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Summary 
 
Soft-shell clams (Mya arenaria) represent the second most important commercial marine 
resource in the state of Maine behind only lobsters.  The economic importance of clamming to 
coastal communities varies along the coast with towns in far eastern Maine relying more 
heavily on their clam resource than those in the southwest.  Historically, clam harvests in 
eastern Maine have accounted for more than one-half of statewide landings.  Recently, clam 
landings have declined in eastern Maine compared with other areas along the coast, and 
interest in public stock enhancement and private clam farming have grown as a result. 
 
Clam culture is not new in Maine.  In 1987, the Beals Island Regional Shellfish Hatchery opened 
its doors to work with coastal communities wishing to enhance wild clam stocks with hatchery-
reared clam seed (8-15 mm – ca. 1/2 inch).  That program continues today through the 
evolution of the Shellfish Hatchery to the Downeast Institute for Applied Marine Research & 
Education.  During the past 23 years, hatchery production and public stock enhancement have 
occurred concomitantly with applied research focused on methods and techniques to grow 
clam seed to commercial sizes in a cost-effective manner. 
 
A soft-shell clam farming demonstration program was developed in two communities in 
eastern Maine beginning in May 2007 and 2008.  Between 12-16 individuals participated from 
each  community.  Eight farms were established in each community.  A farm consisted of fifteen 
240 ft2 planting areas each covered with predator netting (1/4-inch aperture).  Three different 
stocking densities were established on each farm (30, 60, and 90 clam seed per square foot), 
with five replicates per density (ca. 215,000 clams per farm).  Clams planted in 2007 showed 
survival rates > 80% during the first year, but with relatively slow growth rates in all farms and 
stocking densities.  A natural and unexpected population explosion of two species of a 
burrowing gastropod predator, moon snails (Euspira heros and E. triseriata) occurred during 
2008 and 2009.  These snail predators are undeterred by predator netting as they can burrow 
beneath the nets to attack their clam prey.  These predators wreaked havoc on clam survival in 
2008 and 2009 resulting in less than 30% of clams to be available for commercial harvesting. 
 
An economic analysis that factored in price of clam seed, cost of netting, clam survival, and 
dockside value of harvested clams showed that clams would have to be sold at a minimum of 
between $70-$80/bushel at 30% survival to return a profit.  These harvest prices occur only 
during a limited time in the summer, and may not be realized in some years. 
 
Additional work in one of the communities focused on small scale efforts to better understand 
moon snail predation in terms of spatial and temporal variability.  Results showed that snails 
were able to consume hatchery seed (8-10 mm) protected by 1/4-inch netting at rates that 
removed more than 70% of the clams over a 6-month period, and that snails were present at 
every intertidal flat examined in the study.  Increasing the planting size of clams to > 20 mm in 
shell length appeared to reduce moon snail predation significantly, but it is not cost-effective to 
plant these large seed on the scale of a farm. 
 
Other field studies examined effects of classical selection for faster growth/survival among 
cultured clams.  Growth increased up to 33% and survival up to 125% faster than controls. 
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Introduction 
 
Soft-shell clams, Mya arenaria L., represent a commercially important marine fishery in coastal 
communities along the Maine coast.  Landings historically have fluctuated widely with a high of 
nearly 3,500 metric tons in 1978 worth $10 million to current levels of slightly less than 1,000 
metric tons in 2009 worth $11.7 million (Figure 1).  In 2009, soft-shell clams ranked second to 
lobster in ex-vessel value for wild-caught species in Maine (Maine Department of Marine 
Resources, 2009; http://www.maine.gov/dmr/commercial 
fishing/documents/softshellclam.table.pdf). 
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Figure 1.  Landings and dockside dollar value of soft-shell clams in Maine 
(1950-2009).  Data compiled by Maine Department of Marine Resources (2009).      

 
 
The importance of clamming (Figure 2) to the economy varies coastwide, with relatively poorer 
communities in the eastern portion of Maine relying more heavily on abundant resources and 
open intertidal flats than elsewhere along the coast.  Landings in Washington County, the 
easternmost county in Maine, typically account for nearly one-third of the state’s soft-shell clam 
harvest.  However, in 2004 and 2005, clammers in Washington County lost more than $1 
million when red tide and runoff from heavy rains closed flats to the Canadian border (Athearn, 
2008).   
 
Communities in eastern Maine and elsewhere along the coast have been participating in a 
public stock enhancement effort since 1987 when the Beals Island Regional Shellfish Hatchery 
(BIRSH) opened its doors for business.  The mission of the non-profit Hatchery was to enhance 
Maine’s soft-shell clam and other shellfish resources through aquaculture,  
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Figure 2.  In Maine, the only legal method of harvesting soft-shell clams 
is using a hand-held tool.  Most harvesters use a short-handled, 4-6 tined 
metal hoe, or fork.  Harvester:  Adam Boutin (Trescott, Maine). Photo by 
B. F. Beal.  

                               
 
applied research, technology transfer, and public education.  It was created to help coastal 
communities improve the management and sustainability of soft-shell clams, and was the only 
hatchery devoted entirely to the production of juveniles of M. arenaria for stock enhancement 
purposes.  In 2000 the name of the Regional Shellfish Hatchery was changed to the Downeast 
Institute for Applied Marine Research & Education (DEI), but programs have continued to 
produce soft-shell clam seed for enhancing natural stocks in communities from Kittery 
(southwest) to Lubec (northeast).  To date, seed from BIRSH and DEI has been planted in 76 of 
Maine’s 90 communities with public clamming habitat.   
 
Historically, the intertidal zone, where clams grow and are harvested (Figure 3), has been 
considered a public entity and the resources that exist there (such as clams, but also including 
marine worms, Neanthes virens and Glycera dibranchiata, periwinkles, Littorina littorea, 
macroalgae such as knotted wrackweed, Ascophyllum nodosum, and mussels, Mytilus edulis) are 
a public resource.  However, intertidal areas may be leased by private individuals under Maine 
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law, but the process differs from that used to obtain subtidal tracts.  Under Maine law, one may 
obtain a shellfish aquaculture lease from the Maine Department of Marine Resources (DMR) 
 

 
 
    Figure 3.  Typical intertidal flat where soft-shell clams and other infaunal 

marine organisms such as polychaete worms are harvested commercially. 
Intertidal flats in eastern Maine are extensive due to large tides (3-5 m). 
Location:  Flake Point Bar (Jonesport, Maine).  Photo by B. F. Beal. 

 
or from a municipality, if the municipality in which a lease is to be located has an approved 
shellfish management program.  The DMR reviews applications for aquaculture leases and 
grants leases provided that a number of conditions are met: the applicant has the permission of 
the shorefront owner(s); the lease will not interfere with access of the shorefront owner(s) to 
the property, fishing, or other uses of the area; and other conditions.  If the municipality in 
which the lease is to be located has an approved shellfish management program, DMR leases for 
sites over two acres in size must also be approved by the municipal officers.  In general, leases 
cannot exceed 100 acres in size or exceed a term of 10 years.  Municipal leases may not exceed 
25% of the intertidal area in the town that is open to the taking of shellfish.  The approval of the 
DMR commissioner is required for municipal leases.   
 
Since 1990, only one municipal lease has been issued to an individual for the purposes of 
growing soft-shell clams commercially.  The effort described in this report was to demonstrate 
to clammers in two eastern Maine communities that techniques used to enhance public 
clamming habitat could be used to develop and enhance intertidal flats for private individuals.  
First, a community needed to recognize that it could benefit financially from municipal leasing 
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of flats, and agree to participate in such a program.  Second, a subset of clammers from both 
communities had to agree to participate in such a program. 
 
The establishment of the demonstration clam farming program coincided with heightened 
awareness of problems in clam flat closures caused by red tides and heavy rainfall events.  Clam 
farming could not stop red tide from closing clamming habitat; hence, farmed clams, along with 
their wild counterparts, could not be harvested during red tide.  However, farming can 
accomplish several purposes.  Farms allow harvesters to bank clams so they can bring them to 
market when the price is highest; they provide harvesters with an additional source of income 
they can add to what they earn by digging wild clams; and, they buffer a harvester against the 
effects of red tide by providing them with an immediate and productive timely harvest once a 
red tide harvesting ban is lifted.  Because farmed clams grow in much greater density than in 
the wild, the yield from farms will be greater and take a fraction of the time it would take a 
harvester to dig clams in the wild.  
 
The Downeast Institute for Applied Marine Research & Education has been producing soft-shell 
clam seed  (Figure 4) for over twenty years, and its staff, along with faculty/students from the 
nearby University of Maine at Machias, has worked with clammers and stewardship committees 
to enhance public soft-shell clamming habitat during that time.  In addition, applied research  
 

 
 
 Figure 4.  Cultured soft-shell clam juveniles that are used to enhance 

wild stocks or for private clam farming endeavors.  Location: Mud Hole 
Cove, Great Wass Island, Beals, Maine; 18 Sept. 2006.  Photo by B. F. Beal. 

 
using hatchery-reared seed has focused on developing planting and grow-out techniques that 
have resulted in efficient methods to produce commercial quantities of clams (Beal, 1994; Beal 
et al., 1995; 1999; Beal and Kraus, 2002; Beal 2005). 
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The Project 
 
The demonstration clam farm project began early in 2007 with several meetings in Edmunds 
and Machias with clammers from the Unorganized Territories of Edmunds and Trescott.  
Individuals in those communities had participated in a Community Clam Farm Demonstration 
Program in 1997-1998, and were aware of the many aspects involved in growing clams to 
commercial sizes.   
 
After discussing the program with the clammers and answering their questions, the first 
challenge was to create new language in their shellfish conservation ordinance (a legal 
document enacted in accordance with 12 MRSA Section 6671  -- http://www.mainelegisla 
ture.org/legis/statutes/12/title12sec6671.html that gives coastal municipalities in Maine the 
right to administer and manage a municipal shellfish conservation program in conjunction with 
the Maine Department of Marine Resources).  The new language was focused around municipal 
leasing of flats (Appendix I & II).  This activity took a total of 18 months to complete because 
changes to the ordinance require public hearings at the county level and must seek approval 
from the commissioner of the Maine Department of Marine Resources. 
 
The field portion of the project was initiated on 23 April 2007 and involved eight “farms” and 
16 clammers from the Unorganized Territories of Edmunds and Trescott.  Clammers worked in 
teams of two at an intertidal flat in Edmunds (Bell Cove; 44o 49’ 1.65”N; 67o 09’ 30.79” W) and 
planted a total of 126,084 seed clams per farm (8 farms x 126,084 = 1,008,672 clams).  Clams 
ranged from 6-12 mm with an average size (± 95% confidence interval) of 12.8 ± 0.46 mm (n = 
95).  Seed were distributed among fifteen 12-ft x 20-ft planting areas per farm.  Each area was 
completely covered with a large piece (14-ft x 22-ft) of plastic, flexible netting (Industrial 
Netting, Minneapolis, MN; http://www.industrial netting.com/ predator.html; Product Number: 
OV 3018, ¼-inch black; Figure 4) to protect clam seed from potential fish, bird, and crustacean 
predators.  To determine potential effects of stocking density on growth and survival, five of the 
fifteen planting areas were seeded at a density of 7,000 per area (ca. 30/ft2), five at 14,000 per 
area (ca. 60/ft2), and five at 21,000 per area (ca. 90/ft2).  The fifteen seeded areas comprising a 
farm were arranged in a 3 x 5 matrix with 5 m spacing between each row and column.  Adjacent 
farm sites were separated by a 25 m buffer strip.  
 
The site was revisited four times during 2007 – 6 June, 11 August, 29 September, and 11 
December.  Upon each visit, benthic cores (Area = 0.0182 m2 ≈ 0.20 ft2) were taken from at least 
two replicates of each stocking density from each farm.  Samples were gently washed through a 
2.0 mm sieve, and all clams (both live and dead) were counted.  A growth rate was calculated 
for each live clam by measuring the initial (“hatchery”) mark that is laid down when the clam is 
seeded (Beal et al., 1999) and its final length.  Absolute growth rate is the difference between 
these two lengths divided by time in the field.  Dead clams were categorized by fate (e.g., dead 
with undamaged valves, dead with chipped or crushed valves, typical of crustacean predation, 
dead with countersunk bore hole, typical of naticid moon snail predation).   
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Figure 4.  Flexible netting (1/4-inch aperture) used to protect cultured soft- 
shell clam juveniles.  A series of five Styrofoam floats underneath the netting 
are arranged in a quincunx pattern.  The edge of the nets are buried in the  
sediments to a depth of eight inches. 

