbio

significant differences in mean catch rates of snow crab were foaang*0.05).

FRD FRD Catch rate
Trigger Trigger No. _ (kg/pothaul Analysis
Entrance diameter spacing  of F-
shape (mm) (mm) Pots Mean SE df statistic p-value
Conical 3 52 3 3.00 1.86
109 6 3.87 201 2,12 0.163 0.851
166 3 483 2.38
5 52 3 15.10 13.92
109 6 12,97 4.59 2,12 3.091 0.083
166 3 33.83 5.38
Trapezoid 3 52 3 8.20 5.01
109 6 21.88 5.13 2,12 0.744  0.496
166 3 19.70 6.94
5 52 3 16.10 1.30
109 6 18.00 2.67 2,12 0.711 0.511
166 3 21.73 3.03
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Table 213 Experiment 1 Summary oindependensamples-testscomparing the effect

of FRD triggerdiameteron the meawatch rateof snow crab gaturedin baited potgor

each entrancghape both in the absence and presencaroértificiallight source

Catchrate
(kg/pothaul) Analysis
Entrance  FRD Trigger No. of t- p-
Light shape  diameter (mm) pots Mean SE df statistic value
No Conical 3 12 346 1.14 .
5 12 17.62 4.60 22 2.614 0.016
Trapezoid 3 12 15.78 3.41
5 12 945 295 22 1542 0.137
Yes Conical 3 15 4.08 1.23 *
5 15 2174 4.44 28 3.273 0.003
Trapezoid 3 15 18.27 3.64
5 15 1911 166 16 1.428 0.172

*Significantly differentatBonf er r oni 06 's
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Table 2.14 Experiment I: Summary ohdependensamples-testscomparing the effect

of entranceshapeon the mearatch rateof snow crab gaturedin baited pots for each

FRD trigger diameteroth in the absence and presencamoértificiallight source.

FRD Catchrate
Trigger No. (kg/pot haul) Analysis
diameter  Entrance of t-
Light (mm) shape pots Mean SE df statistic p-value
No 3 Conical 12 346 1.14 .
Trapezoid 12 1578 341 22 4199 <0001
5 Conical 12 17.62 4.60
Trapezoid 12 9.45 2.25 220628 0536
Yes 3 Conical 15 4.08 1.23 .
Trapezoid 15 18.27 3.64 28 3328 0.002
5 Conical 15 2174 444
Trapezoid 15 19.11 1.66 16 1.012 0.327

*Significantly

di fferent
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Table 2.15 Experiment Il:Summary of independesamples-testscomparing theffect
of baitpresence/absenoa the mean catafateof snow cratcapturedn pots.All pots

were fished withartificial light, 5 mm diamete=RD trigges, and 166 mm FRD trigger

spacing.
Catch rate
Entrance Presence No.of  (kg/pothau) Analysis
shape of bait pots Mean SE df t-statigsic  p-value
Conical  No bait 9 0.38 0.22 .
Bait 9 1959 4.5 16 6.502 <0.001
Trapezoid No bait 9 507 3.13 16 1191 0.951

Bait 9 8.10 2.77

*Significantly different at p<0.05
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Figure 2.1 Diagram ofthe Newfoundland cod pot. Conical entrapeeis illugrated

(Walsh and Sullivan, 2008
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Figure 2.2Photos ofa battery powered artificial light that was hung vertically between
fish pot entrances for potsmdergoindight treatment. Both photos are of the same fishing

light with the photo on the right taken in the dark.
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Figure 24 Experiment I: Comparison of mean catch rate of American plaice captured in
baited pots in the presence of an artificial light source for pots fittedcaitical and

trapezoid entrance shapé&sror bars indicate standard error of the mealnes
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illustrated
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Figure 2.6 Experiment I: Body length frequency distribution of American plaice captured

in baited pots with three different FRD trigger spacings (52 £+ 3 mm, 109 + 4 mm, and

166 £ 3 mm).

66



2.5

N Bait absent
1 Bait present

2.0

1.5 4

1.0 -

0.5 A

Mean Catch Rate of American Plaice (kg/pot haul)

0.0

Conical Trapezoid

Entrance Shape

Figure 2.7 Experiment Il: Summary of the effect pfesence/absencé bait on the mean
catch rate of American plaice captured in conical and trapezoid entrance pots. All pots
were fished with artificial light, 5nm diameter FRD triggerand 166nm FRD trigger

spacingError bars indicate the standard error of the mean values.
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were fished with artificial light, 5nm diameter FRD triggers, and 166 mm FRD trigger

spacing.
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Figure 2.9 Experiment Il: Summary of the effect pfesence/absencé bait onthe mean
catch rate of snow crab captured in conical and trapezoid entrancAlpptds were
fished with artificial light, 5mm diameter FRD triggers, and 166 mm FRD trigger

spacingError bars indicate the standard error of the mean values.
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Chapter 3. Gear modifications to a shrimp trawl to reduce seabed

impacts inthe Atlantic Canada inshore shrimp fishery.

Abstract

The ground gear dfottomtrawls can have detrimental impacts to structurally complex
seabed ecosysten’ss a result, bttom rawling fisheries are facing increasing

restrictions, area closures, and bans in many regions around the world which all proves
very chalenging to the fishingindustt¢ anada i s one of the worl d
of coldwater shrimp, particularlgorthernshrimp (Pandalus borealis and bottom

trawling is currently the only economical means to harvest this sgeamset market
demand If restrictions or bans were placed on this fishing methadthe shrimpfishing
industrywould suffer greatly alogpnwith the manyother bottom trawl fisheries in Atlantic
CanadaThe goal of the current study was to deterniimaodifications to the ground

gear of a bottonottertrawl designed to reduce seabed contact evall maintaircatch

rates and body size dhismp, while notincreasng bycatch of nortargeted speciesh&
ground gear ohnexperimental trawl was designed to have a 48% reduction in seabed
contact areeaomparedo the ground gear of a standard shrimp trawl currently used in the
fishery. Results of comparative-sga fishing trials of both the experimental and standard
trawlsdemonstratéhat catch rates and size of shrimp were comparable between both
trawls, hovever the experimentalawl capturel a greater abundance mdn-target
speciesThe presence of muzh theground gear of thexperimental trawl anchud

foundin the catclprovides evidencthat the experimental trawkely dug into the
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seabed for severfikhing tows. Tle experimental ground gear appears to potnise
howeveradditionalmodificationswill be requiredio reduceseabed impacts and bycatch

rates.

3.1 Introduction

Northern shrimgPandalus borealisis the primary coldvater shrimp speées fished in

the North Atlantic OcearDFO, 2®7). In the northwest Atlantitheyoccur from West
Greenland (75°N) southward to Georges Bank (42BAdygons and Fréchette, 1989;
Squires, 1990 Northern shrimpare found most abundantly at water tempeestafl to

6 °C (DFO, 2013 and prefer seabed environments with soft, silty, and muddy substrates,
buttheymay also be found in areas with sand and gravéliéms, 1984; DFQ2013.

