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The project proposed to: 1) demonstrate marine aquaculture technologies in pilot and
commercial scale projects designed to create jobs in coastal communities, produce healthful,
local seafood, revitalize working waterfronts and support traditional fishing communities; and,
2) provide training for fishermen and others in coastal communities in aquaculture production
methods.
The proposed project goals were to: To increase soft-shell clam harvests locally in the face of
increasing threats due to invasive green crab predation, warming seawater temperatures, and
ocean acidification, and to create a model shellfish management program for coastal Maine
communities facing unprecedented declines in clam landings.
The proposed project objectives were to:
1) Determine spatial and temporal variability of green crabs, Carcinus maenas, in the
Harraseeket River and intertidal areas adjacent to the river using specially designed
and tested traps in an attempt to remove crabs from the ecosystem that, otherwise,
would remain to prey on soft-shell clams of all age-classes;
2) Test the efficacy of “green crab fencing” of intertidal areas using methods similar to
those used in the middle of the last century to deter green crabs from preying on
soft-shell clam juveniles and adults;
3) Examine whether sediment buffering, under the lowest sediment pore pH
conditions, will result in enhanced numbers of soft-shell clam settlers and recruits
compared to control areas where no buffering occurs.

4) Examine the interactive effects of stocking density of cultured soft-shell clam
juveniles (10-15 mm shell length, SL) in netted plots and crab trapping on clam
survival and growth.
5) Determine whether the use of predator deterrent netting, in combination with
various densities of adult soft-shell clams, will result in an enhancement of wild clam
recruits; and,
6) Train clammers and other interested fishermen in the use of aquacultural
techniques to improve local clam harvests.
Although the reporting period (and funding period) was to be from 1 July 2014 to 31 December
2014, the project could not wait to begin until 1 July because many of the objectives relied on
the spawning cycle and major seasonal growth period of soft-shell clams. No NOAA/NMFS
funds were used prior to 1 July 2014; however, the project was initiated in February 2014 with
an application to the Army Corps of Engineers for a permit to place 30-ft x 30-ft x 18-inch tall
fences in the intertidal to carry out Objective #2 (Appendix I). The permit was granted in March
2014 (Appendix II), and activities to initiate all objectives were carried out in April and May
2014. Funds used to carry out this work were provided by the University of Maine System
(Maine Economic Improvement Fund – Small Campus Initiative; University of Maine at Machias;
and, Sea Pact). The latter organization (http://www.seapact.org/) provided the Downeast
Institute with funds to hire a local coordinator that could be the PI’s eyes and ears and
additional fingers when the PI was unable to be on site. Specifically, the local coordinator was
hired from 15 April to 1 November 2015 to: 1) work with the PI on the intertidal flats; 2) inspect
the green crab predator-deterrent fences every 48-hrs for the presences of Atlantic and Shortnosed sturgeon (a requirement of the Army Corps Permit – see Appendix II); 3) communicate
effectively with the PI and Freeport clammers; 4) act as a liaison between the PI, the clammers,
and local elected officials; 5) be responsible for organizing a labor force to inspect and routinely
maintain fenced and netted plots; and, 6) ensure the integrity of the experiments, gear, and
other equipment.
The following highlights each objective separately along with preliminary results.
I.

Determine spatial and temporal variability of green crabs, Carcinus maenas, in the
Harraseeket River and intertidal areas adjacent to the river using specially
designed and tested traps.

This portion of the project was an outgrowth of activities that occurred in the town of
Freeport in 2013 that were funded by their Town Council (see a compendium of activities in
2013 at: http://www.downeastinstitute.org/2013-field-trials.htm, and the Final Report on
2013 activities at:
http://www.downeastinstitute.org/assets/files/manuals/1_24%20Final%20Report%20%20Freeport%20Shellfish%20Restoration%20Project%20-%20B.%20Beal.pdf). It was

decided that to be consistent both spatially and temporally, that one type of trap and one
type of bait would be used in all locations and across time. Trap and bait type were similar
to those used in 2013 (Figs. 1-2), allowing interannual comparisons.

Figure 1. Green crab trap (18-inch diameter x 36-inch long with a 4-inch diameter entrance
on each end. The yellow object in the middle of the trap is a collapsed bait bag – see Fig. 2.

Figure 2. Cracked, whole soft-shell clam adults were used as bait in all green crab traps.
A sampling design was developed to answer the following questions:
1)
2)
3)
4)
5)
6)

Do more crabs reside in the Upper vs. Lower Harraseeket River?
Do more crabs reside in the subtidal vs. intertidal?
When are more crabs caught? When traps are fished after 1-, 2-, or 4-days of soak time?
Is the sex ratio 1:1?
Does crab density remain constant through time?
Does size-frequency of male and female crabs remain constant through time?

A series of five green crab traps were deployed at five sites (three intertidal and two subtidal) in
both the Upper and Lower Harraseeket River on 1 May 2014 (Figs. 3-4). Traps were
approximately 100m apart and fished the same area through 1 October 2014. To determine
effects of setting (soak) time on catch, traps were fished on a 1-, 2-, and 4-day basis. The
contents of the five traps at a given site were pooled, and the mass of green crabs estimated
using a digital scale (to the nearest 0.1 kg). A random subsample of green crabs (0.91 kg, or 2
lbs.) from each site on each trapping date was taken to estimate sex ratio and size-frequency
(carapace width to the nearest 0.01 mm using digital calipers). In addition, ovigerous females
were noted. If the pooled total mass from the five traps at a given site was less than 0.91 kg, all
crabs were measured and sexed.

Figure 3. Schematic of location within the Harraseeket River where green crab traps were
deployed. Five traps were fished at each location each Monday (4-day sets), Tuesdays (1-day
sets), and Thursdays (2-day sets). Traps received fresh bait upon each haul. Upper and Lower
Harraseeket: Blocks 1, 2, 5: Intertidal; Blocks 3, 4: Subtidal.

