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Introduction 
 
Historically, soft-shell clams represent the second or third most important commercial marine 
species in Maine.  Over the past decade, clam landings in Maine have declined by approximately 
25% from 834 metric tons (mt) to 638 mt, and by approximately 70% since 1984 (Fig. 1) 
 

Figure 1.  Maine soft-shell clam landings (1950 to 2017). (data from Maine Department of 
Marine Resources: https://www.maine.gov/dmr/commercial-fishing/landings/documents/ 
softshellclam.graph.pdf. 
 
Soft-shell clams have a complex life-history because they have both a swimming (larval) stage 
and benthic (bottom) stage. Male and female clams typically spawn by broadcasting their 
gametes into the water in the spring or early summer depending on geographic location along the 
Maine coast (Ropes and Stickney, 1965). After a 3-week larval period, clams metamorphose and 
settle to the benthos at sizes of about a fifth of a millimeter (200-microns). Settlement is an 
instantaneous process that is rarely observed in nature. When 0-year class clams are observed, 
they are referred to as “recruits,” and the size of a recruit is related to how much time has elapsed 
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between settlement and when the animals are sampled.  For example, clam recruits may be one-
half a millimeter (500-microns) or 3 mm (3000-microns). That is, clam recruitment to an 
intertidal flat is not synonymous with clam settlement because recruitment is a two-stage process 
involving settlement followed by a period when the animals successfully avoid predation, 
disease, dissolution, or other possible post-settlement mortality agents. An intertidal flat cannot 
be considered commercially viable unless clam recruitment rates are higher than mortality rates. 
 
Soft-shell clam management is based on successful recruitment, and the toolbox available to 
municipalities to manage their clam resources contains both direct and indirect measures to 
conserve or enhance the resource (Beal et al., 2016). For example, towns may institute 
“conservation closures” that restrict harvesting and other activities in designated intertidal areas. 
Sometimes, closures occur because there are too few legal-size (2-inch) clams and many sublegal 
clams that would otherwise be exposed to gull or crab predation during harvesting. Other times, 
closures occur because few clams of any size exist, and it is thought that 0-year class clams could 
recruit at high enough densities to naturally re-stock flats that will be ready for harvest in 2-3 
years. Coastal communities may institute direct conservation measures such as transplanting 
“seed” (�2-inch to 1�2-inch clams) from areas of high densities where growth is slow to areas 
where faster growth may occur when densities are thinned. Other direct measures involve 
planting cultured seed (�2-inch), and then protecting with netting (Beal, 2006), or simply adding 
netting to unproductive flats in hopes it will enhance recruitment (Beal et al., 2016).   
 
Another direct measure that many towns have used, but which remains unquantified, is 
“brushing.” This measure involves cutting fir, spruce, alder, birch, or hemlock boughs, and then 
pushing the 1- to 2-ft pieces vertically into intertidal sediments in an attempt to slow currents and 
create eddies. Eddies were first theorized to be sinks for bivalve larvae (Kellogg, 1903), much 
like tea leaves gathering in the middle of a swirling cup (Marcotti and Leavitt, 1997). Turner 
(1953) suggested that clam recruitment could be enhanced in areas of decreased water velocities. 
Newell and Hidu (1986) reported higher densities of soft-shell clam recruits occurred along slack 
water gradients or within eddies. It is common to observe higher densities of clams around 
objects such as boulders with knotted wrackweed, Ascophyllum nodosum, protruding up through 
an otherwise homogeneous mud flat (B. Beal, pers. obs.). 
 
An effort was initiated on tidal flats in each of three coastal Maine communities during late May 
2019 to compare effects of brushing, netting, or doing nothing (controls) on 0-year class 
individuals (hereafter referred to as clam recruits, or simply, recruits).  Participating towns were 
Gouldsboro (Downeast), Bremen (Midcoast), and Harpswell (Southwest).  A comparative 
experiment (i.e., one that has exactly the same components) was established in each community.  
Initial sampling to determine clam density and size-frequency distribution was conducted during 
the deployment of nets and brush. 
 
Methods 
 
At each location (Table 1), three “blocks” containing eighteen 22-ft x 14-ft plots were 
established.  Within each block, two sets of nine plots forming a 3 x 3 matrix were created (Fig. 
2), with the middle plot receiving a 14-ft x 22-ft piece of flexible, polypropylene netting (4.2 mm 
aperture), or seven rows containing six spruce boughs per row (26-inches in length). The boughs 



Table 1.  Latitude and Longitude of the three intertidal flats, and date (2019) when the study was 
initiated. 
 