This species of shrimig concentrated at depths of 2600 mresultingin a vast area of
suitable habitat in deep water channels and bdmmksighout Atlantic Canad®FO,

2007; 2013.

Thenorthern shrimp fishery has developazhsiderablyver the past three and a half
decadesiFA, 2019. Presently the fishery consiststao operating fleets, the offshore

fleet (vessels >100Nj) alnrcent yearthe inslsoreflecte f | e e
has landedts quotamore ofterthan the offshore fleet (Figure 3FA, 2019. Shifts in
environmental conditiongvoringnorthern shrimge.g.,colderwater temperature) and

swift decreasein groundfish predatorfsom declines inNewfoundland and Labradors
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groundfish stocks in the early 1990s resdih rapid growth ohorthern shrimp

populationg DFO, 2M7). Increases imorthern shrimp provided fishermen with an
opportunity to partially fill the void that the collapse of groundfish stocks created and as a
result many fishermen swhed over to harvesting shrimp. This gave rise tmsimore

fishery fornorthern shrimgn 1997 to take advantage of the growtihe shrimp

resourcgDFA, 20139.

The shrimp fishery is very important to Ca
producers of colavater shrimp, particularlgorthern shrimp. The inshore shriniptery

in the region of Newfoundland and Labrador is a lucrative enterprise employing
approximately 1,600 harvesters on over 325 fishing vessels and 2,151 plant workers in 12
inshore shrimp plants for eshore operations totalling a value of $72 million%0,223 t

of shrimp landed in 201 DFA, 2019. Similarly, landings of shrimp in 2012 were

greater than 85 thousand tonnes with a landed value of just over $191 million for both
inshore and offshore shrimp fisheri®&HA, 2013. Bottom trawling is curremy the only
economical means to harvest large quantities of shrimp and if restrictions or bans were
placed on this fishing methdbanthe shrimp fishingndustry would suffer greatly along

with themanyother bottom trawl fisheries in Atlantic Cana&edicing seabed impacts

of bottom trawls would help change attitudegon¥ironmental groups arsafood buyers

that areagainst the idea of trawlirgince it is a move towards more sustainable fishing

practices.
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Thenorthern shrimp fishery waactuallythe first fishery in Canada to receive Marine
Stewardship Council (MSC) certification which ceetf that the fishery is fished and
managedn a sustainable mannén. order to be MSC certified, a fishery must be
conducted in a manner which does not lead srexploitationof thefishery resource,
fishing activities must aim to reduce impact on the ecosystaththe fishery must be
managed effectively respecting all local, national, atefmational laws and standards.
Implementing the use of trawls thaduce seabed impacts would help the fishery to

maintain this certification.

While trawling is a method that is very efficient at captunoghern shrimp, there are
several negative impacts associated with the many components of the trawl gear that must
be consideredlong with their effects omarine ecosystes{Grant, 2012 Bycatch for
examplecanbe a significant probleras a result of trawling activitieBycatch not only
includes marine organisms that are not directly targeted for harvest duromgmercial
fishing operation, but alsacludesundersized fish of the target species,-tamget
marine organisms discarded at,ss& incidentally captured ndarget species retained
for commercial valueUnfortunately, nrany marine organisms thatataptured in trawls
and hauled to the surface will dihen returned to the ocedddvis, 2002; Surronen,
2009. High removals of nowommercial speciesanchangehe dynamics ofmarine
ecosystermwhich may lead tampactson other norcommercial and comercial species

alike.

73



To help solve this problem of bycatch in shrimp trawls, some fisheries add bycatch
reduction devices (BRDs) to trawling gears. An example of a BRD modification that has
reduced the bycatch of n@argetedspecies in shrimp trawls tke Nordmgre gridSince

1992 theNordmagre grichas been mandated for umeall shrimp fishing vessels in the
Canadiamorthern shrimp fisherin orderto reduce the capture fi$h speciesDFO,

2007). The grid precedes the @l of the trawl and serves to permit the passage of
shrimpinto the codendvhile directing anything larger than the bar spacings of the grid
upwards and out of an opening in the top of the net. This significantly reduces the capture
of adult groundfishHowever juveniles andfish speciesmall enough to pass through the

grid continue to be capture@faham, 2006F-uller et al., 2008

The physical impacts that bottom trawls have on the saatatbther point worth

considering when discussing the imzaot trawling Forexample bottomtrawls are

typically rigged with ground geauch as bobbins and rdubpperdisksthatallow the

trawl to makecontactwith the seabed. These componaitsin preventinglamag tothe

trawl netwhen encountering rough bottoms with sharp rocks, boulders or other obstacles
in the path of the trawlConsequently, bobbins and rockhopper gear exert a great deal

of pressure on the seabed depending anweight as well as thextent of area they
makecontactwith. These components of the ground gear can leave imprints in the seabed
but may alsscrape and dig in to the sedimehdditionally, they maycause mortality to

fish and invertebrates that collide with the gear.
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The heavy trawl doortha precede the ground geamd trawl net are also responsible for
impacting the seabed. The do@waction in spreading the net open laterally arehing
sediment plumethat are essential in herdiggrtaingroundfishspeciesuch as Atlantic
cod Gadusmorhug towardsthe mouth of thérawl (Winger et al., 2010 This

component of the trawl inflictarguablythe most damage to tlseabeds it is rigged to
penetrate into the sedimeit some cases trawl doors can penetiatdeep as 20 cm
(Schwinghameet al., 1998 however depth of penetration is largely dependent on
sediment typeTrawl doors displackenthic organisms such as molluscs, crabs, and
polychaetes; sometimes damaging or destroying these orgaalsthewhile leaving
visible trawl marks that can takeeeks and sometimes ye&nseturn to previous
conditions depending on the type of habitdbfes, 1992 Thebridles of the trawl which
connect the doors to the ground gelaocreate sediment plumes @rsl clouds by
sweeping over andigging into the seabe@here are severatherphysicalimpacts

which ground geardoors,andbridleshave on the seabed including teenoval of major
habitat structures (i.ecorals), reduction of habitat complexity,dachanges in the seabed
structure(Norse and Watling, 1999These impactsn turn,can lead to decreased species
diversity and increased predation of young marine organisms that feed and seek shelter in
biogenic structures such as coral reefs, kelp bstdf shells, tubes, and tunnels that are

damaged or destroyed by tralswkkeborg, 200b

Fortunately, mangtudies have beaarried out taaddress the issue of gear modification

to reduce seabed impacts of bottom trai®lamm et al.1993; Brewer eal., 1996;Ball
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et al., 2003PeLouche and Legge, 2004; He et al., 2006; Rose, &0l DEGREE,
2008. Some examples of modifications to reduce seabed impact includsetiodé semi
pelagic trawl doorsoff-bottom bridlesandreductiorsin theweight andhumber of
contact points of the ground gdafaldemarsen et al., 200Ae and Winger, 20)0These

examples are discussedmoredetail below.