Figure 4. Aerial of green crab trapping sites in the Upper and Lower Harraseeket River. In the
Lower River, sites A, B, and D are intertidal, and C and E are subtidal. In the Upper Harraseeket,
sites I, J, and G are intertidal, and F and H are subtidal.
Preliminary Results
Data collected through 15 September 2014 indicates that catch rates were relatively low for the
first 56 days (5 May to 30 June; Fig. 5). Catches tended to increase with soak time (1 day vs. 2
days vs. 4 days) in May, June, and July (Fig. 6); however section within the Harraseeket River
(Upper vs. Lower), and location (intertidal vs. subtidal) within each section were also important
in understanding catch data (Table 1; Fig. 7). For example, catches averaged less than 0.5
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Figure 5. Results from green crab trapping studies in the Lower and Upper Harraseeket (5 May
through 15 September 2014). Each point represents the pooled data from five groups of five
traps in each section of the River (n = 5). Catch is based on 4-day soak time.
pounds of green crabs per trap in both the Lower and Upper Harraseeket until mid-July at all
locations (subtidal and intertidal), but after that date, numbers increased faster in the intertidal
than subtidal in the Upper Harraseeket, and just the opposite in the Lower Harraseeket (Fig. 7).
In addition, sex ratios varied in complex ways (Table 2; Fig. 8). In the Lower Harraseeket, mean
ratios gradually changed from female- to male-biased in both intertidal and subtidal locations
over the first seven weeks of trapping (5 May – 16 June), and remained male-biased through
late August. In the Upper Harraseeket, mean ratios for intertidal locations were male-biased
across all sampling dates, whereas ratios in the subtidal were similar to those observed in the
Lower Harraseeket (Fig. 8). Differences in green crab size-frequency distribution was examined
for females and males (Fig. 9) along with mean carapace width (Tables 3-4). Female and male
green crab size distribution varied significantly through time, but in opposite directions. Female
distribution shifted towards the smaller size classes from May to August (G = 791.9; P < 0.0001)
while male sizes increased significantly (G = 675.3; P < 0.0001).

1.6
1.4

Catch (lbs/trap)

1.2

May
n = 117
P = 0.033

1.0
0.8
0.6
0.4
0.2
0.0

0.6

Catch (lbs/trap)

0.5

0.4

June
n = 90
P = 0.047

0.3

0.2

0.1

0.0

3.0

Catch (lbs/trap)

2.5

2.0

July
n = 122
P = 0.025

1.5

1.0

0.5

0.0

3.0

Catch (lbs/trap)

2.5

August
n = 56
P = 0.095

2.0

1.5

1.0

0.5

0.0

1

2

3

4

Soak Time (days)
Figure 6. Relationship between amount of time traps were on the bottom (soak time) and
catch (in pounds).

Table 1. Analysis of variance on the green crab catch data with time (weeks), section (Lower vs.
Upper portion of the Harraseeket River), tidal position (intertidal vs. subtidal), and soak time as
fixed factors. Data are preliminary - 5 May to 14 August plus one date at the end of August
(28th) 2014. Probability values in red are statistically significant.
Source

DF

Week
Section
Week x Section
Tidal Position
Week x Tidal
Section x Tidal
Week x Section x Tidal
Soak Time
Week x Soak Time
Section x Soak Time
Week x Section x Soak
Tidal Position x Soak Time
Week x Position x Soak
Section x Position x Soak
Week x Section x Tide x Soak
Error
Total

15
1
15
1
15
1
15
2
28
2
27
2
28
2
22
203
379

Sum of
Squares
30.784
2.262
2.437
1.602
4.276
0.212
0.662
1.696
2.307
0.069
1.478
0.089
0.803
0.039
0.486
22.124
71.331

Mean
Square
2.052
2.262
0.163
1.602
0.285
0.212
0.044
0.848
0.082
0.034
0.055
0.045
0.029
0.019
0.022
0.109

F
18.83
20.76
1.49
14.71
2.62
1.94
0.41
7.78
0.76
0.32
0.50
0.41
0.26
0.18
0.20

Pr > F
<0.0001
<0.0001
0.1108
0.0002
0.0013
0.1647
0.9765
0.0006
0.8084
0.7301
0.9820
0.6624
0.9999
0.8360
1.0000

Table 2. Analysis of variance on the arcsine-transformed sex ratio data with time (weeks),
section (Lower vs. Upper portion of the Harraseeket River), and tidal position (intertidal vs.
subtidal) as fixed actors. Data are preliminary – 5 May to 14 August plus one date at the end of
August (28th) 2014. Probability values in red are statistically significant.
Source
Week
Section
Week x Section
Tidal Position
Week x Tidal Position
Section x Tidal Position
Week x Section x Tidal
Error
Total

DF
15
1
15
1
15
1
15
318
381

Sum of
Mean
F
Squares
Square
25946.697 1729.779 4.74
2467.152 2467.152 6.76
9070.195 604.679 1.66
7339.324 7339.324 20.11
12076.417 805.094 2.21
847.582
847.582 2.32
6944.177 462.945 1.27
116066.546 364.849
180758.386

Pr > F
<0.0001
0.0098
0.0584
<0.0001
0.0062
0.1285
0.2205
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Figure 7. Green crab trapping results in the Lower and Upper Harraseeket River, Freeport,
Maine, for the weeks from 5 May to 25 August 2014. (n = 1 to 9).
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Figure 8. Sex ratio of green crabs in the Upper and Lower Harraseeket River, Freeport, Maine,
from traps fished in the intertidal and subtidal from 5 May to 25 August 2014. Means represent
ratios from groups of five traps from each tidal position pooled over a weekly interval. (n = 1 to 9)
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Figure 9. Size-frequency distribution of female and male green crabs by month pooled across section of
the Harraseeket River (Upper; Lower) and tidal position (Intertidal; Subtidal). Means are presented with
95% confidence interval.

Table 3. Analysis of variance on mean carapace width of female green crabs with time (weeks),

section (Lower vs. Upper portion of the Harraseeket River), and tidal position (intertidal vs.
subtidal) as fixed actors. Data are preliminary – 5 May to 14 August plus one date at the end of
August (28th) 2014. Probability values in red are statistically significant.
Source
Week
Section
Week x Section
Tidal Position
Week x Tidal Position
Section x Tidal Position
Week x Section x Tidal
Error
Total

DF
15
1
15
1
15
1
14
284
346

Sum of
Mean
Squares
Square
13492.673 899.511
2512.628 2512.628
1185.809
79.054
968.022
968.022
2316.797 154.453
1.863
1.863
1094.458
78.175
22795.922
80.267
44368.175

F

Pr > F

11.21 <0.0001
31.30 <0.0001
0.98
0.4711
12.06
0.0006
1.92
0.0209
0.02
0.8790
0.97
0.4802

Table 4. Analysis of variance on mean carapace width of male green crabs with time (weeks), section

(Lower vs. Upper portion of the Harraseeket River), and tidal position (intertidal vs. subtidal) as
fixed actors. Data are preliminary – 5 May to 14 August plus one date at the end of August
(28th) 2014. Probability values in red are statistically significant.

