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Abstract 

 

A series of comparative field trials were carried out in the mid-intertidal in three locations along 

the Maine coast (Chandler River; St. George River; Damariscotta River/Cross River) in the 

towns of Jonesboro, St. George, South Thomaston, and Boothbay from early May to late October 

2015.  Trials were designed to examine the effectiveness of predator-deterrent netting on growth 

and survival of wild and cultured individuals of the soft-shell clam, Mya arenaria. 

 

Twelve 14-ft x 14-ft plots were established at each site and cultured clam seed (ca. 10 mm in 

shell length, SL) added to four plots at a density of 30/ft
2
 (323/m

2
).  Two of these plots were 

completely covered with a piece of flexible netting with a 4.2 mm aperture while the other two 

plots were covered with a piece of flexible netting with a 6.4 mm aperture.  Four additional plots 

were not seeded, but were similarly protected either with the 4.2 mm or 6.4 mm flexible netting.  

The remaining four plots were neither seeded nor protected with netting and served as controls. 

In October, two benthic cores (0.01824 m
2
, or 0.1963 ft

2
) were taken from each plot and 

processed by washing the samples through a 1 mm sieve.  All live and dead cultured clams and 

all live wild clams were enumerated and measured. 

 

Mean percent survival varied from 100% at both Chandler River sites to 0% at one of the two 

sites in the St. George River – Barney’s Cove in the town of St. George.  There, high densities of 

the mud snail, Ilyanassa obsoleta, laid egg capsules on the nets weighing them down 

considerably and causing pockets of anoxia beneath that resulted in suffocation of both cultured 

and wild seed.   

 

Netting resulted in significantly higher densities of 0-year class individuals in two of the six sites 

and higher densities of ≥ 1-year class individuals at four of the six sites.  No relationship was 

observed between densities of cultured seed and densities of 0-year class individuals.  Neither 

growth nor the density of 0-year class clams were different between the two types of netting. 

 

We recommend that large-scale application of nets to the intertidal zone to encourage wild clam 

recruitment not be considered by communities until small-scale trials such as these described in 

this report can be carried out to provide some information on spatial and temporal variability in 

recruitment numbers.  If high density patches of young-of-the-year clams exist, predator-

deterrent netting applied to these patches in the spring can be used to protect these animals 

during the next growing season (until late October or early November).  Smaller aperture netting 

should be used, especially in areas where densities of green crab juveniles are high in the spring.  

Lastly, while it may not be feasible (logistically or economically) to protect large (> 5 acres) 

areas of the intertidal from predators using deterrent netting, it is possible for individuals or 

groups of individuals to acquire shellfish aquaculture permits through a municipal process to 

farm wild or cultured clam seed in communities that co-manage their soft-shell clam resources 

with the Maine Department of Marine Resources.  Techniques described here and from other 

sources such as www.downeastinstitute.org can be used to provide information about this 

process.  

    

http://www.downeastinstitute.org/
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Introduction 

 

Maine’s coastal communities with soft-shell clam (Mya arenaria L.) resources have a choice of 

management techniques.  Most (58 of 74, or 78.4%) have chosen to co-manage their clam 

resources by working cooperatively with shellfish biologists at the Maine Department of Marine 

Resources.  This arrangement has been in place since 1962, and at least two studies have shown 

that productivity in co-managed towns is significantly higher than in those choosing not to adopt 

this management strategy (Townsend, 1984; McClenachan et al., 2015).  A variety of passive 

(indirect) and active (direct) management activities are available to harvesters in the co-managed 

communities (Table 1). 

 

Table 1.  Activities available to Maine’s coastal communities with Shellfish Conservation 

Committees that share responsibilities for co-managing their soft-shell clam resources with 

Maine’s Department of Marine Resources. (http://www.maine.gov/dmr/msf/forms/index.htm)  

 

Passive Measures & Controls           Active Measures 

 

Attending regularly scheduled   Predator protection or removal 

Committee meetings                                                   (Netting, Trapping) 

 

Limit number of harvesters    Re-seeding (wild or hatchery stock) 

 

Restrict times of harvests    Stock assessments (Clam surveys)   

 

Restrict areas of harvests                                    Collection of harvester catch data 

(Conservation closures/Flat rotation)    

 

Set daily harvest limits    Enhancing natural recruitment 

                                                                                    (Brushing, Netting, Roughing) 

 

Coastal cleanup     Field experiments (to gather new 

                                                                                    information about a particular topic) 

 

Statewide clam landings have been relatively unchanged since 1990, averaging 10.77 million 

pounds over those 25 years (Fig. 1).  Compared with landings averaged over the previous 25 

years (23.15 million pounds), this is a drop of 53.5%.  While landings have varied little over the 

recent past, prices paid to clammers have increased dramatically, and, in 2014, averaged nearly 

$100 per bushel, or close to $2.00 per pound for the first time ever (Fig. 1).  The current 

economic climate is such that there is (or should be) great incentives for communities and 

clammers to increase production of flats.   

 

In 2014, the team of shellfish biologists from the Maine Department of Marine Resources and 

staff from the Downeast Institute conducted a series of comparative studies in four communities 

(three locations) along the Maine coast to examine the efficacy of using flexible netting (4.2 mm 

& 6.4 mm aperture – 1/6
th

-inch and ¼-inch, respectively) to enhance/encourage soft-shell clam 

http://www.maine.gov/dmr/msf/forms/index.htm
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recruits (0-year class individuals) (the Final Report summarizing those results can be found at:  

http://www.downeastinstitute.org/dei-maine-dmr-collaborative-study-%282014%29.htm).  That 

effort indicated that recruitment was enhanced at only one of the six sites (in Jonesboro where 

25x greater densities were observed under netting compared to adjacent control, unnetted, areas).  

That study was limited in scope and was not initiated until the end of June/beginning of July 

2014.  The lack of significant enhancement under netted plots could have been related to the 

timing of spawning of adults in the experimental areas.  That is, it is unclear whether net 

placement occurred after clams had settled to flats, and if that were the case, then nets could not 

enhance numbers of juveniles that may have fallen victim to small predators first.  Beal et al. 

(2014) suggested that placing nets on flats during the first two weeks of May at any intertidal site 

in Maine would likely solve any problem with the timing of spawning and natural recruitment.   

