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• 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 surveys 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, 
Northeast Habitat Management Area
Eastern Georges Shoals



D
epth, m

Northeast Reduced Impact Habitat Management Area, NEHMA



Experimental design for the replicated 3 Impact Treatments in 
each of 3 habitats.





A. Ecosystem Recovery versus Time at two impact levels: 

0.2% and 5%. Note the quadratic increase in R because R is a 
function of area. Shown are the curves  for one habitat type. Each 
habitat will have its own family of curves. 

B. Time to Recover versus % Impact at the experimental impact 
intensities for one type of habitat. The outward end of the curve may 
be simulated once we have established three points (0, 0.2 and 5% 
Impact).



Project output:
Habitat Suitability Models
for each species



Up to 5 cohorts
1-dimensional 
Gaussian Mixture Model



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';

Small
10-34

Medium
35-70





biomass conversion from Dvora 8/3/09
MW = exp(a + b ln(lengths) + c ln(depth))
where (for Georges, South Channel and Nantucket Shoals)
a = -8.62;
b = 2.95;
c1= -0.51;
SH is in mm, MW in grams, depth in meters  

MW = exp(a + b .* log(small(:,3)) + c1 .* log(small(:,4)));

should use new conversion from  VIMS









Count
Biomass,

MT
Biomass SE,

MT
NEHMA

small 84 2.9
medium 1043 33.3
exploitable 8447 204.0
total 9574

NERIA
small 81 4.2
medium 811 53.4
exploitable 6388 342.0
total 7280

EGS
small 98 3.2
medium 1082 42.2
exploitable 6305 206.0
total 7485

All Area Total 24339

EGS NEHMA

NERIA 



Pristine Area (within Northern 
Edge Reduced Impact HMA)



• Imagefile: 201603.20160728.
042346248.382524.png
Alt: 1.86 StAlt: 1.88 Depth:
74.82 TotDepth: 76.68

Lat: 42.126168 Lon:-
67.227340 Hdg: 116.80
Pitch: -1.90 Roll: -2.39



• Imagefile: 201603.20160728.
043247662.385757.png
Alt: 2.53 StAlt: 2.52 Depth:
74.42 TotDepth: 76.95

Lat: 42.126263 Lon:-
67.205883 Hdg: 118.83
Pitch: -1.53 Roll: -3.78



• Imagefile: 201603.20160731.
015209760.852281.png
Alt: 1.49 StAlt: 1.62 Depth:
72.32 TotDepth: 73.81

Lat: 42.125738 Lon:-
67.186348 Hdg: 220.07
Pitch: -0.19 Roll: -1.75



• Imagefile: 201603.20160727.
182233555.167232.png
Alt: 1.83 StAlt: 1.89 Depth:
78.37 TotDepth: 80.20

Lat: 42.135767 Lon:-
67.161378 Hdg: 14.71
Pitch: -3.08 Roll: -1.06



• Imagefile: 201603.20160727.
122526797.39364.png
Alt: 2.67 StAlt: 2.66 Depth:
70.31 TotDepth: 72.98

Lat: 42.119783 Lon:-
67.280723 Hdg: 87.85
Pitch: -0.44 Roll: 1.36



• Imagefile: 201603.20160727.
121827561.36861.png
Alt: 2.33 StAlt: 2.32 Depth:
62.15 TotDepth: 64.48

Lat: 42.110430 Lon:-
67.285727 Hdg: 11.02
Pitch: 0.47 Roll: -0.32 



• Imagefile: 201603.20160728.
090131202.481921.png
Alt: 1.70 StAlt: 1.85 Depth:
58.80 TotDepth: 60.50

Lat: 42.121338 Lon:-
67.174373 Hdg: 207.19
Pitch: -0.45 Roll: -0.26



• Imagefile: 201603.20160731.02
4929950.872806.png
Alt: 1.66 StAlt: 1.71 Depth: 5
1.96 TotDepth: 53.62
Lat: 42.109707 Lon:-
67.223230 Hdg: 223.23
Pitch: -1.68 Roll: -2.83



• Imagefile: 201603.20160727.
124211960.45364.png
Alt: 2.62 StAlt: 1.63 Depth:
51.76 TotDepth: 54.38