Semipelagic doors ardesignedo functionabovethe seabeth comparison taemersal
doors. Throup the use of high aspect trawl doors, the trawl is spppadfrom
hydrodynamic forces alonélé and Winger, 20)0Two studiedraveexamined the
feasibility of the smi-pelagic trawl in theorthern shrimp fishery and found that there
was no significanéffect on the size range or catch per unit effort of shrimp in compariso
to a traditional shrimp trawishing on the same groun@@@elLouche and Legge, 2004; He
et al., 2008 These results are understandable as shrimp deendtdward the mouth of
the net in the presence of sediment plumes created by trawlltteseme species of
groundfish Watson, 1989; Hannah et al., 200Bhis method however requires consistent
monitoring of door height and active adjustment of wargth to achieve optimum

results He and Winger, 20)Gandnecessitatefurther testing tamprove upon the trawl
design Semipelagic trawling hasot been fully accepted in Newfoundland and Labrador
fisheresd ue t o f i s h e rfonmorétmdional festiing gearghawe\ver it has
been successful in other glolshrimp fisheries such as thertheast coast dhe United

States Europe, India, and parts of Asia (pers. comm., P. Winger, Director of CSAR,

Marine Institute of Memorial University, St Johnds, Newj) .oundl and,
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In another gear modification studypse et al. (2D0) experimented wittmodified
sweepgo reducecontactwith the seabedh the Alaskanflatfish trawl fisheries. To raise
the sweepoff the bottom they expamented with arious sized disklusters on the cable.
For two out of the threeonfiguratiors they observedo significant reduction in capture
of flatfish speciesMoreover, snar operations of the sweeps in operation and seafloor
after trawl passage indicated a substantial reduction in direct seafloor contact by the

modified sweep$Rose et al., 210).

Another method to minimize bottom impacts of trawling on the seabed is through a
reduction in theveight andnumber of contact points of the ground gddnis can be
accomplished by limiting the number and size of ground gear components such as
rockhopperdisks and bobbins. This concept was tested by He and Foster (2000) who
assessed the performance of an offshore shrimp trandebetased and spread out the
number of bobbinsen the trawl foot rop&rom 31 tonine In doing so, the weight of the
ground gear was minimized from 2,984 kg to 1,306 kg and the area encountered by the
trawl was reduced by 70 percent. The shrimp catch was not negatively affected by these
modifications. Théviggest downside to these modificatidrsveverwasthat the ground
gear ad trawl were more prone ttamagdrom havingfewerbobbins in contact with the
seabedThis research is similar in principle to the experiment completed in this thesis

chapter.
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In the current study, tiawl designed to reduce seabed impéutseinaftereferred to as
the experimental trawl) wakevelopedy industryfor theinshorenorthernshrimp fishery
of Atlantic CanadaThis trawl was designed toavean approximate 48 reduction in
contact area of the ground gear on the seabed compatedgmuinl gear ofa standard
trawl currently being used in the commerdrahoreshrimpfishery.Physical impacts of
the two trawls on the seabed were not assessed stuttlydue to time and monetary
constraintsThe objective of this study wassteadto evaluate and compare the catch
characteristicef each trawl typeComparative asea trials were performed between the
two trawls to determine if the experimental trawl lcachparablel) catch ratesf

shrimp 2) size composition of shrim@and 3 bycach compositionto the standardrawl.
If the experimental trawl is comparable in its catblaracteristicso that of thestandard
trawl, it is possible that consideration will be taken by the shrimp fishing industry to

adoptthis trawl designin thar inshore fleets.

3.2 Materials and Methods

3.2.1 TrawlSpecifications

The trawlsmanufactured and testadthis study were designed by the staf{/éanin Ltd.

andVoénin Canada Ltdwith assistance frorthestaffatMar i ne | nsti tuteods

C

Sustanable Aquatic Resources (CSARhe trawls were manufacturedn t he compan

factorylocated in Port de Grave, Newfoundland.
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The standartrawl ground gear consisted 28 rockhopper disksvith a diameter of

35.6cm, 38diskswith a diameter 080.5 cm andtwo 35.6 cmdiametersteel bobbins

linked together by a 13 mm footgear chain, a 10 mm travel chain, and a 10 mm weight

chain (Figure 3.2)By comparison thexperimental tramtontainel fdoubl e wheel ¢
ground gear which consistedsik 35.6 cmdiameterrockhopper disks located near the

mouth of the trawl and 12 double whee(ed., tworockhopper disks combine®0.5 cm
diameterockhopper disks positioned on the wings of the trawl linked together by 13 mm
chains(Figure 3.3. The toggle chaimeichtsfor both trawls were 72 cto comply with

toggle chain height regulationBtawl modeltestingi n t he Marine I nstitu
using 1:4 scale models reveatbdtthe double wheeled ground gear had a 48% reduction

in bottom contact area comparedhe standard ground gear (Figure 3.3). The trawl nets

for both thestandara nd exper i ment al Vinina®Ww0 50 ednpd iogyre.d t
ASpar r owo deésigreatd rerdam i cantact with the sealere used for both

trawl treatments. Eadinaw! door weighed approximately 800 Kbhe weight of the

standard and experimental ground gears were not obtained agwésemsiderable

difficulty in weighing the full scale componerd§éeach ground gear effectively.

Prior to atsea testing, uplity contol measurements were performed on the trawls at the
trawl factory located in Port de Grave, Newfoundland. The number of meshes for each of
the primary trawl panels as well as the size of 60 individual meshes for each of the trawl
panels were measuradaccordance with established protocd¥-0O, 1998. A standard

Nordmagre gridvith 22 mm bar spacing was used in both trawls.
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3.22 Experimental Sea Trials

Seatrials were conductedboard theommerciaffishing vesseNewfie Pridefrom
August 2 to August 262012 The study site was located within a deep water channel
locatedseveral kilometers from the community of Port au Clamxhe west coast of the

island of Newfoundlan@Figure 3.4)

Temperature data loggers were attached to the belly sectiontodwthdo record bottom
temperature of the fishing arddaxSea® marine navigation software was used on board
the fishing vessel to provide digital charts and maps for navigation and recording of the
tracks that the trawls were towed avErawl geanetrydata relating to the doorspread,
wingspread, and headline height of both trawls was recorded from the bridge of the vessel
for each towusing Netmind® and eSonar® trawl sens@sly tows that had

measurements of at least 25% of the maximum number of re@asots recorded for a

particular trawl type were analyzed.

