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AB STRACT

The American el/Katewis a cultwally significant and endangered species that has faced
population delines on a global scal@he Brasd 6 Or e (Rd®WY/P i tag, &ape

Breton, NovaScotia,offers a uniquenvironmenfor eel,yet habitatinformaion for this
speciesn the BdOLis limited. American eels are primifr abenthicspeciesandhabitat
informationis requiredto identify risksto the populationUsing a TwoEyed
Seeimy/Etuaptmumk apmach, this gudy devebpeda benthic habitaimapof the BdOL
usingmultibeam ehosouder surveybathymetryand kackscatter dataelying onboth
existingdata and thnagh collection of ne& data. Acoustt telemety waspairedwith
localand Mi Knawiedgeto overlay el presencend habtataaoss seasongels
used vegetted hakitatsin sunmerandovewinteredon Shallow Silt/Muchabitat( O 5 0
m). Usingresults fronthis study, co-management recommendattocan b developd to
providestewardship of eelnd eel hAbitat in this region
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CHAPT ER 1: INTRODUCTION

1.1 STUDY SITE: BRASD @R LAK E/PITU &AQ

TheBra s d 6 (BdOL) lmdatedn the center of Qae Breton Island
Unamald,iNova Scot a / Mi Oikataeyé(k0P9 km 2) estuarywith only threeoutlets
to the seandsdinity ranging from 20-26 ppt(Fig. 1.1; Lambert,2002). By comparison,
the nearby Sydney Bighwvhich is morefully open b the NorthAtlantic Oceanrangesin
salinity from 2832 ppt(Denny et al., 203; Lambert, 200 Many of thefish,
invertebrate and vegetive species found withithe BdOL arerepresentativeof species
found to occualongthe Atlantic coast of Nea Scotia. However the BdOL consistsof
manywarmandshallow bayg< 30 neters)and deef§> 280m) andcold pockets of
water, which providehometo both actic andsubtropicalspecies thiaarrived during
historic evets and gill arrive (andthrive) today by the Labraok Current and th&ulf
Stream(Hatcher, 2018; Lamisg 2002). Given its uniquestructure the BdOLis hane to
adiverse rangeof speciesdeemedare ouside this emiary (Hatcher, 2018t.ambert,
2002)

Duetoits confined watereedgeography the BdOLexperienceselatively low
fetch and ofers a semexposedd sheltered envimmaent (Petrie &Bugden, 2002)
Shorelines of the BAOL are neckaced with an abundnce (> 400pf coastal lagoos (Fig
1.1; Ross, 2018; Taylor &haw,2002) Coastallagoonsare nearshore water dies
separated frorthe main water @dy by a sedimenbarier beach{Taylor & Shaw, 2002)
These halltsconsist ofa mixof fresh o brackish vaterand areextrenely vunerable b
arthropogernc impacts(Lambert, 2002 Throughouthe BdOL, thes habiats vary in

their connetion to the estuary beingpatrtially to fully enclosedind in somecass,serve



asbuffer zones collecting sedimerdind pollutant ruroff from nearby roadsand
preventing materialérom enteing the BdOL (Peterson edl., 1985; Ross, 2018} oastal
lagoonsprovideimportant habitato severalfish specieghroughaut ther life history as
they offer natural protection from wind and waves, refu@®m pelagic predatsy
foraging and ovewintering groundsandspawningand nursery habita{§ranco et a).

2006; Kjerve, 199, Ross, 208).
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Figure 1.1. Map of the Bra d 6 K& (BdQLpand a subset of estallagoonsCape
Breton, NovaScotia While more than 400 coastal lagoons are documented to occur
along theBdOL shoreline this map represents onlyose surveyed in 2013 (red) as well
as threaused in this studgyellow) as this was the onlyle avalableto plot coastal
lagoonlocationsin theBdOL. More sites cabefound inRoss et al., 2018.

In theshallowsublittoralregions,there isa mix of soft sandyto fine grain
saliments with eelgrass{ostera marinato smallcobbleare present algshetered
shaesandwith largecoblde tobouldersand seaweesipresehalong moreexposedareas
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and deeperregions(Lambert,2002;Parker et al., 2007Tremblay, 2002; Tremblay et al.,
2005) Most of the seabefdundin sublitoral regionsof theBdOL is mud, howeer a
mixture of ©ft and fard ottomsubstataocaurs & well (Shawet al.,2006).
Informationregardinghabitds througlout the BdOLis rich but scatred Previous work
hascollected information forneaty the entir¢y of the BdQ., howevertherehasbeenno
conprehensive mapf habtatsand existing datarenot readly availableto researchers
(Shaw et al., 2006; Vandemeulen et al., 2016)

TheBdOL andits watershedvere desigatedas a United\Nations Educational,
Scientific and CulturaDrganizatio(UNESCO)Biosphere Reserve in 20{Hatcher,
2018) This was in part due the¢ wak andadvocacyof ElderAlbert Marshal] who
serves as the envinmental spokesperson for alvié of theMi 6 k manmwuntiesin
Unam&@G. These commuriities are hihly dgoendent onthe BAOL andcoastal lagoonfor
commercial and subsistenfigheries aswell asfor the trarsmissionpractice, ad
adap at i on ofishinykn@dmvedgdGjles et al., 20184atcher,2018. Several
speciesincluding American el (Anguilla rostrata) andAmerican lobser (Homarus

americanug, arefishedfor foodb y Mi 6 k mBd@L (Dennydt dl. eD20).

1.2 STUDY SPECIES: AM ERIC AN EEL/KATEW

The American eels a lomg-lived andsingle breedingpeciegPratt et al., 201%
Americaneelshawe awide geogaphic distributionn the Weste Atlantic region,
rangingfrom nortlern SouthAmerica to Icelad (COSEWIC, 2012EnglerPalmaetal.,
2013) In Canada, the specieshiabits terrestrial watdneds, estuas, and coastal marine
wateis connected to thatlantic Ocearupto themid-Labrador cost (COSEWIC, 2012)

Anguillid eelsareunderstod to be dacultatively caadromousspeciesmeaning that



catadromythemovementfrom sea torfeshwater, is ot requiredfor eesto compkte
their life cycle(Daveratet al., 2006)American eds, theefore, @monstrate varety of
movemen behaiors andsome may be residents oé$hwateor saline envonments
while others shift between tio until they mature ad migrateas a silver egDaverat
etal., 2006; Jessop & lizukaP@2Z Thibault et al., 2007; Tsukasto & Arai, 2001) It is
hypothesizd that anguilld eels at high latitudewayrely more heaW on estuaesfor
food, because d the compaatively high produtivity of thes areagBed etal., 2001;
Tsukamoto & Araj 2001) Americaneek alsodenonstrategreater growth rates and
mature at younger agin estuariarhabitatscompaedto those in freshwatr habitats
(Cairns et a].2009; Jessop et al., 2008; Morrison & Se@@03;0liveira, 1999)

The Americaneelhas five major lie stagesteptocephali (larvae, glasseel, eler,
yellow eel, and silveeel Apperdix A; COSEWIC, 202). As leptocefali, eelsdrift by
oceancurrentsthroughout the western Atlantic, Gulf bfexico,and Calibbean Sea tthe
continentd shelf where theynetamorpbseinto trarsparentglasseels(Atlantic States
Marine Fisheries CommissipB000;Walker et al., 209). Glasseelsmigrate inshore
toward freshwater rivers or agries ¢ feed ad becomeprogressively more pigmented
(brown in color)as theymature into elvers After a few nonths, dvers deelop into
yellow eels anabtain a dark &ck and a yellovio white underside (Atlantic States
MarineFisheries Commissiqr2000; COSEWIC2012;Walker et al., 2019)This stage
is the longest phase in the & dexycle (b to40+ yeas) ard is understood athe growth
stage where sexuatleermindion occurqAtlantic StatesMarine Fisheries Commissipn
2000; COSEWIC, 2012; Jessd®87;Walker et al., 2019)Yellow eels therdevelop

into silver phaseeelswith a clean whiteinderside andsilvering sidesThe silver iaseis



the finalmeamaphosisevert when eés becone sexudy mature During the silver
phase, their eyebecomdarger and thestomach degeneratasrepare for théong
ocean migraobn towards the Sargasso Seapawvn (COSEWIC, 2012)

Americaneelsareoppotunisticomnivoresandstomach ontent aalyss has
revealedhattheyare top predators in sadarshfood webs (Eberhadt et al., 2015)In the
BdOL, yellow eelsmay feedon detritus, small fish such a#tlanticsilversides (Menidia
menida), cunner(Tautogohbrus adsperss), Atlantic salman (Saimosalar), stickebacks
(Gasterosteusaculeats ), alewife (Alosa pseudohargyus), and othereels,as well as
invertelratessuch a shrimps (Crangon sefemspinospandgreen crabgCarcinus
maenas) (Denny et al.2012; Lambert 2002; Parkeetal., 2007. American eelslso
serveaspreyfor other fish spcies sah as stripeass(Morone saxatik), saimon, ard
trout (Salvelinus fontinalis Oncorhynchus mykisshanmads includingphocidseals
mink (Neovison visn) andAmericanmarters (Martes americara), andfish-eating birds
such aseagles(Haliaeetus leucocephad)) osprey(Pandionhaliaetws), mergarmsers
(Mergus serator), anddoublecreged comorans (Phalaadocorax auritus) (Atlantic
States Marine Fisheries @mission, 2000; Tomie, 2011; Weil011)

The American eel walisted asiSpecal Concenbby the Commieeonthe Satus
of Endangeed Wildlife in CanadgCOSENIC) in 2006 and was ras®sseé and relisted
in 2012asdrhreateneddueto populationdedines andthe existing arnthropogenic
challengedrom fishing ard developmenthat may coninue torestricttherecovery o
this specie§COSEWIC, 20062012; Pr# et d., 2014. For example, tweenl996to
2010Americaneekin Lake Ontarioand he St Lawernce RiverCanala, exhihted

dramaticpopubton declines, with a reported65% decreasan the number of eels near



maturity and insome parts of Ontaripgreaterthan 90% declinein two gererations
(COSEWIC, 2006)Declinesof Americaneelhavealsooccuredin partsof the
Maritimes,including the BdOL in 2008ard 20(® (Denny et al., 2013Noticeable
declines ofeek in the BdOL were documentedagainin 2012with Mi&maw fishers
statinganincreasen fishing dfort with adecrease in catqiennyet al.,2012).
Anthropogenic effectparticulaty damsthat mayblock access to hakat or passage
usal for seawardnigration, contamimants and overfishingof juvenile life stegesare

listedas sane contributos toeeldedine (Castonguay etla 1994; COSEWIC, 2006)

1.3 SIGN IFICANCE OF EELS TO INDIGEN OUS PEOPLES

The American eelis a culturally significantspeces to Mikmaw for foodand
sudenarte as welhasculturalandceremonal practiceqGiles et al, 2016) Socially, eels
aredocumengd to bringcommurty members togeer through fishingnd feasting
activitiesthatstrength@ community bonds andlaw for the adapteon and trasfer of
Mi&mawfishing knowledge and laguage (Giles et al.2016) Thesegatheringsare
important forshaing the catchwith extended familyklders andothercommunity
memberswho cannot fish forthemselvegSRS-, 2002) Guidedby Msit Nokmag which
transhtes tofiall my relationsd, Mi&kmaqundersandthatin returnfor being nourished by
these beingshumansshouldtreat thesepirits with respect and gtaudethroughtheir
own behaviorandthrough the ofering of cerenonial gifts(SRSF, 2002; Weiler, 1990

While the cultual significance otels lies inMid k mrlationslips with the
environmenttheMi 6 k asa fawe anAboriginalright to fishfor food, social, and
ceremonal (FSC)purposegsiue to prio us andhistorical occpation of the lands and

waters of Canadanda Treaty ight toearn a modete livelihood(Denry & Fanning,



2016;U n a ma ktitute of Natural Resource2007). Treaty rightsarenegotidaed
rightsthatarose fran formal agrements betweethe British Grown and Aboriginal
leades and are suppodeinderthe Peace @hFriendshiplreaties signedh the 17006
(Govermmentof Carada 2013, 2013b). Two major cour decisias, he 1990 Parrov
Decision ard the 1999 Marsall Decision haveplayeda significant role irthe
recognition ofindigenousnherent andlreay rights bythe Canadiargovernmentand
these riptsare recognizednd affrmedunderSection (1) of the Constitution Act
(Demy & Fanning, 2016 (Giles et al., 816, Supreme Court of Canada, 1990, 1999)
The Supreme CouDecisionin R.v. Sparrowwas thefirst to appy Section 35 of the
Caradian Congitution Act, 1982 which acknowledge@nd reaffirmednherentrights to
harvest resarces for FSC purposeslimited only by conservatiorconcerngGiles et al,
2016). Thisdecisionestablished an obligatidor Aboriginal peql eté lse consulted by
the Crown whenthere isa possibility of infingementof Aboriginal rights This decision
for obligationto consultstemmed fronpreviously recognize@boriginal rightsbut is not
a right itself.

Following this,t h e Mi 6 k ma ed inteest iltommerciat fishees and
est abl i sabjeridictibi odekthar fishingactvities (Milley & Charles,2001). In
respnse the Government of Canada noiducd the Aboriginal Fishing Strategy (AFS
agreementwsvhich provideaccesgor FSC yetrestrics thenumberof fish that carbe
caughtfishing mettods andseasong Un a ma k 6 i | n s Resources, 20&). o f
Following the arrestof Donald Marshall Juniain 1993for fishingand selling eels
without a governmenissuel licerse the Supreme Court of &adg in R.v. Marshall

(1999) acknowledge the Treatyright to hunt and fishdr a moderatlivelihood, a
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decisionreferredto as Marshall | Only two morths later, asecond decision, ferredto
asMarshall 1l, wasreachedstating thatconsevation andothercompelling and sustential
pubic objectiveswould allow regulatiorover Treay rights(Governmenbf Canada,
2021) Through recogition of AboriginalandTreatyrights, IndigenousPeodes across
Canadahaveexperienceda d i f f e r datohsip wihgfisheriesthan me

Aboriginal Canadiang(Denny & Fanning, 2016; Harris & Merd, 2010)

1.4 MANAGE MENT OF A MERICAN EEL FISH ERIES

1.4.1 Federal management

The federalAmericaneelfishery ismanage by Fisheries aad Oceans Canada
(DFO) andis divided intotwo separate fisheries by liféage one br elvers (elver
fishery), and onedr yellov and dlver eels(adult ishery)(Table 1.1 Chaput et al.,
2014) Elvers are hedly fished commercidly andfor commercial communal purposes
while adults aefished for FSC as wdl as commeeial, communal commerdal, and
recreationapurposegFisheries and Oceans Canada, 201Babdh the commecial and
recreationalelver andadulted fisheries areegulaedby DFOthrough a licensing policy
with gear restictions dzeretertion limitations and catch retemn limits (Fisheries and

OceangCanada, @20a)



Table 1.1 Managemenbf American eel fsheres inCamada

Fishery type  Elver fishery Adult eel fishery Managed by Management measures
(Glass eels & (Yellow/Silver)

Elvers)

Commercial Commercia Commercial DFO QuotasJimited licensing, effort
Commercial Commercial controls, madatory @atch
communal communal reporting

Recreational Individud Individual DFO Licensing (pots & traps),

Unlicensed Unlicensed (spearing & angling)
Effort controls, madatory catch
reporting

Aboriginal Moderate livelihood Food, Sodl, DFO Netukulimk:taking only what is
(2021 Acadia & Ceremonid Aboriginal needed
Bear Riwer First Moderate Livelihood Fishing Ms i t n allonly nelatopns
Nation) Strategy Ensuringenoudn for the next

seven generations

Catch value  $5,200 per kg ~$188 per kg

Normally ~$3,000
per kg

Within the American eel fisher, there is o recreational fishery for elvers.

However the adulteelrecreational fisherysifurtherdividedby gear typewith

unlicensedspearingandanglingand license@el potsandtraps(Table 11). Reaeational

fishingvia angling orspearingor adult eé in tidal waterds open yearound though

there isa 2dayclosuretime to allow for any changg(such as thepering or closing to

the currenfishing seasn, andthesefishers are not regrgd to reportheir catch

(Fisheries and Oceans Canada, 202Beadford, 2013. Thereforejt is unclear the extet

to which eelare caughtvia angling ad spearindor food orbait, yet it is undersiod that

manyrecreationafishersdo not drectly targetkeel (Atlantic States Marine Fisheries

Commisson, 2000; Bradford, 2013Recreationafisheriesthatuse eel pos ard eeltraps

areregulaedunderlicensng policy by DFO. Thee are currentl®2 recreational lienses

for adult eel inthe Maritime Region of which 6Aave beemelinquishedn exchangdor



a geen crab licens@R. Qurwin, personacommunication2020). Fisheries usinget pots
have a ae-day dosure timeto allow for any changg(such as thepenng or closing to
the currenfishing seasn (Fisheres and @eans Canadap209. Fisheriesusing el traps
occur betweerug 15 Oct 31 to coincide with the deparéuof silver eels migting to
the SagassoSea. In addition, it is likely that ste economic incenteswas also at ake
in this decisioras larger ds command a lgherprice (R. Qurwin, personal
communication2020).

Adult eels aresignificantly less profitablevalued at ~ $88kg comparedad
elversvaluedat >$%000kg (Withers,2021). The Maritimes region blds the only active
commerdal elver fishery in Canadaith eightcommerciaklver fishery licases(one
occurs in the BdO)amd onecommerciacommunal licenséFisheries and Oceans
Canada, 2019aJ heseninecommercial licensbolders share a total allobie catt of
just less than 1 tare, 0r9,960 klograms(Withers 2021). In the Maritimes region (Nova
Scotia, New Bunswick, and P.E.I. 173 metrictons of adulteelwere caught n 2018 and
valuedat $1092,000with Nova Scotia represeimig only akout 10% of that catc
(Fisheaies and Oceans Canada2@B). Within Nova Sotiathere ae approximatly 100
commercial e€licensesand 10 cormund commecial licersesalthoughit is urclear
which of those areurrertly active (R. Curwin, personacomnunication,202Q Dennyet
al., 202; Gileset al., 201%.

Commercial data aailablefor adultyellow eelsin the BAOL indicatel that he
highestrepoted landing occured in district 6 of East Bay (AppendixB) with 4.09 mt
from 20002007 (Bradford, 2013 In the 2013status of American eeéport, dtaafter

2007in the BAOL wereunavailableas theravere tm few actiwe licenseg<5), and
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landings datawere not yetavailable Additiondly, in 2008, no logbooks were dributed
to commercial edicenseholdersin the Maritimesor were recordin 2009availableat
the timeinformation onthe status of Ameraneelin the Maritimes regionvaspublished
(Bradord, 2013).Therefore information onthe extent of commerdifishing in the
Maritimes and specifically thBdOL is not publicly availablebeyond 2007

While commerciafisheries are regulated tigensingpolicy, gear refrictions,
and catch tnits byDFO, comnercial communalicensesandthe FSCfisheryare
mana@d under a separate section within DFO ug\k@ agreementfable 1.1;
Unamakoi fNawal Resourees, 20BYd-SClicensesare provdedfor adult
eek, butnone are pradedfor elvers(Table 1.1Fisheries and OcearCanada, 2019a)

In Canada, Mé&kmaq havea Treay right tofish in pussuit of a modeate
livelihood, yetthe quota of a moderatevielihoodhas yeto be deihed. On November 18,
2021,the Govemment of Canadeeaffirmedthar commtment to adancing
recorctiliationand statd they are actively wding with First Nationsacross the
Maritimesand Gasp regionof Quebecto furthersupport and impleentthe Treatyright
while mairtaining a healthy fishery for aharvester$or future generation€Government
of Canada, 2021apnthat same daytheGovernmenbof Canalajoined AcadiaFirst
Nation of Nova Sotiain announcing tat members will bdishingin pursut of a
moderatdivelihoodduring the2021-2022 commerciadeason$or lobster in LFA 33,34
and 35Then, on June 25, 202Acadia First Nation and Bear RivEirst Naton, both
locatad in Nova Scotag, jointly presenédthe countryGs firstever exploratory irterim plan

for amocderatelivelihood fishery for elvergWithers,2021).

11



Theelversplan conducted outsidef fedeal managemenis beingdiscussed
among Mi&mawcommunitymembersandharvestersstatingthe purpose would ke
flobserve andlocument the upstream migratiohthe elvers on selected rivers in
southwest Noa& Scotia to idenfiy potental locationsand appopriate gear type®r a
future elver fishery on those rivedgWithers,2021). The plan wold allow district
harvesters to ratn a small amoutof thos elvers for he livelihood fishery while also
establishing an index for rivers that do notdan establiséd fishel (Withers,2021).
DFO has not ommented on thproposa) but did statethat ther are working wih bands
on tkeir fishingplans and that moderateelihood plansmayinclude elvershowever the
discussions still ongong (Withers,2021). Theseeffortsbrought forward byAcadiaand
Bear River First Mtionsareinitial key steps irhelping b develop a cananagement

livelihoodplanfor elvers

1.4.2 Mi&kmaw m an agement

Traditionally, Midkmag mange els through Netukulimk, whichtranslates to
taking orly what isneeded ad ensuing thee is enoughfor future generation©enny &
Fannng, 2016) Guided ly Netukulimk, Mi&magimplementseverafishing strategesto
managehelocal eelpopulation, including aseasoral rotation of fishing sites, fishing
with traditional gear(speas, pots, tap9, andadjustingfishing stategesamualy based
onthe reedard availavility of eek (Dennyet al, 20129. Speaing is themost @mmon
method for eeling in the BAOL, though eetpand taps arealsoused(Dennyet al.,
2012). Speaing targets large eek thatare45 cmor greatey small eelsare nottargeedbut
if caughtthey ae considered a gift ancdommunal sharintgkes plae after the catch

(Demy etal., 2012).
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Speaing for eds occursbetween Aril and Octoler andthenbegins again once
thereis ice over(Dennyet al, 2012). In thesummer, Mikmaq have @ggestedHhatthe
first thunderstam of the yea indicates it is saféo begin eeling%. Denny, personal
comnunication, 202) and theydo not fish elsduring dueberry £asonAugust toearly
Septemb@rout d respet thateels may be migrating to spawenny etal., 2012; A.
Sylliboy, personal communication, 202). In early tomid-fall, Mi6 k ma q aidj ust t he
fishingstrategiego cagureeels movig into thelagoorsto overwinter orthose migating
outof the BAOL(Dennyet d., 2012). Spearingoccurs at night or during the early
momingin coastalagoons and alongdacles whereeelrass is preent(Denny et al.,

2012.

1.5 IDENTIFYIN G & FILLI NG SHARED KN OWLEDGE GAPS
Canadahas a legabbligationto consut with Indigenougpeoples on matters that
may impact Aboriginkand Treaty right§SupremeCourt of Canada, 2004a, 2004b,
2005) Indigenaus peoples hdlvaluabke krowledgeand withintheseting of true ce
governancecanimprovededsion-making for more equaible sharing of our marine and
aquatic resource@verson, 2019; Supreme Court of Cana2lzd04a, 2004b, 2005)
Recently poposed amendments theFisheries Achave stated that tranal
knowledge must irdrm fish habitaprotectiondecsions ard that thes decisonsmust
consier the aderse effects on the rights of Indigenous ples(Government of Canada,
2019,2021b) However, feeral managementhich is driven |y wedern sciencehas not
bee effectve in canmunicating with Indigenous communitie®r making sjace for
knowledgeshared by these communities in gawarent assessments and management

plans(Giles et al., 2016lverson, 2019)This lack of caanedion and communicati
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between government athindigenos communities hasprompted resarcherdo begin o
acknowledge issues withthe consultation procesand to develop better relationships
with Indigenouspeople.

Partnerships have ba formedn academia by collectivg gatheging members
from governmenttakeholders, acaemics,andFirst Nations represntativegogether to
share knowledgandgain astrongercollaborative understanding ofdinovements and
distributions d culturally, ecologically,and econmically significant speies(lverson et
al.,2019; Nguyen et al., 2019; N. Young et @D16) These partnershigsmwe been gsed
to address sociecononic and resowre manageent issus in Canadaor Greerand
halibut (Reirhardtius hippogossoide} Pacifc salmon Qncorhynchus sppseveral
speces, andAtlantic salmorsmolt(BéguerPon ¢ al., 2017; BéguePon,et al., 2015;
Crossin et a).2016; Ivesan et al, 2019; Strople et al., 2018)

Onesuchpartnersip is Apognamtultk ( Mi 6 kimaev: hel p each
threeyear collaborative study witthe goalof engaging diverse kkowledge holderand
embraing multiple ways of krowing tosupportthe establishnré of a fisheres co
management framewk. The aim of Apognamtulték has beemno pair Mi 6 k rardigcal
knowledge withwestern sciencmethods tdearnmore abotithe movements anahbitat
use ofthreecommercially ecobgically, and culturally importantspecis. American
eelkatew American lobster/jaljeand Atlantic tomcod/punamdjcrogadus tomcoy in
theBdOL andthe Bay of FundiP e k wi t aApagimptelk &lacesa keyemphasis
onco-learning and theexchange oknowledg whichis critical for buildingtrust and
developing arosscultural undersanding amongnembersas ech individwal works

within their own knowledge system, experiences, valaes biases-or example, Wile
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| have leanedto appreciateindvalue Indigenou&nowledgeSystemg(IKS), | myself
amnot Mi&kmag andmy own knowledgeandbackgoundstemfrom awedern sciene
knowledgesygem (WKS).

WKS is based upon thsciatific meghodwhich usedestalie hypothessand
emprica dataandhas been elevated tioe primary wayof knowing with regardgo the
natural environment angsouce managemeliiGiles, 2014; Hassan & Hanapi, 2013;
Weiss et al.2013). This type of knavledgeis derived fromscholarly artites or books
andis oftensharedn the form ofwritten resultssuch asareportor a peer reviewed
journal article, oan oralpresetation (Giles, 214).Ontheotherhand IKS weave
spirituality, culture, belie$, and environment&howledge intadaily life andpractices
(Carm, 20%; Giles, 2014)IKS aresharedbetweerindividualsthroughstoriesor cultural
and ceemonial practicesvhere knowledge igansferredrom one gemrationto another
Local knowledgestens from placebased kowledge and indidualexperences and can
be Feld by those witim a western oindigenausworldview (Berkes, 2003)

One approach taddressntegratingknowledge gstems $ through TweEyed
SeeingEtugptmumk Theconcepiof Two-Eyed Seeng wasdevelopedoy Mi6 k ma w
ElderAlbert Marshdl and Elder Dr. Murdera Marshallandis describedasii | e atoni n g
seethe strengths of Indigenolesowledge from one eyandwith the strengths of
western knowledgedm the othereyeandusng both eyes togtherto benef t al | ©
(Bartlett et al., 2012) Seveal other framewoks similar to TweEyed Seeindnave ben
developedo integrate knwledge systems, yet, Twyed Seeirg isuniqueinitsii n ont i ©
tha knowledge tran®rmstheholder,andthat the holder bearsraspongility to ad on

that knowledge, encairagingthose learning to see thugh thislensandto takeacion
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(Hatcher et al 2009 Red et d., 2020. Mi6 k maw val ues, which are g
Netukulink andMsit Nod k  acknowkdgethe interconnetechess of systesandthe
responsibilitythatis bestowed o us to care fothosewith whom weshare territory
(Giles et &, 2016).

A p o g n mahasintotpordidd &wo-Eyed Seeingapproacho guidethe useof
western an dowlddge@demana wayrhat suppastollabaation and
enhanceshe sustainabilitypf sharedresourcesUsingthis framework,shared knowledge
has leenembeddedn A p o g n maftom ihcegtian by using canmunity-based study
design as well as cotinued communicatiorbetween alpartnerson dedsions egarding
study speciesite selectionthe placement ofcoustic receivetrsand method$or animal
capture andagging. Reseach questions and objectivés this thesisverecontinuously
re-evaluated andriven by qiestionsof this communityto ensure rgearch goals wer

aligned

1.6 RATIONALE
Americaneds demonstrate a wide geographic gegand a d/erseuse ¢ habtat
which hes been suggesteds acritical life historytrait for theresilienceand sirvival of
this specieg¢Daverat et al., 208) MacGregor etlg 2008, 2009)Currertly, there is a
lack of knowledje avalable on habitd used by eels in estuariesThe importance of filling
this krowledgegap has been identifiegbboh we st er n andedgdi 6 k maw kn
hoders, with the goal of preseing eek and eehabitt in culturally sgnificant and
historical fishng areagDenny etal., 2013;Giles etal., 201§. Further in-field

invedigations ae needed torpvide speific informationon habitat usetafiner scalen

16



orderto assessabitat used byeels and idenify any potential risks to égor eel habita
(BéguerPonet al., 2018Denny et &, 2013;Giles et al., 2016

Mi&maw knowledgeaand aoustic telemetrybothdemonstrat¢he peseace of
edsin coastal lagoons and nearghbabitatswith M i ktnaw krowledgeof eel
moveaments being gathered across thousands oéwea telemiy data representing
only recent studis over the pastecadePrevious workegardng habitat and newly
collectedgroundtruthingvideo fodageemphasied therangeof suiteble habiat
available to eekin theBdOL (Nixon, 2015; Shaw, Taylor, et al., 2006; Taylor & Shaw,
2002; Tremblay, 2002;f€mblay et al., 2005; Vandermeulen et 2016) Thisthess
seeksto develop aleepemunderstandig of Americaneel movements ad habitat usein
the East Bayof the BdOL and specifically, within culturally significant narshore
habitats whereelaively little knowledge is aailable on he gatial andtemporal
distribution of eek. Through this resarch we seekto gain knowedge thatvill contribute
to enhancedtewardhip of eek, asesgisks to this spaesand itshabitat andcontibute
to the equitable managemewf this declhing specieshatadknowledges the MiGkmagq

relationshipwith eek andrespeting their knowledgeand values.

1.7 THESIS O VERVIEW

In Chapter 2] aimedto determine whéterbenthic héitat types found in the
BdOL couldbe classified usingreviouslycollectedmultibeambackscatter déa along
with previouslyandnewly collectedseafloor imgery datasetsSecond, wether satellite
imagerycouldbe used to fill nearshore data gapthim East Bay to monitor eel habitat
use innearshoreegions(performed in Chapter 3Chapter2 focuses on &bitat

classification and quantdation through these ofthe generatedenthoscape maplhe
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benthoscapemapwas therused to beer understandelhabitat relationsipsin Chapter
3.

Eel movementsandhabitat associationsere examinedising acoust telemetry
data paired with knowledge shaed by Mi&mag and Iaeal knowledg holdeasin Chapter
3.In Chapter 3] aimedto determine whethexds capturedandreleasedn the coastal
lagoonremairedin tha locationyearroundwhich can be useful tinlentify eel habitat
useand thrats toeel habitatChapter3 focusedon determiring the spatialandseasonal
movement oAmericaneekin the BAOL where eels areonsidered mestuaringesident
speciesto determinavhethereelsassociatedvith certain habitatsarelinked to change
in seasonl also aimd toidentify which area of theLakeandEast Bay areusedby eels
and whethethis could provideinsightsinto habitatuseduring their yellow stage.

Undestandng the movenentand haliat useof eelsthrough telemetrymapping,
andknowledgeshaing is essetial for developng comanagement recommendatidhat
guidestewardship of eelsin a way thatvalues andespectsliversevalues and waysf
knowing. ThroughApogmmatult i, edearh questionsddressedn thisthesiswere
guidedby knowled@ sharedvith Mi&magproject partnersaand are driven by qggons
of the local community b encairage celearning ofthe spatial distribtion of eel ad
thar associatedhabitas. Thisinformationwill help fill sharel knowledgeggosregardng
habitat tocontributeto idenification of anypotential risk4o eds andeel habtat inthis
region In Chager 4,| discussconclusions othe stuly, limitations, and a@ections of

futureresearch
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1.8 RESEARCHER POSITIONALITY

lamanoAMi 6 k ma q fachesfroeUnamald/ Cape Br et on,

Nova Scotia whichs locatedon the ancestit and uncededtetory of t he Mi 6 k maq

People. | was born andised in Unea k 6 i homeNwithin driving distance to six of
thethire en Mi 6 k maw ¢ o m$tatia. iHowvee, By edunatioNa v
backgrounds derived from wetem sciene-based knowldge. My interestri scence,
mappingthe BAOL, and swrounding conmunitieshas ledo my partici@tion in this
masterds projec

During this project with lo a | Mi orimurdies, |strivedto actively
understand ancecogrize myown knowledgesystem and bias vilb alsolearning to see
usng Indigenous ways ofrlowing. | bdieve thatcoasthcommunitiesthose that are
most impactedby, and share an intimate rétanship withplaceand speciesvho inhabit
it, should e incorpratdinto consultation ad research projéz asthey are the orsewho
are most affectelly these dasions anchold valuable knowlede of the area.

It was impotant to me to learn from andten tothe conems and questions of
the commuity duringthis piojed and when given a widow to meet duringhe COVID-
19 pandemican opportunity tchearstoriesshared by our communitiaisonas well as
learntheMi 6 k ma w and raearengs for speciésundin the BAdOL | am grateful for
theexperiencesind rdationships that have beduilt throughoutthis projectas they have
embraced the cultal dfferences and grthat comes with growg and learimg from
diverseculturestogetter all while reassessing tlveay wearetaught toconduct research
anddefine how species andcosystemare managd.| am cortinuously impressed by

Mi 6 k ma q -Ma nodwrpardnardwillin gness to share knowledgad readilyask
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gusstions. e willingnessof partners to learn how incorporateMi 6 k ma winteal ue s

sciene-basedresearch has been the mimgpactiul to me.
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CHAPTER 2 : HABI TAT CHARACTERIZATION OF THE BRAS D6 OR
LAKE / PIT U ®AQ USIN G ACOUS TIC SONARD ATAAND SATELLIE
IMA GERY

21 | NTRODUC TION

The asocations ofmarineanimals and theinabitats are often used by
managerant toassesshe quality and qudity of the habitat availableto local species and
to idertify any potentibrisksto species ahtheir habita{Rudolfsen et al., 2031
Although obsiving and masuring the availabilitpf hahtat is important to
understandig speciesnviraonment relationsips, dang soin maiine environmetsis
difficult asit requires kaseline knowddge of the @system charactesticsthat are
presentm the regionProudfoa et al., 202D

Over the past 20 s, improverants in remote sengriedinologies hae
enabled marine semtists to mp seafloor environmentshroughthe adoption of a
landscape scale approadow commaly referred to as seascapecologyto generate
benthoscapeaps (Brown et al., 2011, 201 Pittman et al., 2021Benthloscag mapsare
fine scale biophysical mapstbk seafoor which integras both fysicaland biological
elementghat carbe disinguishal and deheated usingemde sengg methodgBrown
et al.,2012; Pittmanet al., 202; Wilson et al., 2021; Zajac, 2008)

In deeperates(apprx i mat el y O 3 @eacmf pptichl sagetlita d t h e
remote sensing methods, multibeam echosounders 8)1B& e become the survey tool
of choice in mapping continuous baseline information of the segfyown et al., 2011,
Brown et al., 2012; Hais andBaker, 2011; Misiuk et al., 2021Bathymetry, collected
by MBES data, and bathymetry derivatives, sucbkeatloorslope, cuvature and

rugosity, can beisedto understand the geomorphology of the seaf{@vown et al.,
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2011; Lecours et al., 20LYIBES backscatter, a measure of the acoustic signal strength
that isreturned from the sbad can be useda distinguish betweesubstrate
compositionsuch asardor soft bottomsand in some&ases, imgenic components of the
seafloor (e.g.biogenic reefs, dense algal beds, dense bivalve beds, ¢8raen et al.,
2011; Lurton et al., 2@ Wilson et al., 2021)The use obathymety, bathynetric
derivatives and backscatter datagetheris valuable fo undestandng benthic habitat
and predicting species distribution within a regiBecker et al., 2020; Brown et al.,
2011, 2012; Lecours et al., 20Monk et al., 2010; Rudolfsen et al., 2021; Wilson et al.,
2021;Proudfoot, 202

Benthic habitats descriled as an area of seafloor that is defingdpedic
abiotic characteristics such as substrate type or oceanographic conditions where bottom
dwelling organisms livgBrown et al., 2011; Wilson, 2020} is described 1 a species'
realized nichevith a set of conditions that are aiskey the orgaism or a place where an
organism lives after interacting with other specgtéstchirson, 1957; Mdes & Cabhill,
2011) It is scale dependenneaning hat the use of benthic habitat may vary with life
stage and size of the organigbutil et al., 1988; Morrison et al., 2008liveira, 1999;
Pratt et al., 2014)A study byBrown et al.(2011)emphasizé the complexity and
confusion associated with the term benthic hahiiEte term benthicdbitat haso fixed
definition and thesfore can be confusingsit canbe used talescribe a range of
attributesfrom the same geographical spacwlat different spatiabnd temporal scate
suchas a boulder providing habitat for a barnacle ancam beneath thedulder
providing habitafor polychaeta@vormswhile a region of habétt may provid feeding

habitat for demesal fish sgcieso (Brown etal., 2011) The terms 'benthic habitat
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mappn gabdo b e nt h o s ¢ agnesoftemasedpniercigardgeablypublished
literature to describe these types of mapping products, yet benthic habitat mapping is
different than benthoscapeapping

Marine benthtc habitatmappirg has beenlefined adiplotting the distribution and
extent of habitats to create a map with coat@lcoveragef the seabed showing distinct
boundarieseparatingadjacent halbat (Brown et al., 2011; MESH, 2008}urthernore
habitatis definedasfi...both the physical and environmental conditions that support a
particular biological community togeghwith commuity itselfé 6 (Brown et al., 2011;
MESH, 2008) According to Brown et al2011) ths definition of habitat suggests that
map biological patternspatially, technologistseed toimpose distinct boundaries
between adjacemnd discrete hatat types Theseboundariexan be mapped using
remotesensing method&coustic or satellitegndthese areas can be divided intotida
units withdistinctboundaries representingsdrete seithent a bedform characteristics
(Brown et al., 2011)Benthoscapes are one such product generatedrfrapping lhe
seafloor.