 
 
Growth during the first year was seasonal as expected (see Beal et al., 2001) with less than 10 
mm in absolute shell growth observed on average (Figure 5).  Approximately 80% of growth 
occurred between early June and late September.  By December, survival was relatively high 
with an average of 27, 64, and 85 clams per square foot in plots seeded at a density of 30, 60, 
and 90 clams per square foot, respectively.  No statistically significant differences were 
observed either in survival or growth due to stocking density.  Nets were removed in late 
October in preparation for potential winter ice that could tear and lift nets.   
 
Nets were not replaced at the beginning of the growth season in 2008 because clams typically 
reach a size/depth refuge from most predators during their first growing season.  During 2008, 
clams reached approximately 28 mm on average, and there was no significant difference in size 
due to initial stocking density.  Unfortunately, many animals were found dead with countersunk 
holes (due to moon snail attack; Figures 6-8) during a sampling in October 2008 where an 
average of 7, 15, and 20 clams per square foot were found in plots initially seeded at 30, 60, and 
90 clams per square foot, respectively. 
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 Figure 5.  Growth rate of cultured soft-shell clam seed planted at Bell 

Cove, Edmunds, Maine on 23 April 2007 over 232 days to 11 December 
2007.  Approximately 80% of the yearly shell growth occurred between 
6 June and 29 September. 

 
 

 
 

Figure 6.   Soft-shell clam with characteristic countersunk bore hole  
drilled by the moon snail, Euspira heros.  Photo by B. F. Beal. 
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Figure 7.  Moon snail, Euspira heros, with foot extended on knotted 
wrackweed, Ascophyllum nodosum.  Snail is approximately 45 mm 
 from spire to apex.  Photo by B. F. Beal. 
 
 

 

 
 

Figure 8.  Moon snail attacking soft-shell clam at Lawrence’s Factory Flat, Lubec,  
Maine, on 19 May 2010. AP photo by Pat Wellenbach (http://abcnews. 
go.com/US/wireStory?id=10988348) 
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By Fall 2010, most clams (93%) had not reached commercial sizes (50.8 mm, or 2-inches) in 
any of the seeded plots.  Clams ranged in size from 40.3-52.7 mm with a mean shell length of 
45.2 mm.  Density of living clams was not significantly different than that observed in Fall 2008. 
Overall survival was 23.5%. 
 
An economic analysis (Figures 9-12) used a number of variables to determine whether clam 
farming could be profitable.  These variables included price of seed from a shellfish hatchery, 
price of netting, clam survival, and the price per bushel for clams sold at the dealer (a 
seasonally changing price with lower prices existing in Spring and highest prices occurring in 
Summer).  The analysis did not include labor associated with preparing nets, planting seed, 
removing nets, and harvesting clams, and assumed that commercial harvest would occur in 4-5 
years.  The model assumes that 1,000,000 clams are planted at a density of 60 per square foot, 
and that all clams will be protected from predators using seventy 14-ft x 22-ft panels of flexible 
mesh netting (planting area = 240 ft2; see Figure 4) that is buoyed using 4-inch Styrofoam 
floats.   Costs for clam seed in the model varied from $16 to $20 per 1,000, and from $0.10 to 
$0.15 per square foot for netting.  (A fixed cost of $4.00 was added to the cost of each net 
associated with the five floats used to keep the nets lifted off the bottom to reduce contact with 
clams during periods of feeding.)   
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Figure 9.  Economic analysis of clam farming given one million seed clams @  
$16/1,000, and protective netting @ $0.10/ft2.  For example, at $70/bushel, 
a profit of $2,564 occurs at a 30% survival and $23,500 at a survival of 60%. 
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The rate of net depreciation on an annual basis is not included in the analysis.  Although nets 
can be re-used if they are carefully removed from the flats, it has been our observations that 
individuals tend to rip nets during removal, which diminishes their future usefulness.  Price for 
clams was varied from $40 per bushel to $110 per bushel.  In addition, the model allowed clam 
survival to commercial size (2-inches) to vary from 10-90%, and assumed 1,000 two-inch 
clams/bushel (Beal, 2002). 
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 Figure 10. Economic analysis of clam farming given one million seed clams @  
 $16/1,000, and protective netting @ $0.15/ft2.  For example, at $70/bushel, 

a profit of $1,486 occurs at a 30% survival and $22,486 at a survival of 60%. 
 
The economic analysis (Figs. 9-12) and a subsequent multiple regression analysis showed that 
price of seed clams from a shellfish hatchery ($16-$20 per 1,000 animals) and price of predator 
deterrent netting ($0.10-0.15 per square foot) does not greatly affect profit.  The two most 
important variables are survival rate (explaining 67% of the variability in net profit) and price 
of clams sold (explaining another 29% of the variability in net profit).  Presumably, clam 
farmers have some control over both of these two latter variables.  For example, site selection is 
crucial to any farming operation as it relates to clam growth and survival.  Sites with naticid 
snail predators, or other infauna predators that are not deterred by predator netting such as 
milky ribbon worms, Cerebratulus lacteus, will not yield as high survival rates as sites without 
these predators.  Also, tidal height plays a role in both growth and survival.  For example, clams 
typically grow faster when they are inundated by water longer during each tidal cycle.  This 
would suggest that clams growing in the lowest intertidal areas should grow faster than those 
at the mid- or upper-tidal regions of a particular flat, and that these lower areas should be 
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targeted by farmers to grow clams to commercial sizes.  However, because tides do not expose 
the lowest portions of most flats each day, maintaining nets for the six months post-planting 
becomes difficult.  These lower intertidal and shallow subtidal areas harbor more predators 
and, subsequently, predation typically is more intense in these areas.  Nets can loosen through 
time, and should this occurs during the monthly lunar cycle when it is not possible to attend to 
the nets because the site is covered with water at low tide, then this is an invitation for disaster.  
A more cautious approach would be to plant clams on a flat between the mid-tide and low-tide 
mark.  Clams will grow more slowly at these tidal heights compared to the lowest intertidal 
and/or shallow subtidal, but the trade-off is the ability to maintain predator deterrent nets on 
any cycle and these are places where predator numbers are generally depressed compared to 
the lower shore.  In addition, farmers have some choice about when to harvest clams, and can 
use the seasonal price to help offset losses due to predators and other causes.   
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Figure 11. Economic analysis of clam farming given one million seed clams @  
$18/1,000, and protective netting @ $0.10/ft2.  For example, at $70/bushel, a 
profit of $564 occurs at a 30% survival and $21,564 at a survival of 60%. 
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Given survival rates observed at Bell Cove during this project (< 25%), clams would have to be 
sold for >$75 per bushel to observe any profit at all.  For example, at $16/1,000 animals and 
netting costs of $0.10 /ft2, clams would have to be sold at the maximum price per bushel (ca. 
$110) to observe a net profit of ca. $9,000.  If this profit is averaged over the 4-5 years it takes 
clams to reach commercial size, then farming would only realize $1,800-$2,250 a year for a 
farmer.  This is not an activity that would inspire many clammers to become clam farmers.  
Clearly, increased clam survival is paramount to any farming operation. 
 
At Bell Cove (and at the site chosen by Lubec clammers interested in farming) moon snail 
predation reduced clam survival to levels making clam farming less than profitable.  When 
clams were seeded in 2007, no moon snails were observed, and four sampling events during 
that year revealed no mortality due to snails.  These predators became noticeable in 2008, and 
since seed clams grew relatively slowly at the mid intertidal sites chosen for this 
demonstration, they had not achieved a refuge size (ca. 30 mm in shell length – see Commito, 
1982) from moon snail attack.  Most of the mortality observed occurred during that year. 
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 Figure 12. Economic analysis of clam farming given one million seed clams 

@ $20/1,000, and protective netting @ $0.15/ft2.  For example, at $70/bushel, 
a net loss occurs at 30% survival and net profit of $18,486 at a survival of 60%. 
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The second community to participate in the clam farm demonstration project was Lubec.  
Meetings with clammers occurred three times prior to when clams were seeded.  Ten clammers 
participated and eight farms (as described above) were established on 8-9 May 2008 at 
Johnson’s Bay (44o 50’ 55.00”N; 57o 00’ 33.50”W).  This site was not the first choice of any of 
the clammers.  In fact, three other sites were visited before the Johnson’s Bay site was chosen.  
The other three sites were rejected because significant numbers of live moon snails and/or 
drilled soft-shell clam shells were observed at each.  Surprisingly, clammers did not recognize 
the moon snail (either species – Euspira heros or E. triseriata) or the damage these predators 
inflict on their bivalve prey.  They thought moon snails were a species of herbivorous snail, such 
as the periwinkle, Littorina littorea.  They thought that characteristic countersunk hole in the 
shell of clams (see Figures 6 & 8) was due to a worm. The clam farming project became an 
awakening for Lubec’s clammers and their shellfish committee (see below) as they began to 
make observations of moon snails on many of their flats during the clam farm demonstration 
project, and adopted conservation measures to remove these predators. 
 
Nearly the same results observed in Edmunds (see above) were observed at the Johnson’s Bay 
site.  First, growth was seasonal, with fastest rates observed between June and mid-September.  
No shell growth was observed from early November 2008 to the end of April 2009.  Clams 
attained a final average shell length of 25.3 mm (significantly larger than that observed during 
the first growth season in Edmunds), but survival rates that were independent of stocking 
density were low (ca. 30%).  By the fall of 2010, only 10% of the animals had reached 
commercial size, and survival rates were estimated to be ca. 20%.  The majority of clam losses 
were attributable to moon snail attack, and as was the case in Edmunds, netting did little to 
deter these infauna predators.  Snails move adeptly below the sediment surface and can bury 
themselves at depths between 6-8 inches.  This enables them move unconstrained underneath 
the nets where high densities of small clams occur. 
 
Because moon snails were such a novelty for Lubec’s clammers, as part of the demonstration 
clam farm project, we worked with individuals on two other (smaller scale) field efforts to 
produce information about the intensity of moon snail predation as well as learn more about 
the geographic extent of moon snail predation within the town’s borders.  A field study was 
conducted at the site Lubec clammers had chosen initially to be the location of the clam farms.  
This was a protected embayment (approximately 5 km from Johnson’s Bay) called the “Haul 
Up.”  There, on 30 May 2008, a field experiment was initiated at the lower and upper tidal 
levels.  The experiment was designed to yield information on survival and growth of cultured 
soft-shell clam seed in protected (netting) and unprotected (open) experimental units (6-inch 
plastic plant pots – see Beal, 2006a) at each of the two tidal levels. 
 
Clams used in the trial ranged in size from 8.8 to 14.4 mm with an average size of 11.3 mm.  
Thirty six-inch plastic plant pots were pushed into the mud at each tidal height, filled with 
ambient sediments, seeded with twelve hatchery clams (ca. 60 ft-2), and then a piece of ¼-inch 
plastic netting (as described above) was placed over fifteen of the pots.  The pots were arrayed 
in a 6 x 5 matrix with 1 meter spacing between rows and columns. The netting was the same 
type of netting used in the clam farm project at Johnson’s Bay. 
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The experiment was terminated on 8 November 2008 after 162 days.  All plant pots were 
removed from the mud at both tidal heights and then taken to the University of Maine at 
Machias where each was washed through a 2 mm sieve.  The number of all live and dead clams 
was recorded.  Absolute growth of all live clams was estimated to the nearest 0.1 mm using 
Vernier calipers by subtracting initial size (see Beal et al., 1999) from final size.   
 
Table 1 shows for each tidal height the percent of clams found alive, dead with undamaged 
shells, and dead with a countersunk bore hole caused by moonsnails in both protected and 
unprotected pots. 
 
Table 1.  Percent of live (A), dead undamaged (DU), dead drilled (DD), and missing (M) clams at 
each tidal height (low vs. high) at the Haul Up, Lubec, Maine on 8 November 2008.  Twelve 
hatchery-reared clams were seeded into each pot on 30 May 2008.  + = Netted pots, - = Open 
pots without netting.  Fifteen replicates of each treatment was used. 
 
  
 Tidal Height             Netting  %A   %DU  %DD           %M 
 
   LOWER       -   0.0                 12.8                 77.8                 9.4 
   LOWER                            +   0.1    10.6  76.1               13.2     
 
   UPPER       -   0.1     13.9  71.1           14.9 
   UPPER      +   3.3       9.4  77.2           10.1 
 
Less than 4% of clams planted in late May 2008 were found alive in early November.  Moon 
snails accounted for at least 70% of the mortality that occurred between May and November at 
this site (Figure 13).  There was no difference in mortality due to snails between tidal heights, 
and netting afforded clams no protection from snails, which apparently were small enough to 
able to crawl through the small (¼-inch) holes in the mesh netting.  Live moon snails were 
discovered in pots at each tidal height and in both protected and open pots.  At the low tide, an 
average of 0.5 snails was found in the protected pots and 1.1 snails in the open pots.  At the high 
tide, an average of 0.5 snails was found in the protected pots and 3.0 snails (ca. 15 ft2) in the 
open pots.  
 
