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Assessingnarine mammal presencein and near the FORCE LeaseArea during winter
and early spring I addressingbaselinedata gapsand sensorperformance

Project Summary:

Currenttidal powerproposalsanddevelopment$o harnesdidal energyfrom high flow sitesin the Bay of
Fundyrequireexaminatiorof the potentialeffectsof tidal turbineson the environmentjncludingimpacts
on marinemammals Studiesconductedo date at andnearthe FundyOceanResarchCentrefor Energy
(FORCE)in-streamtidal turbine test site in Minas Passagehaveincluded passiveacousticmonitoring
(PAM) of harbourporpoisesduring late spring, summerandfall months(Wood et al., 2013). A lack of
winter andearly spring(Dec-May) baselinedataon harbourporpoisepresencen Minas Passagevasone
of the issuesidentified in a DFO review of the environmentalmonitoring programat FORCE (DFO,
2012)

To addressoth the seasonatlatagap and performanceof different hydrophonetechnologiesn a high

flow site we conducteda winter/springsurveyof marinemammalsat multiple locationsin andnearthe
FORCEsiteduringDec 20131 June2014. Thisinvolvedthe useof C-POD porpoisedetector{Chelonia
Ltd) andtheicListenHF smarthydrophongOceanSonicsLtd). Both technologiesare nortinvasiveand
continuouslymonitor harbourporpoiseclick trainswithin their operationabdetectionrange.The main ob-

jectivesof this studywereto closethe seasonajwinter/spring)gapin dataon harbourporpoiseactivity in

the Minas Passagandto determinedetectionrange(distancefrom hydrophonepgndperformancen rela-

tion to varyingtidal conditionsfor eachof the hydrophondechnologies.

Winter-springdatacollectedfrom SUB buoy mooredC-PODS at four of the PAM sitesshowedow pres-
enceduringwinter with activity increasingn Marchandpeakingin JunewhenAtlantic herringandother
fishesareknownto beregionally presenin high abundanceThe new datawerepooledwith all prior C-
POD datafrom the Minas Passagé€20102012 datasetanda statisticalanalysiswas conducted A new
GAM/GEE modelwaspreparedvith plots of covariatesshowingporpdse detectionresultsin relationto
JulianDay (seasonatrends),noise(asindicatedby C-POD performancametrics- % Time Lost), dayvs
night, location, tidal heightandcurrentspeed.The full datase{20132014)andrevisedstatisticalmodel
provide yearround baseline conditions that will be neededfor studies of tidal turbine installa-
tion/operationmpacton harbourporpoises.

In-field testingof hydrophongperformanceénvolved assessinghe detectionrangeof eachdevicetype (C-
PODandicListenHF while housedn a bottommooredinstrumentplatformin the FORCEtestsite. Us-
ing a surfae drifting speakeficTalk, 120-140 kHz), C-PODs detectedransmissionaip to 300 m from
the soundsource however,detectionefficiency was greateswithin 100 m and detectionsvere uncan-
mon at depthaverageccurrentspeed of >1m/s.In contrast,a shrouded (20 ppi, ¥z inch acousticfoam)
icListenHF hydrophonedeteced icTalk transmissionst distanceaup to 300 m (>30% efficiency), with
100%detectiorefficiencyat distancesip to 150m,andno apparenteductionin detectionperformances
currentspeedncreased

Harbourporpoisedetectionsby C-PODs housedon the bottom mooredinstrumentplatform (platform)
were considerablygreaterthan shownfor a co-locatedC-POD in a SUB buoy 2-3 m off the seafloor
Factorsthatmay affect performancesf SUB buoy mountedC-PODs includeexcessivdilt of the unit dur-
ing high flow periods.Detectionof nontargetnoisethatresultsin % Time Lost wasalsogreaterfor the
SUB mountedC-POD. Thesetestsof hydrophoneperformanceare currently beingusedto inform both
the EnvironmentaEffectsMonitoring Programandsensoplatformresearctat FORCE.
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1.0 Introduction

Tidal powerdevelopmentglobally arefocusedon the testingof variouslargescalecommercial
Tidal In-StreamEnergyConversionTISEC) devices.Therehavebeenfew installationsto dateandcon-
cernsremainregardinghow TISEC deviceinstallationandoperationwill impacton marinelife, especi&
ly marinemammalsandfish (Langhametet al., 2010).As the numberof installedTISEC devicesgrows,
the potentialfor negativeimpactson marineanimals(e.g. bladestrikes)increasesilt is unknownif the
noise producedduring operationof the turbineswill negativelyaffect marinemammalsbut it is likely
that eachspecieswill responddifferently (Stewartet al., 2002). At this early stageof testingTISEC de-
vices, it is necessaryo determinehow marinemammalsuseanytidal energytestsite (via baselinedata)
sothatanyeffectscanbe monitored