Source
Week
Section
Week x Section
Tidal Position
Week x Tidal Position
Section x Tidal Position
Week x Section x Tidal
Error
Total

DF
15
1
15
1
15
1
14
284
346

Sum of
Mean
Squares
Square
7565.782
504.386
10146.148 10146.148
2243.981
149.548
31.703
31.703
2067.034
137.802
101.175
101.175
1326.614
94.758
22795.922
102.992
44368.175

F

Pr > F

4.90 <0.0001
98.51 <0.0001
1.45
0.1224
0.31
05795
1.34
0.1784
0.98
0.3224
0.92
0.5375

II.

Test the efficacy of “green crab fencing” of intertidal areas using methods similar
to those used in the middle of the last century to deter green crabs from preying
on soft-shell clam juveniles and adults;

Green crab fencing (Figs. 10-12) was used by the Federal Bureau of Commercial Fisheries and the
Maine Department of Sea and Shore Fisheries during the early 1950’s when seawater
temperatures increased dramatically (Fig. 13) compared to previous years and green crab
populations exploded (Glude, 1955; Welch, 1968). Preliminary work to test the efficacy of
fencing occurred in Freeport, Maine during the summer and fall of 2013 (see:
http://www.downeastinstitute.org/2013-field-trials.htm).

Figure 10. Photo of green crab fencing in Plum Island Sound, Newburyport, MA around 1953.
(NOAA photo library - http://www.photolib.noaa.gov/htmls/fizh2024.htm).

Figure 11. Green crab exclusion fence at Sam’s Cove, Bremen, Maine (1954). The fence enclosed
3-4 acres and was approximately 500-feet long. The fence stretched across the mouth of the
cove. (NOAA photo library - http://www.photolib.noaa.gov/brs/hfind115.htm)

In 2014, a study was initiated in April in the lower intertidal at Staples Cove, Freeport
(43o48’31.73” N; 70o06’43.98” W) to test the efficacy of fencing vs. protective netting on three
dependent variables: survival/growth of cultured soft-shell clam juveniles, and densities of 0year class individuals. In addition, the field trial examined whether fenced and netted plots performed better than control plots (no fences or netting) relative to the three dependent variables.
A 4 x 7 matrix was established near the mean low water mark at Staples Cove. Twenty-eight 30-ft
x 30-ft plots (9.14 m x 9.14 m) were established within the matrix with approximately 50-ft 15.2
m) spaces between rows and columns. Fences (Fig. 14) and control plots were assigned randomly
to positions within the matrix (Fig. 15). Fences were comprised of 12 ten-foot pieces. Each piece
was constructed of two lengths of rough-cut spruce wood (2-inch stock x 10-ft long)
approximately 2-ft apart nailed on each end to a 36-inch long 2- x 4-inch post (Fig. 16).

Figure 12. Inside (left) vs. outside (right) of green crab fence at Sam’s Cove, Bremen, Maine ca.
1954. The left side of the fence shows copious siphon holes compared with the right side of the
fence suggesting the efficacy of fences for deterring green crab predation on soft-shell clams.

A heavy-duty plastic mesh that is extruded from rugged, UV stabilized polyethylene (6.4 mm
VEXAR – XV1170, Industrial Netting, Minneapolis, MN;
http://www.industrialnetting.com/xv1170.html) was used as the netting to deter crabs (Fig.
16). A piece of aluminum flashing (8-inches wide) was affixed to the top of each section to
discourage green crabs from climbing up the extruded netting and entering the plot. The
flashing provides a slippery surface that does not allow crabs to push off properly and restricts
their movements to the outside of the plot. Each section of fencing was 26-inches tall was
pushed or pounded into the mud approximately 10-15 cm. Once installed in the sediments,
one section of fencing was connected to an adjacent section with short pieces of wood (Fig. 17).
After installing all 12 sections of fencing, a 36-inch wide skirt of flexible, polypropylene netting
(6.4 mm aperture – OV3018, Industrial Netting, Minneapolis, MN;
http://www.industrialnetting.com/ov3018.html) was secured around the base of the periphery
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Figure 13. Minimum monthly average seawater temperature (West Boothbay Harbor, ME) from
1940 to 2012. Green crab populations increased dramatically along the Maine coast from 19521954, and decreased to pre-1950’s levels by the late 1950’s when minimum monthly average
seawater temperatures returned to near the 70-year minimum average of 2.1oC (see Welch,
1968). Data collected from daily sea surface temperatures, 1905-2012
(http://www.maine.gov/dmr/rm/bbhenv/index.htm).
of each fence to deter crabs from entering the fenced plot from below the surface of the
sediments (Figs. 18-19).
To establish ambient densities at the study site, two benthic cores (A = 0.01824 m2 x 15 cm deep)
were taken haphazardly within each of the 28 plots. Each sample was washed through a 1.0 mm
sieve and all live soft-shell clams, Mya arenaria, and hard clams, Mercenaria mercenaria, enumerated and the shell length (SL) of each measured to the nearest 0.01 mm using digital calipers.
To test the efficacy of fencing vs. netting on survival and growth of cultured clams, two 12-ft x 12ft plots (13.4 m2) were established in each fenced plot (N = 14) and each control plot (N = 14).
Cultured clams from the Downeast Institute ( x SL = 12.4 ± 0.68 mm, n = 92) were broadcast into
each plot at a density of 20 ft-2 (215 m-2). One plot was covered with a piece of flexible, plastic
netting (aperture = 4.2 mm; OV7100 – Industrial Netting, Minneapolis, MN;
http://www.industrialnetting.com/ov7100.html). The other plot was left alone with only one

Figure 14. A 30-ft x 30-ft fence at Staples Cove, Freeport Maine.

Figure 15. Schematic of field trial at Staples Cove, Freeport, Maine. Blue boxes represent 30-ft x
30-ft fenced plots and open boxes represent 30-ft x 30-ft control plots.