These results prompted the Lubec shellfish committee in 2009 to begin a program to remove 
moon snails and their egg collars (Figure 14) from flats during times when clammers were 
participating in conservation efforts.  (For Lubec clammers to qualify for a town license that 
enables them to harvest clams commercially, individuals must participate in at least five hours 
of some non-commercial activity that is sanctioned by the shellfish committee as a conservation 
effort.  Historically, these efforts centered on beach cleanups, surveying flats to better 
understand the density and size-frequency distribution of clam populations, or moving clams 
from areas of high densities where growth is stunted to areas of low densities where growth is 
faster.)  Data collected during 2009 is presented below (Table 2). 
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 Figure 13.   Eleven of twelve clams in an open (control) experimental 
unit drilled by moon snails.  Snail attack occurred shortly (within a few 
weeks) of initiation the field trial as little to no new shell growth can be   
observed.  Bore hole diameters ranged from 0.75 mm to 1.75 mm sug- 
gesting snails smaller than 10 mm preyed on these clams. Photo by B. F. Beal. 

 

 
 

Figure 14. Moon snails (Euspira heros) and portions of their sandy egg collars taken 
at Minzy Place Flat, South Lubec on 30 June 2009. As many as 500,000 eggs can be laid per 
collar.MPBN Photo by Anne Mostue (http://www.mpbn.net/News/MaineNewsArchive/ 
tabid/181/ctl/ViewItem/mid/3475/ItemId/ 12793/Default.aspx).   
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Table 2.  Data collected from May-July 2009 from selected intertidal flats in Lubec, Maine. 
  
 
Date Sampler  Site              Snails          Collars 
 
5/14 No data   Pirates Creek    0  6 
5/15 T. Simonson  Huckins Beach    0  10 
5/25 S. Bailey  Mowery Point    121  64 
5/25 R. Wright  Sea View (Johnson Bay)               2  41 
6/3 S. Tinker  South Bay    24  15 
6/3 Conservation time Lubec Bay (South end)   98  2,856 
6/5 R. Wright  Sea View (Johnson Bay)   0  421 
6/6 Conservation time Johnson Bay    10  202 
6/6 K. Mahar  Bassett Creek (West Lubec)  105  0 
6/9 J. Lyons   Morrisons Cove    210  No sample 
6/13 M. Galant  South Bay Camp Grounds  0  0 
6/14 Conservation time Huckins Cove    13  1,156 
6/15 G. Stafford  Canal Cove (South Bay)   No sample 3,500 
6/21 G. Stafford  Canal Cove (North Lubec)  16  ½-5 gallon bucket 
6/24 G. Stafford  Canal Cove (North Lubec)   19  ¾- 5 gallon bucket 
6/26 D. Fitzsimmons  S. Lubec Bay (North end)  11  175 
6/27 D. Fitzsimmons  Johnson’s Bay    8  151 
6/27 H. Jones  South Lubec    73  3,273 
6/28 Conservation time Huckins Cove     68  3,194  
7/6 R. Wright  Huckins Beach (West Lubec)  41  793 
7/18 R. Brown  Eaton Cove    0  1,673 
7/18 R. Brown  Case Cove    0  0 
 
       TOTALS  819  + 17,530 
 
Date Sampler  Site             Snails  %heros  %triseriata 
 
5/25 S. Bailey  Mowery Point    121                   1         99  
5/25 R. Wright  Sea View (Johnson Bay)   2        100           0 
6/3 S. Tinker  South Bay    24         100           0 
6/3 Conservation time Lubec Bay (South end)   98          12         88 
6/6 Conservation time Johnson Bay    10          50         50 
6/6 K. Mahar  Bassett Creek (West Lubec)  105          97           3 
6/9 J. Lyons   Morrison Cove    210           95           5 
6/14 Conservation time Huckins Cove    13          76         24 
6/27 H. Jones  South Lubec     73            0       100 
6/28 Conservation time Huckins Cove    68          69         31 
 
       TOTALS                    60%     40% 
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To obtain better estimates of the spatial scale of moon snail predation on juvenile soft-shell 
clams, in 2010, a field experiment was conducted at five intertidal sites chosen by Lubec 
clammers.  Two sites were located along the southern shore of the town (Minzy Place Flat – 44o 
48’ 50.12”N, 66o 58’ 38.17”W; and, Bar Road Flat – 44o 49’ 26.33”N, 66o 59’ 14.98”W) and three 
sites along the northern shore of the town (Pirate’s Creek – 44o 50” 55.66”N, 67o 0.0’ 46.44”W; 
Lawrence’s Factory Flat – 44o 52’ 16.49”N, 67o 1’ 2.45”W, and Campground Flat – 44o 53’ 
30.40”N, 67o 2’ 4.21”W).   
 
On 30 June and 1 July 2010, an experiment was initiated near the lower mid-tide mark at each 
of the five sites listed above to test the interactive effects of clam size and predator exclusion 
affect clam survival and growth.  All clams used in the studies were reared at the Downeast 
Institute for Applied Marine Research & Education (DEI) on Great Wass Island in the town of 
Beals.  Clam seed were produced in 2009, and kept over the winter/spring at DEI in ambient, 
flowing seawater.  Two sizes of clams were used (“Small” = 9.6 ± 0.29 mm; “Large” = 24.2 ± 0.94 
mm; n = 24).  Half of the clams of each size were “protected” with netting with an aperture size 
of 1/6th of an inch (4.2 mm).  Three replicates of each of the four treatments (“Small” – 
Unprotected; “Small” – Protected; “Large” – Unprotected; “Large” – Protected) were used.  The 
units were collected from each site on 12 October (after 104-105 days), and the contents of 
each washed through a 2 mm sieve.  All living and dead clams were counted and the initial and 
final shell length of each living clam was measured to the nearest 0.1 mm using Vernier calipers. 
 
Table 3 shows that moon snail attack was particularly high at two of the five locations (Minzy 
Place and Pirate’s Creek), and that in both places small clams were more susceptible to naticid 
predation than large clams.  The effect of netting on survival was influenced by clam size (P = 
0.0422, Table 4; Figure 15) as netting appeared to enhance survival by 155% (18.3% for 
unprotected clams vs. 46.7% for protected clams) for small clams but only 9% for large clams 
(80.6% for unprotected clams vs. 86.8% for protected clams).  In addition, the effect of clam 
size on survival varied by site (P = 0.0188, Table 4).  For example, at all sites, large clams 
survived better than small clams, but the difference between survival rates for the two sizes 
varied widely according to site.  The smallest difference (26.4%) was observed at Bar Road Flat 
(52.8% for small clams vs. 79.2% for large clams), and the greatest difference (75.1%) was 
observed at Pirate’s Creek (11.1% for small clams vs. 86.2% for large clams). 
 
Growth of soft-shell clams varied according to site and clam size (P < 0.05 for both mean final 
length and mean relative growth; Figure 16).  The presence of netting had no effect on either 
variable (P > 0.15).  For large clams, a significant effect due to site on final length was observed 
with clams at Pirate’s Creek attaining significantly larger size (34.9 ± 2.2 mm) than clams at 
Minzy Place (32.0 ± 1.9 mm).  Clams at the other three sites grew more slowly than at Pirate’s 
Creek and Minzy Place, and attained a similar size (29.4 ± 0.4 mm).  Small clams doubled in size, 
on average, at three of the five sites (Pirate’s Creek, Minzy Place, and Bar Road Flat); however, 
ANOVA was able to separate only the largest mean (Pirate’s Creek: 20.8 ± 1.5 mm) from the 
smallest (Lawrence’s Factory: 15.3 ± 3.1 mm).   
 
 

20 
 



  

Table 3.  Soft-shell clam, Mya arenaria, survival statistics. Twelve hatchery-reared individuals 
of two distinct sizes (Small = 9.59 ± 0.29 mm; Large = 24.21 ± 0.94 mm; n = 24) were added to 
experimental units at five intertidal sites along the shores of Lubec, Maine on 30 June and 1 July 
2010 (stocking density = 660 ind. m-2).  One-half of the units at each site were covered with a 
piece of flexible mesh netting (aperture = 4.2 mm).  The design was fully factorial, and units 
were collected on 12 October 2010 (after 104-105 days).  Means (± 95% CI) for percent alive 
(A), percent dead with undamaged valves (DU), percent dead with drilled valves due to Euspira 
spp. Attack (DD), and percent missing from units (M) are presented. n = 3. 
 
_____________________________________________________________________________________ 
 
Site  Clam Size     Netting         A        DU       DD        M 
 
Minzy Place    Small         None 11.1 (11.9) 22.2 (11.9) 63.8 (11.9)   2.7 (11.9)  
                                Small          Yes 55.6 (31.6) 41.7 (41.4)   0.0  ( 0.0)   2.7 (11.9) 
                                Large         None         100.0 (  0.0)   0.0 (  0.0)   0.0 (  0.0)   0.0 (  0.0) 
                                Large           Yes   88.9 (23.9)         11.1 (23.9)   0.0 (  0.0)   0.0 (  0.0) 
 
Bar Road Flat    Small         None 38.9 (72.7) 30.6 (83.6)   0.0  (  0.0) 30.5 (11.9)  
                                Small          Yes 66.7 (35.8) 11.1 (23.9)   2.7  (11.9) 19.5 (52.1) 
                                Large         None 80.6 (52.1) 11.1 (31.6)   0.0  (  0.0)   8.3 (20.7) 
                                Large           Yes   77.8 (23.9)         22.2 (23.9)   0.0  (  0.0)   0.0 (  0.0) 
 
Pirate’s Creek    Small         None    0.0 ( 0.0) 33.3 (20.7) 52.8 (24.0) 13.9 (11.9)  
                                Small          Yes 22.2 (95.6) 33.3 (54.8) 38.9 (72.7)   5.6 (11.9) 
                                Large         None          80.6 (66.5)   2.7 (11.9) 11.1 (47.8)   5.6 (23.9) 
                                Large           Yes   91.7 (  0.0)           8.3 (  0.0)   0.0 (  0.0)   0.0 (  0.0) 
 
Lawr. Factory    Small         None 22.2 (59.8) 33.3 (20.7) 11.1 (11.9) 33.4 (74.6)  
                                Small          Yes 25.0 (71.7) 27.8 (31.6) 11.1 (31.6) 36.1 (83.7) 
                                Large         None 63.9 (11.9)   8.3 (20.7) 22.2 (31.6)   5.6 (11.9) 
                                Large           Yes   83.4 (41.4)         13.9 (31.6)   0.0 (  0.0)   2.7 (11.9) 
 
Campground    Small         None 19.4 (52.1) 16.7 (  0.0)   8.3 (20.7) 55.6 (31.6)  
                                Small          Yes 63.9 (11.9) 16.7 (20.7)   0.0  ( 0.0) 19.4 (31.6) 
                                Large         None          77.8 (52.1) 16.7 (54.8)   0.0 (  0.0)   5.5 (23.9) 
                                Large           Yes   97.2 (11.9)           2.8 (11.9)   0.0 (  0.0)   0.0 (  0.0) 
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Table 4.  Analysis of variance on the arcsine-transformed mean percent survival data from a 
field experiment conducted in Lubec, Maine from 30 June-1 July to 12 October 2010.  Twelve 
hatchery-reared soft-shell clams were added to experimental units (0.0182 m2) filled with 
ambient sediments. One-half the units were established with Small (9.6 mm) and the other half 
with Large (24.2 mm) clams.  One half of each size of clam was protected using a piece of 
flexible netting (aperture = 4.2 mm).  The experiment was initiated at five intertidal locations 
(see Table 3).  Pre-planned contrasts appear under the source of variation due to site. Two sites 
occurred along the South Lubec shore (Minzy Place [MP] and Bar Road Flats [BRF]).  Three sites 
occurred along the North Lubec shore (Pirate’s Creek [PC], Lawrence’s Factory [LF], and 
Campground [CG]). (n = 3) 
 
_________________________________________________________________________________________________________ 
 
 
Dependent Variable: Arcsine-transformed mean percent survival 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value    Pr > F 
 
      Site                         4      3115.98852       778.99713       3.39    0.0177 
           South vs. North         1     1396.083013     1396.083013       6.08    0.0181 
           South: MP vs. BRF       1       25.489426       25.489426       0.11    0.7408 
           North: PC vs. LF & CG   1      821.226559      821.226559       3.57    0.0660 
           North: LF vs. CG        1      873.189517      873.189517       3.80    0.0583 
       
      Netting                      1      1975.27333      1975.27333       8.60    0.0055 
 
      Site*Netting                 4       713.66473       178.41618       0.78    0.5471 
 
      Clam Size                    1     24605.92402     24605.92402     107.08    <.0001 
 
      Site x Clam Size             4      3073.21967       768.30492       3.34    0.0188 
 
      Netting x Clam Size          1      1012.49862      1012.49862       4.41    0.0422 
 
      Site x Netting x Clam Size   4      1436.53865       359.13466       1.56    0.2029 
 
      Error                       40      9191.88619       229.79715 
 
      Corrected Total             59     45124.99373 
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 Figure 15.  Interaction plot of effects of clam size and netting on soft-shell clam 
 survival.  Table 4 demonstrated that the effect of netting on clam survival  
 varied across clam size (P = 0.0422). This figure shows that enhanced survival 
 due to predator netting occurred only for “Small” clams (ca. 155%). (n = 15) 
 
The size of the bore hole in each clam recovered that had been attacked by a moon snail was 
measured in two perpendicular, linear directions to estimate size of snail that had attacked 
each clam.  Beal (2006b) conducted a laboratory study using various size moon snails and clam 
prey to observe the relationship between snail size and the size of its bore hole (Figure 17).  
The relationship is linear (r2 = 0.878; n = 150).  The relationship was used to estimate size of 
moon snails drilling small and large clams in the field trial.  Moon snail size apparently 
increases with increasing clam size (Figure 18).  Mean size of snails attacking small clams at all 
sites was estimated to be 3.9 ± 0.83 mm (n = 66) vs. 24.7 ± 5.1 mm (n = 12).  
 
