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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 2014 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 (May to October 2014).

This portion of the project was presented and discussed in the First Progress Report.

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;

This portion of the project was presented in the First Progress Report; however, due to the
amount of data collected, the analyses are yet to be completed, so will be presented in the next
Progress Report.
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 initial pH measurements appear in Table 1 and Fig. 1.
Table 1. Mean pH (± 95% CI) from five intertidal sites in Freeport, ME (6-8 May 2014). ANOVA
on mean pH indicated a significant effect due to site (P < 0.01). 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 1).
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. 2). Pieces of flexible netting (2.3 m x 2.3 m) were used to cover
one-half of the plots (Fig. 3). 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 1. 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. 4). 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. 5). In
addition, five large benthic cores (A = 0.01824 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.

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

Figure 3. Crushed shell (13 lbs) and protective netting in 2m x 2m plot at Staples Cove on 18
May 2014.
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Figure 4. 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 5. 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 6). 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 6. 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.
Results of the Large-scale sediment buffering experiment
No significant difference was detected among treatments for recruits of Mya arenaria (Table 2;
Fig. 7).
Table 2. ANOVA results for large-scale sediment-buffering experiment at Staples Cove for
recruits of Mya arenaria (n = 5).
Source of Variation
df
SS
MS
F
Pr>F
Netting
1
0.66667
0.66667
2.38
0.1359
Shell
2
0.01333
0.00667
0.02
0.9765
Netting x Shell
2
0.33333
0.16667
0.60
0.5594
Plot (Netting x Shell)
24
6.72000
0.28000
2.47
0.0007
Error
120 13.60000
0.11333
Total
149 21.33333

Mean number per m 2 (+ 95% CI)

40

30

No Shells
Shells (13 lbs)
Shells (26 lbs)

20

10

0

No Netting

Netting

Figure 7. Results from the large-scale sediment buffering experiment at Staples Cove (18 May –
4 November 2014) for recruits of Mya arenaria. No significant differences were detected
between the treatments (see Table 2). (n = 5)
For recruits of Mercenaria mercenaria, significant differences were observed between
treatments, but these differences were associated only with plots that were protected with
netting (Table 3; Fig. 8). For example, nearly 40x more hard clam recruits were observed in
plots covered with netting (31.1 ± 13.9 ind. m-2, n = 15) compared to those without nets (0.7 ±
1.6 ind. m-2, n = 15).
Table 3. ANOVA results for large-scale sediment-buffering experiment at Staples Cove for
recruits of Mercenaria mercenaria (n = 5).
Source of Variation
df
SS
MS
F
Pr>F
Netting
1
11.7600
11.7600
23.68
<0.0001
Shell
2
1.4533
0.7267
1.46
0.2514
Netting x Shell
2
1.9600
0.9800
1.97
0.1609
Plot (Netting x Shell)
24
11.9200
0.4967
1.42
0.1122
Error
120
42.0000
0.3500
Total
149
69.0933

Mean number per m 2 (+ 95% CI)

80

60

No Shells
Shells (13 lbs)
Shells (26 lbs)

40

20

0

No Netting

Netting

Figure 8. Results from the large-scale sediment buffering experiment at Staples Cove (18 May –
4 November 2014) for recruits of Mercenaria mercenaria. Significant differences were detected
only between the netted vs. unnetted treatments (see Table 3). (n = 5)
Number of recruits of Mya was independent of treatment (P = 0.180), but this was not the
same for Mercenaria (P < 0.001) where nearly 98% of animals were sampled from netted plots
(Fig. 9).
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Figure 9. Number of individuals of Mya arenaria and Mercenaria mercenaria recruits sampled
in large-scale study plots across the sediment buffering treatments in November 2014.

Results of the Small-scale sediment buffering experiment
The small-scale study demonstrated that for recruits of Mya arenaria the only significant effect
due to the treatments was for the netted vs. unnetted experimental units (Table 4; Fig. 10).
More than twice as many soft-shell clam recruits settled into units that were netted (70.6 ±
27.7 ind. m-2, n = 40) as opposed to units that had no predator exclusion netting (31.2 ± 13.5
ind. m-2, n = 40; Fig. 11).
Hard clam densities per unit were not influenced significantly by the treatments (P = 0.4820),
and none of the orthogonal contrasts (including the netted vs. unnetted source of variation – P
= 0.2160) were statistically significant (Table 5).

Lastly, size-frequency distributions for Mya and Mercenaria are presented in Fig. 12 for
individuals from both the large-scale and small-scale buffering experiment. For both species,
there was no significant difference in sizes between the large- and small-scale studies. Mean
shell length of Mya was 5.7 ± 0.85 mm (n = 82) and 4.1 ± 0.27 mm (n = 61) for Mercenaria.

Table 4. ANOVA results for the small-scale sediment-buffering experiment at Staples Cove for
recruits of Mya arenaria. A series of single degree-of-freedom, orthogonal contrasts are shown
below the Treatment Source of Variation. (n = 10).
Source of Variation
df
SS
MS
F
Pr>F
Treatment
7
518.702 11.7600
1.82
0.0956
(Net vs. No Net)
1
272.813 272.813
6.72
0.0116
(Open: Shell vs. No Shell)
1
62.499
62.499
1.54
0.2189
(Net: Shell vs. No Shell)
1
86.504
86.504
2.13
0.1488
(Open: Control vs. Granite|Marble)
1
10.813
10.813
0.27
0.6075
(Open: Granite vs. Marble)
1
11.678
11.678
0.29
0.5935
(Net: Control vs. Granite|Marble)
1
73.096
73.096
1.80
0.1840
(Net: Granite vs. Marble)
1
1.298
1.298
0.02
0.8587
Error
72 2924.713
40.62
Total
79 3443.415
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Figure 10. Results from the small-scale sediment buffering experiment at Staples Cove (18 May
– 4 November 2014) for recruits of Mya arenaria. Significant differences were detected only
between the netted vs. unnetted treatments (see Table 4). (n = 10)
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Figure 11. Results from the small-scale sediment buffering experiment at Staples Cove (18 May
– 4 November 2014) for recruits of Mya arenaria. Significant differences were detected only
between the netted vs. unnetted treatments (see Table 4). (n = 40)

Table 5. ANOVA results for the small-scale sediment-buffering experiment at Staples Cove for
recruits of Mercenaria mercenaria. A series of single degree-of-freedom, orthogonal contrasts
are shown below the Treatment Source of Variation. (n = 10).
Source of Variation
df
SS
MS
F
Pr>F
Treatment
7
33.412
11.7600
0.94
0.4820
(Net vs. No Net)
1
8.109
8.109
6.72
0.2106
(Open: Shell vs. No Shell)
1
0.216
0.216
1.54
0.8372
(Net: Shell vs. No Shell)
1
0.865
0.865
2.13
0.6811
(Open: Control vs. Granite|Marble)
1
6.920
6.920
0.27
0.2471
(Open: Granite vs. Marble)
1
5.190
5.190
0.29
0.3156
(Net: Control vs. Granite|Marble)
1
0.433
0.433
1.80
0.7713
(Net: Granite vs. Marble)
1
11.678
11.678
0.02
0.1339
Error
72 365.913
5.082
Total
79 399.326
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Figure 12. Size-frequency distribution of Mya and Mercenaria from both large- and small-scale
sediment buffering studies. (3 November 2014)

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. 13) 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 (161-323 ind. m-2) within each plot. Nets were deployed in blocks of four
nets (2 replicates of each planting density per block; Fig. 14) 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
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 =
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 large core samples were taken from three nets (at random) on 12 July 2014 at both sites
(Fig. 15). 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
from the size of the clam when sampled (Beal et al., 1999; Fig. 16). Many of the core samples
from Wolf Neck contained hundreds of wild, 0-year class individuals (Figs. 17-19). All of these
“recruits” were counted, and 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. Results presented here come from the large core samples. Results from
the smaller core samples have yet to be analyzed and will be presented in the next Progress
Report.

Figure 13. 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.

Figure 14. A block of four nets at Collins Cove, South Freeport, Maine on 12 July 2014.

Large core sample results
Collins Cove
Mean number of live cultured clams was extremely low overall (22.6 ± 12.2 ind. m-2) and
depended upon stocking density (Table 6). Compared to initial planting densities (161 or 323
ind. m-2), estimated survival rates in the lower density plots was 1.67% (mean number per core
= 2.7 ± 3.9 ind. m-2, n = 40) and 13.2% in the higher density plots (mean number per core = 42.5
± 23.0 ind. m-2, n = 40). The presence of a crab trap adjacent to netted plots did not have a
significant effect on number of cultured clams (P = 0.4137; Table 6). Blocks of plots adjacent to
crab traps yielded an average of 27.4 ± 21.0 ind. m-2 (n = 40) vs. 17.8 ± 13.4 ind. m-2 (n = 40) for
plots without crab traps (Fig. 20). In addition to live clams, dead clams also were discovered in
the benthic cores. The distribution of animals that were found dead, with undamaged valves
compared with the distribution of animals that were seeded (Fig. 21) indicated that ca. 55% had
added shell prior to death. Clams that increase in shell length and then perish without signs of
shell damage are likely to have been preyed upon by the nemertean, Cerebratulus lacteus. In

addition, a number of clams were recovered dead with damaged valves typical of crustacean
(e.g., Carcinus maenas, Cancer irroratus; Fig. 22).

Figure 15. 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.

