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Habitat Aware Reconnaissance and Imaging Module (HARIM)
Specifications
• Vehicle: REMUS 600
Sensors 
• Stereo PT Grey 10 Mpixel cameras, 12mm lenses
• TX2 6 core processor
• CTD, Chlorophyll, turbidity
• Sidescan
• Plankton imaging and classification (CPICS) 
Capabilities
• On-board stereo imaging, light-field and 
color correction, rectification, point cloud production, 
and target segmentation
• Benthic target acquisition using sidescan followed 
by classification using stereo imaging
• On-board plankton classification
• Habitat characterization, spatial analysis, 
dynamic spatial sampling based on habitat type
• 10 hour deployments up to 600m depth 
in 3 kt current



• 1) To determine the persistence of mechanical impacts of scallop dredging 
and long-term ecosystem resiliency as a function of substrate type (e.g., 
sand, sand/gravel, gravel/cobble) 

• 2) To complete Before-After Control-Impact (BACI) habitat characterizations 
at three impact scales (Heavy (5%), Light (0.2%, None (0%)) and three 
habitat types (sand, sand/gravel/shell, gravel/epifauna) to evaluate 
ecosystem and habitat resiliency. 

• (Metrics for Recovery Rate that relate Impact Intensity and Habitat Type over 
time will allow for a direct, statistical description of where, at what scale, 
and how often HMAs could be opened to target high density scallops with 
minimum impact on sensitive habitat)

• 3) To complete high resolution survey of scallop abundance in 
the CLA II HMAs to provide information to the Council as to 
where targeted scallop fishing might be allowed on a limited 
basis while concurrently mitigating impact on habitat. 

• (New Habitat Characterization Module for the REMUS 600 Autonomous 
Underwater Vehicle (AUV) with very high resolution (mm scale) stereo 
imagery and a sidescan unit (cm to 100m scale) 

Objectives of Two Year Study





Northeast Reduced 
Impact Habitat 
Management Area (NERIA) 

Areas surveyed:

NERIA: 349.50 km2

NEHMA: 700.36 km2

EGS: 439.06 km2

# Image pairs  taken:   852,145
# annotated:                  17,105 

(1/50, continuing)

Total area imaged:   ~ 851,000 m2

All images auto-annotated for habitat

Eastern 
Georges 
Shoals 
(EGS)

Northeast Habitat 
Management Area 
(NEHMA)

2017 RSA Survey HabCamV5



Highest # scallops / image:      39
Number of annotators:               7
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small medium exploitable

Exploitable shell heights based on Dupaul, 2008
a = -12.6
b = 0.12 
sh_bin = linspace(10,200,length(lengths));
r = exp(a+b * sh_bin)./(1+exp(a+b * sh_bin));
exploit_num = lengths .* r';

Hennen, D.R. and D.R. Hart. 2012.
JSR 3 (4) 1133-1144

E(M) = exp(α + γlnD + δlnL +  θu + βlnH + r1 + r2 lnH )
D: depth,  L: latitude,  H: Shell Height, u: subarea, 
+ random effects

Size Frequency All Areas



Total: 44,977,948 Total: 15,549,936

Total: 851,013

Northeast Reduced 
Impact Habitat 
Management Area 
(NERIA) 

Gridded to 30 m squares

Ordinary Kriging
with depth as co-variate

Also comparing with
Empirical Bayesian kriging



Northeast Habitat 
Management Area 
(NEHMA)

Total: 184,850

Total: 1,260,245 Total: 1,029,840



Eastern  Georges 
Shoals 
(EGS)

Total: 7,06 5,293 Total: 5,175,833

Total: 539,647



Biomass

Northeast Reduced 
Impact Habitat 
Management Area 
(NERIA) 

1.49  MT

493.36  MT13,158.13  MT



299.06  MT 31.61  MT

0.39  MT

Biomass

Northeast Habitat 
Management Area 
(NEHMA)



Biomass

Eastern  Georges 
Shoals 
(EGS)