In summary, the clam farm demonstration project, along with the smaller scale field studies 
show that soft-shell clam populations are threatened by the presence of a native moon snails 
(the northern moon snail – Euspira heros, and the banded moon snail, E. triseriata).  These 
snails have the ability to remove up to 70% of clams (6-12 mm) in a relatively short time.  
Because snails settle to flats at sizes of about 1 mm, wild clam populations are seriously 
threatened.  The small scale study conducted in 2010 showed that some flats in Lubec have 
higher densities of moon snails than others; therefore, clam survival is expected to be higher at 
those sites.  Unfortunately, this is the only data set that exists, and it is not known whether 2010 
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was a particularly good or bad year for moon snail numbers.  Additional information is needed 
about spatial and temporal changes in both clam and moon snail populations before clam 
farming can be used to increase economic opportunities for local clammers. 
 
In 2006, when the demonstration project was funded by EDA, nearly a decade had elapsed since 
any large population of moon snails had been observed in the Cobscook and Whiting Bay region 
of downeast Maine (B. Beal, pers. obs.).  Instead, green crab numbers had risen steadily.  
Fortunately, netting used to deter predators works more efficiently for crabs than snails 
because crabs cannot bury themselves as deeply as snails, and the number of crabs was an 
order of magnitude less than the number of snails observed during the 2007-2010 period.  The 
simple fact that moon snail populations exploded concurrent with the demonstration project 
was unexpected and unforeseen.  Rather than encouraging more farming projects, results from 
the two locations did just the opposite.  The one ray of light has been that clammers in both 
communities have become more aware of the natural predator-prey cycle, and have a greater 
understanding of threats to their commercial resource, and they have responded by 
undertaking ways to improve the resource.  In addition, clammers have become more 
responsive to interact with Downeast Institute staff/university researchers to learn more about 
their resource and methods to enhance that resource.  Strong ties have been forged in the face 
of dire farming results.  This is encouraging for future project and programs.   
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 Figure 16.  Growth rates of two sizes of hatchery-reared soft-shell clams at 
 Five intertidal locations along the shore of Lubec, Maine.  ANOVA indicated 
 that Site, Clam Size, and the interaction of those two main factors was  
 statistically significant (P < 0.05). 
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 Figure 17.  Relationship between Euspira spp. shell length and size of the bore 
 hole it leaves in its soft-shell clam prey.  This relationship can be used to estimate 
 size of moon snail drilling clams in the field.  For example, suppose one finds a  
 clam with a bore hole diameter of 1.75 mm.  Using the equation, the estimated 
 average size of the snail that attacked the clam would be 22.3 mm. 
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 Figure 18.  Relationship between clam size and snail size estimated by 
 measuring bore hole diameter and using the snail size-bore hole size  
 relationship from Figure 16.  Here, Y = -8.97 + 1.37X (r2 = 0.700; n = 78). 
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Washington County Territory 
 
AQUACULTURE PERMIT POLICY 
 
 
 
1.00 Definitions 
 
 1. The definitions set forth in 12 M.R.S.A. §6072 shall apply to the terms used in this chapter. 
 
  A. UT 
 
   “UT” means the Office of the Washington County Territory Supervisor. 
 
  B. Commission 
 

“Commission” means the Washington County Board of Commissioners.  This board 
are the administrators of the Washington County Unorganized Territory. 

 
  C.   Aquaculture 
 
   "Aquaculture" means the culture or husbandry of marine organisms by any person. 

Storage or any other form of impounding or holding wild marine organisms, without 
more, shall not qualify as aquaculture. In order to qualify as aquaculture, a project 
must involve affirmative action by the lessee to improve the growth rate or quality of 
the marine organism. 

 
  D. Culture or Husbandry 
 
   "Culture or husbandry" means the production, development or improvement of a 

marine organism. 
 
  E. Riparian Owner 
 
   "Riparian Owner" means a shorefront property owner whose property boundaries are 

within 1000 feet of the proposed permit boundaries. 
 
  F. Existing or Potential Uses 
 
   “Existing or Potential Uses” means all water-related activities and resources including, 

but not limited to, commercial and recreation fisheries, marine transportation, 
aquaculture, and boating. 

 
  G. Adverse Effects 
 
   "Adverse Effects" means impediments to water-related activities or unreasonable 

interference with natural processes supporting those activities. This includes, but is not 
limited to, floating or submerged obstruction, habitat destruction, natural flora and 
fauna displacement, current flow alteration, and lowered water quality. 
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  H. Scientific research 
 
   “Scientific research” is a study or investigation intended to lead to new discoveries or 

advances within its field or to impact on the progress in that field, as determined by 
the U.T.. In making its decision, the U.T. shall consider the nature, funding and 
objective of the planned research. The results of any scientific research shall be part of 
the public record. 

 
  I. Commercial research and development 
 
   “Commercial research and development” means a study by any person or company 

designed to try new species, new growing or harvesting techniques, new sites or to 
determine the commercial viability of an operation. The results of such research will 
not be part of the public record. 

 
  J. Fallow 
 
   “Fallow” means a permit site without cultured organisms. 
 
  K. Mean Low-Water 
 
   “Mean low-water” means the average low tide. An approximation of mean low-water 

is made by observing the low–water mark when the tide height is at 0.0 feet as 
indicated on a tide table. 

 
 
1.01 Pre-Application Requirements for Standard Permits 
 
 1. Pre-application meeting. Prior to filing an application for a standard permit with the U.T., an 

applicant shall attend a pre-application meeting with U.T. administration and the shellfish 
committee to discuss the proposed application. The purpose of the meeting will be for the 
applicant to introduce the proposal to the U.T. administration and for the applicant to gain 
local knowledge from the shellfish committee. In addition the pre-application meeting will 
specifically define the environmental baseline or characterization requirements and other 
informational needs, including approximate location of the permit site.  The purpose of a pre-
application meeting shall be to: 

 
A. Familiarize the general public with the proposal; 
 
B. Allow the public an opportunity to provide the applicant with additional local 

information prior to development of an application; 
 
C. Allow the public an opportunity to ask questions of the applicant and the U.T. 

administration; and 
 
D. Provide the U.T. with information that can be used during the U.T. site review. 
 

 2. Notice. The U.T. shall provide notice of the pre-application meeting to riparian landowners 
within 1,000 feet of the proposed permit, and interested governmental agencies. All other 
interested individuals or parties may request to be placed on the U.T.’s service list for 
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notification of the pre-application meetings or other proceedings relating to the processing of 
aquaculture permit applications. The U.T. shall publish a notice in a newspaper of general 
circulation in the area of the proposed permit at least ten days prior to the pre-application 
meeting. 

 
 3. Application submission. During the 60 days following the pre-application meeting, or until a 

completed application is received by the UT, whichever is earlier, the U.T. cannot accept an 
application for a permit in the same location(s) as any proposed permit discussed at the public 
pre-application meeting.  

 
 
1.02 Application Requirements for Standard Permits 
 
 1. Form. Aquaculture permit applications shall be submitted on forms prescribed by the U.T. 

administration and shall contain all information required by the U.T. administration for the 
consideration of the aquaculture project.  

 
 2. Fee. An application shall not be considered complete unless a non-refundable application fee 

has been paid by check. The application fees will be deposited in the “Shellfish Conservation 
Reserve”.  The application fees are as follows: 

 
APPLICATION FEES: No Discharge permits  

 
Effective January 1, 2008: $ 200.00  

 
 3. Required Elements. The following at a minimum is required for an application to be 

considered complete: 
 
  A. A description of the location of the proposed permit by corner coordinates or 

boundaries with coordinates for one starting point, a map of the permit area and its 
adjoining waters and shorelands, with the names of the known riparian owners 
indicated on the map as listed in the municipal or State property tax records and a 
certified list of the names and addresses of riparian owners as they are listed in the 
municipal or State property tax records.  

 
  B. A list of the species to be cultivated and a description of the proposed source(s) of 

organisms to be grown at the site. 
 
  C. Environmental Characterization and Baseline 
 
   (1) No discharge applications. Applications for permits with no discharge require 

the submission of an environmental characterization that shall include, but not 
be limited to, bottom characteristics, resident flora and fauna, tide levels and 
shellfish survey (initial). 

 
    This environmental characterization shall be used to provide a description of 

the physical and ecological impact of the project on existing and potential uses 
of the site as a result of the operation. Applicants may do more than one site 
characterization, but one characterization must be completed between April 1 
and November 15, dates inclusive. 
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  D. A description of the commercial and recreational navigation uses of the proposed permit 

site, including type, volume, time, duration, location and direction of traffic. 
 
  E. A description of the degree of exclusive use required by the project. This shall include 

a description of the use intended for the site by the applicant. 
 
  F. A description of current commercial and recreational fishing occurring in the proposed 

permit tract and the immediate vicinity of the proposed permit site. The description 
should include type, duration and amount of activity. 

 
  G. The written permission of every riparian owner whose land will be used to access the 

project and the landowner of the project land itself. 
 
  H. A description of riparian owner's current use of permit site for purposes of access to 

riparian owned land. 
 
  I. Financial Capacity. The applicant shall provide information showing, to the 

satisfaction of the U.T., that it has obtained all of the necessary financial resources to 
operate and maintain all aspects of the proposed aquaculture activities. Each applicant 
shall submit accurate and complete cost estimates of the planned aquaculture 
activities. The following submissions are examples of acceptable documentation 
indicating adequate financial capacity: 

 
   (1) A letter from a financial institution or funding agency showing intent or 

willingness to commit a specified amount of funds, or 
 
   (2) The most recent corporate annual report and supporting documents indicating 

sufficient funds to finance the aquaculture activities, or 
 
   (3) Copies of bank statements or other evidence indicating availability of the 

unencumbered funds or proof that equipment and seed stock are available to 
the applicant. 

 
  J. Technical Capability. The applicant shall submit a resume' or other documentation as 

evidence of technical expertise and capability to accomplish the proposed project. 
 
  K. Equipment. The applicant shall submit detailed specifications on all gear, including 

nets, pens, etc. to be used on the site. Vessels that service a site are not subject to this 
provision. This information shall include documentation that the equipment is the best 
available technology for the proposed activity. 

 
   The application shall also include information on the anticipated typical number and 

type of vessels that will service the proposed site, including the frequency and 
duration of vessel traffic. 

 
 4. Completion 
 
  A. Upon receipt of a written application, the applicant shall receive notice by the U.T. 

that the application was received. Within 30 working days of receipt of a written 
application, the U.T. shall: 
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   (1) Determine whether the application is complete, containing sufficient 

information in which a decision regarding the granting of the application may 
be taken, and notify the applicant of his determination. If the application is 
incomplete, it shall be returned to the applicant with a written explanation of 
the additional information required in order to be complete. 

 
   (2) When the application is complete, the U.T. administration will make a 

determination whether the application could be granted and whether the 
applicant has the financial and technical capability to carry out the proposed 
activity. If the U.T. administration makes both determinations in the 
affirmative, the U.T. shall schedule a hearing on the application. If the U.T. 
administration determines either that the application could not be granted or 
the applicant lacks the necessary financial or technical capacity the applicant 
shall be notified in writing of that determination and no further U.T. action on 
the application is required. 

 
 5. Proposed Site Marking 
 
  At least 30 days prior to the proposed hearing date, the applicant shall place visible markers 

which delineate the area proposed to be permitted. 
 