Although few clams survived in the protected plots, those that did grew relatively fast
compared to previous field trials in eastern Maine (see Beal et al., 2001; Beal, 2006). For
example, approximately 40% of the 33 live, cultured clams sampled in the 80 cores attained
commercial size (> 50.8 mm SL; Fig. 23). In addition, none of the sources of variation (see Table
6) were significant for the variable mean SL.
Wild clam recruits were observed in 17 of the 80 cores (ca. 21%) taken at Collins Cove in November 2014. Mean density of wild recruits was 48.7 ± 12.7 ind. m-2 (n = 80), and no sources of
variation were significant for mean recruit density. The density of wild recruits in November
was not significantly different than initial wild recruit density taken in April (33.3 ind. m-2).

Table 6. Analysis of variance on the mean number of cultured soft-shell clams per core within
seeded plots at Collins Cove, Freeport, Maine on 8 November 2014. Clams were seeded at each
of two densities (161 or 323 ind. m-2) in two replicate 28.6 m2 netted (4.2 mm aperture) plots in
five blocks adjacent to a crab trap and five blocks away from a crab trap. (n = 2 cores per plot)
Source of Variation
df
SS
MS
F
Pr>F
Block
4
5108.92
1277.23
0.35
0.8406
Trap
1
1840.71
1840.71
0.83
0.4137
Block x Trap
4
8865.48
2216.37
1.54
0.6614
Density
1 31592.67 31592.67 52.56
0.0019
Block x Density
4
2404.19
601.05
0.16
0.9537
Trap x Density
1
1840.71
1840.71
1.00
0.3739
Block x Trap x Density
4
7362.86
1840.71
0.51
0.7324
Plot (Block Trap Density)
20 72877.27
3643.86
1.37
0.1964
Error
40 106686.32 2667.16
Total
79 238579.16

Wolfe Neck
Cultured clam survival was not significantly different than 100% for both stocking densities (Fig.
24). Mean percent survival in plots stocked initially at 161 m-2 was 96.7 ± 37.5% (n = 40)
compared to 107.8 ± 20.8% (n = 40) in plots initially stocked at twice that density. That is, mean
number of cultured clams in the low density plots was 156.3 ± 60.6 ind. m -2 and 348.1 ± 67.2
ind. m-2 in the high density plots (n = 40 in both instances). Only initial stocking density had a
significant effect on mean density of clams at the end of the study (10 November 2014; Table
7).
Some dead clams with undamaged valves (Fig. 25) and chipped/crushed valves (Fig. 26) were
found in the benthic cores. For those with undamaged valves, approximately 97% were larger
than the 20 mm SL (the largest size of the seed planted in April). This distribution is similar to
that at Collins Cove and suggests that mortality agents that collectively kill clams without
damage to the valves do so once they have obtained a given size. On the other hand, the
distribution of clams with dead with crushed or chipped shells (Fig. 26) indicates that
approximately 40% of the clams were preyed on by crustacean predators soon after planting.
Cultured clams were found in 70 of the 80 (87.5%) benthic cores taken on 10 November 2014.
No significant effects of stocking density or presence of predator traps occurred with respect to
mean final length (Table 8) or mean absolute growth (Final length – Initial length).
Approximately 26% of cultured clams sampled in the cores attained final lengths that were
greater than 50.8 mm (legal size in Maine; Fig. 27).

Figure 16. 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 17. 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. 18-19).
Wild juveniles of the soft-shell clam were extremely abundant in many of the benthic cores.
For example, four of the 80 cores contained > 1,000 animals. Overall, densities of wild recruits
per core ranged from 0 to 1,102, but none of the sources of variation associated with this
variable were statistically significant (Table 9; Fig. 28). The mean number of wild recruits per
square meter was 14830.0 ± 3597.3 (n = 80). If this estimate is extrapolated to the size of the
seeded plots (22.3 m2), then the mean number of wild recruits per plot would be 330709.98 ±
80220.77. That is, for every 3.02 plots, approximately 1 million wild seed clams occurred. The
size-frequency of these clams (Fig. 29) showed that approximately 75% were < 12 mm SL. Work
occurring in 2015 is designed to examine If this settlement event is predictable and consistent
from year-to-year.

Figure 18. 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 19. 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.
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Figure 20. Interactive effects of stocking density and presence of crab traps on mean number of
live clams at Collins Cove (18 April to 8 November 2014). While trapping had no significant
effect on number of live clams (P = 0.4137, Table 6), approximately 15x more clams occurred in
the higher density plots than in the lower density plots. (n = 20)
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Figure 21. Initial (purple) size-frequency distribution of cultured clams at Collins Cove vs. the
distribution of sizes of clams found in core samples with dead, undamaged valves.
Approximately 55% of individuals were > 20 mm SL, indicating that those animals likely added
shell prior to death.
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Figure 22. Initial size-frequency distribution of soft-shell clams planted at Collins Cove (18 April
2014) and the distribution of clams that were sampled from cores and crushed or chipped
(typical of crustacean predation). Approximately 30% of crushed/chipped clams were > 20 mm
SL.
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Figure 23. Size-frequency distribution of live, cultured clams at Collins Cove (8 November 2014)
compared to the initial size-frequency distribution on 18 April 2014. Approximately 40% of the
animals attained a commercial size of 50.8 mm SL.
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Figure 24. Mean percent survival of cultured soft-shell clams at Wolfe Neck (Freeport, Maine)
during the period between 17 April and 10 November 2014. Mean survival was not significantly
different from 100% for both stocking densities.

Table 7. Analysis of variance on the mean number of cultured soft-shell clams per core within
seeded plots at Wolfe Neck, Freeport, Maine on 10 November 2014. Clams were seeded at
each of two densities (161 or 323 ind. m-2) in two replicate 28.6 m2 netted (4.2 mm aperture)
plots in five blocks adjacent to a crab trap and five blocks away from a crab trap. (n = 2 cores
per plot)
Source of Variation
df
SS
MS
F
Pr>F
Block
4
56.700
14.175
1.12
0.3757
Trap
1
5.000
5.000
0.20
0.6775
Block x Trap
4
99.750
24.938
1.97
0.1385
Density
1 245.000
245.000
11.99
0.0258
Block x Density
4
81.750
20.438
1.61
0.2101
Trap x Density
1
28.800
28.800
2.83
0.1678
Block x Trap x Density
4
40.700
10.175
0.80
0.5377
Plot (Block Trap Density)
20 253.500
12.675
1.07
0.4102
Error
40 472.000
11.800
Total
79 1283.200
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Figure 25. Initial size-frequency distribution of cultured soft-shell clams on 17 April 2014 at Wolfe Neck,
Freeport, Maine compared to the distribution of cultured clams that were recovered dead in benthic
cores with undamaged valves. The distribution indicates that most of the clams that were recovered in
this state had grown prior to the mortality event.
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Figure 26. Initial size-frequency distribution of soft-shell clams planted at Wolfe Neck, Freeport, Maine
(17 April 2014) and the frequency distribution of the same cohort that were found dead with crushed or
chipped valves that were sampled in benthic cores at the same site on 10 November 2014.

Table 8. Analysis of variance on the mean final shell length of cultured soft-shell clams per core
within seeded plots at Wolfe Neck, Freeport, Maine on 10 November 2014. Clams were seeded
at each of two densities (161 or 323 ind. m-2) in two replicate 28.6 m2 netted (4.2 mm aperture)
plots in five blocks adjacent to a crab trap and five blocks away from a crab trap. Similar results
were obtained for absolute growth. (n = 2 cores per plot)
Source of Variation
df
SS
MS
F
Pr>F
Block
4
149.87
37.47
3.17
0.0375
Trap
1
16.41
16.41
3.08
0.1540
Block x Trap
4
21.29
5.32
0.45
0.7712
Density
1
0.79
0.79
0.05
0.8288
Block x Density
4
59.46
14.86
1.26
0.3214
Trap x Density
1
14.52
14.52
1.77
0.2547
Block x Trap x Density
4
32.89
8.22
0.69
0.6048
Plot (Block Trap Density)
19
224.82
11.83
0.86
0.6257
Error
31
425.37
13.72
Total
69
910.69
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Figure 27. Initial (17 April 2014) and final (10 November 2014) size-frequency distribution of cultured
soft-shell clams from Wolfe Neck, Freeport, Maine. Approximately 26% of the clams attained legal shell
lengths of > 50.8 mm.
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Table 9. Analysis of variance on the mean number of wild, juvenile soft-shell clams per core
within seeded plots at Wolfe Neck, Freeport, Maine on 10 November 2014. Cultured clams
were seeded at each of two densities (161 or 323 ind. m-2) in two replicate 28.6 m2 netted (4.2
mm aperture) plots in five blocks adjacent to a crab trap and five blocks away from a crab trap.
(n = 2 cores per plot)
Source of Variation
df
SS
MS
F
Pr>F
Block
4 527357.38
131839.34
1.35
0.2874
Trap
1
572.45
572.45
0.01
0.9453
Block x Trap
4 429956.43
107489.11
1.10
0.3846
Density
1 516811.25
516811.25
5.09
0.0870
Block x Density
4 405814.38
101453.59
1.04
0.4130
Trap x Density
1
4089.80
4089.80
0.02
0.8836
Block x Trap x Density
4 672445.83
168111.46
1.72
0.1856
Plot (Block Trap Density)
20 1957632.50
97881.63
1.66
0.0842
Error
40 2353284.00
58832.10
Total
79 6867964.00
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Figure 28. Mean number of wild soft-shell clam juveniles (+ 95% CI) in benthic core samples at
Wolfe Neck, Freeport, Maine on 10 November 2014 (n = 20). No source of variation was found
to be statistically significant (Table 9). Mean number of wild clams m-2 = 14830.04 ± 3597.3 (n =
80)
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Figure 29. Size-frequency distribution of wild soft-shell clam juveniles at Wolfe Neck, Freeport,
Maine on 10 November 2014. Approximately 75% of individuals were < 12 mm SL.