1,274.10  MT 162.78  MT

0.60  MT



2017 Survey July 20-24 

EGS NEHMA

NERIA

Numbers of Scallops

Exploitable Medium Small All Scallops

All Areas 53,303,486 21,755,609 1,575,510 76,634,605

NERIA 44,977,948 15,549,936 851,013 61,378,897

NEHMA 1,260,245 1,029,840 184,850 2,474,935

EGS 7,065,293 5,175,833 539,647 12,780,773

Biomass of Scallops (MT)

Exploitable Medium Small All Scallops

All Areas 14,731.29 687.75 2.49 15,421.53

NERIA 13,158.13 493.36 1.49 13,652.98

NEHMA 299.06 31.61 0.39 331.06

EGS 1,274.10 162.78 0.60 1,437.48
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Bathymetry  with Gravel Contours



Bathymetry  with Shell Hash Contours



Bathymetry  with Epifauna Contours
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Bathymetry  with SandContours
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Sand with Gravel (white)  Epifauna (black) Contours



Sand - darkDark Sand with Gravel (white)  Epifauna (black) Contours



Sand/GravelSand / Gravel with Gravel (white) , Epifauna (black) ,  Shell Hash (brown) Contours



Exploitable Scallops  with Gravel (white) , Epifauna (black) ,  Shell Hash (brown) Contours



Medium Scallops  with Gravel (white) , Epifauna (black) ,  Shell Hash (brown) Contours



Small Scallops  with Gravel (white) , Epifauna (black) ,  Shell Hash (brown) Contours



Northern Edge Reduced Impact Area
NERIA





• Imagefile: 201603.2016
0728.042346248.38252
4.png
Alt: 1.86 StAlt: 1.88 
Depth: 74.82 TotDept
h: 76.68
Lat: 42.126168 Lon:-
67.227340 Hdg: 116.8
0
Pitch: -1.90 Roll: -2.39



• Imagefile: 201603.20160
728.043247662.385757.p
ng
Alt: 2.53 StAlt: 2.52 De
pth: 74.42 TotDepth: 76.
95
Lat: 42.126263 Lon:-
67.205883 Hdg: 118.83
Pitch: -1.53 Roll: -3.78



• Imagefile: 201603.2016
0731.015209760.85228
1.png
Alt: 1.49 StAlt: 1.62 
Depth: 72.32 TotDept
h: 73.81
Lat: 42.125738 Lon:-
67.186348 Hdg: 220.0
7
Pitch: -0.19 Roll: -1.75



• Imagefile: 201603.2016
0727.182233555.16723
2.png
Alt: 1.83 StAlt: 1.89 
Depth: 78.37 TotDept
h: 80.20
Lat: 42.135767 Lon:-
67.161378 Hdg: 14.71
Pitch: -3.08 Roll: -1.06



• Imagefile: 201603.2016
0728.090131202.48192
1.png
Alt: 1.70 StAlt: 1.85 
Depth: 58.80 TotDept
h: 60.50
Lat: 42.121338 Lon:-
67.174373 Hdg: 207.1
9
Pitch: -0.45 Roll: -0.26



• Imagefile: 201603.20160
731.024929950.872806.p
ng
Alt: 1.66 StAlt: 1.71 De
pth: 51.96 TotDepth: 53.
62
Lat: 42.109707 Lon:-
67.223230 Hdg: 223.23
Pitch: -1.68 Roll: -2.83



• Imagefile: 201603.20160
727.124211960.45364.pn
g
Alt: 2.62 StAlt: 1.63 De
pth: 51.76 TotDepth: 54.
38
Lat: 42.109977 Lon:-
67.245613 Hdg: 211.39
Pitch: -5.07 Roll: -1.59



• Imagefile: 201603.2016
0731.005513996.83189
2.png
Alt: 2.25 StAlt: 2.27 
Depth: 59.10 TotDept
h: 61.35
Lat: 42.120498 Lon:-
67.150235 Hdg: -0.42
Pitch: -0.93 Roll: 2.11



• Imagefile: 201603.20160
728.051848888.402229.p
ng
Alt: 1.87 StAlt: 1.86 De
pth: 55.80 TotDepth: 57.
67
Lat: 42.118503 Lon:-
67.135927 Hdg: 281.43
Pitch: -2.66 Roll: 1.01



Northern Edge HMA (NEHMA)