  
 
 
1.03 Multiple Ownership 
 
 1. Corporate Applicants. Corporate applicants for aquaculture permit(s) shall include the 

following information in their application: 
 
  A. The date and state in which incorporated and a copy of the Articles of Incorporation; 
 
  B. The names, addresses, and titles of all officers; 
 
  C. The names and addresses of all directors; 
 
  D. Whether the corporation, or any stockholder, director or officer has applied for an 

aquaculture permit for Maine lands in the past, and the outcome or current status of 
that application or permit; 

 
  E. The names and addresses of all stockholders who own or control at least 5% of the 

outstanding stock and the percentage of outstanding stock currently owned or 
controlled by each such stockholder; 

 
  F. The names and addresses of stockholders, directors or officers owning an interest, 

either directly or beneficially, in any other Maine aquaculture permits, as well as the 
quantity of acreage from existing aquaculture permits attributed to each such person 
under paragraph 3 below; and 

 
  G. Whether the corporation or any officer, director, or shareholder listed pursuant to 

Chapter 1.03 (1)(E) has ever been arrested, indicted or convicted of or adjudicated to 
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be responsible for any violation of any marine resources or environmental protection 
law, whether state or federal. 

 
 2. Partnership Applicant. Partnership applicants for aquaculture permit(s) shall include the 

following information in their application: 
 
  A. The date and state in which the partnership was formed and a copy of either the 

Certificate of Limited Partnership or documentation of the formation of a General 
Partnership; 

 
  B. The names, addresses, and ownership shares of all partners; 
 
  C. Whether the partnership or any partner has applied for an aquaculture permit for 

Maine lands in the past and the outcome or current status of that application or permit; 
 
  D. Whether the partnership or any partner owns an interest, either directly or beneficially, 

in any other Maine aquaculture permits as well as the quantity of acreage from 
existing aquaculture permits attributed to the partnership or partner under paragraph 3 
below; 

 
  E. Whether the partnership or any partner has been arrested, indicted or convicted of or 

adjudicated to be responsible for any violation of marine resources or environmental 
protection law, whether state or federal. 

 
 3. Aquaculture Permit Acreage 
 
  No permit may be granted that results in a person being a tenant of any kind in permits covering 

an aggregate of more than 20 acres. For the purposes of calculating ownership of aquaculture 
permit acreage, the amount of acreage permitted by a corporation or partnership will be 
attributed to the partnership or corporation and collaterally to shareholders in the corporation or 
partnership as individuals at a rate equal to the shareholders' ownership in the corporation or 
partnership.  

 
 
1.04 Notice of Permit Application and Hearing 
 
 1. Notice of Completed Application 
 
  At the time that an application is determined to be complete in accordance with 

Chapter 1.02(4), the U.T. shall forward a copy of the completed application to the known 
riparian owners within 1,000 feet of the proposed permit as listed on the application. 

 
 2. Personal Notice of Public Hearing 
 
  At least 30 days prior to the date of the public hearing, the U.T. shall mail a copy of the notice 

of hearing, permit application and chart describing the permit area to the following persons: 
 
  A. Riparian owners as listed in the application; 
 
  B. The applicant; and 
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  D. Any public agency the U.T. determines should be notified. 
 
 3. Public Notice of Public Hearing 
 
  The U.T. shall publish a notice of the public hearing at least twice in a newspaper of general 

circulation in the area affected unless otherwise prescribed by the Maine Administrative 
Procedure Act. Such notice shall be published once at least 30 days prior to the hearing and a 
second time at least 10 days prior to the hearing.  

 
  Public notice shall include the following information: 
 
  A. a statement of the legal authority under which the proceedings are being conducted, 

including reference to the Administrative Procedure Act, 5 M.R.S.A. §9051 et seq. 
and the aquaculture permit provisions of 12 M.R.S.A. §6072; 

 
  B. a short, plain statement of the nature and purpose of the proceeding and the nature of 

the aquaculture permit application; 
 
  C. a statement of the time and place of the hearing; 
 
  D. a statement of the manner and time within which applications for Intervention may be 

filed; and 
 
  E. a statement of the manner and time within which evidence and argument may be 

submitted to the U.T. for consideration. 
 
  The U.T. shall also distribute press releases regarding the public hearing to print media outlets 

serving the area of the proposed permit application at least two weeks prior to the public 
hearing. 

 
 
1.05 Intervention 
 
 1. Forms 
 
  The U.T. shall on request supply application forms for intervenor status and require the 

submission of the following information: 
 
  A. The identity of intervenor applicant; 
 
  B. A description of the manner in which the intervenor applicant may be substantially 

and directly affected by the granting of an Application. This description shall include 
information describing the intervenor applicant's existing use of the proposed permit 
area; and 

 
  C. A description of intervenor applicant's objections, if any, to the proposed aquaculture 

permit. 
 
 2. Filing of Applications 
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  Any application for intervenor status must be filed in writing and received by the U.T. at least 
10 days prior to the hearing.  

 
 3. Participation Limited or Denied 
 
  At least 5 days prior to the hearing, the U.T. shall decide whether to allow or refuse intervenor 

applications. The U.T. shall provide written or oral notice of his decision to the intervenor 
applicant and all other parties to the proceeding. When participation of any intervenor is 
limited or denied, the U.T. shall include in the hearing record an entry noting his decision and 
the reasons therefore. 

 
  A. Full Participation. The U.T. shall approve intervenor status for any person who is 

substantially and directly affected by the granting of an aquaculture permit 
application, and for any other agency of federal, state, or local government. 

 
  B. Limited Participation. The U.T. may grant limited intervenor status to an intervenor 

applicant where the U.T. determines that the applicant has a lesser interest than that 
necessary for full intervenor status but whose participation as a limited intervenor is 
warranted or would be helpful to the U.T. in his decision making. The U.T. may also 
grant limited intervenor status when the applicant has an interest in the proceeding and 
where the U.T. determines that the applicant's interest or evidence to be offered would 
be repetitive or cumulative when viewed in the context of the interest represented or 
evidence to be offered by other intervenors. The U.T. shall describe the manner in 
which a limited intervenor is permitted to participate in the adjudicatory process in his 
written notification of the granting of such status. 

 
 
 
 
1.06 Agency File 
 
 1. Upon receipt of an aquaculture permit application, the U.T. shall open a file, which shall 

include all written correspondence from parties and non-parties concerning the application and 
memoranda of oral communications between the U.T. and parties and non-parties concerning 
the permit application. 

 
 2. Public Inspection 
 
  The file shall be open for public inspection by prior appointment during normal business 

hours.  
 
 
1.07 Aquaculture Permit Hearing Procedures 
 
 1. Presiding Officer 
 
  A. The presiding officer at any aquaculture permit hearing shall be the U.T. Supervisor or 

representative designated by the County Commissioners. 
 
  B. The presiding officer shall have the authority to: 
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(1) rule upon issues of evidence and procedure; 
 
(2) regulate the course of the hearing; 
 
(3) administer oaths; and 

 
   (4) take such other action as may be necessary for the efficient and orderly 

conduct of the hearing, consistent with these regulations and applicable 
statutes. 

 
   
 2. General Conduct 
 
  A. Opening Statement. The presiding officer shall open the hearing by describing in 

general terms the purpose of the hearing and the general procedure governing its 
conduct. 

 
  B. Record of Testimony. All testimony at aquaculture permit hearings shall be recorded 

and, if necessary for judicial review, transcribed. 
 
  C. Witnesses. All witnesses must be sworn and will be required to state his/her name, 

residence, and whom, he/she represents, if anyone, for the purpose of the hearing. 
 
  D. Testimony in Written Form. At any time prior to or during the course of the hearing, 

the presiding officer may require that all or part of the testimony to be offered at the 
hearing be filed with the U.T. in written form at a prescribed time prior to the hearing. 
All such pre-filed written testimony must be sworn and all persons offering sworn 
testimony in written form must be present at the hearing and subject to cross-
examination.  

 
 3. Continuance 
 
  All hearings conducted pursuant to these regulations may be continued by the presiding officer 

for reasonable cause and reconvened from time to time and place to place by the presiding 
officer. The presiding officer shall provide reasonable notice to the parties and the public of 
the time and place of such reconvened hearing. 

 
 4. Cameras and Microphones 
 
  The placement and use of television cameras, still cameras, motion picture cameras, 

microphones and other recording devices may be regulated by the presiding officer to ensure 
the orderly conduct of the hearings. 

 
 
1.08 Evidence 
 
 1. Evidence which is relevant and material to the subject matter of the hearing, and is of the type 

commonly relied upon by reasonably prudent persons in the conduct of their affairs shall be 
admissible.  
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 2. The presiding officer may take official notice of any facts of which judicial notice could be 
taken, and in addition may take official notice of general, technical, or scientific matters within 
the U.T. specialized knowledge as well as statutes, regulations and non-confidential agency 
records. When facts are noticed officially, the presiding officer shall state the same during the 
hearing or otherwise notify all parties and they shall be able to contest the substance or 
materiality of the facts noticed. Facts officially noticed shall be included and indicated as such 
in the hearing record. 

 
 3. Documentary and Real Evidence 
 
  A. All documents, materials and objects offered and accepted as evidence shall be 

numbered or otherwise identified and included in the record. Documentary evidence 
may be received in the form of copies or excerpts if the original is not readily 
available. The presiding officer may require any person offering documents or 
photographs as exhibits to submit a specified number of copies unless the document or 
photograph is determined to be unsuitable for reproduction. 

 
  B. All written testimony and documents, materials and objects submitted into evidence 

shall be made available during the course of the hearing for public examination. All 
hearing evidence shall also be available for public examination upon prior 
appointment at the U.T. office in Machias during normal business hours. 

 
  C. The agency file containing the application and agency correspondence shall be 

submitted as documentary evidence in the hearing record. 
 
 4. Objections 
 
  All objections to rulings of the presiding officer concerning evidence or procedure and the 

grounds therefore shall be timely stated during the course of the hearing. During the course of 
the hearing or after the close of the hearing, the U.T. may determine that the ruling of the 
presiding officer was in error and order the hearing reopened or take any other action he deems 
appropriate to correct the error. 

 
 5. Offer of Proof 
 
  An offer may be made in connection with an objection to a ruling of the presiding officer 

excluding any testimony or question on cross-examination. Such offer of proof shall consist of 
a statement of the substance of the proffered evidence. 

 
 6. Public Participation 
 
  Any person may participate in a hearing by making oral or written statements explaining his 

position on the issues, and may submit written or oral questions to the parties through the 
presiding officer, within such limits and upon such terms and conditions as may be fixed by 
the presiding officer. 

 
 7. Testimony at Hearings 
 
  A. Order of Presentation. Unless varied by the presiding officer, hearing testimony shall 

be offered in the following order: 
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   (1) Direct evidence by applicant and applicant's witnesses in support of the 
application. 

 
(2) Testimony by U.T. staff and shellfish committee. 
 
(3) Testimony by members of federal, state and local agencies. 
 
(4) Direct evidence by intervenors supporting the application. 
 
(5) Direct evidence by intervenors opposing the application. 
 
(6) Testimony by members of the public. 

 
  B. Questions. At the conclusion of his/her testimony each witness may be questioned in 

the order described below. The presiding officer may require that questioning of 
witnesses be conducted only after the conclusion of testimony by an entire category of 
witnesses for the purposes of efficiency or clarity of record. 

 
(1) The presiding officer, legal counsel and U.T. staff may question witnesses at 

any time. 
 
(2) The applicant. 
 
(3) Federal, state and local agency representatives. 
 
(4) Intervenors. 
 
(5) At the discretion of the hearing officer, all other members of the public may 

have the opportunity to question witnesses directly or by oral or written 
questions through the presiding officer. 

 
 8. Conclusion of Hearing 
 
  A. At the conclusion of the hearing the record shall be closed and no other evidence or 

testimony will be allowed into the record, except by stipulation of the parties or as 
specified by the presiding officer. 

 
  B. The U.T.  may re-open the hearing record after it has been closed to take additional 

evidence on specific issues where the U.T. is not satisfied that he has all of the 
information before him necessary to make a decision. 

 
 9. Record 
 
  A full and complete record shall be kept for each aquaculture permit application proceeding. 

The record shall include, but shall not be limited to, the application, supporting documents, all 
exhibits, proposed findings of facts and conclusions of the presiding officer, if any, staff 
documents, the U.T.'s findings of facts and conclusions, and a recording or transcript of the 
hearing. 

 
 
1.09 Decision 
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 1. After review of the record, the U.T. shall issue a written decision, complete with findings of 

fact and conclusions of law. 
 
  The U.T. may grant an aquaculture permit if he is satisfied that the proposed project meets the 

conditions outlined by this Washington County Policy. 
 
