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Executive Summary

It has long been recognized that scalloping operatansemortality to scallops and other

species not only when they are caught, but also incidefftaitygear contact when they are
discarded or not selectég the dredgeSea scallop stock assessments still use estimates of
incidental mortality that are based on studies conducted over 25 years ago. Technology available
for noninvasiveoptical surveys, using vehicles equipped with underwater cameras, has

improved tremendously since then. The goal of this project was to more accurately estimate
scallop incidental mortality using a variety of underwater suvegycles.

All surveys were conducted in southern New Englanekgah areas with mainly sandy
substate usinga standardize@oonamessett Farm Turtle Deflector Dredge (CFTDD) for all
tows. Studylocations were surveyed before and after dredge tows using the REMUS 100, an
autonomous underwater vehicle (AUV) operated by the Woods Hole Oceanographitidnstit
the CFF BenthoMiniRover remotelyoperated vehicle (ROYand dredgenounted cameras
CFF also designed a botterontacting benthic slefdr the projecto survey the tow paths
Scallop catch data was recorded for all tows, includingataénumber of scallopsandshell

height (SH) and damage condition of each scallop.

The first trip focused on getting video and images of single tow paths at four sites to examine the
condition of scallops remaining in the tow path. We used the REMUS AUV toysilteéow

paths, and we deployed the Benthos ROV for local examination of scallops or other areas of
interest. Cameras were mounted on the dredge frame to detect scallops swimngifrgrave
approaching dredge. Because would nodistinguish betweerotved and usiowed bottom

during oursingletow surveyswe changed our survey desifpr later trips Duringthe second

trip, we conducted a depletion study at three sites, with &peatetbws in the same are@he
REMUS AUV was used as the main surv@picle. The Benthos ROV was again used to stay on
site and examine small areas of interest, and CFF benthic atetbsted as a survey vehicle.

The final trip used the CFF benthic sled for befanelafter video surveys at the tow and control
sites (aBeforeAfter Controtimpactor BACI design) Depletion studies, with 125 tows each,

were conducted at four sitéEhe benthic sled appeared to be a promising survey vehicle, and the
cost to operate it is significantly less than other options

REMUSIimages from the second trigvere analyzed in a custom program written imRe

program allowed users to annotate the numbers and locations of scallops and scallop predators
(crabs, sea stars, skates, and flatfish) in each image. Using REMUS attitudeation included

with each image and images including checkerboards of known sizes, the program also
calculated the shell heights of scallops and categorized them based &tesizededrom the

third trip was analyzedsingopensource event logging softwatteat utilizes VLC media player

The numbers ofcallops damaged scallopand scallop predatorgsereannotated in these

videos. ROV and dredgmounted camera vided®m the first two tripsvereviewed,but no

analysis was done.

We identified five sallops that appeared to be damaged in aft@rsurveys by the REMUS
during our second project trip. Using the scallop abundance estimate from the same REMUS
survey, we estimated that the incidental mortality due to scallop dredigiimgy our surveyvas



approximatelyl.0%.This estimatds an order of magnitude lefisanvalues currently used for
sea scallop stock assessment (incidental mortaiy9%6on Georges Bank ard%in the Mid
Atlantic), but it is comparable to the incidental mortality estimeggsrted in the studies used to
derive these values

On-deck damage during the same depletion tow series was 2.9%. Furthermore, the number of
damaged scallops counted on deck did not increase when tows went over a large percentage of
area covered by prawus tows. Both results suggest that the majority of scallop damage occurs
on deck while maneuvering gear.

Data from this depletion tow series was also used to dstimathe efficiency of the CHDD on
sandy substrat@fficiency =33%). This value isomparable to the NEFSC survey dredge
efficiency estimate using the more comprehensive HabCam and NEFSC survey dredge data
(efficiency =36%for scallops > 70 mm SHbut itis much lower than a AQPD efficiency
estimate derived using a generalized lineeteth model of the relativefficiency of the CFTID

to the survey dredge during paired ta@#iciency =63%).