The Fundy OceanResearciCentrefor Energy(FORCE)is a TISEC testfacility in Minas Pas-
sage Bay of Fundy,wheretidal energydevelopersanleasea designatederth (200 m diameter)to test
and monitor their prototypedevicesand arrays.One of the main objectivesof FORCEis to investigate
environmentakffectsof TISEC operationjncluding effectsof, andon, the environmen{FORCE,2012).
This requiresthe collectionof baselinedataon the energyresourcethe geophysicatonditionsandvari-
ousbiological componentsincluding the useof the site by marinemammals As the mostcommonlyoc-
curring marinemammalat the FORCEted site is the harbourporpoise(Phocoenaphocoeny (OEER,
2008)theyarethe primarymammalspecief concern

Harbourporpoisesareeasilymonitoredwith passiveacousticmonitoring(PAM) devicesbecause
they are highly vocal anduseecholocation(in the form of click trains)to gain perceptionof objectsand
landmarksfor navigatingandprey detection The frequency of echolocatiorclick trainsthatharbourpor-
poisesemit is between100-160 kHz, with 75150 ¢ durationand a narrow angle of the echolocation
beam(15°) (Villadsgaardet al., 2006). Audiogramsof harbourporpoiseg/ield a maximumhearingsens
tivity betweenl00and140kHz (Kasteleingetal., 2002).

PAM devicesareunderwatemicrophoneghydrophonesphatrecordsound(pressuralifferences)
continuouslyovertime. Theyarenortinvasive,unaffectedoy weatherandmonitora specificarearather
thananindividual animal (Villadsgaard,2006). Hydrophonesnonitor within limited distancegrom their
mooredlocationsand can record a large spectrumof soundsor can be specializedto detectspecific
soundg(e.g. porpoiseclick trains) basedon presetchamcteristics.Two hydrophonetechnologiegFigure
1.1) havebeenusedto monitor harbourporpoisesn the Minas PassageC-PODs(ChelonialLtd.), which
are porpoisedetectorsthat detectclick trains between20-160 kHz, and the icListenHF hydrophone
(OceanSonicsLtd.), which recordssoundfrom 0.01-204.8kHz (Porskamp2013,Woodetal., 2013)

Figure 1.1 Hydrophondmages. Top: C-POD (CheloniaLtd). Bottom:icListenHF(OceanSonicsLtd).



During 20102012 multiple C-PODs were deployedat and nearthe FORCEturbine testsite to
examineharbourporpoisepresencdor baselinepurposegfWood et al., 2013). ThesePAM studieswere
limited to late spring,summerandfall months The winter gapallowedtime for equipmentmaintenance
andrepairsduring a periodwhenlittle marinemammalactivity wasexpectedn Minas PassageThe cur-
rent study teststhat assumptionand the new datawill be usedto updatethe prior statisticalanalyses
(GAM/GEE) of the C-POD datasetsind mocels that predict peakporpoisepresencen late winter/early
spring(Woodetal., 2013) Filling the seasonatiatagapwill betterinform currentunderstandingf the
seasonalrendsandwill allow postturbineinstallationchangesn porpoiseactivity (if any)to beassessed.

1.1 Objectives

The main objectiveof this studywasto closethe winter/spring(DecMay) baselinedatagapvia
deploymentof multiple C-PODshousedn SUB buoys(asin the prior multi-yearstudy)at four selected
monitoringlocationsandto reanalyzethe yearround C-POD dataseffor determinatiorof trendsin por-
poisepresence

A secondarybjectivewasthe determinatiorof the detectionrangeandefficiency of two hydro-
phonetypes,the icListenHF (OceanSonics)and C-PODs(CheloniaLtd.), over different currentspeeds
duringthe tidal cycle at FORCE. Both instrumenttypeshavebeensuccessfullyusedin the Minas Pas-
sage(Tollit etal. 2011; Porskamp2013; Wood et al., 2013) but are known to be lessefficient asflow
noiseincreases Quantifyingthis aspecof sensoperformancéiasnot beenpreviouslyaddressed.

Lastly, we will testan alternatemooringmethod(bottominstrumentplatform)for deployingau-
tonomousC-POD andicListenHFhydrophoneso assesandcomparehydrophonedetectionperformance
underarangeof flow andnoiseconditions andto comparethe detectionperformancenf C-PODs housed
in atetheredSUB buoyanda bottommooredinstrumentplatform



2.0 Filling Winter / Early Spring C-POD Data Gaps

2.1  Methods

To fill the seasonatlatagapin prior harbourporpoisemonitoring (Wood et al., 2013),C-PODs
weredeployedat selectednonitoringsites(E1, W1, W2 andS1)in andnearthe FORCEtestsite (Figure
2.1),from December2013to June2014.This timeframeoverlappedoy one month (June)with previous
monitoringstudieg20102012).
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Figure 2.1.Bathymetricmapof studylocationin Minas Passageand multi-year (20132014)hydrophone
stationsat and nearthe FORCEtestsite. FORCEdimensiongrectangle)are 1.0 kmx 1.6 km. Stations
E2,S2andN21 notincludedin thecurrentstudy.