  A. Standards: In making his decision the U.T. shall consider the following with regard to 

each of the statutory criteria: 
 
   (1) Riparian Owners Ingress and Egress. The U.T. shall examine whether the 

riparian owners can safely navigate to their shore. The U.T.shall consider the 
type of shore involved and the type of vessel that can reasonably land on that 
shore. He/she shall consider the type of structures proposed for the permit and 
their potential impact on the vessels which would need to maneuver around 
those structures. 

 
   (2) Navigation. The U.T. shall examine whether any permit activities requiring 

surface and or subsurface structures would interfere with commercial or 
recreational navigation around the permit area. The U.T. shall consider the 
current uses and different degrees of use of the navigational channels in the 
area in determining the impact of the permit operation.  

 
   (3) Fishing. The U.T. shall examine whether the permit activities would 

unreasonably interfere with commercial or recreational fishing or other water-
related uses of the area. 

 
   (4) Other Aquaculture Uses. The U.T. shall consider any evidence submitted 

concerning other aquaculture uses of the area. The intensity and frequency of 
such uses as well as the degree of exclusivity required for each use shall be 
factors in the U.T.'s determination of whether any interference is 
unreasonable.  

 
   (5) Existing System Support. The U.T. shall consider the degree to which the use 

of the permit site will interfere with significant wildlife habitat and marine 
habitat or with the ability of the permit site and marine and upland areas to 
support ecologically significant flora and fauna.  

 
   (6) Source of Organisms to be Cultured. The U.T. shall include but not be limited 

to, consideration of the source’s biosecurity, sanitation, and applicable fish 
health practices. 

 
   (7) Interference with Public Facilities. The Commissioner shall consider the 

degree to which the permit interferes with public use or enjoyment within 
1,000 feet of a beach, park, docking facility or certain conserved lands owned 
by the Federal Government, the State Government or a municipal government.  

 
       
   (8) Visual Impact 
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Color. Equipment and structures shall be painted, or be of, a color that does 
not contrast with the surrounding area. Acceptable hues are grays, blacks, 
browns, blues, and greens that have a sufficiently low value, or darkness, so as 
to blend in with the surrounding area. Colors shall be flat, not reflective, in 
appearance. 

 
The color of equipment, such as buoys, shall not compromise safe navigation 
or conflict with US Coast Guard Aids to Private Navigation standards. 

 
  B. Conditions 
 
   The U.T.  may establish conditions that govern the use of the permitted area and 

limitations on the aquaculture activities. These conditions shall encourage the greatest 
multiple, compatible uses of the permitted area, but shall also address the ability of the 
permit site and surrounding area to support ecologically significant flora and fauna 
and preserve exclusive rights of the lessee to the extent necessary to carry out the 
permit purpose.  

 
   The U.T.   may grant the permit on a conditional basis until the permitee has acquired 

all the necessary federal, state and local permits/licenses.  The U.T. may require 
environmental monitoring of a permit site, including but not limited to restrictions on: 

 
(1) Specific stocking limits, husbandry techniques and harvesting methods; 
 
(2) The size and shape of gear, nets, or enclosures; 
 
(3) The deployment and placement of gear; and 
 
(4) The timing of various project operations. 

 
 2. The U.T.'s denial or approval of a permit application shall be considered final agency action 

for purposes of judicial review. 
 
 3. Within 60 days after the hearing on an application, the U.T. shall render a final decision. 
 
 
1.10 Permit Issuance 
 
 1.  Prior to issuing a permit, the U.T. shall send a draft permit for review to the applicant. 
 
 2. Applicant Responsibilities. Within 10 days of the U.T.'s decision and prior to issuance of the 

permit, the applicant must complete the following requirements: 
 
  A. Establish an escrow account or secure a performance bond in the amount required by 

the U.T. in the draft permit. The amount is as follows: 
 
   Category of Aquaculture Permit: 
 
    No structure, no discharge $ 500.00 
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  B. Pay the rental fee due for the first year of the permit term. 
 
 3. Immediately following, but not before signing of the permit by the U.T. and the applicant, the 

permitee must complete the following requirements: 
 
  A. File the permit or a memorandum of permit in the U.T. Office of Washington County. 
 
  B. Publish notice of the permit issuance in the newspapers in which the aquaculture 

permit hearing notices originally appeared, following U.T. approval of the notice. 
 
 4. Compliance 
 
  Failure to maintain an escrow account or performance bond, to pay rental fees in a timely 

manner, or failure to comply with the terms of the permit, these regulations or any applicable 
laws shall be grounds for permit revocation under Chapter 1.12. 

 
 5. Permit Term and Validity 
 
  The term of the permit shall run from the date of the U.T.'s decision but no aquaculture rights 

shall accrue in the permit area until the permit is signed. 
 
 6. Other Licenses 
 
  The permit holder is responsible for obtaining any requisite licenses and special licenses from 

the U.T. prior to beginning operations. 
 
  Persons who are issued an aquaculture permit for shellfish must also comply with DMR 

regulations Chapters 9 and/or 15-20 established in accordance with the National Shellfish 
Sanitation Program Model Ordinance for the sanitary control of shellfish. 

 
 
  
1.11 Competing Aquaculture Permit Applications 
 
 1. To qualify as a competing application under subsections 2 and 3, an application must be 

accepted by the U.T.   prior to the publication of the first public notice of hearing to consider a 
previously filed permit application for identical or overlapping permit areas. 

 
 2. In the event the U.T.   receives competing aquaculture permit applications for a permit site, the 

U.T.   shall give preference in granting a permit as follows: 
 
  A. first to the riparian owner of the intertidal zone within the permitted site area; 
 
 
 3. If the U.T.  receives competing applications which are either in the same preference category 

as outlined in Chapter 1.14(2), or which are not in any preference category, the applications 
shall be considered sequentially according to the date on which the application was deemed 
complete by the U.T.  pursuant to Chapter 1.02(4)(A)(1) of these regulations. 

 
 
1.12 Annual Permit Review and Revocation 

43 
 



  

 
 The U.T.   shall conduct an annual review of each aquaculture permit. 
 
 1. If the U.T.   determines following an annual review or at any other time that the applicant has 

conducted substantially no research or aquaculture depending on the purpose of the permit 
within the preceding year, that the aquaculture or research within the aquaculture permit area 
has been conducted in a manner substantially injurious to marine organisms, or that any other 
permit condition or the terms of these regulations or any applicable law has been violated, he 
may revoke the permit. 

 
 2. Unless the permit holder waives the same, the U.T.  shall hold an adjudicatory hearing to 

consider revocation of a permit, subject to the notice and hearing procedures set forth in these 
regulations. 

 
 
1.13 Permit Rental Fee 
 
 Rental shall be payable hereunder as follows: 
 
  One hundred dollars ($50) per acre, per year, payable on or before October 1 of each year 

throughout the term of the permit. 
 
 
1.14 Permit Renewal 
 
 1. A permitee must file with the U.T. an application to renew a permit at least 90 days prior to 

the lapse of the permit. The application shall include a nonrefundable application fee of $200 
and shall include information on the type and amount of aquaculture to be conducted during 
the new permit term.  

 
 2. Renewal of a permit shall be an adjudicatory proceeding with notice as provided by these 

regulations, except that no hearing is required unless it is requested, in writing, by five or more 
interested persons. 

 
 3. The U.T. shall grant a permit renewal if: 
 
  A. the permitee has complied with the permit agreement during the term of the permit; 
 
  B. the permit is not being held for speculative purposes. Consideration of speculative 

purposes includes whether the lessee has conducted substantially no research or 
aquaculture in the permit areas during the previous permit term; 

 
  C. the U.T. determines that it is in the best interest of the U.T. to renew the permit.  
 
  D. the renewal will not cause the lessee to become a tenant of any kind in permits 

covering an aggregate of more than 20 acres. 
 
 
1.16 Permit Transfer 
 

44 
 



  

 1. Application. A permitee, on a form supplied by the U.T., may apply for approval of the 
transfer of his aquaculture permit to another person for the remaining portion of the permit 
term. The application shall include a nonrefundable application fee of $400. The U.T. may 
waive the application fee if the applicant demonstrates that the transfer is to the applicant’s 
parent, spouse, sibling or child. Multiple transfers of one permit are not permitted. 

 
 2. Procedure. A permit transfer shall be an adjudicatory proceeding subject to the notice and 

hearing requirements, as set forth for initial permit application in these regulations, except that 
no hearing is required unless requested, in writing, by five or more interested persons. 

 
 3. Decision. The U.T. may grant the permit transfer if it is determined that: 
 
  A. the change in permitee's identity does not violate any of the permit issuance criteria; 
 
  B. the permit transfer is not intended to circumvent the preference guidelines for 

treatment of competing applications; 
 
  C. the permit transfer is not for speculative purposes. Consideration of speculative 

purposes includes whether the current permitee has conducted substantially no 
research or aquaculture in the permit areas during the previous permit term; and 

 
  D. the transfer will not cause the transferee to be a tenant of any kind in permits covering 

an aggregate of more than 20 acres. 
 
 
1.17 Minimum Permit Maintenance Standards 
 

1. Each lessee shall mark the permit in a manner prescribed by the U.T. in the permit. 
 
2. Each lessee shall maintain his aquaculture permit in such a manner as to avoid the creation of 

a public or private nuisance and to avoid substantial injury to marine organisms. 
 
3. Each lessee is obligated for the routine collection and proper disposal of all errant gear, errant 

equipment, or errant solid waste from the permit site. 
 
 
1.18 Marking Procedures for Aquaculture Permits 
 

1. When required by the U.T. in the permit, aquaculture permits shall be marked with a floating 
device, such as a buoy, which displays the permit identifier assigned by the U.T. and the 
words SEA FARM in letters of at least 2 inches in height in colors contrasting to the 
background color of the device. The marked floating device shall be readily distinguishable 
from interior buoys and aquaculture gear. 

 
2. The marked floating devices shall be displayed at each corner of the permit area that is 

occupied or at the outermost corners. In cases where the boundary line exceeds 100 yards, 
additional devices shall be displayed so as to clearly show the boundary line of the permit.  

 
3. When such marking requirements are unnecessary or impractical in certain permit locations, 

such as upwellers located within marina slips, the U.T. may set forth alternative marking 
requirements in an individual permit. 
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4. Permit sites must be marked in accordance with the United State’s Coast Guard’s Aids to 

Private Navigation standards and requirements. 
 
 
 
  

46 
 



  

Appendix II 
 

Washington County Unorganized Territories 
Application for an Aquaculture Permit 
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Dean A. Preston, Supervisor 

34 Center St.                   Tel: 207-255-8919 
P.O. Box 297                   Fax: 207-255-3572 
Machias, ME  04654                                                             Email: UT@washingtoncountymaine.com 

     
APPLICATION FOR AN AQUACULTURE PERMIT 

 
 
 
This is an application for a standard aquaculture permit, using bottom culture where there is no discharge into 
marine waters.  A standard aquaculture permit may be up to 2 acres in size and may be issued for a term of no 
longer than 5 years.   
 
YOU ARE REQUIRED TO ATTEND A PRE-APPLICATION MEETING WITH THE U.T. ADMINISTRATION AND 
THE SHELLFISH COMMITTEE PRIOR TO CONDUCTING FIELD WORK AND COMPLETING THE 
APPLICATION.  AN APPLICATION WILL NOT BE CONSIDERED COMPLETE UNTIL A PRE-APPLICATION 
MEETING IS  HELD. 
 
The U.T. requires a non-refundable fee for aquaculture applications:  
      
Effective January 1, 2008:   $200.00      
  
 
Mailing Instructions: 
 
Provide one copy of your application to the U.T. Administration address listed below.  The applicant shall be 
notified upon receipt when the application has been reviewed and accepted as complete by the U.T. 
 
   WASHINGTON COUNTY TERRITORIES 
   P.O. Box 297 
   Machias, Maine  04654 
 
   ATTN: Aquaculture Administrator
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A. THE PERMIT APPLICATION PROCESS: WHAT TO EXPECT 
The following information outlines the process leading to the approval of an aquaculture permit.  

1. Pre-application Meeting.  Prior to completing your application, please contact the U.T. to set up a pre-
application meeting.  Applications submitted without a pre-application meeting will not be considered 
complete.  This will be an informal public meeting intended to familiarize the public/ shellfish 
committee with the proposal, allow you to receive information from the public/shellfish committee 
prior to submitting your application, and provide the U.T. with information prior to the site review. 

 
2. Submit Application.  Applicant submits application to Washington County Territories. The U.T. will 

make a determination as to whether or the not your application is complete.  If incomplete, you will 
receive a letter asking for further information.  If complete, U.T. will forward your application to other 
regulatory agencies, the Board of Commissioners and riparian landowners. 

 
 

3. Public Hearing.  An adjudicatory aquaculture permit hearing is a requirement for all applicants under 
the Washington County Aquaculture Permit Policy.   

 
4. Public Notice. The U.T. will issue public notice of the hearing.  At least 30 days prior to the public 

hearing, the applicant shall place visible markers which delineate the area proposed to be permitted. 
 