 

During 2015, a comparative study similar to that conducted in 2014 was undertaken in the same 

communities and intertidal flats.  At each intertidal flat, twelve 14-ft x 14-ft plots were 

established in a 2 x 6 matrix near the mid intertidal mark.  Four plots received nets (two different 

apertures) and cultured clams to examine the effects of predator-deterrence on growth and 

survival of the hatchery-reared clams as well as examine effects on wild, 0-year class 

individuals.  Four plots received nets, but no cultured clams, and the remaining plots were 

considered controls – no cultured clam juveniles or netting.  This design allowed us to test the 

following hypotheses (predictions) based on our observations and previous published work (see 

Beal and Kraus, 2002; Beal, 2006 a,b): 

 

1) Flexible netting with 4.2 mm (1/6
th

-inch) aperture does not improve survival of cultured 

clams, but results in higher densities of 0-year class wild clams than flexible netting with 

6.4 mm (1/4-inch) aperture; 

 

2) The presence of cultured clams does not increase the density of 0-year class wild clams in 

plots that are protected with netting regardless of aperture size of the netting; and, 

 

3) Control plots, that simulate conservation closures, and are among the most widely used 

management tools used by most coastal communities that manage their clam resources 

(Table 1), yield significantly fewer 0- and 1-year class individuals than plots that are 

protected with predator-deterrent netting. 

 

4) No significant difference in growth occurs for cultured clams protected with 4.2 mm or 

6.4 mm flexible netting. 

http://www.downeastinstitute.org/dei-maine-dmr-collaborative-study-%282014%29.htm
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Figure 1.  Statewide landings and dockside value of soft-shell clams in Maine from 1964 to 

2014.  Data from http://www.maine.gov/dmr/commercialfishing/historicaldata.htm.  

 

 

Methods 

 

To examine spatial variability in cultured clam and 1-year class clam growth and survival as well 

as 0-year class recruitment, six study sites were selected across three coastal communities that 

co-manage their public soft-shell clam resources with the Maine Department of Marine 

Resources (Table 2; Figs. 2-4). 

 
Table 2.  Name of community, Maine county, intertidal flat, GPS coordinates, and date when 

experiment was established. 

 
Community County Latitude Longitude Flat name Date (2015) 

Jonesboro Washington 44.64184 -67.54922 Arthur Hill 7 May 

Jonesboro Washington 44.62490 -67.55582 Bob’s Cove 7 May 

South Thomaston Knox 44.04671 -69.18947 Potato Patch 13 May 

St. George Knox 44.02724 -69.20219 Barney’s Cove 13 May 

Boothbay Lincoln 43.91854 -69.59597 Pleasant Cove 15 May 

Boothbay Lincoln 43.92356 -69.62274 Cross River 15 May 

http://www.maine.gov/dmr/commercialfishing/historicaldata.htm
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On the day the experiment was established at each site, ten benthic cores (15 cm diameter x 15 

cm deep; A = 0.01824 m
2
) were taken randomly in the study area (see below) to establish initial 

clam density and size-frequency.  Although the core only penetrates to 15 cm, once the core is 

extracted, it is possible to see larger clams that the core did not sample and extract them by hand 

so that they are included in the sample.  This results in clams of all sizes being sampled equally 

by this method.  Each sample (N = 60) was washed through a 1 mm sieve and all live soft-shell 

clam individuals were enumerated and the length of each measured with digital calipers to the 

nearest 0.01 mm. 

 

A 2 x 6 matrix comprised of 14-ft x 14-ft plots (18.21 m
2
) (5 m spacing between rows and 

columns) was established near the mid intertidal at each intertidal flat.  To test the hypothesis 

that smaller vs. larger aperture netting will result in higher cultured clam survival and/or 

increased densities of wild 0- and 1-year class individuals, two replicates of each of four 

treatments were randomly assigned to eight of the twelve positions within the matrix (Table 3).  

The other four positions were assigned as controls (no netting, no cultured clams; Fig. 5).  The 

four plots receiving cultured clams ( x Shell length ± 95% CI = 10.4 ± 0.4 mm, n = 97), were seeded 

within a 12-ft x 12-ft section of the larger plot at a density of 30 individuals/ft
2
 (4,320 clams per 

plot; 13.38 m2; 322.9 individuals/m
2
).  After seeding, each of the four plots was covered with a 

14-ft x 14-ft piece of flexible, polypropylene netting (two plots with netting with 4.2 mm 

aperture and two with 6.4 mm aperture).  Four other plots were covered with the two types of 

netting, but no clams were seeded in these (Fig. 6).  Each net, regardless whether clams were 

seeded within the plot it protected, had a series of seven Styrofoam floats (10 cm diameter x 7.5 

cm thick) affixed to its underside to help move the netting away from the clams during tidal 

inundation when clams feed.   

 

Table 3.  Treatments used in the 2015 DEI-DMR field studies. 

 

Treatment   Netting Cultured Clams n 

 

 Control         -                -  4 

   Net-1    4.2 mm  -  2 

   Net-2    6.4 mm  -  2 

   Net-3    4.2 mm  +  2 

   Net-4    6.4 mm  +  2 

 

Sites were visited regularly throughout the spring, summer, and fall to determine rate of siltation, 

whether nets were ripped, torn, or otherwise damaged so that they would not perform as 

expected.  No nets were replaced at either Jonesboro or Boothbay sites; however, all nets had to 

be replaced at Barney’s Cove (St. George) due to masses of eggs laid on the nets by mud snails, 

Ilyanassa obsoleta (Say) that could not be physically removed from the nets (see Results).   In 

late October (10-23 = Jonesboro; 10-26 = Boothbay; 10-27 = St. George) two benthic cores (as 

described above) were taken from each of the twelve plots at each site.  Each sample was washed 

through a 1 mm sieve, and all live and dead soft-shell clams were enumerated and the total 

length of all wild clams measured to the nearest 0.1 mm using digital calipers.  Living and dead 

cultured clams were identified using a disturbance mark that forms at the ventral margin of 

animals at the time they are added to sediments (Fig. 7).  This line marks the size of the animal 
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so that all cultured clams yield two length measurements:  initial (at the time of the seeding) and 

final (at the time of the October sampling).  A description of the line is available in Beal et al. 

(1999). 

Cultured clams from cores taken from each netted and seeded sample (Treatments N-3 and N-4; 

Table 3) were divided into one of three fate categories:  1) Live; 2) Dead, with undamaged 

valves; and, 3) Dead, with chipped or crushed valves.  Percent survival of cultured clams was 

estimated from each core sample by dividing the total number of living clams by the total 

number of live and dead clams.   

 

Analysis of variance (ANOVA) on the arcsine-transformed mean percent survival data was 

conducted using the following linear model for each town: 

 

Yijkl = µ + Ai + Bj + ABij + C(AB)k(ij) + el(ijk).  Where: 

 

Yijkl  =  Dependent variable (angular transformed mean percent survival); 

µ  =  Theoretical mean; 

Ai = Site within a town (a = 2; factor is fixed); 

Bj = Netting (b = 2; 4.2 mm vs. 6.4 mm; factor is fixed); 

Ck = Plot (c = 2; factor is nested within the combination of site and netting; factor is  

  random); and,  

el = Experimental error (n = 2 cores per netted plot) 

 

Expected mean squares (after Underwood, 1997) were used to create valid F-tests for each 

ANOVA. 