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. 30) 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. 31). Treatments were assigned randomly to positions within a 6 x 5 matrix (plots = 10-ft x

Figure 30. 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”).
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 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 = 0.0081 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.
Spar Cove – Large benthic cores (A = 0.01824 m2)
Survival of adult clams initially planted in the plots was low (ca. 35%) in both protected and
unprotected plots. No shell damage was apparent in these animals, and milky ribbon worms,
Cerebratulus lacteus, were common in the cores. It is inferred that many of the adult clams
were preyed upon by the worms.

Mya arenaria recruits
None of the four sources of variation associated with mean number of Mya recruits was
statistically significant (Table 10); however, approximately 33x more small recruits were
sampled in plots that were netted vs. those without netting (2373.2 ± 2399.3 ind. m2 vs. 70.7 ±
77.1 ind. m2, n = 15). High spatial variability in mean number of Mya recruits from plot-to-plot
within a given treatment resulted in the lack of a statistically significant result for the netting
source of variation (Table 10; Fig.32). Size-frequencies of Mya recruits (Fig. 33)

Table 10. Analysis of variance on the mean number of wild, juvenile soft-shell clams sampled in
large benthic core within plots at Spar Cove, Freeport, Maine on 4 November 2014. Commercial size adult clams were added to 9.3 m2 plots at a density of 0, 1, or 2 bushels (1 bu = 22.7
kg), then one-half of the plots were covered with a flexible, plastic netting (4.2 mm aperture) to
deter predators. Two large core samples (0.01824 m2) were taken in each of the 30 plots.
Source of Variation
df
SS
MS
F
Pr>F
Adult Clams
2
6041.033
3020.517
0.44
0.6501
Predator Netting
1 26924.017
26924.017
3.91
0.0596
Clams x Netting
2
6769.233
3384.617
0.49
0.6178
Plot (Clams Netting)
24 165320.200
6888.342
9.89
<0.0001
Error
30 20904.500
696.817
Total
59 225958.983
Mercenaria mercenaria recruits
Hard clams, Mercenaria mercenaria, also recruited in relatively high numbers into the
experimental plots and were sampled during November 2014. Approximately 20x more hard
clams were sampled from plots that were netted than not netted (170.3 ± 63.7 ind. m -2 vs. 7.2 ±
6.9 ind. m-2, n = 15), and this was statistically significant (Table 11; Fig. 34). Size-frequency
Table 11. Analysis of variance on the mean number of wild, juvenile hard clams sampled in the
large benthic core within plots at Spar Cove, Freeport, Maine on 4 November 2014. Commercial size adult clams were added to 9.3 m2 plots at a density of 0, 1, or 2 bushels (1 bu = 22.7 kg),
then one-half of the plots were covered with a flexible, plastic netting (4.2 mm aperture) to
deter predators. Two large core samples (0.01824 m2) were taken in each of the 30 plots.
Source of Variation
df
SS
MS
F
Pr>F
Adult Clams
2
0.545
0.273
0.05
0.9524
Predator Netting
1 130.116
130.116
23.36
<0.0001
Clams x Netting
2
0.375
0.187
0.03
0.9670
Plot (Clams Netting)
24 133.704
5.571
2.18
0.0221
Error
30
76.667
2.556
Total
59 337.933

distribution of hard clam recruits indicated that all animals were less than 10 mm SL (Fig. 35).

Figure 31. 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).
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Figure 32. Mean number of wild juveniles of the soft-shell clam, Mya arenaria, in the large
benthic core samples from Spar Cove (4 November 2014). (n = 5)
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Figure 33. Size-frequency distribution of juveniles of Mya arenaria in the 30 plots in Spar Cove
sampled from the large benthic cores (4 November 2014). No significant differences in mean
shell length were detected across the two fixed factors (adult clams and predator exclusion
netting). Approximately 90% of the clams in this distribution were sampled from netted plots.
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Figure 34. Mean number of wild juveniles of the hard clam, Mercenaria mercenaria, in the
large benthic core samples from Spar Cove (4 November 2014). (n = 5)
Spar Cove – Small benthic cores (A = 0.0081 m2)
The small cores were designed to provide greater resolution (more statistical power) of the
main and interactive factors in the experiment. Five cores were taken from each of the thirty
plots (N= 150).
Mya arenaria recruits
As with the large core samples, the presence of adult clams was not an important factor
affecting numbers of Mya recruits (Table 12). Mean number of clams was approximately 40x
greater in netted (3780.3 ± 3504.5 ind. m-2, n = 15) vs. control plots (90.5 ± 62.6 ind. m-2, n =
15), and this difference in means was statistically significant (P = 0.0462; Table 12). The sizefrequency distribution was similar to that found in the large benthic cores (see Fig. 33).

Figure 35. Size-frequency distribution of individuals of Mercenaria mercenaria sampled on 4
November 2014 at Spar Cove, Freeport, Maine in the large benthic cores. No significant
differences in mean shell length were detected across the two fixed factors (adult clams and
predator exclusion).

Table 12. Analysis of variance on the mean number of wild, juvenile soft-shell clams in small
benthic core within plots at Spar Cove, Freeport, Maine on 4 November 2014. Commercial size
adult clams were added to 9.3 m2 plots at a density of 0, 1, or 2 bushels (1 bu = 22.7 kg), then
one-half of the plots were covered with a flexible, plastic netting (4.2 mm aperture) to deter
predators. Five small core samples (0.0081 m2) were taken in each of the 30 plots.
Source of Variation
df
SS
MS
F
Pr>F
Adult Clams
2
961.843
480.922
0.06
0.9387
Predator Netting
1
33495.482 33495.482
4.42
0.0462
Clams x Netting
2
1070.903
535.452
0.07
0.9320
Plot (Clams Netting)
24 181941.240
7580.885
7.59
<0.0001
Error
120 119836.600
998.638
Total
149 337306.068

Mercenaria mercenaria recruits
Results similar to those observed from the large core samples were observed from the small
benthic core samples. That is, the predator netting explained the highest percentage of
variation in mean number of hard clam recruits per sample (ca. 35%; Table 13). Hard clam
densities in netted plots (287.2 ± 101.7 ind. m-2, n = 15) was over 55x that in control plots (4.9 ±
5.7 ind. m-2, n = 15).
Table 13. Analysis of variance on the mean number of wild, juvenile hard clams in small benthic
core within plots at Spar Cove, Freeport, Maine on 4 November 2014. Commercial size adult
clams were added to 9.3 m2 plots at a density of 0, 1, or 2 bushels (1 bu = 22.7 kg), then onehalf of the plots were covered with a flexible, plastic netting (4.2 mm aperture) to deter
predators. Five small core samples (0.0081 m2) were taken in each of the 30 plots.
Source of Variation
df
SS
MS
F
Pr>F
Adult Clams
2
0.543
0.272
0.04
0.9587
Predator Netting
1
196.082
196.082
30.50
<0.0001
Clams x Netting
2
0.583
0.292
0.05
0.9557
Plot (Clams Netting)
24
154.300
6.429
3.59
<0.0001
Error
120
215.200
1.793
Total
149
566.708

Recompence Flat – Large benthic cores (A = 0.01824 m2)
Adult clam survival at Recompence Flat was approximately 20% from early April to 5 November
2014. As was observed at Spar Cove, many of the adults that had died had no visible damage to
their valves. In addition, many nemertean ribbon worms, C. lacteus, were observed in the plots
and in the samples.
Mya arenaria recruits
None of the two main factors (presence of adults, predator netting) had an effect on number of
recruits of soft-shell clams (Table 14). Although there was an apparent increase in clam
densities in protected vs. control plots (239.1 ± 451.5 vs. 12.1 ± 12.4 ind. m-2, n = 15), the
variability around each mean was so large that the difference between the means was not
statistically significant. The presence of adult clams did not result in an enhancement of wild
recruits, but this may have been a result of the poor survival of the adult clams. Size-frequency
distribution of the recruits (Fig. 36) is similar to that observed at Spar Cove (Fig. 33) with the
majority less than 6 mm.

Table 14. Analysis of variance on the mean number of wild, juvenile soft-shell clams in large
benthic core within plots at Recompence Flat in Freeport, Maine on 4 November 2014. Commercial size adult clams were added to 9.3 m2 plots at a density of 0, 1, or 2 bushels (1 bu = 22.7
kg), then one-half of the plots were covered with a flexible, plastic netting (4.2 mm aperture) to
deter predators. Two core samples (0.01824 m2) were taken in each of the 30 plots.
Source of Variation
df
SS
MS
F
Pr>F
Adult Clams
2
577.915
288.957
1.33
0.9587
Predator Netting
1
261.807
261.807
1.21
<0.0001
Clams x Netting
2
532.181
266.091
1.23
0.9557
Plot (Clams Netting)
24 5195.844
216.494
2.42
0.0115
Error
120 2688.222
89.607
Total
149 9255.970
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Figure 36. Size-frequency distribution of juveniles of Mya arenaria from large benthic core
samples taken at Recompence Flat, Freeport, Maine on 4 November 2014. No significant
differences in mean shell length were detected across the two fixed factors (adult clams and
predator exclusion netting).