Figure 16. Close-up of one 10-ft (3.05 m) section of fence used to deter green crabs at Staples
Cove, Freeport, Maine. Extruded, plastic netting (6.4 mm VEXAR) was used between the top and
bottom board, and a strip of aluminum flashing was affixed to the top of the fence to keep crabs
from climbing over the top of the fence. A piece of 6.4 mm flexible netting was affixed to the
bottom of each section and this was pushed using feet into the mud below the fence to deter
crabs from burrowing under the fenced plot.
wooden stake marking each corner. Two more similar size plots were established within each
30-ft x 30-ft (83.6 m2) plot to examine effects of predators on recruitment of 0-year class
individuals. One plot was covered with plastic netting (4.2 mm aperture, as described above),
while the other plot was considered a control with wooden stakes marking the corners (Figs.

Figure 17. Two sections of fencing that are connected to each other with a short piece of wood.
VEXAR (extruded netting) was the material used to deter crabs. This photo shows two sections of
fencing prior to installing bottom netting (see Fig. 18).

20-21). Nets were cut into 14-ft x 14-ft pieces and five Styrofoam floats (4-inch diameter x 4inches thick and arranged in a quincunx pattern) were affixed to the underside of each by
placing a 4-inch wooden lath on top of the netting and pounding 3 trap nails through the lath
through the netting and into the float). Sediments were soft enough in each 30-ft x 30-ft plot
so that it was possible to secure nets around each 12-ft x 12-ft plot by walking around the
periphery of each net. This forced the edge of the net into the sediments approximately 6-8
inches (15-20 cm). Floats were used so that the netting would not interfere with clam feeding
during tidal inundation (see Beal and Kraus, 2002).
Because of a permit agreement with the Army Corps of Engineers, fenced plots were assessed
once every 48 hours from 18 April to 31 December 2014 for the presence of Atlantic sturgeon
(Acipenser oxyrinchus oxyrinchus) and shortnose sturgeon (Acipenser brevirostrum). None was

Figure 18. Securing flexible netting (6.4 mm aperture) around the outside periphery of a fenced
plot. The netting was used to prohibit green crabs from burrowing under the fence. The skirt
of netting extended approximately 36 inches (0.91 m) away from the edge of the fence.
ever found. During inspections of the plots in mid-July 2014, many egg cases from the mud
snail, Ilyanassa obsoleta, were noted on a majority of the nets both in control plots and fenced

Figure 19. Once secured, sediments were pushed on top of the flexible netting around the fence
periphery.

plots (Figs. 22-23). The presence of the mud snail egg cases (Fig. 24) led to an increase in
deposition of sediments on the nets which, in turn, led to the creation of an anoxic layer that
had severe, negative effects on cultured clam survival and recruitment of 0-year class
individuals. Attempts to remove the egg cases using brushes and squeegees were unsuccessful,
and, although the majority of the nets were subsequently removed and replaced with clean
nets, much of the juvenile clam mortality had already occurred.
Sampling of the 112 plots (twenty-eight 30-ft x 30-ft plots containing four 12-ft x 12-ft subplots)
occurred from 11-15 November 2014. Two large benthic cores (15 cm diameter x 15 cm deep;
A = 0.01824 m2) and five small cores (4 cm diameter x 4 cm deep; A = 0.0081 m2) were taken in
each subplot. The larger cores were used to sample both 0-year class clams and 1+ year class
clams whereas the smaller cores were used to increase sampling effort for the 0-year class
individuals. A total of 28*4*2 = 224 large cores and 28 * 4 * 5 = 560 small cores were taken.
Each sample was washed separately using a 1.0 mm mesh, and all live Mya, Mercenaria, Ensis
directus, and Carcinus maenas were enumerated and the SL of bivalves and the carapace width

Figure 20. Schematic of experimental design used at Staples Cove, Freeport, Maine in 2014. A
total of twenty-eight 30-ft x 30-ft plots were established in a 4 x 7 matrix with 50-ft spacing
between rows and columns. Fourteen plots were surrounded by a wooden fence (Fig. 14) while
no structures were used in the remaining fourteen plots (controls). The design is a completely
randomized block design with one replicate of each of four treatments within each 12-ft x 12-ft
plot: Treatment A: cultured clams at a density of 20 ft-2 and covered with a piece of protective
netting (4.2 mm aperture); Treatment B: cultured clams at a density of 20 ft-2 with no netting;
Treatment C: no clams with the plot protected with a piece of protective netting (4.2 mm
aperture); Treatment D: no clams, no netting.
of the green crab measured to the nearest 0.01 mm using digital calipers.
Data has yet to be analyzed completely, and will be presented in the next Progress Report.
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Figure 21. A fenced plot showing the two netted and two control plots.

Figure 22. Close-up of a netted plot within a larger control plot at Staples Cove, Freeport,
Maine on 19 July 2014. Notice that the netting is weighed down by sediment, mud snails and
their egg cases in all areas of the net except the area directly underneath the Styrofoam float.

Figure 23. Close-up of net on 19 July 2014 at Staples Cove where a layer of sediment has built
up due to the presence of mud snails and their egg cases, which act as miniature sediment
traps. Unfortunately, the excess sediment on top of this and other nets resulted in a layer of
anoxia which had severe, negative effects on cultured clam survival as well as recruitment of
wild soft-shell clam juveniles.

Figure 24. Close-up of a predator net (4.2 mm aperture) with Ilyanasa obsoleta egg cases
attached.

III.

Examine whether sediment buffering, under the lowest sediment pore pH
conditions, will result in enhanced numbers of soft-shell clam settlers and recruits
compared to control areas where no buffering occurs.