Trawls were deployed and fished in depths ranging froraZ832m.Fishing took place

during the daylight periodetweerone hour of sunrise and sunskte alternatéaul

method was used to contpahe catches between the two trawl types. This involved
trawling an area with one of the trawls before returning back to fish the adjacent area in a
parallel track with the other trawlhis method of sampling allows the investigator to

sample similar almdances of marine life and environmental conditions in space and time
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that was sampled from the first to@KO, 1998. Standarcand experimental trawl tows
were paired in order to make legitimate comparisons regarding trawl catches and a
standardized fishg regime of ABBA i BA-AB (i.e., A= Standardrawl,

B = Experimental trawl) was employelistance between paired tows was approximately
100-300 m.Four paired tows were completed for each fishing day. Twenty paired tows
were completed in total. The amd of time the trawl spent on the seabed was
determined as the time when the winches of the warp cable locked to thetihmck

was initiated. Paired tows 12 had a bottom time of approximately 20 minutes while
paired tows 120 had a bottom time @fpproximately 15 minutes. This change in bottom

time was necessary to avoid exceeding the shrimp quota for the study.

When the trawl was hauled back, the catch was plac2d in(x 1 L) basketsA hanging

dial scale was used to obtain catch wei@ht8.25 kg) a fish measuring boamdasused

to obtain lengths dish (+ 1 mm) and a digital caliper was used to obtain carapace

lengths of shrimp(x 0.1 mm) All fish captured as bycateheregrouped by species and
weighedand individual body lengths weadso recordedrive full baskets were randomly
selected for weighingnd for each of the five baskets a 750 ml volumetric subsashple
shrimpwas taken for individual shrimp carapace length and shrimp count per kg analyses.
All other baskets were tallie@he total weight of shrimp captured from a trawl tow was
calculated by multiplying the mean weight of the first five full baskets by the total

number of baskets of shrimp captured. Any basket observed to be less than full was

recorded as a percentage.eiés than five full baskets of shrimp were capturealtiow,
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the number of subsamplesuld reflectthe number of basketShrimp catch rate for

each trawl tow was calculated as the total weight of shrimp captured divided by the time
the trawl was on theeabedi.e., kg of shrimp/min)A carapace is the chitinous shell that
covers the head and thorax of the shrimp and carapace length is the standarehnesasu
for shrimplike decapod$Squires, 1990 Individual shrimp carapace lengths ware

linear measte made with digital calipefsom the posterior edge of the orbit to the
posterior edge of the carapa&zj(ires, 1990 Carapace length was measured for a

shrimp in each subsampdé¢ anindividual tow. Shrimp count/kgneasurements were
completed on lash using a digital balandg 0.1 g) and was performed on all subsamples
for each individual towShrimp count/kg is a common index used by industiyaiage

shrimp size. Due to the industrial relevance of this study it is included in addition to
individual shrimp carapace length measuremepné&cent contributionf total catch

weightfor bycatch species was performed by dividing the weight of a species by the total
weight ofthe catchand multiplying by 100The hanginglial scale provided inaccurate
weights of bycatch species due to their relatively low weights and the rolling and pitching
of the vessel. Thereforeaights of each of the major bycatch spe¢sapelin,Greenland
halibut and redfishjvere restructured from lengthkeight relationshigquations obtained

from other studiesBowering and Stansbury, 1984; Hurtubise, 1993; Wigley et al.,)2003

to provide more accurate speciesd weights.
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3.2.3 Data Analysis

All parametric data analgswereperformed in IBM® SPSS® Statistics Version@9

(IBM Corp., 2010)Separate independeseamples-tests were carried otd assess the
effect of trawl type (independent variable)rmean shrimp catch rates, and mean shrimp
count/kg(dependent variablesh nonparametridMannWhitney U-test was performeat
assess the effect of trawl typadependentvariable) on mean shrimp carapace lengths
(dependent variable) because the diadanot exhibit normatlistribution Also, the effect

of trawl type (independent variable) on mean percent of total eagigihtof bycatch
species (dependent variable) was completed using an indepsadepies-test. All
subsequertestingof mean percent of total catereightof individual bycatch species
(capelin,Greenland halibytredfish, miscellaneous species) were comglatehe same
manner. Individual independesamples-tests were also performed for the major
bycatch species (capeli@reenland halibytredfish) assessing the effect of trawl type
(independent variable) on mean total length (dependent variable) afespelttive
speciesA oneway ANOVA wasperformed to assess the effect of trawl type
(independent variable) atependent variablenean headlindeight,for the standard and
experimental trawlSignificance level for all testsaves et t o 0. 05. Levenedo
variances was used to validate homogeneity of variances #®N&NVAs. All catch

weights were log(n+1) transformed and body lengthsrelog:o transformed to improve
on normality and homogeneity of variancesrcentag oftotal catchweightdata was

arcsin square root transformed prior to analyses.
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3.3 Results

3.3.1 Quality Control Analys of Trawl Nets

Quiality controlanalysesvere performed on theetting of bothtrawls Results revealed

that the mmber of meshef®r each trawl panel was equal for both trawls. The differences
between mean mesh size for each section of both trawls were found to be negligible, with
most panels having less than 1% difference in mean mesh size between trawls
(Table3.1). Thisindicatesthat the trawl nets are comparable based on number of meshes
and mesh size and therefore the different ground gear between the two trawls should be

the only factor that will affect the performance of the tramsle fishing atsea.

3.3.2 Northerrshrimp Analysis

Catch rates of shrimp did not differ significantigtween thetandarcand experimental
trawl (t3s = 0.502, p= 0.619;Table 3.2). High variability was observed within and

betweerthe two trawl desigs(Figure 3.5)

Count per kg of shrimmas not significantly different between tsiandardand
experimental trawmtss = 0.406, p= 0.687;Table 3.2) andvaried considerablwithin and
betweertrawls (Figure 36). Thestandardrawl captured shrimp within a range of
~190 - 290 shrimp/kg whilethe experimental trawl captured within a range of

~190 - 300shrimp/kg(Figure 36).
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The carapace length of shrirdl not differ significantly between tretandardand
experimental trawlss = 177.50p = 0.543; Table 3.2), and shrimp lenfjgmquency
distributions were comparabtetween trawls (Figure B. The rangef carapace lengths
of shrimp captured were from 3.@8.5 mm with the greatest frequency of shrimp

carapace length occurring from 15.09.0 mm(Figure 37).