Mercenaria mercenaria recruits
Recruits of Mercenaria mercenaria averaged 50.1 ± 23.9 ind. m-2 (n = 30), but the interactive
effects of the presence of adult clams and predator netting was statistically significant (Table
14), making interpretation of these factors difficult. For example, no live recruits were found in
benthic cores from plots without netting that were stocked with zero or one bushel of adult
clams; however, 38.0 ± 30.2 and 135.9 ± 86.1 ind. m-2 (n = 5) were sampled from cores
associated with netted plots stocked with the same adult clam treatments, respectively. On the
other hand, 18.1 ± 34.7 ind. m-2 (n = 5) were sampled from unnetted plots stocked with 2
bushels of adult clams vs. 108.7 ± 58.3 ind. m-2 (n = 5) in the netted plots with the same number
of adult clams. The ANOVA table suggests that the more important factor in understanding this
scenario is predator netting given the percent of variation in mean numbers explained by this
source (31.6%; Table 14). Size-frequency distribution of Mercenaria recruits (Fig. 37) indicated
that no individuals greater than 8 mm were found, and most were less than 5 mm. No
significant differences in mean shell were detected across the two fixed factors (adult clams
and predator exclusion).

Table 14. Analysis of variance on the mean number of wild, juvenile hard clams in large benthic
core within plots at Recompence Flat in Freeport, Maine on 4 November 2014. Commercial size
adult clams were added to 9.3 m2 plots at a density of 0, 1, or 2 bushels (1 bu = 22.7 kg), then
one-half of the plots were covered with a flexible, plastic netting (4.2 mm aperture) to deter
predators. Two core samples (0.01824 m2) were taken in each of the 30 plots.
Source of Variation
df
SS
MS
F
Pr>F
Adult Clams
2
9.893
4.946
5.23
0.0131
Predator Netting
1
39.474
39.474
41.71
<0.0001
Clams x Netting
2
8.114
4.057
4.29
0.0256
Plot (Clams Netting)
24
22.711
0.946
0.64
0.8696
Error
120
44.556
1.485
Total
149 124.748
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Figure 37. Size-frequency distribution of recruits of Mercenaria mercenaria sampled in large
benthic cores at Recompence Flat on 4 November 2014.

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. 38). 50,000 clams (Fig. 39) were added to each of twenty 55-gallon

Figure. 38. Bivalve nursery upweller, South Freeport, Maine. July 2014.

Figure 39. 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.
silos on 10 June 2014. Silos were initially cleaned on a weekly basis, but after mid-July, cleaning
occurred 3-4 times per week. Clams grew rapidly during the first two months (Fig. 40), and had
attained an average SL of nearly 20 mm by mid-September (Fig. 41). Fouling from solitary and
colonial tunicates, blue mussels, and hydroids made cleaning the clams difficult by that time.
Due to the success of this portion of the project, during the spring of 2015, we built and
deployed an additional upweller (Figs. 42-43), and seeded it with soft-shell clam juveniles in
mid-July 2015.
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.

Figure 40. 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.

2015 Activities
In 2015, the project grew from one that was composed entirely of projects generated by the PI
to projects generated by the PI and clammers.
To determine if the stark differences between Collins Cove and Wolfe Neck (see section IV) are
anything but a random chance occurrence, we have established ten study sites on both sides of
the Harraseeket River. Each site is approximately 200 m apart. At each site, we have placed
four nets (22.3m2, as in 2014) with two receiving soft-shell clam seed grown in the upweller
from 2014 and overwintered in Freeport using techniques outlined in Beal et al. (1995) at 15
individuals per square foot (161 ind. m-2) and two at 30 individuals per square foot (322 ind.
m-2; Fig. 41). Results from this portion of the 2015 studies will illuminate, perhaps, the nature
of the large spatial variation both in cultured clam survival and in wild clam recruitment from
one side of the Harraseeket River to the next.

Figure 41. 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.
Beginning in early April 2015, nets were deployed at each of the 20 stations along the
Harraseeket River (Figs. 44-47). In addition, at each station a series of six wooden boxes (1-ft x
2-ft x 3-inches deep (Fig. 48) were deployed in a 2 x 3 matrix. Each box was covered on both
the top and bottom with a piece of netting. Four boxes received Pet screening
(http://www.newegg.com/Product/Product.aspx?Item=9SIA5D52R50502&nm_mc=KNCGoogleMKP-PC&cm_mmc=KNC-GoogleMKP-PC-_-pla-_-Raw+Materials-_9SIA5D52R50502&gclid=CIf6q_nZ-MYCFQ2QHwod6ncGzA&gclsrc=aw.ds) while two received an
extruded, polyethylene mesh (6.4 mm aperture). Boxes were placed on top of the sediments in
April at the same time that nets were deployed. Approximately 1000 ml of play sand was
added to two of the boxes with Pet screening, while the other four received no extra sediment.
The idea is that the boxes will increase information about natural recruitment at each of the 20
stations. Each box will receive natural sediments during the period between April and
November 2015. In addition, wild recruits of soft-shell clams and hard clams likely will occur in

the boxes. The Pet screening has small enough apertures to keep out most large predators
such as crabs and milky ribbon worms while the other mesh will allow small individuals of these
predators access (Fig. 49).

Figure 42. The second upweller was built during the spring of 2015 and deployed at the South
Freeport dock adjacent to the upweller that was built and deployed in 2014 (See Fig. 38).
Another aspect of the project in 2015 has been the interest by clammers to examine other clam
growout scenarios. To this end, we have set out several experiments to examine effects of
stocking density and various types of predator deterrent netting on the growth and survival of
juvenile clams that were collected from plots at the Wolfe Neck site during 2014 (see section
IV), and overwintered successfully using techniques described in Beal et al. (1995). For the
overwintering, clams and sediments were scraped from the surface of some of the seeded plots
from the Wolfe Neck site and placed into onion bags. The bags were shaken in seawater to
remove the sediments leaving behind thousands of wild juvenile clams. These juveniles were
placed in 18-inch x 18-inch bags constructed of Pet screening (Fig. 50) at a density of ca. 10,000,
and then one bag was placed into a heavy-duty mesh (VEXAR) bag to protect it from green
crabs (Fig. 51). Next, a series of 5-6 bags of clams were added to a cage with shelves (Fig. 52)
and the cage was attached to a floating dock in South Freeport, Maine. Cages and bags of
clams remained submerged throughout the winter (December 2014 to April 2015). In April
2015, clams in all bags were assessed for survival and 98.2% were found to have survived (Fig.
53), which is consistent with results that are obtained annually at the Downeast Institute.

Figure 43. The 2014 upweller (rightmost) and the 2015 unit in South Freeport – July 2015.

Figure 44 Deploying predator exclusion netting near Collins Cove, South Freeport Maine in
April 2015.

Figure 45. Chad Coffin, President of the Maine Clammer’s Association spreading out predator
netting on a plot in South Freeport, Maine in April 2015.

Field experiments using overwintered wild juveniles of soft-shell clams were initiated at five
intertidal sites in Freeport in April 2014 (Fig. 54-55). Variables assessed in the experiments are:
stocking density, type of exclusion netting used on top and bottom of the boxes, and intertidal
location.
The sediment buffering experiment initiated in 2014 (see section III) was replicated at two
intertidal locations outside the Harraseeket River (Little River and Winslow Park) but within the
town limits of Freeport in late April 2015. The same experimental design that was used in 2014
(see First Progress Report and section III in this Progress Report) was used in 2015 (Figs. 56-57).
In addition to the large-scale experiments located at the two study sites in 2015, a small-scale
experiment (similar to that deployed in 2014) was initiated at the same time at both sites. This
portion of the study also is designed to examine the relative effects of predation vs. sediment
buffering on wild clam recruitment, but it includes two additional treatments that are not
included in the large-scale study. Those two treatments include the use of marble chips (hard
limestone) and small granite rocks. The two treatments are designed to examine potential
effects of spatial heterogeneity on clam recruitment in both buffered and non-buffered
experimental treatments (Fig. 58-59).

Figure 46. The periphery of each net is pushed into the soft sediments by walking on it, then
filling in the furrow with the surrounding sediments. This secures the net in place.

Figure 47. A secured net that is protecting seed clams (12-20 mm SL). The Styrofoam floats are
affixed to the underside of the net and act to lift the netting 8-10 inches (20-25 cm) off the
mudflat surface during tidal inundation so that the netting does not interfere with clam
feeding.

Finally, we are continuing to collect data on green crab population dynamics within the
Harraseeket River. We began the first week of May and will continue through October 2015.
Traps are deployed in pairs of five each (see section I of the First Progress Report) at five sites in
the Lower and Upper Harasseeket River. The traps are fished every four days and the bait is
rotated during each 4-day period from crushed soft-shell clams (used 100% in 2013 and 2014)
to herring (bait that is used by lobster fishers).

Figure 48. Wooden boxes (1-ft x 2-ft) either with Pet Screening on the top and bottom or
VEXAR – an extruded, heavy plastic with 6.4 mm apertures. Boxes are designed to increase
information about wild recruits of soft-shell clams.

Figure 49. Clam recruitment boxes that are deployed at 10 stations along both sides of the
Harraseeket River, Freeport, Maine. The box on the left is protected with Pet screening on both
the top and bottom while the box on the right is protected with an extruded, polyethylene
mesh (6.4 mm aperture).