 

0-year class individuals (wild recruits) from each sample were counted and measured and 

ANOVA was performed on the square root-transformed mean number per core using the 

following linear model for each town: 

 

Yijkl = µ + Ai + Bj + ABij + C(B)k(j) + AC(B)ik(j)+ D(ABC)l(ijk) + em(ijkl).  Where: 

 

Yijkl  =  Dependent variable (square root-transformed mean number of clam recruits); 

µ  =  Theoretical mean; 

Ai = Site within a town (a = 2; factor is fixed); 

Bj = Netting (b = 2; 4.2 mm vs. 6.4 mm; factor is fixed); 

Ck = Cultured Clams (c = 2; present vs. absent; factor is fixed); 

Dl = Plot (d = 2; factor is nested within the combination of site, netting, and clams;  

  factor is random); and,  

em = Experimental error (n = 2 cores per plot) 

 

When necessary, percent survival data were transformed using arcsines, and count data were 

transformed using square roots.  

 

Growth rate was estimated using the difference between final SL and initial SL (absolute 

growth), as this measure was independent of initial SL for each site.   
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All means are presented with their respective 95% confidence intervals. 

 

 
 
Figure 2. Study sites in Jonesboro (Arthur Hill Flat; Bob’s Cove). 

 

 
 
Figure 3.  Study sites in the St. George’s River (Barney’s Cove; Potato Patch). 
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Figure 4.  Study sites in Boothbay (Pleasant Cove; Cross River). 
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Figure 5.  Initial size-frequency distribution of cultured clam seed ( x Shell length ± 95% CI = 10.4 ± 

0.4 mm) used at all six study sites. 
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Figure 6.  Schematic of experimental design used at each of the six study sites.  Plots with clams 

indicates that these received cultured clams (see Fig. 5 for initial size-frequency distribution) at a 

density of 30/ft
2
, or approximately 4,320 animals per plot.  Two different types of flexible 

netting were used:  one with a 4.2 mm aperture, the other with a 6.4 mm aperture.  See Table 2 

for dates when the design was established at each site.  In late October 2015, each site was 

revisited and two benthic cores (A = 0.01824 m
2
; 0.1963 ft

2
) were taken from each of the twelve 

plots.  Samples were washed individually through a 1 mm sieve and all live clams enumerated 

and the total length of each measured to the nearest 0.01 mm using digital calipers. 

 

 
 

Figure 7.  A “hatchery mark” appears on the valves of cultured clams at the size when they are 

planted.  This allows an investigator to:  1) recognize the clams as cultured individuals; and, 2) to 

measure the final shell length (SL) and initial SL and estimate a growth rate for each living 

individual. 
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Results 

 

Initial Sampling (May 2015) 

 

Wild clam densities at the six sites ranged from a high of 345.4 ± 189.5 individuals/m
2
 (n = 10) 

at Bob’s Cove (Jonesboro) to a low of 76.8 ± 37.9 individuals/m
2
 (n = 10) at Potato Patch (South 

Thomaston) (Table 4).  The majority of clams sampled from cores at most sites (with the 

exception of the Potato Patch) were less than 20 mm (Fig. 8). 

 

Table 4.  Initial densities of soft-shell clams at each of the six study sites during May 2015 (see 

Table 2 for dates when samples were taken).  n = 10.  All means are presented with their 95% 

confidence intervals.  The benthic corer had a surface area of 0.01824 m
2
 (0.1963 ft

2
). 

 

  Town      Site     Number per Number per  Number per 

                                                        Core                     square foot                square meter          

 

Jonesboro Arthur Hill       4.0 (2.46)  20.4 (12.51)  219.3 (134.59) 

Jonesboro Bob’s Cove       6.3 (3.46)  32.1 (17.61)  345.4 (189.49) 

 

St. George Potato Patch        1.4 (0.69)    7.1 (  3.52)    76.8 (  37.89) 

S. Thomaston Barney Cove       2.0 (1.12)  10.2 (  5.69)  109.6 (  61.32) 

 

Boothbay Pleasant Cove      1.6 (0.60)    8.2 (  3.07)    87.7 (  33.07) 

Boothbay Cross River       1.7 (0.68)    8.7 (  3.46)    93.2 (  37.21) 

 

Routine inspection of nets (May-October 2015) 

 

Netted plots were inspected throughout the spring, summer, and fall by H. Leighton (Jonesboro), 

H. Annis (St. George’s River), and P. Thayer (Boothbay).  No problems were encountered with 

any nets at either of the Boothbay sites.  One net disappeared from the Arthur Hill Flat between 

24 July and 11 August (aperture = 6.4 mm, Treatment = N-2 [Table 3]).  Another net was lost 

between 25 August and 18 September (aperture = 6.4 mm, Treatment = N-4 [Table3]).  A third 

net was lost at the same site between 18 September and 8 October (aperture = 4.2, Treatment = 

N-1 [Table 3]).  None of these three nets were replaced.  Several of the control plots at Bob’s 

Cove were dug by clammers at various times during the experimental period.  No problems were 

encountered with the nets at Potato Patch (South Thomaston).  Between 17 August and 22 

September, one of the control plots at this site was dug.   One net was lost from Barney’s Cove 

by 28 May (a net with 4.2 mm aperture that was protecting seed clams).  Mud snails, Ilyanassa 

obsoleta, laid eggs on the nets at Barney’s Cove, which fouled the nets so severely (Fig. 9), that 

by 21 July, all eight nets at that site had to be replaced.  Density of egg cases on each net was so 

high that even with the flotation under the nets, they did not float during periods of tidal 

inundation and areas of anoxic sediments could be seen under each.    On 27 July, a net with 6.4 

mm aperture that was not protecting seed clams had to be replaced due to the presence of large 

holes.   By 22 September, green macroalgae (Ulva spp.) was observed growing on many of the 

nets at Barney’s Cove. 
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Figure 8.  Size-frequency distribution of wild soft-shell clams at each study site in May 2015.  
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Figure 9.  Progression of mud snails and their egg cases on nets at Barney’s Cove, St. George, 

Maine.  a) 16 June; b) 22 June; c) 21 July.  On 21 July, all nets were replaced at this study site. 