3.3.3 Bycatch Analysis

3.3.31 Catch Rates

Overall, capelinallotus villosu$ dominated thdéish bycatch species in terms of
abundance for both trawlsllowed by Greenland halibuRginhardtius hippoglossoidgs
and redfish $ebastes spp(Figure 3.8). Miscellaneoush species which were less
abundant antessprevalent included Atlantic co@adus morhua)eelpoutgfamily
Zoarcidae) skategfamily Rajidae) grey solgGlyptocephalus cynoglossusilver hake
(Merluccius bilineari$, Atlantic mackere{Scomber scombrjyssandlancé Ammodytes
americanu} eels(order Anguilliformes) dligatorfish (Aspidophoroides monopteryg)us
and lanterfishes (family MyctophidaefFigure 3.8). A small benthic soft coral cnidarian,
the sea peforder Pennatulaceayas also captured loth trawls, bubccurred more
oftenin catches of thexperimental trawl (Figure 3.8pue to the greater frequency of
capture for capelinGreenland halibytand redfish, thewere considered the major
bycatch species and were arzaly separately, whilthe miscellaneoussh bycatch

species were angled collectively, due to their lesser frequency in both trawl catches. For
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all bycatch species, the experimental trawl captured a grdatedance of individuals of

eachspeciesr species groupin@-igure3.8).

There was only a minancreasen catch rates of capelin in the experimental travdr
thestandardrawl (2.5%; Figure 3.8). Howevethe amount oGreenland halibut

captured in the experimentahwl was almostwo fold (1.94x more) that of thetandard
trawl (Figure 3.8). ikewise,the catch rate akdfish was slightly greater thawo fold

(2.02x more) in the experimental trawl (Figure 3B)catch of niscellaneoudish was

nearly 3x greater (2.94x monehile sea pen catch wasore than 10x greater in the
experimental trawl ovethat ofthe standardrawl (Figure 3.8)Sea pens were also more
prevalent in the experimental trgwkcurringin 10 of the20towscompared t@ of 20
towsmade with the standard tragiigure 3.9). h the two paired tows where both trawls
captured sea pens, the experimental trawl also captured a greater number of sea pens

(Figure 3.9).

3.3.32 Bycatch as a ércentage othe Total CatchWeight

When bycatclis expressed as a percentage of the totahoaeight it may be used to
combine all bycatch species for anayAn independerdamples-testindicatedthat,
overall,the experimental trawlas found tacaptue a significantly greater mean
percentage dbycatch zs = 2.138, p = 0.039Table 33). Thepercenageof total catch

weightthat was made up of bycatch spesies 1.5% greater on averaige the
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experimental trawin comparison to thetandardrawl! (Table 34). This prompted further

analyss of the major and miscellanedigh bycatch pecies.

The experimental trawl captured a greater mean percentage of all bycatch species or
species groups over tkeandardrawl, capturing 1.15x more capelin, £.Bore

Greenland halibu®2.0x more redfish, and 1X¥/more miscellaneous fish (Table 3.BEach
major bycatch species and miscellaneous bycatch species exhibited a high degree of
variability both within trawl treatments and between tows (Figut@;3.11; 3.12; 3.13).
Independensamples-test analyses comparing the effect of trawl type emtlean
percenageof total catchweightof each of the major bycatch species as well as the
miscellaneousish bycatch speciesoweverrevealedo significant differences

(Table3.4). Within the study site hie mean percentages that each of the majordiycat
species and the collective miscellanefisis bycatch species contributed to the total catch
weightamong both trawlgvas fairly low overall, ranging from 0.06% to 0.86%

(Table3.4).

3.3.33 Total Length of Bycatch Species

No statistically significant differences were detected in the mean total length of the major
bycatch specielsetween trawl typeglable 35). Both trawlscapturedhe samesize
ranges with a similar percent frequency for each spedizpelin ranged from

10.0-17.0cm witha mode ofL4.0 cm(Figure 3.14)Greenland halibutanged from
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10.0-:60.0 cm witha mode oR1.0cm (Figure 3.5), and redfish rangefdlom 3.0-18.0 cm
with a mode 00.0cm (Figure 3.5). Miscellaneougish were not analyzed due kow

catdh rates andhe large variety of speci@sorphologies

3.3.4 Trawl Geometry Data

Vemco temperature data loggers logged a consistent bottom temperd&ud¢e of
throughout the studynfortunately the trawl sensors were not functioning optimally
during the comparative fishing trials for both trawls and returned no valuable
measurement data forawl doorspreadHowever someusefuldatawasobtained from

the sensors for headline heigimd wingspread (Table&. Results of a oneay analysis
of variance comparing the effect of trawl type on mean headline height found no
significant difference in headline hiigbetween the trawl$(17= 0326, p = 0575

Table 3.7. There was only aapproximate2% increase in headline height of #tandard
trawl as compared to the experimental trawl (Tabrlg ®verall the headline height for
bath trawls was approximately 5.10 (Table 37). Analysis of trawl wingspread data was
not completed duetthe few number of eligible tows (3 of 20 paired tows) that could be

analyzed in the experimental trawl.
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3.35 Observation of Trawl Disturbance to the Seabed

During haul back and landing tife catch it was observed that componentstod trawl

ground gear, trawl nend the catch were caked in mud. This appears to have resulted

from the trawl digging into the seabed and displacing sediment into the trawl net.

Al t hough data was not recorded, the gener a
resarch team was that there was a greater incidence of mud in the tows with the

experimental trawl.

3.4 Discussion

The experiments performed in this study sought to analydecompar¢he catch
characteristicef a new, innovative trawl ground gear desdrio have reduced seabed
contactarea over that ad standard trawl ground gear commonly used by fishermen in the
present dayorthern shrimp fishergf Atlantic Canada. The ground gear of the
experimental trawl was designed to have far less surfacect¢ntB8% less) with the

bottom substrate than tseandardrawl. Less surface contact in turn would conceivably

decrease impacts on the seabed.