Theterm benthoscape is ustddescribe the geomorphology abidphysical
features of theededsuch asoralreefsor mussel beddBrown etal., 2011)
Benthoscape mapepresenthe minimum mapping unit that can be spaiall
characterized and derived fraemote sensing methodsd representiscrete boundaries
of habitat typesDifferentiation betweenbenthic habitatind benthecapemappng canbe
as simple as thiacorporationof seagrasss. For example satellie imagerycan detect the
presence of vegetation but cahsee the substraterath tiis vegetatiormaking it

more than simply benthicsubstratanap Moreover,benthoscapes foswon the
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geanorphology and physicaompaaentsof the seabedndorganismsnay use many
benthoscape class@gaud and seagrass)r they may select a benthoscape class based on
a combinatiorof complexvariables €.g.,temperature, salinity, oxygen, lifeagie, sze)
associated with habit#tat may not be resolved using remote sensing me{Bode/n et

al., 2011)

Benthoscapelassesepresat distihct patches dfiabitats with clear bawlaries
distinguishing one habitat patch from anotiwbich maynotbereflecedin natureas
theyrepresenthe minimal mappingunit of what @an bedeirived from using ths
technologyand spatial informatianAs aresulttheymay not beruly reflective of how an
organsm might interact with or be present ogigenbenth®cae classas organisms
may select habitat based wranycomplexvariablegBrown et al. 2011 Strong et al.,
2019;Wilson, 2020) Despite thisbenthoscapenapping using remote s&ng
technadogies has providedwaluable method to generate baseline data to characterize
benthic habitats and to measuraraies ¢ these enwronmentsBrown etal., 2011;
Lecourset al., 2a5; Proudfootet al 202Gy Proudfootet al., 2026; Wilson et al.,

2021)

Understanding how characteristics afid changem, benthic habitataffed
distribution, abundare and life histories of$h andother benthic dwellig species is
required tamake informed decisions surrounding fisheries management and to enable
better stewardship dfenthichabitats. The ability to identify the rangedatomposition
of seabed chacderistics and associatbtbdiversity in the form of benthoscpe maps
providesimportant baselinenformation that can be used to measure anthropogenic

stressors such as increased sedimentation and harmioff mfinutrientsfrom
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surroundng landscapesResilting changesn benhic habtat can kbad to chnges in the

ecology of speies and community assemblages. As species die or migrate away from an

area due to unsuitabltenthichabitat conditions, species who are better suited to the new

bottom conditons wil replensh the ara(Brownetal, 201 2 ; Un aemofa k 0 i I nsi
Natural Resources, 2007a)

Recent examples dienthoscapenapping approaches have demonstrated the
benefits that these forms of spatial information caarpfhcluding fisheries managemt
applicatbns, marine conservatioandthe planning of Marie Proteded Areas(Brown et
al., 2012; Rihl-Mortensen et al., 2015; Caldwell, 2012; Copeland et al., 2013yl€ust
et al., 2001; Lacha# et al, 2018 Novaczek et al2017; Proudfoot eal., 2020; Smithte
al., 2017 Walton etal., 2017; Wilson et al., 202 Young & Car, 2015) Specifically,
benthoscapecan be used to help identify vulnerable or threateabiats for species
that ae listed as special conceand @n be used tguidemonitoing and other
resoration activiies (Novaczek et aJ 2017; Proudfooét al., 2020; Rengstorf at.,

2013)

Similarly, advancements ithe acessilility and affordability of satellite imagery
haveincreased e sear c her s 6 mg andlincreage otiuaderstandigof e | y
benth@capsin shallow (<30m) coasdl waters(Brown et al., 2011; Forsey et al.,Z)
Traganos et al., 2018Yilson, 2020) Severaktudies have demgtrated the use of
satellite imagery to obses the distribution rad predict hebiomassf seagrasses in
coastal water@~orsey et al., 2020; Traganos et al., 2018; Webster e02D, /ilson et
al., 2020) Nearshorecoastal areas aggobally important habitats as they provide

protectionfrom predators, along with séng, foraging, and nursegrounds for juvenile
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fish and invertebratepecieqJoseph eal., 2006; Lambert, 2002; Olson et al., 2019)
Despite the importance of nearshbebitats and advancements in technology available
for benthoscapenapping, nearshore areas generally rerpedrly mappedForfinski
Sarkozi & Parrish, 2019; Leon al., 2013) There is a need to begin combining
methodologiesa generate seamlelenthoscapenaps that cover the diversity of hiis
from very $allow coastalaters to deep waterhich may be useldy mobile species
whose range varies basipatiallyand temporally throughout their life stag@secker et
al., 2020) Increased understanding of speciabitat use canontribute knowédge
needed towards developing recovery strategies for threadpeetks such as American
eel (Angulla rostrata) in theBras diOr Lake(BdOL), Cape BretonNova ScotgBecker
et al., 2020)

Due to its divergy of habitatsmcludingthe abundance a@oastalagoonsseveral
channels and strajtsary deep (> 80 m ) and shallow bayandlimited connection to
the ocan the BdOL offersa uniqueecologichareaand homdor avariety of artic and
subartic speaes notfoundalong the Atantic coast(Lambert, 2002Parker et b, 2007,
Petrie & Bugden, 20025everal migratorypelagicand residentish speces occur
througlout the BdOL, yet many of the residéspeciesaredemersalor bottom dwelling
Although apropriate habitat conditionsay eist outside the BdOLdr resicgent species,
many of them do not appear to leave the system and instead compiditetbgcles,or
a portion of their life cycles, whin theBdOL (Parker et i, 2007).

Of the46 known fishspecies found t@ccur in the BdOL15%havebeendesgnated
asendangeredr of special concerby the Commieeof EndangeredVildlife in Canada

(COSBEWIC) while many othespecies hawalsodedined (see Apperdix C). COSEWIC
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is comprised of an independedvisorypanelwhich reports to the Msterof
Environmentand Climate GangeCanadg COSEWIC 2022; 2022h). Theadvisory
pane] consisting of academjgovernmentnongovernmental organitansand
members from the private sectoeet twice a year drare resposible forcomgling and
analyzingthe bestvailableinformation about apecies statusiCanadandto provide
this infarmation to thdederalgovernmenbf Canada whichvill make the inal decison
of whether or noto assign a designation to a given specsgsecies must be listdxy
COSEWICin orderto be considered undtre Species aRisk Act (SARA, COSEWIC
20223 20221

Currently,the identificaion of habitatsdeemed essential or vital to population
recovery (e.g., nursery, spawning, feggliand winteringgrounds) remaina key
information gap for many commerciaéceational, and culirally significant marine
species(Novaczeket al., 2017)Multiple sources of geospatial ddtave bee collected
onthe geology andnarinehabitatsoccuring throughout theBdOL, yet a comprehensive
habitatmap d the BdOLdoesnot aurrently exst (Nixon, 2016; Shaw etl.a2002, 2006;
Taylor & Shaw, 2002; Tremblag002; Tremblay et al.,@5; Vandermeulest al.,
2016; Vilks, 1967). It is crucial to understand and momitbe variety of habitats found
within the BdOL, asthis estuary plays a kegle in supportiig andmaintaininga variety
of marine life(Parkeret al., 200Y.

This study characteriazghe benthic haltat fourd in theBdOL throughthe

creatbn of abenthoscapenap, to enablew understading of speciefabitat
relationships ad ecies distributions witim this unique andalued regon. Remote

sensing methods su@s those used this studyto generate the presdmnthoscapenap
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arevalued byMi6 k maw as t hes e nuestrubive theansgormoniter d e
obsave andmeasurdabitat required to understand gpEsenvironmentalrelationships
thathonoss the corept ofNetukulimk(taking orly what isneeded ad ensuing thee is
enoughfor future generationsaandwhich is central to the Mkmaw worldvew

( Un a ma Kidte of NaturalRemurces, 2020Managers ca al® use thisnapto
enhance steardship and recary strategies foother species, espially those thatre
threatenedr at-risk in this region The specific objectives ofthis study weréo: 1)
identify the kenthic haitat types found in thBdOL from sedloor imagerydatasets2)
mapshallow waer © 3 benthoscapefrom satellite remote sensidgta 3) map
deeper regions of the BAOL 8m) using MBES datasst and 4)combine shallav and
deep watebenthosapemapsto generate a seamldssnthosapemap of theBdOL

esuary.

2.2 METHODS
2.2.1 Apognmatulti &

This study waspart of a 3year collaborative@roject("Apognmat ul,t i 6 k 0
Mi 6 k foafiwmvie e | p e a c hisluilt bndaothdWwo-Eyed Seeig/Etuaptmumk
which combines the strengths ofndigenous kowledye with thoseof western knowledge
and acommunity-based study design orderto understandhe movemerstand habitat
useof ecologicaly, commercialy, and culurally significant species irelation to their
ecosystemcharacteristis. In the context oApognmatulté, the gaeration of a
continuousbenthoscape npawill allow Midkmaw decision makeralong with non
Mi&maw representativeto observe changés benthichabitats atsde placeof

observation anth deepe waterswhile providing baseline knoledge needed tmeasure
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the rates of thesénangesespecially incoastal lagoons and along the sioe
Additionally, a morecomprehensivenapof the seabed may aid ircisions
regardingchoice offishing gearfor key species. Foinstancegel spears are designed for
different habitatssuch as\Nikoglwhereonetype isused for hard bottorand another for
soft, as well alNetawemkewiwhich isused for mudottons (Denny et al., 2012)
However, fishing gears maglso be adjusted based seasonwith the hard bottom spear
used in winter to penetrateeper into the bottom waptureeels that bury deeper in

winter (Denny et al., 2012)

2.2.2 Study site: TheB rasd @r Lake ecosystem

TheBdOL ecoswtemis a large (1,099 km2) anthique estuary located in the
center of Cape Bren Island, Nova Scoti&anadakig. 2.1). The unique lpysical
structure ofthe BdOLoffers very shallovio very deep (3250 metes) pockets ofvater,
limited connectia to the rearty Atlantic Ocean, and miniscule tidal impact with low
flushing rate (Yang et al., 2007)TheBdOL ranges in salinity from 2@6 ppt, with more
enclosed itets near 18ppand areasore fully connected tdhe North Atlantic Ocean
rangng from 28-32 ppt (Lambet, 2002; Stain & Yeats, 2002; Yangt d., 2007). In
2011, theBdOL wasdesignagd a UnitedNations Educéional, Scientific and Cultal
Organization (UNESCO) Biosphere Resseard is currentlyunder considetan by
Canada for designaticas some form df1arineProtectedArea(Environment and
Climate Change Canada, 2018; HatG2018) In this stuly, an enphass was placean

the EasBay region of theBdOL as this area was outlinég Giles et al (2016)and
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surroundingVli  thd&q commuities agmportant areat preserve foAmerican

eelKatew, an ecologicaly, comnercialy, and culturdly significart species
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Figure 2.1. Map of the Bra d 6 K& (BdQL)y Cape Brain, NovaScotia.The stripped
black lines symbolize the Mukibeam Echsownder Ddaa (MBES) coverge collected by
the Canadian Hydrographic Service (CH8) the Geologi¢&urvey of Canda (GSC)
from 1999200B. The pnk area represent Reserve lands. &liellow area represits he
Sentinel2 levd 2A satdlite imagery coverge used to fill neshorehabitat gaps in this
study, while purpleareas represt no MBES dataoverage

2.2.3 Acquisition  and preprocessing of r emotely sensedda ta
Benthichabitats found inthe Easern regon of the BdOLwere characterized

usinga combinationof previously and newlgollectal data These datavere usedo

guideanunsupevisedclassification resuting in a continuoulassifed bentloscape

map The workflow d these methodsan be éund inFigure2.2 andis further explaine
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below. Benthosapeswithin the BAOL wereclassifiedfor the entireareathat hal MBES

coveragencluding all threeentrances to the neagrbcean

Acoustic Remote Sensing

1. Grid MBES bathymetery
2. Extract environmental variables

Optical Remote Sensing

Sentinel-2 Level 2A
corrected image

Benthoscape

classification
{using ROV footage (2020) &
Shaw et al., 2006 images)

1. PCA (12 bands) Benthoscape

2.OBIA segmentation " dclasslnflczﬂznw .
band #1.2.3.5 & 8A) andermuelen [OWTIS|
(ban o ) points & Gopro images (2021))

1. PCA (14 layers)
2. OBIA segmentation
(bathymetery & backscatter)

Unsupervised
ISOCluster

Unsupervised
ISOCluster

Reclassify
(Group isoclusters
with benthoscape

classes)

Reclassify
(Group isoclusters
with benthoscape

classes)

\
Accuracy

Accuracy

Assessment
(Error matrix)

Assessment
(Error matrix)

y

. Shallow
Sublittoral sublittoral

Combine
Sublittoral
& Shallow
sublittoral

Accuracy

Assessment
(Error matrix)

Combined
Benthoscape

Figure 2.2. Methoddogical workflow showng toth theacousticremotly sersed data
andsatelliteremotely sensed data ngiObject Basg Image Analsis segmeiation and
benthoscapelassfication process
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2.2.4 Acoustic remot ely se nsed data

This studydrew heavily on thelata generated from previousultibeam
echosounde(MBES) surveysconductedvithin theBdOL overfour yeas:1999,2000,
2002,and2003,in depths ranging from >2 to 264 metansl coveing approximatly
777.6 kn? (Shaw et al., 2005) Survey wereconductedy the Caadian Hydrographic
Service CHS) andthe Geological Surveyf CanaddGSC). Bahymetryandbackscatter
data were collected usigyo Kongskerg MBES systems: EM1000 §&Hz), and
EM3000 (300kH) (Griffin, 2003; Shawetal., 2005) The EM3000 daa were collected
from the CCGS Mihew which was a base for theydrogaphic suvey launchCSL
Plover, deployed in 1999The EM1000 data wereollectedfrom the CCGS Fredtk G.
Creedin 2000, 2002 and 2003 Griffin, 2003; Shaw etla 2005). Postional acuracyfor
all surveys wasetween 2 to 10 mdnizontal accuaicyandavertical acuracyof 1 cm
(Shawetal., 2005) Survey lines wre conducted atarious spacinghroughoutthe BdOL
to dbtaina 200% coveragef the seaflobin depths greater than 20n.

MBES data useih this study were collected by E1S and proessed by GSC.
Bathymetic datawere processdby CHS using Caris HIPS vbto aply sound velocity
and tdal carectionsusing atidal station inBaddeckprovided bythe CHS (Shaw et al,
2005) Geometric ad radiometric corrections were gpied to the MBES &ckscater daa
by the GSQusing inhowse tools. Backscatter date&eme griddedby GSCat 10m
resolution and arpcessedasc filewas providedo CHSfrom GSC(Shaw et al, 2005).
Bathymetry ditaused in thistudy were provided by CHS in ASCllyz formatat 2m
resolution The2 m bathymetric datweregridded and resampbto 10 mresolutionand

clippedto the extent of thebadscatter data using Globislapper v22.1. A resolution of
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10 m waschosen as this wgdhe highest resolution that coultk achieved given the

processed dckscattedata thawereprovided by CHS(Fig. 2.3).
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Figure 2.3. MultibeamEchosounder Data (MBE$om 19992003 collected by
CanadiarHydrographic 8rvice (GHS) ard Geological &irveyof Canada(GSQ. a)

b)

Multibeam bathymey and b) Multibeam backscadt. The white circlesrepregn newly
collectedgroundtruthing sites by OTN in 202@ndpurplecirclesrepresent ground

truthing stes use for habitat classifidéon oollected by &aw etal (2006).

The ewironmental layergTable 2.1) local man, stamlard deiation of

bathymetry, easterness, noehress, slpe,and relative deviation from the meanva

were generated from thethgmetryusing the Terrain Atthiute S®lection forSpatia

Eoology (TASSB todbox wsing a neighorhood window of 3 (defaukettings) and

savedas geogaphical unprojectal .asc files (Lecaurs etal., 2016) Lecours(2017)stated

thatthese six \ariables when used togetheran describenog of the variation in teria

propeties and local topogréyc features. FinescaleBenthic Postion Index (BPI) (Table

2.1) was derived using an inneadiusof 5 and an eternalradius of 10 and acde facta
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of 100. Broad Scale BRTable 2.1) was crived using an inner radiug ®0 andan outer
radius of 50 ad a sde factor d 500. Thesevarigbleshavebeensuccessfuln other
benthic habitatmappng studesto generte bentlfoscapemaps(Lacharité et al., 2018;

Wilson et al., 2021)and werehereforealsoincorporated intdhe data analys

2.2.5 Satellite remotely se nsed data

Seantinel2 level 2Asatellte, launcheal 23 June 201%European Space Agency,
20214d), waschosen for thistudy as this satellitefferedopen-source imagery with a
high (5 day) temporal and spatial (60 m)resdution that was tta compaable
reolutionto the peviously collected MBES dataCopernicus Seamel-2 Level 2A top of
atmosphere and bottom of atrasphere reflectance cocted sdellite data were
downloaded andlipped to theEast Bay region of thBdOL usingGoogle Eatt Engine
(GEE) and used to supplenm¢ areas where theravas no MBES coverageiff 2.1, Fig.
2.2). All 12 bands of Sentinef2 satelite imagery were downlabed andresampled to 10
m uponexport flom GEE Upon searching for images withinetisentinel 2 library, the
search wadiltered to onlylook for and selecimages with lesghan5% cloud cover in
GEE. Band 1, 2, 3, 4, 5, and 8 webeought inb SNAP, a open-soure@ desktop versio
software for ESA Toolbxes, to make use of and explore Ea Obsavation data
(EuropearSpaceAgency, 2021b)The Sen2Caal toolbox in SNAP was used temove
glint for bands 12, 3 4,5, and8 as a reference band. The glint coregtbands (12, 3,
4,5, 8) and emainng bands (6, 7, 8A, 9, 1Q01) werethen brought into ArcGIS Pro for

subsegent analyses (séion 2.4 below).
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Table 2.1. Environmentavariables usedn the Principal Component Analysis for
classificaton. Bathynetry and backscater data were derived froMBES da& while
layers 214 were derived from bathymetry.

Layer# Component Description Units Toolbox
1 Bathymetry Water depth. meers -
2 Backscater A measure of the intensity of the acoustic dB -
sigral returned fom MBES. Provides
informationon bottomcharacteistics such
as softness or hardness.
3 Relative deviation A measue d relative position hat identfies meters TASSE
from mean vdue peaks(positive high values) and pits
(bathymetry) (negative low alues)(Lecours etal., 2017)
4 Easterness A componenbf aspect thtinformson the - TASSE
orientationof the slge,i.e., its deviation
from east. It ranges betweeh (fully West)
and 1 (fuly Eas) (Lecours et al., 2017)
5 Northerness This is the scond omponet of aspect that - TASSE
informs onthe orientatiorof the slope, ie,,
its deviation from north. It ranges between
1 o fully Southand 1 or fully North
(Lecours et al., 2017)
6 Slope Identifiessteepneser gradient(ESRI, degrees  TASSE
2016c)
7 Standard A measure ofoughnesglLecours etl., meters TASSE
deviation 2017)
8 Local mean Mean waer depth, seful if the orginal meters TASSE
bathymetry layer is noisftecours etl.,
2017)
9 Aspect Identifies the slope dicion/maximum rate degees TASSE
of change of the downsbpe drecion from
one cell to its neighbor&ESRI, 2021)
10 Curvature Direction of ma&imum slope(ESRI, 2016a) (1/100) of Curvatur
a z unit e Tool
(metkers)
11 Planar Curvature  Curvature of surfacenithedirection ofthe (1/200)of  Curvatu
slope(ESRI, 2016a) az unit e Tool
(metes)
12 Profile Curvature  Curvaure of surface perpendiaulto the 1/100 of a  Curvatur
slopedirection(ESRI, 2016a) Z unit e Tool
(meters)
13 Fine BPI A measure bwhereareferenced locain is meters BTM
relative to the locations surrounding it. Fine
scale BPI idetifies smallefeaures withn
the benthidandscapesuch as narow crests
or lateral midslope depression(§&oeset al.,
2019; Weiss2000).
14 Broadsale BPI A measure of where a referenced location ic  meters BTM

relative tothe locationsurrounding it. A
broadscaleBPI identfies larger features
within the benthic landscape such agéar
depressions or signdint changes in slope
or elevation(Goes et al., 209; Weiss
2000)
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2.2.6 Ground -tru thing data

Groundtruthing points(n = 721) werecompiledfrom 174 staions using
previously collected groundtruthing photos by Shaw et al (26D (n=72 stations)and
Vandermueleret al(2007; 2016)(n=77 stations) and navly collectedgroundtruthing
photos bythe Ocean Tracking Netwo(KOTN, 2020) (n= 17 stationsjandusing the
GoPro (n=8 stations)}o develg abenthoscpe schanato classify benthic habitat in the
BdOL (Table2.2; Fig. 2.2). Groundtruthing of MBES dhta madeise of previously
collected grounetruthingimages(n=262 imagegby Shawetal. (2006) (seeShaw et al.,
2006 for suvey methodology)Groundtruthingfor SentineRA satllite imagerywas
comprisedof previoudy collected and classifieploints by Vandermuelen (2007 2016
see Appendix Dobtained from underwateideoclips (seeVandermeulen et gl2007,
2016for methalology).In 202Q several sites werselectedo collect newground-
truthing dafin deeper regiong hese siés were chosdnased on thBES backsatter
datathatrepresentedseveral typesf hard and sofsubstratesn the Eastar region of tle
BdOL.

New grouml-truthingin thesedeeperegions wasollected byOTN6 feld team
in 2020 wing two sepata remotly operged vehcles(ROV) eachfittedwith a forward
fadng camergTable 22; Fig. 2.2). Sixteentransects, 10 inlength, werecollected
betweerOctober 2622, 2020, using a B&ROV2. Duration ofeach transct was
apprximately 10-15 minutesvith 6 minutes 6 total bottom time. Anaddtionaltransect,
69 min length wascollected @ June 24 an@d7, 2020 using Faton Saab Sege ROV.
This transet wasapproximately 30 minutas duration,with 11.5 minutesof total

bottom time. In nearshorareas,a serieof 8 locatons waschosn basel onaccessibility
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from shoreto collect new goundtruthingphotosin deph s 3 d(Table 22; Fig. 2.2).

New goundtruthingdata orshallownearslore areasvere llected usinga GoPro Hero

7 Silver camera and&x73 cm quadrat for @ference framén=57 photos)between

July 13 and Agust 02, 2021Quadrant dropsverecollededrandomly from the waterline

with a minimum of three quadrant gh®perstation

Table 2.2. Seafloorimages asmbled from previouslgollected and nely collected
groundtruthing datasets used to guidesslificationfor thebenthascage map.The first
column shows the grourtduthing data source, followleby the number of images
classified ineachbenthoscapelass, the total number aftations, and thdevice which
captured thémage used for grountluthing.

Benthoscape class

Coarse Silt/Mud Mixed Shallow Deep Cont. Patchy | Total Total# | Source of image
Sed. with Sed. Silt/Mud Silt/Mud Veg. Veg. #of stations
<50 % (£50m) (£50m) images
Gravel
Shaw et al_, 2006 2 8 45 169 38 0 0 262 72 ¢ Photos of sediment samples on deck
collected using a 0.1 cubic mere van Veen
grab sampler (n=36 images).
s Scorpio underwater camera and an “ice-
hole” camera developed by GSCA
(n=125).
o Video stills (n=101 images).
Ocean Tracking 9 15 12 145 0 0 0 167 17 ¢ BLUE ROV?2 video still (n=160 images)
Network, 2020 ¢ Saab Seaeve Falcon ROV video still (7
images)
Vandermeulen 63 0 0 44 0 48 80 | 235 77 o Classified point by towfish with Shark
2007;2016 Marine underwater video SV-16 camera.
GoPRO, 2021 4 0 0 15 0 26 12 57 8 ¢ GoPRO quadrant drops (0.75 x 0.75
quadrant)
Total 78 23 57 373 38 74 92 721 174

Pasitioningfor ROV transectsvas achieved using known coordiesiat the

beginning of eachransect andblloweda known headingnd bearig for the kength of

the transecflransect waypoints &eplotted in Google Eartlandcoordinatesvere

measired and &tracted atistance intervals of 1t and used tgecreferene images.

To calculate timesimps at 10 m intervalspeed was deulated as total timan seconds

divided bydistance covered amdasconsdered constant. Atill image was extracteat

each 10m intervaltime stamp and georeferencétnearshore areaspordinatesvere
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collectedby positioring a handheld Garmin GRfser the center of thguadratBoth the
coordnatesand time wereecordedin a field notebok for each imageExtracedand
georeferencededloor images weréhenclassified based on thddiophysical
characteristicsuch as the dominant substrgtee according tdahe Wentworth scaleand
Folk method (Folk, 1954; Wentworth, 1922pDnce data vere extractedndinitially
andyzed the final dataset wasompiledi nt o sta d&andvadidatedor reclastied
if neededagainst the extracteitnage Once grouneruthing dataverecompletethe
modeor most fequent benthoscapeask waextractedrom eachstaton or trarsectin R
so that only a singlenage wouldall within each segmented aujt These aggregated
images wee thenused tovalidatethe unsupervisedssignedlassagainsiground

truthingimages to obtain th@veral accuracyof the classication performed

2.2.7 I mage classification

Once all groundruthing images thatvould be usedo guide classification in the
deeper egions of thaBdOL were compiled into a master filejages weree-grouped
into fourgereral benth@capeclasses based avhat was obgeed tobe consistent and
distinguishable amonigoththe ROV imagesand the groudrtruthed imagesollected by
Shaw et & (2006)(Fig. 2.4). Class 1 Coarse Sedimentgas comprised ahostly had
bottom (cobHle, pebblegravel,occasional bouler with coaser fine sediments present
and were not covered with aneerof silt/mud(Fig. 2.4). Class2) Mixed Sedimentwere
conprised of a mi of soft and hard botton{sobble, pebble gravebccasionaboulder,
often coveredwith a veneer of mudFig. 2.4). This classvas similar taClass1 but
contaned afine sedment component(Fig. 2.4). Class 3)Silt/Mud with < 506 Gravel

consistedf classeghat were compsed preominately ofsilt and nmud with a small
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proportion of coesegrainedsubstratdcobble, pebble gravebccasionaboulder)(Fig.
24). Finally, Class 4)ShallowSilt / Mu d  (w&s the ehoshapundagitound
truthing classcollected TheShal ow Si | t / Masslcorsified BfGdtipstrata
such as fine siltmudand in ®me cases likely clg bottom with no evidenceof hard
sedimentgFig. 2.4). Notes on atiched vegetationveremade for all photos in the deeper
region whichcorsistedof 0 - < 2% appearingas either sinig stands of dad eefrass
(Zostera mama) or reda | g & edardy all photos whil no kelp wasloserved irany of
the deeperegions sampled

Theapproah of compiling all groundruthingimages into a master fiendre-
grouping into distinct clases as alsgerformedfor the dallow regionin East BayThe
shallow regiommade use gbrevioudy collected and clasfied poirts by Vamlermuela
(2007;2016) anchewly collected grountruthing byMurray (2021).Using theground-
truthing pints colleced arl classified byvandermuédenet al (2007;2016 n = 613
points)235 pointsvererandomlysekcted to combine witthe 2021 earshore grund
truthing data (n=57hmwtos) to guide thehallow watebenthoscapelassificdion (Table
2.1; Fig2.2). In theshalbw regionsthe censity d vegetatio was described gmatchy
(sparse0 - 25% coveragég or continuous (dense5100% coveags. Initially, vegetation
from theMurray (2021) dataset was classifiedsparse (€25% coverage), madm (25
75% ®verage), ath deng (75100% coerage) However, there were not enough phos
classified as mediumegetatia to guide classificatioand theseclassesvere re-assigned
to machthoseobservedrom theVandemuelen etl., (2016)dataset

Overall,Vandermuelen &dl. (2007; 2016)dentified four mainnearshee classes:

Continwus eelgrass, Ray eelgrass, Rocky eelggs,andSandy Mid bottom. These
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classs, including the norvegetatedenthoscape outlned byVandermueler{2007;

2016)saved as a baseline for nang shallow waterclassesn this study As aresult,the

compiled data sets fahe shallow region groupleimages into foumain classes

Continuous VegetatiarPatchy VegetationCoarse SedimentandSh al | ow Si | t / Mud
50m) (Fig. 2.4). Using these classes, the neggetated classés the shallow region

overlappedvith theclasse®bservedn datasets of thdeepe region ofthe BdOLand

therefae wouldalow for a seamlesbenthosapemap ormeshallov and sublittoral

regions wereombined
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Figure 2.4. Images represting benthoscape | asses i n t:H{A Shdliow s
Si | t/ Mu d(B)DeepSlitMudi)B0m); (C) Silt/Mudwith < 50% Gravel (D)
Mixed Sedimeni&rave and cobble witla veneer of mudnd without visibleoresene
of fine sedimets); (E) Coarse Sednents(Graveland cobble without visible presence of
fine sedinents) (F) Patchy VegetatiofSpase: 625% cove); and G) Continuous
Vegetation(Dense: 75100% cover) Fieldof view (FOV) in images AE is
appoximately 10° horizontaly with a tilt rangeof + 90°. Quadrantdimensions in the
nearshore habitat photogtes £ andG) areapproximaely 73x73cm.
2.2.8 Unsupe rv ised classification
Uns upervised classifica tion and segment ation of MBES

All layers derived fran bathynetry and backsdter data (Take 2.1) wererescaled
from O to 1 using the Rescale tool in ArcGIS Pro applying a linear method. tising

rescaled datas input layers, a primgal component anagys (PCA) was mon all 14

MBES data layers and us¢d geneate a raster lsadon the fist three principal
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components that accounted for at least 95% of the variance (&igThe three pricipal
componergwere used to generatdR&B color compositeasterto be usd as an input
rasterfor the Iso Cluster analysis. A PGias un to reduceorreldion between vaables
used fo clasdfication (Jollife & Cadima, 2016; Sans, 2014)

The IsoClustermethodperforms clustering ahe multiband rastgiPCA) and the
output results ira signaturdile tha can be used as thepint for theclassification tool
thatguides and generates thieunsupervisedlassification rastefESRI, 2016b, 2022a)
The Isodata clustering algorithm tirmines the characteristics of the natural groupings
of cell attributes in spacena stares the results in an output astgnature file(ESRI,
2022a) The IsoCluster aalysisis similar toK-means clustering

Thelso Clusteralgorithm is an iterative process that computesrthmémum
Euclideandistance when assigning eamll to a cluste(ESRI, 2022a)he process
begirs with arbfrary means being assigned byelsoftwarewith one for each cister and
every cell is asigned to the closest of these means in multidimensional attripate s
(ESRI, 2022a)Using thisalgorithm new means are +ealculated for each cluster based
on the attribug disainces of the dis that belong to the cluster aftéretfirst iteration
(ESRI, 2022a)his processs then repeated with each cell being assigned to the closest
mean in multidimensional attribute space ang neeans are calculated faaah cluster
based orthe membership afells from the iterabn (ESRI, 2022a)UsingtheIso Cluste
analysisa minimum of 2 clustens requredandthedefaultsetting is set &0 clusters
There is no maximum number of clustdfmally, the speciéd number of chsses Vae

is the maximum number ofusters thatan be generated frothe clusteriig process.
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The number of clusters outputtime sgnature filedescribed earliemay not be the
same as the numbspecified for the number of desireds$s for several reassn
First, he values ofthe inputmultibandrasterdata and thénitial cluste meansmay not
beevenly distriluted.For ekample, n certain ranges of cell values, the frequency of
occurrences for these clusters may be next to (B8R, 2022a)Consequemy, some of
the originally predefined cluster means may not hasteaace to lasorb enogh cell
membergESRI, 202a). Secondly, lusters consisting of fewer cells tham tbpecified
minimum class sizealue(2 clugers)will be eliminaed at the end of thieerations
(ESRI, 2022a)Third, dusters mergeavith neighboring clusters whehe statistical values
are similar &er the clusters bemestable(ESRI, 2022a)Same clusers may be so close
to each other and have swihilar statistis that keeping thempart would be an
unnecessary division of the ddESRI, 2022a)While IsoCluster analysis wassed, this
clusteringand classificationvasalsodriven by segmeation derived from ta
bathymetryand backscatter data in efforts to ecapheterogeneitybetweenclassesn
multidimensional spac&egmentation of the MBE@ataset wasompleted using #h
bathymetry and backscatter data with a spat@tditiof 20, a sectral detail of 10,anda
pixel sizeof 10 musing ArcGIS Pro (Fig2.2; Fig. 2.5).