 

 

October sampling 

 

Jonesboro 

 

Remarkably, all cultured clams from benthic cores were recovered alive (Table 5); hence, there 

was no significant difference in mean survival as a function of type of net used to protect 

animals.  Although mean number of cultured clams per core was highly variable within and 

between sites (Table 5), no significant differences occurred between nets with 4.2 mm vs. 6.4 

mm apertures.  Mean absolute growth and final SL over the 169 days pooled across sites and 

netting treatments was 12.9 ± 1.07 mm and 24.6 ± 1.33 mm (n = 8), respectively, or (0.076 ± 

0.006 mm/day).  No significant difference between sites (P > 0.09) or netting treatments (P > 

0.30) were observed for either mean absolute growth or mean final SL (Fig. 10).   
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Table 5.  Fate (mean ± 95% CI) of cultured soft-shell clam juveniles at each of the six study 

sites.  %A = Percent of living clams; %DU = Percent of clams dead with undamaged valves;     

%DC = Percent of clams dead with crushed or chipped valves.  Mean number per core (± 95% 

CI).  n = 2 (number of plots per treatment).  Percentages may be conservatively low , and not 

sum to 100% because some samples contained no live or dead cultured clams.   

 

    

Town                  Site      Netting       %A        %DU    %DC        Number/core 

 

Jonesboro Arthur Hill     4.2 mm   100.0 (0.0)      0.0 (0.0)       0.0 (0.0) 25.3 (60.4) 

        6.4 mm   100.0 (0.0)      0.0 (0.0)       0.0 (0.0)   9.0 (31.8) 

 

  Bob’s Cove     4.2 mm   100.0 (0.0)      0.0 (0.0)       0.0 (0.0) 17.5 (69.9) 

        6.4 mm   100.0 (0.0)      0.0 (0.0)       0.0 (0.0) 15.8 (28.6) 

 

St. George Barney’s Cove    4.2 mm       0.0 (0.0)      0.0 (0.0)       0.0 (0.0)   0.0 (  0.0) 

        6.4 mm       0.0 (0.0)      0.0 (0.0)       0.0 (0.0)   0.0 (  0.0) 

 

S. Thomaston Potato Patch     4.2 mm     48.2 (88.7)    0.0 (0.0)       1.8 (  5.7)   1.4 (  3.0) 

        6.4 mm     25.0 (45.9)    0.0 (0.0)   12.5 (39.8)   0.6 (  1.5) 

 

Boothbay Pleasant Cove     4.2 mm     32.7 (69.9)  17.3 (47.7)      0.0 (  0.0)      1.8 (  3.8)   

        6.4 mm     44.9 (82.5)    5.1 (  9.4)      0.0 (  0.0)      3.6 (  7.0)    

 

  Cross River     4.2 mm     50.0 (91.9)    0.0 (0.0)       0.0 (0.0)   6.6 (13.1) 

        6.4 mm     50.0 (91.9)    0.0 (0.0)       0.0 (0.0)   5.9 (12.8) 

 

 

Wild, 0-year class individuals were defined as clams < 13 mm, as an overwinter mark was 

generally associated with animals greater than this size.  ANOVA (Table 6) indicated that the 

only source of variation that was nearly significant was netting (P = 0.0932).  A priori contrasts 

examining mean number of recruits from control plots vs. netted plots showed a significant 

difference between these two treatments (P = 0.0324).  Netting at both sites resulted in an 

approximate 80% enhancement in mean number of recruits compared to control plots  

( 9.24.12 Nettingx ind./core, n = 32; 7.29.6 Controlx ind./core, n = 16).  No significant 

differences in mean number of recruits was detected between plots protected with 4.2 mm vs 6.4 

mm netting (P = 0.9181; Table 6). The size-frequency distribution of recruits varied significantly 

between sites (G = 179.8, df = 5, P <0.0001; Fig. 11).  The proportion of recruits ≤ 5 mm was 

considerably different between sites.  For example, at Bob’s Cove, approximately 30% of 

recruits were ≤ 5mm, but at the Arthur Hill Flat, ca. 65% were in this small size range.  These 

differences also extended to mean SL (P = 0.001), as clams at Bob’s Cove (6.7 ± 1.47 mm, n = 

21) were about 50% larger, on average, than those sampled from the Arthur Hill Flat (4.4 ± 0.65 

mm, n = 22).    
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Densities of wild clams ≥ 1 yr (i.e., ≥ 13 mm SL) that were in the field plots in May 2015 varied 

significantly according to netting treatment and the presence of cultured clams in October 2015 

(Table 7).  Approximately 5x more wild clams were found in plots covered with protective 

netting ( x = 6.8 ± 1.88 ind./core, n = 32) than in control plots (1.3 ± 0.67 ind./core, n = 16; P = 

0.0012).  In netted plots, the presence of cultured clams was associated with a 2.25x higher 

abundance of 1+ year class wild clams than in plots that were not seeded in May (9.5 ± 2.65 

ind./core vs. 4.2 ± 2.17 ind./core, n = 16; P = 0.0303; Fig. 12).   

 

St. George River 

 

No live or dead cultured clams were recovered from netted plots at Barney’s Cove (Table 5).  

Mean percent survival was significantly higher at Potato Patch flat, but results depended on 

whether clams were protected with the smaller (48.2 ± 88.7%, n = 2) vs. larger (25.0 ± 45.9%, n 

= 2) aperture netting (Table 8).  Dead clams were only recovered at Potato Patch, and all of these 

had been chipped or crushed (Table 5).  Two crabs were discovered from Potato Patch core 

samples.  One (in a netted plot [6.4 mm aperture] without hatchery-reared clams) was an Asian 

shore crab, Hemigrapsus sanguineus (De Haan) (6.23 mm carapace width, CW).  Another (in a 

netted plot [4.2 mm aperture] without cultured clams) was a European green crab, Carcinus 

maenas (L.) (9.18 mm).  A green crab (7.69 mm and 11.23 mm CW) was found in samples taken 

from each of the two netted plots (4.2 mm aperture) that received cultured clam seed at Barney’s 

Cove.  One of those samples also contained a milky ribbon worm, Cerebratulus lacteus (Leidy).    

A total of 16 live cultured clams occurred in six of the eight core samples taken at Potato Patch 

in the four netted plots that were seeded in May.  Neither mean absolute growth (5.5 ± 1.61 mm, 

n = 6) nor final mean SL (18.9 ± 2.54 mm, n = 6; Fig. 13) varied significantly with aperture type.  

Average shell growth per day over the 167 days of the study was 0.032 ± 0.009 mm (n = 6).    

 

A total of six wild 0-year class recruits (animals < 13 mm SL) were found in the 48 core samples 

taken in October.  One recruit (2.65 mm) was found from the 24 samples taken at Potato Patch 

flat (in a netted [6.4 mm aperture] plot with cultured seed).  No significant effects of netting, site, 

or the presence of cultured clams on mean number of wild recruits were detected (P > 0.15).  The 

range of SL’s of the five clams at Barney’s Cove was 3.7 mm, and the mean SL was 4.5 ± 1.9 

mm.   