C-PODS weredeployedat 4 stations(E1, W1, W2, and S1) from December2013to July 2014.
In preparationfor deploymentin the Minas PassagegachC-POD was attachedto the strongbackof a
TeledyneBenthos875 T acousticreleaseandhousedn a SUB buoy modified to fit the coupledsensors.
The acousticreleaseof eachunit wasattachedo a 2-3 m long, galvanizedsteelriser chain(1.27 cm di-
am.) and anchoredwith approximately200 kg of large anchorchainlinks. Units were deployedfrom a
chartereccommercialobsterfishing vessel The methodologyof deploymentandrecoveryis describedn
greaterdetailin Tollit etal. (2011).

On Decembei5™ 20130ne C-POD wasdeployedat eachof 4 monitoringsites;W1, W2, S1and
E1,with aduplicateC-POD deployedat W1. Batteryandmemorycardreplacementsvere conductedor
recoveredC-PODson April 2™ 2014. All units were recoveredsuccessfullyexceptC-POD 639 (dupi-



cateat W1). This unit wasfound on the shorenearParrsbordn May 2014andreturnedto Acadia.After
reviewingthetilt logsit wasclearthatthe unit hadreleasedrom its mooringthe day after we attempted
recovery.Due to unknownreasongpossiblybatteryclip issues)C-POD 1616 recordedfor only 5 days.
After batteryandmemorycardreplacementsdl recoveredunits wereredeployedat the samestationand
aspareC-POD (643)wasdeployedat W1 to replaceC-POD 639. Recoveryof theseunitstook placeon 2
July2014.

After SD cardswere downloadedhe datawasrun throughclick detectionsoftwarefrom Cheb-
nia Ltd. (SoftwareVersion2.043)to filter the datain orderto distinguishbetweenrclick-trainsandother
broadbandsoundsrecordedby the C-POD. Eachclick-train was assessednd categorizedby quality as
guestionablelow, moderatepr high probability thatit wasindeedpartof a click-train. Moderateor high
guality click trainsthatarerecordedwithin a minuteare deemeda detectionpositiveminute (DPM). The
secondstagedetermineghe type of click-train (Delphinidae,Phocoenidaegther click-train source boat
sonaror unclassified)oy assessingnter-click interval (ICI), frequency,andthe length/amplitudeof the
click-train. The automatedorocesds not perfectandthereforethe postprocessediatais assessedlong
with the original data to determinefalse positivesandfalse negativesEachclick train wasexaminedor
how intensity varied over the click train (the envelope).After quality controlis completeDPM can be
visualized(Figure2.2).
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Figure 2.2. C-POD DPM per day for the 20132014 winter and spring deploymentst sitesW1,W2,S1
andE1. Notethat C-POD batteriesand SD cardswereexchangean 2 April 2014.C-POD 1520provid-
edduplicatecoverageat W1for mostof the studyperiod.

2.2

Model Selection

The20132104data(winter/ spring)wascombinedwith datasetérom previousmonitoringyears

for areassessmenf harbourporpoiseactivity trends,usingmethodssimilar to thoseoutlinedin Wood et
al. (2013). All statisticalanalysesvereconductedisingthe computer packageR6 (R CoreTeam,2014).
The following packagesvere usedin model creation:mgcv (Wood, 2014); geepackHojsgaard.et al.,

2006);splines(R CoreTeam,2012);car (Fox andWeisberg2011);mvtnorm(Genzetal., 2012);MRSea
(ScottHaywardetal., 2014).



In orderto interpretthe full dataseta GAM (GeneralAdditive Model) wasbuilt. A binary unit,
DPMp10M (detectionpositive minutesper 10 minute period), was usedas the responseThe response
was modelledwith a wide rangeof covariatesnside GAM with logit link and binomial error. One as-
sumptionof a GAM is thatthe modelerrorsareindependentSincethe C-POD observationsverecolled-
ed closetogetherin time the errorsare not independentThe autocorrelatiormustbe accountedor in the
modelling approach Sincethe raw datais zeroinflated, it is likely thattherewill be a very low mean
variancerelationshipresultingin underestimatiof the uncertaintyaroundmodelestimates.

To accountfor autocorrelatiorthe GAM createdwasrun within a GeneralizedEstimatingEqua-
tions (GEE) construct GEEscanbe usedto accountfor temporalandspatialautocorrelatiorwithin a da-
taset.In orderto facilitate the GEE the datawithin the modelwere groupedinto panels.This allows for
themodelerrorsto be correlatedandpanelsizeto beindependentT he panelsizewaschoserusingau-
correlationfunction plots. Autocorrelationresultssuggestedhat a panelsize of 120 minuteswould re-
moveany autocorrelatiorpresentThis modelstructureprovidesidenticalcoefficientsto thoseof a stard-
ard GAM model,butthestandarcerrorswill differ underthe GEE structure.

