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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 ï Barneyôs 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 Ó 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  

 

Maineôs 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 Maineôs coastal communities with Shellfish Conservation 

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

Maineôs 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 ï 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 ï 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 Bobôs Cove 7 May 

South Thomaston Knox 44.04671 -69.18947 Potato Patch 13 May 

St. George Knox 44.02724 -69.20219 Barneyôs 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 Barneyôs 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: 

 

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

 

Y ijkl   =  Dependent variable (angular transformed mean percent survival); 

µ  =  Theoretical mean; 

A i = 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: 

 

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

 

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

µ  =  Theoretical mean; 

A i = 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; Bobôs Cove). 

 

 
 
Figure 3.  Study sites in the St. Georgeôs River (Barneyôs 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 ñhatchery markò 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 Bobôs Cove (Jonesboro) to a low of 76.8 Ñ 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 Bobôs 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. Georgeôs 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 Bobôs 

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 Barneyôs 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 Barneyôs 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 Barneyôs 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 Barneyôs 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).   

 

 