This field trial was designed to test the relative importance of coastal acidification vs. predation
on 0-year class soft-shell clams. Increasing acidification lowers the availability of carbonate ions
in water and sediments, and can impair the ability of calcium carbonate-bearing organisms,
such as the soft-shell clam Mya arenaria, to build and maintain their shells. Small bivalves, such
as newly-settled clams, may dissolve completely. This process, termed “death by dissolution,”
is considered a leading cause of mortality in young clams (Green 2004, 2009).
From 6-8 May 2014, pH determinations were made near the mid-intertidal at five intertidal
flats in the town of Freeport. Measurements were made by the Friends of Casco Bay who used

a Fisher Scientific Accumet AP 115 pH meter and 13-620-AP50A combination electrode. Ten
readings were taken at each flat by tilting the electrode at an acute angle to the mudflat surface
and placing its tip approximately 6 mm into the sediments. Measurements were recorded
when the meter read “STABLE.” The electrode was rinsed with distilled water between each of
the ten measurements per location.
Results of the pH measurements appear in Table 5 and Fig. 25.
Table 5. Mean pH measurements (± 95% CI) from five intertidal sites in the Town of Freeport
(6-8 May 2014). ANOVA on mean pH indicated a significant effect due to site (P < 0.0001). The
lowest mean pH (Staples Cove) was significantly different than the highest mean pH
(Recompence). n = 10

Site
Cove Road
Recompence
Sandy Beach
Staples Cove
Winslow Park

Latitude
43 50’ 31.0” N
43o 49’ 30.0” N
43o 49’ 52.0” N
43o 48’ 26.0” N
43o 48’ 01.0” N
o

Longitude
70 05’ 43.0” W
70o 04’ 15.0” W
70o 05’ 49.0” W
70o 06’ 33.0” W
70o 07’ 06.0” W
o

Mean pH
7.34
7.79
7.54
7.09
7.36

95% CI
0.199
0.221
0.198
0.193
0.240

Because lowest (most acidic) mean and median readings were observed at Staples Cove, the
field trial was conducted at that site (Table 5).
To determine the interactive effects of crushed soft-shell clam shells (designed to buffer
sediments) and predator exclusion (using plastic, flexible netting – 4.2 mm aperture, as
described above), an experiment was initiated near the mid-intertidal at Staples Cove on 18
May 2014. Thirty 2m x 2m plots were established in a 6 x 5 matrix with 5 m spacing between
rows and columns. Five replicates of six treatments were used: 1) Control, no netting; 2)
Control, netting; 3) 13 lbs of crushed Mya arenaria shells, no netting; 4) 13 lbs of crushed Mya
shells, netting; 5) 26 lbs of crushed Mya shells, no netting; 6) 26 lbs of crushed Mya shells,
netting. Treatments were randomly assigned to positions within the matrix. This was a
completely randomized design.
Crushed shells of Mya were obtained from a recent commercial shell heap located on Great
Wass Island in the town of Beals, ME that had been aging for ca. 1 year (A. Carver, A.C. Inc.,
Beals, ME, pers. comm.). Shells were crushed manually into pieces that varied in size from 6-25
mm (greatest length). Shells were spread by hand within each of the plots (N = 20) designated
as shell treatment plots (Fig. 26). Pieces of flexible netting (2.3 m x 2.3 m) were used to cover
one-half of the plots (Fig. 27). Each net was secured in place by walking along the periphery
and forcing the edge (15-20 cm) into the sediments (as described above). Each net had two
Styrofoam floats affixed to the side nearest the sediment (as described above).
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Figure 25. Boxplot of pH measurements from five mid-intertidal locations in Freeport, Maine
from 6-8 May 2014. Ten readings were taken from each location. Lowest median pH (and
lowest mean) were observed at Staples Cove, Lower Harraseeket River.
On 6 October 2014, two pH readings were taken from the center of two replicates (chosen at
random) of each treatment (Fig. 28). Prior to taking samples from netted plots, each net was
pealed back exposing two-thirds of the sediment. Nets were immediately re-secured around
each plot after sampling. ANOVA on the mean pH reading indicated no significant difference
among the treatments.
On 4 November 2014, two pH readings were taken from the center of each plot (Fig. 29). In
addition, two large benthic cores (A = 0.01824 m2) and five small benthic cores (A = 0.0081 m2)
were taken from each plot. Each sample was washed separately through a 1 mm mesh sieve
and all Mya, Mercenaria, and Ensis were enumerated and the SL of each taken to the nearest
0.01 mm using digital calipers. These data will be reported in the next Progress Report.

Figure 26. Spreading crushed soft-shell clams in a 2m x 2m plot at Staples Cove on 18 May 2014.

Figure 27. Crushed shell (13 lbs) and protective netting in 2m x 2m plot at Staples Cove on 18
May 2014.
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Figure 28. pH measurements taken on 6 October 2014 at Staples Cove within each of two
replicates of the six treatments. ANOVA on mean pH yielded a p-value of 0.2296. (n = 2)
If more clam recruits (0-year class individuals) were sampled from plots with crushed shells
compared to plots without shells, one explanation could be that it was the sediment buffering
effects of the shell that resulted in a more chemically amenable environment for shell
deposition. That is, crushed shells buffered sediments allowing clams to make shell. However,
the physical environment created by the crushed shells may act as a spatial refuge from small
predators. That is, there may be at least two very different reasons why small clams could be
found in plots with crushed shells. The large-scale experiment could not distinguish between
these two competing hypotheses.
On 18 May 2014, a small-scale experiment was conducted at Staples Cove, Freeport, Maine,
adjacent to the large-scale, sediment buffering experiment in an attempt to extend and
interpret results from the larger-scale experiment. Eight treatments were employed using a
factorial design with a = 4 substrate amendments and b = 2 levels of predator exclusion.
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Figure 29. Boxplot of pH readings taken in each treatment at Staples Cove on 4 November
2014. ANOVA on the mean pH found no significant treatment effect (P = 0.1147). Overall mean
pH ± 95% CI was 7.72 ± 0.07 (n = 30). This mean was significantly different (P < 0.001) from the
mean pH from the same location taken on 8 May 2014 (7.09 ± 0.19; n = 10).
The four levels of substrate amendments were: 1) control, only ambient sediments; 2) crushed
shell; 3) marble chips; and, 4) small granite cobbles. The two levels of predator exclusion were:
1) control – no netting; and, 2) netted (flexible netting with 4.2 mm aperture similar to that
used in the larger-scale experiment). Experimental units were plastic horticultural pots (15 cm
diameter x 15 cm deep – see Beal, 2006). Units were dug into the substrate so that a 3-4 mm
lip extended above the sediment surface. Units were filled with ambient sediments and for
those treatments with substrate amendments, the shell, chips, or cobbles were added to top of
the substrate in the units (Figure 30). A piece of flexible netting (45 cm x 45 cm) was secured
around one-half of the units and was held in place with a rubber band. Ten replicates of each
of the eight treatments were employed, and treatments were assigned randomly to positions
within a 8 x 10 matrix. All units were removed from the mudflat on 4 November and the

a

b

Figure 30. Examples of experimental units used in the small-scale sediment buffering
experiment at Staples Cove (18 May – 4 November 2014). a) Marble chips; b) crushed shell.
Both treatments are without predator exclusion netting. Units are 15 cm in diameter and were
filled with ambient sediments prior to the addition of the chips or shells.
contents of each sieved through a 1 mm mesh. All live Mya and Mercenaria were enumerated
and the SL of each measured to the nearest 0.01 mm using digital calipers. Results of this
experiment will be reported in the next Progress Report.
IV.