 

No wild clams ≥ 1-year class were sampled from any of the 24 benthic cores taken at Barney’s 

Cove in October.  Mean number per core from Potato Patch flat was 1.1 ± 1.2 ind./core.  The 

difference in mean number between sites was statistically significantly (P = 0.0289); however, 

no other sources of variation were significant (P > 0.19).  Of the 27 clams sampled from the 

cores, 19 (70.4%) were found in netted plots.  Mean SL was 38.6 ± 2.74 mm (Fig. 14), which 

was approximately 18 mm greater in size than the mean SL of the clams from that site in May 

2015. 
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Figure 10.  a) Initial and b) Final shell length of cultured clams pooled across both sites in 

Jonesboro.  ANOVA demonstrated that no significant site or netting effect on mean final SL or 

absolute growth occurred.  N = 270. 
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Table 6.  Analysis of variance on the square root-transformed mean number of wild soft-shell 

clam recruits (0-year class individuals; animals < 13 mm SL) from benthic cores (A = 0.01824 

m
2
) sampled on 23 October 2015 at two sites in Jonesboro, Maine (Arthur Hill Flat and Bob’s 

Cove).  Netting refers to one of three treatments:  no netting (control plots), plots covered with 

4.2 mm flexible netting, and plots covered with 6.4 mm flexible netting).  Clams refers to two 

treatments:  presence (cultured clams planted in one-half of the netted plots), or absence (no 

clams added to the control plots or to one-half of the netted plots; see Table 3).  Two single de-

gree-of-freedom a priori contrasts appear indented below the netting source of variation. (n = 2) 

 

 
                                Sum of 
     Source                      DF     Squares       Mean Square    F-Value  Pr > F 
 

       Site                         1  2.58468547      2.58468547     1.52    0.2384 

       Netting                      2  9.62695358      4.81347679     2.83    0.0932 

   Netting absent vs. present 1  9.60829882      9.60829882     5.64    0.0324 

  4.2 mm vs. 6.4 mm          1  0.01865477      0.01865477     0.01    0.9181 

       Site x Netting               2  0.55304450      0.27652225     0.16    0.8518 

       Clams(Netting)               2  3.14634857      1.57317428     0.92    0.4201 

       Site x Clams(Netting)        2  1.30591969      0.65295984     0.38    0.6886 

       Plot(Site Netting Clam)     14 23.85370000      1.70383571     2.13    0.0501 

 

       Error                       24 19.20949023      0.80039543 

       Total                       47 60.47094544 
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Figure 11.  Size-frequency distribution of 0-year class recruits of the soft-shell clam, Mya 

arenaria, from the two Jonesboro study sites.   
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 Table 7.  Analysis of variance on the square root-transformed mean number of wild soft-shell 

clam recruits (1-year class individuals; animals ≥ 13 mm SL) from benthic cores (A = 0.01824 

m
2
) sampled on 23 October 2015 at two sites in Jonesboro, Maine (Arthur Hill Flat and Bob’s 

Cove).  Netting refers to one of three treatments:  no netting (control plots), plots covered with 

4.2 mm flexible netting, and plots covered with 6.4 mm flexible netting).  Clams refers to two 

treatments:  presence (cultured clams planted in one-half of the netted plots), or absence (no 

clams added to the control plots or to one-half of the netted plots; see Table 3).  Two single de-

gree-of-freedom a priori contrasts appear indented below the netting source of variation. (n = 2) 
 

      

                                               Sum of 
   Source                      DF         Squares     Mean Square    F Value    Pr > F 

        

   Site                         1      0.69119990      0.69119990       0.50    0.4894 

   Netting                      2     22.24042429     11.12021215       8.11    0.0046 

     Netting absent vs. present 1     22.23068620     22.23068620      16.21    0.0012 

     4.2 mm vs. 6.4 mm          1      0.00973809      0.00973809       0.01    0.9340 

   Site x Netting               2      0.15524742      0.07762371       0.06    0.9452 
   Clams(Netting)               2     12.44217459      6.22108729       4.54    0.0303 

   Site x Clams(Netting)        2      0.18423014      0.09211507       0.07    0.9353 

   Plot(Site Netting Clams)    14     19.19515060      1.37108219       2.18    0.0449 

 

   Error                       24     15.08044520      0.62835188 

   Corrected Total             47     70.05899229 
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Figure12.  Mean number of 1+ year class clams per square foot (+ 95% CI) from both Arthur 

Hill Flat and Bob’s Cove, Jonesboro, Maine on 23 October 2015.  n = 8 (Open Controls) and n = 

4 (other treatments), where n = # of plots per treatment. 

 

 

 

Table 8.  Analysis of variance on the angular transformed mean number of cultured soft-shell 

clam individuals sampled in benthic cores from 14-ft x 14-ft plots at two sites in the St. George 

River on 27 October 2015.  See Table 3 for a description of the individual treatments.  (n = 2 

cores per plot). 
 

                                        Sum of 

   Source                      DF       Squares       Mean Square    F Value    Pr > F 

        

   Site                         1     16756.80708     16756.80708     543.63    <.0001 

   Netting                      1      1556.15152      1556.15152      50.49    0.0021 

   Site x Netting               1      1556.15152      1556.15152      50.49    0.0021 

   Plot(Site x Netting)         4       123.29498        30.82374       0.03    0.9979 

       

   Error                        8      8346.58995      1043.32374 

   Corrected Total             15     28338.99506 
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Figure 13.  a) Initial, and b) final shell length of live cultured clams from seeded plots at Potato 

Patch flat (South Thomaston, Maine) from 13 May to 27 October 2015 (167-days).  No 

significant differences were detected in mean final SL in plots protected with 4.2 mm vs. 6.4 mm 

aperture netting.  (n = 16). 
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Figure 14.  Size distribution of soft-shell clams from Potato Patch flat (South Thomaston, 

Maine) a) on 13 May 2015, and b) on 27 October 2015.   
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Boothbay 

 

Mean percent survival of cultured clams in the netted plots ranged from a low of 32.7% in plots 

covered with the smaller aperture netting at Pleasant Cove to 50% at Cross River in plots with 

both types of netting (Table 5).  Overall mean percent survival pooled across both sites and 

netting treatments was 44.4 ± 17.1% (n = 16).  No significant differences were observed between 

site, netting type, or the interaction of these main factors on mean percent survival or mean 

number of cultured clams per core (P > 0.08).  The pooled mean number of cultured clams across 

both sites and netting treatments was 4.5 ± 2.2 individuals/core (22.7 ± 11.3 individuals/ft
2
).   