An objectbased image analyqi®BIA) and unsupervised Iso Cluster ciéisation
was applied to th€CA and segmented raster of tlMBES datasein ArcGIS Pro (Fig.
2.2). Using the IsoCluger classificationthe defaulnumber of clustersi20 and the
minimumnumber of tusters is 2 yet themaximum number of clusters remains
undefined.Therefore this sudy usedhe multivariate clustering tddo determine the

optimalnumber of clusterotset for the Is Cluster algghm. To determine the optal
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numker of clwsters, he Multivariae clusteing tool within ArcGIS Prowas run orthe
PCARGB input rasterThe Multivariate clustering tool evaluatégetoptiménumber of
clusters given the input data by computing a psetdtatistic for clusteringdutions
betwesn 2 and @ cludersand a default of 20 clustefESRI, 2022b)In the reslting
chartcomputedby the Multivariate statistics ¢, the lagest pseudd--statisic values
indicaie solutions that perform best at maximizing both within anddéatcluster
similarities (ESRI, 2022b)

Since thdso Cluster proeduredoesnot specify aguide todetermiring the optimal
number of clusters, theumbe associated with thiargest pseudd- statistic values can
be usedESRI, 2022b) The largest pseudeé-statistics inthe MBES were gratest
between 20 an#6 clusters witmo significant decreasem the pseuder-statistic values
beyond 26 clusters$so Cluster classificationvas thenrun onthe PCA RGB multiband
raster andegmentedathymetryand backeatier rastefor several iterations using an
optimal numbenpf clusters between 20 dr26 clustersThefinal iteration settingsiseda
maximum of 22 classes, a maximwh?20 iteations, anaximumnumber of cluster
merges per iterationetto 10cluster nerges, anaximummerge distance of 0.3,
minimumsamples pecluster set to 2and a skip factor of 10 wasedwith segment
attribueschecked for active chromaticity color, standard deviatowl, compactnesst
is suggested that whencreasing theumber of clusters, the number of iterations should
also incease as the value should be large enough to eteunagration of cellsrom
one cluster to another is minimized and allow clusteletmme stable (ESR2020).

The modeor most frequent bentiscape clasBom eachstatonwas used to

facilitate meging and reduction dhe 22unsupervisedso Clustes intofour
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benthosapeclassesand produce a newadsified mapThe purpose of usinthe mode of
eachgroundtruthingstaton wasused to ensurenly asingle imagevas assignetb a
given objectAn error matrix wasgeneratd in ArcGIS Proupon each itation of
reducing I® Custer classet ensure the highest overall accuracylddae achieveand

to ddermineC o h e n 6 & Stakstidfi-ig. 2.2).
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Middle Cape

Middlg/Cape

45.85°

Irish-Vale

Ground-truthing stations
® otn2020

@® shaw et al, 2006
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Figure 2.5. MBES bathymety and backscatterombined raste usel for segmentdion
with the segmentatiofile overlaid.Grourd-truthing stations from Shaw et al. (20G8¥
in purplecircles andgroundtruthing stations fronOTN, 2020represented byhite
circles The redoutlineinset mapepresentsghe area of thenain map.

Unsuperv ised c lassific ationand segmentat ion of satellite
imagery
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For satellite imagery, the Jeffriesatusa distance method wase in GEE to
examinethe 12 original bandsnd a suite of band indiceswsiar to Forsey etl. (2020)
to identify the best band sadtion for classifiation of my data in adtion to other
studies. The prpose of thelefriesmatsiadistarce mehodis to assess whether desl
classs are not oly spectrally different but are spectrally and significantlyedé#ht from
one anothe(Richards, & b, 2006) Following theJeffriesmatusiadistances, the final
decison was tomake use of all 12original bandsin the Satinel-2 sdellite imagery as no
spectraldifference baween casses or banddiceswere foundA PCAwas run on all 12
bandswhich were rescaled frofito 1 using th&Regaletool and used as inpuaibdsto
generateraster basd on the first tteeprincipd componatsthataccounédfor at least
95% of thevariarce. The three principal components were used to generate a R@B co
composite for the Is€@luster analysisSegmentation ofhe satelliteimagerywas
generged using he glint correctetbands(1,2,3,4,5 andBA) and used a spectraletail of
20, a spatialdetailof 15, andpixel sizeof 10 m (Fig. 2.2; Fig.2.6).

An OBIA and unsupetised Iso Cluster aksification was applied to tiRCA
output of thel2-bandsatellite imageryn ArcGIS Pro (Fig. 22). To determine the
optimal numkber of clusters the Multivariate clustering toolithin ArcGIS Prowas run
onthe segmentethsterdatasetThe largest pseudb-statistis inthe satellite dtagts
were greatest between 20 and 26 clusters with no significargagdesn the [seudeF-
stdistic values beyond 26 clusters.Iso Cluster classifications wetieenrun on the
satellite imagery inputdat®(CA and s e g s)forsévera iterhans usigram
optimal number of clusters between 20 and 26 clusterse @nogimal number of

clusterswasfound, assesnentof the best matched classes between each Iso Chumster
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groundtruthed images was ed to facilitate mergingnd reduction of Is€lusters into
benthoscapelasses and produce a new classified mayerror madrix wasgenerated
upon @ch terationof reducing Iso Cluster classésensure the highest ovéiraccuracy

could be achievedndto determine€C 0 h e n (& Staistidable2.3).
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Figure 2.6. () Corrected Sentine2A satellite image with groundruthing stations from
Vandemuele et al. (2016)(white circles) and newly collected groutrdthingin 2021
(red circles); b) Segméationoverlaid on correed satellite imagelheorangeoutline in
figure (a) represents theset displayed in figureh).

2.2. 9 Integration ofmap s
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Following classifiation of the MBES and satellite imagesgpaately, the two
classifiedbenthogsapemaps were combinedto a single classéd benthosapemap
(Fig. 2.9) in ArcGIS ProusingMosak to new rasterA O6 m depttcontourgenerated
from the multibean bathymety was appliedo the nearshorelassification andthe
reclassifytool was usd to reclassify vegetatedixels Patchyor Continuou3 O 6 m as
ShallowS i | t / Mu dand(rébordedtherarea (Knahd count ofpixels reclassified
(Fig. 2.9). In the BdOL,it is documented thatelgrasss notcommonin depthsO6 m
(Tremblay et al., 2005; Vandermeulen et 2016). The sarme method abovewas dso
used for reclassifyingShalow Sit / Mu d  (cl@ssirBiols hra)l | ow Si |t/ Mud ( ¢
andDeep SiltMud®O )and the areékm?) and cout of pixels reclassifiedvere
recordedsee AppendixE). A final accuracy assessmea@rrormatrix) was conducte
usngthemergedrasterand cmpiling all groundtruthing validation points andraining
areaqTable2.5).

2.3 RESULTS
2.3.1 Multibeam  echosounder  data classification

Unsupenised classification of the 14 data layers derived from th&Si@ata
(Table2.1), using the objectbased imageralysis appoach for segmentatn andthe lso
Cluster procedurgesulted in a classified image with aptimum of 2 Iso Cluster
classs (Fig. 2.7). These22 Iso Auster classes wereduced into four cksesto match
thefour benthoxgoe classesdetermired by our goundtruthingdatagts(n=161 object9
(Table2.2; Table 23). Coarse Sedimen{46 objecs, Table 22) coresponded with
IsoCluster classes 0,1,4,9,11 and PO.8%0) (Table2.3; Fig. 2.7), and were located on

areaswith the drongest backstter retuns. This class wasften caonfused withShallow
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Si |t/ Mu dTalfled.3).5Ctass RYlixed Sediment&Sraveland cobble with a

veneer of muyl(2 objects Table2.2), occurred on areas with highrwedium backscatter
intensities andvas equallyconfused witiCoarse SedimentMixed Sedimentand

corresponded with IsoCluster classes 5 andi1®4) (Table2.3; Fig. 2.7). Class 3:

Silt/Mud with< 50% Gravel(18 objects Table 2.3) correspondd with IsoCluger

classes 43,15 and 2133.3%) (Table2.3; Fig. 2.7) and were associated with lower
MBESbackscatter returnSilt/Mud with< 50% Gravelwasequally confused with

Mixed sedimentandoftenconfused withCoarse Sednens and less confused for

Shall ow Si | (TélMu3y Clast: S5hoa Im)ow Si | @lZ4khjedts ( O 50
Table2.3) carespomled with IsoCluster classes 2,3,7,8,10,14,16,17,18, a8b1®%),

in areas associatedtwivery low MBESbacksatter.This classhad the most olects

identified corerctly yesome confusiomccurredamong all three classddixed

sedimentsSilt/Mud with< 50% Gravel andoccasionallyCoarse Sedimen{3able2.3;

Fig. 2.7). Overal accuacy for the MBES sublibral benthoscapgasdetermined to be

62.70%6 with a kappa statistic of ®% (Table2.3). A kappa value of 0.40.80 indicates

moderate agreemewhile a kappa €©.4 represents poor agreamand >0.80 is

considered strng agreemen(Landis & Koch, 197y, ShallowSi | t / Mu deptf O 50 m)
werereclassifieda®e ep Si | t / (489d,228iRels5afea=489.13 kn?, see

AppendixE).
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Table 2.3. Error matrix for themultibeam subttoral benthoscapelassification.
Map (Iso Cluster) Classes MBES data
v @ %) o o
;) +— o
5 @ S 6 -8 _ Z3Z"©
S E SE 3-% 324
© 5% =_-8 52
n » »hzo P~
Ground-truth 0+1+4+9+ b5+12 6+13+15 2+3+7 | Total (no. Us er ¢ Omission
(Benthoscape) class 11+20 +21 +8+10 | of objects) Accuracy Error
+14+16 (%) (%)
+17+18
+19
Coarse Sedinmgs 2 0 0 14 16 125 87.5
Mixed Sediments 1 1 0 0 2 50.0 50.0
Silt/ Mud wi tl 4 6 6 2 18 33.3 66.7
ShallowSi | t / Mud 7 14 12 91 124 73.4 26.6
Total objects 0 0 0 0 161 Overall Accuracy: 62.7%
Producer 6s A 14.3 4.8 33.3 85.0 Kappa Statistic: 0. 57

2.3.2 Sentinel 2 A satellite classi fication

Unsupervised classification of th@ originalbands derived frorBentinel 2A
satellite imageryPCA ouput) usinganobjectbased image atsis approacton the
segmentedasterandthe Iso Clusterprocedureesulted in a classified image with an
optimum of 2 Iso Clusterg(Fig. 2.8). Similar tothe MBES data, the most frequent
benthoscapelass from the georeferencsatellte imagerywas matchedgainst the
unaupervised Is€luster aster and theZIso Cluster classes wereduced androuped
into four benthscapeclasseasdetermined by our gumdtruthing datasets (n= 29
objecs; Table2.2) (Fig. 2.8; Table2.4). Classl: Continuous Vegetatiowere bcated
along areas closest shore anclongthe perimetersf islands Fig. 2.8). Continuous
Vegetation76 objecst; Table 22) corresponded with IsGluster classes 1,2,5, and 14
(57.9%) (Table2.4. Fig.2.8). This chss was confused with bd&atchy Vegetatioand
insome cases b@Shd | ow Si | t /bditond(Tapl&.4)5ass@Patchy

Vegetation1190bjecs; Table 22), were associated witlso Clusters classes
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0,4,10,12,15,168 (63.8%) (Table2.4; Fig. 2.8) and was occasionally confused with

Continuous VegetatioandShalow SilttMud  ( O . Gla&ds3®hal | ow Si |l t/ Mud
m) (68 objecs; Table 22) correspondd withmostlso Cluster classes

(3,6,8,9,13,17,19,20h7.6%) and was nearly equally confused withtchyVegetation

and les confused witfContinuousvegetatio (Table2.4; Fig. 2.7). Class 4Coarse

Sediment$29 objecs, Tabe 22) wasassociated with sCluster classes 7,11, and 21

(100%), was gually confused witfContinuousvegetatiorandShallow SilMad ( O 5 0

m) and was most confused wiltatchyVegetaton (Table2.4; Fig. 2.7). The overall

accuracy for the shallow sublittofagnthoscap&as determined to be &% with a

kappa statistic of 65% (Table2.4) indicating moderte ageemat.
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Table 2.4. Error matrix for the satellite shallv sublittoral benthoscapelassification
used to ompliment MBES sublittorabenthoscape

Map (Iso Cluster) Classes Satellite
Imagery
© %)
(o] © =
E o %‘ o) 5 é ° 3 é
/ — / < ©
§3° 53° g2s0 33
Ground-truth 1+2+5+ O0+4+10+ 3+6+8+9 7+11 | Total Userd s Omission
(Benthoscape) class 14 12+15+1 +13+17+ +21 | (no.of Accuracy  Error
6+18 19+20 objects) (%) (%)
Continuous Vegetatioh O 6 44 21 11 0 76 57.9 42.7
Patchy Vegetatiof O 6 m 15 97 7 0 119 81.5 18.5
Shall ow Silt/) 10 24 34 0 68 50.0 50.0
Coarse Sediments 7 10 7 4 29 13.8 86.2
Total objects 76 152 59 4 292 Overall Accuracy: 61.3%
Producerdés Acq 579 63.8 576 100.0 Kappa Statistic: 0.55

2.3.3 Mapint egration

The final combinedenthoscapenap(MBES and satellite datachieved an
overall accuracy 059.3% and a kappa statistoé 0.45 andclassfied 806.6km? of
habitat in the BAOL ah1258 km? in East Bay Fig. 2.9; Table2.5; Table2.6). The
combined map resulted in sevaenthoscapelasses (Figc9).Shal | ow S0 1 t / Mud
m) was the dominant substrate throughtvet BdOL, followedbyDe e p Si | t / Mud ( C
m), Silt/Mud withC60% Gravel Coarse SedimentMixed Sedimats, Continuous
VegetationandPatchy Vegetatio(Table2.6). Slight variationn habitet wasfound in
East Bay; East Bay was dominated®dy al | ow Si |,folloMadthy ( O 50 m)
Continuous Vegetatios i | t / Mu d% Gvavel Goarge SBdimentMixed
SedimentsPatchy VegetatiorandD e e p S 15@n) (Viabld2.5), I®the combned
benthoscapeapproximately 139.1 krhof theSilt/Mud classwasreclassifiedcasDeep

Silt/Mud (O50 n) (see methods secti@5; AppendixE, Table E.1). Furthermorel1.61
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km 2 of the Continuoug(4.7 knt) andPatchy Vegetatio(6.7 km?) wasreclassifedas

Shll ow Si | t / Kbeednetho@s séction 205; AppenBixTableE.1.).
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Table 2.5. Error matrix for the final combinelenthoscapenapof theBra s Ord.dke
where the classified shallow sublittoral (satellite imagery) region and the classified
sublittoral (MBES data) regions were mosaicked into a single combergtioscape
These results reflect changes to eaehthsocape including &%n defih gradeent in the
sublittoral map betweeshallowandDeep SiltyMudO50 m)and a 6n depth gradient
for vegetated areas in the shallow sublittoral region

Benthoscape Coarse Mixed Silt/Mud Shallow Deep Cont Patch. | Total Users’ Errors of

class sed. sed. <50% Silt/Mud Silt/ veg  veg (no. of Accuracy omission (%)
gravel (<50m) Mud objects) (%)

Coarse sediments | 4 2 4 9 14 5 6 44 9.1 90.9

Mixed sediments |1 1 0 0 0 0 0 2 50.0 50.0

Silt/Mud <50% 4 6 6 2 0 0 0 18 333 66.7

gravel

Shallow Silt/Mud | 6 6 13 130 0 8 19 182 71.4 28.6

(=50 m)

Deep Silt/Mud 0 10 0 0 0 0 0 10 0.0 100.0

(= 50m)

Cont. veg 0 0 0 13 0 41 22 76 53.9 46.1

Patchy veg 0 0 0 21 11 83 115 72.2 27.8

Total objects 15 25 23 175 14 65 130 448 Overall Accuracy: 59.3%

Producer's 26.7 4.0 26.1 74.3 0.0 63.1 63.8 Kappa Statistic: 0.51

Accuracy (%)

Table 2.6. Area of classified habitat derived from the combibedthoscapéor the Bras
d 6rQakeand East Bay.

Bras LakeOr East Bay
Habitat type Area (km?) | Area (%) Area (km?) | Area (%)
Coarse Sediments 764 9.5 59 47
Silt/Mud with < 504 Gravel 96.1 11.9 8.6 6.8
Mixed Sediments 64.7 8.0 52 41
Shall ow Sil t/ NA4158 51.5 88.4 70.3
Deep Silt/ Mud |139.1 17.2 3.2 2.5
Continuous Vegetatioh ®m) | 9.9 1.2 9.9 79
Patchy Vegetatiof ®m) 4.6 0.6 4.6 37
Total 806.6 100 1257 100

2.4 DI SCUSSION
2.4.1 Combined benthoscape oftheBrasd @&r Lake

Thedevelopedenthosepe map of the BAOLcombiningMBES and satellite
datg represents one of the few integrateajppingdatasetin this region This
benthoscapenap seres & continuous classified baseligatathat can be used to better
undestand seafloor characteristiarxd speciesnvironmental relationships in the BAOL

andcan be used to inform management and marine spatial planning activities.
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Benthoscapenapping va remote sensing methods an example ohondestructive
metlods that cameused byresearcher® guicke collaborativedecision making without
harming the environmeniyhich is of criticalvalue for projects incorporating Indigenous
knowledge and respeét) Indigenous valuedndigenous values suchid s i tmadN o 6 k
which trars | a t allsny rtelation®, ackn o wl edges t hat Mi 6tk maq
those they share territory widtndacknowledgsthe spiritualand cultural tiesa the land
as well ageciprocal responsibility to care fatr (Denny & Fanning, 2016; Giles, 2014)
Studieson marhe conservadn have demonstratdtbw combhing Indigenousecological
knowledye, via participatory mappingvith remote sensing technologjssich as satellite
and aerial imagerwith geographic information systeptsas helped bridge the gap
between scierdts and loal people This hasencouragdconversation and acceptande o
corservation projectsvhile fosteringcollaboratve managemendecisionsof coastal
ecosystemgAswani & Lauer, P06a, 2006bt.auer& Aswani, 2008)

This study identified sevebenthoscapelasses that areonsistent with previously
published research in this regiandthe types of habitats found to exist withime BAOL
(Shawet al., 2006; Tremblay et al., 200Byso consistent was the fiing thatthe East
Bay region of the BAOL was dminated by sofsedments(mud)with some patches of
cobbles and isolated bould€F3g. 2.9). However, results fio this study did ndfind
higher structurseafloor type (extensiveboulder withmacrophyte coverage)
described previolsg (Tremblay, 202; Tremblay et al., 2005)he lack of higher
structureseabd in this study is likely deto the limited amount of grounituthing
coverage which focesl predominately irhe northernand eastern regiors the BdOL

compared to previous studies whgreundtruthing occurred in thwesern and southern
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regions ofthe BdOLwhere moreobbleboulder habitats were observ@emblay et al.,
2005) Additional grounetruthing exending to the southern and westeaegions of the
BdOL andthe collection of lgherimage quaty would be valuable to capte the
diversity of benthic hlaitats and communities that exist throughitwet BAOL

At least twabenthoscapelasses in this studyere nearlyidentical to classes
interpreted byShaw et al., 2006. For exampley @hallow St / Mu d  (cl@sswa® m)
mostsimilarto S h a wt@ s(2006)class 3Mud: clayey silt to sandsilt clay. Similarly,
my Mixed Sedimentslass was most similao Shawet al. (206) class 4:
Undifferentiated gravetespectively(Table2.3; Fig.2.4). My ShallovSi | t / Mud ( O 5¢C
classwas dstinguished as a featureless safiudly, andsilt bottom and wa ea&ily
distinguished in instances when the ROV video waglthsionally hoer towards the
bottom and stir theesliments. Disruption of sediments created anglwf poor visibility,
suggesting lighterand softer sedimentstherthan settling quickly andlearly as seen
with coarser fine sediments such as sand.

In this study the Mixed Sedimes in newly collected ROV footage nsisted of a
denselypacked mixture of large drsmall subranded and subegular peblesand gravel
andwas mossimilar to the Glacial diamict (il) class described Bghaw et al. (2006)n
somecasesMixed Sedimentwere associated witancrusting red ghe (ithothamnion
sp.), small green sea urchar{Strondyocentotus droebachiensjsandsea starsAsterias
sp.). TheSilt/Mud with < 50% Gravel class identified in this study is likesimilar to
class 2: Littoral greel by Shaw et al. (2006), as thigidy did not include the collection
of in-situgrab or ore samplesand the ROV was nogeipped with measuring lasers t

classfy grain size,soit was not possible accuratelydifferentiate between fine
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sediments sutas sang, silts, andmud. Bedrockvas notobserved in any stilmages
despite king idetified by Shaw et al. (2006) irt éeast one areaf the BAOL.

While this study obtained similatasss namesomparedo Shaw etl. (2006)
that studywas a geological classification and classes were examsiegmore tlorough
techniquesuch asedimengrab samples which catelineatebetweerglacial diamict,
ice-contactsedimentsgas charged sediments, fluvial deposésugrine andmarine
mud, littoral depositsetc.,whereaghis stuly useda moregeneralapproactof
classificationof images okubstratedy usingthe Wentworth(1922) and FolK1954)
methods

Currentlythere is no one standard methodd@assifyingmarine habitat based on
groundtruthed datalnsteadseveral versions of schemas, seascape étagins,or
bentloscapes are used to define habitat frorages and siment samfes (Strong et al.,
2019) Forexampk, European Nature Information System (E@NICoastal and Marine
Ecological Classificabn Standard (CMECSHELCOM Underwater Biotoperal
Habitat chssifcation systemHierarchicalFramework of Marine Habitat Classification
for EcosysterBased Management (HFMHGndNational Intertidal SubtideBenthic
Habitat classification (NISBare somedchema that exist and airto provide a
framework forhabitatclassification(Strong et al., 2019Moreover,the Potential Habitat
Classificaton Schenasis desgnedto address thdelineationof fisheries habitats, while
others may pecifically include fsh habitats of consertian importanc€Greene et al.,
2005; Greene etlg 1999, 2007; Strong et al., 2019Yhile hierarchicalschemagprovide
aframewak for habitats to be grouped ;toarser levis, comparisondetwea different

studiesusing the sae scheméf one is usedfanbe difficut. Furthemore, @mparisons
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betweenstudiesare onlypossible if thénabitatschema classification is interpreted
consistently and rests uporheroughunderstanding of the schemsed as well as
knowledge ohowto bestclassify information usinghiatschema(Strong et al., 2019)
Thebenthoscapelassifcation applied a 50 nadepth threshold tthe Shallow
S | t / MO rd)classd separate into two classesSha | | ow Si | t@aMud (O 5
DeepSit/Mud (050 m). This 50 mdivisionwas based on knowledge observed during in
field surveys in deeper regions of the Bd@lhich suggested that soft sediment haibit
in the BdOLarelikely differentat depth However differencesn benthoscape classas
the 50m contourcould not bedistinguished acousticallglone For exampledifferences
in benthoscape class atthe 50 m contour includeariation inspeciescompaosition
inhabiting tlese areawhich may be a resuttf depth alone or aombinaion of depth and
associate@nvironmentatharacteristicsugeh as teperatureandoxygen Howevermore
sampling information isequired to better assess thdspthdifferencesin benhoscape
classesForexampe, thevertical profileof the water column in theorthernregion ofthe
BdOL is relativelywarm (~6i 8°C) andfrester (~20i 21 psu) inthe first 5 mdepth while
demonstratingolder(~0.5°C) andnore braclksh (~ 2526 psu)waterbelow 30 mwith a
strong hermoclineoccurringfrom ~5 to 30m (Yang et al., 2007 Diff erentiating
Silt/Mudclasses at this contour cowdeve as the basier the addion of a new category
to thebenthoscapes identified hereassessinghe bethoscapes of dedottom
dwelling demersafishes However in this studythe 50 m contour was chosen due to a
combination of some sampling in the northern regisnvell astaionswhich were
deployed as deep as.838n A 10 m buffer wasallottedfor anychangen receive

placement aftethe first roll overof detectionsThe combinedbenthoscapenap also
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app !l ienddemthh@shold to th€ontinuousandPatchy Vegetion classesn order

to reclassifyp i x e | dronCthe® classeasSh al | ow Si | tThiMdedsiof O 50 n
wasbased ornnformation fromTremblay (200%which statedthat eegrass did not

extend beyond 6 m depih theBdOL. Furthemore, infield sonar samplingroundthe

perimeer of neashore islands the BdOL havesuggestda 5 to 6 m depthontouris

indeedthe depthat which one can expect theesence of eelgrass, witl eelgrass

presentdeeper tha6 m B. Hatcher, personatommnunication,2021). Thereforehie 6 m

depth contouwas useds aboundary ofwhich to observe attached veggbn, such as

eelgras, in the finalbenthoscapenap. Overall, the combinetenthosapemapthatwas
developedepreserdgdseven distinct classes witteasonabl@ccuracy and ecesponed

with previousdataset of habitatfound inthe BAOL(Table2.5; Table 2.2).

2.4.2 Multibeam echosounder data

There arechallengego usingmultisourceMBES datasetgollected at different
operatingfrequencieslue to the lack of calibratioof the backscatter data asgsten-
speciftc settinggBrown et al. 2019; Lacharitéteal., 2018. The datgrovided in this
study weretoo dd to re-process t@xaminewhetherdiscrepanciesf thebackscatter da
collected between MBES systemscured However, the data used for classificatithrat
wereprocessed by GSénd provided by BS appeared tbe high qualityHowever,
misclassificabnswhen sing MBES benthoscapeanoccur(Lacharité eal., 2018.
Sediment stratigraphy, picularly in areas wherbamd substrate exists beneath a thin,
soft substrate layecan further complic@ the abity to interpret backscatter intensity

and geneatebenthoscapenaps fran MBESdataset when mappedvith lower frequency
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MBES systemgBrown et al., 2019; Hillmaset al., 2018; Lach#&é etal., 2018 Lurton et
al., 2015 Misiuk et al., 2@1).

Within this study, severajroundtruthinglocationswere mie | as sisbfi ed as
b ot t asmmeyoorresponded withraasof high MBESbackscaer indicative of hard
substata(Coarse sediments Silt/Mud withO50% grave)). Similarly, se\eral aeas
identified as Ahar d gooumdtiutinpg@der @ o heerved as fAsoft
MBES bad&scatter. Multibeam backscatter data used mshidywerecollected usig
two different MBES Kongberg systemattwo different operahg frequences: EM1000
(95kHZz) andEM3000 (300kHz)Griffin, 2003; Shaw et al2005. Multibeamfrequency
and its ability to distinguish between diffeteseafoor charactesticshas been
extensvely studied n recent years, anmequires carfell consideratiorwhen using MBES
backscatter for behic habitathamacterizationLacharité et al., 2018 urton et al.,
2015)

In fine-grained substrateg.Q.,silts and muds) sigh@enetration of lower
frequery systems (g., EM1000, EM1002) will penetrate dperinto the sedirant than
for high frequency systemé.g., EM3®@0). This canresult in misclassification of
seafloor substras, particularly where theeresediment stratifiagtions with fine
sedimeats ovelayed on coaersubstratesAs a resultareas mppedusingmultiple
sourceof MBES data (e.g. diffrent survgs and/or opeting frequenciesjan resulin
lower classifiation accuraciedepending on the local seafloorachcteristic§Lacharité
etal., 2018

Greater penetrain using bwerfrequency sygems mayherdore enable

characterizton of sub surface sediments (via volume scattering, variation in grain size,
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sediment strateor presence of infauna and bioturbation), while leiglrequency
systemsthatdo not penetite as deemto theseafloorwill enable letter charaterization
of seafloor surface features and rugositgcharité et al., 20)8Despitethe challenges
of using multiplefrequeny MBES datasets, the benefits of using MBES datatoolto
mapbenthic habitats bs exceedethe challengs of its uséBrown & al., 2011,2012;
Misiuk et al., 208, 2019, 20202021 (Brown et al., 2011, 2012These chaénges
simply illuminate the importance ofground-truthingaspart ofthevalidationmethodgor

benthoscapenaps.

2.4.3 Sentinel2 A satellite  imagery

Nearshore areas in trssudy were lassified using the best Sentis# image
acquired between AugusO®0 ard June2021that weredeemedow-cloud for tre study
area.This stug focused only on identifying areas with attached vegetation in the East
Bay region of the BAOL whicls comprisedf softbottom substrates and a&$eexposed
shoreling(Fig. 2.9). Distinguishirg between eelgass angeaweeds, as Wieas
macroafjaeanddter br own al gaeods, remains a chall e
using satkite imagery(Immordino et al., 2019; Poursanidis et al., 2019; Traganos et al.,
2018;Wilson et al., 2020)Howe\er, eelgrass $ the onlyspecies of seagragsund to
occur in theBdOL andis the most common marine plant in this system, making
confusion betweeseagrasses unlike{(fzambert, 2002; McLachlan & Edelstein, 1971)

Nearshore areagassified n the shallowsublitoral berthoscapenap were
consistent with previougsearch by Treblay et al. (2005andwere predominately
comprised of elgrass, macroalgae, and some bragae More exposea@ndrocky

shores of the BAOL like those fadim the nothern and wetern regions, consisted of a
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mix of seaweedbut were located outside thast Bay extentAreas classified aatchy
andContinuows Vegetationn this study were in line witthose classifiethy
Vandermuelen et al. (2016@5ig. 2.9; AppendixE). In both this study and Vandermuelen
(2016)areas closer to the shoreline and in shallower depihsisted oContinuous
VegetatiorbecomingPatchyfartherfrom shore and in deeper dbg.

Nearshore areasappedn this study were also ceaistert with theresuls of
Wilson et al. (2020in the Eastrn Shore Islands in Nova Scothich revealed
challenges irthe ability of SentineRA imageryto distinguishbetween dark bare muddy
subgrates and vegetated habitatising SentineRA imagey, a variety of band ndices
that are knarn to aid in refletance of vegetation were tested, however these indices did
notimproveseparatiorof soft sedimets suchas sand, mud, arsit bottoms from
densely vegetated areas. Furthemmdthis study also deonstated no pectrd
differences betweeB h al | ow Si | and dénsdlyege@tedbabeasmhpen using
original and glint corrected bands. The results of this sagggewith results by
Traganos et al. (2018) in clear tropicat@rswhere theyuseda supenvised pkel-based
classification appach toidentify several typesf seagrasses in the Aegean and lonian
seas. Traganos et al. (2018) found no spectral separability betwegageiated and
vegetated areas. Based on thelteaf this study as @l as thhose ofwilson et al. (2020)
and TaganosZ018), SentineRA satellite imagery appears to inconsistently distinguish
between densely vegetated areas and brightisgéigetated sedimerasd is likely due
to the coarse resdion (10 m)remotely enseddata. Degite this, the use of Sen&éh2A

imagery in this study has provided useful results regarding the presence of vegetated

64



areas that are consistent with previously published datasets such as Vandermulelen et al.
(2007; 2@6) and Tremblay et a{2005).

Work by Vandermuelest al.(2016) is restricted tdive mainareasone of which
overlappedvith our study aren East Bayyettheydid not provide coverage for all of
East Bay Therefore, ths stidy could notmeasurehanges in vegetated asefor the
entirety of East Bay, y¢hesechanges could be measured amzhitoredgiven the area
classified in both Vandermuelet al. 016 andthis study. Furthermord, is important
to note thathis classification was driven and validated usingyaicant amount of
oldergroundtruthing data and newlyatlected satellte imagery 2019).Due to he
inability to access many of tlggoundtruthingstationsthat had beenlassified by
Vandermien (2007; 2016), these sites could not beueeyedo monitor changes in
density or loss oéelgrass. However, éftlassiied daasetby Vandermulen (20072016)
significantly contributed to the quantity gfoundtruthingsites required for the
nearslre classificatiorfTable2.2).

The classified nearshobenthoscapenap generated in this studyay best be
used avaseineinformationoutlining areas with tlached vegetation in the region.
Future studies should consider expanding nearshore habitéficdéiss outside of East
Bay and be mindful of changesaquatic vegetative species compositand
assemblagesi@t may occur dong more exmpsed shorelinesf the BAOL. This study
generallyachieved good accuracy of classified nearshore habitats (Z.&pleable2.6).
However, a combination of additiongdoundtruthingsites and higher resolah
imagery, such ag/orldview 2or Worldview 3, would result in geater overall accuracy

of thesehabitats Higher resolution imagery would be required to distinguish between
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eelgrass and seaweed in the BAOL as Seli?isatellite inagery does not haved
spectral resolutio to distinguish betweenthese plantsin thisarea(Wilson et al., 2020)
Higher resolutiorsatellite imageryvould alsobe beneficial to bld confidencem the
distindions betweemlersely vegetited aeas and bright and f§daresedment such as
Shall ow Si |.tAlteiatikly, fe€earbhérs may consider the use of
bathymetric iDAR to distinguish betwenbottom types andpecies of sbmerged
aguatic veetation.Using bathymetric LDAR would alsoallow for the inclusion of
bathymetric information for the nearshore araassatellitalerivedbathymetryis not

open sourceandavailabletoolsrequire extensivegroundtruthing

2.4.4 Unsuper vised classif ication

In this studytheresultsof the MBES unsupervised classification resuli@dboth
moderate overaticcuracy(62.7%) anda moderate Kappstatistic(0.57). Similarly, in
thesatellite imagery the neshoreclassificationachievedanoverall accurag of (61.3%)
and amodera¢ Kgppa statistt of (0.55%). In supervised methodshich require training
dat, labelled observationssed to train thalgorithmhow to identify classesften
requireextensve human irgraction Meanwhile unsugervised classifigtion methodsas
used in this studyyse only testing datawhich areobservationshat are used to ekmte
the performance dhe classificatiorfin this case grounttuth image$ butare notused to
train thealgorithmusedfor classifcationitself. As a result, usupervised classdation
methods which do not use training dataldo notrequire guidacefrom human
interactioncan bdessaccuratdahan supervisethethodsyet unsupervisedlassification
methodsarebeneficialas theyarereproducibleand repeatbleby ary user usinghe same

input information Since theséwo-classfi cationmethoddiffer, the overfi accuray of a
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supervised classificaticendan ursupervised classification method is equally
comparablendtherefore the kapa statistics an overalbette measure of accuracy.

Kappa statistics are an indekagreement that demonstrate how wiklé
classification performed based on what would be expected@sconducted by random
chancgMcHugh, 2012; Pykes, 202@Hor example,filso Clusters wereandomly
assignedo benthosape classesnemight get someorrect by chancen this study, once
thelso Clusteralgorithmhelpedto find the natural grouping of clusters, grottnathing
images (testing datajas used to help reduce tB21so Auster classes intimur
benthosape classeallow the quantificationandaveragng of the exact numbeof
correctlyidentified clusters The kappa statistids therefordower than theoverall
accuracy anis amore conservativeeasureAs a resultjt is possible thabnemight
have a high accuracy but@v tomoderatekappaor in this casea moderateaccuracy and
moderate kappdn theseresults, thekappa stistic of the nearshorsuggest results are
45% better than a randoassignmentfolso Cluster clstes toassignedenthoscape
classegMcHugh, 2012; Pykes, 2020)
2.4.5 Benthoscape mappi ng inthe Brasd &r Lake tosup port

future resear ch

Previousstudies haveemonstrated the value wicorporating habitat
characteristicsfor understanding specigspatial and temporal distribution patte(esy.,
Becker et al., 2020; Finn et al., 2014; Rudolfsen et al., 2@2{jeralstudies in the
BdOL haveexaminedr describedpecieshabitatassociationgLambert, 2002Parker et
al., 2007 Petrie & Bugden, 2002; Tremblay, 2002; Tremblay et al., 2006t of this

work hasfocusdon invertebrates, such asustaceanschinoderms and otharollusks
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(Breen & Metaxas, 2009 remblay,2002; Trembdy et &, 2005) though,severalfinfish
andinvertebratespecies distributions have been documented according to (@ptn &
Metaxas, 2009; Lambert, 2002)igrationpatterngCrossin et al., 2016)geographic
location(Giles et al., 201 and movemengelection patterndandovskis 2021)
However, b date a comprehensive habitat map b&BdOL hasnot previouslyexisied
and therefore was natwailable for reseahersor managerso conductstudies regaiidg
movememhand habitat usef awide variety of species

With the production of thisomprehensiveenthoscapenap,it hasrecently
allowed theexamination ofhabitat associations and disuitions of Americamhobster in
the BAOL Thisstudy, using acousc telemety in the BdOL, denonstratedthat adult
lobstas show little preference taubstrate clasand contrary to predictionsjsed all
available habitas patterngLandovskis, 2021)Currently,there is a lack afdeal habitat
in the BAOL for American lobster, a cultally, ecologically, and commercially important
speciego the aea and its communitie$he BdOLconsists predominately of rdand
has experienced significant (60%) deebk of had bottom habitats ith increased rates of
sedmentation(Shawet al., 2006J n a ma ktifutie of Natural Resources2007a)
Given the low salinityand minuscud tidal nfluence in the BdOLa loss ofhard bottom
habitatmay furthercontribute to he low productivity of lobsteandthreaten the
recruitment other invertebratspecieghatsurroundingcommunities rely offior food
and sustenand®arker et al., 2005haw et al 2002) Longerterm sudy, combining
tracking withbenthoscapemapping, should allow an assessmerduwfh expetations.