• Imagefile: 201603.20160
728.101307596.507564.p
ng
Alt: 2.14 StAlt: 2.17 De
pth: 53.76 TotDepth: 55.
90
Lat: 42.054303 Lon:-
67.087613 Hdg: 287.28
Pitch: 1.29 Roll: 0.16



• Imagefile: 201603.20160
728.161958597.638957.p
ng
Alt: 2.23 StAlt: 2.26 De
pth: 59.35 TotDepth: 61.
58
Lat: 42.036058 Lon:-
67.047782 Hdg: 229.49
Pitch: -1.56 Roll: 2.44



• Imagefile: 201603.2016
0730.192222575.71266
1.png
Alt: 1.71 StAlt: 1.71 
Depth: 48.81 TotDept
h: 50.52
Lat: 42.000652 Lon:-
67.359005 Hdg: 333.5
2
Pitch: 4.49 Roll: 2.34



• Imagefile: 201603.20160
729.110213659.17785.pn
g
Alt: 2.41 StAlt: 2.41 De
pth: 60.30 TotDepth: 62.
71
Lat: 41.953515 Lon:-
67.115322 Hdg: 279.79
Pitch: -0.23 Roll: 1.17



• Imagefile: 201603.20160
729.213741509.245333.p
ng
Alt: 1.36 StAlt: 1.39 De
pth: 55.68 TotDepth: 57.
04
Lat: 41.894663 Lon:-
67.070785 Hdg: 324.09
Pitch: -2.72 Roll: 1.59



• Imagefile: 201603.20160
728.212818626.749378.p
ng
Alt: 1.72 StAlt: Depth:
42.71 TotDepth: 44.43
Lat: 42.017735 Lon:-
67.306037 Hdg: 113.83
Pitch: -4.30 Roll: -0.01



• Imagefile: 201603.20160
729.060128188.933123.p
ng
Alt: 1.68 StAlt: 1.75 De
pth: 47.27 TotDepth: 48.
95
Lat: 41.987077 Lon:-
67.324608 Hdg: 114.39
Pitch: -3.54 Roll: 1.22



• Imagefile: 201603.20160
730.220119768.769592.p
ng
Alt: 0.85 StAlt: 2.00 De
pth: 48.67 TotDepth: 49.
52
Lat: 42.001092 Lon:-
67.323678 Hdg: 200.55
Pitch: -0.61 Roll: -0.33



• Imagefile: 201603.20160
729.072852827.964418.p
ng
Alt: 1.65 StAlt: 1.73 De
pth: 53.16 TotDepth: 54.
81
Lat: 41.986480 Lon:-
67.145138 Hdg: 114.19
Pitch: -1.48 Roll: 1.44



Eastern Georges Shoals
EGS



• Imagefile: 201603.2016
0727.122526797.39364
.png
Alt: 2.67 StAlt: 2.66 
Depth: 70.31 TotDept
h: 72.98
Lat: 42.119783 Lon:-
67.280723 Hdg: 87.85
Pitch: -0.44 Roll: 1.36



• Imagefile: 201603.2016
0727.121827561.36861
.png
Alt: 2.33 StAlt: 2.32 
Depth: 62.15 TotDept
h: 64.48
Lat: 42.110430 Lon:-
67.285727 Hdg: 11.02
Pitch: 0.47 Roll: -0.32 



• Imagefile: 201603.2016
0727.155201606.11332
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Alt: 2.11 StAlt: 2.16 
Depth: 52.00 TotDept
h: 54.11
Lat: 42.097870 Lon:-
67.199377 Hdg: 202.7
4
Pitch: -3.27 Roll: -0.55



• Imagefile: 201603.2016
0727.174029315.15216
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Alt: 1.57 StAlt: 1.60 
Depth: 48.79 TotDept
h: 50.36
Lat: 42.094902 Lon:-
67.149943 Hdg: 200.4
5
Pitch: -0.74 Roll: -0.33



• Imagefile: 201603.20160
731.002136338.819847.p
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Alt: 1.71 StAlt: 1.76 De
pth: 50.33 TotDepth: 52.
04
Lat: 42.095693 Lon:-
67.184353 Hdg: 103.36
Pitch: -2.51 Roll: 0.68