 

Mean absolute growth (20.7 ± 2.66 mm; or, 0.126 ± 0.016 mm/day, n = 16) did not differ across 

sites or netting treatments, but mean final SL did vary significantly between sites (P = 0.0238, 

Table 9; Fig. 15).  Final SL of clams from Pleasant Cove was 37.3 ± 4.03 mm (n = 8) vs. 30.7 ± 

1.18 mm (n = 8) for clams at Cross River.  

 

Soft-shell clam 0-year class recruits were found at both sites, but ANOVA was unable to detect 

significant differences in any main or interactive effect.  Mean number per core (pooled across 

both sites and treatments) was 1.1 ± 0.39 individuals, or 5.4 ± 2.01 recruits/ft
2
 (n = 48).  Mean 

SL for the 51 recruits was 4.6 ± 0.73 mm with 80% ≤ 6 mm (Fig. 16). 

 

While the number of ≥1-year class clams was generally low at both sites (Pleasant Cove: n = 6; 

Cross River: n = 22), mean number varied significantly between sites (P = 0.0017) and between 

netting treatments (P = 0.0086; Table 10).  Approximately 14x more clams occurred in netted 

(0.8 ± 0.56 ind./core, n = 32) vs. control plots (0.06 ± 0.13 ind./core, n = 16).  No significant 

difference in mean SL (31.4 ± 5.06 mm, n = 28) was detected among any main or interactive 

factors. 

  

Table 9.  Analysis of variance on the mean final SL of cultured soft-shell clam clams at two sites 

(Pleasant Cove and Cross River) in Boothbay, Maine (15 May to 26 October 2015 – 164 days).  

Netting refers to two types of flexible mesh (4.2 mm or 6.4 mm aperture) that was applied to 

plots (14-ft x 14-ft) seeded with cultured soft-shell clam juveniles.   
 

                                         Sum of 

   Source                      DF       Squares       Mean Square     F Value   Pr > F 

 

   Site                         1     173.0853183     173.0853183      12.60    0.0238 

   Netting                      1      14.5310885      14.5310885       1.06    0.3618 

   Site x Netting               1      18.4104888      18.4104888       1.34    0.3114 

   Plot(Site x Netting)         4      54.9501022      13.7375256       1.24    0.3684 
    

   Error                        8      88.8210559      11.1026320 

   Corrected Total             15     349.7980537 
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Figure 15.  Initial and final size-frequency distribution of cultured clams from the two Boothbay 

sites.  ANOVA indicated a significant difference in mean final SL between sites (P = 0.0238; 

Table 9). 
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Figure 16.  Size-frequency distribution of 0-year class soft-shell clam recruits at the two 

Boothbay sites (Pleasant Cove and Cross River) on 26 October 2015. 

 

Table 10.  Analysis of variance on mean number of ≥ 1-year class soft-shell clams (animals > 13 

mm SL) at the two Boothbay Harbor sites (see Table 2).  Netting refers to one of three 

treatments:  no netting (control plots), plots covered with 4.2 mm flexible netting, and plots 

covered with 6.4 mm flexible netting).  Clams refers to two treatments:  presence (cultured clams 

planted in one-half of the netted plots), or absence (no clams added to the control plots or to one-

half of the netted plots; see Table 3).  Two single degree-of-freedom a priori contrasts appear 

indented below the netting source of variation. (n = 2) 

 
                              Sum of 
   Source                      DF       Squares        Mean Square    F Value   Pr > F 

    

   Site                         1      2.09225255      2.09225255       8.40    0.0117 

   Netting                      2      3.38953896      1.69476948       6.81    0.0086 

     Netting absent vs. present 1      2.73960274      2.73960274      11.00    0.0051 

     4.2 mm vs. 6.4 mm          1      0.64993622      0.64993622       2.61    0.1285 

   Site x Netting               2      1.09826820      0.54913410       2.21    0.1470 

   Clams(Netting)               2      1.46159408      0.73079704       2.93    0.0862 

   Site x Clams(Netting)        2      1.62331572      0.81165786       3.26    0.0688 

   Plot(Site Netting Clam)     14      3.48604157      0.24900297       0.81    0.6484 

 

   Error                       24      7.34314575      0.30596441 

   Corrected Total             47     20.30612800 
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Discussion 

 

This study examined several factors intended to serve as examples of management techniques 

that could easily be replicated by shellfish committees and commissions in coastal communities 

that manage their shellfish resources.  As we found during our 2014 field trials (Beal et al., 

2015), many results were site-specific.  Below we examine each of our hypotheses separately, 

and comment on potential mechanisms that may help explain particular results. 

 

Hypothesis #1a:   

Cultured clam survival is unaffected by netting aperture type (4.2 mm vs. 6.4 mm).    

 

Hypothesis #1b:   

Smaller aperture netting results in higher densities of 0-year class wild clam recruits. 

 

 

Table 11.  Site-specific results for Hypothesis #1a and #1b. 

 

Town               Site          Hypothesis #1a     Hypothesis #1b 

 

Jonesboro     Arthur Hill Flat      Yes                                       No 

                            Bob’s Cove                             Yes                                       No 

 

St. George     Barney’s Cove   No live clams recovered                   No 

S. Thomaston     Potato Patch                       4.2 > 6.4                                  No 

 

Boothbay     Pleasant Cove       Yes                                      No 

                            Cross River                             Yes                                      No 

 

Cultured clam survival varied between zero (Barney’s Cove) and 100% (both sites in Jonesboro), 

and was intermediate (ca. 45%) at the Boothbay Harbor sites.  While no live or dead clams were 

recovered from any of the core samples in the netted plots at Barney’s Cove, it is thought (based 

on similar results observed in several areas within the Harraseeket River, Freeport, Maine (B. 

Beal, pers. obs.) that mud snail egg masses deposited on the nets (Fig. 9) resulted in 100% 

mortality of clams due to suffocation.  Egg capsules result in at least two problems.  First, the 

sheer mass of the capsules alone is heavy enough to negate the effects of the Styrofoam flotation, 

so the netting does not lift off the flats during periods of tidal inundation.  Second, the capsules 

facilitate and enhance sediment deposition on top of the net.  This deadly combination results in 

a lack of lifting of the net during tidal inundation, reduces flow in the plot, and results in pockets 

of anoxia that suffocates clams.   

 

This study provided an excellent test of our prediction that smaller aperture (4.2 mm) netting 

would result in higher densities of wild, 0-year class individuals than larger aperture (6.4 mm) 

netting.  Recent findings in eastern and southwestern Maine (B. Beal and W. Ambrose, Jr., pers. 

obs.) suggest that green crabs are more likely to pass through the larger aperture netting and then 

become entrapped in the “protected plot” resulting in fewer 0-year class clams due to intense 

predation pressure.  However, no enhancement of wild clam recruits occurred in the smaller vs. 
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larger aperture netting at any of the six sites.  We recovered live green crabs in one core sample 

from Cross River (Boothbay) and Potato Patch (S. Thomaston), and two from separate samples 

at Barney’s Cove (St. George).  All samples were from netted plots, and three crabs were found 

in plots associated with the 4.2 mm aperture netting.  One green crab was sampled from a control 

plot at Arthur Hill flat in Jonesboro (6.97 mm CW).  Perhaps the best test of Hypothesis #1b 

occurred at the two Jonesboro sites where, collectively, a total of 266 0-year class recruits were 

recovered in the 48 benthic core samples.  No significant differences were observed for mean 

number of 0-year class individuals between the two netting treatments. 