Based on the amount of data we could collect and the subsequent analysis we could do with that
data, the REMUS AUV was the best survey vehicst we testefbr assessing scallop and

predator abundance and estimating incidental mortality and dredge efficiency. However, the
REMUS was also the most expensive survey vehicle to use, limiting its value overall. The CFF
benthic sled was not as usefioit scallop surveys as we had hoped, but changes to our cameras
and lights could addressany of the issues.

Background

It has long been recognized that scalloping operatansemortality to scallops and other

species not only when they are caught, but ialsidentallywhen they ar@ot landedand not
caught(Caddy 1973, Smolowitz 1983, Smolowitz and Serchuk 1988, Smolaaid. This
incidentalmortality may result from mechanical proses (injury to individuals physically
encounteing the gear during fishing @hell breakage of individuals compressed within the
dredge itself) or omeck handling and culling proceduresiiftbing of catch from the dredge,
prolonged air exposure ateck duing sorting ad culling,or shoveling of undersized scallops
overboardl (Medcof and Bourne 1964Alterations to the sea bottom by the gear may weaken
animalsmaking them more susceptible to predation, kill them outright, or alter the suitability of
the habitat for scallop survivglenkins and Brand 200Werrill and Posgay 1964

Sea scallop stock assessment assumes thatthefrincidental mortalitis 20%on Georges
Bankand10%in the Mid-Atlantic (NMFS 2010. These estimates were derived from published
estimates 015-20%on a range of bottom typ@sthe Gulf of Saint Lawrendgaddy1973) and

less than 5%n sandy bottom in the Midtlantic (Murawski and Serchuk989. The difference

in the incidental modlity estimatedor the two areas mayave been due to tlufferent bottom

types resulting in differenimpacts on scallops left behind in the dredge fathrie and Parry
1999,Murawski and Serchuk989. Incidental mortality is also influenced by dgeddesign
Caddy(1973)used a 2.44n-wide dredge with 748m rings and a gang of three OrBwide

Alberton dredge$or his surveyswhile Murawski and Serchukl989)usedv i nt age 1980606 s



Bedfordstyledredgedor their more recent workt is importanto estimate incidental mortality
rates for contemporary gean different bottom typesince scallop dredge design has changed
considerably sincthe current estimategere obtained

Little reduction inincidental mortality has beetocumentedluringrecentimprovementsn

scallop gear desigmand there ilmost certainlyscope for further developmeiior example,ti

is possible that if the belly of the dredge were raised slightly off the bogearinduced
mortality of scallops passing under thveegp chain or through the belly meshes would be
reducedCaddy1977). In addition, underwater observations dfedgesndicate thatf the

cutting bar of the dredge rides several centimeters above the syllséateeep chain passes
overanyscallopsnottaken in the dredgend inflicts little damagéSmolowitz andSerchuk

1988. Researcthasalsobeen conducted to redesign the shape of the cutting bar to create
sufficient hydrodynamic force to lift scallops from the bottom into the dretgesbyreducing
the number of scallops left behind in the dredge ffatholowitz et al2012 Vaccaro and Blott
1987. Thislattertype of innovation is attractive because it would increase capture efficiency
while reducingincidental mortality Yet in order to étermine if theser any othegear
modifications reduce incidental mortality, an efficient and reliable method for estimating this
loss must be developed.

Many techniques have betasted to examine the impact of dredges on the seafloor with the goal
of examining incidental mortality and dredge efficienSynolowitz and NulK1982

successfully conducted detailed surveys of six clam dredgewathSCUBA diverswith a

focus onestimatingdredge efficiency. They attempted the same experimental proceiiare

scallop dredgebut hadess success due tite low numbers and patchiness of scallops in

diveable depthsKonald Smolowitzpersonal communicatignManned submersibldmve been

used toexamine dredge patlasd providesomeestimates oincidental mortality due to scallop
dredges in the northwest Atlan{icadd/ 1968,1973, Murawski and Serchu©89, but these
operations are extremely costltilizing drop camera system®wed camerasemotely

operated ghicles ROVs), or autonomousnderwater ghicles (AUVs)to evaluate the impact of
fishing gear can be very effectiamd low cost relative teubmersible survey®arker et al.