To determineif sensitivityvariedbetweenC-POD units, C-POD ID wasincludedasa covariate
in the models.Location at which C-PODswere deployedwasincludedto determinespatialdifferences
within the studyarea.Area wasincludedto determinef detectiondn andout of the FORCEtestsite dif-
fered.Click max wasincludedto determineif the settinghadanimpacton detection.Click max settings
(40960r 65536dependingon deploymentyeferto the maximumnumberof ficlickso the C-POD canrec-
ord overa oneminuteperiod.If the numberof clicks exceedshe setamount,the unit will stoprecording
for therestof the minute. Click maxensuregshe memorycarddoesnotfill beforethe normaldeployment
periodis over.To controlfor sedimentoiseandpseudonoiseye included% Time Lost (% of logging
time lost dueto minutesmaxingout; this functionis built in sothatin timesof high noisethe C-POD&
memorycard doesnot prematurelyfill). Julian Day wasincludedto determinef harbourporpoisesie-
tectionsexhibitedseasonapatterns.Temperature was alsoincludedto determineif it hadan effecton
harbourporpoisepatterns.To determinef porpoiseswithin the Minas Passagexhibit diurnal patternsa
Day Night Index (DNI) wasincludedin the model. The DNI wasa continuousndex between0 and 2.
ValuesbetweerD andl indicatedaylight, valuesbetweenl and?2 indicae night. Tidal Velocity andTid-
al Height werealsoincludedin the modelto determindf the porpoisepatternswvererelatedto velocity or
tidal stage.JulianDay and DNI usedcircular splinessincethey are continuousvariableswhich rollover:
365to 1 for JulianDay, and2 to O for DNI.

The numberof knots and knot placementwas determinedusing a spatially adaptivesmoothing
algorithm(SALSA). MRSeacontainsthis algorithmandcanapply SALSA in anautomatedrocessThe
fithnessmeasurehoserto compae modelswasAkaike Information Criterion (AIC). The maximumitera-
tionswassetto 10 for eachcovariate.To ensurethatall knotsdid not congregataroundthe sameJulian
Dayagapof 15 dayswaschosen.

The initial GAM modelfailed to convergedueto singularities.Singularitiesare causedoy only
onelevel of a covariatebeingpresentn a singlelevel of anothercovariate(e.g.a singleC-POD ID only
beingpresenin onelocation).Dueto singularitiesboth C-PODID andAreaweredropped.To avoidcad-
linearity, the useof dvarianceinflation factor® (VIF) wasimplementedusingthe vif functionin the &car
packagéin R. LargeVIF valuesindicatecollinearity. A commonpracticeis to usea VIF thresholdof 10
which wasusedin our modelselection Temperaturevascollinearwith JulianDay andwasdroppedirom
themodel.



Of the sevencovariategemaining,all sevenwerekeptin the final modeldueto significant(i.e.
<0.05) GEEbasedp-values.The relationshipbetweeneachpredictorvariableandthe responsdrom the
GAM/GEE modelwasplotted(Figure2.3). The horizontalx-axisis the variableof interestin determining
changein porpoisedetections.The vertical y-axis explainshow porpoisedetectionrateschangeas the
variable of interest(x-axis changesThe model plot doesnot depictactual DPM10M. The grey lines
aroundsplinesanderror barsdepict95% confidenceantervalsfor the predictedrelationships.

To determingherelativeimportanceof eachcovariatein the modelthe ConcordanceCorrdation
(CC) coefficientswerecalculated Eachtime the modelwasrun a covariatewasremovedandthenthe CC
wascomparedo the CC of thewhole modelto determinewvhich onehadthelargestimpact(Table2.1).

Table 2.1. Concordancecorrelation coefficients (CC) for the significant DPM10M covariatesin the
GAM/GEE modelfor all datacollected(2011-2014).Basedon CC valueseachcovariatewasranked. See
plotsin Figure2.3.

‘ Covariate ‘ Full CC ‘ Covariate CC Differencein CC Rank
\ JulianDay \ 0.0812 \ 0.0451 0.0360 1
\ % Time Lost \ 0.0812 \ 0.0614 0.0197 2
\ DNI \ 0.0812 \ 0.0722 0.0089 3
\ Location \ 0.0812 \ 0.0735 0.0077 4
\ Tidal Height \ 0.0812 \ 0.0747 0.0064 5
\ Tidal Velocity \ 0.0812 \ 0.0788 0.0024 6
\ Click Max \ 0.0812 \ 0.0811 0.0001 7

2.3 Model Results

The new GAM/GEE plotsfor the full datase(20102014)showthe largestpeakin porpoiseac-
tivity in late spring/earlysummer(June)followed by a smallerpeakin thefall (late October)(Figure2.3).
Low porpoisedetectionsare associatedvith mid-late summerand winter periods.The new model in-
cludeswinter and early spring datawhich improvesthe original model predictionsshownin Appendix
Figure1lA. Howeverboththe original andnew modelsshowJuliandayto be the mostimportantcovai-
ate.

% Time Lost is the secondmostimportantpredictor. As it increasesporpoisedetectionsde-
creasemarkedly. This covariatecan be considereda proxy for currentspeedgiven that currentinduced
noise(e.g.bedloadransport)causeshetime lost effect.