Berthoscapanaps mayalsooffer more realist understanding of speeshabitat

associatioa whenpaired with oceanograpghparametes. For instance,tadieson
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American eel and Atlantic cq@&adus morhupoutside the BdOlhave demonstratetie
influence tempeaature can hawe on habitat selectioffrreitas et al., 2016; Tomie et al.,
2017) Atlantic cod werdoundto selectvegetated (eelgrasand macroalgae) nearshore
habitats dumg favorabletemperaturesvhereasinder increased sea surface temperatures
cod selected newegetated rocky bottoms and sand habitats available in deeper and
colder areag¢Freitas et al., 2016)t hasalsobeen suggested that American eels
overwintering in estaries may prefer mud substrates with freshwater upweklliagnud
acts as a thermal layer increasing winter survival under freeziray teatperattes
(Tesch, 2003; @mie et al., 2017)

The final combinedbenthoscapenap(MBES and satellite imagergata bgether)
canbe used tesupportfuture studies that examine speeiebitat associations or
temporal changas gecies distribution imelationto substratewith baseline knowledge
of habitat, researchers can begin to matdithtselections to assotgd seasons,
temperatures, or movemegdtterns Furthermoreputputs generated in this chapter can
be usedd determine the amount of available and suitablathtin the BAOL(Table2.6)
for species of interesThebenthoscap maps from this studgancontributevaluable
informationfor fisheries management and monitorofgulturally, commercially, and
ecobgically important speciesm the BAdOL

Species may use mabgnthoscapelasses based on a combination of complex
variables (temperature, salinjtyxygen, life stage, size) associated with habitat that may
not be resolved using remote sensing metladm®. Future workshouldconsider the
inclusion of oceanographic environmdntariables such as temperaturdi raéy, and

oxygen to develop a morealisticunderstanding adpecieshabitat relationships in
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addition to the identification dfenthoscapeprovided (Freitas et al., 20316Rudolfsen et
al., 2021) Furthermae, benthoscapelasses themselves repent distinct patches of
habitats with clear boundaries distinguigiione habitat patch from atherand therefore
these boundaries between habitat types may nintilyereflecive in naturgBrown et al.,
2011; Strong et al., 201Wilson, 2020) Understandinglassificationmethods of how
benthoscapeaps ad classesirecreatedcan aid in nderstanding theriitations of

productsthat aregeneratd andin interpreting species habitat relatibipss.
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CHAPTER 3: HABITATUSEBY AMERICANE EL/KATEW INTHE
BRAS D @R LA KE/PITU &PAQ

3.1 |INTRODUCTION

American eelgAnguilla rostratg in theBras dOr Lake(BdOL) estuay, Cage
Breton/ Unamald, Nova Scotia Mi&mald, exhibit differentlife histories comparedb
thosefound inother Nova Scotia river®. Bradford, persona@lommunication, 2022
Jessop, 1987; Medcof9@6; Smith & Saunders1955) For exampe, in the BIOL, there
appears to be nextensive use of freshwater hablgtyellow stageAmerican eels
Additiondly, the BdOL appears toepresentan optimal habitatfor American eel as
habitatcharacteristis found thereare similar to thoseeported in othestudiessuch &in
a deltered to semeéxposedshoreline mudsubstréum, andat depthsO30 m(R.
Bradford, personal communication, 20Zzirns ¢ d., 2012; P&er et al., 200§
However, little knowledgéas been docunentedon the movement ofek or theirhabitat

asso@tionsin the BdOLasinformation on haltat hasnot beenreadily available.

The shorelines of the BdOareneckaced withcoastd lagoons(> 500) whichare
extremely vulnerale to anthropognic impactsas they serve as a buffer zone trapping
sediment ad anthropogeio run-off from nearby roads keepng materialsfrom entering
the main body of the BdO[Peterson et al., 1985; Rp2018). These tabitats which
offer refuge br a variety of peciesncluding eel,are alssuscefpible to the buildup of
excessiverich nutrients (eutrophicationhat @an lea to harmfulalgal bloomswhich can
cause low oxygen arsand maybe toxc to speciesthat feed on aduiic vegetabn

(Kennish, 2002; Peterson et al., 1985; Ross, 2018; Skei,.2000)
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Suchanthropogeit impactsmay lead tochargesin waterquality which can
subsequently impasedimentswhere bottom dwilling species liver burrowand cold
result inaloss d, or alteration to, suitable habitat(Kennish, 2002Peterson etlg 1985;
Ross, 2018; Skei, 200@®urthermore American ee$ in the BdOLhave beelnfested
with an invasive nmatode swim ladderparasiteAnguilicola carassis (Denny & al.,
2013). This parasitehas been documented to redece Iresilizrce in low oxygenated
areaswhich may pose incrased risksfor eelsburrowed in areas witbxygenlimitations
(Denry et al., 208; Gollock et al., 2005; Lefebvret al., 2007; Tomie, 2011)n the
BdOL, localized build ups of bothhatural andanthropogenic nutrients have caused
eutrophication in at leasinebay as \ell as someoastal lagoonéStran & Yeats, 202).
While the overallwater quality éthe BAOL is generallygood,maintainng good
ervironmental waer quality wthin the BdOLis importantto preservédnabitatsandreduce
environmental sessorgo species inhabiting theraspecidly in areasvhereA. carassus

is presen{Strain & Yeats, 2002)

Americaneelsareoften cgptured in salt mashes ad coastal lagoons, and in some
cases may comprise the iméish biomass initese habitatéDionne et al., 1999; Fd &
Mercer, 1986)Eelshave also been documentedigpend havily on saltmarsh
secondaryproduction as an energetic resce over time, and thus can be coasid salt
marshresident{Eberhadt et al., 2015)Coastal lagoons antearslore habitats which
areoften vegetatedare importanto eels hroughout the life history as they pnade
refuge fom predators in shallow depthst(m) especially during dayligt hours

(COSEWIC, 2012Murphy et al., 2021)

72



The BdOLcoastal lagons, referredto locally as barachois pondserve as
primary areasor severaMi 06 k ocoenmunitiedo condud theirfood, social and
commercial (FSO and winter eel fishégs(Denny et al., 2012)Thesenearshore hatats
have been documentad important areas to preserve for the retardf language and
transmissioo f Mi @skimpangwledgeand wer e i dent i fpiaced by
yourg eders learn to @ or go eeling for the first timéGiles, 2014)The East Bayalong
narow armthatextend in the east of the main body of tBdOL, representd 25km? of
the 1,099 km? lake(see2.3.3. Chapter 2). This regonis culturally significant, as it is
comprised okeveralprimary eeffishing areas used by Blik mand isadjacent to
Eskasoni Hist Naton, the largesMi6 k m aommunityin Cape Bretonrad thelargest
Mi 6 wagspeakingcommuniy in theworld (Fig 31; Denny et al., 2012; FisWIKS,
2022;Giles etal., 2AL6). Declines otthe American eel have been sugtgel in the BdOL
amdt he Mi 6 k ma q requaing ehigheefishing dffat fbr fewer ees, aswell as

a notable decline ined abundnce(Denny et al., 2013PNemy et al.,2012)

Mié k ma w Kk n oldelsia doqmmunitiessurrounding th&dOL have
undestood esl movements and habttuse forltousand ofyears and adapt their fishing

stratgjies and gear aording to the seamal movements of ee(Demy et al., 2012)For

exampleMi 6 k maq f i sher s miteio anotfento@avwidrepeatedly i s hi ng

fishing the same areand indoing soaim to reduce ebleting eelat a giveriocation
(Denny et al., 2013Mi 6 k marsg hawe eepoetdwaiting 5 to 7 days before returning
to the same location to fish, while others have reported mgtshing #es annully, or

if abundance was low, not fishing an arearf@ary years or cycles (seasongj,not

fishing at allout of respectfor theeel(Giles et al., 2016; Denny et al., 201Buring the

73



spring, summer and fallpsaringoccurs anightor during tle eary morningin coastal
pondswhereeelyrass is present uhthe growth ofeelgrassnakesit too dfficult to see
theeels(Denny et al.2013).In early tomid-fall, Mi6 k maq adj ust their fi
to capture eels moving into tipends to ovewinter or those migating out(Dennyet al.,

2013.

Mi&maw fishersalsounderg aperiod of observationut of respect fothe eel
to learn patience as well as propdirgetechniqiesand respedor place(Giles et al.,
2014). For example, prpersummer eahg techniqe is desgbed as havig eelerdarget
the tailto helpensure eels punctured by the sp®eay survive ifthey escape artd
ensurehe hed, body,andorgansincluding theswim bladder are not puncturéGiles et
al., 204). Additionally, this period ofobservatiordescribedy Giles (204)
demonstratesdw eelerdearn to value the transmissi of knowledge obtained through
oral traditions suchsgthroughstoriesand experietial learningand illustrates how values
and beliefs are transtted and adaptedvertime and integrated intoracticeqGiles et
al., 204). However this period of obseation andgainingexperiencen eelingusing
traditiond gear is limited to shalle ( 4@)waters(Dennyet al., 2012)

Relatively little knowlede is avdable on the spatial artdmporal distribution of
eek and their haitat usein deeper water§> 4 m)of the BdOL, as well & theamount of
time eels spend iar moving betweerthe coastal lagonesand East BayPrevious studies
in the St.Jean River watershed in east@anadawhich corducted otolith analysisro
yellow American eelshave suggested thegels considered to lackshwate residents
mayadualy demonstrag seasonal migration pattsmcaipyingbrackish water in

summer ¢ feed andhenmigrate to freshwater rivers to overwinter as wteperatures
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begin to coolThibault et al., 2007 However,it is relativdy unknown whethereelsin
estuarire environmentsandspecificallyin the BdOLestuary are inded residents or
demonstrate thiseasonainigrationpattern Furthermorethe ability tounderstandhis
paternin such a highly diverse spesiis lilely restrcted to the environment being
studiedand whetheseasonal mamert is accessibleavailable or even required by ezl
For exampleAmericaneelsin the Great Lake®ne of thew o r |ladgésgreshwater
ecosystems;annotexhibit ths patternasthe regim iscomprised of series otonnected
lakeslinked to the Atlantic Ocean by tH&t. Lawrence Rivemwith nootheraccesdo
brackishwatess or ponds(F. Whoriskey personacommunication, 2022

The M @n&q ofEskasonseekto leam mae about howeek are using the coasdta
lagoons as #y adapt thie strategic rotatio of eelfishingsites based on ¢#fobservance
of eebandto guide thé& pracices using thdi 6 k weduesMsit No 6 k ma I | my
relatio n s 0 Netukindkfitaking onlywhatis neededto ensure eels will be presdot
the rextsevengenerationgDenny et al., 2012; Gk et al., 2016)These methods align
with Western Knowledge System#/KS), knowledge that idriven by the scientific
method,alsoundego a period of observation to gieiquestions antkarning yetusing
telemetryto track eeimovements we can extend this period of obgemahroughouthe
seasonsnd in depths greater than 4 met@ise primay objectiveof thisstudy is to
examine how American eels use East Bayagionof the BJdOL, and specifically
coastal lagoongo olserve vhathabitateels maybe assoiated with and whetherchanges
in movemenpatterrs during certain seasowgcur. Thischapteraddreses these
objectivesthroughsix questionsl) Do eelscapturedandreleasedn the coastalagoons

remain in tlat locationyearround? 2) Do eelsthat keave thdnner Pondthenleave East
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Bay?3) Do eels spndmore time incoastal lagoonsompared to Eastd/? 4) Do eels
use all habitat available to tim@ 5) Are eelsassociatedavith certain habitats linked to
changes inseasonand 6) Do eek use cdrin habitat habats more in the day compared

to the nght?

3.2 METHODS
3.2.1 Apogn matulti &

This study waspart of a 3year colaborativeproject("Apognma t u |, Mii @dwvo
for i @ help eals other )athatis fostered ora combinéon of Two-Eyed
Seeing/Bupaptmumi{combining the stengths ofndigenous knowledgeith thoseof
western knowledgeand acommunity-based studgesignto understandhe movemerst
and habitatuseof the American eel, & ecologicdly, commercialy, and culturfly
significart species Apognna t u &sMid & kna wnerp dHEskasoni First NatigrEast
Bay, BdOL, seekknowledge o how eels use the eguaryandspecificallycoastal lagons
asthese communitiesely on the estuay for food and sustenance as wellfas the
adaptabn and trander of Mikmaqfishingknowledge (Giles et al., 2016)1i6 k ma w
partnersn Apognnma t u lwitsh t@dentify eelhabitatassociations in severdahistorical
fishing areashatcan hép further dentify any potentialanthropogenicisks to eet and
eel habitatin this region This study ams to helpcontributea collective understandingf

American eelhabtat usein theBdOL.

3.2.2 Study siteand design
This studywas condctedwithin the Eastern rgion (EastBay, 45911902° N, -
60.602913°W) of theBdOL (45.84813° N, -60.818953 W; Fig. 3.1). Placemenbf

stationaryacousticeceiversvaschoserbase onlocala n d  Mw Kn&wiedgeshared
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by project patnersat the Unamaé Ingitute of Natural ResourcefUJINR) and
knowledge ofacousic telemetry g members bthe Ocean Tacking Netwk (OTN). A
previous stug by Gileset al (2034) contributal to ste sdection for receiverslaced in
nearshore areawhich includedJohnPaul sd.ane Pond East Bay Sandbar drbeaches,
and Goat Islad and arrounding isands eachdeemedculturally significant and

important toMi&maq
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Figure 3.1. Acoustic receier loatons(n=47) wi t hi n tdkeWHte as do Or
pentagon regpresent InnovseaVR2ARS while black pentagons peesent Innovasea

VR2Ws. Environmentaldataloggers (n=6) cosist of DSTCTD logges (n=5) in green

circles and theaquaMeasre (n=1) dissoled oxygnloggerwith the orange pirBuried
mudtags(n=6) ae representedy brown squaes Rdease locationef tagged eek are
represened by pns Release ges (RS) aredifferentiated bycolor: RS#1 (red),RS#2

(blue), RS#3 (green),RS#4 (purple RS#5 (orange) and RS#6 (yellow). The taging

location (blad star) represent€EskasoniFishand Wildlife Centewhere all eels were

taggael and leld inholdingtanksuntil release back intthe BAOL The inset maghows

the placement ddicoustt statonsatthe entrancedo the Brasl Or Lake
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This study deplged a total of47 acousti recavers (Vemco/Innoasea VR2ARS
and VR2Ws) with the élp ofthe OTN field team and memlpg ofthe UINR between
June 2019 and October 2020 (Fidl)3VR2Wswere dacedin neashore areaas these
receiversdid nothave an acoustic redeeto bring the stéon to surfaceaind inseéad are
deployed and retrieved maally, exceptfor one whichwas plaed in the head of East
Bay (1.2 m depthandwasnot equipped witlareleaseanechanism (Fig3.1).

Sixteenreceiwers (VR2ARs) were arranged to aVEMCO Positicing System
(VP9 arraysituatad in agridded pattan in Eag Bay to collet fine-scalemovementata
of eeband lobsers (Landovskis 202]). Another sixteemeceivers(VR2ARs) were
arrarged into two lines acress themouth of East Baforming a doubk gate and were
usedto dbservespeces migating in and out oEast Bay and tie mainbody of theBdOL
(Fig. 3.1; (Brownscombe et al., 201%tations placed in the VP&dthe Gate were
placed 500 m gart Remainng receivers were pacedin the BarraStrait(VR2ARG,
n=4), at each of thexits of he BAOL to theOcean(n=3), andat several neahore
locationsincluding beaches, headwatetgves(VR2AR, n=1 and VRRW6 ,51=5) and at
entranceso coastal lagoosreferral here ashe Inner andOuter Ponds(VR2AR, n=1
and VR2W, n=1) (Fig. 3.1).

Severalenvironmentd loggers weralsodeployedIn 2019,threeStarOddi DST-
CTDsweredeployed at a single coorditelocatedin the centerof the EasBay VPS
arrayat 64 m, 4.4 m, ad 20.4m depthsto measuresalinity, tenperaure, and
conductivty (Star-Oddi, 2017). Om aquaMeasure datogger was ebloyed at theame
location at 20.9 m depth to record dissavaxygen In Juy 2020, additional Sar-Oddi

DST-CTD tags(n=4) werededoyed and attachedto statonaryreceversto colect
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oceamgraphic data incoastal lagoonandnearshore r@as All environmenal data
loggerswere set to record dt0-minuteintervals.To convert grcer oxygen
concentations intomg/L an onlineconverte wasused(Loglio Systens, 2022). V9
acoustic transmittes (V9R2x-069k-1, n=6 not equipped with a prease sensor to reord
deph) were buried 3045 cmbeneth the substrate (fimud tago, Fig. 31) on December
17and D, 2019, at twodcations.Each individual &g was feced ina Ziploc bagge and
thenplacel insideanother Ziplac bagge filled with waterandseaéd withduct tape.
Thesewere meant to resembdepoous sac such as a ventral cavity ofsh to assss if
tagged eels codlbe detected if they remra@d benath thesulstrate during periodef

winter dormarcy.

3.2.3 Range testing

Range testing of regversin the BAOL was conductedybCrossin et al (20d)
using V13 andV16 tagswhich occurredatthe ame fregencyas those used ihis study
(V9 at 69KHz) as wellasrange ésting of sentinel tags rgceiwers placedin the samer
similar locations athose ugd in his study. Sentinétags maintained goodetection
efficiencies despitdifferent envionmentalkconditions, such as gace wind, bottom die,
and a sratified water column. Detection effiencyranged fom 92.8% irachannel to
98.6% in asmadl bay, howe\er ro estimated dection range was praled,beyond what
was stated ahe estimatedange in lhe receiver manugCrossinet al.,2016). Stations
placed clge tonearslre areasmayreducethe detectiorrangefrom 500 m to a little as
50m as they are confounded by landssesnd in sone cases occupied with dense

aguatic vegetain (Bangley et al., 2018)
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3.24 Animal Capture andt aggin g

Forty tagswereallocatel to the pojectover a 3yearperiod thoughactual
numbes of eelstaggedvariedby yeardueto difficultiesin cgpture success.In total, 33
eelswere tgged overthree sumners: 18 betweenAugust 1and28 2019, 7 betwveen
August ¥ andSepgember 17202Q ard 8 betweenJune4 andSeptember 2 2021 Al
eds were apturednearEskasoniReserveLandsandnearshoreareas within East Bayof
theBdOL (Fig. 31) by the Apognnatulticks Commuity Liaison al alocal Mi6 k mia
harvesterin 2019 eds were @ptured ging wn-bated fyke nets while in 2020and 2021
eels were apturedusingbaited p@-up cylindernets.Popup netswere bated with
crushed blue muselsand greencrabin 2020andwith a singlealewifein 2021 This
fishing gear and bawassdected acording to locabndMi 0 kwrkieowledgeand
modified due tothelow numbers 6 eel captured in 2020 and@21.

Immatureyellow staged ekls O50 mm intotal length and O @ gdn weight(for
tags to b&2% of body weight) that were in goodhealthwere retained for tagging
smaller eelswere retirned to the BdOL(seeAppendixA.1&A2). After capture, eels vere
broughtto the EskasonFishand Wildlife Center for tagging (Fig. 31) andheld forno
more than three dayn hdding tanksequipped with a covering to prevent aninfatsn
jumping out andd minimalizeany visial stressEels weretagged externallywith a T-bar
Floy taglabeled with an ID numberii B L BOG¥0@dU I N R 6 se rnymhesand
taggedinternally with a unique acoustidransmitter fnodelVIP-2x-06%K-1: 9mm
diameer, 26.5mm length, Bg weight, aange o034 metersand estimated tagife 3%

days;Innovasea2020). All tagswereequippel torecad pressure (deptland were sd to
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transmit auniqudy codded signal ®ery 45to 75 seconls Becauseselsareimportantto
the local FSCfishery externalFloy tags were tical to indicate that the individual would
beunsafe for huranconsunption giventheanesthetizsedfor internal tagging
Informaion onthe total length, weight, body comtion, cagture location dateand time
tag ID andFloy tag IDwererecaded for &l eds.

For tag implantaion, eels were anesétized using phenoxyethanol (0.5mg/L)
and a 20nmincisionwasmadeusing a small scdpel blade (size 10 mm anterior
the anusand offset flom themid-ventralline. Tags wee insertednto the viseral cavity
of the abdomermand a 3-0 nylorrmonofiamentsuturewas uséd to closethe incisia with
2-3 suures The aldomenwas disnfected with Betadine before and afteigta
implantation. Taging and capture precedures wer carried ouin accordancevith the
approvedanimal use protocol fam Dalhousie Univerdi y 6 s | BaneiComanittee
(protocoll19-17). Aftertagging eels were placedinto arecovery tank and monitored for
6 to 24 hours atfer surgery to ensure tey remained dordaide upand thenretumed to

their capture locaton for relese(Fig. 31).

3.2.5 Determining life stage fort agging

Morphometicsusedto ensure only yidow eek were tagged were npérformed on the
first 18 eeltagged In 2020, morphometrics sucasbody color(havingayellow to white
ventral surfacend a dark gren dorsg| with nonrmelanizedpectoralfins andno
presence foa visible lateral linewasused to & in determiningyellow eek usedfor
taggingfrom silveringeels n theBdOL (Acou et al., 205, Okamura et al., 2007
Furthermorein 2020,photoswere gathered faheremaining 13aggedeek and were

used to clect measuements for the letye diaméer (Dv: vertical ad Dh: horizontal)
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to calcul ate an ocular indexasw®las = ((° [/ TL
measurementsf theleft pectoral fin to calculate the pectoral fin index (PFI = (PF/ TL) x
100) was comluctedin Imagel to hdp measurethe degee of silvering BéguerPon,
Castonguay, Benclrd, et al., 2015; Pankhurst, 198Zhe Pankhurst ocular index is
particularly useful for identifying the level of maturity eelsusingmorphometric data in
addition to body colgmwith an aular ndex ofO6.5mmindicating immatire or

maturing adult silver esland an index of ®.5indicating mature es(Pankhurst, 1982)
Other measurements such aad&ength heasured fronthetip of the lower jaw to the
lower point of the gill openingasr tip of snout to back edge of tejill operculun), head
width (distance between the outside of the jaw hinges to the nearest QBamyet al.,
2016)and Girth width(tip of the lower jawto the farthest isidecornerof the nouth)
weremeasuredThough not categorizedehd widthhasbeen assigned jprevious
studiesasbroadat >0.33mm andisnarrow @ <0.33mm(Barry et al., 2016; Ide et al.,

2011; Lammens & Vissel,989; Proman & Reynolds, 2000)

3.2.5 Detectiondata: F iltering and ana ly sis
Acoudic detection deawere importedinto R andthe GLATOS package was used
to filter any potential &ise detedbns fran the datasgHolbrook, et al., 2010 False-
positive de¢ctionsorfi f ades @ect i onso occur when a signal
transmiters wllide andresult in adifferent taglD code by thereceiver station
(Simpfendorfeeet al., 201%. False detectionsererenoved usingthé mi n _ | dano f unc
within the GLATOSpadkage wich calculates he mnimum timeinterval (seconds)d
the rext closest dection (either previosia subsequendf the sametransmiter on the

same reeiver(Holbrook, et al, 2019) T hlse_ddiett o n sicion fwithin the
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GLATOS packag was then used with irte frame of 1,350econds which i80 times
theminimal dep delay @5sec) of the agsuse d . @ldeédeted fi o nteral® f i |
categorizegach detection assigmgjraii p a s s eodf Oforil Indiceing 1 as a true
detectionand 0 forreceiverswith only asingle detection. The dataerethen filteredto
removedetections wh fpassed _filer= = 0 0 efore Wékeetionsthat have a passed
filter of 1 demonstite the eel was etectedat least twice atwo different timesamps by
the same receiver or wdstected by more than one receiver it thestudyaray.
Once filtered detection datavereandyzedusing the Refining ShortestPaths
(RSP) mckageto geneate ektracks(Niella et al.,2020; RCore Team, 202). RSP uses
aleastcostpath analysisto calculak the shortest path étween locationswhere ammals
weredetecté and isconstained bylandmasset dlow for longer,but more realisic
distancestraveled by tagged animaléNiella et al.,2020). This study applieca 500m
bufferto the landshafile as s&eral receiverswere close b shoreandthis wasthe
smallest buffer acepted by th packagegivenour studydesgn. RSPthenappliesa
dynanic Brownian Bridge Movement Model to calculatgilization dstribution(UD)
areaswith 50% representinghe wreuse areaand 95% reprsentirg the home range
(Niella et al., 202Q)This accountsfor thetime differences between sapledpostions
andtheir respective accuracy wite usingcondtionalrandomwalks to dgectbetavioral
charges almgtrajectoresused inestmatingutilization distribuions (Krarstauber et al.,

2012; Niella et al., 2020

3.2.6 Mortalities
At least two detecteckelswereassumed ¢ have died andthuswere removel from

theanalygs. Onedetamination of nortality wasif elapsed time btweenthe first
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detecton timegamp and the last det&on timestampvasgreaterthan 90daysduring the
spring(Mar-May), sumrmer (JunAug), or fall (SeptNov) montls, or wasgreater tha
182 dgs during the winter (DecFeb)dormarcy period (Denny et al.2012). Mortality
wasalsoassumedif an indivicual demonstratd ahigh numker of detection¢Omin step
rate of tagat 45 seondg at a single locatiofor thegivendetection pepd, no horizortal
movemaent to or beéweenadjacentarrays, little to nochangein pressue (depth) sers,
or if amortality report wasmade bylocal and Mikmaw fishergKlinard & M atley,
2020). Detectiondata forthetwo individuals remogd from analysisre foundm

Apperdix F.

3.2.7 Categori zationof mov  ements

Forneardhore anddrgescale movementnalysiseels wee grouped asither
sedentary ovagrani similarto Beguer Bn etal., (2019. Sedentaryeelswere
caiegoizedas thosehat cemorstraed nomovemets betweerarraysyet wererepeagdly
detectedt a sinde location (receiverclosest tdheir releag site). Vagrant eels were
categorizedis els thatweredeteded byat leastwo arrays.

To deternme whether eels tggedin thelnner Pond remained in thatea data
werefiltered to inalide only eelgapturedieleagdin the Imer Pond A chi square
goodness ofit testwasused to determe whether trere wasa sgnificant differencan
the nunber d eelsthatleft thepond compared tothose hat stayedrFor expeted values
a 3:1ratio for the rumberof individualsthatwould leave the hner Fond (75%) comparel
to those thamay stay(25%) wasusedbased upn the prediction thatels n thelnner
Pond ae not alwayshere butather use these areas forégng or winterrefuge (Denny

et al.,2012) A two-sanplet-test wasthenused to determine heher thetotal length and
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weights ofindividuals that stayedvere sgnificantly different fran those that éft the
InnerPond

To deternme whethervagrmarn eelsremainel in East Baythe datawerefiltered b
includeonly eelsthat left thelnner PondA chi squaregoochess of fit testvasthen used
to deternme whether therevasa sgnificant differencan thenumberof eelsthat left
East Bayand wee déected in the Sait comparedd those hatremained in East Bay.
For expeted values, &:1ratiofor the numbe of individuals thatvould leave theEast
Bay (75%) comparedo tho® thatmay stay(25%) in Eag Baywasusedbasdupon the
prediction thathe BdOL offerssuitable habdtfor winteling (ex. Coastal lagoons with
freshwater upwelling and presinatelymud substratéRoss, 2018; Taylor & Shaw,
2002) A two-samplet-test wasthenusal to determine \metrer the total €ngth and
weights ofiindividuals thatremairedin EastBay were $gnificantly different fran those

thatleft Eag Bay.

3.2.8 Residency

To detemine whethereels sped more timan coasthlagoors compaedto East
Bay andthe amounbf timeeek spentn each aray, all receiverghatdetectedeels were
grouped inteseverarrays: ) Neashore,2) InnerPord), 3) VPS 4) Gate, 5) Outer &nd,
6) Srait, 7) Ocean(Fig 3.1; Wickhamet al 2022) Datawere sunmarizd by e€ID, the
array,and the month ctdcted anl arranged by the tiestamp & the deection(Wickham
et al., 2022) Detectionswere filtered separatelyor time of first dete¢ion and time of last
detection for each individualwithin each arrayThe filtered datcorsisting of arrayeel
ID, residency timend tine d fir st deéction timesampweremerged with that oflag

detectontimestanp and a new domn was nadefor residency time (secondy which
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wasdetermned bysubtracing the last detection timgampfrom the first detection
timestampResidency timevassummaized for #l eelsin each arragnd expressed a&
proportionto deternme the amunt of imeeels spent irach arrayNo eels were
detectal at the entrancegexits tothe BdOLandthereforethis array was not includeth
analyss (Fig. 3.D.

To deeminewhethereels speninore timein onearray over ohersin the BAOL,
anonparametic KruskatWallis testwas tsed toassessvhetherthere was a signficant
difference inresidency tinein eachof the $x arrays (Fig 3.1). When significant
differencesn reddencybetveen arrgs werefound, Dunnés (1964)test for multiple
comparisonsvas used taleteminewheresignificant differencesoccuredand in which
arrays. Anothertwo-samplet-testwas usd to deerminewhetherthere was asignificant
differene in the total lagth andwveightof individualsthat let the BAOL (last detected in

the Strait)compaed tothose ha remained irthe East Bay.

3.29 Habitat Use

Habitat availability and suitability were catulated in this study following
methals u®d in Rudolfsen et al (202). Briefly, a habitasutability index(HSI) is a
value ranging fron 0 tol andis used to estimatéhe suitability of diferent habitat types
for a populatiorbasdon the species observepgresence or absersosithin a daaset An
HSIwas calalatedbasedn the nunber of deections thatoccuredon agiven
benthoscapéor eachindividual eel in eah seasonindividual HSI was determined
according tdRudolfsen et a(2021) by determiningtheindex of prefeencewherethe
number ofdetections within &enthoscape clasgsdivided bythe benthoscape class

with themaximum number of detectioasid then was averagealscale thedS| between
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0 and 1 ThesendividualHSIs were therrompiled for each seasamdan aerageHSI
wasdetermiredfor each benthscge class (seeChapter 2 setions 2.1 and 2.2.5
Rudolfsen et al., 2021for each recever, abenthosape classwas extractedat the
receivets coordindesusingthe extra¢ function from theraster packageg(Hijmans,
2019) Hahtat availability wasdetermined usng a 500 nmeter(m) detecteble radus based
onthereceived detectionrangearnd the extraced benthoscpeclass. Then 95%
confidenceantervalswere calculatedusng the sandad errar of the indvidual HSI values
groupedby benttoscage classEd detectiors for all years(2019,2020, and 2021) were
usal and ®asos werecategorzedin this stuly as winter (Dec.01-Feb.28/29), spring
(Mar. 0:May 31), summer(Jun 01-Aug. 31),and fall (Sept. 01-Nov. 31).

Areas (km) for eachclassfied benthascape clas§H) weredeterminedn Arc GIS
Pro v.2.8 and werused todetermire the probability thateelswould be @tectedona

given benhosape calculaedas:
P(Stratg= %

Wherethe cetectdle aea(Da) for each bethoscapelasswas

Da= (it *500m?)* # hydrophones
100

The conditonal detectaibity in Stratawithin agivenbenthoscapeascalcubtel as
P(Straa) within a gvenbenthoscape multiplied by the areéo) for a givenbenhoscape.
Fadlowing thecondiiond detectability in RStrata), theexpected dstribution of
detections was calcutl as condibnal detectability in Stratawithin agiven
benthoscapdivided by the taal conditional detectability in 8ata for all benthascape
clas®s. A chi-squared goodnessf-fit-test was us#to tes whetherthere was a
significant difference betwedhe habitat usedobservelland the habiat available
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(expectefl Another, chi-squarel teg was used to comparkabitt useaganstavailable
habitatfor each seson Benthoscpe classewerethen further caegorizel asilow use
habitad or fihigh use habitto for each sasorand a bi-squared testwas wsed to compare
habitat useganstavailable habitatfor each seasohow usehabitatareasvere
categoized as thosthat were rarely or never useidhile high use habitatsvere
cakgorizedashabtats that were used more frequently

To degerminewhethe eels usedertain haliatsmore in he day compared the
night, detection datavereconvered from UTCto ADT using thelubridate package in R
(Spinu, 2@1). Sunise and sunset times wembtained uggthesuncdc package and
merged with dedctiondata(Thieurmé & Elmarhraoui 2019) Diel period vas classifid
a s nifthe yinge of detection in BT was aftersunriseandbeforesungtor o6 ni ght 6 i
thetime of detedion wasaftersunsetnd beforesunrise Thenumler of detetions for
each diéperiodwere sumrmed for eah individual, andthe propation of deectionsfor
day and nightvas determined

After thediel period was detenined, hebenthosaperastergenerated itChapter
2 wasusedto extiact benthoscapelassesd detemine thehabitattype for eachdetection
and pbrindividual using therasterpackage in R(Hijmans, 2019)Thenumber of
detectonsper individual foreach habitat ieach diel perod wasthensummarizedand a
proportionwas determined asbove to deerminewhich diel periodeds may be usg

certan habitats.
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3.3 RESULTS
3.3.1 Detections ofta gged eels

Detectionsfrom 19 of 33tagged eés were recorded fromAug 02,2019to Juy
11, 2021 (Tables 3.1, 3.2). A singleeelwas taggedafter the data roll wer perod and
therefore no detectionvgere reorded for ths individual. Seven of thd 8 eelstagged in
2019were d¢ededin 2020: onewasdeted¢edin both2019 and202Q while the other
four weredetected ir202Q At leastfour eelsthatwere tagged i2019were rot detected
until the nex calendaryearin spring andsummer of 2020Kig 3.2). No eels thatwere
tagged in 2020vere detectedn 2021. Individual data for he 19 eels(mean+ SD.: total
length = 659+ 788 mm, body weigh = 474 + 198.89) tha were aigged ad
subsequenthydetkcted are presentedn Tade 3.2 Furthermore,wo individualswere
removedfrom final andysis due toassimed tagging induced mortality (see seiton 3.2.3)

and tvelvewerenewer detected

Table 3.1. Taggng effort andsubsequendetecion of all acaistically taggedAmerican

eelst n = 33) i n ¢edstary. BptaesReldadeQacatikaseldesignatehy
releasesite nunber (RS ¥and N epresents number of @s tagged
Year Tagging Period Capture/ N Number of eelsdetectedee
Release 2019 2020 2021 Deteced Deteded Total #of
Location in 2019 in2020 individuals
& 2020 & 2021  detected
2019 02 Augto26Oct RS#1 15 5 4 1 - 9
2019 02Augto26 Oct RS#2 1 0 0 0 0
2019 02Augto 260ct  RS#3 2 2 0 - 0 - 2
Total 18 7 4 0 1 0 11
200 14 Augto 14 Sep RS#4 3 1 0 0 1
2000 14 Augto BSep RS#5 2 1 0 0 1
2020 14Augto 14Se RS#6 2 - 0 0 0 0
Total 7 0 2 0 0 0 2
2021 04Junto21& RS#1 7 - 0 6 - 6
2021 04 Junto21Sep RS#4 1 - 0 0 0
Total 8 0 0 6 0 0 6
Total all years 33 7 6 6 1 0 19
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Table 3.2 Individual American els tagge@nd subequently detected(n=21 of 33

tagee d )
have died#Unig. receiverrepresents the number ohiguereceiverson which each individual

was detected

n

t HakeeBuarg Bdivitl@al® hidlighted in grg wereassimedto

Floy Tag Body Total Releasedate & Date & time Date & time # Days #Days # Uniq.
taglID ID mass length time (UTC) (UTC) of (UTC) of Detect. since recever
(9) (mm) first detection lastdetection release
BLE 7778 528 690 201908-0213:30 2020-05-271:02  2020-07-06 7:43 41 339 1
(I;:OL(I?1 7771 207 531 2019-08-0213:30 202007-04 634  202007-051:57 2 338 1
gOLCI)Eog 7766 366 620 201908-0213:30 202007-036:01 2020-07-03 602 1 336 1
(I;OL(I)EO4 7773 389 616 201908-0213:30 20191021 17:13 202007-041654 259 337 1
g(l)_OEOS 1772 980 795 201908-0213:30 20191017 2221 201911-0412:06 8 94 24
g(l)_olgg 7777 688 700 201908-0213:30 201909-12 4:18 2019100122:19 12 60 29
g:OL(I)E]O 7774 715 750 201908-2914:34 20190909 6:(4 2019-09-096:17 1 11 1
g(l)_OElS 7779 501 670 201908-2914:34 201910-2118:04 2020100214:33 340 400 8
goL(I)EN 7776 565 645 201908-29 1434 2019-08-31 216 201909-01 517 2 3 5
gﬁ(l)ilg 7767 204 525 201908-2914:34 20191021 17:18 202006-16 11:10 240 292 1
gﬁ%ﬂ 8584 1115 826 2019-10-1818:02 202007-163:56  202007-21 1:17 6 276 5
gcl)_OEZS 8595 528 700 2019-10-2616:10 201910-26 20:53 201911-204:56 20 25 15
gOL(I)524 8583 412 630 201910-2616:10 201910-26 2145 201911-262:50 3 30 9
33%25 10627 767 710 2020-08-1515:00 20200917 7:44  2020-09-2416:18 4 40 3
g(EOEZ 10628 544 665 2020609-0115:29 20201018 23:7 20201021206 2 49 5
(B)(EOEZQ 11691 489 677 2021-06-0516:00 2021-06-0520:46 202107-316:47 57 56 1
gcl)_oEsE) 11687 716 740 2021:06-0516:00 2021-06-0516:00 2021-06-114:44 7 6 2
g(l)_OE% 10632 420 610 202106-0516:00 2021-06-0516:00 2021-06-051959 1 0 1
gOL(I)Egg 1100 564 740 2021-06-0516:00 2021-06-0516:31 202106-1616:11 13 11 1
82%40 10626 568 730 2021-06-08 14:00 202106-0821:02 202107-022:43 20 24 2
goL()EAZ 10633 354 610 2021:06-0814:00 202106-08 20:58 202107-0110:H 24 23 1
00044
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3.3.2 Mud tags

Acoustic trarsmittersburied 30-45 cm beneaththe substratevere detected
corsisenty throughout thevinter andcontinued to transmit for the renainder ofeach
tag’s battenyife (seeAppendixG). Mud tags denonstrated god detection efiiciency
with approxmately 85.57 87 9% of detectons reorded(Table 3.3) These findings
confirm thatsignals woull be detectetly burroved eelghat are witlin 500 m detection
range ofareceiver(Table 33).