1999, Collie et al. 200Qyiorrison and Carbines 20R@ here are pros and cons to using each of
these surveyehicles, based on the cost, the difficulty of using them in waters where commercial
scallop harvesting typically occurs, and the amount and quality of idetgecollected during
surveys. To highlight thisTable 1shows estimates for the daily cost sfng an AUV, the CFF
benthic sled, and an ROV for our research surveys, along with details about the imagery we
could collect with each vehicle.

Project Objectives
The main objectives of thigroject were:
1) Estimate the loss of scallop yield resuitimom incidental mortality, with incidental mortality

defined as the ratio of scallops damaged in the tow path to the number of scallops in the tow path
prior to dredging.



2) Evaluate survey techniques for studying the impacts of scallop dredges. Sugweys
conducted with the CFF benthic sled, an AUV, and an ROV. The CFF benthic sled was designed
and built for this project.

3) Calculate the dredge effesicy for the Coonamessett Farm Turtle Deflectadge
(CFTDD), a commercially rigged scallop dredgethe surveyed aredsandy bottom)

Table 1. Summary of survey vehicles
Output

Survey designs

Costperday*  format Resolution Coverage area tested
pre-
programmed
TIFF images 1360 x 1024 ~3 ™ at survey tracks
altitude perpendicular
or parallel to

the tow path

~1.75 nf for bottom
half of image, top
MPEG videg half area much largg
720 x 480
30 fps but difficult to
estimate due to
trapezoidal distortio

~0.12 and 0.20 | perpendicular,

multiple tracks
across the tow
path

with tracks across
MP4 video |, 0,0 10sd rectilinear lenses, | the tow path
60 fps > 0.30 nf with ‘and
fisheye lens neighboring

control area

local searcheg
720 x 480 | varies during survey over small
areas

MPEG vided
30 fps

Benthos MiniROVER ROV

* The cost per day was estimated based on the cost for contracting the vehicle (REMUS) or
the cost to purchase the vehicle and use it for at least terd@y survey trips (sled ad
ROV). The sled cost varies based on the included camera equipment.

Trip Summary

The first trip focused on getting video and images of single tow paths at four sites to examine the
condition of scallops remaining in the tow pétbd inFigure 1). We used the REMUS AUV to

survey the tow paths, anee deployedhe Benthos ROV falocal examination of scallopsr

other areas of interes€ameras were mounted on the dredge frame to detect scallops swimming
away from the approaching dredge. We could mat the unique single tow paths during our
surveys, so wabandoned this survey design.



During the seconttip, we conducted a depletion studlythree sites, with-&80 repeated tows in
the same area over a distance of 1500 méeasge inFigure 1). The REMUS AUV was used
as the main survey vehicle. The Benthos ROV was againtostay on site anexamine small
areas of interest, and CFF benthic sled was tested as a survey vehicle.

The final trip used the CFF benthic sled for befanelafter videasurveys at the tow and control
sites (a BACI design(green inFigure 1). Depletion studies, with 125 tows over 1800 m, were
conducted at four site¥he benthic sled appeared to be a promising survey vehicle, and the cost
to operate it is significantliess than other options.

Because the dredge survey and image and video survey designs varied for each project trip, the
results for each trip are reported separately.