 

No attempt was made to seed control plots with cultured juvenile clams.  That test has been 

repeated dozens of times with communities and has also been the focus of several published 

efforts (e.g., Beal et al., 2001; Beal and Kraus, 2002; Beal 2006a).  Providing predator protection 

through the use of netting typically results in increases in mean percent survival from 25-50% 

over control plots.   

 

Hypothesis #2: 

Cultured clam seed does not attract wild, 0-year class clam recruits. 

 

Several studies conducted in Maine have examined specifically whether adult clams attract wild, 

0-year class clams (Beal, 2007; Beal, 2015).  In both field trials, the density of commercial-size, 

adult clams was varied in large-scale plots along with different levels of predator-exclusion.  In 

each case, the presence of netting explained more of the variation in densities of wild recruits 

than did the presence of adult clams.  In the present field trial, there was no significant 

relationship between number of wild recruits and the presence of cultured clam seed at any of the 

study sites; however, wild recruitment was relatively low (< 5 clams per square foot, on average) 

at all but the two easternmost sites in the town of Jonesboro.  We re-examined data from the two 

sites in that town, Bob’s Cove and Arthur Hill flat (Fig. 17), and used regression analysis to ask 

whether densities of cultured clams could help explain densities of wild, 0-year class clam 

recruits.  There was no significant relationship, as the slope of the line was not different from 

zero. 

 

Hypothesis #3: 

Plots covered with predator-exclusion netting yield higher numbers of both 0- and ≥ 1-year class 

wild clams than control plots (without deterrent netting). 

 

Excluding predators has, in many studies of various species of cultured clams, not only resulted 

in higher yields of cultured clams, but provided a bonus by enhancing numbers of wild clams as 

well (Cigarria and Fernandez, 2000; Munroe et al., 2015).  Results from our 2014 studies (Beal 

et al., 2015) and the current field studies at the six intertidal sites suggests that adding netting to 

flats does not always result in higher numbers of 0- and ≥ 1-year class clams (Table 12).  In 

2014, flexible netting (4.2 mm aperture) was applied to flats at each of the same six intertidal 

sites used in 2015 (Table 2).  Recruitment of 0-year class clams was enhanced significantly at 

only one of those sites (Bob’s Cove, where recruitment was 25x greater in netted vs. control 

plots).  That is, only 1 in 6 attempts (16.7%) produced a desired outcome of wild clam 

enhancement.  In 2015, enhancement of 0-year class clams in netted plots occurred at only two 

sites where highest densities of were observed of any of the six sites.  Problems with nets at  
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Figure 17.  Relationship between number of cultured juvenile soft-shell clams per benthic core 

and the number of wild, 0-year class soft-shell clam recruits in the same core for samples taken 

at both Arthur Hill Flat and Bob’s Cove (Jonesboro) on 23 October 2015.  The line-of-best-fit (in 

black) and the 95% confidence intervals (blue dotted lines) are given.  Regression analysis 

indicated that the slope of the line was not significantly different from zero (F = 0.24, df = 1, 14, 

P = 0.6291). 

 

 

Table 12.  Hypothesis #3.  More 0- and ≥ 1-year class clams occur in netted vs. control plots. 

 

Town               Site           More 0-year class          More ≥ 1-year class               

                                                      clams in netted plots      clams in netted plots 

 

Jonesboro     Arthur Hill Flat         Yes                                       Yes 

                            Bob’s Cove                                Yes                                       Yes 

 

St. George     Barney’s Cove                     No                                  None found 

S. Thomaston     Potato Patch                              No                                        No 

 

Boothbay     Pleasant Cove          No                                       Yes 

                            Cross River                                No                                       Yes 
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Barney’s Cove (as described above) and a modest build-up of sediment on nets at Potato Patch 

(both sites in the St. George River) may have contributed to the lack of a “net effect” at those 

two sites.  No significant enhancement of clams occurred for the second year-in-a-row at the two 

Boothbay sites.  This may reflect a general lack of wild clam spat in this area as densities of 

these 0-year class clams was low (< 5 animals/ft
2
) in both years.  Clams present in the flats at the 

beginning of the field trials in 2015 (i.e., animals ≥ 1-year class) had higher densities in netted 

vs. control plots at four of the six study sites.  Again, difficulties with the nets at the two St. 

George River sites may have led to mortalities not only of cultured clams, but of the wild clams 

as well.   

 

The use of control and netted plots at each study site allows a direct and unambiguous compari-

son of various management approaches to increasing soft-shell clam populations.  Events within 

control plots are similar to larger-scale “conservation closures” that are utilized widely by coastal 

towns to provide the resource some relief from commercial and/or recreational harvesting.  

Conservation closures may be active or passive measures a community may choose to restrict 

harvesting in an area, and may be motivated by different goals.  For example, a town may choose 

to seed an area and wish to close the area to protect the seed (from being harvested or nets could 

be used to do this, and the closure ensures the protection of the nets).  Another example might be 

related to stock enhancement that uses seed taken from a closed area.  In that case, the transplant 

area must be closed for a given length of time that is defined under ISSC (Interstate Shellfish 

Sanitation Conference) guidelines.  Passive measures that fall under conservation closures may 

include a community’s response to reducing overall harvesting pressure to counter potential 

overharvesting, or to protect flats in winter that are easily accessible that, otherwise, would 

receive relatively high rates of harvesting compared to other flats.  Finally, some communities 

rotate flats in and out of harvest status, and decisions about the timing associated with opening 

and closing areas are generally related to time of year, price of clams, or a perceived need to 

allow a flat to fallow due to a precipitous reduction in numbers of commercial-size animals. 