Although physical impacts to the seabed were not meaduret thisstudy
observationsuggesthatthe exgrimental ground gear may have had greater physical

impact than intended&pecifically,severalof the tows made with the experimental trawl
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were observed to haveud on the trawl net, ground geandwithin the catcrhduring

haul backlt appears that ona more of the component$ the trawl ground gear dug

into the seabedcausing muddy sediment to become caked on to the trawl ground gear
and mudo becomeeauspended into the trawl netsuspect that the long horizontal
steering chains that connedeach double wheel assembly may have been digging into
the seabed. While this was not observed during flume tank evaluations, it is possible that
theclose proximity ofchains to the seabedused them to digto the sediment and

function in perhaps the s@manneras a tickler chain when attached to the ground gear
of a trawl. Tickler chains are used in many flatfish bottom trawling fisheries throughout
the world and are designed to penetrate the uppecdatimeters of the sediment and
displace flatfistand other targeted species upwards from the sediment into the mouth of

thetrawl net Lakkeborg, 2005; He and Winger, 2010

The quality control assessments performed on the trawls priocsaadestingndicates
thatdifferences irthe trawl net@nd Nordmgre grisverenegligible each trawl hathe
same number of meshes for each trawl panetantparable mesh sizé&s the trawl net
as well aghe saméar spacing of thBlordmgre grid This is important to clarify as the
differing ground gears foeach trawl were the only factors that should have affectetl ca

ratesof shrimp and other bycatch species
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Unfortunately thetrawl geometry sensors did not perform well for many of the tandg
only half thenumberof pairedtows could be used to@ride comparison®f trawl

headline heightHeadline height was subsequently not found to be significantly different
between trawl typed.he wingspread for the experimental trawl had only 3 tows out of 20
that were eligible for analysis wdin presumably wuld not give an accurateeasure of
actual mean wingspread throughout the 20 paired tows. Consequéntjgpread data

was not analyzedilso, doorspread sensors had too few measurements to accurately
evaluate doorspreaHieadline heightwingspreagdanddoorspreadaneasurements are
importantto identifyduring a fishing operatioas the swept area of a traatgely
determines the amount of shrimp that will be captuvédtson, 1989Hannah et a|

2003. A greater spread of these trawlneponents itheory will allowgreater capture of

shrimp and bycatch species as the trawl may sample a larger area.

Catch rates were variabdgnongtowsand may be duim partto variable abundances of

shrimp in the area that was sampled. The alternate haul techviiigrewas employed

for sampling in this studinvolvestrawlingimmediately and directlgdjacent tdhe site

that was towed earlier thereby sampling roughly the ssimadances of marine life and
environmental conditions space and tim#hat was samptefrom the first tow

(DFO,1998. In this way,valid comparisons between catcharacteristicef different

trawls may be made. Northern shrimp are known to aggregate and it is possible that some
areas trawleduring thisstudy had lower abundances of sipithan others. In such cases

the opportunity to capture shrimp would be decreased and would not necessarily reflect
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similar catch characteristics among trawlam confident however that tieatch
characteristicef both trawls were well represerd fromthe 20 paired tows performed
during thisstudy.Furthemore the DFO protocol foperforming bottom trawl

comparison studiassing the alternate haul method cite 20 paired tows as an acceptable

number of replicates to make infaces about trawl catch ala&teristicfDFO, 199§.

As expected, the carapace length of shrimp captured in both travdsevy similar.

Both trawls had the same trawl net design with comparable mesh size throughout and a
standard Nordmre grid with 22 mm bar spacing. When shpienter the mouth of the

trawl net the carapace lengf shrimp retained in the cedd as catch is a function of

trawl mesh size and Nordare grid bar spacing antis thereforehighly unlikelythat a

difference in ground gear wouddter that.

Count per kg of shrimp was also very similar among the two trawls. A lower count per kg
of shrimp is indicative of larger shrimp (i.e., greater carapace leaggrpportionately

more gravid femaleand is more profitable for fishermen to land ovérgher count per

kg of shrimp (i.e., smaller shrimppn average hie standardrawl capturedess than four

more shrimer kg than the experimatrawlwhich would not affect the landed value

Once again, count/kg was not expected to be noticeably affegtdifference in

ground gear type since count per kg is affected by similar factors as carapace length such

as trawl mesh size and bar spacing in the Nerdrgrid.
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In terms of bycatch dish speciesthe experimental trawl was observedcapture
substantially more individuals afach majofish speciess well as miscellaneous fish
speciesWhile the number of capelin capturkdtween the two trawlsas fairly similar,

the experimental trawl captured nearly twice as n@argenland halibuand redfishand
three times as many miscellanedisk. Capelinis a pelagicschoolingfish speciesvhich
makes it vulnerable to capture in large quantigspecially wheitheyare concentrated
near theseabedluring trawling activitiesJuvenileGreenland halibugxhibit

bathypelagic behavioudé Groot,1970 butduring daylight hours have been found to be
captured almost exclusively near the bottdargensen, 199,/iwhichis perhapsvhy
Greenland halibulverea major bycatch specieaptured throughout this studyedfish
areoftendistributed in clumped aggregations and exhibit diel vertical migrations which
can result in higher daytime catchasbttom trawls Atkinson, 1989. The experimental
trawl alsocaptured significantly mersea penm this studywith ten times the number of
sea pens being captured in the experimental trawlthaeofthe standardrawl. It was
observed that the sea pens were not uprooted but appeared to be cut or shieptée off

chains and cablesf the experimentatrawl ground gear.

Although percent contribution to the total catehightfor each majobycatch species
and miscellaneoussh species groupgid not differ significantly the experimental trawl
did capture a higher percentagdish that resulted in a significant difference when all
bycatch species were combind&the meanpercenageof the total catchveightfor all

bycatchspeciesvas 1.5% for thestandardand 231% for the experimental trawAll
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shrimp vessels fishing in Canadian waters are required by law to use sorting grates such
as theNordmgre grido reduce bycatch level§his requirement has significantly reduced
bycatch levels in theorthern shrimp fishery in Atlantic Canada, which cathe

averagesdss than 2% bycatch relation tothe totalshrimpcatch(DFO, 2007%. This

level of bycatchs much lower than many other largeale shrimp fiseries

(Alversonetal., 1994. | believe thathis result from the studprovides further evidece

that the experimental trawl likely dug into the sediment as it captured more groundfish

bycatch species thhte on and within the sediment over that of the standard trawl.

Mean total length of the major bycatch species were comparable between thanis.

This again relates back to the mesh size of the trawl net and the bar spacings of the
Nordmgre gricas well aghe comparable size distributions of these species in the path of
the trawls Onlyfish that are small enough to pass throughNbedmgre gridwvill be

retained as catch in the @l of the trawl and fish smaller than a particular mesh should
pass through the net and not be captured. In thistivayrawl selects a particular size
range of bycatch which are commoelighersmall, uvenile fish or small fish species
Capelin are a small pelagic fish that will fit through Madmgre gricbf a trawl without
difficulty as an adult or juvenile. Additionally, mg of theGreenland halibutaptured in

this study were from 20-30.0 cm n length and are corred juvenilesgowering,

1983. Similarly, most redfish capturederefrom 8.012.0 cmin lengthand are

considered juveniledN and Templeman, 1985-ish were considered juveniles if they
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were documented in the literaturelasng less than the mean length at which 50% of

individuals attain sexual maturity.