Community   Region       Flat   Date   Latitude Longitude  
 
Gouldsboro Downeast Bunker’s Cove 23 May 44.481859 -68.129368 
 
Bremen Midcoast Broad Cove  24 May  44.027989 -69.401636 
 
Harpswell Southwest Spruce Cove  25 May  43.838765 -69.946236 
 
 
 
 
 
 
 
 

 
 
Figure 2.  Schematic of the layout of each of three blocks that were established in each of three 
communities in late May 2019.  Within a block there are eighteen plots, each plot being 22-ft x 
14-ft.  Half of the eighteen plots in each block are arranged in a 3 x 3 matrix, with the middle 
plot assigned either to a “Brushing” or “Netted” treatment.  The remaining plots surrounding the 
middle plot are designated as “controls” that lack either brush or netting, and that are designed as 
an unaltered comparison to plots receiving brush or netting. 
  



were tied to each other at a distance of approximately 28-inches, and then one end of each row 
was tied to an oak stake positioned outside the plot (Figure 3).  Adjacent rows were 
approximately 3-feet apart.  The 22-ft x 14-ft piece of netting (Figure 4) was secured at each 
 

 
 
Figure 3.  White spruce (Picea glauca) boughs in seven rows within a 22-ft x 14-ft plot at the 
study site in Harpswell on 25 May 2019. 
 
site by pushing the periphery of the net into the mudflat using our boots.  The sediments at each 
site were sufficiently soft so that forcing the net into the mud by walking on its edge and then 
back-filling the excavated sediment into the slight depression worked well.  These nets should be 
examined regularly to see whether any of the edge of the net has lifted.  We placed a series of 
five 4-inch toggles in the pattern of a quincunx so that during periods of tidal inundation the nets 
would float off the surface 5-8 inches, which creates drag and slows down water currents. 
 
Regardless whether the center plot received brush or was netting, surrounding it were eight 
control plots that are designed to determine whether the potential effect of the brush or netted 
plot act beyond the confines of the center plot.  To establish initial densities and sizes of clams in 
the project area, a series of two bottom cores (0.01824 m2, or 0.1963 ft2) were taken from each 
plot.  With three blocks containing 18 plots, a total of 108 core samples were taken (3 blocks x  
 



 
 
Figure 4.  a) Paul Plummer stepping in a 22-ft x 14-ft net at Spruce Cove, Harpswell (notice the 
five white Styrofoam floats near the center of the net).  b) Back-filling the depression created by 
walking the periphery of the netting into the flat. 
 
 
18 plots/block x 2 cores/plot = 108).  Samples were shaken into labeled plastic bags, and then 
washed (Fig. 5) through a sieve with a 1 mm aperture.  Samples taken on 23 May from 
Gouldsboro were processed by students at Sumner Memorial High School in Sullivan with 
oversight by DEI staff, while samples from Bremen and Harpswell also were processed on the 
same day, but at the University of Maine at Machias. 
 

 
 
Figure 5.  Bottom core samples from each site were taken (N = 108 per site), and washed 
through a 1 mm sieve. 



Because it may be possible for clams to settle into the brushed or netted plots to be consumed by 
predators that are attracted by the habitat created by the spruce boughs or flexible net (we have 
found green crabs from time-to-time within netted plots that were supposed to protect cultured 
juvenile soft-shell clams – see Beal et al. [2018]), we added a 1-ft x 2-ft x 3-inch deep wooden 
box lined on top and bottom with a heavy-duty window screening to the center of each of the 18 
plots in each block (3 blocks x 18 plots = 54 boxes/site).  The boxes (Fig. 6) were empty 
initially, and are used as passive collectors for soft-shell clam recruits.  In the center plot, boxes 
were established prior to deploying the brush or installing the net. 
 

 
 
Figure 6.  a) A 1-ft x 2-ft x 3-inch deep wooden recruitment box in the center of a netted plot. b) 
recruitment box in the center of a control plot.  Photos taken on 23 May 2019 at Bunker’s Cove 
in Gouldsboro. 
 
The contents of each recruitment box will be washed through a 1 mm sieve in November 2019, 
and all clams enumerated and a subsample measured when all 54 plots at each site will be 
sampled. 
 