100 125 150 km

Legend

@ July 2014 F/V Liberty single tows
© September 2014 F/V Atlantic depletion tows
@ June 2015 F/V Vanquish depletion tows

Figure 1. Map showing locations of incidental mortality trips

First Survey Trip T July 2014

The trip conducted on F/V Liberty from July August2, 2014 focused on getting video and
images of single tow paths at four sitegy(re 2) to examine the condition of scallops
remaining in the tow path. Sample locations were survbgéate and after dredge tows using
the REMUS 100, an AUV operated by the Woods Hole Oceanographic Institution, as well as
dredgemounted cameras, and the C&kned BenthosMiniROVER ROV. Although we
marked the beginning of the tow with a buoy marker systeployed from the dredge frame at
the start of the toywve had difficulty distinguishing the difference between the toavetin-
towedbottomusing the REMUAUV. The ROVwas deployed with the goal of examining
scallopsof interest in more detail, butdisurvey had limited value because it was difficult to
steer the ROV in currents near the bottoramproach target scallops without disturbing the
bottom sedimeniThe dredgemounted cameras were included in the surveys to monitor

6



swimming escapes by srhatallops, but video quality was inadequate for this purpose due to
low-light conditionsand clouds of disturbed sedimeBecause of these problemsmages and
videocollected during the survey weraviewed but not analyze¢iowever, the trip allowed us

to improve our survey methodology for future trips.

|
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Legend
= Single tows
REMUS before survey
» REMUS after survey

0 500 1000 1500 2000 m
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Figure 2. Schematic showing the paths of
single dredge tows and the REMUS AUV
survey tracks for the July 2014 trip.
Overlapping before- and after- tow
surveys ranperpendicular to tow paths
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Benthic Sled Design and Testing

CFF designed and built a bottezontacting benthic sled for this project. The goal was to create
a costeffective and flexible platform for conducting benthic surveys. The sled was designed i
Solid Works by CFF stafifter reviewing benthic sled designs used by other research groups
(Figure 3). The sled was constructed of welded steel round bar with attached steel runners (total
length = 1.33 m, length of runner contact = 1.02 m, width = Weight = 123 kg). Crossbeams

were added to support cameras and lights.

1'-1.50"

Figure 3. Benthic sled frame
design from an oblique angle
and from the front.




Fixedfocus inderwater video cameséOutland Technology UW&G25andGoPro Hero 3 series
camerasn underwater housings) can bm®untedon the sled crossbeamsndérwater LED

lights (Outland Technology UW1401, Fix Neo 1200 DX, Nocturnal Lights SL800, and

Fantasea Radiant 160€an also be mounted on thedl The Outland Technology camera and
light canbe turned off and on by the sled operabart this requires addanal cables that can get
tangledduringsurveys. The GoPro cameras were fitted with different lenses (the original GoPro
2.97 mm fisheye lens, a 2.97 mm rectilinear lens, and adifectilinear lens). Bctilinear

lenses were purchased from Peau Productions. {/www.peauproductions.com/stgrand

installed by CFF staff. These lenses allow more accurate estimation of thef sibgscts

because there is no radial distortion of the image. However, the fisheye lens offers a wider angle
view. Examples of dferentcamera and light configuratiotisat are possible on the benthic sled

are shown irFigure 4.

Figure 4. On-deck photos of the benthic
sled with different camera (VCi Outland
Technology underwater camera, GH
waterproof GoPro housings) and light
configurations (L 1 different underwater
LED lights).

The first kenthic slel test runs were conducted on Asg89, 2014, and the video footage
indicated that the sled was a promising survey vehi¢kewere able to identify and count
scallops in our test videos.

SecondSurvey Trip T September 2014

Difficulty finding the tow paths withthe REMUS AUVduring the first trip resulted in a change
of protocol for the trip aboard F/V Atlantic from Septembd2832014. During this trip, a
depletion study was conductediatee sites, witl8 to 10repeated tows in the same area over a
distance ohpproximatéy 1500meters(Figure 5). TheREMUS AUV was used for beforeow
surveys running perpendilar to the tow paths. féer-tow surveysvereplannedo runparallel

to and on top of the tow pathBhe Benthos ROWas teste@gainduring this trip,and the CFF


http://www.peauproductions.com/store/

benthic sledvas used to survey tow tracks for the first tilssues with REMUS operation
resulted in the first afteiow survey being prematurely aborted and the secondtaftesurvey
being conducted in the wrong locatidfiqure 5). Because ofthis, amalysis was limited to the
third depletion series

Although we were able to approach a few scallops and obtainugtoietage Figure 6), the

ROV continued to be of limited use for surveying scallops and tow paths. Disturbed sediment
that may have beeragsed by a dredge was seen by the ROV operator briefly, but attempts to get
back to that spot were unsuccessful. In almost all cases, scallops approached by thadi€a

to the vehicle and swam away.