Figure 50. An overwintering bag containing approximately 10,000 wild juvenile soft-shell clams.

Figure 51. Each Pet screening bag of wild clam juveniles is placed within a larger, heavy-duty
mesh bag made from VEXAR screening (6.4 mm aperture) that is designed to reduce any threat
of green crab predation.

Figure 52. A cage that is used to hold bags of soft-shell clam juveniles over the winter.

Figure 53. Overwintered wild juvenile clams from a bag that was sampled in April 2015. Clams
had been placed into this bag in December 2014. Survival was nearly 100%.

Figure 54. A wooden box (ca 2-ft x 4-ft) that has mesh on the bottom and is filled with ambient
sediments. Wild juvenile clams that had been overwintered are seeded in the box.

Figure 55. Clammers affixing predator-exclusion netting to the top of a growout box.

Figure 56. A plot at Winslow Park with 13 lbs. of crushed soft-shell clam shell in an attempt to
buffer sediments to create attractive settlement zones for wild soft-shell clam recruits.

Figure 57. This plot contains 26 lbs of crushed soft-shell clam shells and is protected with a
piece of predator netting (flexible, polypropylene, 4.2 mm aperture). The experiment is
designed to test the relative importance of predation vs. sediment buffering on the densities of
wild soft-shell clam juveniles.

Figure 58. Four of the eight treatments associated with the small-scale sediment buffering
experiment. These are 6-inch plastic plant pots filled with ambient sediments (see Fig. 6). a)
marble chips added to the sediment surface; b) crushed shell; c) granite rocks; d) marble chips
plus predator netting. Photo was taken on 30 April 2015 at Winslow Park, Freeport, Maine.

Figure 59. Clint Goodenow, one of the Freeport clammers who is participating in the
demonstration project, is working to place a 6-inch plant pot into the sediments as part of the
small-scale sediment buffering experiments. This photo was taken on 30 April 2015 Winslow
Park, Freeport, Maine.
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Predator-exclusion studies in the soft-bottom intertidal along the Maine coast
See Appendix A
See Appendix A

Appendix A is included that provides GPS coordinates of each of the study sites.

These studies (defined in Appendix A) are designed as field experiments to
investigate the use of and arrangements of various predator-deterrent netting
with respect to cultured bivalve growth and survival as well as wild recruitment of
various bivalve species (e.g., Mya arenaria and Mercenaria mercenaria)

The purpose of this project is to create information that can be used by clammers
and other entrepreneurs who are interested in enhancing local stocks of
commercially important shellfish to create new economic opportunities for
themselves and/or their community's.

No discharge is occurring as a result of these projects.

Impacts to waters are being avoided or minimized at each site because the netting used is plastic and is not a
hazard to navigation as propellers tear the netting and do not get entangled in it, the nets are secured in the mudflat down to a depth of 10-inches, and the nets are routinely inspected to ensure that they are secure.

The completed work is described in detail in Appendix A

The work is spread out along the Harraseeket River (Freeport), the
St. George River (South Thomaston and St. George), Boothbay, the
Chandler River (Jonesboro), Machias Bay (Machiasport), and Holmes
Bay (Cutler). All work is conducted within the intertidal on mudflats that
are open to the public harvesting of shellfish according to the Maine
Department of Marine Resources.

Brian F. Beal

10 June 2015

APPENDIX A

A. Experiment I (Freeport). (Initiated 11-17 April 2015)
Experiment I is located at 20 intertidal sites along both sides of the Harraseeket River. The same
configuration of plastic netting (biaxially oriented polypropylene net – see Industrial Netting
web site @ http://www.industrialnetting.com/plastic-mesh/oriented-netting.html ; Product OV
7100 – see: http://www.industrialnetting.com/ov7100.html) occurs at each of the 20 sites.
Each of the twenty sites has four nets (Fig. 1) that are 22-ft x 14-ft that are arrayed in a straight
line with ca. 10-feet spacing between each net. Each net has a total of nine (9) Stryofoam floats
affixed (using a piece of wood and stainless steel screws; Fig. 1a) to the underside. This lifts the
net off the flat approximately 10-inches during tidal inundation. The edge of the netting is
secured in the flat by pushing a 225-lb to 260-lb force on the net perimeter (8-inches on each
side) that drives the net into the mud. The photo below (Fig. 1) shows a neatly secured net at
Collins Cove on 11 April 2015. Cultured clam seed (ca. ½-inch shell length) were planted in
each plot – two plots received a density of 15 clams/ft2 and the other two received 30/ft2.

Figure 1. A 22-ft x 14-ft polypropylene net secured in the muddy sediments at Collins Cove,
Freeport, Maine on 11 April 2015. All nets (N = 80) will be removed from each site by 31
December 2015.

Figure 1a. Styrofoam float affixed to the underside of a net (polypropylene; 4.2 mm aperture)
with a piece of wooden lath and two stainless steel screws.

Beside the linear array of four nets (ca. 10-ft away) I have added a 2 x 3 (two rows and three
columns) array of wooden boxes that are 1-ft x 2-ft x 0.25-ft deep (Fig. 2). The top and bottom
of each box is covered with one or two types of mesh. There are three treatments:
I.
II.
III.

Boxes with Pet Screening on top and bottom (http://www.homedepot.com/p/Phifer48-in-x-84-in-Black-Pet-Screen-3004153/100565927).
Boxes with Pet Screening on top and bottom with a 1-inch layer of Play Sand.
Boxes with Black Polyethylene Diamond Mesh (see: Industrial Netting web site for
Product XB1131 (http://www.industrialnetting.com/xb1131.html).

This design examines how mesh size and natural vs. play sand substrates affects natural
recruitment of soft-shell clams.

Figure 2. Wild clam recruitment boxes. a) refers to Treatment I; b) refers to Treatment II; c)
refers to Treatment III (see above). Each box is secured in the sediments by two 18-inch
wooden, slotted laths. The slot of each lath fits into a piece of polypropylene heading (lobster)
twine that is attached to the short end of each box. All boxes will be removed from each site by
31 December 2015.
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Lat. 43o 49.418’ N; Long. 70o 06.211’W
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Lat. 43o 49.224’ N; Long. 70o 05.879’W
Lat. 43o 49.173’ N; Long. 70o 05.956’W
Lat. 43o 49.069’ N; Long. 70o 06.049’W
Lat. 43o 49.016’ N; Long. 70o 06.088’W
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Figure 3. Sites 1-6 in the Harraseeket River (intertidal flats) associated with Experiment I.

Figure 4. Sites 7-13 in the Harraseeket River (intertidal flats) associated with Experiment I.

Figure 5. Sites 14-20 in the Harraseeket River (intertidal flats) associated with Experiment I.

B. Experiment II (Freeport). (Initiated 11-17 April 2015)
Experiment II is located at two intertidal sites – Little River and Winslow Park in Freeport,
Maine (Fig. 6). The same configuration of plots with plastic netting (biaxially oriented
polypropylene net – see Industrial Netting web site @ http://www.industrialnetting.com/plasticmesh/oriented-netting.html ; Product OV 7100 – see:
http://www.industrialnetting.com/ov7100.html) and plots without netting occur at each site. This
experiment is designed to determine the relative effects of coastal acidification and predation on
wild clam recruitment.
Each site has thirty 10-ft x 10-ft plots (a 6 x 5 matrix with ca. 10-ft between rows and columns).
Fifteen of the plots are netted, and the rest of the 15 plots represent controls (i.e., unnetted).
One-third of all plots contain crushed soft-shell clam shells (buffering agents) at 26 lbs, one-third
of all plots contain 13 lbs of crushed soft-shell clam shells, and one-third of all plots contain no
clam shells. Shells used in these trials were obtained from A.C. Inc. (Beals, ME), and had been
processed one year prior to their use in these field trials.
In addition, an array of wooden boxes (1-ft x 2-ft x 0.25-ft deep – as described above) was
deployed at both sites. Nets used in Experiment II were secured in the intertidal sediments as
described above.

Figure 6. Location of intertidal sites where Experiment II is being conducted.

Winslow Park.
Little River.

Lat. 43o 48.001’ N; Long. 70o 07.177’ W
Lat. 43o 49.571’ N; Long. 70o 04.598’ W

The field layout at each site is as shown in Figure 7.

TOWARDS THE SHORE

Figure 7. Schematic for Experiment II in Freeport, Maine (Winslow Park and Little River). The
intertidal plots are 10-ft x 10-ft with 10-ft spacing between rows and columns).

C. Experiment III (Freeport). (Initiated 20-25 April 2015)
Experiment III is located at three intertidal sites in Freeport, Maine – Calls Cove (Flying Point),
Staples Cove, and Winslow Park in Freeport, Maine (Fig. 8). In this trial, thirty wooden boxes
(35-inches x 18-inches x 4-inches deep) were arrayed in a 6 x 5 matrix with ca. 5-feet spacing
between rows and columns (Fig. 8). Boxes were placed on top of the mudflat and then filled
with adjacent sediments by using clam hoes to dig mud. The amount of sediment in each box
was sufficient to secure each box to the sediments. The volume of sediment used to fill the
boxes was not sufficient to cause large, excavated areas of the flat. Quite the opposite – when
the boxes were filled, it was difficult to see where the sediments had come from. Clams were
seeded within each box at a density of 30 or 60 per square foot. The top of each box was
covered with a piece of plastic netting (biaxially oriented polypropylene net – see Industrial
Netting web site @ http://www.industrialnetting.com/plastic-mesh/oriented-netting.html ) that
was either 1/6th-inch aperture (F-4.2 in Fig. 8; Product OV 7100 – see:
http://www.industrialnetting.com/ov7100.html), or 1/4-inch aperture (F-6.4 in Fig. 8; Product
OV 3018 – see: http://www.industrialnetting.com/ov3018.html), or 1/4-inch aperture extruded
netting (Product OV 7100 – see: http://www.industrialnetting.com/ov7100.html). This
experiment is designed to determine the interactive effects of stocking density and type of
predator-deterrent netting on clam growth and survival. This experiment will be sampled during
November 2015. The boxes are only 4-inches off the bottom and do not affect navigation. The
predator-deterrent netting tops from each box will be removed upon the November 2015
sampling.