The results of this study found that both trawls fished similarly in terms of targeting
northern shrimp, howevethemean percent contribution of total catebightof all

bycatch species combin&hs satisticallyhigher in the doublevheeled experimental

trawl. It is important that the experimental trawl had comparable catch rates, carapace
lengths, and count per kg ndrthernshrimp to thestandardrawl and was a success

that respectSignificantly geater levels of bycatcdind bycatcltatchrates above average
rates documented in the fisheme notacceptabldiowever due to several factors. Firstly,
many of the fish captured as bycatch in trawls are severely injuteliied in the landing
procesgDavis, 2002; Surronen, 20P5his removes large numbers of animals from the
marine environment and can harm the dynamics of marine ecosygtere all species

are interacting with one anothd@ycatchwill also reducerecruitment of commercial
species to the fishery as many of the bycatch species captured in trawls are juveniles
(NOAA, 1998. Secondly, more bycatch equates to more time spent sartthgemoving
bycatchby fishermen. Thirdly, any bycatch missed dursmgting that is landed at the
dockcanbe deducted from the fishermands prof it
bycatch in the experimental trawl may be due to the trawl possibly digging in to the
seabednd functioning somewhasa tickler chain, dislacing fish into the mouth of the
trawl net.This would also result in high volumes of sediment being resuspended that

would create a herding effect for groundfighose et al., 20)@G&ndmake it difficult for
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fish tolocatethe escapeaegionbetween the@und gear ahthe fishing line of the trawl,

resulting in higher levels of bycatch.

Physical impacts on the seabed were not measured in this study as time and resources did
not permit so it is not conclusiverthetherthe experimental ground gear dindieed dig in

to the seabed more than the standard t@nservations of mud on the components of

the trawl and in the trawl catch as well as the high incidence of seameinscreased

levels of groundfish bycatatetainedn the experimental trawloweverdo suggest that
increased disturbance to the seabed bgtiperimental ground gear is quite possible.

Even though the experimental ground gear had far fewer contact points tistamtheerd

ground gearthe presence and location of tharizontal steeringhains whiclconnected

the doublevheeled ground gear may have inadvertently dragimtjthe seabed which

wouldincrease the impact of the ground gear more than previously thought.

| recommend modifications to reduce the amount of chains and witbe experimental
ground gear which was used in this stullyis would conceivably reduce the chances of
components of the ground gear from digging in to the sedirti¢atther modifications

are to be performed on this ground gé¢lae use ofinderwatecameras is recommended

to determine if the ground gear is truly digging into the sedbmdiuture studies, |

would also recommend the use of equipment to assess and quantify physical impacts on

theseabed such amderwater videcside scan sonaoy hydio acoustics.
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Table 3.1Results of the trawl quality control analysis performed prior-&eatfishing
trials to compare measurements of mesh size for bostahdardand experimental trawl

nets. 36 trawl panel measurements are included.

Trawl section Standardrawl Experimental trawl % Difference
UpperWing Starboard 92.3 91.5 +0.87
UpperWing Port 92.1 91.6 +0.54
UpperBunt Wing Starboard 46.1 45.5 +1.32
UpperBunt Wing Port 45.5 45.8 -0.30
Lower Wing Starboard 91.9 91.5 +0.44
Lower Wing Port 91.7 92.1 -0.44
Lower Bunt Wing Starboard 45.7 45.6 -0.22
Lower Bunt Wing Port 46.0 46.4 -0.86
CodendTop 42.5 43.7 -2.78
CodendBottom 43.4 43.7 -0.69
Side Panell Starboard 44.9 45.2 -0.69
SidePanell Port 46.2 45.7 +1.09
Side Panel 2 Starboard 45.2 45.7 -1.09
Side Panel 2 Port 45.8 464 -1.29
Side Panel 3 Starboard 45.5 46.0 -1.09
Side Panel 3 Port 45.5 45.6 -0.22
Side Panel 4 Starboard 44.6 455 -1.98
Side Panel 4 Port 44.9 45.0 -0.22
Side Panel Starboard 45.6 46.1 -1.09
Side Panel 5 Port 45.6 45.3 +0.66
Side Panel 6 Starboard 43.9 44.2 -0.68
Side Panel 6 Port 44.7 44.6 +0.22
First Upper Belly 45.8 45.5 + 0.66
First Lower Belly 43.5 43.2 +0.46
Second Upper Belly 45.9 45.8 +0.22
Second Lower Belly 45.1 46.0 -1.96
Third Upper Belly 45.4 45.2 +0.44
Third Lower Belly 45.2 46.0 -1.74
Fourth Upper Belly 44.7 45.1 -0.89
Fourth Lower Belly 44.8 44.7 +0.22
Extension Piece Top 43.5 42.6 +211
Extension Piece Bottom 43.1 45.2 -4.65
Grid Section Top 44.1 44.5 -0.90
Grid Section Bottom 43.1 42.9 +0.47
Extension Top 42.0 42.7 -1.64
Extension Bottom 42.6 42.5 +0.24
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Table 32 Summary ofdata analysesomparing the effect of trawl type on the meatch

rateof northern shrimpcount per kgf shrimp andcarapace length of shrimp

Independensamples-tess were performed for catch raé@d count per kg analyses

while a nonparametridlannWhitney U-test was performefibr carapace length analysis.

No significanteffects of trawl type oratch ratecount per kgor carapace lengtbf

shrimpwere found ice., p>0.05).

Analysis
No. of gf Ustatstd o
Source Trawl type tows Mean SE U-statistic "

Catch rate Standard 20 10.92 0.87

(kg/min)  Experimental 20 1063 098  °o 0502 0619
Count perkg Standard 20 24151 6.03

(#/kQ) Experimental 20 237.80 6.86 38 0.406 0.687
Carapace Standard 20 18.06 0.11

length (mm) Experimental 20 18.21 0.13 38 177.50 0.543
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Table 33 Summary oindependensamples-testcomparing the effect dfawl type on

the mearpercentcontributionof total catchweightof all bycatch species combined.

Percent of total catclveight
(%) Analysis

Trawl type  No. of tows Mean SE df t-statistic p-value

Standard 20 1.55 0.25

*
Experimental 20 2.31 0.34 38 2138 0.039

*Significantly different at p<0.05.
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Table 34 Summary of independestimples-test comparing the effect of trawl type on
the mearpercentcontributionof total catchweightof the major bycatch species
(Greenland halibytcapelin, redfish) and miscellaneous spe@¢gkantic cod, eelpouts,
skates, ry sole, silver hake, Atlantic mackerel, sandlance, eels, alligator fish, and
lantern fish) No significant effects of trawl type gmercent of total catciveightof major

bycatch species or miscellaneous bycatch species were (icaino>0.05).

Percent of total catch

weight (%) Analysis
Species  Trawl type I\tlg\}vgf Mean SE df statt_istic v:fl-ue
Capin_sendard 20 08 0% 3 oen ose
Caibit | Expermental 20 o6 o015 38 1747 0089
s _sexdes 20008 000 s 1w o
e Sandad | 20048 81 ams oo
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Table 35 Summary of independestimples-test comparing the effect of trawl type on

the meariotal lengthof the major bycatch specidso significant effects of trawl type on

total length of each speciegre foundi.e., p>0.05).