Table 33. Actud and expeted number of etectionsobtained fom mud tagsuried30-
45 cmbeneith the sulstrateattwo locationsn Eag Bay, Bras dOr Lakeestuary

Location # of Tags # of Actual # of Expected % of Actual detedions
detectiors detections

Inner Pond 3 402,786 457,920 87.9

Near$ore 3 470,880 550,98 85.5

3.3.3 Coastal movem ents

More than half of thetaggel eels were capredand released in the InnBond
(Fig. 3.2, 14 of the 19 eelssubsguentlydeteced). It was predicédthatthat moe esls
(75%) would leave thénner Ponccompaed to those thatould remain (25%. Contary
to predictions, asignificant differencan the number of indidualsthatremainedn the
Inner Pord compared tahose tlat leftwas found ( 2= 33.3, df= 13 p 00.005.
Approximatelyhalf of the eels released the Inner Pond lefSedernary eek were
detected at thénner PondbetweerMay 27and July 31in 2020 (Fig. 32). At least wo
sedentaryeek (BLE 000 andBLE 0009 wereundetetedafter taggingn summer of
2019until thenextcalendaryearin summer(3.2) and wee only detected for up todays

of theentiredetection perioqTable 3.1).
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Of thesevenvagranteelsthat left the Inner Pand, six demanstrateduni-
directional (linear) movements and we last detected ithe Gate or the Stit while one
revealednulti-directional movementsaveling from the Inner Pod to the Neashore
array Where itremaned for 18 dgs before retirningto thelnner Pmd. Thised was last
detectedin thelnner Pondbn December 122019 andvas detected on December 16,
2019in theGate(Fig. 32). Additionally, onevagranteeltagged in 2019BLE 0001) and
released in the Irer Pondwas not detecte until the nextcalendaryear insummer(Fig.
32).

Eels were hghly variabe in the amount of thetheyspentin thelnnerPond
Among individuals 42.9% were detecté to bewithin range of the arrayor less than 1
daywhile 57.1% were déeded to sped 11to 57 daysin the pond(Tale 3.1) No eds
remainedin the Inner Fond beyond % days suggsting eels do not ugbe Inner Pondor
extendedgeriads of ime suchas winterdormangy. Significant dfferencain total length
werefoundbetveen eels thaleft the Inner Pondcompared tahose hatstayed, with
smaller eel¢endng to remain in the pad 676+ 158.3 mmand719 +50.9 mm;
respectivelyt= -2.45, df=12p 00.05). Significant differences totalweightwerealso
found between eels that left the Inner Poathpared to those that stayeaadth heavier
eels tendhg to leave thgpond(418+ 122.3g and640 £68.2¢, respectivelyt=-3.41,

d=12,p O V. 005
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Figure 3.2 Abacus plot of each individual eel tag iy year ad month coloured by
array. This figure isbased ora subset oéels that were captureddirelased inthe Inner
Pond (n=14f 19 eels detected after release)

3.3.4 Large scale movement s

It waspredictedtha moreeels would remain ithe BdOLconparel to those that
left. Contraryto thesepredictions a significantdifferencewas foundn the number D
eels hatleft EastBay (n=9)and possiblyhe BAOL (last detected in the Sitg compaed
to those tharemaned in East Bayn=3; 2=108,df= 11, p00.005). No significart
difference in totalengthwas found between exthat leftthe BdOL(lastdekcted inthe
Strait 581+ 226 mm) compared tahose thatemainedm East Bayor were last deteetd

atthe Gate (662 + 64 mm; t= 1.13, df=17, p > 0.05. Howeve, eelsthat leftthe BdOL
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(7338 + 1270 g) were significantly bavier than thosthat remaind in EastBay (478 £
1348 g; t=-4.16, d=17,p O XindiGaih§eels hatweighed more lefthe BAOL

Large scaleanalysisfurtherexamined the moveents ofvagranteels(n=12) by
groupingthem aeither unidirectional(n=9) or multidirectional (n=3).Vagmant eels
tha exhibiteduni-directionalmovemens andleft East Bay (n=9) did sovia thewed side
of the Gate huggirng the shoeto the Outer Bnd, and thetravelling throughthe Strait
(Fig. 3.3). Severof the vagrantini-directionaleelsthatpassed th Straitleft in Fall
between Septengb01 and dvember 26andone(BLE 00017) was detéed to lave &
early asJuly 21. One unidirectional vagrant eel 8adetected in the nearshore arsay
days after it was tagged and was not detected anywhere else.

Overal eek thatdisplayeduni-diredional mowements fran release sitéo the
Straittravelled & least 23.0 kmandspentan average d7 daysin East Bayand themain
BdOL beforetheir final detection in th8trait Most of thevagrantuni-directional eels
passed the Strait in less thandHlys (n=6), while two took betweenoneandthree
months and one edl (BLE 00023) went undetectedfter tagginguntil the nextcalendar
yearand was only detected for 6 days of the276-daydetection periodTable 3.1) One
vagrant unidirectionaleeltagged n 2019, was deteted outsile theBdOL in the
LaurentianChanrel, 211 km from its releasesite. This eel (BLE 00®5) took
approximately\29 days to travel from RS 4 to the Laurentian ChaifiRigl 3.1).No eels
thatexhibited unidirectional movements amvadere lastdetectedat the Strait returred
Furthernore, ro eelsthat were deected at theentrancego the BAOL, likely due b late
deployment ofeceives at thee Iacations Qctober 220) andthe snall numbes of eels

tagged in2020 ad 2(21.
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Vagrant eels that demastrated multidirectional movementé= 3) reveded sone
individud variability. Oneof these agrant els (BLE 00010)travelled back andorth
betveen the GateandVPSarray while the othemadeseveral attempts to leatlerough
the Strit yetreturnedto theGate at least twicdLE 00010waslast deéctedat the Gate
suggesting itwent somewhere else the BAdOL, andoneeeltravdled betweerthe Inner
Pond andheNeashorearay andwas last detecteid theNeashorearray (Fig. 3.3). The
eel (BLE 000T7) thattravelled bak and fath baween the Inner Pondo theNearshoe
array settled in thesateon Decemler 16 whetre it winteredandemerged in the summer
on line 14thwhen it travelledto the VPSarrayand bak to the Gatdefore thetagés
battery diedFig. 3.3).

Utilization distributions of vagrant eelsderived from FSP analysis revealed
variation inhome rangesThe 50% UD coreangeof taggel eelsvariedfrom 0.3 to 29
km2 (mean £ SD = 7.1 + 8.6 km?), whileet 95% UD homeangevaried from 1.6 to
109.1 km2 (mean £ SD = 29.234.2km?). Utilization distributionswere largest for eels
that demonstrated multiirectional movements and for those tivare réeased in the

Nearshore area
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Sedentary eels Vagrant eels: Multi-directional movements
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Figure 3.3. Movement jatterns ofdetected Anericane | s i n t he (BI9afs do6 Or
33tagged)Three paterns arelemonstrated) sedentary eele€7,e.g., all els detected
atthe Inner Pond were only detected at this aaraythus overlap), b) mukilirecional
vagrant els(n=3), anduni-directional vagrat eels (n=9) (c,rad d). Uni-directiona
movements wersplit into two figues to awid overlgping paths
3.3.5 Eeland environmental data

American eelfhavea widetolerance for temperature-@L °C) and afavorable
tempeature in fresh wates between 1720°C (Fisheries and Oceans Canada, 2018)
this study environmental dtaderived from DSTCTD data loggers wemnached to eel
detetions. Eels weraletectedat average monthlyfemperatureganging froml0i 11 °C
betveenJuly 23to Sept07in 2019andrangingfrom 14-18 °C betweenjuly 8 2020,and
July 22 2021(se= Appemnlix J.1). Eeldetecions matched witlenvironmentaldatain the

coastal lagoorand nearshore arragedoccurredduring anaverage monthlyemperature

rangingfrom 15.8-20.7°C between October 10, 2019 ahdly 31, 2021with amean
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salinity rangng from 7.1-10.7 psu(mean=10.5C psuy. In thedeeperegions ofEast Bay
(> 2 m), averagemonthlytemperatureranged from 6.30 9.4°C (mean=9.0°C) while
theaverage monthlysalinity ranged fom appoximately20.5to 206 psu (nean= 206
psu)betweenJuly 8 2020,andJuly 22 2021(seeAppendixJ.2). Furthermoreoxygen
daawereonly collectedat a single depth and at onedéon for all yearsin 2019
oxygendata collectedrom July 23 to &ptember Odemonstradd that the aveage
monthlydissolvedoxygen rangeffom 8.4to 10.8mg/L.

Thepreferredoxygen tolerance adelsin freshwateis reportedo be > 4 mg/L
andhas not been rported for estuaried-isheriesandOceans Canada2013). While the
effect of low oxgen is species specifimost fish speciebecome stressedhen
concentration falls below mg/L (Francisfloyd, 2003; Stevens, 26). Furthermore,
catches of American esih North Carolha and Okland Lake NavScoia havereported
greater catcheim waters withdissolvedoxygen levels above 4 mg(Stevens2015).No
temperature dataere availableto convertpercent oxygen concteations to mg/L fom
October 2019 until the@extDST-CTD data logger deplogent Meanwhile the average
monthly dissolved oxygendata fom July15to July 22 2021 ,ranged fron®.0to 12.75

mg/L. In winter of 20262021 heaveragedissolved oxygemwas 12.3ng/L.

3.3.6 Residency byar ray

Results dthis study dund eels spehmore time inEast Bay(in the Gate54 5%)
thanthelnnerPond (31.9%). Furthermore gels spent more time ithe Gateand the Inner
Pond compared tahe other arays (Nearshore = 31%, VPS=2.9%, Outer Pond 2.2,

Strait= 5.0%, and he Ocean = 0%). Significant differencedn residencytime were

found for eels that were detected in the Pond,Glage,ad t he Strait (p
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] =1 1 Multipl& chmparisons between groups dentaated no significant
differences in residegydime for eels that reained n East Bay coipared to eelshat left
the BAOL(Strait) (p > 0.05) or eels that remathin Eat Bay andn the InnePond (p >
0.05). However significant differences were foundasidency times between those
deteced n the Inner Pond anddke thaleft the BAOL(p < 0.05) asvell as thelnner

Pond compared to the Ocean (p <&).0

3.3.7 Habitat asso ciations

Habitat assoations were assessed &#s within Eag Bay (18 of the 19eteded eel}.
Eels werefoundon all berthoscapeclassesletemined in Chager 2 excep for Deep
Silt/Mud (050 m) Individual variability amongeelswas found wittin the classified
habitatg(Table 3.4. Nearly hdf (7 of 18deteted eel} of theeels werefound tooccur
only on Patcty Vegetatior{Table 3.4. Sedentary @lsthatwere dtectedn the Inne
Pondor the Nearshorarrayocaurredonly on Patchyor Continuous Vegetation
benthoscag classe¢Table 3.4. Meanwhile, vagrant eelsespecially those #itravelled
back ad forthbetween the VPS and the Gateere foundo occur predominatly on
hard bottom benthoscape class€Bable 3.4 BLE 0009, BLE 0001 Overall, he
proportions of detetionswere geateston Shallow SiltMud (O50 ) for five eels(Table
3.4; BLE 0009, BLE 00010, BLE 00017, BLE 0023, BLE 00(24) while two eelshad
nearly equatietections orShallow Silt/Mud (O50 n) andMixed Sedimentérable 3.4

BLE 00019, BLE 0025). Additionally, the single eel that was fodto overwinter in the

gate (BLEOOO17, Fig. 32; 3.4) occuredpredominatehonSh al | ow Si |t/ Mud

habitat
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Table 3.4 Proportiong%) of detectionshat occur pehabitat type for each Amerian
eeldetectedNo datarepresenareasvherehabitat information wasunavailable. All
receives  wi t hin t lkeewelBusads do6Or La

Benthoscape class

EelID Patchy Coarse Mixed Sed. SiltMud O Shallow Cont.
Veg Sed. 50% Silt Mud Veg.
Gravel (O 5¢
BLE 00001 1000 0.0 0.0 0.0 0.0 0.0
BLE 0008 1000 0.0 0.0 00 0.0 0.0
BLE 00004 100.0 0.0 0.0 0.0 0.0 0.0
BLE 00009 0.0 12.6 4.8 152 67.4 0.0
BLE 00010 0.0 13.7 28.0 11.9 46.4 0.0
BLE 00017 2.4 0.0 0.0 0.0 97.6 0.1
BLE 00019 0.0 0.0 52.0 0.0 48.0 0.0
BLE 0003 0.0 0.0 0.0 35.0 65.0 0.0
BLE 00024 0.0 0.0 131 7.3 55.5 24.1
BLE 00025 0.0 0.0 25.3 0.0 39.6 35.2
BLE 00027 0.0 0.0 0.0 100.0 0.0 0.0
BLE 00029 0.0 44.9 0.0 20.5 34.6 0.0
BLE 00035 100.0 0.0 0.0 0.0 0.0 0.0
BLE 00036 99.9 0.1 0.0 0.0 0.0 0.0
BLE 00039 1000 0.0 0.0 0.0 0.0 0.0
BLE 00040 100.0 0.0 0.0 0.0 0.0 0.0
BLE 00042 910 0.0 0.0 0.0 0.0 9.0
BLE 00044 0.0 0.0 0.0 0.0 0.0 100.0

3.3. 8 Habitat availabilit y and habitat use

Eels were detected @ix of the seven benthoscape claséewsever, noreceives
were placed iDeepSilt/Mud (O50 m). Eels usedStallow SiltMud (O50 m) andPatchy
Vegetatiormore tha any othebenthoscape clags EastBay while eelsdemonstrated
little use ofCoarse SedimeniSilt/Mud with < 506 Gravel or Mixed Sediments
benthoscape class@-ig. 3.4). No significant differencewas found in the average hatait
usel (observed) compadeto the habitatavailable(expecte) (p = ©0.05 df=5, 2=0.72.
However, t is urknown whether esluse all the habitatvailableto them agheywill

only be detected at kinam receiverocations and within the detectabldics of he
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deployed stationarseceiverg500 mradiug. Only thebenthosape classes within that
detectable areean be determinedherefore eels may be using mohabitatthan was
able to badentifiedin this studyas it does not account fordividualsthat could not be

recaded ouside of these knows t a t detectalblesradius
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Figure 3.4. Habitat avaiability and the proportionof detectable habitatvailableto
American eeln the Bras @r Lake and theaverage habitat used byggedeek for eah
benthoscape classmsed on telemetry detect&finom August 02, 2019, to July 11, 2021
Detectons wererecordedor one eebduring thewinter of 2019202Q for two eels
in spring 202Q for 12 eelsn summer 201%0 2021, andfor seven eelsin fall. No eels
weredetectedo overwnter in 202-2021or were detected igpring 2021.Two eels(of
the 18 used for analysig)ere deteted in more thn oneseason one el (BLE 00017
tagged in summer of 20asdetectedn all four seasonfrom 2019 to 202 ard at
several arrayswhile the other(BLE 000L) was tagged in summer 20&8ddetected in
both thespring andsummer of 2020Theremaining eed (=16) weredeteced in only a

single seasothatcorreponded to thie time of tagging However,two of thesel6 eels

100



(BLE 0003, BLE 00@4) weretagged irsumme of 2019andnot detecteduntil summer
2020 Fig. 3.2)

A significant dfference between thexpeded and observeddistribution of
detections was fawl for all eels for each seasavinter (p= 00.05 df=5, =Inf), spring
(p=00.05 df=5, 2=Inf), summer(p = 00.05 df=5, 2=Inf), andfall (p = 00.05, df=5,

2=12.09 (Fig. 3.7). Eels exhibited a stray filiation with Stallow Silt/Mud (O50m) in
al four seasongestimated agrage habitatise)followed byContinuous Vegetatioinm the
winter andfall andPatchy Vegetatiom the spring and summer(Fig. 3.5). In summer
eesusedSh al | ow SOn)followéd by Patcky Végetion (Fig. 3.5). HSIs (0.0
1.0)in this studyecloed patternsluserved in he aerage habitause with greateld S|
valuesin habitatsvithSh al | ow Si | in &llfburdeadorolicbvéd byn)
Continuous Vegetatioim winter andfall andPatchy Vegettion in spring and summer.

There was littleor nohabitat use Y eels for all fou seasons for three of the six
benthoscape class&3oarse SedimentSi | t / Mud wi t,éndMixeds 0 % Gr av e |
Sedimentd~or low habitat us@reasa significant dfferencein the observed habitased
conpared to the habitaailable(expeted was found insummer(p = 00.05 df=2,

2=Inf) andwinter (p = 00.05 df=2, 2=Inf), while no significant diffeencewas foundn
the observed habitat used quemned to the habitavailable (expected)n fal (p =>0.05
df=2, 2=0.16). In spring eelswere only deéectedin high usehabitats Areasestimated to
behigh habitat use by elvereSh al | ow Si |,Pdtchivegetatioand 0 m)
Continuous Vegetatio®ignificant difference were found betweedhe available habitat

andhigh usehabitatareador eek in winter (p = > 0.05 df=2, 2= Inf), summer (p =>

0.05 df=2, 2=23.82), andspring(p =>0.05 df=2, 2= Inf), whereasareas ohighuse
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habitatwere not significary different from tlat avaiablein fall (p = >0.05, df=2, =

1.39.

Winter Substrate (Dec 1- Feb 28 2019/20) Spring Substrate (Mar. 01- May. 31 2020)

050 =
025 T
- o
Continuaus Patchy Vegetation ‘varse Sediments  Silt/Mud with <50%  Mixed Sediments  Shallow Silt/Mud Continuous Patchy Wegetation
Vegetation Grave (<som} Vegetation
Aenthoscaoe class

Fall Substrate (Sept 01- Nov 31 2019/20)

Summer Substrate (Jun 1- Aug 31 2019/20/21)

Figure 3.5. Habitat sutahility indices (H8l) for American eed (n=18) for a given season
a) winter, b) spring, c) summer d) fall by benhoscape lassbased on telemetry
detections fom August 02, 2019ptJuly 11, 2021. Poistindicatetheaverage HSI value
for each substratir dl eels. The 95% confidence intervalgere determined from the
standard error of the HSI values. Bloars represent the proportion of each habitat
availabk in East Bay and wecalculated from usihydroacoustireceiverdata anca
radius of500m for eachreceiver Green bars represent the average habitat use
proportions based on hydroacoustic data mi#500 mradius of where individualwere
detected.

3.3. 9 Diel period andh abitat associ atio ns
Eelsweredetected in botkhe day (46.3%) and tte night(53.7%0) (Fig. 36).
However, ndividualvariability was foundn thediel periodin which esls were most

active (Fig.3.6). Furthermoregels demonstrad individualvariabiity in diel periodand

habitat ype (Tale 3.5). Amongsedentary eels which occurredon Patchy Vegetatian
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approximatelyhalf of the individualamovedduring the day 42.8%) andhalf moved at
night (42.86) while sone moved in botlthe day and the nigh14.3%). Vagrant wni-
dirediond eelswere detectedainly at nightandwere detected on the gresiteange of
hard bottonhabitats(Table 3.6). Of the \agrantmulti-direcional eels(n= 2), oneeel
(BLE 00017)movedless inthe day(48.7®%6) than thenight (51.7%), while the dher(BLE
00010) moved nore duing the day (54.5%dhannight (455%). BLE 00017occurred
only onShallow SiltyMud@ 5 Gand®gtchy Vegetatioduring the day and the night
with the dominant substrate also beBigallow SiltyMad (O , vEhéreadB)E 00010
was foundon four habitattypes: Shallow St/Mud © 5 QSiltfiviud with < 50 Grave)|
andCoarse Sedientsin both the day and theight yet predominatelpccurredon

Shallow SiltyMud@© 5 )dn bathdiel periodsespectivey (Table 35).
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Summary: Day=46.3 %, MNight=53.7 %

Figure 3.6. Proportionof detectiondor individual American eelgn=19)acordng to
diel period.
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3.4 DI SCUSSION
3.4.1 Coast al m ovements

Work by Ford and Merce(1986)foundlarger eel$>360 mm)occupiedwider
marshcreeksand restricted small egls160 mm)to thenarrower creeksn theGreat
Sippewisset Marsh, Massachuseidsuggesteeels demonstraterritorid behavior as
a mechanism for maintaining differendasize clasglistributiors and a limitel home
range In this stidy, American eels captured and released ¢alturally significant
coastalagoonshavedthatsmallersedentaryels(639.7mm, 4183 g remainedn the
pondin summetdonger(up to 57 dayswhile larger(717.8mm, 539 g) vagranteds left
within the same day as beitagged These resultare consistent with thesults ofFord
and Mercer (198pwheresmall and large eelmay occupydifferert areas othe same
waterbody.These results amdso supported by athoverdap with MEK fishing locatiors
in summerin the BdOL andby MEK which suggest$arger eels magccupydeeper
waters(> 4 m) (seeAppendixl; Denny et al., 2012Giles 2014) In this study, he Inner
Pond is a sHipw coastal lagoorfl.2 m)comprsed ofContinuous VegetatioVegetted
habitats, eithePatchyor Continuoushave been linked to increased foagtailability
compaed to adjacent barsedimentandto provdeadequate potection from predators
during daylight hour¢COSEWIC, 2012; Murppnet al., 2@1; Olson et al., 2019)
Thereforethese habitats may pnae suitableprotection and foraging for smaller eels
during thér growth phaseTelemetryresuts, howeverwere not supported byMEK
which suggestdeelmay use coastal lagns for winter domarcy as the overwintering
eel was found at deeper depths (25 Wsingtelemetrydata alone, it is unclearhgther

vegetation opredabr-prey dynamics may bériving the difference in size class
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distribution of eels to theearshore aay and Inner Pondsompared tdhe otherarrays
thatweresituatedn the middle and mouth @ast Bay.

MEK shared by project partners have alsrussedhe increase istripedbass in
theBdOL, a krown predator téAmerican eel. It is unclear whether thehaviorof
smdler eels occupying coastal poneaslectsthe increase of predators suas stiped
bass as wekls othetarger eelsHowever given informationavailablein this study using
the benthoscape map and telemetry daislikely that the protection provet! by
eelgrass beds in nearshoréitats and the Innd?Pond provide adequate pratea and
access to more suitable food resourcesfiailer eels Consequentlythis sudy was
limited to knownreceiverocationsand therefore eels coutohly bedetecte within the
500 m range ofa known recaverlocation(Denny et al., 2013XGiles, 2014)Additiondly,
atleast tworeceiverglacedin nearly coastal bgoonswere lost in 201@nd wee not
replacedlimiting results to a single coastal taan These limitéions, aswell as the
abundance of cot lagoors found in the BdOL (35600), demonstrate hoknowledge
sharing can help deepen our understeng of ed movements and habitat yssy making

space for different types of knowledgecessg to balance each othés limitations

3.4.2 Largescale movements
3.4.3 Mig ration

Oncemature silver stageAmerican els are undstood to travel froncontinental
watess tothe Sagasso sea to spawBéguerPonet al., 2015)Although thisstudyaimed
to tag only yellow stag@merican eet, at least one othesix uni-directioral vagrant eels

wasdetecte on aneighbarring aray in theLaurentian Channé&l11km from its release
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site, suggesting a matusalver eel was taggedhis eel(BLE 00®5) travelled from
Eskasoni, East Bato the Laurentian Channealverapproxmatdy 29 days

Previous sidies havealculatedriver andestuarinemigrationspeeds of silver
eelsto rangebetween 0.8 and 190 km a day with the aagre maximal valubelow 75
km dayand a median speed OfL7 km day (BéguerPon et al., 2018Migration speeds
for American eelsarethought to beénigher(between 10 and 52 Kaday) compared to
European eelfbetweer? and 51 kniday) (BéguerPon et al., 20185tudies have
suggestd thathighermigration speedsf 10-52 km'daywould besuficient for
American eels to reachdlbargass&ea at théeginningof thebreeding season
following the inital outward migration froncontinentalwaters(BéguerPon et al., 208;
2018. For othereelspeciesmigrationspeedshavebeen documentet range from 15.1
to 31.3 km/dayn theNew Zealand lon{jin eel(A. dieffenbachiqand to averag&0
km/dayfor the Gant mottled eelA. marmaorad) and the Polynesiatong finnedeel A.
megastora) (BéguerPon et al., 2018; Jellyma& Tsukamoto, 2002; Schabetsberger et
al., 2013, 2015)

Previous studiedocumentinghe swimming capaity of eels haveeported an
optimal sed of 0.81 bdy lengths per secor{tiennox et al., 2018; Palstraéan den
Thillart, 2010) In contrast, dta fromthis studysuggeste@elsmovedbetween @01 and
0.13 body lengths pesecondased on the total distacoverd and time of first and last
detecton. These results sugsfghatuni-directionaleels and theutward migrating eel
movedslowly compared to thebptimal swimming capacityl hus estimatedgspeedof
taggedeekin this studysuggesthesespeedsvould be too low to migratéo the desired

spawning area, yaheseslow rates maypedue toheightenedwareness and risk
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associated witimavigatng out of continental waterand that eelstudied verenot ready
to undetake migation, as expectedjiven that immaturgellow eels were targeted for
tagging

During migration eelsmust movelirough multiple habitats andetefore are
exposed to additionalgks such spredationand energetic exhaustioém reachthe
spawningocation in aimely mannefLennox et al., 2018).ennox(2018) suggested
that European eelray mmprimise speed for safy in the early marie spawning
migrationandavoiding migrating during the day to avgicedationlIn this studyat least
five of the 8 unidirectional eelsandthe outwad migrating eeBLE 00025 moedonly at
night (Fig. 3.6). BLE 0005 travelled from the Strait to tHeaurentanchannel2.1
km/dayand from the rasse siten EastBayto theLaurentianchannel &7.2km/day. For
the remaining 8 undlirectional eels, tas of movemets rangedanly from 0.1:1.8
km/day (mean&.82 km/day)Givenfindingsof BéguerPon et al., 208. andBéguerPon
et al., 2018the swimming rateof BLE 00025 appeas to bebelow whatis needed to
make the long o@ migraton to the spawning areathre Saragasso Sekhe other 8
uni-directional eelsnoved everslower andheywere not detected totren throughthe
Strait or East Bay. These results could sugthesteeelsweresimply foragingin the
BdOL duringthesenight-time linear movement patterns which yneonserve energy or
avoiddetering preythey areseekingwhile foraging(F. Whorsikey, personal
communication 2022. American eels in the BdOL hageverapreddors including
seals, other eelsfriped basanergansers, eaglemdherons Conequently, movement
at nightmay suggest eelse moresuccasful at foragindy feeding anight as they my

feed on prey items that are alsocturnal foragers avoidng daytime predators themselves
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(F. Whorsikey, personal communication2022. It is alsopossible thathe movement
patterndisplayed by BLE 00(Rcouldindicateleavingthe BdOLtowardsspawring
grounds but notyet havingreached its maximummigrationspeed

American eels d northernlatitudesareunderstoodo be predominatelyfemales
(Jessop, 200; 20M). Yellow eds, howerer, are sexally indeermined andherefore se
was rot collected in this studgsthis requiresdissectioror histologial criteriaof
matured eelvhich is not alwgs reliable(Atlantic States Marine Fisheries Commission,
2000; Jessop, 1987efrson et al., 1985; Sink&a Jones, 1966)Thereforeit is unclear
wheterthe outwardmigrating eelwasindeeda femaleleavingto spawnIn freshwater
rivers ofNova Scota mauring femalesilver eelshavebeendocumentedo range
betweer394-945mm and weigh107-1,641 gin the Medvay River t0435-939mm and
163-1,793¢g in the Lahave Riveflessop, 1987)Meanwhile, Emaleyellow eelsfrom
Eel Brook, anothe freshwader riverin Nova Scotiarangedn totd length of 385-702 mm
andweighed98-693 g(Jessop, 1987However, hese éngths andveightsmay not be
comparabldo estuarie as eed may maturet younger ages arekperience fasr growth
rates inbradkish wates conpared to freslaterenvironmentgCairns et al., 200Qessop
et al., 2008; Motison & Secor2003) However, els tagyged inthis stuly gopear to be
within the rangeof yellow and silvered sizesfoundin otherNova Sotiastudiesas well
asthoseby Dennyetal (2013)in theBdOL, which had atotal lengthof 165928 mmand
a totalweight of 107 to 1,503 g. Howeer, while thelength (80 mn) of theoutward
migrating eel in this studgorrespod tothose ofsilver eels,this eelwas lighter (412 Q)

thanothersilver migratingeelsdocumentedn previaus studies(Jessop, 1987)

110



The remainindive eels thatiemonstated unidirectiond movemets and were
not detected to tern to he Strait or the EasBay rangel in total length fron6451 795
mm and leftas early as Jylwith most leaving b&teenSeptember and Nember.The
outwardmigrating eel BLE 00025 was firg detected on Oct@ls 26,2019 andwas
detected to leavéde Straitof the BdOL on November 2 anavas detected in &h
LaurentianchanneNovembe 26, 2019.The timing ofpresumednigraton of this eel
correspondgo timing of eels migrating from othélovaScotiaRivers(COSEWIC,
2012; Jessop, 1987; Hault etal., 2007) For example, eels miating fran the Upper
St.Lawrence Rver haveleft as early aguneandas lateasNovemberin the SudOuest
River (South shore oft. Lawence) ad EastRiver ChesterlNova Scéia (COSEWIC,
2012; Thibaul et al., 2007)In Cape Bretoneels have been documented to leawe th
Margaree Lakesoutlwest of the BdOL, in Septembe(COSEWL, 2012; Thilault et al.,
2007) No eels thatvere lastetectedn the Straitretumed tothe BAOL, suggestig theg
eels left to span, left toseek freshwater to overwinter, imply went somewherelse

in the BAOL

3.4. 4 Unique behaviors

During the yellow phag, eek are generally sedentgégler-Pon et al.2018;
Hedger et al., 2010However, duing certan times of the gar, yellow eels may display
samerestlessness onovemengndperform™dry runs' over a period of severaligraion
seasons as they matureoisilver eels beforenigrating to spawnn the SargassSea
(Hain, 1975)Af t er rega ahu ndd ory dmeactaristiemayg dinanish eiter
ertirely or to a large dgree until the next migratory seasaneaing thateds may revert

to the yellow stage ad continue to fee(Hain, 195). At least oneel, BLE 00010,
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demonstateduniguemovement pttensasit travelled from the Gatto the Straifthen
from theGateto the Quter Pond and badk the Gatewhere it was last detected
(AppendixH). While | cannotsay forcertain thiseel was peiorming a dry rurasit was
detectedn only one seson, this behaviour is consistenitiva dry run Furthermoee, it is
unclearwhetherthis eel remained ithe BdOLasdetections ceaseButurestudies

shout examine eel movements over multigkarsusingalongertermstudy to better
understandnovemenpatternsof eels ad to gan a deeper undeending of the
behaviour in e BAOL ecosystemWeatherhea¢1986) suggested thabnerisk of short
termstudiesmay be thaindividuds maydemorstratetoo mary unusual egnts(those

that may occuby chancg and as a reult we mayoveresimate the imprtance of some of

these eventwhen we lak the perspectivgrovided by donger study.

3.4. 5 Home range

Home range is defirtkas tle movementn ammal travels diring its reglar
activity (Worton, 1989. Estimatesof thehome anges of American eelareextremely
variabledependng onthe shape and size of thater dy (fresh orestuaring andthe
sizeof theeel increasng with totalbodylength(Thibaultetal., 2007) In this study,
sedatary eels were smallé840 mm, 418g) and remained in the pond lagrgwhle
larger (718 mm, 539 g) eelsusedEast Bay anthe BdOLdemonstating a greater
distribution. However, it is difficult to satewhetherthe homerangesobserved irthe
BdOL are unique compared to other estuaaigshis information iimited.