Diel trends(Day Night Indexor DNI) in porpoisedetectionsvereasexpected.As in the original

model,the lowestporpoisedetectionratesareassociateavith middayi early afternoon(DNI ~0.65);the
highestdetectiorrates(i.e. feedingactivity) arein the middle of the night (DNI of ~ 1.50) (Figure2.3).
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Porpoisedetectionratesvary acrossstationlocationswith higherdetectionratesin deepemwaters
(S1,84 m) andlower detectionratesat shallowdepths(N1, 27 m) (Figure2.3). All othersstationsare
locatedat depthsrangingfrom 40-60 m. Locationresultsaresimilarto theoriginal model.

The modelpredictslow porpoisedetectionat extremelow andhigh tide heights(relativeto mean
height)whichis not surprisinggiventhattheseeventsarelesscommonthanmoderatedidal heights.

As expectedthe GAM/GEE modelpredictshighestporpoisedetectionat low tidal velocitiesi at
or nearslackwater (high andlow tides) (Figure 2.3). At thesetimes,ambientnoiseis low andthus %
time lostis alsolow. Detectbnsdrop markedlyat depthaveragedrelocities>2 m/s. Tidal velocity ranks
6th (outof 7) in importancecomparedo the original modelwherethis covariatewasranked2™.

Theclick maxsettingof 4096resultedin greaterpredictedporpoisedetectionscomparedo using
aclick maxsettingof 65536 (Figure2.2). After it wasdeterminedhatthe 65536c¢click max settingfilled
the memorycardstoo soon,andthuslimited porpoiseclick train detectionsthis settingwas no longer
used.Thehigherclick maxsettingis representednly by 6% of thefull dataset.
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Figure 2.3. GAM/GEEpilots of significantcovariatesand their relationshipto porpoiseDPM10M,in or-
der of importance(seeTable2.1). Shadedareasanderror barsrepresen95% confidencantervals.Da-
ta includesall datacollectedduring 20102014.For the Day Night Index,valuesbetweerD (sunrise)and
1 (sunsetjndicatedaylight,valuesbetweerl and2 (sunrise)indicatenight.
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2.4  DescriptiveStatistics

BecauseLocation W1 has the most data and is the longest continuousmonitoring location
throughall yearsof monitoring,it waschoserto highlight seasonalrendsin porpoisedetections.Figure
2.4andTable 2.3 shows30 day periodtrendsin DPMp10M during spring,summer fall andwinter. The
resultsconcurwith the GAM/GEE modelwhich predictsspringto havethe mostDPMp10Mandsummer
to havethe lowest. Summerandwinter detectionsare irregular on a temporalscaleand are mostlikely
driven by how porpoisesare usingthe MinasPassag@uringthoseseasonsDetectiongypically occurin
the hoursjust beforeandafter midnight(vertical dashedines).

The following sectionsdescribethe statisticsfor eachcovariatebut should be interpretedwith
care.Thisis because¢he datais zeroinflated (manyzerosthroughoutthe datasetandthe standarddevia-
tion is large.Medianandmodecannotbe usedbecauseén mostcasegheywould be 0. The raw statistics
arestill importantbecause¢hey canbe comparedo the modelto determire how accuratelythe modelre-
flectsthe collecteddata.

Julian Day

The springpeakis almostdoublethefall peak,with winter andfall beingapproximatelythe same
(Table2.3). Note the winter samplesize (2014 data)is smallerbecausehereis only oneyearof dataand
not two or more like all other seasonsThe GAM/GEE model and descriptivestatisticsshow similar
trends.

Table 2.3. Descriptivestatisticsfor periodsof 30 Julian Days correspondindo spring,summer fall and
winter periodsasshownin Figure2.4. The % of 10MP with DPM is the percentag®f 10 minuteperiods
with atleastoneporpoisedetection.

Julian Day Range Dates Mean SD % of L0MP No. of 10MP
(season) DPMp10M with DPM
30-60 (winter) 30Jani 1 March 0.05 0.40 2.2 12563
130-160(spring) | 10Mayi 9June 0.13 0.59 6.7 42497
220-250(summer) | 8Augi 7 Sept 0.03 0.28 1.8 34735
280-310(fall) 7 Octi 6 Nov 0.09 0.55 4.1 41670
Tidal Velocity

Descriptive statisticssuggestthat the highestporpoisepresencds associatedvith low current
velocitieson the ebbtide (-2 to 0 m/s) (Table 2.4). Trendshereare not taking into account% time lost,
which occursat high flow velocities,especiallyon the flood tide. The samplesize for fastflood currents
(depthaveragespeed>2 m/s)is 2x largerthanfastebbcurrentsbecausdlood tidal currentsexceed? m/s
for longerperiods.
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Table2.4.Descriptivestatisticsfor four Tidal Velocity classegdepthaveragedielocity). The % of 10MP
with DPM is thepercentagef 10 minuteperiodswith atleastoneporpoisedetection.