No. Total length
of (cm) Analysis
Species Trawl type tows Mean SE df t-statistic p-value
Capelin Standard 20 1359 0.07
Experimental 20 13.82 0.12 38 1.645 0.108
Greenland  Standard 20 2198 0.74
halibut Experimental 20 21.93 0.84 38 0.086 0.932
Redfish Standard 20 8.88 1.23
Experimental 20 8.04 0.66 38 0.593 0.556
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Table 3.6 Numberof trawl sensor measurememwisheadline height and wingspread for

both the standard and experimental trawl duringeat comparative fishing trial®nly

tows that had measurements of at least 25% of the maximum number of measurements
recorded for a particular trawl type were analy2/alues in bold indicatéows where the
number of measurements were at |€&86 of themaximumnumberrecorded for that

trawl type.N/A denotes tows where no useable measurements were obtained.

Headline height (m) Wingspread (m)
Paired Tow # Standard Experimental Standard Experimental

1 35 141 18 N/A
2 238 107 6 N/A
3 49 140 1 N/A
4 256 268 2 N/A
5 184 101 42 145
6 321 3 4 3
7 150 64 152 3
8 339 2 N/A 4
9 N/A 293 N/A 23
10 2 279 N/A 72
11 204 4 N/A 2
12 N/A 226 N/A 7
13 N/A 203 180 N/A
14 5 271 126 15
15 4 10 N/A 10
16 N/A 2 130 20
17 281 4 126 N/A
18 220 5 98 N/A
19 228 6 108 32
20 N/A 3 N/A 58
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Table 3.7 Summary obneway ANOVA comparing the effedf trawl typeon the mean
headline height (mdf the standardandexperimental trawINo significant differences in

meanheadline heightaere found(i.e., p>0.05).

Headline height

(m) Analysis
Trawl type No. of tows Mean SE df F-statistic  p-value
Standard 10 5.17 0.09
Experimental 9 5.09 0.08 1,17 0.326 0575
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Figure 3.1 Northern shrimp quota usage by the inshore and offshore fleets from 1977 to

2011(DFA, 2012.
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Figure 3.20verhead vievshowing the right haléf the standardRanel A and
experimenta(Panel B trawl groundgearsbeing tested in thBume tankof the Marine
Institute The standard trawdan be seen to hageveral more rockhopper distkenthe

experimental trawl
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i Mouth of .
oy trawl 5

STANDARD FOOTGEAR (2 Penetration)

31 % Standard trawl
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impact

79 % Experimental

_No trawl

impact

Bobbin B 35.6 cm rockhopper disks
B 30.5cmrockhoppeatisks [ 35.6 cm rockhopper disks
B 30.5 cm rockhopper disk:

Figure 3.3 Trawl ground gear schematic illustratisgme of the components of the
ground gear anthe area of the seabed that the ground gdkescontactwith in flume
tank trials. Theexperimentatrawl can be seerothavesubstantiallyjess(79%- 31% =
48%)bottom contact area than tendard trawl. This schematic was designed from

flume tank tests of 1:4 scale model trawlke standard trawl ground gear is illustrated.
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Figure 3.4Map of the northeast region tife Gulf of St. Lawrence illustrating the
approximate tow locations for 20 comparative paired tows from theaatishing trials of

thestandard and experimental trawl.
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Figure 3.5Catch rates ofiorthern shrimmacross 2@aired tows of thetandardand

experimentatrawl.
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Figure 3.6 Count per kg of northern shrimp captured across 20 paired tows of the

standard and experimental trawl.
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Figure 3.7 Percent frequency distribution nbrthern shrimp carapace lengtigoss20 paired tows of thetandardand

experimental trawl
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Figure 3.8 Total dundancsof nontargeted bycatch species captured instd@dardand experimental trawlThe abundanse
of the three major bycatch species (cap@ireenland halibyiand redfish) and the miscellanedist species (Atlantic cod,
eelpout, skate, grey sole, silver hake, Atlantic mackerel, sandlance, eel, alligator fish, and lantern fish) as wel@asstbie m

coral captured, the sea pame illustrated.
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Figure 3.9 Abundance of sea pens captuaetoss20 paired towsf thestandard and

experimental trawl
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Figure 3.10Percentontributionof capelin to the totatatchweight acros20 paired

towsof the standardand experimental trawl
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Figure 3.11Percentcontributionof Greenland halibuib thetotal catchweightacross20

paired tows othe standarcand experimental trawl
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Figure 3.12 Percentontributionof redfish to the totatatchweightacross20 paired tows

of thestandard and experimental trawl
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Figure 3.13 Percentontributionof miscellaneous fisto thetotal catchweightacross all

paired towsof the standard and experimental trawl
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Figure 3.14 Body length frequency distribution oapelincaptured acrosa0 paired tows

of thestandarcand eperimental trawl
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Figure 3.15 Body length frequency distribution Gireenland halibutaptured acros0

paired towsof the standard and experimental trawl
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Figure 3.16 Body length frequency distribution oédfishcaptured acros20 paired tows

of thestandard and experimental trawl
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Chapter 4. Summary

The objective of the research performed for the two studies presented in this thesis was to
evaluate theatchcharacteristicef newly developedinnovative fishing geardesigned

with the purpose ahitigating ecologicatoncernsdentifiedfore ach st udyo6s r es
fishery. In developing and assessing #féectiveness of several modifications to the
Newfoundbnd cod pot design to capture multiple species of flag@$tapter 2), it was

found that artificial light was very importam capturing American plaice within the

depths fished in the study aré&w Greenland halibut were captured in pots, possibly
beause they were not attracted to the artificial light source or concealed bait in bait bags.
However, there was uncertainty with regard to the presence of suitable quantities of
Greenland halibut in the study ar@&e results for Experiment | of this stuitlystrate
theimportanceof artificial light as plaice were captured almost exclusively in guds
possessed artificial light$ his result prompted a second experiment (Experiment Il) to
determine if artificial light alone could serve as the solaettint to entice plaice to enter

the potand reduce the catch rates of snow c&alrprisingly, nore plaice were captured

in pots wherbaitwasabsent which was an unexpected outcorés led to fewer snow

crab beingcapturedn potsandsnow cralcatches were significantly lower in the conical
entrance pots that possessed artificial light aldhe.results indicate that artificial light

in unbaited pots can capture American plaice and substantially reduce the capture of snow
crab.Entranceshapeof the pots was also found to be significant in determining catch

rates of plaice in both experiments with more plaice captured in the trapezoid entrance

pots than the conical entrance pots. The results of this derdgnstratéghatminor
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