Analyses 
 
The initial sampling at each site (n = 108 cores) provided estimates for density and the 
distribution of sizes of clams.  Analysis of variance (ANOVA) on the average number per core 
examined the spatial arrangement of clams across blocks for a given site.  All sample averages 
(sample means) are presented with their 95% confidence interval.  For example, if mean density 
= 1.6 clams per square foot with a 95% confidence interval equal to ± 0.58 (expressed as 1.6 ± 
0.58 individuals/ft2), this should be interpreted thusly:  the sample mean is the best estimate we 
have of the true mean, which can never be known unless each cubic millimeter of mud on a flat 
were processed through a fine sieve.  We are 95% confident that the true mean could be as high 
as 1.6 + 0.58 = 2.18 clams per square foot, or as low as 1.6 – 0.58 = 1.02 clams per square foot.  



Typically, the more samples that are taken the smaller the 95% confidence interval, and the 
closer the sample mean estimates the true mean.  In the Results section, little “n” represents the 
number of samples taken; whereas “N” represents the number of individuals in a particular 
sample.  In addition, “P-values” are given to denote statistical significance of the ANOVA.  P-
Values less than or equal to 0.05 indicate that there is a significant difference between means 
across blocks (this would indicate significant spatial variation across the project area), whereas 
P-values greater than 0.05 indicate no significant difference between means across blocks (this 
would indicate relative homogeneity in spatial variation across the project area).  Significantly 
more clams were found in Block III compared to the other Blocks (Fig. 7). 
  
Results of Initial Bottom Core Sampling 
 
23 May (Bunker’s Cove – Gouldsboro) 
 
Soft-shell clams were found in one-half (n = 54) of the cores.  Average density was 3.4 ± 0.84 
individuals per square foot (n = 108).  Clams (N = 74) ranged in size from 10.9 to 22.9 mm in 
length (0.4 to 0.9 inches; Fig. 7).  Analysis of variance indicated a significant difference in clam 
density from block to block (P = 0.0237). 
 

 
 
Figure 7.  Results of core sampling at Bunker’s Cove, Gouldsboro (23 May 2019).  The figures 
under each netted or brushed plot show the average number of clams per core (n = 9) for each of 
the 3 x 3 plots in a particular area. (The vertical axis extends from 0 to 8 clams/ft2.)  The line 
above the black bar represents one-half of the 95% confidence interval.  The graph in the upper 
left hand corner represents the size distribution of clams within the core.  N = 74 indicates that in 
the 54 cores containing clams at this site, 74 clams were found.  The clams ranged in size from 
10.9 to 22.9 mm. 



24 May (Broad Cove – Bremen)  
 
Soft-shell clams were found in 28 (26%) of the cores.  Average density was 1.6 ± 0.58 
individuals per square foot (n = 108).  Clams (N = 35) ranged in size from 3.1 to 74.6 mm in 
length (0.12 to 2.9 inches; Fig. 8).  Analysis of variance indicated a significant difference in clam 
density from block to block (P = 0.0347).  Higher clam densities occurred in Block III compared 
to the other two blocks. 
 
 

 
 
 
Figure 8.  Results of core sampling at Broad Cove, Bremen (24 May 2019).  The figures under 
each netted or brushed plot show the average number of clams per core (n = 9) for each of the 3 
x 3 plots in a particular area. (The vertical axis extends from 0 to 8 clams/ft2.)  The line above the 
black bar represents one-half of the 95% confidence interval.  The graph in the upper left hand 
corner represents the size distribution of clams within the core.  N = 35 indicates that in the 28 
cores containing clams at this site, 35 clams were found.  The clams ranged in size from 3.1 to 
74.6 mm. 
 
 
25 May (Spruce Cove – Harpswell)  
 
Soft-shell clams were found in 14 (13%) of the cores.  Average density was 0.7 ± 0.33 
individuals per square foot (n = 108).  Clams (N = 14) ranged in size from 4.7 to 26.3 mm in 
length (0.18 to 1.04 inches; Fig. 9).  Analysis of variance indicated no significant difference in 
clam density from block to block (P = 0.1667). 
 
 



 
 

 
 
 
Figure 9.  Results of core sampling at Spruce Cove, Harpswell (25 May 2019).  The figures 
under each netted or brushed plot show the average number of clams per core (n = 9) for each of 
the 3 x 3 plots in a particular area. (The vertical axis extends from 0 to 8 clams/ft2.)  The line 
above the black bar represents one-half of the 95% confidence interval.  The graph in the upper 
left hand corner represents the size distribution of clams within the core.  N = 14 indicates that in 
the 14 cores containing clams at this site, 14 clams were found.  The clams ranged in size from 
4.7 to 26.3 mm. 
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