  

Experimental areas represent a unique opportunity for a community to set aside an area within 

their intertidal to focus on a topic of interest that may be helpful in answering questions about 

shellfish management.  One such study was conducted in 1996 in the town of Brunswick (Beal 

and Vencile, 2001) to examine effects of commercial baitworm (G. dibranchiata) and soft-shell 

clam harvesting on the fate of juveniles of M. arenaria.  Results indicated that, compared with 

effects of predators such as green crabs, horseshoe crabs (Limulus polyphemus [L.]), and milky 

ribbon worms, commercial harvesting did not contribute significantly to additional losses of 

clams.  Those results suggested that if communities wish to close large areas of intertidal flats to 

protect and/or enhance the resource, especially during summer months when predation rates are 

highest during the year, then attempts should be made to deter predators, at least in areas where 

there are high densities of small (< 30 mm SL) clams.  The present study showed that control 

plots yielded significantly fewer 0-year class clams at both study sites with the highest densities 

of wild recruitment (Jonesboro – Table 12) than did netted plots, and that clams ≥ 1-year class in 

control plots suffered higher losses than those in protected plots in four of the six study sites.  

This suggests that conservation closures may, in some instances, do little to increase clam 

harvests.  Clearly, netting (or other predator-deterrent methods) is not a panacea for enhancing 

stocks of clams on the scale of hundreds or thousands of acres of intertidal flats, but results 

presented here should be encouraging to those communities that are contemplating the addition 
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of municipal shellfish aquaculture permits to their local ordinance and shellfish management 

toolbox (see below for specific Recommendations). 

 

Hypothesis #4: 

Cultured clam growth does not differ in plots protected with 4.2 mm vs. 6.4 mm flexible netting. 

 

Previous field trials in which cultured soft-shell clams were protected with various types of 

netting (Beal and Kraus, 2002) demonstrated no difference in growth of animals protected with 

4.2 mm vs. 6.4 mm flexible netting.  This was the case at five of the six sites in which cultured 

clams were recovered alive at the end of the field trials.   

 

Recommendations for communities and individuals who wish to farm clams 

 

Collectively, results from our 2014 and 2015 trials suggest that predation is a major source of 

mortality for wild and cultured clams, and that steps communities may use to reduce predator 

effectiveness are warranted if the goal is to increase clam harvests.  Realistically, large portions 

of the intertidal cannot be protected from predators because it would be too costly in both 

materials and labor.  What then, can communities do to increase clam harvests by using 

information presented here along with that from the previous year? 

 

First, it makes little sense to place nets out on intertidal flats to encourage clam settlement on a 

large scale without some small-scale trials (as described here) that will result in a better 

understanding of both spatial and temporal variation in recruitment of 0-year class individuals.  

For example, in two years, enhancement of wild recruits occurred in only three out of 12 (25%) 

instances (once in Jonesboro in 2014, and twice in Jonesboro in 2015).  All three times coincided 

with relatively high abundances of wild recruits (i.e., > 25 clams/ft
2
).  Therefore, we recommend 

that communities set up small-scale field trials in a variety of different areas in their town and 

work with us to help collect this kind of data.  Projects cannot be deemed a success without 

carrying the trials to a conclusion.  Those that result in zero wild clams vs. those that result in 

copious amounts of wild clams should be considered successful because useful information is 

generated in this process that will help formulate future plans. 

 

Second, netting can help protect relatively high densities of juvenile wild clams that have 

successfully overwintered.  Except for our two sites in the St. George River, animals ≥ 1-year 

(ca. > 15 mm SL) that were located in plots protected with netting were more numerous after the 

5+ month trials than in adjacent control plots.  Nets should be applied to high density patches of 

clams early in the spring (April or by mid-May at the latest) to provide as much protection as 

possible, and then be removed in late October or early November when clam growth slows down 

and so, too, does predation. 

 

Third, in the 2015 trials, we found relatively few differences in the effectiveness of the two types 

of flexible netting (4.2 mm vs. 6.4 mm) to protect cultured seed clams or to enhance 0-year class 

recruitment.  While no penalty in absolute growth or final SL was observed for clams between 

the two types of netting, we recommend the use of the smaller aperture nets, especially when 

high densities of green crabs exist.  From recent trials in the Harraseeket River, we found that 

green crab juveniles are more likely to access plots protected with the 6.4 mm aperture than 
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smaller aperture netting.  Once within a protected plot, crabs can molt and become entrapped.  

Because most green crabs that have settled to the benthos the previous year and overwintered in 

in the sediments in the spring are larger than 4-6 mm CW (Beal, pers. obs.), most of those small 

crabs will not be able to crawl through the smaller aperture nets whereas the diagonal measures 

9.05 mm on the larger (6.4 mm) aperture netting.  The smaller aperture netting is more expensive 

(www.industrialnetting.com), but will likely provide better opportunities for enhancing numbers 

of wild clam recruits than the larger aperture netting.  

 

Fourth, there are some sites where the use of netting (as we have described here) is not 

appropriate and may result in worsening the situation rather than improving it.  We have 

observed mud snails and their egg cases for the past two years in our field trials in the Freeport 

area.  As was the case in Barney’s Cove, nets applied in late April or early May to seeded plots 

became so fouled with snail eggs that the nets had to be removed and new ones deployed in their 

place because nothing (except air drying followed by brushing) could remove the egg capsules 

effectively.  No egg capsules were noted at the Barney’s Cove site in 2014 even though mud 

snail densities were high; however, nets were not applied to the flat at that site until 2 July (Beal 

et al., 2015).  Eggs were first discovered at that location in the St. George River in mid-June 

2015, and in one month, nets were so fouled with egg capsules and were so heavy that they did 

not float above the sediment during tidal inundation and apparently suffocated both the cultured 

and wild clams they were intended to protect from predators.  No solution to this problem has 

been investigated at this time; therefore, we recommend that netting not be applied to flats to 

protect cultured clams until after eggs have been laid (likely after 1 July in most places in mid 

coast and southern Maine – I. obsoleta does not occur in eastern Maine).  Unfortunately, it 

appears that much of the settlement of soft-shell clam post-larvae occurs prior to 1 July in most 

areas, so the deployment of nets at that late date may not result in a significant enhancement of 

0-year class individuals. 

 

Lastly, while it may not be feasible to enhance hundreds of acres of intertidal flats in any coastal 

community, the use of predator nets to protect cultured or wild clams on scales of ca. 1-3 acres is 

feasible, and could be done by someone who wishes to farm clams.  This option is open to 

clammers and others in communities that have adopted a municipal conservation program and 

are co-managing their clamming resources with the Maine DMR.  MRSA Title 12, Part 9, 

Subpart 2, Chapter 623, Subchapter 1, Article 4, Section 6673 describes “Municipal shellfish 

aquaculture permits.”   The statute outlines a process a community should take that enables an 

individual to be issued a municipal shellfish aquaculture permit for the exclusive use of shellfish 

in a designated area of the intertidal zone to the extreme low water mark within the municipality 

for the purpose of shellfish aquaculture.  Results presented here, in combination with those from 

other sources (Beal and Kraus, 2002; Beal, 2005; www.downeastinstitute.org) can be used to 

help gather information about this farming process.  
  

http://www.industrialnetting.com/
http://www.downeastinstitute.org/
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