Anguillid eels have emmstrated avariable home range in tidal creeksuestes
and salnarses ranging from @1 km? to 3.25 knt (Parker, 1995Bozemaret al., 1985;

Helfman et al 1983 Walker etal., 2014. In freshwater lakes, the home range of short
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finned eelgA. augralis) was roughly 1km?while in large riversAmerican eelseached
home ranges ofip to 1.3 km. Variation in homeanges are a rast of individual
varibility in angullid movementsthe methods used to examine locatigpassivevs.
active trackng), the spatiotemporal covage of the @ea studiedas well & the size of the
water bodybeing considere(Begeuer Pondteal., 2018; Hedgertal., 2010) Home
ranges reporteby Paker (1995 of 3.25km? covered up to 17km? of the 25 km? narrow
estuarywhile those documented in tidal cksevhere the spadi coveragewaslimited to
1 km?suggesting eel used all of thebftat in this small area

Telemetryresultsderived from RSP aalysisin this studydemonstratethe 50%
utilization distribution (UD), or the corerangeof tagged eels raed from 0.3 to 29 km?
(mean + SD .1 + 8.6 km?2), while the % UD home rage,rangedfrom 1.6 t0109.1
km2 (meant SD= 29.2 £34.2 km?2). Thes lome rangesvere largest for eels that
demonstreed multi-diredional novemens as well as those that wesdeased in the
nearshorareaard are larger thathosedocumented in préousliterature in estaries.
Theseresults nay thereforebe a result ofhe RSP analysias core areas for eels
exhibiting multiple movement patems may exhibit awider home range or total aae
covered based dhe racksavalable at the iividual lewel. The EastBay covers
appoximately 125 knt with thewidest pat of theBay at themouth 8km?. These results
suggest ea mver a signiicant prtion of the habitafivalablein East Bay whichmay be
aresult of thediversity ofhabitatsavailable More importantly,home rangemay be
unique inthe BAOL given itsgeophysicastructure.

TheBdOL is consdered a large estuawhich is describeds asemienclosed

body of waterwith a free connetion to the open oceandwhereseawaters measurably
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dilutedby inflowing frestwater from the land(Pritchard, 1967; Kennish, 2002; Webb,
2017) Estuariesare thereforgartially enclosed¢oastalwater lmdieswith oneor more
rivers or streamfowing intothem or, where a@reshwaterriver or streanmeets the
ocean TheBdOL isuniquewith several riversind strems (O17) with six of them being
major cortributors of feshwatethat feed thestuary(Parker et al., 20Q7ang et al.,
2007) Given the size of this estuafy,100km?) andin this study the gie of East Bay
(125km?), the home ranges of eelo not appear tbe large given the habitavailablein
comparison to thasdocumented in other studiegherethe skapes of estuaes were
narrow and longheld a smaller spatial eerage anddid nothold the same divsity of
habitats(coastal lagoons, aceeto freshweer in addition to the nearlmponnecting ocean
as in the BOL). This study may therefore further higitit key messages outlindxy
BeguerPon et al(2018 emphasiing theneed to considegemporalmovemenpatterns
anddeterminehome rangestimatesnorecarefilly and consistently amorgjudiesfor
any meaningful management efforts directed at conserviagplecieso bedetermined
and especiallyegardingfish pasag. Furthermore, BeguelPon et al (2018 state that
given thevariability in tools andstatisticalpackages used to determimame range as
well as methods used for tracking species (passive vs actigkingthe comparison
betweerhome ranges aingulli d ecies watebodies, and regiorfsave beenliffi cult.
In this studylarger homeanges were found ifall while smaller home reges
wereobserved in summand likely reflet the degree of movement patterns observed by
eels tagge. In this studyeek in fall were eithemovingforaging sbwly displaying
unidirectional movementsr mulidirectional movemetsand covering a larger ardaan

sedentary eeleemaining in the pond&uturestudiesshould consider deermining
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seasonal home rges of eels toidentify the spatialand temporalimits of ther regional
distributionsaseels hatdemonstrated larger he ranges in thistsdy were also eels that
presumably left the Lakandleft East Bay.Thehomerange ofthe American eel is
extremelyvariable andjiven their ability to perform interhabitat shiftingundestarding
seasonahome anges may bevaluableto our ability to monitor this specieand further
examine the possibility of hidden seasonal movements of these breeditnts This
information nay help to futherexamine fishingareasn non tical waters alter fishing
pracicesand regulationsandassess any threats ¢el hahtiat to cortribute better

stewardshipf this species

3.4.6 Winterin g

Americaneelshave been giwn toexhibit seasonal meemert patterns where
they may feed in brackish wate summe and then migrate toreshwater rivers to
overwinter asvater tempratures begito cool(Thibaul et al., 2007) However it has
beensuggested eek mayremain in estiaries in areas with freshwatgowelling andsoft,
muddy bottomsasmud providesathermal khyer rejuired for winter survivaTesch,
2003; Tomie et al., 2013, 201 Ty estuariesAmerican els bein theirwinter dormancy
when water temperate drgps bebw 10 °C and stop feeding and redudtleeir oxygen
consuimptionattemperatures 5 °C (Thibault et al., 2007; Walskt al 1983) American
eels do not possess antifreeze proteins that would allow them to withstahd/ater
temperaturegTesch, 2003Tomie, 2011) Thereforepverwintering habitat may be
limited or influenced by thee e | &k ®f arltifeeeze capabilitiesTomie, 2011)

In this study, ateastone eel (BLE 00017) demonstrated winter dormancy in the

Gate fran Decembef 6, 2019, to June 14, 2020, at 25 mdept®dna |l | ow Si | t / Mu
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50 m)(Table 3.4 see Appendixl). This isthe frst evidence of an ebkingdetected
throughoutwinter dormagy in situ but,unfortunately, no temperature datare
cadlected in 2019 due to technical issues withdag loggersleployed Despite the lack
of temperature data in thveinter of 2019 reaults of one eel overwinteringn deep water
may suwggest that els may not require shallow habitats with freshwat@wdling nor
movement to freshwater riversgarvivein winter. The ability to overwinter at 25 mmay
be supportedy the unique charactastics of the BdOL system given that g&tuaryis
comprised predomately ofShd | ow Si | t /aMiuhe averaye defth3enm
This displayof dormancy orShd | ow Si | t /ddésalign it past 6tudi@g in
which substrate choice of Americarlwasobservedn a lab undethree different
temperaure regimegTomie et al.,, 2017Mud and cobble substrates were equally
preferred during wintering periods.glto 0.6 €), but during cooling (10.3 to 1.5 °C) and
warming periods (1.2 to 9.0 °Qels demonstrated gpreference for mufiTomie et al.,
2017)

Another stug on eels in small tributaries, such as the Bonnechere Rivére
Saint Lawrence RivelOntario,Canadahave observed eels moving downstrearthée
fall from had clay bottoms to arean the bwer reabes with mud or silt bottoms
(MacGregor et al., 2008, 200Furthemore several telemetry studies have concluded
that the lack of eel detectiomswinteris linked to eels being burrowed beneath the
substrée. Buried mud tag and deections é BLE 00017in this studyconfirmedthat eels
can bedetected even whdwrrowed 35 to 45 cm beneath the substisge Appendix,
G), as long as they ane rangeof areceiver(up to 500 nradius) Traditioral, and lo@l

knowledge havelmredsimilar observaibns of eelsin winter.
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MEK hasreported that larger eels mayrrow deepr in winterandMi&magq
fishershave described adjusting theirdakt when sparingin winterto catchlargerfigood
sized eels(Denny et al., 2012 urthermoreevidence ofwinter domarcy has also been
documented byraditional spear fishing through ice in Antigonish Harbour, Nova Scotia
as wellas from local commerciael fisheries(Stevens, 2015Previousstudies on shor
finned eelgAnguilla austalis) in otherecasydemshawe suggeded that eels may
congregateat high densitieg1 areas with stable refugeor vegetative covedue to
contact with other eelss several eelsave ber observed to use the saim@&rowing tube
even when severathertubes weravailabe simultaneously (Aoyama etl., 2M02;

Tesch, 1977, 2003MHowever results in this study found only a single eel to overwinter
and thawinter dormanyg did not occur in primary fishing areas utsdey Mi 6 k ma w
reducing eel susceptibility overfishng astaggedeels dd not appearto congreyate
togethelin these areaget there may have been untagged eels congregating there

Project partners sharedEK, and bcal knowledge shared by project parse
have suggested thtdite sound of spring peepers, presence ofielons thebuddingof
pussyvillows, and presence afghtning bugs provic environmental cue thatsignaleels
are beginning to emerge from wintera@ncy, usually in late April to latday (Denny
et al, 2012 S. Jeddoreand A. Sylliboy personal commmication,2020) Scientfic
advisay repors have alsadocumeted a simiartime ofyea for when eds emerge from
the mud(COSEWIC, 2012) BLE 00017became activen the Gateas early agelruary
17 yetremainedn the Gateuntil afterwinterwhen it noved fromthe Gate tdhe VPS

arrayon June 14 2028t 06:18:30 UTGsee Apendix I).
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Future studieshouldconsiderusingtelemetryto deternine when eel emerge
from the mudo better understandelcorrelatiorbetween subsate choiceand
temperature in estuasand to understantthe roletemperature, @pthandsubstratenay
play in ed habitat choiceFuturework couldalsoexplore substrate choein relation to
body sizeas studies havieundhabitatpreferere of eeks mayvary based orbody size,
charging with increasing body Igth and Ife staggChaput €al., 2014; Llogt et al.,
2015; Maclut et al., 2007) For example,smalker eelg<150-250mm) havebeen
associated witesmallcobble and gnzel substratesvhile large eels(351-450mm) have
been asxiated withlarger cobblebouldersand sand substtes(Lloyst et al., 2015;
Machut et al 2007; Steens, 20%). Understandinghe roles tha temperature depth,
body size and substeplay in deteminingwherean eelinhabits carhelp us better
identify important habitatto eed and assss anyhreatseither due t@anthropogenic
impacts or dmate clangeto these habitatsuch asin nearshee coatal lagoons

comparedo deeper athmore operhabitds.

3.4.7 Habi tat associations

Thebenthoscape mgmired with acoustic telemetry ddtalped demamstrate
which benthoscape abseAmerican eelsn EastBay, BdOL areasscciated with in
different seasam However,to understand habitat assdmas of eek, detection®of
tagged eaat known stationary acoustieceiversnvere usedTherefore, his study was
limited astaggedeelk may only be detected at known receiver |lae and within the
detectale radiusof thesestationary acoustieceivers(500 mradius). Therefore, it is
unknown thedegree to whicllaggedeek arepresenbutside of these stationary acoustic

receiversand may usdaheavailablehabitatsdentified by the continuous benthogza
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map However examning habitat associations aases where eal were presemithin
theknownacousticeceiverocationscan offer insightsequired toobserve eethat
extend beyond thosevailableto MEK partnersuch asn deeper depths greaterhém
andmore closef over four seasons

Theresults of this study fnd that heaverage habitaise (see 3.2.6 Miods)by
eds shaveda stong affiliationwithSh al | ow Si | in a&lKburdeagons (Fg0
3.7). Resultsn this thesis are supported byepious literaturevhich hasstatedthat
American eelprefershalbw (< 30 m), shelterd e mb a y nemdsénbexposed ars
composed ofaft sedimenrt (Cairns et al., 200)7The BdOL, witha mean depth of 3@,
adiversity of habitts including an assortnm& of sheltereembaymergand semi
exposed shol@es andconsistingpredoninantly of soft bottan substreesmaytherdore
offer ideal habitat for ed|Cairns et al., 2017; COSEWIC, 2012; Lhert, 2002Parker et
al., 2007) Moreover,given the BAOL is mainl@it/ Mud and theacoustic studwarray
wasdeployedwithout priar knowledge ofbenth@capeclassesn East Bay, theseesults
are influenced byamplingbiasasacoustiaeceiveramay ony detect eel at known
receiverocationsandthe distritution of receiversamongbenthoscape classes could not
be controlled

This studydemonstradS h al | ow Si | ashétordina( h@bitd Ype m)
which likely arosebecauseeceives werenot eenly distributed across benthoscape
classegprior to the generation of the benthoscape naathis knowledge was not
availableat the timeof degoyment Thereforemore receives occurredon Shalbw
Si |t/ Mu dn=Q0®ecevls)campared to otherdmthoscape classesilt/Mud <

50% Gravel= 6 receiversCoarse Sediments3 receiversMixed sediments5 receivers
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DeepSilt/Mud (50 m)=0 receiversPatchy Vegetatior 4 receiversandContinuous
Vegetation=1 receiversFurthermoe, more eelsweredetected otside the Iner Pond
andNearshore arragwherePatchy and Continuous Vegetatioare found for longer
periods oftime. For exampleeels weranot found to use the Inner Pohdyond 57 days
andspentapproximately31.9% of thdr time in this aeafollowed by theNearshore array
(31.P0) and most of their time in th@ate (5P6). Moreover severakektaggedn 2019
were detected to leawe fall while twotravelled between theR5 andthe Gatemany
times Thereforetheresultsof Shallow Silt/Mud( O 5& thendominant habitat used
by eek are aexpected givethat the BEL is comprised predomingly of mudandthe
receives weae not evenly distributed across benthoscape clagddgionally, eels
demonstrated usd deeperdepths vinereno vegeationoccured However vegdated
areas maylay a vital rolein habitat usedby eelsasincreased foodesoucessuch as
small fishegeside in areas withreatervegetationCottreau, 2013; Murphy et al., 2021;
Olson et &, 2019)

Previous workconducted irspring and surmerin a smalNova Sotialakefound
that American eels preferredeaswith a greder proporton of vegdationcover
(Cottreau, 2013; Stevens, 201bhese indingsby Steveng2015)andCottreau(2013)
are supporteth my resultsaseelsdemongtateda useof Patcly vegetatedreasn spring
and summeandContinuous Vegetatioim fall and winter However, h winter2019
202Q only a single eel (BLB0017) was detectednd detections of this individuah
Coninuous Vegetatioarelikely becausehtey leftthelnner Pond in early winter
(Decenber 12)before moving to the deeper wiesten the GatdDecember 16yvhere it

remainedorBhal | ow Si | with Matthch¢dOegstadn. m)
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Findingsof eeb as®ciaied withvegetagd habitatsin this studyare not supported
by Hallett (2013)which found no significant reteonship betweerel density and the
percent of vegetativeovernor were eelsbserved in areasith more thar60%
vegetative covein 27 brackish andalwater estuariesn theGulf of S. Lawrenceyetthe
study was limited tsheltered shorelines iredthsO3 m. It is possible that theesultsof
Hallett (2013)were not significantly correlated with vegetatesmthe methods used to
observe elswere conductedt nightusinga glass bottm boatwhich required the ability
to see and count esdndwould become increasingly difficult withcreasd vegetation
Furthermoresubstrateéypewas not reportetly Hallett (2013, yet somesuggestiorwas
made for soft bottoms d@iswasdocumenedthateelsoccasionallycreated aloud of
sedimentmaking t difficult to countand distinguish eslfrom other fishduringsurneys
Moreover Hallet (2013) did not document thgoe of vegetative ceer (eeyrasskelp,
other @uatic vegetationand theefore t is difficult to undestand wiether thes areas
offer any insights to distinguishable foadailability in relation toother behaviours such
as hiding or predation

Stevens (208) suggestd that vegetation may la@ important factor toeds
residng in aeas wheresulstrate type is ndieneficialto ees such as hiding or
protection.For example,n Oakland_ake, vegetation iabsent irearly spring to early
summer until watetemperaturesvarm and therefore eefsay seek shelter ls&d on
increasedtructue for protection when vegetation is ab¢St#vens, 2015)
Consequentlystes withattachedregetation mallow eelsto successfulljyhuntand
ambus prey. Cottreau(2013)found higher abundance eékin areas withmoderate

percentagef bouldersand sand witlattachedregetation I{ly pads andsuggestedthat
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the combing&ion of protection ad potenlly increaseof availablefood reourcesmay
creat optimal habitat foeels TheBdOL being predominately mualith eelgrass
growing in soft bottom substrates mean depth of 30 m and a sexposed sbreling,
may offer both suitable habitat and vegetative protection & eel

The benthoscape maenerated inhis sudy which identified areas with attached
vegetation paired wittelemetryresults of eel presence Batchy andContinuous
Vegetaton are sppartedby ed distributionsdocumentedvith MEK knowledge(Giles et
al., 2016. Results in this study atg with those of Giles et al(2016 togethersupport
the hypothesis that ead® usevegetated habitata the BdOL. These indings
denonstrate hovknowledge sharing can helptrengtherour understandingf eelhabitat
use inthe BAOL andthe valuethatmaking spaefor different types of knowledgean
haveif used to help fill knowedge gaps Future studiesould ®nsider speies
distribution modellingusing other sampling teatiques such as satellitelemetrydatg
obsenationsandMEK of known eel presende gain a stronger collective understanding
of eel distribution such as irSkroblin et al.(2020) Furthermore MEK workshopswill
bevaluableto help identifyand fill knowledgegaps for eedat regional scales.
Understanding eel movements and habitatisisdtical to preseve andmairtain
historical eding areasas well ador the adptationandtransfer of Mékmag fishing
knowledge(Giles et al., 2016 Finally, American eelsrehabitat gneralist{Chaputet
al., 2aL4). Future studiesshouldconsidethabitatuseunderdifferent behavioursuch as
feeding, refuge or winter dornancy to better understand how eels tusly usethese
habitatsand throughoudlifferent life stage$o contrbute bettr stewardkip of eeland eel

habtat
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3.4.8 Habitat su itability indic es

In same casestheestimatechabitatused may ave keen greater thahe habitat
availablesuchaso®s h al | ow S im)andPMchybr Corifudus Vegetatioim
all four sasons (M. 3.7). Thisis explaned by thenethodology usd to determine
habitatavailable, which uses the averagiae number of hydrophonggr benthoscape
classcompared t@averagehabitat useletermined byhe proportionof detectionsvithin
thedetecthle areg500m) colleded byhydrophones on a given benthoscape class
this gudy placemerds of acaustic receives werenat distributed equallpmong
benthoscape classasthis information was not previoustyassifiedandtherdore not
availableprior to depbyment.As aresult,placement oacoustiaeceiverseployed in
East Bay could not be comoblled at the time of deployment and therefozurredmore
on Shallow Silt/Mud (<50 mphan any othebenthsocapelass Shallow Silt/Mud (<50
m) = 20recevers Coarse Sediments 4 receivers Silt/Mud with <506 Gravel=6

receiversMixed Sediments 4 receiversContinuous Vegetationl receiversPatchy

Vegetation=2 receiver$. Furthermore, averag®bitat use was determined by detections

of individual eels ona given bentlhscape classihile thehabitat use was averaged fo
each individua) thesevalueswere used to generdiee population levehabitat use
(Rudolfsen et al., 2021Theefore, dscrepanciesn a greater habitat use compared to
habitatavailablemay be explaiaed by thedetections of one indidual onagiven
berthoscape clas while many irdividualsmay have bee detected aarssa range of

benthoscape class@’udolfsn et al., 2021)Furthemore, habitatavailableis limited to
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receiverlaced upora given benthosge, individuals may be detected @meto-many
receiverscontributingto this discrepancyndat leat two eek were detectedn more han
one seasomn hesediscrepanciesvere alsaeflectedin the HSI values amss seasons.
A benthoscpe class might have a had a higher average proportimatbithtuse
relative tohabitatavaileble yet still have a lowHSI value as dservedacross all bur
seasongFig 3.7;Rudblfsen et al., 2021 )Alternatively, abenthosgpe classould have
exhibited a lowe average proportion dfabitatuse but ahigherHSI valuesuchas in
sunmer forPatchy VegetatiofFig 3.7 Rudolfsen et al., 2021 hese discrepaniescan
be explained byhe averaging of ingidual HSI to produce gopulationlevel HSI.
Althoughthe habitatiseto habitatavailableratio summarizeshe data used to develop
HSI valuesfor each individual, it may at reflectthe populabné& averagediS| score
(Rudolfsen et al., 2021forexample anindividual eel may havehad onaveragea
greaer proportion 6detections (habitat use) angiven benthospe classcompare to
the proportiorof habitd availableby otheracoustiaeceives. Thiswould generate a
higherHSI valueelsewhereaand a laver HSI valuefor that kenthoscape clags awrage.
Howeve, while habitat associations arkEl values may provievaluable information
for monitoring and mamgement purp@s,results of this studynaynot providea true
representationf how eelsmight interact with @ be peset on a giverbenthosepeclass.
For example, oganisms may use maimgnthoscapelassesor they may select a
benthoscapelassbased on a combination of complex variabtéeph, temperature,
salinity, andoxyger) associateavith habitat thatvere rot incorporated in tis study.
Future dudiesshould considerincorporaing theseenvironmentalariables intotheir

habitat suit&ility modelling appoach(Freitas et al., 2016; Rudsénet al., 2021)
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3.4.9 Feeding and habit at

Eels, beingpportunistic omnivoreslemonstate an aormous rage in diet given
theiradaptabilityin nearly all water bodigd esch, 2003)Previousstudes have
describedvariations h movement associated with individual behavior as patint
correlated with morphological characteristisschas broad or narrow head width, or
foraging mechanisms, dues broad or localizednovements wherlarger els feeding on
faster noving prey mg travel fartheBarry et al., 2016; Geffroy et al., 201Byoad
headed individualare suggested to @cturnal ando be morepiscivorouscompared to
narrowheaded individalswhich ae suggested to mepusculaand to feedmoreon
benthic organims (Barry efal., 2016Kloppmann et al., 2003However, o analysis
coud be completediomorphological chracteristican this studyas these characteristics
were rot gathered for the fst 18 eels tagged, as taggibgganprior to my involvement.

All tagged eels that were categorized as sedemtare captured itthe Inner
Pond and the eethat remained ithe Inner Pond for bbongerperiodwere smalle(639.7
mm, 4183 g) than those tét left sooner(717.8mm, 539 g). Based on the results of this
study, sedentary eels may demonstrate locafmeding behavioin both theday and
the night however, this kowledge is constrained bgceiverplacement and psence
only detections. Moreeer, eels categorized as sedeytevere those that were detected at
onereceiverand therefore it isnknown whee these eelsvent when detections ceased
after57 days.

Sedentary eels, in thener Pondwereasso@ted with vgetatechalitats which
havebeenlinked toincreased food avability as these habitats are comprised of many

gastropods, cruateans, andarious fishspeciegMurphy et al., 2021; Olson at.,
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2019) Nearshore vegetated habitats, sucRatshyor Continuous Vegetatiofound in
this study, may provide shelter for eels, especially during daylight h¢GSEWIC,
2012) Therefoe, marements of taggeeek that occured acrossll diel periods may be
due to the increased protection from predators providdebatmhy or Continuous
VegetatiofCOSEWIC, 2012)Meanwhilevagrant eels were found on a diverse range of
habitats foundt deeperdepths(2 to 25 m).

Vagrant eelsparticulaly those that exhibited muitdirectional movement
patterns and were detected equallyhe day and the night, may therefore demonstrate
broadscale foraging patteritheseeels moved between tMPS and tk Gate and in one
case th&/PS, the G, and tke Strait, and therefore occupied deeper depthsare
foundon harder substrategagrart, uni-directional eelshowedinearmovement
patterndrom release to the Stragind therefore its unclear thelegee to whichthese eels
usedtheir assciated haitats

Future studeson the réationships between morphological characteristics and
habitat use okekin the BdOLmay contributdo our understanding of individual
variability in movement pattesnof eelsUndestandingtheforagingmechanisms of eels
in relation toprey itemsmay contribute to our understandiofjeel movemets. For
exanple, eels that are more localizethyfeed on wormsy sucking while larger eels
mayconsume larger prey by crushjrgaring,and spinningyet spiming has an
associatedostof being highly visible topredatorsaand is energetically costly except for
those that mayave large enough jaws to crush pgeglfman, 1995)Futurework may
thereforeconsder observing the relationshijgtweerhabitat, preyand braging

behaviorin relaionto nearshore anlrgescalemovements as done in this study.
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Conducting beach seinas having el stomachsheads, and or gonadenateckither
through FSC or other fishing measr® one wgin whichthis informdion regarding prey
availableor preyconsumedby eel may be gathereowever,consutation with
Mi&mawis essential idiscardingremainng contentsof eekin anappropriatananner

that aligns with Mikmaw values so that no part of thed isswasted for science

3.4.10 Manageme nt implications

The management ofthe American eel is conex giventhat thefishery is divided
by life staggelvers aml adult eel) Furthermore, @s arealong-lived, benthic dwelling
andendangered specidsatit is culturally significantto Indgenous peopléd COSEWIC,
2012) Managementlecisiongegarding fishand fish habitatlecisions require
consultatimm with Indigenous peoplesid areaimed at buding anation-to-nation
relationship betweemdigenous Peopleandthe government of Canad@overnment of
Canada, 2021bHowever federal govening bodiesmustmakespaceor corsutations
with Indigenous people®s identify concerns and knowledge gaps at regional scales
Indigenous people holhluable knowledge such athegeneral statu@ncreaseor
decreae)of local eelabundancesaturalthreatsto eek, or anthropogenic delopments
derived from personal observation and relationships egth (R. Bradford, personal
communication, 2022

Managemert of American eed can be impoved by addressing knowledge gaps
for this sgcies, sulc as wich habitat types are used by ®ahd in what seasons
Understandig habitatused by easlcompared tahe habitatavailablecan allow deision
makergsto idertify importart rearinghabitatfor eels required tamprove protectios of

eel habitatidentify areas that may be undedevelopmenbr may pose risk to eglor
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identify areas where risk and fishiageasoverlap(R. Bradford, personal
communication2022. Furthemore results in this study may contributeftwther
assessmeriibr eek in tidal wates, which currentlyhold a 2-day dosuretimeto allow for
any changeg(such as thepenng or closing to the currenfishing seasnandno
licensingrequiremerts for nontindigenots fishers tageting eel(Fisheries and Oceans
Carada, 2022)

Giventhecomplextiesof the American eel life cycle, its cultural sigonénce to
Midé k maswell as its importancéor food and susihanceit is cucial that management
decisiors aremadebaseal on informaion gatherecbn a more local scal&urthermore,
substrate ocqoencyis a major component of the eel life cydlgerefore onservation
measues aimed atassessingsk to eeland ekéhabitatshouldaim to identify threatsad

benthic habitas in these enwvionments
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CHAPTER 4: CONCLUSION

Obtaining baseline information bfbitat is criticato understandingpcal yellow
eelrearing haitat, and in the case ahiquerearing habitats like thBdOL to contrilute
knowledge togain acollective understanding of the flexiliiof this speciesHowever,
this information can be difficult to collect in de&regions (> 30 m), is time consungj,
andcan be expensive. In Chapter 2, | identified the benthigddtalfound to occur in the
BdOL from se&eral previously collected and newly collected seafloor imagery data sets.
Using these seafloor images and jpvesly collected MBES backscatter abathynetry
data, | was able to classify deeper regions (> 30 rt)eoBdOL. Then, using Sentirel
2A satelite imagery | was able to classify shallow water habitats (< 3m) of East Bay to
fill data gaps where MBES datkd not extend. Through combining lboMBESand
satellite imagery togethgrgenerated a seamless berstiape map of the BdOL estuary,
which todate did notpreviousy existfor the BdOL

The final benthoscape map demonstrated thaBti@@L is predormately
composed oShallow Silt/Mud ©50 m)and within East Bay, the sheltered shore consists
of PatchyandContinuousVegetation The benthoscape map produced in this study may
now serve as baseline information for other researchers Bd@k to examme species
habitat relationships su@sthose conductetly Landovskig2021)and Kromberg
(2022) Additionally, hebenthoscape mago be used tmonitor changes and identify
potentialrisksto habitat such as in coastal lagoons, or in deeper reginods)ay be used
to better understand efforts made to enhance habitat for a given species shsieras lo

(Reynolds, 2021)
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In Chapter 3, | used theebthoscape ap generatechiChapter 2 and overlaid
detections ofcoustically tagged American séb better understand the movementd an
habitat use of egin the BAOL. The BdOL, given its unique physical characteristics,
diversty of habitats, and cultal significancetosurraud i ng Mi 6k mag ¢ ommun
provided andeal study site as previous literature by Giles et al (2016) idehtifie
knowl edge gaps iIimportant t o | candéelhkhitah k ma g

in higorical and culturally ginificant fishing areas.

Telemetry data in this study reveatbdteels did not use primary fishing areas
for winter dormancy, yet thyedid use these areas for summer foraging. Results using
telemetry in this study overlapped twignd were supported by iM6 k ma g affedas s h i
outlined by Giles et al., (2016) (Append{y. Furthermore, eels spent most of their time
in East Bay followed byhe coastal lagoon and moved primarily at nigiet individual
variability was found in therie d day when eels werective. Eelswere not foundo use
all habitat available to theor demonstrate seasonal preferences for a given benthoscape
type, howevea seasonal shift fromatchyto Continuousvegetatiorwas observed in
fall. Meanwhile one davas found to remain ikast Bay in wnter at 25 ndeep on
Shal |l ow Si |.tCéamdning m&ppeingssBarediknowledge, and acoustic
telemetry together hasguided an opportunity to strengthen our collective understanding
of eekin this region and ientify and fill shared kowledge gapsmportant to dcal

communities.

Indicators orthe status of American eel in Canada have lacked-tenmdata
necessary tassess the status of this species at regional and local scales. While indices of

abundance ithe St. Lawrence Rivend Lake Ontdo have declied moreghan ©%
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si nce t hatedndadtDodspecies hbandance is not available for other Maritime
regons including Scotia/Fundy, Newfoundland and Labradord the BAOL

(COSEWIC, 2006)Yet, becase this speceis pamictic, meaning that all spawrs

form a single breeding unit, it is suggested that the recruitme®i®to Canadian waters
would be affected by the status of the species in other parts afl@and the United
State COSEWIC, 2006)However, repds of elver abundancéalso not long teri do

not show evidence of dine of eel

Abundance®f eek suggest declines may have ceased in some areas, however, the
abundance of eetemains drasticallyower than fomer lewels and positive trends areoto
shortterm to provide strong evidence that the abundance sisaéatreasing in Ontario
(COSEWIC, 2006)These data emphasizeetneed for more longéime series da on
eek atother r@ional and local scales. Dawfis to eel abundance have repohtablitat
alteration, dams, fishery haastat multiple life stages, high economic value of elyers
oscillations in ocean conditionasnd contaminantsscontributors taleclineof eek and
which mayimpedethe recoveryof the specie{COSEWIC, 206). Moreove, despite
being named a freshwater eel, this species is found to use all waterbodies lacimessib

them.

Within the federal managemmtframeworkfor the American eel, stock
assessmestand habitat risk assessments have been the guiding principle infadvice
exploited specieyetthese assessments are focused on and often derived from freshwater
systemsas these areas are considetiee have th@reatet potential harm from human
actvities (R. Bradford, personal communication, 2DZPherefore this spees may

receive protection against harmful alteration or destruction of habitat through the

131



CanadianFisheries At CanadiarEnvirormental Protegon Ad, or provincial acts such
as Ortario Water Resources AdQuebedEnvironmental Water Quality Acand he New
BrunswickClean Water AcCOSEWIC, 2012)Furthermore, habitat that liestiin
National Parks, Provincial parksr wildlife and maine protected areas may also be
subject to additional protection through the Canddaonal Parks Agtthe Loi sur les
Parcs in Québec, th@ntario Provincial Parks and Conservation Reserves 2006 and
the CanadaVildlife Actto nane a fe(COSEWIC, 2012)

More informaton is needed to understand eel distribution and habitat use in
estuaris especially during their growth stages eels may mature faster and at much
younger ages iastuaries compared to freshwater emwimentqCairns et al.2009;
Jessp et al., 2008; Morriso& Secor, 2003; Oliveira, 1999%econdly, eels may be
estuarine or evesalt marsh resident species and do not require movement to freshwater
environments to completedin life cycle(Daverat €al., 206; Eberhardt et al., 2015)
Therefore, knowledge of eel distribution and habitat use paired vedghpopulation
assessments is needed in estuaries to contribatevardship of esin these
environments and at more lo@ald egional scalesThird, there is a need to better
integrate Indigenous knowledge into the assessment and monitoring psowetisaa
the need to consult with Indigenous Peoples in ordeeveldp cemanagement
recommendations for the recovery of gpsgiven these mcessemay infringe on
Indigenous pegles aboriginal and or Treaty rights.

Canaddas degal obligation taonsult with Indigenou®eoplesand recently
proposed amendmentsttte Fisheries act statieat traditional knowledge must orim

fish habitat deisionsand that these decisions muaensider the adverse effects on the
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rights of Indigenou®eoplesFisheries and Oceans Canada, 2019b; Supreme Court of
Canada, 2004a, 2004b, 200B)iture research may consider using MEK wodgshto
recordinformaton in a way that expands ounderstandingfahis data poor species,
such as in Eckert et £017). Eckert et a(2017)gatherednformation fran government
as well as knowledge from MEK and TEK holgeia interviews to observe changes to
the body sizes (total lengths) and abundance d&fistcon the Central Coast of BC,
Canada wer the last 8 yearsand examine the factors thaty be drivinghese changes.
The results of Eckert et 017)demonstrated a repeatable method for both using and
incorporating traditional and local knowledge to build baseline information for-pata
specis and ultimately the value of incorporagimdigenous kowledgefor the purpose

of fisheriesresearch and magement.

Through Aponmat ul t i 6skatetha imdortandeiofestuarme s i s ,
habitat to yellow stage American sbly using sharenowledge to explore the regional
home rang, seasonal hétat u® and associations with spécihabitat typs in the
BdOL. Knowledge shared by project partners, nsakace for diverse knowledge
systems and values and can contribute to extending tresassg process for aéh
tidal waters and¢ancontribue tohelp incorporate regional divetgiinto managemnt
and monitoring plans.

This thesis aimed to gain kntseye on the distributions and habitat use of
American eels, a dafaoor species, in thBdOL through a TweEyedSeeingframework
As a result othallengsintroduced by the COVIEL9 pandemigthis thesiswas not able
to implement a Twdeyed Seeing approhato its full potential For exampleMEK and

community inputhat such an approach was hoped to achieve, were largely lacking, an
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analygs wee largey conducted using western aeatc methodge.g., habitat mapping
and final telemetry analygisDue b the pandemidVIEK workshops or interviews with
Mi 6 k ma wweeehadable te occurwhichwere essential to gather knowledge of
local and tradional fishers to identify knowledggaps that weref mostinterest to the
community and to ensure reseagdas aligned with the needs of that community.
Furthermorenot being able to havieequentfaceto face meetings was challengimg t
build relationshipsand to gather knowledgas krowledge is shad through stories
land-based learningor through cultwal or ceremonial practices.

Despite challenges introduced the pandemiacheA p o n ma tstudly did fiddk
meaningful ways to capwith challeges of he pandemic by conducting améi monthly
meetings to offer a space for students to share theirwatidars c uss wi t h  Mi 6 km
partners. Thigreated a safe spaforindividuals to share their knowledge, ask questions,
and ensure resez interestsvere algned. Ultimately these meetingvere very efctive
and successfulue to relationships and trust tiitl been built by projeqiartners.