Examine the interactive effects of stocking density of cultured soft-shell clam
juveniles (10-15 mm shell length, SL) in netted plots and crab trapping on clam
survival and growth.

A comparative experiment was deployed at two lower intertidal sites (Collins Cove and Wolf
Neck; Fig. 31) in the Upper Harraseeket River (19-21 April 2014) to examine effects of density
and predator exclusion on the growth and survival of cultured juveniles of Mya arenaria. At
each site, a total of forty 22-ft x 14-ft (28.6 m2) plots were established with a planting area of
20-ft x 12-ft (22.3 m2). Cultured clam seed (as described above) was planted at a density of 15
or 30 individuals ft-2 (160-320 ind. m-2) within each plot. Nets were deployed in blocks of four
nets (2 replicates of each planting density per block; Fig. 32) resulting in 10 blocks at each site.
Within a block, netted plots were established ca. 5 m apart, and blocks were ca. 10 m apart. A
green crab trap (as described above) was placed adjacent to five of the ten blocks at each site
to examine whether removal of crabs in addition to deterring with netting affected clam growth

Figure 31. Chart of Upper Harraseeket River near South Freeport. Experiments were
established (19-21 April 2014) near the low water mark at Collins Cove, the tidal flat between
Weston Point and the docks at South Freeport, and across the River on the Wolf Neck shore.
or survival. Traps were fished twice weekly from 5 May to 1 October 2014. Crabs from the five
traps per site were pooled and the mass of the five traps recorded to the nearest 0.1 kg using a
digital balance. A 0.91 kg random subsample from the contents of the pooled five traps was
taken and all green crabs enumerated, sexed, and the carapace width of each measured to the
nearest 0.01 mm using digital calipers. Females were examined for egg masses. To establish
ambient clam densities at the beginning of the experiment, a total of 25 benthic cores (15 cm
diameter x 15 cm deep) was taken at each site. At Collins Cove, 56% of cores contained no
clams, 36% contained one clam, and 4% contained either two or three clams (mean density =

Figure 32. A block of four nets at Collins Cove, South Freeport, Maine on 12 July 2014.
30.4 ± 17.2 ind. m-2). Clam sizes ranged from 6.33 – 13.97 mm (n = 14). At Wolf Neck, 92% of
the cores contained no clams, and 8% contained one clam. The average density of wild clams
was 4.5 ± 6.5 ind. m-2). Clams sizes ranged from 6.49 – 13.00 mm (n = 2).
Two core samples were taken from three nets (at random) on 12 July 2014 at both sites (Figs.
33-34). Densities of cultured seed were generally low (0-2 clams per core) at Collins Cove, but
much higher at Wolf Neck (3-14 clams per core).
Two large (A = 0.01824 m2) and five small (A = 0.0081 m2) benthic cores were taken from each
netted plot at both sites from 8-10 November 2014. Each sample was washed separately
through a 1.0 mm mesh and all live Mya, Mercenaria, and Ensis were enumerated. For samples
from Collins Cove, all live hatchery-reared clams were measured in two linear dimensions:
initial shell length and final shell length. It was possible, therefore, to obtain an individual
growth rate for all live individuals even though no clam was directly marked at the beginning of
the experiment. Cultured Mya seed clams inherently “mark themselves” when planted in any
sediment; therefore, it is possible to distinguish quite easily the size of the clam when planted

Figure 33. Netting pulled back at Collins Cove on 12 July 2014. Two core samples (A = 0.01824
m2) were taken from each of three netted plots.

from the size of the clam when sampled (Beal et al., 1999; Fig. 34). Many of the core samples
from Wolf Neck contained hundreds of wild, 0-year class individuals (Figs. 35-36). All of these
“recruits” were counted; however, only 20 animals were randomly taken from samples with
large numbers of small, wild seed clams and the SL of each measured to the nearest 0.01 mm
using digital calipers. All cultured clams within the samples were measured as described above
for the Collins Cove site. All data from this experiment has yet to be analyzed and will be
presented in the next Progress Report.

Figure 34. Cultured clams from a single core sample from the Wolf Neck site on 12 July 2014. A
distinct “hatchery mark” occurs near the umbo of each clam that distinguishes it from a wild
clam (see Beal et al. 1999). Most of the clams ranged in SL from 25-35 mm.

Figure 35. Benthic core (15 cm diameter x 15 cm deep) on the surface of a plot at Wolf Neck
flat (10 November 2014) that had been seeded with cultured clams in April 2014, then covered
with protective, flexible netting. Most of the small holes are wild, 0-year class individuals of
soft-shell clams, Mya arenaria. Some of the core samples contained > 1,000 soft-shell clam
recruits (See Figs. 36-37).

Figure 36. Soft-shell clams taken from a single core sample in a netted plot at Wolf Neck on 10
November 2014. Most of the clams are wild and settled into the plot during the experimental
period that began on 18 April 2014. One cultured clam (ca. 50 mm SL) can be seen near the
bottom of the photo.

Figure 37. An example of the contents of a single benthic core from a netted plot at Wolf Neck
flat (10 November 2014) washed through a 1.0 mm sieve. Approximately 12 cultured clams can
be seen in the lower right hand corner of the sieve, the remaining clams are wild and were not
in the netted plot at the beginning of the experiment.

V.

Determine whether the use of predator deterrent netting, in combination with
various densities of adult soft-shell clams, will result in an enhancement of wild
clam recruits.