Legend

Depletion tow series . . .
REMUS before survey Figure 5. Schematic showing the paths

' EEMS? g::orr:uar::&zed images % of three depletion tow series and the
L3 ggmgi zmr:mged images ) : REMUS AUV and benthic sledsu_rvey
e e tracks for the September 2014 trip.

L 1 1 1 ) Before-tow REMUS surveys ran
perpendicular to the tow paths and
after-tow REMUS surveyswere
planned torun parallel to and on top of
the tow paths Benthic sled survey
tracks ran across the tow paths.
Because of issues with the REMUS
surveys for the first two depletion series
(middle and bottom), analysis was

limited to the third one (top).

Figure 6. Screen shots fom ROV footage showing scallops and nearby flounder, sea stars,
and shrimp. All of these scallops were disturbed by the ROV and swam away shortly after
these images were captured.

The bethic sled was towed across tloev pathsafter the depletion series were finishied
determine if it could be used as the primary survey vehicle during the final proje@¢ripere
able toclearlyidentify the tow path in one of 33 benthic sled viddéosaddition, the footage



from these sumys was used to analyze scallop behavior in resporaséftoal light, and we
currently have a papar presshased on this worlSiemann et al. in press

Analysis of REMUS images

Most of the mage and data analysiem the second research tfgrused on thehird depletion

tow seriesThis series included 8 tows with an average distance of 1531.5 meters (range 1425
1607 meters), with tow distarsealculated in ArcGIS from GR®ordinates programmed to be
recorded every secoriicom the vessel navadion systemTows overlapped with previous tows

in the depletion series for®1% of their coverage area assuming dredge location could be
estimated using vessel coordinat€al{le 2andFigure 7).

Table 2 The percentage of tow area that overlapped with previous tow.

Proportion of tow Proportion Proportion Proportion Proportion
path over previously | overlapping one | overlapping two |overlapping three| overlapping four
towed area previous tow previous tows previous tows previous tows
tow | 0 0 0 0 0
tow 2 0 0 0 0 0
tow 3 13% 13% 0 0 0
tow 4 32% 23% 9% 0 0
tow 5 54% 36% 9% 9% 0
tow 6 43% 26% 5% 4% 8%
tow 7 15% 15% 0 0 0
tow 8 36% 26% 9% 1% 0

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 m
I 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1

Legend

= Depletion tow series
REMUS before survey
* REMUS after survey
*x REMUS before analyzed images
*_REMUS after analyzed images

Figure 7. Tracks of depletion tows (black) and corresponding REMUS survey tracks. The

REMUS pre-tows survey track is shown inight green, and the REMUS posttows survey is

shown inred. The locations for the subset of analyzed images are highlighted in maroon
and dark green.
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A subset of images from the REMUS befaaad afteitows surveys were analyzed in a custom
program written in R. Because each REMUS survey included thousamdag#d, a subset was
choserbecause iincludedareas covered in both the pesmd postows surveys. These areas are
highlighted with crosshatches figure 7. Over 800 images were analyzed for each survey,
covering 2500 square meters of sea floor eatharbefore and aftertow surveys (before: 837
out of 5416 images taken, after: 823 out of 6663 images taken).

The Rprogram allows users to annotate the numbers and locations of scallops and scallop

predators (crabs, sea stars, skates, and flatfislacimieage (examples Figure 8). Using

REMUS altitude information included with each image (distance from bottom in meters) and

images including checkerboards of known sizes, the program also calculates the shell heights of
scallops andategorizes themdsed on size. For this analysisyadl scallops had shell heights of

under 80 mm, medium scallops hsttkell heights between 80 anddlidm, and large scallops had

shell heights of over 120 mm. These-offtvalues were chosen based on information available

from NMFSonthes el ect i vity of commer ciMNMMFSZG&I|I | op dr e

Figure 8. REMUS images with (A) one larg€L), one small(S), and two medium(M)
scallops (B) four skates.