Ap oqgn mat ublilt on th&coneeptsof Twiyed Seeing to encourage the
exchange of knowlige sharing alhdevel@ a crosscultural understandg among
individuals in order to develop a deeper understanding ofcologcally, commercially,
and culturally significant mare resources and to support the establishment of a fisheries
co-managemerframework. Amgnmatul i 6 k was ¢ o mmcademiesy of west
feda a | government bodi es, | @gkaolvledgenholdefse d g e h «
yet the project was heavily dominated by #din 6 k magq member s aad comp
western academic settingrurthermorethe formin which this thesis is shates written

aacording to western science standards and therefore magcessarily be edgishared
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with the local community. However, information gained through this tmeigjkt benefit
from the cretion of an ArcGIS story map which combines storiggxt, interactve maps,
and other multimedia content to users in an egzemce, friendly, ad accessible way
which could be easily sha(ESRG2022c)t h Mi 6 k maw

Although this thesis was not able to fully incorporatéwoEyed Seing
appoach Apognmat ul tnstraté howhisftamdwenkimay be implemented by
other researchers todadtify knowledge gap$aced by local communities. For example,
Apognmat ul ti 6k -basedestddy designahat imvolved copmeation and
consultda i on wi t h Mi kdecsions regaing site selecsion,dhe placement
of acoustic receiver&ir i ng Mi 0 k nmity Maisonssamirmethods for animal
capture and tagging. Throughout this project, research questions activebjef the
researclwere continuously revaluatd and driven byjuestions initially addressed by
the community to ensuresearch goals wewrdigned.ThroughAp 0 g n ma sevelalt i 6 k
lessons have been learned that | believe are key components todpimggth
incomorate arwo-Eyed Seeing approach.

Apog n ma t u lllengedbtike meamsain which individuals from western sceen
knowledge systemare taught to conduct research and empligizamportance of
building meaningful and trusting relationshipsconciliation, devebping crosscultural
understading, and respe for diverse knowledges and valuesich are dtical steps
towards cegovernance and emanagement of our marine resources. Several excellent
|l essons | earned t haw begrhoatied alrédp loy d.ancoeskisu | t i 6 k
(2021). Bridly, Landovskis(2021) statd lessons such as: 1) individuals must bing

to genuingy listen to, respect, and value one another, 2) time must be set aside to build
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and nurture relationships so thatlividuals feévaluedand safe enough to share thei
perspectivesand 3) individuals must be willing to work through distort that comes
from reducing and acknowledging their own knowledge system and biases. Through
these lessons learned, a desiraéaonciliation and acommitment to overcoming
challengesl believe others hoping to incorporate a FEgedSeeing framewdt may

find theirown versions o$uccess.

136



REFERENCES

Acou, A., Boury, P., Laffaille, P., Crivelli, A. J., & Feunteun, E. (2009wards a
standardized characterization of the potentially niggssilver European eel
(Anguilla anguilla, L.).Archiv Fur Hydrobiologie 164(2), 237 255.
https://doi.org/10.1127/0063136/2005/01649237

Aoyama, J., Sasai, S., Miller, M. J., Shinoda,Makamura, A., Kawazu, K., &
Tsukamoto, K. (2002). A preliminastudy of the movements of yellow and silver
eels,.Hydrobiologia 31i 36.

Aswani, S., &L auer, M. (2006a). Benthic mapping using local aerial photo interpretation
and resident taxa inventorie® designing marine protected areBavironmental
Conservatio, 33(3), 263 273. https://doi.org/10.1017/S0376892906003183

Aswani, S., & Lauer, M. (206b). Incorporating fishermélocal knowledge and
behavior into geographical information systems (Gd$designing marine
protected areas in Oceaniduman Organiztion, 65(1), 81 102.
https://doi.org/10.17730/humo.65.1.4y2q0vhe4l30n0u;j

Atlantic StatesMarine Fisheries Commission. (2000jterstate Fishery Management
Plan for American Eegflssue 36). irdrnatpdf:/ASMFC_2000.pdf

Bangley, C. W., Paramore, L., Dedm&n, & Rulifson, R. A. (2018). Delineation and
mapping of coastal shark habitat withistellow lagoonal estuari?LoS ONE
13(4), Ii 21. https://doi.org/10.1371/journal.pone.0195221

Barry, J.Newton, M., Dodd, J. A., Hooker, O. E., Boylan, P., LucasCM & Adams,
C. E. (2016). Foraging specialisms influence space use and movemenspatttern
the European eel Anguilla anguilldydrobiologig 766(1), 333 348.
https://doi.org/10.1007/s1078115-2466z

Bartlett, C., Marshall, M., Marshall, A. (2012Z)wo-Eyed Seeing and other lessons
learned within a cdearning journey of bringing togeth@ndigenous and
mainstream knowledges and ways of knowimg 331 340). Jounral of
Enviornmental Studieand Sciences. https://doi.org/https://doi.org/10.1007/s1-3412
012-00868

Beck, M. W., Heck, K. L., Able, K. W., Childers, D. L., Eggleston, D. B., Gders, B.
M., Halpern, B., Hays, C. G., Hoshino, K., Minello, T. J., Orth, R. J., Sheridan, P.
F., & Weinstein, M. P. (2001). The identification, conservation, and gamant of
estuarine and marine nurseries for fish and invertebBi@Science51(8), 633
641. https://doi.org/10.1641/00568(2001)051[0633:TICAMO]2.0.CO;2

Becker, S. L., Finn, J. T., NokpA. J., Danylchuk, A. J., Pollock, C. G., Hil&tarr, Z.,
Lundgren, I., & Jordaan, A. (2020). Coaraad finescale acoustic telemetry

137



elucidatesnovement patterns and temporal variability in individual territories for a
key coastal mesopredat&nvironmental Biology of Fishe403(1), 13 29.
https://doi.org/1007/s10644019-0093062

BéguerPon, M., Castonguay, M., Benchetrit, J., Hatin, D., Lé&gdl, Verreault, G.,
Mailhot, Y., Tremblay, V., & Dodson, J. J. (2015). Laggmale, seasonal habitateu
and movements of yellow American eels in the St. LawrencerRevealed by
acoustic telemetryjecology of Freshwater Fisl24(1), 99 111.
https://cbi.org/10.1111/eff.12129

BéguerPon, M., Castonguay, M., Shiliang, S., Benchetrit, J., & Dodson, D1b)2
Direct observations of American eels migrating acrossdinénental shelf to the
Sargasso Seblature Communication$(8705), 1 9.
https://doiorg/10.1038/ncomms9705

BéguerPon, M., Dodson, J. J., Castonguay, M., Jellyman, D., Aarestrup, K., &
Tsukamoto, K. (2018). Tracking anguillid eels: Five decades efrietrybased
researchMarine and Freshwater Resear@®(2), 199 219.
https://doi.org/0.1071/MF17137

BéguerPon, M., Shan, S., Castonguay, M., & Dodson, J. J. (2017). Behavioural
variability in the vertical and horizontal oceanic migrations of silver Acaa eels.
Marine Ecology Progress Serigs85 123 142. https://doi.org/10.3354/mepSBD

Berkes, F. (2003). Alternatives to conventional management: Lessons frorscatall
fisheries Environments31(1), 5 20.

Bradford, R. G. (2013)Canadian SciencAdvisory Secretariat 2010 status of American
eel (Anguilla rostrata) in Maritimes Region

Breen, E., & Metaxas, A. (2009). Overlap in the distributions between indigenous and
norrindigenous despods in a brackish micitidal systemAquatic Biology 8(1), 1i
13. https://doi.org/10.3354/ab00195

Brown, C. J., Beaudoin, J., Brissette, M., & Gdaz¥'. (2019). Multispectral multibeam
echo sounder backscatter as a tool for improved seafloor cheaiber. MDPI
Journal of Geoscience8(126), 1 19. https://daibrg/10.3390/geosciences9030126

Brown, C. J., Sameoto, J. A., & Smith, S. J. (2012).tidi& methods, maps, and
management applications: Purpose made seafloor maps in support of ocean
managemet. Journal of Sea Research2, 1i 13.
https://doi.org/10.1016seares.2012.04.009

Brown, C. J., Smith, S. J., Lawton, P., & Anderson, J. T. (201dnttsc habitat
mapping: A review of progress towards improved understanding of the spatial
ecology of theseafloor using acoustic techniquEstuarine, Coastal and Sle
Science92(3), 502 520. https://doi.org/10.1016/j.ecss.2011.02.007

138



Brownscombe, J. WLédée, E. J. |, Raby, G. D., Struthers, D. P., Gutowsky, L. F. G.,
Nguyen, V. M., Young, N., Stokestyy M. J. W., Holbrook, C. M., Brenden, T. O.,
Vandergoot, C. $Murchie, K. J., Whoriskey, K., Mills Flemming, J., Kessel, S. T.,
Krueger, C. C., & Goke, S. J. (2019). Conducting and interpreting fish telemetry
studies: considerations for researcheid m@source manageiReviews in Fish
Biology and Fisherig29, 369 400. https://doi.org/10.1007/s111609-095604

Buhl-Mortensen, L., BuhMortensenP., Dolan, M. J. F., & Gonzalddirelis, G. (2015).
Habitat mapping as a tool for conservation and sustée use of marine resources:
Some perspectives from the MAREO Programme, Norwaylournal of Sea
Research100, 46 61. https://doi.org/10.1016/j.8ees.2014.10.014

Cairns, D. K., Dutil, 3D., Proulx, S., Mailhiot, J. D., &lard, M-C., Kervella, A.,
Godfrey, L. G., @Brien, E. M., Daley, S. C., Fournier, E., Tand. P. N., &
Courtenay, S. C. (2012). An atlas and classification of aquatic habitaeaast
coast of Canada, with an evaluation of usage by the American €zanbadian
Technical Reportf Fisheries and Aquatic Sciences

Cairns, D. K., Poirier, LA., Murtojarvi, M., Bernatchez, L., & Avery, T. S. (2017).
American eel distribution itidal waters of the east coast of North America, as
indicated by 26 trawl and beach seine surveys betwalerador and Florida. In
Fisheries and Oceans Canada. Canadlathnical Report of Fisheries and Aquatic
Sciences 322Mhttps://doi.org/10.13140/RG225394.50882

Cairns, D. K., Secor, D. A., Morrison, W. E., & Hallett, J. A. (2009). Sakimityed
growth in anguillid eels and the paradox of temperatee catadrom Journal of
Fish Biology 74(9), 2094 2114. https://doi.org/10.1111/j.108549.2009.2290.x

Caldwell, I. R. (2012)Habitat, movement, and vulnerability of sedentary fishes in a
dynamic wordl. Doctor of Philosophy. The University of British Columbia.

Cam, E. (2014). Inclusion of Indigenous Knowledge System (IK&)Precondition for
Sustainable Development and an Integral Part of Environmental Stimliesal of
Education and Researci(1), 58 76. https://doi.org/10.3126/jer.v4i1.10726

Castonguay, MHodson, P. V., Moriarty, C., Drinkwater, K. F., & Jessop, B. M. (1994).
Is there a role of ocean environment in American and European eel decline?
Fisheries Oceanograph®(3), 197 203. https/doi.org/10.1111/j.1365
2419.1994.tb00097.x

Chaput, G., Pratfl. C., Cairns, D. K., Clarke, K. D., Bradford, R. G., Mathers, A., &
Verreault, G. (2014). Recovery Potential Assessment for the American Eel (
Anguilla rostrata ) for eastern Canadfescriptionand quantification of threats.
Canadian Science Advisory Secretariat (CSAS) Research Doc@D&Bt135

Committee on the Status of Endangered Wildlife in Canada. (202@89EWIC status
reports https://www.cosewic.ca/index.phpten/statugeports.html

139



Committee on the Status of Endangered Wildlife in Canada. (202RSEWIC wildlife
species assessmehttps://www.cosewic.ca/index.phplea/assessment
process.html

Copeland, A., Edinger, E., Devillers, R., Bell, T., Leblanc, P., & Wrolikews (2013).
Marine habitat mapping in support of Marine Protected Area management in a
subarctic fjord Gilbert Bay, Labrador, Canadi#ournal of Coastal Conservation
17, 225 237. https://doi.org/10.1007/s118621-01721

COSEWIC. (2006). COSEWIC assessment andistaport on the American eel
Anguilla rostrata in Canada. ommittee on the Status aidangered Wildlife in
Canada www.sararegistry.gc.ca/status/status_e.cfm

COSEWIC. (2012). COSEWIC assessment and status report on the American Eel
Anguilla rostratain Canada. '@Committee on the Status of Endangered Wildlife in
Canada http://publicationgyc.ca/collections/collection_2013/ec/CW64-458
2012eng.pdf.

Cottreau, J. (2013Habitat use by the American Eel (Anguilla rostrata) in relation to
substrate andegetation in Oakland Lak&achelor of Science Honours Thesis.
Acadia University.

Crossin G. T., Hatcher, B. G., Denny, S., Whoriskey, K., Orr, M., & Penney, A. (2016).
Conditionrdependent migratory behaviour of endangered Atlantic salmon smolts
moving tirough an inland se&onservation Physiology.
https://doi.org/10.1093/conphys/cow018

Daverat, F., Limburg, K. E., Thibault, I., Shiao, J. C., Dodson, JadgnCF., Tzeng, W.
N., lizuka, Y., & Wicksttim, H. (2006). Phenotypic plasticity of habitat use by three
temperate eel species, Anguilla anguilla, A. japonica anmd%rataMarine
Ecology Progress Serig308 231 241. https://doi.org/10.3354/meps30823

Denny, S., Denny, A., & Paul, T. (2013). Distribution, prevalence and intensity of
anguillicoloides crassus in the American eel, Anguilla rostrata, in the @imas d
Lakes, Nova Scadl Biolnvasions Record2(1), 19 26.
https://doi.org/10.3391/bir.20131203

Denny, S. K., & Fanning, L. M. (2016). A Kkmaw perspective on advancing salmon
governance in Nova Scotia, Canada: Setting the stage for collaboragxesence.
Internationd Indigenous Policy Journal/(3).
https://doi.org/10.18584/iipj.2016 3.4

Denny, Shelley, Denny, A., Paul, T., Christmas, K., Doucette, P., Francis, F. W., Gould,
C., Gould, N. J., Isadore, L., Johnson, E., Lewis, B., & Marshall, AAp&ataq
Mid&kmagEcological Knowledge: Bras@r Lakes Eelsli 24.

Denny, Shelley, DennmA., Paul, T., Sylliboy, J., Jr, B. B., Doucette, C., & Young, K.
(2020).Amalamaqg

140



Dionne, M., Short, F. T., & Burdick, D. M. (1999). Fish Utilization of Restoeéated,
and Refeence SalMarsh Habitat in the Gulf of Maindmerican Fisheries Society
Symposiun22, 384 404.

Durif, C., Dufour, S., Elie, P. (2005). The silvering process of Anguilla angullzew
classification from the yellow resident to theveil migrating stag. Journal of Fish
Biology, 1025 1025 1043. https://doi.org/10.1111/}.108549.2005.00662.x

Dutil, J-D., Giroux, A., Kemp, A., Lavoie, G., & Dallaire-B. (1988). Tidal Inflence
on Movements and on Daily Cycle of Activity of Amenickels.Transactins of
the American Fisheries Societd 7(5), 488 494. https://doi.org/10.1577/1548
8659(1988)117<0488:tiomao>2.3.co;2

Eberhardt, A. L., Burdick, D. M., Dionne, M., & Vincent, R. (2015). Rethinking the
Freshwater EelSalt Marsh Tropic Support of the American Rethinking the
Freshwater EelSalt Marsh Trophic Support of the American Eel , Anguilla
rostrataEstuaries and Coast88. https://doi.org/10.1007/s1223159960-4

Eckert, L. E., Ban, N. C., Frid, A., & Ma@er, M. (2017). Diing back in time:
Extending historical baselines for yelloweye rockfish with Indigenous knowledge.
Aquatic Conservation: Marine and Freshwater Ecosysi@®4), 158 166.
https://doi.org/10.1002/aqc.2834

EnglerPalma, C., VanderZwaag, D., Apostle, R.Castonguay, M., Dodson, J. J.,
Feltes, E., Norchi, C., & White, R. (2013). Sustaining American Eels: A Slippery
Species for Science and Governardeirnal of International Wildlife Law and
Policy, 16(2i 3), 128 169. https://doi.org/10.8D/13880292.2013.8060

Environment and Climate Change Canada. (200BRAs Canada Target 1 Pilot
Project Interim Progress Report

ESRI. (2016a)Curvature https://desktop.arcgis.com/en/arcmap/10.3/tools/spatial
analysttoolbox/curvature.htm

ESRI. (2016). 1SO Cluster Ungpervised Classification (Spatial AnalysfrcMap.
Documentationhttps://desktop.arcgis.com/en/arcmap/10.3/tools/speatialy st
toolbox/isaclusterunsupervisedlassification.htm

ESRI. (2016c)Slope https://pro.arcgis.com/en/pagp/latest/toolreference/spatial
analyst/curvature.htm

ESRI. (2021)Aspect https://desktop.arcgis.com/en/arcmap/latest/tools/symtely st
toolbox/aspect.htm

ESRI. (2022a)How Iso Cluster workshttps://pro.arcgis.com/en/papp/latest/toal
reference/gatialanalyst/howiso-clusterworks.htm

ESRI. (2022b)Multivariate Clustering (Spatial Statistic)ttps://pro.arcgis.com/en/pro

141



app/2.7/toolreference/spatiadtatistics/multivariatelusteringhtm

ESRI. (2022c)What is ArcGIS StoryMapsftps://doc.ecgis.com/en/arcgis
storymaps/gestarted/whais-arcgisstorymaps.htm

European Space Agency. (2021%¢ntinel2 launch timeline
https://www.esa.int/Enabling_Support/Operations/Sen@né&unch_timeline

European Space Agency. (20218INAR https://eat.esa.int/eogateway/tools/snap

Finn, J. T., Brownscombe, J. W., Haak, C. R., Cooke, S. J., Cormier, R., Gagne, T., &
Danylchuk, A J. (2014). Applying network methods to acoustic telemetry data:
Modeling the movements of tropical marine fishiiesologicalModelling 293 139
149. https://doi.org/10.1016/j.ecolmodel.2013.12.014

FishWIKS. (2022). ESKASONI, NS
https://www.dal.ca/siwfishwiks/communities/eskasems.html#:~:text=In
1834%2C Eskasoni officially became,Breton Gaelic and French traditions.

Fisheries and Oceans Canada. (2013). Recovery potential assessment of American Eel
(Anguilla rostrata) in Eastern Cana@anadian Sience Advisory Secretariat
Science Advisory Repofi78

Fisheries and Oceans Canada. (201R&Er fisheries management pléevergreen)
Maritimes Regionhttps://www.dfempo.gc.ca/fisheriepeches/ifmpgmp/elver
anguille/indexeng.html#tocl.2

Fisheriesand Oceans Canada. (2019sheries Act updates and reconciliation with
Indigenous peoplesittps://www.dfempo.gc.ca/campgin-campagne/fisherieact
loi-surlespeches/reconciliatieeng.html

Fisheries and Oceans Canada. (2020@)8 Atlantic Coast Gamercial Landings, by
Region https://www.dfempo.gc.ca/stats/commercial/ladébarg/sea
maritimes/s2018agng.htm

Fisheries ad Oceans Canada. (20208018 Value of Atlantic Coast Commercial
Landings by Regiarhttps://www.dfempo.gc.ca/stats/commercialid-debarg/sea
maritimes/s2018aeng.htm

Fisheries and Oceans Canada. (2022l and freshwater (Diadromous)
https://www.do-mpo.gc.ca/fisheriepeches/recreational
recreative/maritimes/diadromng.html#eel

Folk, R. L. (1954). The Distinction betwe@rain Size and Mineral Composition in
SedimentaryRock Nomenclaturel'he Journal of Geology2(4), 344 359.
https://doi.org/101086/626171

Ford, T. E., & Mercer, E. (1986). Density, size distribution and home range of American

142



eels, Anguilla rostrata, ia Massachusetts salt marEmvironmental Biology of
Fishes 17(4), 309 314. https://doi.org/10.1007/BF00001497

ForfinskiSarkai, N. A., & Parrish, C. E. (2019). Activeassive spaceborne data fusion
for mapping nearshore bathymetBhotogrammetric Engeering and Remote
Sensing85(4), 281 295. https://doi.org/10.14358/PERS.85.4.281

Forsey, D., Leblon, B., Larocque, A., Skinnkt., & Douglas, A. (2020). Eelgrass
mapping in atlantic canada using worldvidimagery International Archives of
the Photogranmetry, Remote Sensing and Spatial Information Sciedtds-B3-2,
685 692. https://doi.org/10.5194/ispaschivesXLIll -B3-2020-685-2020

Francisfloyd, R. (2003). Dissolved Oxygen for Fish Production. Fact she&FAn
Institute of Food and Agriculte Sciences.

Franco, A., Franzoi, P., Malavasi, S., Riccato, F., Torricelli, P., & Mainardi, D. (2006).
Use of shallow water lmtats by fish assemblages in a Mediterranean coastal
lagoon.Estuarine, Coastal and Shelf Sciep@6(1i 2), 67 83.
https://doi.@g/10.1016/j.ecss.2005.07.020

Freitas, C., Olsen, E. M., Knutsen, H., Albretsen, J., & Moland, E. (2016). Temperature
associaté habitat selection in a coeldater marine fishJournal of Animal Ecology
85(3), 628 637. https://doi.org/10.1111/136556.1248

Geffroy, B., Sadouic, B., & Bardonnet, A. (2015). Behavioural syndrome in juvenile eels
and its ecological implication8RILL, 152, 147 166. https://doi.org/3/1568539X
00003236

Giles, A. (2014)Improving the eel fishery through the incorporation afigenous
knowledge systems into policy level decision makdaghousie University.

Giles, A., Fanning, L., Denny, S., & Palll, (n.d.).Improving the American Eel Fishery
Through the Incorporation of Indigenous Knowledge into Policy Level Decision
MakingA case study, Eskasoni First Natidritps://doi.org/10.1007/s10748.6-
98140

Giles, A., Fanning, L., Denny, S., & Paul, 20@6). Improving the American Eel Fishery
Through the Incorporation of Indigenous Knowledge into Policy Level Decision
Making in CanadaHuman Ecology44(2), 161 183.
https://doi.org/10.1007/s10748.6:98140

Goes, E. R., Brown, C. J., & Aiip, T. C. (2@9). Geomorphological classification of the

benthic structures on a tropical continental sh&lbntiers in Marine Scien¢&(47),
1i 11. https://doi.org/10.3389/fmars.2019.00047

143



Gollock, M. J., Kennedy, C. R., & Brown, J. A. (2005). European eels, Aaguriguilla
(L.), infected with Anguillicola crassus exhibit a more pronounced stress response to
severe hypoxia than uninfecteel® Journal of Fish Disease28(7), 429 436.
https://doi.org/10.1111/].1365761.2005.00649.x

Government of Canada. (2013Aporiginal Rights https://www.rcanc
cirnac.gc.ca/eng/1100100028605/1551194878345

Government of Canada. (2013Beace and Friendship Treaties (172379)
https://www.rcaancirnac.gc.ca/eng/1360937048903/1544619681681

Government of Canada. (2018)sheries Act updates and reconciliatiavith Indigenous
peoples https://www.dfempo.gc.ca/campaigoampagne/fisherieactloi-surles
peches/reconciliaticeng.html

Government of Canada. (2021Aradia First Nation joining Bear River and Annapolis
Valley Hrst Nations in fishing in pursuitf@ moderate livelihoad
https://www.canada.ca/en/fisherdeseans/news/2021/11/acadiist-nation
joining-bearriver-andannapolisvalley-first-nationsin-fishing-in-pursuitof-a-
moderatdivelihood.html

Government oCanada. (2021b)ntroducing Canadé modernized Fisheries Act
https://www.dfempo.gc.ca/campaigoampagne/fisherieactloi-surles
peches/introducticeng.html

Government of Canada. (2021¢he Marshall decisionsttps://www.dfe
mpo.gc.ca/fisheriepeches/aboriginaautochtones/moderatelihood-subsistance
convenable/marshativerviewapercueng.html

Greene, H., Bizzarro, J., Tilden, J., Lopez, H. ., & Erdey, M. . (2005). The benefits and
pitfalls of geographic information systems in marine bertilGtat mapping.
Wright, DJ andé , October 2016 34i 46.
http://dusk.geo.orst.edu/aaas/03chapter3.pdf

Greene, H. G., Bizzarro, J. J.g@@nnell, V. M., & Brylinsky, C. K. (2007). Construction
of digital potential marine benthic habitat maps using a codesifatation scheme
and its applicabn. Special Paper Geological Association of Canagddy, 141 155.

Greene, H. G., Yoklavich, M. M., Starr, R. M.@@nnell, V. M., Wakefield, W. W.,
Sullivan, D. E., McRea, J. E., & Calilliet, G. M. (1999). A classtfima scheme for
deep seafloor habitat®ceanologica Acta22(6), 663 678.
https://doi.org/10.1016/S03905784(00)8895#4

Griffin, J. R. (2003). Final Fld Report 2600298. IGovernment of Canaddssue 2).

Hain, J. H. W. (1975). The behaviour of migrateeys, Anguilla rostrata, in response to
current, salinity and lunar periodelgolander Wissenschaftliche
Meeresuntersuchungge?7(2), 211 233. https:Moi.org/10.1007/BF01611808

144



Hallet, tJ. A. (2013)Densities, populations, and exploitation rates oféican eels in
the southern Gulf of St. Lawrence, from glass bottom boat suiMegser of
Science Thesis. University of New Brunswick.

Harris, D. C.& Millerd, P. (2010). Food fish, commercial fish, and fish to support a
moderate livelihood: charactemg Aboriginal and treaty rights to Canadian
fisheries Arctic Review on Law and Politic, 82 107.
http://site.uit.no/arcticreview/files/2012/11/ARP®1_HarrisMillerd.pdf

Hassan, S. A., & Hanapi, M. S. (201&%cientificityd of Social Research: Itsh@lenges
and ImplicationsAcademic Journal of Interdisciplinary Studi@¢9), 62 67.
https://doi.org/10.5901/ajis.2013.v2n9p62

Hatcher, A. (2018)TheBras diOr Lake Biosphere Reserve: A Celebration of Natural
and Cultural Ecology

Hatcher, A., BartletC., Marshall, A., & Marshall, M. (2009). Tweyed seeing in the
classroom environment: Concepts, approaches, and chall€sgesdian Journal of
Science Mathematics and Technology Educati6(B), 141 153.
https://doi.org/10.1080/14926150903118342

HedgerR. D., Dodson, J. J., Hatin, D., Caron, F., & Fournier, D. (2010). River and
estuary movements of yellegtage American eels Anguilla rostrata, using a
hydrophone arraylournal of Fish Biology76(6), 1294 1311.
https://doi.org/10.1111/j.1098649.201M02561.x

Helfman, G. S. (1995). Spinning for their suppéatural History, 5(May), 26 29.
Hijmans, R. J. (2019). The raster packdgeCran. http://wwwr-project.org/

Hillman, J. I. T., Lamarche, G., Pallentin, A., Pecher, I. A., Gorman, A. R., & Schneide
von Deimling, J. (2018). Validation of automated supervised segmentation of
multibeam backscatter data from the Chatham Rise, New Zedlanihe
Geoplysical ResearctB9(1i 2), 205 227. https://doi.org/10.1007/s116016929F
9

Holbrook, C., Hayden, TBinder, T., & Pye, J. (2019). glatos: A package for the Great
Lakes Acoustic Telemetry Observation Syst@Package Version 0.4.2.1.
https://gitlab.oceatrack.org/GreatLakes/glatos

Hutchinson, E. G. (1957). Concluding Remarkale University, New Haven,
Connecticut 415 427.

Ide, C., De Schepper, N., Christiaens, J., Van Liefferinge, C., Herrel, A., Goemans, G.,
Meire, P., Belpaire, C., Geeraerts, C.A&riaens, D. (2011). Bimodality in head
shape in European edburnal of Zoology2853), 230 238.
https//doi.org/10.1111/j.1469998.2011.00834.x

145



Immordino, F., Barsanti, M., Candigliota, E., Cocito, S., Delbono, I., & Peirano, A.
(2019). Application oSentinel2 multispectral data for habitat mapping of Pacific
Islands: Palau Republic (Micronesia, FacOcean)Journal of Marine Science and
Engineering 7(9). https://doi.org/10.3390/jmse7090316

Innovasea. (2020)/9 Coded Transmitters Datasheetvw.vemco.com
lverson, S. J. (20197Apognmatuliik SPG Project Proposal

Ilverson, S. J., Fisk, A. T., Hih¢S. G., Flemming, J. M., Cooke, S. J., & Whoriskey, F.
G. (2019). The ocean tracking network: Advancing frontiers in aquatic science and
managemenCanadian Journal of Fisheries and Aquatic Sciend@é¢7), 1041
1051. https://doi.org/10.1139/cjf290180481

Jellyman, D., & Tsukamoto, K. (2002). First use of archival trartersito track
migrating freshwater eels Anguilla dieffenbachii at $#arine Ecology Progress
Series233 207 215. https://doi.org/10.3354/meps233207

Jessop, B. M. (1987). Migratirgmerican Eels in Nova Scoti@iransactions of the
American Fisheries Saaty, 1162), 161 170. https://doi.org/10.1577/1548
8659(1987)116<161:maeins>2.0.co;2

Jessop, B. M. (2010). Geographic effects on American eel (Anguilla rostrata) life history
characeristics and strategie€anadian Journal of Fisheries and Aquatic Scec
67(2), 326 346. https://doi.org/10.1139/FaSB9

Jessop, B. M., Cairns, D. K., Thibault, I., & Tzeng, W. N. (2008). Life history of
American eel Anguilla rostrata: New insightsrrotolith microchemistryAquatic
Biology, 1(3), 205 216. https://doi.or{.0.3354/ab00018

Jessop, B. M., & lizuka, Y. (2002). Migratory behaviour and habitat use by American
eels.Marine Ecology Progress Seriegz33 217 229.
https://doi.org/10.3354/meps23L7

Jollife, I. T., & Cadima, J. (2016). Principal component analysiss\dew and recent
developmentsPhilosophical Transactions of the Royal Society A: Mathematical,
Physical and Engineering Sciengc834(2065).
https://doi.org/10.1098/rsta.2015.0202

Joseph, V., Locke, A., & Godin, J. G. J. (2006). Spatial distributidisbés and
decapods in eelgrass (Zostera marina L.) and sandy habitats of a New Brunswick
estuary, eastern Canadajuatic Ecology40(1), 111 123.
https://doi.org/10.1007/s1048305-9027-x

Kennish, M. J. (2002). Environmental threats and environmentakfof estuaries.

Environmental Conservatio29(1), 78 107.
https://doi.org/10.1017/S0376892902000061

146



Kjerfve, B. (1994) Coastal Lagoon Processes: Chapter 1 Coastal Lag¢eoth ed).
Elsevier Oceanography Series.

Klinard, N. V, & Matley, J. K. (2020). Living until proven deadddressing mortality in
acoustic telemetry researdReviews in Fish Biology and Fisheri&§(3), 485 499.
https://doi.org/10.1007/s1116120-09613-z

Kloppmann, M., Reimer, L. W., Soffker, K., & Wirth, T. (2003he Eel

Kostylev, V. E., Todd, B. Jkader, G. B. J., Courtney, R. C., Cameron, G. D. M., &
Pickrill, R. A. (2001). Benthic habitat mapping on the Scotian Shelf based on
multibeam bathyntey, surficial geology and sea floor photograptiarine Ecology
Progress Serie19, 121 137. https://dborg/10.3354/meps219121

Kranstauber, B., Kays, R., Lapoint, S. D., Wikelski, M., & Safi, K. (2012). A dynamic
Brownian bridge movement model to estit@ utilization distributions for
heterogeneous animal movemelturnal of Animal Ecology81(4), 738 746.
https://doi.org/10.1111/].1368656.2012.01955.x

Kromberg, S. (20225ea star (Asterias vulgaris) abundance and behabiours suggests a
shift in thebenthic community within the BragQ@r Lake, Cape Breton Island
Bachelor of Science Honours Thesis. Dalsie University.

Lacharig, M., Brown, C. J., & Gazzola, V. (2018a). Multisource multibeam backscatter
data: developing a strategy for the productmfrbenthic habitat maps using semi
automated seafloor classification methddarine Geophysical ResearcB9(1),

307 322. https://doi.org/10.1007/s110017-9331-6

Lacharig, M., Brown, C. J., & Gazzola, V. (28lb). Multisource multibeam backscatter
data developing a strategy for the production of benthic habitat maps using semi
automated seafloor classification methddarine Geophysical ResearcB9(1i 2),
307 322. https://doi.org/10.1007/s110017-9331-6

Lambert, T. (2002). Overview of the Ecologytbe Bras dOr Lakes with Emphasis on
the FishProceedings of the Nova Scotian Institute of Science (N&3), 65 98.
https://doi.org/10.15273/pnsis.v42i1.3591

Lammens, E. H. R. R., & Visser, J. T. (1989)rihility of mouth width in European
eel, Anguilla anguilla, in relation to varying feeding conditions in three Dutch lakes.
Environmental Biology of Fishe26(1), 63 75.
https://doi.org/10.1007/BF00002476

Landovskis, S. (2021¥%hared knowledge to idefytiamerican lobster/jakej (Homarus
americamus) movement patterns and habitat use in the Bi@s dake/Pitupaqg
Master of Science Thesis. Dalhousie University.

Lauer, M., & Aswani, S. (2008Dcean & Coastal Management Integrating indigenous
ecological kiowledge and mukspectral image classifiteon for marine habitat

147



mapping in Oceaniebl, 495 504. https://doi.org/10.1016/j.ocecoaman.2008.04.006

Lecours, V., Brown, C. J., Devillers, R., Lucieer, V. L., & Edinger, E. N. (2016).
Comparing selections ohgironmental variables for ecological stesli A focus on
terrain attributesPLoS ONE11(12), I 19.
https://doi.org/10.1371/journal.pone.0167128

Lecours, V., Devillers, R., Schneider, D. C., Lucieer, V. L., Brown, C. J., & Edinger, E.
N. (2015). Spatiascale and geographic context in benthicitaglmapping: Review
and future directiondMarine Ecology Progress Serigs35 259 284.
https://doi.org/10.3354/meps11378

Lecours, V., Devillers, R., Simms, A. E., Lucieer, V. L., & Brown, C. J. (2017). Towards
a framework for terrain attribute selectimnenvironmental studie€nvironmental
Modelling and Software39, 19 30. https://doi.org/10.1016/j.envsoft.2016.11.027

Lefebvre, F., Contournet, P., & Crivelli, A. J. (2007). Interaction between the severity of
the infection by the nematode Anguillicaleassus and the tolerance to hypoxia in
the European eel Anguilla anguillacta Parasitologica52(2), 171 175.
https://doi.org/10.2478/s1168®7-00134

Lennox, R. J.@kland, F., Mitamura, H., Cooke, S. J.,0rktad, E. B., & Secor, D.
(2018). Europearel Anguilla anguilla compromise speed for safety in the early
marine spawning migratiohCES Journal of Marine Sciencé5(6), 1984 1991.
https://doi.org/10.1093/icesjms/fsy104

Leon, J. X., Phinn, S. R., Hamgit, S., & Saunders, M. I. (2013). Fillingetfiwhite
ribbond - a multisource seamless digital elevation model for Lizard Island, northern
Great Barrier Reefnternational Journal of Remote Sensi¢(18), 6337 6354.
https://doi.org/10.1080/01431161.20830659

Lloyst, M. H. M., Pratt, T. C., Rej5. M., & Fox, M. G. (2015). Nearshore habitat
associations of stocked American eel, Anguilla rostrata, in Lake Ontario and the
upper St. Lawrence Rivedournal of Great Lakes Researeti(3), 881 889.
https://dbi.org/10.1016/).jglr.2015.05.012

Loglio Systems. (2022).0LIGO-® ONLINE OXYGEN CONVERTER
https://www.loligosystems.com/convearkygenunits?menu=77

Lurton, X., Lamarche, G., Brown, C., Lucieer, V., Rice, G., Schimel, A., & Weber, T.
(2015). Backscattaneasurements by seafloaaappingsonars. Guidelines and
RecommendatiosStudies in Computational Intelligen@&lYMay), 200.
http://geohab.org/wgontent/uploads/2014/05/BSWG
REPORTMAY2015.pdf%0ACover

148



MacGregor, R., Casselman, J. M., Allen, W. A., Haxton, T. J., Dettmers, J. M., Blather
A., LePan, S., & Pratt, T. C. (2009). Natural heritage, anthropogenic impacts, and
biopolitical issues reladto the status and sustainable management of American
Eel: a retrospective analysis and management perspective at the population level.
American Fisheries Society Symposiu8(April 2016), 713 740.