Lat: 42.109977 Lon:-
67.245613 Hdg: 211.39
Pitch: -5.07 Roll: -1.59



• Imagefile: 201603.20160731.
005513996.831892.png
Alt: 2.25 StAlt: 2.27 Depth:
59.10 TotDepth: 61.35

Lat: 42.120498 Lon:-
67.150235 Hdg: -0.42
Pitch: -0.93 Roll: 2.11



Northern Edge Reduced Impact 
HMA

(NERIA)



• Imagefile: 201603.20160727.
155201606.113322.png
Alt: 2.11 StAlt: 2.16 Depth:
52.00 TotDepth: 54.11

Lat: 42.097870 Lon:-
67.199377 Hdg: 202.74
Pitch: -3.27 Roll: -0.55



• Imagefile: 201603.20160727.
174029315.152160.png
Alt: 1.57 StAlt: 1.60 Depth:
48.79 TotDepth: 50.36

Lat: 42.094902 Lon:-
67.149943 Hdg: 200.45
Pitch: -0.74 Roll: -0.33



• Imagefile: 201603.20160731.
002136338.819847.png
Alt: 1.71 StAlt: 1.76 Depth:
50.33 TotDepth: 52.04

Lat: 42.095693 Lon:-
67.184353 Hdg: 103.36
Pitch: -2.51 Roll: 0.68



• Imagefile: 201603.20160728.05
1848888.402229.png
Alt: 1.87 StAlt: 1.86 Depth: 5
5.80 TotDepth: 57.67
Lat: 42.118503 Lon:-
67.135927 Hdg: 281.43
Pitch: -2.66 Roll: 1.01



• Imagefile: 201603.20160728.10
1307596.507564.png
Alt: 2.14 StAlt: 2.17 Depth: 5
3.76 TotDepth: 55.90
Lat: 42.054303 Lon:-
67.087613 Hdg: 287.28
Pitch: 1.29 Roll: 0.16



• Imagefile: 201603.20160728.16
1958597.638957.png
Alt: 2.23 StAlt: 2.26 Depth: 5
9.35 TotDepth: 61.58
Lat: 42.036058 Lon:-
67.047782 Hdg: 229.49
Pitch: -1.56 Roll: 2.44



• Imagefile: 201603.20160730.
192222575.712661.png
Alt: 1.71 StAlt: 1.71 Depth:
48.81 TotDepth: 50.52

Lat: 42.000652 Lon:-
67.359005 Hdg: 333.52
Pitch: 4.49 Roll: 2.34



Northern Edge HMA 
(NEHMA)



• Imagefile: 201603.20160729.
110213659.17785.png
Alt: 2.41 StAlt: 2.41 Depth:
60.30 TotDepth: 62.71

Lat: 41.953515 Lon:-
67.115322 Hdg: 279.79
Pitch: -0.23 Roll: 1.17



• Imagefile: 201603.20160729.
213741509.245333.png
Alt: 1.36 StAlt: 1.39 Depth:
55.68 TotDepth: 57.04

Lat: 41.894663 Lon:-
67.070785 Hdg: 324.09
Pitch: -2.72 Roll: 1.59



• Imagefile: 201603.20160728.21
2818626.749378.png
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: 201603.20160729.06
0128188.933123.png
Alt: 1.68 StAlt: 1.75 Depth: 4
7.27 TotDepth: 48.95
Lat: 41.987077 Lon:-
67.324608 Hdg: 114.39
Pitch: -3.54 Roll: 1.22



• Imagefile: 201603.20160729.
072852827.964418.png
Alt: 1.65 StAlt: 1.73 Depth:
53.16 TotDepth: 54.81

Lat: 41.986480 Lon:-
67.145138 Hdg: 114.19
Pitch: -1.48 Roll: 1.44



• Imagefile: 201603.20160730.
220119768.769592.png
Alt: 0.85 StAlt: 2.00 Depth:
48.67 TotDepth: 49.52

Lat: 42.001092 Lon:-
67.323678 Hdg: 200.55
Pitch: -0.61 Roll: -0.33
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