Velocity (m/s) Mean DPMp10M SD % of L0MP with DPM No. of 10MP
(tidal stage)
-4 to -2 (fastebb) 0.05 0.37 2.9 33921
-2to 0 (low ebb) 0.12 0.60 55 94885
0to 2 (low flood) 0.06 0.41 3.6 78132
2 to 4 (fastflood) 0.07 0.46 3.3 68329
Tidal Height

The GAM/GEE modelsuggestghat the porpoisedetectionsare highestat moderateide heights
(relativeto meantide height)andlowestat low tide whenwatervolumein Minas Passagés atits lowest.
The descriptivestatisticsshowanincreasédn porpoisepresenceastidal heightincreasegTable2.5), con-
trary to themodel.

Table2.5. Descriptivestatisticsfor five tidal heightclassesA tidal heightof zerois the meantidal height
in Minas PassageThe % of 10MP with DPM is the percentagef 10 minute periodswith at leastone
porpoisedetection.

Tidal Height (m) Relativeto Mean SD | % of 2.0MP with DPM | No. of 10MP
Mean Tidal Height DPMp10M
-6to-4 0.05 0.37 2.5 40718
-410-2 0.06 0.40 3.3 63425
-2102 0.09 0.55 4.4 82115
2to4 0.09 0.53 4.6 53307
4t06 0.11 0.54 55 41321
Location

The descriptivestatisticsfor stationlocation(Table2.6) aregenerallyin line with the GAM/GEE
modelwhich predictslow porpoisepresencen the shallownearshore(N1, 27 m) andhighestdetections
atthe deepessite (S2,84 m). The otherlocationsarebeween40 and60 m in depthandhavesimilar de-
tectionratesexceptfor E2 (41 m) which s locatednearBlack Rockandhasextremelyhigh levelsof am-
bientnoise(i.e. high % losttime).
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Table 2.6. Descriptivestatisticsfor the sevenlocationsusedin this study.% of 10MP with DPM is the
percentag®f 10 minuteperiodswith atleastoneporpoisedetection Sitesin the FORCEleaseareaarein
bold. Depthsareprovidedin bracketsaftereachlocation.SeeFigure2.1for maplocations.

Location Mean DPMp10M SD % of 10 MP with DPM No. of 10MP

(depth:m)
N1 (27) 0.03 0.26 1.3 26212
W2 (59) 0.09 0.49 4.7 30275
W1 (56) 0.09 0.54 4.3 77165
E1(52) 0.11 0.56 5.3 67021
E2(41) 0.04 0.36 1.7 24213
S1(59) 0.07 0.43 3.6 49790
S2(84) 0.11 0.52 6.4 13774

Day Night Index (DNI)

DPMp10M resultsindicatethat periodswith daylight have lower porpoisedetectionratesthan
nighttimeperiods(Table2.7). The GAM/GEE modelshoweda similar pattern.

Table2.7. Descriptivestatisticsfor four Day Night Index clas®s.The % of 10MP with DPM is the per-
centageof 10 minuteperiodswith atleastoneporpoisedetection. Notethat DNI valuesof 0 and2 repre-
sentsunriseandanindexvalueof 1 is sunset.

Day Night Index | Mean DPMp10M SD % of 10 MP with DPM No. of 10MP
0.0t00.5 0.07 0.43 3.7 73016
0.5t0 1.0 0.06 0.42 3.5 73147
1.0to 15 0.10 0.55 4.5 66367
1.5t02.0 0.10 0.55 4.8 67444

PercentTime Lost

Whenthe minute memorylimit fills prior to 60 sec,the remainingdetectiontime within that mi-
nuteis lost. This effectoccurredduring 36% of the 10 MPsin thefull datasetNot surprisingly,losttime
hasan effecton porpoisedetectionrateswith detectionglecreasings% lost time increasedTable 2.8).
The GAM/GEE model(Figure2.3) showsa similar pattern.
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Table 2.8 Descriptivestatisticsfor four classesf % Time Lost. The % of 10MP with DPM is the per-
centageof 10 minuteperiodswith atleastoneporpoisedetection.

% Time Lost Mean DPMp10M SD % of L0MP with DPM No. of 10MP
0-25 0.10 0.56 5.4 207996
2550 0.03 0.28 1.8 8403
50-75 0.01 0.13 0.6 12969
7599 0.00 0.07 0.1 54164
Click Max

As the modelpredictsporpoisedetectionrateswere higherwith a click max of 4096thanwith a
click max of 65536 (Table 2.9). As click max settingsrepresendifferent deploymentperiods,results
shouldbeinterpretedwith care.

Table4.9. Descrigive statisticsfor thetwo Click Max settingsusedin this study.% of 10MP with DPM
is the percentagef 10 minuteperiodswith atleastoneporpoisedetection.

‘ Click Max Mean DPMp10M SD % of 10MP with DPM | No. of 10MP
‘ 4096 0.08 0.50 4.2 271500(94%)
‘ 65536 0.04 0.32 2.4 16950(6%)

3.0 icListenHF Hydrophone PerformanceWith & Without Shrouding: Tank Tests

During the spring of 2014, testswere conductedo comparethe porpoisedetectionperformance
of C-PODsandicListenHF hydrophonesn Minas Passage.Prior to the field tests,two icListenHF hy-
drophonesverecalibrated Variousacousticshroudmaterialswerethentestedfor effectivenessn reduc-
ing flow noiseatthesensotip (pseudonoise).