5. Decision.  The U.T. Hearings Officer will prepare a report including proposed findings of fact, 

conclusions of law, and a recommended decision to grant or deny the permit.  The Hearing Officer’s 
proposed decision will be sent to all legal parties, who will have ten days to comment on the proposed 
decision.  The U.T. will make a final decision to grant or deny the permit within 60 days of the public 
hearing. 

 
6. Requirements After a Permit is Granted.  The permitee must: 

 
a. Establish an escrow account or secure a performance bond in the amount required by the U.T. in 

the permit.  
b. Publish a notice in a newspaper of general circulation in the area affected.  
c. Record the permit in the U.T. office of Washington County. 
d. Mark the permit site with the appropriate buoys. 
e. Submit to the U.T. an annual report of permit activities. 
f. Pay the annual rental fee of $50 per acre. 

 
7. Revocation.  The U.T. may commence revocation procedures if it is determined that substantial 

aquaculture has not been conducted within the preceding year or that the permit activities are 
substantially injurious to marine organisms.  If any of the conditions or requirements of a permit are not 
being observed, the U.T. may revoke the aquaculture permit.  

 
8. Transfer.  A permitee may apply for U.T. approval of the transfer of his aquaculture permit to another 

person for the remaining portion of the permit term.  A permit transfer shall be an adjudicatory 
proceeding. 

 
9. Renewal.  A lessee must file with the U.T an application to renew a permit no later than 6 months prior 

to the lapse of the prior permit.  Renewal of a permit shall be an adjudicatory proceeding.
 
 
 
 
 
 
 

 



  

B. REQUIREMENTS AND RESTRICTIONS 
Aquaculture permit must comply with the following state and federal regulations: 
 

1. Essential Habitats and Eagle Nests:  Aquaculture permits generally must not be closer than 1/4 mile from 
eagle nests or Essential Habitats as regulated by Maine Department of Inland Fish & Wildlife (MDIF&W) 
under authority of the Maine State Endangered Species Act and in accordance with guidelines of other 
endangered and threatened species developed by MDIF&W.  MDIF&W Essential Habitat Maps are 
available for review at the following offices:  MDIF&W Regional Offices, county government, Registrar 
of Deeds offices, affected town offices, Regional Planning Commission offices and many state agencies.  
The maps are also available on the MIF&W website at www.maine.gov/ifw. Maine State Endangered 
Species Act 1975, 12 M.R.S.A. §7751 et seq. 

 
 

2. Permit Conditions:  The Commissioner may establish conditions that govern the use of the permit area 
and impose limitations on aquaculture activities.  
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C:  APPLICATION COVER SHEET FOR AQUACULTURE PERMIT 
 
Name:              
 
Address:             
 
City:              
 
County:             
 
State, zip             
 
Telephone:  business      home      cell       
 
Email address:             
 
Date of Pre-application meeting:           
 
 

town    county   waterbody  
   

Location of permit site:            
 
Additional description                                                                                                               
(e.g. south of B Island) 
 
Total acreage requested:             
(1-acre maximum: Individual) 
(2-acre maximum: Multiple Ownership) 
 
Permit Term requested:            
(5-year maximum)  
 
Name of species to be cultivated, common and scientific names: 
 
              
 
              
 
Name, address and phone number of the source of seed stock, juveniles, smolts, etc., to be cultivated: 
 
               
 
               
 
$200.00 application fee enclosed:                      
 
I hereby state that the information included in this application is true and correct and that I have read and 
understand the requirements of the Washington County Aquaculture Permit Policy. 
 
Signature:         Date:       
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D. APPLICATION INFORMATION REQUIREMENTS 
 
  
Answer all questions under each Section as completely as possible. 
 
 This application includes questions on site location, site development, operation, environmental 

characterization, area resources, surrounding area use, technical capabilities, financial 
capabilities, and a list of certifications, licenses, etc.  

 
 Definitions from the Washington County Aquaculture Permit Policy:  
 
  A. UT 
 
   “UT” means the Office of the Washington County Territory Supervisor. 
 
  B. Commission 
 

“Commission” means the Washington County Board of Commissioners.  This 
board are the administrators of the Washington County Unorganized Territory. 

 
  C.   Aquaculture 
 
   "Aquaculture" means the culture or husbandry of marine organisms by any 

person. Storage or any other form of impounding or holding wild marine 
organisms, without more, shall not qualify as aquaculture. In order to qualify as 
aquaculture, a project must involve affirmative action by the lessee to improve 
the growth rate or quality of the marine organism. 

 
  D. Culture or Husbandry 
 
   "Culture or husbandry" means the production, development or improvement of a 

marine organism. 
 
  E. Riparian Owner 
 
   "Riparian Owner" means a shorefront property owner whose property boundaries 

are within 1000 feet of the proposed permit boundaries. 
 
 
  F. Existing or Potential Uses 
 
   “Existing or Potential Uses” means all water-related activities and resources 

including, but not limited to, commercial and recreation fisheries, marine 
transportation, aquaculture, and boating. 

 
 
  G. Adverse Effects 
 
   "Adverse Effects" means impediments to water-related activities or unreasonable 

interference with natural processes supporting those activities. This includes, but 
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is not limited to, floating or submerged obstruction, habitat destruction, natural 
flora and fauna displacement, current flow alteration, and lowered water quality. 

 
   
  H. Scientific research 
 
   “Scientific research” is a study or investigation intended to lead to new 

discoveries or advances within its field or to impact on the progress in that field, 
as determined by the Department. In making its decision, the Department shall 
consider the nature, funding and objective of the planned research. The results of 
any scientific research shall be part of the public record. 

 
  I. Commercial research and development 
 
   “Commercial research and development” means a study by any person or 

company designed to try new species, new growing or harvesting techniques, 
new sites or to determine the commercial viability of an operation. The results of 
such research will not be part of the public record. 

 
   
  J. Mean Low-Water 
 
   “Mean low-water” means the average low tide. An approximation of mean 

low-water is made by observing the low–water mark when the tide height is at 
0.0 feet as indicated on a tide table. 

 
 
 
 
Please read all instructions before completing.  Applications must be typed and reproducible.  Please use 
8 1/2" x 11" paper with a 3/4" margin at the top; use the numbering system listed for each item 
requested.  All drawings, charts and plans must adequately show the proposed project.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

53 
 



  

 
 
1.  SITE LOCATION 
  

a.  Vicinity Map 
 Use a NOAA chart or USGS Topographic map to show the waters and shorelands within 

the general vicinity of the permit tracts depicting the permit area. 
 

b.  Plan View 
 An enlargement of a NOAA chart or USGS Topographic map is suggested to provide this 

information.  Exact location of permit described as follows: 
 
  1. Mark entire permit boundary. 
 

2. Show depth contours and indicate mean low water and mean high water 
on all land adjacent or nearest site. 

  
   3. Mark true north with arrow. 
 
    4. Include scale used. 
   

5. Label the location of Federal projects, navigational channels, any 
structures, existing aquaculture permits within 2000 feet or state or 
federal beaches, parks, conserved lands or docking facilities within 1000 
feet.  

 
8. Provide the latitude, longitude and State Plane Coordinates for each 

corner of the entire permit or the metes and bounds of the permit with 
coordinates for one starting point. 

 
 
2.  OPERATIONS 
 
 a.  Production Activities  
 

1. List and describe your proposed activities including the number and type of 
vessels that will service the proposed site, frequency and duration of vessel 
traffic, cultivation techniques, monitoring schedule, transport schedule, 
predator control methods, harvest schedule, harvest technique and processing 
methods. 

 
2. Describe the start-up and projected maximum production on a 12-month 

basis. Also state the maximum stocking density.  
 

b. Noise and Light 
 

1. Provide the type of powered equipment, if any, that will be used on site, 
including, but not limited to boats, barges, power washers, generators, 
upweller motors, harvesting or seeding equipment, and feeding equipment.  
Vessels moving to and from the site are considered exempt from the noise 
impact  

54 
 



  

consideration. Note that any temporary or permanent floats will also require 
approval from the U.S. Army Corps of Engineers. 
 

 
 
2. Indicate generally when, how often and for how long this equipment will be 

used (i.e. daily, weekly, only during harvesting). 
 

3. Specify what will be used to reduce the noise level from the powered 
equipment, i.e., mufflers, etc.  You do not need to provide decibel or 
frequency ratings unless they are known or provided by the equipment 
manufacturer.  

 
4. Provide the number, type (whether the fixtures are shielded), wattage and 

location of lights, other than those used for navigation or marking, that will 
be used at the proposed permit site.  

 
5. Indicate under what circumstances you might work at your site beyond 

daylight hours.  
 

c. Marking 
 

According to U.T. policy, all permit sites are to be marked with a floating device, 
such as a buoy, which displays the permit identifier assigned by the U.T. and the 
words “CLAM FARM” in letters of at least 2 inches in height in colors 
contrasting to the background of the device.  The marked floating devices shall 
be displayed at each corner of the permit area that is occupied or at the outermost 
corners.   

 
 
 
 

 
3.  ENVIRONMENTAL CHARACTERIZATION 
 
 The Washington County Aquaculture Permit Policy, specify applicants may do more than one site 

evaluation, but one evaluation must be completed between April 1 and November 15, dates 
inclusive. 

 
 
 a.  Environmental Characterization 
 
 Provide the environmental evaluation used to select the proposed permit tract(s).  

Descriptive information shall include but not be limited to: bottom characteristics 
(include but not limited to sediment types, distribution and topography), resident marine 
and upland flora and fauna (species are very abundant, common, rare), tide levels. 
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4.  SURROUNDING AREA USE 
 
 a.  Riparian Property 
 

1. Provide a tax map, chart, or topographic map showing the locations of 
the permit tract(s), the waters, shorelands and general vicinity of the 
permit tract(s).  Property lines must be clearly marked. Mark the entire 
permit boundary on the map or chart.  

 
2. List the names and addresses of every riparian owner of land within 1000 

feet of the permit tract(s) and the location of their property marked as 
shown on the map.  The map and list of riparian owners must be certified 
by the tax collector or clerk of the municipality in which the permit tract 
is located as being an accurate copy of this information as maintained by 
the municipality. 

 
3. The written permission of every riparian owner whose land will actually 

be used to access the permit site. 
 

4. A description of riparian owner's current use of permit site for purposes 
of access to riparian owned land. 

  
 b.  Existing Uses 
 

1. Describe the navigational or other uses of the area(s) by type 
(recreational, commercial), volume, time (seasonal patterns of use), 
duration (in the vicinity), direction of traffic, amount of activity. 

 
2. Describe the degree of exclusive use required by the proposed permit and 

the impact on existing or potential uses of the area.   
 
 
5.  TECHNICAL CAPABILITY 
 
 Provide information regarding professional expertise such as a resume' and documentation of 

technical expertise and practical experience necessary to accomplish the proposed project. 
  
 
6.  FINANCIAL CAPABILITY 
 
 a.  Financial Capability 

Provide documentation to prove the applicant has the necessary financial 
resources for the proposed project.  See Washington County Aquaculture Permit 
Policy chapter 1.02(I).   

 
b.  Cost Estimates 

Provide documentation of accurate and complete cost estimates of the proposed 
aquaculture activities.  

 
 c.  Other Permit Interests and Multiple Ownership 
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List all other aquaculture permits held by the applicant or in which the applicant 
has a financial interest.   
 

d.  Other Permit Interests and Multiple Ownership Continued 
If the applicant is a corporation, submit information as requested under 
(Corporate Applicants).  If the applicant is in a partnership, submit information as 
requested under (Partnership Applicant).  Washington County Aquaculture 
Permit Policy chapter 1.03(1)-(2). 

   
 
  A.   Corporate Applicants (2 Acres) 
 

1. The date and State in which Incorporated and a copy of the Articles of 
Incorporation; 

 
 2. The names, addresses, and titles of all officers; 
 
 3. The names and addresses of all directors; 
 

4. Whether the corporation, or any stockholder, director, or officer had 
applied for an aquaculture permit for Maine lands in the past, and the 
outcome or current status of that application or permit; 

 
5. The names and addresses of all stockholders who own or control at least 

5% of the outstanding stock and the percentage of outstanding stock 
currently owned or controlled by each such stockholder; 

 
6. The names and addresses of stockholders, directors, or officers owning 

an interest, either directly or beneficially, in any other Maine aquaculture 
permits, as well as the quantity of acreage from existing aquaculture 
permits attributed to each such person under Washington County 
Aquaculture Permit Policy chapter 1.03(3); 

 
7. Whether the corporation or any officer, director, or shareholder listed in 

item 5 above has ever been arrested, indicted, convicted of, or 
adjudicated to be responsible for any violation of any marine resources 
or environmental protection law, whether state or federal. 