Figure 8. The array of wooden boxes (35-inches x 18-inches x 4-inches deep) in the intertidal
zone at three mudflats in Freeport, Maine (Winslow Park, Calls Cove, and Staples Cove).

Figure 9 shows where the sites are located on a topographic map.

Figure 9. Sites where Experiment III was deployed (20-25 April 2015). Thirty wooden boxes
(ca. 4.4 ft2) in a 6 x 5 array (Fig. 8) were deployed at each intertidal location.
Calls Cove
Staples Cove
Winslow Park

Lat. 43o 49.020’ N; Long. 70o 03.896’ W
Lat. 43o 48.399’ N; Long. 70o 06.711’ W
Lat. 43o 48.028’ N; Long. 70o 07.137’ W

D. Experiment IV (Freeport). (Initiated 18 & 22 April 2015)
This field trial was similar in scope to that of Experiment III in that it tested the interactive
effects of predator deterrent netting (1/4-inch vs. 1/6-inch flexible [oriented] netting – as
described above) and stocking density of cultured soft-shell clams (30, 45, or 60 cultured clams
per square foot). The experiment was deployed at two sites on the Wolf Neck side of the
Harraseeket River: Celia’s and Across-the-River. The field layout (Fig. 10) is in a 6 x 5 matrix
with ca. 5-ft spacing between rows and columns. Boxes were 48-inches x 15.5-inches x 4-inches
deep (surface area = 5.2 ft2) and were arrayed on top of the sediments and filled with adjacent
sediments similar to that described (above) for Experiment III. All boxes will be sampled in
November 2015, and the top (predator deterrent netting) of each will be removed from the flat by
31 December 2015.

Figure 10. Field schematic associated with Experiment IV that was deployed at two intertidal
locations in the Harraseeket River: Celia’s and Across-the-River – see Fig.11). Five foot
spacing occurred between each row and column.

Figure 11. Location of study sites associated with Experiment IV in the Harraseeket River.
Thirty wooden boxes (5.2 ft2) were deployed at each site in a 6 x 5 array with ca. 5 ft spacing
between each row and column.
Celia’s
Across-the-River

Lat. 43o 50.056’ N; Long. 70o 05.254’ W
Lat. 43o 49.033’ N; Long. 70o 06.064’ W

E. Experiment V (Freeport). (Initiated 2-27 May 2015)
Experiment V is a series of five independent studies located across three different intertidal sites
and at several different tidal heights. Wild clam seed (60/ft2) that was collected from field trials
in the Harraseeket River from Fall 2014 were used in each experiment.
In Experiment A, a total of 50 wooden boxes (4-inches deep) were deployed at the low intertidal
at Staples Cove in the Lower Harraseeket River (Fig. 12). Specifically, the 10 x 5 array included
seventeen 35-inch x 18-inch boxes (surface area = 2.1 ft2), sixteen 48-inch x 14-inch boxes
(surface area = 4.7 ft2), five 48-inch x 31-inch boxes (surface area = 10.3 ft2), three 38-inch x 38inch boxes (surface area = 10.0 ft2), three 42-inch x 38.5-inch boxes (surface area = 11.2 ft2),
five 48-inch x 30-inch boxes (10.0 ft2), and one 69-inch x 21-inch box (surface area = 10.1 ft2).
Boxes were filled with ambient sediments (as described above). One-half of the boxes were
covered with 1/4-inch flexible netting and the other half with 1/6-inch flexible netting.

In Experiment B, a total of ten flexible nets (4.2 mm aperture; oriented polypropylene netting as
described above) were deployed in the lower intertidal at Staples Cove (Fig. 12). Five nets
measured 22-ft x 14-ft and the other five measured 14-ft x 14-ft. All nets had a series of
Styrofoam floats (see Fig. 1a) to help elevate them ca. 10-inches into the water column during
tidal inundation (as described above). Wild clams seed (< 12 mm shell length) were planted at a
density of 100/ft2 under each net. Benthic cores will be taken from each netted plot during
November 2015 and all nets will be removed from the flat prior to 31 December 2015. Nets
were arrayed in a 5 x 2 matrix with 10-ft spacing between rows and columns.
In Experiment C, twenty-one boxes (36-inches x 21-inches x 4-inches deep = 5.25 ft2) were
arrayed in a 3 x 7 matrix (5-ft spacing between rows and columns) at the mid intertidal at Staples
Cove (Fig. 12). Boxes were filled with ambient sediments (as described above). Wild clam seed
(60/ft2) were added to each box and a piece of flexible netting (4.2 mm) used to cover the top.
The bottom of each box was comprised of either Pet Screen, 4.2 mm netting, or trap wire (1/2inch aperture). All boxes will be sampled in November 2015 and the tops of each (predator
deterrent netting) removed by 31 December 2015.
In Experiment D, forty-four boxes were deployed on Powers Bar (mid intertidal outside the
pilings near Spar Cove, Lower Harraseeket River – Fig. 12). All boxes were 4-inches deep.
Nine boxes were 38-inch x 38-inch (surface area = 10.0 ft2), three boxes were 48-inch x 31-inch
(surface area = 10.3 ft2), eleven boxes were 35-inch x 20-inch (surface area = 4.9 ft2), eighteen
boxes were 35-inch x 14-inch (surface area = 3.4 ft2), one box was 48-inches x 15-inches
(surface area = 5 ft2), one box was 28-inches x 28-inches (surface area = 5.4 ft2), and one box
was 40-inches x 18-inches (surface area = 5 ft2). All boxes were filled with ambient sediments
(as described above), and were seeded with wild clams at a density of 60/ft2. All boxes will be
sampled in November 2015 and the tops of each (predator deterrent netting) removed by 31
December 2015.
In Experiment E, twenty-three nets (4.2 mm aperture – oriented polypropylene – as described
above) were deployed over two tides in mid-May 2015 at the upper intertidal at Little River
(above the bridge; Fig. 12). No clams were planted under any of the nets, as the trial was
initiated in an attempt to capture wild soft-shell clam seed for eventual planting in Spring 2016.
Three nets were 12-ft x 20-ft, seventeen nets were 12-ft x 12-ft, one net each had the following
dimensions: 6-ft x 12-ft, 8-ft x 12-ft, and 12-ft x 22-ft. All nets will be removed from the
intertidal site by 31 December 2015.

Figure 12. Study sites associated with Experiment V (Lower Harraseeket and Little River) in
Freeport, Maine.
Little River
Powers Bar
Staples Cove – Low (Box)
Staples Cove – Low (Net)
Staples Cove - Mid

Lat. 43o 49.723’ N; Long. 70o 04.514’ W
Lat. 43o 48.553’ N; Long. 70o 06.652’ W
Lat. 43o 48.405’ N; Long. 70o 06.706’ W
Lat. 43o 48.420’ N; Long. 70o 06.682’ W
Lat. 43o 48.364’ N; Long. 70o 06.841’ W

F. Experiment VI (Collaboration with Maine Department of Marine
Resources). (Initiated 7, 14 and 15 May 2015)
This field experiment was initiated at two intertidal sites within three coastal communities Jonesboro, St. George, and Boothbay (Fig. 13a, b, c) as part of a collaborative field
experiment with the Maine Department of Marine Resources. At both sites within each
community, a series of eight 14-ft x 14-ft plots were initiated. Each plot was netted and
included a series of seven Styrofoam floats (Fig. 14). Nets were secured in the sediments as
described above. One-half of the nets were 1/4-inch aperture while the others were 1/6-inch
aperture (Fig. 15). The design tests for the growth and survival of cultured clams under two
types of predator deterrent netting as well as the effect of the different netting types on wild
clam recruitment. Netted plots will be sampled in late October or early November 2015, and
all nets will be removed at the time of the sampling.

Figure 13a. Study sites in Jonesboro, Maine. A series of eight nets (14-ft x 14-ft) were
deployed in the mid intertidal at each site on 7 May 2015. See Fig. 15 for field schematic.

Figure 13b. Study sites in the St. George River, Maine. A series of eight nets (14-ft x 14-ft)
were deployed near the mid intertidal at each site on 14 May 2015. See Fig. 15 for field
schematic).

Figure 13c. Study sites in Boothbay, Maine. A series of eight nets (14-ft x 14-ft) were
deployed near the mid intertidal at each site on 14 May 2015. See Fig. 15 for field
schematic).

Figure 14. Net deployed at an intertidal site in St. George (Barney’s Cove) on 14 May 2015.
Cultured seed clams were planted under the net at a density of 30 per square feet.

Figure 15. Field schematic used at six intertidal locations in a collaborative effort with the
Maine Department of Marine Resources during May 2015.