3.1  HydrophoneCalibration

All icListenHFhydrophonecalibrationswere conductecat the OceanSonic&td facility in Great
Village, Nova Scotia. Calibrationresultsare shownin Figure 3.1 for hydrophoned211and1239,both
with HDPE guards(Figure 3.1). Hydrophonel211 was slightly more sensitivein the rangeof porpoise
echolocationfrequency(130 kHz) comparedo hydrophonel239. However,hydrophonel211wasless
sensitiveat higherandlower frequenciexomparedo hydrophonel239.
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Figure 3.1. Calibration resultsfor icListenHF1211and 1239fitted with HDPE guards.Horizontal bar is
a referenceat -170 dBV re 1uPa. Vertical dashedline (130 kHz) is within the frequencythat harbour
porpoiseausefor echolocation.

3.2  AcousticFoam Shroud Testing

The effecton performanceof theicListenHFhydrophonewhenit is shroudedvith acousticfoam
was testedusing foam densitiesof 20 ppi (poresperinch), 30 ppi and 40 ppi, andwith threedifferent
thicknesses¥z inch, 1 inch and 1.5 inch. All shroudplus guardsetupswere calibratedexceptfor the 40
ppi foambecauséhis foamtype attenuatedll sound.

icListenHF 1211 was selectedas the control unit becausehe initial calibrationshowedit was
more sensitiveat 130 kHz whencomparedo icListenHF 1239 (Figure 3.1). Calibrationresultsfor vari-
ousshroudsetupswith hydrophonel239are shownin Figure 3.3. The shroudsetupusing 20 ppi atteru-
atedlow frequencysoundsandwasthe bestperformingacoustidcoamtypefor preservinghigherfrequen-
cy sounds.As thicknessof the 20ppi foam increasedthe amountof attenuationincreasedThe shroud
setupusing30 ppi attenuatedhigh frequenciesvhile preservinghe lower frequencies.

Figure 3.2. IcListenHF hydrophonetip with custommadeHDPE guard (left) and with a %2 inch 20 ppi
foamcoversecuredverthe guard (right).
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Figure 3.3. Calibration resultsfor icListenHF 1239for variousshroudsetupsHorizontal bar is a refer-
enceat -170dBVre 1uPa.Vertical dashedine (130 kHz)is within the frequencythat porpoisesusefor
echolocation.Rowsrepresentvarious acousticfoam thicknessegestedand columnsrepresentedoore
density(20 ppi and 30 ppi).
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Following the shroudedhydrophonecalibrationtests,20 ppi foam at both %2 inch and 1 inch
thicknessesvereselectedor flow testing(at 1 m/s) becausehe calibrationsshowedthesetwo setupsat-
tenuatedsoundat low frequenciesvhile maintainingsensitivityat higherfrequenciege.g.porpoisesclick
trains).

3.3 In-tank Flow Tests

Eachof thethreehydrophonesetupswveretestedfor performanceat a flow speedof 1 m/sfor 30s
periods. The hydrophonesetupswere:guardonly, guardplusz inch 20 ppi foam,andguard+ 1 inch 20
ppi foam. Five trials wereconductedor eachsetup.

An icTalk speaker(OceanSonicsLtd) was usedduring the tank flow teststo producea sound
sweepfrom 120kHz to 140kHz at 120dB re 1ePa.The sweepdurationwas0.1 s with a0.9srest.

Flow noisecanbe seenduringthetrials at all frequencieslthaugh primarily occurringbetweerD
T 80 kHz (Figure 3.4). Noise above100 kHz may be dueto a phenomenorknown as fithermalnoised
whichis causedy waterpatrticlesstriking the hydrophondip. Hydrophonespectrogramsf theflow tests
reflect the calibraton results;as the foam thicknessincreasedattenuationincreasedat all frequencies
(Figures3.4& 3.5).

Comparedo the control hydrophonethe %2 inch 20 ppi foam reducedthe reverbof the icTalk
clicks, reducedclick intensityby 10 dB + 2 dB, andreducedflow noiseby 30dB + 4 dB. The 1 inch
foam completelyremovedthe reverbof theicTalk, reducedclick intensityby 20dB + 3 dB, andreduced
flow noiseby 30dB + 5 dB. Becausehe¥2 inch foamhadthe leastimpacton click intensity,this foam
thicknesswasselectedor thefield deploymentén MinasPassage.
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4.0 C-POD andicListen Hydrophone Performance: Field Tests

41 Introduction

Since 2009, all PAM studiesof harbourporpoisein the Minas Passagéhave employedSUB
buoys (Open SeaslInstrumentationinc.) (Tollit et al., 2011; Wood et al., 2013). SUB buoys have a
streamlined casing(about2 m long) with internalfloats that swivel with currentdirection (Figure4.1),
tetheredabout2-3 m abovethe seafloor.Roughly 200 kg of large chainlinks are usedas an anchorto
preventmooredunits from moving off site during high flow periods.A hydrophoneanda Teled/ne Ben-
thos875 T acousticreleasdor recoveryare housedwithin the mid-sectionof the SUB buoy. The useof
acousticreleasesliminatesthe needfor a surfacebuoy, and thus reducesdrag and risk of mooring
movement.This configurationhasbeenprevioudy usedto houseboth C-PODsandan icListenHF.The
batterypackfor the icListenHF, however,causedsignificanttilt underhigh flow conditions(Porskamp,
2013),which mayhaveresultedn increasedoiseandreduceddetectionof harbourporpoises.