MacGregor, R., Mathers, A., Thompson, P., Casselman,, Dettmers, J. M., LaPan,
S., Pratt, T. C., & Allen, B. (2008). Declines of American Eel in North America
Complexities Associated with Biaional Managementnternational Governance
of Fisheries Ecosystems: Learning from the Past, Finding Solutions for the Future
357 381.

Machut, L. S., Limburg, K. E., Schmidt, R. E., & Dittman, D. (2007). Anthropogenic
Impacts on American Eel DemographicdHudson River Tributaries, New York.
Transactions of the American Fisheries Socig8G(6), 1699 1713.
https://doi.org/10.1577/t0640.1

McHugh, M. L. (2012). Lessons in biostatistics interrater reliahilibhe kagpa statistic.
Biochemica Medica22(3), 276 282. https://hrcak.srce.hr/89395

McLachlan, J., & Edelstein, T. (1971). Investigations of the marine algae of Nova Scotia.
IX. A preliminary survey of the flora of Bras'Dr Lake, Cape Breton Island. In
Proceedimgs of the Nova Scotian Institute®diencgVol. 27, pp. 1122).

Medcof, J. C. (1966). Incidental Records on Behaviour of Eels in Lake Ainslie, Nova
Scotia.Journal of the Fisheries Research Board of Can&®r), 1101 1105.
https://doi.org/10.1139/f6802

MESH. (2008) Confidence Assesemt Tools https://maritimespatiat
planning.ec.europa.eu/practices/confideassessmesibols

Miller, M. J., & Casselman, J. M. (2020). The American Eel: A Fish of Mystery and
Sustenance for Humans. In M. Tsukamoto,aRd Kuroki (Ed.)Springer
https//doi.org/10.1007/97&-431-545293

Milley, C., & Charles, A. (2001). Mbkmagq Fisheries in Atlantic Canad&raditions ,
Legal Decisions and Community Managem@&wople and the Sea: Maritime
Research in the Social Sciences: An Agenda for the 21strgefhit8.

Misiuk, B., Bell, T., Aitken, A., Brown, C. J., & Edinger, E. N. (2019yiginal Article
Mapping Actic clam abundance using multiple datasets , models , and a spatially
explicit accuracy assessmen6, 2349 2361. https://doi.org/10.1093/icesjfsz099

Misiuk, B., Brown, C. J., & Robert, K. (2020). Harmonizing Mi8burce Sonar
Backscatter Datasetsrf Seabed Mapping Using Bulk Shift Approachd&PI
Jounral of Remote Sensin2(601), I 36. https://doi.org/doi:10.3390/rs12040601

149



Misiuk, B., Ladarite, M., & Brown, C. J. (2021a). Assessing the use of harmonized
multisource backscatter data for theradtenthic habitat mappingcience of
Remote Sensing(October 2020), 100015.
https://doi.org/10.1016/j.srs.2021.100015

Misiuk, B., Lacharig, M., & Brown, C. J. (2021b). Assessing the use of harmonized
multisource backscatter data for thematic benthitht mappingScience of
Remote Sensing(January), 100015. https://doi.org/10.1016/j.srs.2021.100015

Misiuk, B., Lecours, V., & Bell, T. (2018A multiscale approach to mapping seabed
sedimentsPLoS ONE13(2), 1i 24.
https://doi.org/https://doi.org0l1371/journal.pone.0193647

Molles, M. C., & Cahill, J. F. (2011Ecology concepts and applicatio(econd Can).
McGraw-Hill Ryerson Limited.

Monk, J., lerodiaconou, D., Versace, V. L., Bellgrove, A., Harvey, E., Rattray, A.,
Laurenson, L., & Quinn, G..R2010). Habitat suitability for marine fishes using
presenceonly modelling and multibeam sonéarine Ecology Progress Series
420, 157 174. httys://doi.org/10.3354/meps08858

Morrison, W. E., & Secor, D. H. (2003). Demographic attributes of yehba®
American eels (Anguilla rostrata) in the Hudson River esté2aypadian Journal of
Fisheries and Aquatic Scien¢c@&§(12), 1487 1501. https://doi.ay/10.1139/f03129

Morrison, W. E., Secor, D. H., & Piccoli, P. M. (2003). Estuarine habitat use by Hudson
River American eels as determined by otolith strontium:calcium ratio&rican
Fisheries Society Symposiup00333), 87 99.

Murphy, G. E. P., Dunicl. C., Adamczyk, E. M., Bittick, S. J.6t&, I. M., Cristiani, J.,
Geissinger, E. A., Gregory, R. S.,tze, H. K., GConnor, M. |., Ardjo, C. A. S.,
Rubidge, E. M., Templeman, N. D., & Wong, M. C. (2021). From coast to coast to
coast: Ecology and magement of seagrass ecosystems across Carackts
6(1), 139179. https://doi.org/10.1139/FACETZ®200020

Nguyen, V. M., Young, N., Corriveau, M., Hinch, S. G., & Cooke, S. J. (2019). What is
fusabl® knowledge? Perceived barriers for integrating neavkadge into
management of an iconic Canadian fish€gnadian Journal of Fisheries and
Aquatic Science§6(3), 463 474. https://doi.org/10.1139/cjt&D17-0305

Niella, Y., F&vio, H., Smoothey, A. F., Aarestrup, K., Taylor, M. D., Peddemors, V. M.,
& Harcourt, R. (2020). Refined Shortest Paths (RSP): Incorporation of topography
in space use estimation frornde-based telemetry dati&lethods in Ecology and
Evolution 11(12), 17331742. https://doi.org/10.1111/20£1.0X.13484

150



Nixon, F. C. (2015)BarachoisEvolution in the Bras éOr Lakes Under Past , Present
and Future SeaBarachois Evolution in the Bras0Or Lakes Under Past , Present
and Future Sed.evel Rise Progress to Date
https://doi.org/10.13140/RG.2.1.3185.5122

Novaczek, E., Devillers, REdinger, E., & Mello, L. (2017). Highesolution seafloor
mapping to describe coastal denning habitat Ghnadian species at risk: Atlantic
wolffish (Anarhichas lupus)Canadian Journal of Fisheries and Aquatic Sciences
74(12), 20732084. https://doi.ay/10.1139/cjfa20160414

Okamura, A., Yamada, Y., Yokouchi, K., Horie, N., Mikawa, N., Utoh, T., Tarak&,
Tsukamoto, K. (2007). A silvering index for the Japanese eel Anguilla japonica.
Environmental Biology of Fishe80(1), 77 89. https://doi.org/0.1007/s1064-D06-
91215

Oliveira, K. (1999). Life history characteristics and strategies of the Amez@an
Anguilla rostrataCanadian Journal of Fisheries and Aquatic Scien66s795
802. https://doi.org/10.1139/fa801

Olson, A. M., Hessindg.ewis, M., Haggarty, D., & Juanes, F. (2019). Nearshore seascape
connectivity enhances seagrass meadow nuraagidn. Ecological Applications
29(5), Ii 14. https://doi.org/10.1002/eap.1897

Palstra, A. P., & van den Thillart, G. E. J. M. (2010). Swimming physiology of
European silver eels (Anguilla anguilla L.): Energetic costs and effects on sexual
maturationandreproductionFish Physiology and Biochemisti36(3), 297 322.
https://doi.org/10.1007/s10698.0-9397%4

Pankhurst, NW. (1982). Relation of visual changes to the onset of sexual maturation in
the European eel Anguilla anguilla (LJpurnal of FishBiology, 21(2), 127 140.
https://doi.org/10.1111/j.1098649.1982.tb03994.x

Parker, M., Westhead, M., Doherty, P., Naug&JScotia, N. (2007afcosystem
Overview and Assessment Report for the Bra®dLakes , Nova Scotia

Parker, M., Westhead, M.,dbety, P., Naug, J., & Scotia, N. (2007Ecosystem
Overview and Assessment Report for the Bré®dLakes , Nova SdatOceans
and Habitat Branch Maritimes Region Fisheries and Oceans Canada Bedford
Institute of Oceanography Canadian Manuscript RepbRisheries and Aquatic
Sciences 27841 223.

Parsons, S., Cunningham, J., Reid, C. (208809 Pelican Revisory SurvByas DdOr,
Nova Scotia Weeks 1 & 213 June, 2009

Peterson, B. J., Howarth, R. W., & Gatrritt, R. H. (1985). Multiple stable isstsae to
trace the flow of organic matter in estuarine food w8ogence2274692), 1361
1363. https://doi.org/10.1126/science.227.4692.1361

151



Petrie, B., & Bugden, G. (2002). The Physical Oceanography of the Btad Bkes.
Proceedings of the Nova Saotilnstitute of Science (NSI2(1), 9 36.
https://doi.org/10.15273/pnsis.v42i1.3586

Pittman, S. J., Yates, K. L., Bouchet, P. J., Asfolnét, S., Bell, S. S., Berkgim, C.,
Bostitm, C., Brown, C. J., & Connolly, R. M. (2021). Seascape ecology
identifying research priorities for an emerging ocean sustainability scidacge
Ecology Progres Series663 11 29. https://doi.org/10.3354/meps13661

Pittman, S., Yates, K., Bouchet, P., Alvaigrastegui, D., Andfoué, S., Bell, S.,
Berkstbm, C., Bosttim, C., Brown, C., Connolly, R., Devillers, R., Eggleston, D.,
Gilby, B., Gullstém, M., Halgern, B., Hidalgo, M., Holstein, D., Hovel, K.,
Huettmann, F.¢ Young, M. (2021). Seascape ecology: identifying research
priorities for an emerging oceanstainability sciencédarine Ecology Progress
Series663March), 1 29. https://doi.org/10.3354/mef3661

Poursanidis, D., Traganos, D., Reinartz, P., & Chrysoulakis, N. (2019). On the use of
Sentinef2 for coastal habitat mapping and satelilegived mthymetry estimation
using downscaled coastal aerosol bantkrnational Journal of Applied Earth
Ob<=ervation and Geoinformatig80(December 2018), 530.
https://doi.org/10.1016/j.jag.2019.03.012

Pratt, T. C., R.G,, B., Cairns, d. K., Castonguay, Malit, G., D., C. K., & Mathers,
A. (2014). Recovery potential assessment for the American eel (fnmstrata) in
eastern Canada: functional description of hab@anhadian Science Advisory
Secretariat (CSAS) Research Docum281.3/132 49.

Pritchard D.W. (1967). What is an estuary: physicall standpoint. In:Estuaries, ed. G.H.
Lauff. Washington, DC, USA: American Association for the Advancement of Science
Publication 83, 3/ 5.

Proman, JM., & Reynolds, J. D. (2000). Differences in head shape dttinepean eel,
Anguilla anguilla (L.).Fisheries Management and Ecolo@{4), 349 354.
https://doi.org/10.1046/j.1368400.2000.00207.x

Proudfoot, B., Devillers, R., & Brown, C. J. (2020)tdgrating finescale seafloor
mapping and spatial pattern mesgricto marine conservation prioritizah. Aquatic
Conservation: Marine and Freshwater Ecosyste®3), 1613 1625.
https://doi.org/10.1002/aqc.3360

Proudfoot, B., Devillers, R., Brown, C, Edinger, E., & Copeland, A. (2020). Seafloor
mapping to supporconservation planning in an ecologliy unique fjord in
Newfoundland and Labrador, Canadaurnal of Coastal ConservatipB84(3).
https://doi.org/10.1007/s118820-007468

Pykes, K. (202 Coheris Kappa: Understanding CohénKappa coefficienfTowads
Data Science. https://towardsdaiasce.com/coherkappa
9786ceceab58#:~:text=The value for kappa can,less agreement than random chance.

152



R Core Team. (2021). R: A language and environrfaergtatistical computingR
Foundation for Statistical ComputinVienna https://www.rproject.org/.

Reid, A. J., Eckert, L. E., Young, J. L. N., Hinch, S. G., Darimont, C. T., Cooke, S. J.,
Ban, N. C.& Marshall, A. (2020)ii Two-Eyed Seein@. An Indigenous framgork
to transform fisheries researchdamanagemenEish and Fish00, 1i 19.
https://doi.org/10.1111/faf.12516

Rengstorf, A. M., Yesson, C., Brown, C., & Grehan, A. J. (2013). 4fgblutionhabitat
suitability modelling can improve conservation of vulitde marine ecosystems in
the deep s Journal of Bogeography4((9), 1702 1714.
https://doi.org/10.1111/jbi.12123

Reynolds, A. (2021). Lobsters get new welcoming habitat in BXasldakethanks to
reef balls Saltwire https://www.saltwire.com/atlamticanada/news/lobsteget
newwelcomng-habitatin-brasdor-lake-thanksto-reetballs 100645351/

Richards, John, Jia, X. (2006). Remote Sensing Digital Image Analygtenhote
Sensing Digal Image Analysishttps://doi.org/10.1007/978-662-024621

Ross, L. (2018)Mobilizing values: Usingerceptions obarachois ponds in Cape
Breton to advance informed manageméfaster of Marine Management.
Dalhousie University.

Rudolfsen, T. A., Watkison, D. A., Charles, C., Kovachik, C., & Enders, E. C. (2021).
Developing habitat associations forfes in Lake Winipeg by linking large scale
bathymetric and substrate data with fish telemetry detectionsnal of Great
Lakes Researci7(3), 1i 13. hHtps://doi.org/10.1016/j.jglr.2021.02.002

Schabetsberger, RZkland, F., Aarestrup, K., Kalfatak, D5jchrowsky, U, Tambets,
M., Dall@®Imo, G., Kaiser, R., & Miller, P. I. (2013). Oceanic migration behaviour
of tropical pacific eels from Vanuatiarine Ecology Progress Serig475 177
190. https://doi.org/10.3354kps10254

Schabetsberger, RZkland,F., Kalfatak, D, Sichrowsky, U., Tambets, M., Aarestrup,
K., Gubili, C., Sarginson, J., Boufana, B., Jehle, R.,@dtho, G., Miller, M. J.,
Scheck, A.Kaiser, R., & Quartly, G. (2015). Genetic and migratory eviddnc
sympatric spawning of tropicakific eels fran VanuatuMarine Ecology Progress
Series521, 171 187. https://doi.org/10.3354/meps11138

Shaw, J., Parrott, D. R., Patton, E., Atkinsan,Beaver, D., Robertson, A., & Girouard,
P. (2005)Report onCruise 2003015: CCGS Matthew surveysthe Bras dOr
Lakes, Nova Scotia, 1 May 2003May 2003 10/ 24.
https://doi.org/10.4095/221514

153



Shaw, J., Piper, D. J. W., Fad&. B. J., King, EL., Todd, B. J., Bell, T., Batterson, M.
J., & Liverman, D. GE. (2006). A conceptual model of the deglaciatibAttantic
CanadaQuaternary Science Reviev25(17 18), 2059 2081.
https://doi.org/10.1016/j.quascirev.2006.03.002

Shaw J., Piper, D. J. W& Taylor, R. B. (2002). The Geology of the Bra®dLakes,
Nova ScotiaProceedings of the Nova Scotian Inggtof Science (NSIS)2(1),
127 147. https://doi.org/10.15273/pnsis.v42i1.3595

Shaw, J., Taylor, R. B., Patton, E., RottD. P., Parkes, .GS, & Hayward, S. (2006).
The Bras dOr Lakes, Nova Scotiaafloor topography, backscatter strength,
coastline @assification, and sensitivity of coasts to deweel rise
https://doi.org/10.4095/223022

Shlens, J. (2014A Tutorialon Principal Componet Analysis
http://arxiv.org/abs/1404.1100

Simpfendorfer, CA., Huveneers, C., Steckenreuter, A., TattersallHéenner, X.,
Harcourt, R., & Heupel, M. R. (2015). Ghosts in the data: False detections in
VEMCO pulse position modulatn acoustic telemstrmonitoring equipment.
Animal Biotelemetry3(1), 1i 10. https//doi.org/10.1186/s40310150094z

Sinha, J.W., A.& Jones, V. R. P. (1966). On the sex and distribution of the freshwater
eel (Anguilla anguilla)Journal of Zoology15Q(3), 371 385.
https//doi.org/10.1111/j.1469998.1966.tb03012.x

Skei, J. (2000)Eutrophication and contaminants in aquatic ecosystambiq 29(4i 5),
184 194. https://doi.org/10.1579/004447-29.4.184

Skroblin, A., Carboon, T., Bidu, G., Chapman, Nilléd, M., Taylor, K, Taylor, W.,
Game, E. T., & Wintle, B. A. (2020). Includingdigenous knowledge in species
distribution modelingor increased ecological insightSonservation Biologyli 31.
https://doi.org/10.1111/cobi.13373

Smith, M. W. and J. WS. (1955). The Amésan eel in certain freshwater of the
maritime provinces of Geda.Journal of the Fisheries Research Board of Gima
12, 238 269.

Smith, S. J., Sameoto, J. A., & Brown, C. J. (20Fé}ting biological reference points
for sea scallop ( Placopecten matienicus ) allowing for the spatial distribution of
productivty and fishing effort667September 2016), 656667.

Social Research for Sustainable Fisheries (SRSF). (Z0B2)Padinkek Md&kmaqg and

Kat (American Eei Anguilla rostratg. A Preliminary Reprt of Research Results,
Phase | SRSF Research Report #4.

154



Spinu, V. (2021) Packagedlubridate 6R topics documeed:

Stevens, L. A. (2015Population demographics and habitat use of the American eel,
Anguilla rostrata, in a protectewatershed in Nova Scotillaster of Science
Thesis. Acadia University.

Strain,P. M., & Yeats, P. A. (2002). The Chemical Oceanogyay the Bras [@Or
Lakes.Proceedings of the Nova Scotian Institute of Science (N&Q), 37 64.
https://doi.org/10.8273/pnsis.v42i1.3590

Strong, J. A., Clements, A, Lillis, H., Galparsoro, IldBtein, T., & Pesch, R. (2019). A
review of the inflierce of marine habitat classification schemes on mapping studies:
Inherent assumptions, influence on end products, aggestions for future
developmentdCES Journal of Marine Scienceg(1), 10 22.
https://doi.org/10.1093/icesjms/fsy161

Strople, L. C, Flgueira, R., Hatcher, B. G., Denny, S., Bordeleau, X., Whoriskey, F. G.,
& Crossin, G. T. (2018). The effect of envirnental conditions on Atlantic salmon
smoltH(Salmo salar) bioenergetic requirents and migration through an inland
sea.Environmeral Biology of Fishes101(10), 1467 1482.
https://doi.org/10.1007/s1064118-07925

Supreme Court of Canada. (199R).v.Sparrow https://scecsc.lexum.com/secsc/sce
csc/en/item/609/index.do

SupremeCourt of Canada. (1999R. v. Marshall https://scecsclexum.com/scesc/sce
csc/en/item/1740/index.do?g=marshall

Supreme Court of Canada. (2004daida Nation v. British Glumbia (Minister of
Forests) https://scecsc.lexum.com/secsc/scecsc/en/iten2189/index.do

Supreme Court of Canada. (2004bakuRiver Tlingit First Nation v. British Columbia
(Project Assessment Directohttps://scecsc.lexum.com/secsc/sce
csc/eritem/2190/index.do

Supreme Court of Canada. (200&)kisew Cree First Nation Canada (Minister of
Canadian Heritage)https://scecsclexum.com/scesc/sce
csc/en/item/2251/index.do

Taylor, R. B., & Shaw, J. (2002). Coastal character and coastalroi@tion in the
Bras dOr Lakes, Nova Scoti@roceedings of the Nova Scotibstitute of Science
(NSIS) 42(1), 149 181. https:Moi.org/10.15273/pnsis.v42i1.3596

Tesch, F. W. (1977 he eel biology and management of anguillid egthapman and
Hall.

Tesch, F. W. (2003)'he Eel(Third edit). Blackwell, Oxford.

155



Thibault, 1., Dogon, J. J., Caron, F., Tzeng, W., lizuka, Y., & Shih¢2007).
Facultative catadromy in American eetesting the conditional strategy hypothesis.
Marine Ecology ProgresSeries 344, 219 229. https://doi.org/10.3354/meps06944

Thieurmel, B., & Elmarhaoui, A. (2019)Packagesuncalcd1i 10.

Tomie, J. PN. (2011).The ecology and behaviour of substrate occupancy by the
American eelMaster of Science Thesis. Acadia Unsiby.

Tomie, J. P. N., Cairns, D. K., & Courtenay, S. C. (2013). How americaagLilla
rostrata construct and respire in burrofvguatic Biology 19(3), 287 296.
https://doi.org/10.3354/ab00538

Tomie, J. P. N., Cairns, D. K., Hobbs, R. S., DesjardinsFMtcher, G. L., &
Courtenay, S. C. (2017). American eel (Anguilla rosjratdstrate selection for
daytime refuge and wintelnémal sanctuaryMarine and Freshwater Resear@8,
95i 105. https://doi.org/10.1071/MF15102

Traganos, D., Aggarwal, B., Poursdis, D., Topouzelis, K., Chrysoulakis, N., &
Reinartz, P. (2018). Towardgobalscale seagrass mapping and monitoring using
Seninel-2 on Google Earth Engine: The case study of the Aegean and lonian Seas.
Remote Sensin@((8). https://doi.org/10.339®10081227

Tremblay, M. J. (2002). Large Epibenthic Invertebrates in the Bdar Lakes.
Proceedings of the Nova Scotian Ingttaf Science (NSIS32(1), 101 126.
https://doi.org/10.15273/pnsis.v42i1.3592

Tremblay, M. J., Paul, K., & Lawton, P. (200&hbsters and other invertebrates in
relation to bottom habitat in the Brd®Or Lakes Application of video and
SCUBA transets. Canadian Technical Report of Fisheries and Aquatic Scjence
2654 52.

Tsukamoto, K., & Arai, T. (2001). Facultative catadyoof the eel Anguilla japonica
between freshwater and seawater habil#sine EcologyProgress Serie20
265 276.

Unamald Institiute of Natural Resources. (2007a). State of the Bi@s dake Marine
Quality ReportState of the Bras@r Lakes: Marire Environmnetal Water Quality
Bckground Reportli 174.

Unamalki Institiute of Natural Rsources. (2007bJnamakik Jakejuékadimk Food,
Social, and Ceremonial Lobster Fishery Management Plan for Udar@07
2008

Unamald Institiute of Natural Resoues. (2020)Netukulimk
https://www.uinr.ca/programs/netukulimk/

156



Vandermeulen, H., Breeh, S., & Region, M. (2007). Drop andwed Camera Systems
for GroundTruthing High Frequency Sidescan in Shallow Waters Fisheries and
Oceans Canada Bedford InstituteQafeanography Canadian Technical Report of
Fisheries and Aquatic Sciences 268@nadan Technical Report of Fisheries and
Aqudic Sciences

Vandermeulen, H., Branch, S., & Region, M. (20Mjlec Sidescan and Echosounder
Surveys of Nearshore Bra®@®r Lake 531 Brandy Cove Road Canadian Technical
Report of Fisheries and Aquatic Scieng8&83

Walker, N., Dolloff, C. A., Steel&., & Aguirre, A. (2019). American Eel (Anguilla
rostrata): Elver fishing in the United States. In P. Coulson & A. Don \EtsEels:
Biology, Monitoring, Management, Culture and Exploitat{(dM Publish).

Walsh P.J., G.D. Foster, and T. W. M. (n.dl'pe effects of temperature on metabolism
of the American eel Anguilla rostrata (LeSueur): compensation in the summer and
torpor in the winterPhysiological Zoology56, 532 540.

Walton, M. E. M., Hayes, J., Mnsi, M., Abdallah, M., Al Maslamani, I., IA
Mohannadi, M., AlShaikh, I., @Jrban Jackson, T., Szostek, C., Egerton, J., Kaiser,
M. J., & Le Vay, L. (2017). Towards apal management of fisheries in the Gulf:
Benthic diversity, habitat and fish distribut®from Qatari water$CES Journal of
Marine Science75(1), 178 189. https://doi.org/10.1093/icesjms/fsx116

Weatherhead, P. . (1986). How Unusual are Unusual E9dits American Naturalist
1281), 150 154.

Webb, P. (2017)ntroduction to Oceanography: Estuarie¥001 2006.
https://rwu.predsooks.pub/webboceanography/chapterfit8stuaries/

Webster, T., Macdonald, C., Mcguigan, K., Crowell, N., Lau@aray, J. S.& Collins,
K. (2020). Calculating macroalgal height and biomass using bathymetric LIDAR
and a comparison with surface area derivedh satellite data in Nova Scotia,
CanadaBotanica Marina63(1), 43 59. https://doi.org/10.1515/b@0180080

Weiler, M.H. (2011).Mi'Kmaqg and The American Eel (Kat) Traditional Knowledge
Relating to the American Eel by Mainland Nova Scotié&iaqg. ASARProject #
1734 Report to Enviornment Canada & Fisheries & Oceans Canada

Weiss, A. D., & Conservancy, T. N. (2000ppayraphic Position and Landforms
Analysis 2.

Weiss, K., Hamann, M., & Marsh, H. (2013). Bridging Knowledges: Understanding and
Applying Indigenous and Western Scientific Knowledge for Marine Wildlife
ManagementSociety and Natural Resour¢c@€§(3), 285 302
https://doi.org/10.1080/08941920.2012.690065

157



Wentworth, C. K. (1922). A Scale of Grade and Class Terms for Clastic Sediments
Author (s ): Chester K . Wentworth Published:bijhe University of Chicago Press
Stable URL: http://www.jstor.org/stable/300@87 .The Journal of GeologBQ(5),
377 392.

Wickham H, Fragois R, Henry L, M. K. (2022)Xplyr: A Grammar of Data
Manipulation.

Wilson, B. (2020)Mapping horse mussel biegic habitat in the Bay of Fundilaster
of Science, Applied Geomatics Thesisall@a University.

Wilson, B. R., Brown, C. J., Sameoto, J. A., Lacharit, M., Redden, A. M., & Gazzola, V.
(2021a). Estuarine , Caas and Shelf Science Mapping seafloor hatstia the Bay
of Fundy to assess megafaunal assemblages associated with Mouidiofus
beds Estuarine and Coastal Shelf Scien2g2, 1i 14.
https://doi.org/10.1016/j.ecss.2021.107294

Wilson, B. R., Brown, CJ.,Sameoto, J. A., Lacharit, M., Redden,M\, & Gazzola, V.
(2021b).Estuarine , Coastal and Shelf Science Mapping seafiabitats in the Bay
of Fundy to assess megafaunal assemblages associated with Modiolus modiolus
beds 252 https://doi.org/10.106/j.ecss.2021.107294

Wilson, K. L., Wong, MC., & Devred, E. (2020). Branching Algorithm to Identify
Bottom Habitat in the @tically Complex Coastal Waters of Atlantic Canada Using
Sentinel2 Satellite ImageryFrontiers in Environmental Scienc&Novenber).
https://doi.org/10.3389/fenvs.2020.5B83

Withers, P. (2021)Why baby eels could be the next Indigenous moderatéboeli
fishery in N.Shttps://www.cbc.ca/news/canada/neseotia/babyeelselvers
lucrativenextindigenousmoderatdivelihood-fishery-novascotial.5977446

Worton, B. J. (198). Kernel Methods for Estimating the Utilization Distribution in
HomeRange Studiefcological Society of Americd0(1), 164 168.

Yang, B., Sheng, J., Hatcher, B. G., & Petrie, B. (2007). Numerical studrcolfation
and temperatursalinity distributons in the Bras@r Lakes.Ocean Dynamics
57(41 5), 245 268. https://doi.org/10.1007/s102867-012G7

Young, M., & Carr, M. (2015). Assessment of habitat representation across a network of
marine protected aas vith implications for he spatial desigaf monitoring.PL0oS
ONE 10(3), I 23. https://doi.org/10.1371/journal.pone.0116200

Young, N., Corriveau, M., Nguyen, V. M., Cooke, S. J., & Hinch, S. G. (20b6&)nal
of Environmental Management . 184(2): 3888.184, 380 388.
https:/Hoi.org/10.1016/jenvman.2016.10.006

Zajac, R. (2008). Challenges in marine , saftliment benthoscape ecologgndscape
Ecology 23, 71 18. https://doi.org/10.1007/s109807-91404

158



APPENDIX A: LIFE STAG ES OF AMERICAN EEL

CONTINENTAL LIFE \V OCEAN LIFE

Fresh water Saline estuary and bay Continental Deep ocean
shelf

/ > 7 >
// % S pawni

eel

Freshwater Interhabitat [Saline water] ¢
resident shifter resident

q’/_‘,y

# Yellow Leptocephalus
eel .
Elver Glass eel /

Figure A.1. American eelife cycle (CSAS 2013. Americaneelsbegin heir life cycle
as eggsd hatch inb thelarval leptocepali. As Lepbcephalithey drift by ocean
currents thoughout the weten Atlantic, Gulf of Mexico, and Caribbean &do the
continentalshelf where theymetamophose nto transpaert glass els (Atlantic States
Marine Fisheries CommissipR0Q0; Pratt et al.2014). Glas®ds migrak inshore
toward freshwater rems or estuariedo feed and bemme progressigly morepigmened
(brownin oolor) as they mate into dvers(6.510 cmin length. After afew manths
elversdevelopinto yellow ee$ and obtain a darlback and agllow to white undersde
(ASMF, 2000; Chapiet al., 2014). This stage iselongest phee hthe e ldel cycle
(4- 25years) and isinderstoods the gowth fage wheresexual @ermiration occurs
(ASMF, 20®; Chaput eal., 2014) The siler phasas thefinal mgamomphoss event
when eels baemme sexually mature. Durintpe silver phaseheir eyes becomeargerand
their stomach degemates to pepare fotthe long ocean mgrationtowards the Sargasso
Sea to pawn (Chapuetal., 2014).

Eggs
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A.2a. A.2b.

(@) BL. br. ba D.1

A.2c. A.2d.

Figure B.2: Morphometics to assesmaurity (life stagesilvering processdf eet a)
demorstration of body cobr andenlargemat of eyes fomyellow to silver stage@Miller
& Casselman2020) b) a darkdorsalcoloration and whte vertral coloration(Okamura
et d., 2007) c) degreef melanzed pectaal fins (Okamura etla, 2007) andd) the
presaéceof a visiblelateral ling(Acou et al, 2005) will be used to aid ineterminirg
silvering criteria(Durif, etal., 2005)
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APPE NDIX B: FISHERY DISTRICTS
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Figure B. Map of theMaritime Provinces stwing the distribtion of Fishery Districts
(mgp proived ly Bradford et al., 2013).
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APPENDIX C: STATUS OF FISH SPECIES
LAKE

Table C. Fish species dmumente to occur in theBrasd 6 Or

increasedor have receved aCOSEWIClisting.

INTH EBRAS D6 OR

tHatgdskeedeclined,

Fishery Tyvpe Group Common | Scientific name COSEWIC | Year Vagrant | Status Status Status Reference
Name listing Migratory | (2002) (2007) (TEK)
Resident
Commercial Ground fish Atlantic Gadlus morhua Special 2003 EM Common | Declined | Declined | Black, 1976, MacDonald,
cod COoncern 1967, Lambert, 2002,
Parker, et al., 2007
Commercial Pelagic Spity Sgualus acanthins | Special 2010 M Rare Mot Declined | Black, 1976, Lambert, 2002,
dogfish Concern found Parker, et al., 2007
Commercial bottom dwelling | Thomy Raja radiata Special 2012 - Low Lambert (2002)
skate concern
Recreational, FSC, | Anadromous/ Atlantic Salamo salar Endangered | 2013 M Rare Declined | Declined | Black 1976, Lambert, 2002,
moderate livelihood | pelagic zalmon Parker, et al.. 2007
Commercial Ground fish White hake | Urophycis teruis | Endangered | 2013 - Mediom Black, 1976, MacDonald,
1967, Lambert, 2002,
Parker, et al., 2007
Commercial Ground fish Winter Ragja oceilata Endangered | 2013 - Mediom Lambert (2002)
skate
Commercial, Catadromous/pe | American | Anguilla rostrata | Threatened 2012 M Low Not Declined | Black, 1976, MacDonald,
recreational, FSC, lagic/bottom eel found 1967, Lambert, 2002,
moderate livelihood | dwelling Parker, et al., 2007
FRecreational Anadromous Brook Salvelimis NA NA M Rare Declined | Declined | Parker, et al, 2007; Black
trout Jfontinalis (1976}
Commercial Anadromous Gasperaw' | dlosa NA NA M Common | Declined Parker, et al., 2007; Black
Alewife preudoharengus (1976); Lambert, 2002
Recreational Pelagic Blueback Alosa aestivalies NA NA M Low Declined Parker, et al., 2007; Denny
herring (2001);
Commercial Pelagic Rainbow Salmeo gairdneri NA NA Low Declined | Declined | Parker, et al, 2007; Black
Adquaculture, trout (1976); Lambert, 2002
Recreational
Commercial Ground fish haddock Melamogrammus NA NA Rare Not Declined | Parker, etal., 2007; Black
aggelinus found (1976);
Mo fishery in Pelagic Ocean powt | Macrozoarces NA NA Rare Mot Declined | Black (1976); Lambert, 2002
Canadian waters americanus found
Commercial, Pelagic Pollock Pollachius virens | NA NA Rare Not Declined | Parker, etal., 2007; Black
recreational, found (1976); Lambert, 2002
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APPENDI X D: PREVIOUSLY COLLECTED ACOUST IC SONAR DATA
OF NEARSHO RE HABITAT S

Figure 1: Bras d'Or Lake survey areas. BA — Baddeck, Cl — Chapel Island, ES —
Eskasoni, 10 - lona, MA — Malagawatch (including River Denys Basin), WA —
Wagmatcook, WH — Whycocomagh, SA — St. Andrew's Channel. The red arrows
indicate video clips from the towfish transects.

Figure D.1. This figure represdsnfive sites suwreyedby Vandermuelen et al (16)for
the purpos of classifying rearshorénabitats in the Brasl 6 O ke. Hach sitewas
surveyedwith atowfishequippedwvith an undenate video camera ahtranseds running
perpendiclar to shore.
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APPENDIX E: RECLASSIFI ED PIXELS

Table E.1. Summary of te numter of reclassifiedpixelsand theassociate area irkm?
in thefinal benthoscapmap.The Shallow Silt/Mud. G0 m)class in the MBES dataset
was splitinto two classest a50 m cepth gradientvhilea r e & 1 ®n50 m @ both

ContinuousandPatchy VegetatiowerereclassifiedasS h al | ow Si | inEastu d
Bay.
Reclassified # pixds Reclassified aea (km?)
Shallow Silt/|O0 0.00
Deep SilYMu  506n) 1,391,225 139.1
Continuous Vegetation 68,577 4.77
Patchy Vegetation 98,713 6.84
Total 1,558515 150.71
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APPENDIX F: MORTALITIES

sor Depth (m)
sor Depth (m)

Tag Sen
Tag Sen

Date (Year, Month) Date (Year, Month)

Figure G. Detectiondata fortwo individual ee$ that wee corsidered to have diedfter
tag implantationn the Brasd 6 Or e. Thia plotshowsthe tag sesordegh (in meterg
and the datby year and month colorely array. Both indiviudalsBLE 00008 andBLE
werecapured anddeected inthe Inner Pond (1.&h depgh). Negatve depthgBLE
00021)indicate sensor err@s opposed taneel being burrowed.
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