Community
Jonesboro
Jonesboro
South Thomaston
St. George
Boothbay
Boothbay

County
Washington
Washington
Knox
Knox
Lincoln
Lincoln

Latitude
44.64184
44.62490
44.04671
44.02724
43.91854
43.92356

Longitude
-67.54922
-67.55582
-69.18947
-69.20219
-69.59597
-69.62274

Flat name
Arthur Hill
Bob’s Cove
Potato Patch
Barney’s Cove
Pleasant Cove
Cross River

Date (2015)
7 May
7 May
14 May
14 May
15 May
15 May

G. Experiment VII. (Initiated 5-6 June 2015)
The field experiment used a series of 6-ft x 10-ft flexible nets (oriented, polypropylene – as
described above; 5 @ 4.2 mm aperture 5 @ 6.4 mm aperture) at two low intertidal locations
in eastern Maine – Duck Brook Flat (Cutler) and Larrabee Cove (Machiasport). The field
trial was designed to examine growth and survival of cultured Arctic surfclams juveniles.
The field schematic (Fig. 16) shows a series of 6-inch plant pots that are underneath a single
piece of netting. All nets and plant pots will be removed from both sites by 31 Dec. 2015.

Figure 16. Schematic for Experiment G. This is a 7-ft x 10-ft net with a total of twelve 6-inch
plastic plant pots under it that are level with the sediment and filled with ambient sediments. The
S, M, and L refer to different sizes of cultured Arctic surfclam individuals. A total of ten nets
were deployed at each site (see Figure 17). Five nets were a 1/4-inch aperture and the other five
nets were 1/2-inch aperture (flexible, oriented, polypropylene material). Each net contained two
Styrofoam floats and the perimeter of each net was forced into the sediments and secured as
described above.

Figure 17. The study sites where a total of ten 7-ft x 10-ft plastic nets were deployed on 5-6
June 2015 to protect cultured Arctic surfclam individuals.
Larabee Cove, Machiasport, Maine
Duck Brook Flat, Cutler, Maine

Lat. 44o 40’ 22.3062” N; 67o 22’ 33.2004” W
Lat. 44o 41’ 18.8880” N; 67o 18’ 39.4302” W

H. Experiment VIII. (Initiated 7-8 June 2015)
The experiment was initiated at the same two lower intertidal locations as Experiment VIII (Fig.
17), and was designed to examine growth and survival of cultured Arctic surfclams in large-scale
plantings. Surfclams were seeded at a density of 50/ft2 under four 14-ft x 14-ft nets (4.2 mm
aperture; oriented, polypropylene as described above) at Larrabee Cove and five nets at Duck
Brook Flat. Each net had a series of five Styrofoam floats. Nets were secured in the sediments
as described above. All nets will be removed from sediments by 31 December 2015.

More specific details on areas in Freeport, Maine associated with Experiments I-V.
Study Site
EXPERIMENT II.
Ocean Acidification
Sites:
1) Winslow Park Cove
(South Freeport)
2) Little River Cove
(Wolfe’s Neck)
EXPERIMENT III.
Clam Density x Barrier
(3 types) Field
Experiments
1) Calls Cove (Flying
point)
2) Staples Cove (South
Freeport)
3) Winslow Park Cove
(South Freeport)

EXPERIMENT IV
Clam Density x
Barrier(2 types) Field
Experiments
1) Across the River Cove
(Wolfe’s Neck)
2) Celia’s Cove (Wolfe’s
Neck)

Harraseeket River
EXPERIMENT I
Field Experiments (20
sites total)
1) South Freeport to
Porters Landing
2) Wolfe Neck

Articles Deployed
A series of nets (14’ x 14’)
laid out in a square of 5
nets x 5 nets (25 nets total).
The entire site is
approximately 110’ wide
by 110’ across.

GPS coordinates
1) see Winslow Park Study Area section
2) Little River:
Front Left: N43°49.571’ W070°04.598’
Front Right: N43°50.578’ W070°04.630’
Back Right Side: N43°49.602’
W070°04.631’
Left Back Side: N43°49.595’ W070°04.595’

Boxes are 35” long by 18”
wide, by 4”. Boxes are
arranged in a grid that is 6
boxes across and 5 boxes
deep (approx. 40’ x 40’).

1) Calls Cove:
Front Left: N43°49.020’ W070°03.896’
Front Right: N43°49.024’ W070°03.889’
Back Right Side: N43°49.021’
W070°03.885’
Left Back Side: N43°49.014’ W070°03.888’
2) Staples Cove
Front Left: N43°48.399’ W070°06.711’
Front Right: N43°48.410’ W070°06.697’
Back Right Side: N43°48.393’
W070°06.693’
Left Back Side: N43°48.390’ W070°06.696’
3) Winslow Park: see Winslow Park Study
Area section.

-30 48” long by 15.5” wide
and 4” tall boxes.
Boxes are arranged in a
grid 6 across by 5 wide.
Site is approximately 43’
wide by 48’ long.

1) Across the River (Wolfe’s Neck side of
River)
Front Left: N43°49.033’ W070°06.064’
Front Right: N43°49.040’ W070°05.240’
Back Right Side: N43°49.036’
W070°06.047’
Left Back Side: N43°49.036’ W070°06.047’
2) Celia’s (Wolfe’s Neck side of Harraseeket
River)
Front Left: N43°50.056’ W070°05.254’
Front Right: N43°50.059’ W070°05.245’
Back Right Side: N43°50.052’
W070°05.240’
Left Back Side: N43°50.049’ W070°05.242’

- 6 24” long x 13.5” wide x
4” boxes tall at each site.
Boxes are deployed in a
small grid that is 3 x 2
deep.
There are 4 nets at each site
that are each 14’ wide by
20’ long. The entire site is
90’ long x 95’ wide.

1) South Freeport side of river
I
Boxes: N43°49.356’ W070°06.290’
Left Side: N43°49.366’ W070°06.275’
Right side (closest to Harbor): N43°49.355’
W070°06.290’
II
Boxes: N43°49.418’ W070°06.211’
Left Side: N43°49.434’ W070°06.193’
Right Side: N43°49.424’ W070°06.207’

III
Boxes: N43°49.472’ W070°06.145’
Left Side: N43°49.486’ W070°06.131’
Right side: N43°49.473’ W070°06.143’
IV
Boxes: N43°49.552’ W070°06.055’
Left Side: N43°49.561’ W070°06.040’
Right side: N43°49.554’ W070°06.053’
V
Boxes: N43°49.632’W070°05.980’
Left side of nets at Collins V: N43°49.647’
W070°05.954’
Right side of nets @ Collins V: N43°49.641’
W070°05.963’
VI
Boxes VI: N43°49.701’ W070°05.900’
Left Side: N43°49.715’ W070°05.880’
Right side: N43°49.708’ W070°05.893’
VIII
Boxes VI: N43°50.121’ W070°05.761’
Left Side: N43°50.144’ W070°05.755’
Right side: N43°49.125’ W070°05.752’
IX
Boxes: N43°50.363’ W070°05.791’
Left Side: N43°50.371’ W070°05.783’
Right Side (D): N43°50.371’ W070°05.788’
X
Boxes: N43°50.556’ W070°05.747’
Left Side: N43°50.555’ W070°05.744’
Right Side (D): N43°50.562’ W070°05.756’
2) Wolfe Neck side
XI
Boxes: N43°49.016’ W070°06.088’
Left Side: N43°49.034’ W070°06.076’
Right Side: N43°49.034’ W070°06.076’
XII
Boxes: N43°49.069’ W070°06.049’
Left Side: N43°49.071’ W070°06.048’
Right Side: N43°49.083’ W070°06.031’
XIII
Boxes: N43°49.173’ W070°05.956’
Left Side: N43°49.176’ W070°05.955’
Right Side: N43°49.188’ W070°05.945’
XIV
Boxes: N43°49.224’ W070°05.879’

Left Side: N43°49.229’ W070°05.879’
Right Side: N43°49.240’ W070°05.866’
XV
Boxes: N43°50.109’ W070°05.223’
Left: N43°50.110’ W070°05.224’
Right: N43°50.122’ W070°05.212’
XVI
Boxes: N43°49.478’ W070°05.663’
Right: N43°49.495’ W070°05.646’
XVII
Boxes: N43°49.401’ W070°05.724’
Left: N43°49.404’ W070°05.726’
Right: N43°49.414’ W070°05.712’
XVIII
Boxes: N43°50.164’ W070°05.155’
Left Side: N43°50.183’ W070°05.372’
Right side: N43°50.164’ W070°05.387’
XIX
Boxes: N43°50.251’ W070°05.168’
Left Side: N43°50.257’ W070°05.171’
Right side (facing channel): N43°50.262’
W070°05.155’
XX
Boxes: N43°50.648’ W070°04.896’
Left Side: N43°50.669’ W070°04.869’
Right side (facing channel): N43°50.122’
W070°05.212’
EXPERIMENT V
Field Experiments
1) Low Staples Cove Box
Experiment
2) Low Staples Cove Net
Experiment
3) Mid Staples Box
Experiment
4) Powers Bar Box
Experiment
5) Little River Net
Experiment

The Low Staples Cove
Box Experiment is
composed of:
- 17 35” x 18” boxes
-16 48” x 14” boxes
-5 48” x 31” boxes
“double” boxes
- 3 38” x 38” boxes
- 3 42” x 38.5” “large
square” boxes
-5 30” x 48 “ double boxes
- 1 21” x 69” long box
All boxes are 4” high.
These boxes are deployed
in a shape that is 95’ across
the forward facing side and
119’ long.
The Low Staples Cove
Net Experiment is
composed of:
- 5 22’ x 14’ nets