On 28-29 April 2014, a comparative experiment was established at two lower intertidal
locations in the town of Freeport (Staples Cove; Recompence Flat; Fig. 38) to determine
interactive effects of soft-shell clam adults and predator exclusion on clam recruitment. The
experiment was completely factorial (a = 3; adult clam density: 0, 1-bushel, 2-bushel; b = 2;
netting vs. no netting; n = 5) and set out as a completely randomized design at both locations
(Fig. 39). Treatments were assigned randomly to positions within a 6 x 5 matrix (plots = 10-ft x
10-ft, or 9.3 m2) at both sites. Adult clams were purchased locally ( x SL = 67.2 ± 2.7 mm, n =

35), and pushed individually into each plot so that the ventral margin (siphonal area) was facing
toward

Figure 38. Chart of the two lower intertidal sites in Freeport (Spar Cove; Recompence Flat)
where an experiment was initiated in late April 2014 to determine the interactive effects of
adult clam density and predator exclusion on numbers of wild, 0-year class soft-shell clam
juveniles (“recruits”).
the sediment-water interface. One-half the plots were covered with plastic, flexible netting (4.2
mm aperture) equipped with five Styrofoam floats (as described above) that was secured by
walking the periphery into the sediments 15-20 cm (as described above).
On 5-6 November 2014 seven benthic cores were taken from each plot at both sites (two large
– A = 0.01824 m2; five small – A = 0.00081 m2). Larger cores were intended to provide
information on survival and growth of the adult clams as well as 0-year class individuals.
Smaller cores were intended to provide additional data on 0-year class recruits. The contents
of each sample were washed through a 1.0 mm sieve and all live soft-shell clams enumerated
and the SL of each measured to the nearest 0.01 mm using digital calipers. All data has been
collected, but not fully analyzed. Results of this study will be presented in the next Progress
Report.

Figure 39. Schematic of field experiment at the lower intertidal of Spar Cove and Recompence
Flat that was initiated on 28-29 April 2014. Adult clams were added individually to twenty of
the thirty 10-ft x 10-ft (9.3 m2) plots. One bushel of clams = 50 lbs (22.7 kg); Number of clams
per bushel varies from 650-820 (see Beal, 2002).

VI.

Train clammers and other interested fishers in the use of aquacultural techniques
to improve local clam harvests.

All of the green crab sampling and field experiments referred to above involved clammers
(Stewards of the Sea, LLC), and were intended to provide hands-on experience in aquacultural
and other techniques to improve local clam harvests. One additional project was carried out
during the spring and summer of 2014 that engaged clammers and interested fishers more than
any other project discussed in this Progress Report. The project focused on using a bivalve
nursery upweller to grow cultured seed (2 mm SL) from the Downeast Institute at a commercial
dock in South Freeport. A slip was rented from 1 June through 30 October 2014. A nursery
upweller was built locally using a schematic provided by Joseph Porada (Acadia Bay Clam and
Oyster, Trenton, ME; Fig. 40). 50,000 clams were added to each of twenty 55-gallon silos on 10
June 2014. Silos were initially cleaned on a weekly basis, but after mid-July, cleaning occurred

Figure. 40. Bivalve nursery upweller, South Freeport, Maine. July 2014.

Figure 41. 2 mm cultured soft-shell clam seed from the Downeast Institute were added to 55gallon silos at a density of 50,000/silo on 10 June 2014.
3-4 times per week. Clams grew rapidly during the first two months (Fig. 42), and had attained
an average SL of nearly 20 mm by mid-September (Fig. 43). Fouling from solitary and colonial
tunicates, blue mussels, and hydroids made cleaning the clams difficult by that time. In 2015,
we will be placing the upweller in the water in early May and then transplanting clams to field
plots in mid-July.
Overall, this particular portion of the project generated the most positive attention to the
project than any other aspect. The upweller was visible on the waterfront, easily accessible to
clammers and the general public, and created a lot of good publicity for the project by the print
and radio media.
A handout was created to give to the general public that encompassed all six aspects of the
project (see Appendix III).

Figure 42. Clams from the upweller on 19 July 2014. Mean SL = 13.4 ± 0.61 mm (n = 29). This
represents a mean growth of ca. 11 mm in 39 days.

Figure 43. Clams from the upweller on 25 September 2014. Most clams had attained shell
lengths > 20 mm; however, fouling organisms (tunicates – both colonial and solitary; mussels;
and hydroids) attached to the shells making cleaning difficult and time-consuming. Most of the
clams in the upweller were transplanted to the field shortly after this photo was taken.
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APPENDIX I (Army Corps Permit Application)

xE

Attachment A
GPS Coordinates
The proposed area of study is approximately 340,660 square feet (7.82 acres). The proposed
study area is located at Staples Cove, Freeport, Maine.
The GPS Coordinates form a square within the cove.
NW Corner: 43o 48.554’N; 70o 06.841’W
SW Corner: 43o 48.458’N; 70o 06.841’W
NE Corner: 43o 48.554’N; 70o 06.750’W
SW Corner: 43o 48.458’N; 70o 06.750’W

The horizontal and vertical distances between corners is approximately 583.6 feet.

Attachment B
Staples Cove
A series of fourteen 30-ft x 30-ft fenced plots will be installed in the intertidal sediments at
Staples Cove.
Plots will be square, and comprised on each side of three 10-ft sections (see Attachment C).
Fences will be constructed of wood, and ¼-inch plastic, extruded netting (VEXAR) (see:
http://www.industrialnetting.com/plastic_extruded.htm#search Product: XV 1170-48)
An additional fourteen 30-ft x 30-ft unfenced (control) plots will be marked off so that there are
a total of twenty-eight
Arrangement of the fenced plots within the 7.82 acres will be using a completely randomized
design in a 4 x 7 matrix, with 100-ft between adjacent rows and 50-ft between columns. Benthic
cores will be taken within each fenced and control plot early in the spring 2014 at the time of
installation, and again in November 2014. Number of juvenile soft-shell clams per core will be
counted to determine if fenced plots provide better habitat than the control sites.
Schematic of the relative position of fenced and control plots within the 7.8 acre plot. Distance
from the first to last plot within a row (A-G) is approximately 500 feet. Distance from the first
plot in column A to the last plot in column A is approximately 500 feet.