2.5
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ig 1.5
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£
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=
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>
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B L T Flgure 9. Thg mean number of
N N N & T T animals per image Error bars
T ¢ & ° are standard deviation.

The mean number of animals per image before and after the tows are shigureéro.
Because many of the images did not include any scallops or predators, our count data set had a
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high proportion of zeroes-(gures 10 and11). Because of this, we analyzed the cowatad
usingnegative binomial regressionodeling (VicElduff et al.2010. Although parametrit-tests
and nonparametric MarWhitney Utests are known to often give invalid results when data are
extremely Kewed with an excess of zerpege also included those results in the tables for
comparisonTables 3and4).

The number of medium scallops significantly decreased after the depletion tows (negative
binomial regression, p=0.001), while the number of laagm@lops significantly increased

(negative binomial regression, p=0.044) and the number of small scallops was not significantly
altered by the towsT@ble 2). Though the number of skates significantly increased after the
depletion tows (twdailed paired-test, p=0.003), the number of sea stars significantly decreased
(two-tailed paired-test, p=0.01) and the numbers of crabs and flatfish did not significantly
change Table 3.

(o]
W
(=

?D 200 m Frequency scallops before 400 ® Frequency large scallops before
]
E 150 m Frequency scallops after 56 m Frequency large scallops after
=]
£100 - 200
E 50 - I . 100
0 —— J— 0 - L= : : ;
5 6 0 1 2 3 4 5 6
300 350
azso | B Frequency medium scallops before 300 m Frequency small scallops before
E 200 ® Frequency medium scallops after ;5)3 ® Frequency small scallops after
E %0 | 150
E 100 ‘ . 100 .
7z 50 50
0 ‘ . - e i 0 mE s
1

3 4 5 6 0 1 2 3 4 5 6

Number per image Number per image

Figure 10. Histograms showing the numbers of images with zero through sbcallops of
each specified size class per image.

Table 3 Results of statistical tests comparing preand posttows numbers ofscallops per
image Categories with significant negative binomial regression results are highlighted.

Pre-tows Post-tows Negative
mean mean Mann- binomial

number per | number per | Whitney U t-Test regression
image (SD)| image (SD)| p-value p-value p-value
All scallops 0.904 (1.029)0.847 (1.019 0.165 0.253 0.254
Large scallops (>120mm SH) |0.035 (0.183)0.056 (0.235) 0.061 0.040 0.044
Medium scallops (80-120mm SH)0.515 (0.741)0.399 (0.661) 0.001 0.001 0.001
Small scallops (<80mm SH) 0.355 (0.634)0.392 (0.662)  0.209 0.237 0.234
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Figure 11 Histograms showing the numbers of images with zero through six predators of

each specified animal type.

Table 4. Results of statistical tests comparing preand posttows numbers ofpredators per
image Categories with significant negative binomial regression results are highlighted.

Pre-tows Post-tows Negative
mean mean Mann- binomial

number per | number per | Whitney U t-Test regression
image (SD)| image (SD)| p-value p-value p-value
Crabs 0.002 (0.049 0 (0) 0.161 0.157 0.996
Sea stars 0.079 (0.287)0.046 (0.221) 0.009 0.010 0.010
Skates 0.079 (0.354)0.137 (0.454) 0.001 0.003 0.003
Flatfish 0.001 (0.035 0 (0) 0.321 0.318 0.998