In an attemptto reducetilt effectsand nontargetnoise,this projectteststhe performanceof C-
PODs and icListenHF hydrophonegwith and without an acousticfoam shroud),housedin a bottom
standingnstrumentplatform(lander)(Figure4.1).

4.2  Sen®r Platform, Deploymentand Recovery

An instrumentplatform (also referredto as a lander)was fitted with an acousticrelease(ORE
SportRelease)temperaturdogger, pressurdogger, tilt logger,two VEMCO VR2WSs, two icListenHFs
two C-PODs,andapproximaely 400 kg of anchorweight(Figures4.1and4.2). The sensorsverelocated
aboutl m off the seafloor within the boundarylayerwherecurrentspeedsarereduced <1 m/s).A spool
of high tensile strengthrope and two viny ball floats were attachedto the platform. Triggering of the
acousticreleaseauncoilsthe rope enablingthe floats to rise to the surfaceto allow platformrecovery.To
ensurea successfutecoverya low dragsurfacebuoywasattachedvia ropeto a safetyanchor(200kg of
large anchorchain), connectedo the platform via a 100 m stainlesssteel cable.A VEMCO acoustic
transmitterwas attachedo the riser chain 3 m abovethe safetyanchorand providedtransmissiong69
kHz) at8 min intervalsfor detectionby all hydrophones.

Theinstrumentplatform was deployedat stationW1 (Figure2.1) on 5 June2014 andrecovered
from the Minas Passag®n 2 July 2014. During deploymentan TeledyneBenthos866 acousticrelease
usedto lower the platformfailed to releaseAs a result,a seond charter(12 June)was requiredto pull
the platformup and manuallyremovethe acousticreleaseAt this time, all sensoravereinspectecandit
was notedthat the icListenHF 1211 guardarm was crackedbut still attachedat the base.The platform

wassuccessfullyredeployedisinga % inch roperunningthrougha shackleattachedo the platform. The

damagewas most likely causedby the failed acousticreleasemaking contactwith the sensorsat high
flow speedsiuring the 1°* weekof deploymentThe temgerature pressureandtilt loggersperformedas
expected.

Uponrecoveryof the platformon 2 July, it wasnotedthatoneof the 2 co-locatedC-PODs(1615)
wasmissing(reasonunknown). It waslaterfound on the shorenearParrsboroNS andreturnedto Aca-
diain DecembeR014. The datasetndicatedthatit becamedetachedrom the platformon 12 June most
likely duringthe redeploymenbf the platform. Both icListenHFhydrophonesvereinspectedoy Ocean
SonicsLtd. for damageandrecalibrated Resultsfrom the re-calibrationsdeterminedhat the entire da-
tasetcollectedby icListenHF 1239throughoutthe deploymentperiodwasvalid. Thetip of icListenHF
1211wasdamagedthe storeddatawasinspectedoy looking at the floor changesn all spectrogramsdit
wasconcludedhat, after 7 daysof successfullyecordingdata,the hydrophonesustainedlamageandall
further datawere consideredot valid. Analysesof the datacollectedby unit 1211included only thefirst
7 daysof the deploymenperiod.
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Figure 4.1. Mooring designs.Left: Instrumentplatform housingtwo icListenHF hydrophoneswith bat-
tery packs,a C-POD, and an acousticrelease,plus other sensors(temperature, VEMCO receivers).

Right: SUBbuoyhousingan acousticreleaseand a C-POD, and attachedto anchorweight (about200
kg)with a 3 mlongriser chain.
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Figure 4.2. Imageof instrumentplatform ready for deploymentNotethe 2 C-PODsin the far corners
andthe shroudedand non-shroudedcListenHF hydrophonegblack sensorsjocatedabovetheir battery
packs.Theinstrumenthangingvertically abovetheframeis the TeledyneBentho866-a acousticrelease.

4.2 Results
C-POD Detections SUBSvsPlatform

HarbourporpoiseDPM/day werecalculatedor the platform mountedC-PODsandthe SUB buoy
mountedC-PODsco-locatedat locationW1 (Table4.1). The platform mountedC-PODsdetectedyreater
numbersof click-trains and greaterdetectionpositive minutes (DPM/day) comparedto the co-located
SUB buoys(Figure4.3). PlatformmountedC-PODs639 and1615showedsimilar detectionpeaksin ea-
ly Juneafterwhich C-POD 1615becamealetachedrom the platform.
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