Attachment D
Who is responsible for the active maintenance and survey of the fenced areas?
Dr. Brian Beal, University of Maine at Machias, 116 O’Brien Avenue, Machias, ME 04654
How often will a designated individual(s) be frequenting the site?
At least once a week
Who will be those individuals?
Those individuals will be Dr. Brian Beal (not weekly); Mr. Chad Coffin (President, Maine
Clammer’s Association), Mr. Clint Goodenow, Ms. Sara Randall, and others to be identified
once the permit has been granted.
What is the protocol for maintenance?
Upon weekly (or sometimes sooner than a week) inspections of the fenced plots, the protocol
will be to repair/replace any part/section of fence and/or netting as required. This includes adding
VEXAR mesh to the bottommost portion of the fenced plot should erosion be an issue. Sections
of the fenced plots will be inspected and should there be a need to re-position a section by
pushing/pounding it further into the sediments, that will be done as well.
How will species that are not intended to be trapped in the fenced plots be released?
Reported?
We will monitor the project area and fenced areas at Staples Cove and will notify the Corps
(USACE), National Marine Fisheries Service (NMFS), and the Maine Department of Marine
Resources (ME DMR) immediately in the event an Atlantic sturgeon (Acipenser oxyrhincus
oxyrhinus) or Shortnose sturgeon (Acipenser brevirostrum) becomes entangled or stranded
within the confines of the project area. We will contact LeeAnn Neal at the Corps (207-6238367, ext. 2), Max Tritt at NMFS (207-866-3756), and Gail Wipplehauser at ME DMR (207624-6349). We will follow guidelines for release of animals not intended to be trapped that are
provided to us by the parties listed above.
Will you be compiling weekly reports?
If requested, yes.
What is the tidal range in the area?
The greatest tidal amplitude in this area is 12 feet.

Complete drain at low tide?
The area at Staples Cove where we are requesting a permit to work drains completely on any low
tide. That is, fenced plots will be placed within the intertidal zone.
How will the area and the plots be marked?
The area and fenced plots will be marked in accordance with US Coast Guard Regulations. We
will contact 1st Coast Guard District, Aids to Navigation Office (Attn: Stephen Pothier) at 617223-8347 to ensure that marking meets all official requirements.
What are the Past and current uses of the area, and what are the future uses of the area?
Staples Cove used to be a commercially harvested clam flat. Currently, it has become nonproductive so that it is no longer used for commercial clamming. It is the goal of this project to
investigate methods that would encourage wild clams to settle and survive so that the flat will
become a viable, commercial producer of soft-shell clams.
If all permits are obtained, when would the installation occur?
24-27 April 2014
Who will install?
Dr. Brian Beal, Mr. Chad Coffin, Mr. Clint Goodenow, Ms. Sara Randall, and others who are
hired to assist us.
How long will it take to install? (days?) Phased?
It will take 2-4 days (tides) to install.
When will the structures be removed, and how long will it take to remove the structures?
The structures will be removed sometime after 15-16 November and before 31 December 2014.
It will take 2-4 days (tides) to remove the structures.
Beyond that associated with driving the posts into the substrate, will any soil disturbance
occur? And, is any trenching necessary?
No disturbance to marine sediments will occur other than the immediate area where posts are
driven. No trenching will be necessary.

Attachment E
This is a section of Freeport Tax Map No. 25 that was obtained from
http://www.freeportmaine.com/page.php?page_id=147&title=Maps that shows Staples Cove and
the adjacent properties.

APPENDIX II (Army Corps Permit)

APPENDIX III (Handout for General Public)

Freeport SoftShell Clam
Experiment
Study 5: Clam
Enhancement Using
Cultured Seed
Hatchery-reared soft-shell
clam juveniles (one-half inch
in shell length) have been
planted at Collin’s Cove and
Wolfe’s Neck in the
Harraseeket River and
protected using flexible plastic
netting with 1/6th aperture.
Forty 14-ft x 22-ft plots occur
at each location. One-half of
the plots were seeded at 15
clams per square foot while
the other half were seeded at
30 clams per square foot.
Predator exclusion netting is
being used to deter green
crabs and other predators
from feeding on the clams.

Study #6:
Growing Cultured
Clams to
Transplantable Sizes
Using an Upweller
Clammers and volunteers will
be operating a floating bivalve
upweller located at the
Harraseeket Lunch and
Lobster in South Freeport
through the summer and fall
of 2014. The upweller is
designed to grow up to 1
million seed clams (initially
1/10th of an inch) to
transplantable sizes (ca. ½inch). Clams will be
overwintered and seeded into
protected plots in Freeport in
2015.

Downeast Institute for
Applied Marine Research &
Education
P.O. Box 83
Beals, ME 04611
www.downeastinstitute.org

Throughout 2014 and 2015,
an historic, large-scale study
is taking place in Freeport
town waters to examine the
effectiveness of different
methods designed to protect
shellfish from green crabs and
other predators, and how to
restore soft-shell clam
populations.
The study is being conducted
by Stewards of the Sea LLC,
the University of Maine at
Machias, and the non-profit
Downeast Institute for
Applied Marine Research &
Education. It is funded
through the University of
Maine System, Sea Pact, and
the Saltonstall-Kennedy
program of NOAA/NMFS.



Study #2
Green Crab Trapping

Study #1
Green Crab Predator
Exclusion Fencing
This experiment in Staples Cove
tests the ability of specially
constructed fencing to deter
predation by green crabs on wild
and cultured soft-shell clams.
Fourteen 30-ft. x 30-ft. fences (18
inches tall with ¼-inch mesh) and
comparably-sized control plots
(without fences) are arrayed near
the middle of the cove. Samples
taken in early November within
each of the 28 plots will help us
determine the efficacy of fencing.

Trapping is being conducted in the
upper and lower Harraseeket River
from May to October in both 2014 &
2015 to gauge if it is possible to
reduce crab populations locally.
This study also measures important
aspects of spatial and temporal
trends in crab abundance, sizefrequency, sex ratio, percentage of
egg-bearing females, and diet.

Study 3: Adult Clams
Used to Enhance Wild
Clam Recruitment
A field experiment at Spar Cove and
Recompence Flat is examining the
combined effects of the presence of
adult clams and predator deterrent
netting on numbers of wild clam spat.
The experiment is designed to
determine if wild clam spat settle and
recruit to the flats in a gregarious
fashion.

Study #4: Sediment
Buffering for Coastal
Acidification
This study in Staples Cove tests
whether crushed and weathered
clam shells can buffer acidic
sediments enough to allow softshell clam spat (early juveniles) to
settle and grow without their shells
dissolving due to low pH
conditions. This is important
because ocean and coastal
acidification is an increasing
concern worldwide as more carbon
dioxide is released into the
atmosphere, and more nutrient runoff occurs from the land.