CFTDD selectivity andefficiency

The results of the REMUS image analysis were used to calculate expected densities of scallops
available in the tow area, allowing a direstimationof the percentage of scallopaughtper

size class an@FTDD efficiency (for scallops > 80 mm SHYo getan estimate of dredge
efficiency, we used the density estimates of scallops in the REMUS Hefoimages and catch
data from tows that did not overlap with the previous tows. Confidence intervals were obtained
by bodstrapping vectors of per image scgdldensities 1000 times and using these vectors to
calculate aange of dredge efficiency estimat&air analysis of CFDD catchindicated it has a
dredge efficiency 083% (95%confidence interval®29i 38%)for scallops with shell heights

over 80mmwhentowed onsandy bottomThis value is comparable to teandsubstrate

efficiency estimatebased or8MAST video surveys for the modified New Bedford dredge used
by NMFS for scallop surveys on Georges B&#ofor scallops > 70 mm SHYMFES 2007
40%overall NMFS 2014, even though the survey dredge is not rigged as a commercial dredge
However, it is much lower thammederived estimatéor the efficiency of th&CFTDD.
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Generalized linear mixed model estiemof the relative efficienoyf the CHDD to the NMFS
survey dredge, based on paired tow surveys, susfbst theefficiency ofthe CHDD is 63%
(Rudders and DuPaul 20111

Because this analysis was done with a very small samplexszéd notattempt toestimate a

size selectivity curve fothe CFTDD. Size selectivity analysis of commercial scallop dredges

with 40 rings has shown t hatmmhavadldsotipps 10%i t h s h
chance of being retained in the dredge, while scallops with shell heights over 120mm have a

90% retention probabilityN|MFS 2004). When fishing on a sandy bottoth2%of small

scallopg(< 80 mm SH)were retained in the CFF turitieflector dredgewhich is consistent with

published results
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Figure 12 Size frequency histogram showing the totalumbers of scallops landed (red)
and the number of damaged scallops (blue) counted on dedkring the third tow series.

Analysis of damaged scallops second trip

Damaged scallops were identified and counted on decktated depletion study sites. g

all three tow series, a total of 6,647 scallops wargghtduring 26 tows, and 295 of the scallops
were classified as damaged (4.4% of the total). During just the third tow seatd,ai 2,88
scallops wereaughtduring 8tows, and 84 of thecallops were classified as damaged ¢2.6f

the total). The highest proportion of scallaasightwas in the 10005 mm size class, with over
80% of the total scallops having shell heights between 95 and 11%igung(12). The highest
proportion of damaed scallops was also in the 2005 mm size class, with over 76% of the
damaged scallops having shell heights between 95 and 11%igune(12). Because the survey
tows were short relative to commercial tows, these damage percentages may be relatively high

The location of scallops on the deck relative to the shoes of the dredge was recorded in order to
attempt to quantify scallop damage resulting from the dredge contacting thé-agok (3A).

We hypothesized that scallop damage was concentrated aedras where scallops were

crushed Figure 13). However, a comparison of the numbers of damaged scallops in the middle
versus near the shoes showed no significant difference in scallop damage {festrechiddle

mean = 5.4+3.6, shoe mean = 6.3+3.25) (=-1.127).
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Figure 13 (A) Deck marking line to record the position of damaged scallops relative to
where the shoes of the dredge were coming in contact with the deck. (B) Examples of
damaged scallops counted on deck.

Estimating incidental mortality

We used two approaches to estimate incidental mortality. The first method examinathtiex

of damaged scallops counted on dexkletermine if that count increasetien tow overlap

increasedIf a substantial number of scallops were being damagedglariow, we would

expect the number of damaged scallops counted on deck to increase when tows went over a large
percentage of area covered by previous tows. Our analysis did not support this hypothesis, with
no significant linear relationship between thetaistics R? = 0.12,p = 0.401) suggestinghat

the majority of scallop damage occurs on deck while maneuveringijgare 14).

Figure 14. Proportion of tow over previously towed area versus the number of damaged
scallops counted on deck.

For oursecond approachhé REMUS images from tredtertow surveys were examined for

damaged scallops in the tow paths. Five apparently damaged scallops were identified, and after
accounting for any image overlap, this analysis estimated incideot#dlity to be 10% (if all

injuries were lethal)The scallops ranged in size fromi8616 mm shell height, and sizes for

each scallop are shown kiigure 15.
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