Low Staples Cove Box Experiment
Front Left side: N43°48.405 W070°06.706
Front Right side: N43°48.406’ W070°06.700
Back Right Side: N43°48.406’
W070°06.699’
Left Back Side: N43°48.401’ W070°06.713’
Low Staples Cove Net Experiment
Front Left side: N43°48.420 W070°06.682
Front Right side: N43°48.436’ W070°06.667
Back Right Side: N43°48.419’
W070°06.660’
Left Back Side: N43°48.413’ W070°06.676’
Mid Staples Cove Box Experiment
Front Left side: N43°48.364 W070°06.841
Front Right side: N43°48.370’ W070°06.831
Back Right Side: N43°48.359’
W070°06.831’
Left Back Side: N43°48.359’ W070°06.831’
Powers Bar Box Experiment

- 5 14’ x 14’ nets

The Mid Staples Box
Experiment is composed
of: -21 36”x21” boxes
deployed in 3 rows of 7.
The Powers Bar Box
Experiment is composed
of:
-9 38” x38” boxes
-3 48” x 31” “double”
boxes
-11 20” x 35” boxes
-18 14” x 35” boxes
-1 15” x 48” box
-1 28” x 28” box
-1 18” x 40” box

Winslow Park Study
Area
1) Ocean Acidification
study
2) Clam Density x
Barrier (3 types)

The Little River Net
Experiment is composed
of:
- 3 12’x 20’ nets
- 17 12’ x 12’ nets
- 1 6’ x 12’ net
-1 8’ x 12’ net
-1 12’ x 22’ net
1) Ocean Acidification &
Plant pot study is
composed of:
-25 14’ x 14’ nets laid out
in a square of 5 nets long x
5 nets wide.
The entire site is
approximately 110’ wide
by 110’ across.
Also, small (6”) plant pots,
not standing above the
mud, are also deployed in
an 8 pot x 10 pot grid that
is approximately 50’ wide
and 40’ across.
2) Clam Density x
Barrier (3 types) is
composed of:
-30 Boxes that are 35” long
by 18” wide, by 4” tall. The
boxes are arranged in a grid
that is 6 boxes across and 5
boxes deep (approx. 40’ x
40’ site)

Front Left side: N43°48.553 W070°06.652
Front Right side: N43°48.547’ W070°06.640
Back Right Side: N43°48.549 W070°06.650’
Left Back Side: N43°48.549’ W070°06.644’
The Little River Net Experiment
Front Left side: N43°49.723 W070°04.514
Front Right side: N43°49.765’ W070°04.501
Back Right Side: N43°49.771 W070°04.496’
Left Back Side: N43°49.724’ W070°04.514’

Entire Winslow Park Experiment
Front Left side: N43°48.028 W070°07.137
Front Right side: N43°48.030’ W070°07.195
Back Right Side: N43°48.035 W070°07.193’
Left Back Side: N43°48.044’ W070°07.137’

APPENDIX B

Answers to specific questions posed in the 4 June 2015 letter from the Army Corps of Engineers
(File number: NAE-2015-01027)
1) A copy of the completed Permit application has been e-mailed to LeeAnn Neal, with
copies to representatives of the Maine Department of Marine Resources who are also
engaged in part of the field activities described here for which a permit is sought.
2) A copy of Special License Number ME 2015-39-01 is included in Appendix C.
3) Several citizens in Freeport have indicated their concerns for “poorly secured nets” and
how these nets will impact the environment and navigation. First, the assertion that nets
are poorly secured is not an accurate one. Nets are secured using force of 200-250
pounds over a 12-14 inch surface of the edge of a net over the entire perimeter of a net.
This force drives the net into the sediments to an 8-10 inch depth. Netting has been and
will continue to be routinely monitored by volunteers and contracted workers on a
weekly basis. This monitoring program has resulted in the collection of one net (of ca.
150) during 2015. Citizens who have encountered any floating nets in 2015 may be
confused that those nets are a result of activity conducted in 2015 or that the nets may be
associated with my research. These citizens may have encountered netting that was
deployed from projects co-occurring in 2014 in Brunswick and/or Harpswell. To date
(10 June 2015) a single net from Experiment I (see Appendix A) became loose and was
recovered within 12 hours. Due to a routine inspection schedule, the net was placed back
in the place where it had been originally deployed. In terms of impact on navigation,
these are not nets constructed of fiber or twine or other material that can wrapped around
a propeller. On the contrary, a propeller quickly cuts the net and does not interfere with
navigation. The material is a flexible plastic (polypropylene), and a close inspection of
this material will show clearly how it would not become entangled in a propeller. In
terms of minimizing impacts on the environment, routine monitoring of the nets has
resulted, to date, in a recovery rate of 100% and a secure-rate of 149/150 = 99.3%.
4) Several citizens in Freeport have indicated concerns for “local noise” emanating from an
airboat that is used to routinely inspect the nets. While I am aware of the state law
concerning noise in the marine environment (M.R.S.A., Title 12: Conservation, Part 13:
Inland Fisheries and Wildlife, Subpart 6: Recreational Vehicles Heading, Chapter 935:
Watercraft and Airmobiles Heading, Section 13068 http://legislature.maine.gov/statutes/12/title12sec13068-A.html), I understand that an
airboat similar to that used in my research that is operated daily by the Town of
Brunswick for enforcement of its shellfish ordinance (i.e., operation within the intertidal
zone as is the airboat use for this project) has been tested by a noise expert and that it was
found that operating the boat below 4000 rpms kept the noise levels below the legal
limits on noise. Also, there is a commercial fishing exemption on noise levels that
marine wormers and clammers fall under. I have instructed the operator of the air boat
used in Freeport to inspect nets routinely to operate the boat between the hours of 7:30
am and 7:00 pm Monday through Saturday and under 4000 rpms. This should allay the
concerns of local citizens.

5) A description of the work that has been undertaken is contained in Appendix A. All of
the work occurs in the intertidal zone.
6) The area of the footprint is given using the GPS coordinates as well as an extension table
contained in Appendix A for those sites in Freeport. For the collaborative activity with
the Maine Department of Marine Resources that is taking place in Boothbay (2 intertidal
sites), St. Georges River (2 intertidal sites), and Jonesboro (see Appendix A, Experiment
VI), the square footage of the area occupied by the eight nets per site is approximately
2,128 square feet (0.05 acres). For the activities occurring in Washington County
(Machiasport and Cutler), the area occupied by the nets at each site is approximately
1,670 square feet (0.04 acres).
7) The starting dates for each study are given in Appendix A. Each study will be finished
prior to 31 December 2015, and all nets will be removed from the intertidal flats at that
time.
8) No equipment was used to install any nets or wooden boxes. All were forced into the
sediments using hands and feet.
9) There was no construction that occurred at any site; however, the characteristics and
habitat type of each site were soft-bottom intertidal mud with a soft-shell clam and/or
hard clam (both commercially important marine shellfish) of less than 20 animals per
square foot, and for the majority of areas, less than 1 animal per square foot. In addition,
except the St. George River, no other activity besides clamming occurs in the area
occupied by the site where the experiment has been set up. In the St. George River,
commercial marine worming co-occurs in the area where the experiment is set up (in
addition to commercial clamming).
Additional questions:
1) I did not believe that the work conducted to date at any of the sites (Freeport, St. George,
Boothbay, Jonesboro, Machiasport, or Cutler) required authorization by Corps of
Engineers because none of the work can be considered a hazard to navigation. In
addition, I believed that the Maine Department of Marine Resources (a collaborator
defined in Experiment VI) was the authority to whom I needed to correspond about the
work, and, by obtaining a Special License from them that the scope and level of activity
(non-commercial and research only), I was under the impression that my work was vetted
(and approved) by the responsible agency.
2) A Corps of Engineers permit was not obtained prior to the installation of the netting and
wooden boxes because, once again, none of these materials cause a hazard to navigation
and these are materials that I have used extensively over a 30-year career in which I have
never been asked to submit such a permit application. A permit application was
submitted in a timely fashion to the Corps of Engineers by me in 2014 when structures
(actual structures that could interfere with navigation) were proposed for Staples Cove in
Freeport. Those structures were wooden fences measuring 30-ft x 30-ft x 18-inches tall

that were installed in the lower soft-bottom intertidal at Staples Cove and could have
been a navigation hazard. I followed all requirements that the Corps of Engineers
required to carry out that project, including a 48-hr inspection of the fences for two
species of endangered sturgeon (none being observed over a 6-month period from June to
December 2014), as well as marking the fences with appropriately labeled buoys/floats
that provided warning to the general public about the presence of the wooden structures.
No such structures have been deployed or installed at any of the study sites in 2015 that
are described in this application. Wooden boxes that are raised above the mudflat surface
4-inches cannot possibly be considered a hazard to navigation as these provide less
vertical structure than some rocks and cobbles that occur on the same mudflats. In
addition, the plastic netting that is used to deter predators from cultured and wild clam
juveniles cannot be considered a navigational hazard as the material rips too easily to
become entangled in a propeller blade.
I have applied for, and received, a Special License from the Maine Department of Marine
Resources since the application process was first instituted in the mid-1990’s. The
Department has been aware of, and has approved (i.e., given permission), my License
that has allowed me to conduct my work since that time. This work has been similar in
scope and volume to the work that is described in Appendix A. Therefore, I did not think
about obtaining a permit for these research activities because I believed that I had already
communicated to the agency with the authority to grant me permission to carry out the
work.

APPENDIX C