 
  B.   Partnership Applicant (2 Acres) 
 

1. The date and state in which the partnership was formed and a copy of 
either the Certificate of Limited Partnership or documentation of the 
formation of a General Partnership; 

 
 2. The names, addresses, and ownership shares of all partners; 
 

3. Whether the partnership or any partner has applied for an aquaculture 
permit for Maine lands in the past and the outcome or current status of 
that application or permit; 
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4. Whether the partnership or any partner owns an interest, either directly or 
beneficially, in any other Maine aquaculture permits as well as the 
quantity of acreage from existing aquaculture permits attributed to the 
partnership or partner under Washington County Aquaculture Permit 
Policy chapter 1.03(3);  

 
5. Whether the partnership or any partner has been arrested, indicted or 

convicted of or adjudicated to be responsible for any violation or marine 
resources or environmental protection law, whether State or Federal. 

 
 
7.  OTHER REQUIREMENTS  
 
 The following items must accompany the application: 
 
 a.   Escrow Account or Performance Bond  
 
 Documentation confirming that the applicant has read Washington County Aquaculture 

Permit Policy chapter 1.10 and that upon issuance of a permit by the U.T. the permitee 
will either open an escrow account or obtain a performance bond determined by the 
nature of the aquaculture activities proposed as follows – 

     

Structure, no discharge $    500.00    
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Appendix III 
 

Results of Experimental Attempts to Create a 
Fast-Growing Soft-Shell Clam using Traditional 

Genetic Selection Methods 
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For the past half century, scientists have been working to improve shellfish stocks through 
selective breeding whether for disease resistance (Allen et al., 1993), growth (Toro et al., 
1995), or both (Boudry et al., 1998).  Other methods for improving stocks are available 
such as polyploidy and hybridization.  Here, results are presented on field trials conducted 
in 2009 and 2010 that compare growth and survival of cultured juveniles from parents 
selected for fast growth over two generations (F3’s) to cultured juveniles from wild parents 
(F1’s). 
 
The possibility of enhancing shell growth in Mya arenaria through classic selective 
breeding was examined.  Beginning in 2002, wild stocks of adult clams taken from eastern 
Maine were spawned in our shellfish production and research center, larvae and juveniles 
reared in the facility, and the juveniles (F1 generation) placed into a field-based nursery 
through the summer and fall.  These juveniles were overwintered (see Beal et al. 1995), 
and then planted in April 2003 in protected field plots at an intertidal site in the town of 
Beals, Maine.  In June 2005, approximately 300 F1 animals were removed from the plots, 
and the 30 largest clams (size range = 50-55 mm SL, shell length) selected and stimulated 
to spawn.  Juveniles from that spawning (F2 generation) were reared similarly and seeded 
in protected field plots at an intertidal site in the town of Cutler, Maine in April 2006.  In 
June 2008, approximately 300 animals were removed from the field plots in Cutler and 
another selection made of the 30 largest clams (size range = 52-58 mm SL).  Those animals 
were stimulated to spawn, producing an F3 generation.  The F3 larvae and juveniles were 
treated similarly through the summer and fall, and then overwintered.  Also, in June 2008, 
wild clams collected from a clam buying station in the town of Beals were stimulated to 
spawn, and these F1 individuals treated identically through the summer, fall, and winter. 
 
On 29 May 2009, a field experiment was conducted at Duck Brook Flat in the town of Cutler 
near the low water mark to determine if growth and/or survival of the F3 line was different 
than the F1 line.  Clams (mean ± 95% CI SL = 9.8 ± 0.16 mm for F1 clams, and 10.1 ± 0.23 
mm for F3 clams) from both lines were added separately to 15 cm diameter x 15 cm deep 
plastic horticultural pots (experimental units) filled with ambient sediments and pushed 
into the sediments to within a cm of the rim.  Stocking density was 1,320 m-2, or 24 clams 
per unit.  One-half of the experimental units for each line were covered with a protective 
flexible plastic netting (6.4 mm), while the other half had no covering of netting.  This 
factorial combination of treatments was replicated 10 times, and the forty experimental 
units arrayed in a single 8 x 5 matrix with 1 m spacing between rows and columns.  After 
201 days (15 December 2009), the experiment was concluded when all units were 
removed from the flat, and the contents of each washed through a 2 mm sieve.  All live and 
dead animals were counted.  The initial and final SL was measured to the nearest 0.1 mm 
for each live clam, and the wet mass of each live individual recorded to the nearest 0.001 g.   
 
Shell growth, measured as mean final SL, was 35.4% greater in the F3 vs. F1 line (24.5 ± 
0.88 mm, n = 15 vs. 18.1 ± 0.38 mm, n = 11; P < 0.0001).  Absolute shell growth (final length 
– initial length) was 62% greater in the F3 vs. F1 line (13.3 ± 0.78 mm vs. 8.2 ± 0.55 mm).  
Relative shell growth doubled (1.196 ± 0.0945) for F3 clams, but not for the F1 clams 
(0.848 ± 0.085).  Mean percent survival was greater in the F3 vs. F1 line by 126.4% (41.0 ± 
14.9% vs. 18.1 ± 8.9%, n = 20, P = 0.011).  Survival was not enhanced by netting (P = 
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0.3968) due to the accidental inclusion of green crab juveniles in seven of the ten netted 
units for both F1 and F3 line treatments.  No significant differences were observed between 
selection lines in the mass-length relationship (P = 0.2584). 
 
In 2009, F3 juveniles produced from the same F2 parents as described above.  Similarly, 
during the summer of 2009, wild broodstock were obtained from the same clam buying 
station, and F1 juveniles were produced.  Juvenile clams from both lines were handled 
similarly during the summer of 2009.  That is, each were reared at the Downeast Institute 
for Applied Marine Research & Education until large enough (ca. 3 mm) to be transferred to 
a field nursery site where they were placed in floating wooden trays lined with window 
screening.  Trays with clams were returned to DEI during November 2009, and animals 
overwintered according to Beal et al. (1995). 
 
The field experiment described above that took place at Duck Brook Flat in 2009 was 
repeated in 2010 (29 June to 20 December – 174 days).  Significant differences in initial 
shell length existed between the two lines as the F1 individuals were, on average 1.8 mm 
larger than the F3 individuals (F1 = 12.1 ± 0.43 mm, n = 24; F3 = 10.3 ± 0.46 mm, n = 23; P 
< 0.0001).  At the end of the experiment, units were removed from the flat and samples 
processed as described above for the 2009 study. 
 
Final mean shell length was not significantly different for the two groups (F1 = 20.6 ± 0.88, 
n = 13; F3 = 20.7 ± 0.98, n = 18; P = 0.6156).  This lack of difference likely was due to 
differences in initial size because mean absolute growth (final length – initial length) was 
significantly greater (by 16.7%) for the F3 vs. F1 line (P = 0.0031; F1 = 8.9 ± 0.85 mm; F3 = 
10.5 ± 0.81 mm), and relative growth was 32.6% greater in the F3 vs. F1 line (P < 0.0001; 
F1 = 0.790 ± 0.08; F3 = 1.048 ± 0.08).  Again, F3 clams more than doubled in shell length, 
but F1 clams did not.  It is somewhat surprising to have observed a doubling in shell length 
of clams from the F3 line given that the experiment was initiated a month later in 2010 
than 2009. 
 
Similar to results from 2009, mean percent survival was significantly greater in the F3 vs. 
F1 line by 70% (F1 = 27.9 ± 13.3%, n = 20; F3 = 47.5 ± 15.2%, n = 20; P = 0.0008).  Unlike 
results from 2009, predator netting enhanced survival on average by 350% for both lines 
(P < 0.0001; Figure A-3.1).  Lastly, ANCOVA demonstrated that the relationship between 
loge mass vs. loge final shell length varied significantly between lines.  On average, clams 
from the F1 line had a heavier mass for a given shell length than clams from the F3 line (P 
=0.0004; Figure A-3.2).   
 
Results from the two years comparing F1 vs. F3 lines demonstrated that natural variability 
observed in wild populations of soft-shell clams can be exploited through selective 
breeding.  In both years, F3 animals outperformed F1 animals both for growth and survival.   
To the best of our knowledge, this is the first-ever demonstration of artificial selection for 
any morphological attribute in Mya arenaria.  Coastal communities incorporating stock 
enhancement with cultured soft-shell clam juveniles may enjoy greater production in areas 
seeded with animals that have been genetically selected for fast growth. 
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 Figure A-3.1.  Mean percent survival of clams from two selected lines. 
 ANOVA on the arcsine-transformed data demonstrated a significant  
 difference between lines (P = .0008) and between levels of predator 
 protection (P < 0.0001).  No significant interaction between the main 
 factors was observed (P = 0.8412). (n = 10) 
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Figure A-3.2. Relationship between mass and final shell length of live soft-shell clams 
from the F1 (closed circles) and F3 lines (open circles) (20 December 2010).  ANCOVA 
demonstrated that the F1 individuals had a significantly heavier mass per shell length 
than the F3 individuals (P = 0.0004).  The adjusted least square mean (mass) was 0.0540 g 
for the F1 line (e0.054 = 1.055 g) and 0.0076 g for the F3 line (e0.0076 = 1.008 g). 
 
References 
 
Allen, S.K., Jr., Gaffney, P.M., Ewart, J.W. 1993. Genetic improvement of the Eastern oyster  
 for growth and disease resistance in the Northeast. Northeast Regional Aquaculture  
 Center. NRAC Fact Sheet No. 210-1993. 8 p. 
 
Beal, B.F., Lithgow, C., Shaw, D., Renshaw, S. & Ouellette, D. 1995. Overwintering hatchery- 
 reared individuals of the soft-shell clam, Mya arenaria L.: a field test of site, clam  
 size, and intraspecific density.  Aquaculture 130:145-158. 
 
Boudry, P., Barré, M., Gérard, A. 1998. Genetic improvement and selection in shellfish: A  
 review based on oyster research and production. Cah. Options Méditerr. 34, 61-75. 
 
Toro, J.E., Sanhueza, M.A., Winter, J.E., Aguila, P., Verfara, A.M. 1995. Selection response and 

heritability estimates for growth in the Chilean oyster Ostrea chilensis (Philippi, 
1845). J. Shellfish Res. 14, 87-92. 

63 
 



  

Appendix IV 
 

Pictorial Manual for the Culture and Grow-out of 
Soft-Shell Clams:  A Practical Guide to Farming 

Clams in Maine’s Intertidal Zone 
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Introduction 
 
This pictorial manual is designed for those who are interested in growing cultured soft-
shell clams to commercial sizes.  It begins with hatchery production of seed clams and 
concludes with field grow-out techniques, site selection, and a brief overview about 
common predators.  The contents comprise a period of time from May 1987 when the Beals 
Island Regional Shellfish Hatchery (BIRSH) opened its doors for business – to produce 
cultured soft-shell clam seed for communities to enhance their wild stocks – to 2010, a time 
when hatchery production of soft-shell clam seed for public stock enhancement, applied 
research, and private farming programs continues at the Downeast Institute for Applied 
Marine Research and Education (DEI), the successor organization of BIRSH.   
 
During this 23-year period, between 1-10 million clams have been produced each year for a 
variety of field grow-out scenarios ranging from public stock enhancement to private clam 
farming.  Cultured clam seed from BIRSH and DEI has been seeded in 60 of Maine’s 77 
towns with a state-approved municipal shellfish conservation ordinance.  In addition, 
applied research has been conducted in every coastal county over this time, but most 
extensively in Washington County.  This research effort has focused on a number of factors 
related to the goal of rearing clams under field conditions that will result in optimal growth 
and survival.  Most of the research has been published in peer-reviewed scientific journals 
that are available online or through the Downeast Institute.  Research has been graciously 
supported by a number of organizations, including: Davis Conservation Foundation; 
Dolphin Trust; Eastern Maine Conservation Initiative; Economic Development Admin-
istration; Jessie B. Cox Charitable Trust; Maine Sea Grant; Maine Technology Institute; 
National Coastal Resources and Research Institute; National Marine Fisheries Service; 
Robert & Patricia Switzer Foundation; Passamaquoddy Tribal Council;  and, the University 
of Maine at Machias.  Unless otherwise stated, all photos were taken by Brian F. Beal. 
 
 

I. Hatchery culture 
 
 

Hatchery culture of soft-shell clams, Mya arenaria, begins by obtaining broodstock (adults).  
Several different methods can be employed.  Clams can be obtained directly from the flats, 
from clammers, or from a buying station.  Typically, clams ranging in size from 2 ½-3 ½ 
inches in length perform best (i.e., can be induced to spawn, and produce millions of eggs 
and sperm per individual).  It is possible to obtain clams that are “ripe” during early May 
through early June depending on location along the coast.  Ripeness can been discerned by 
removing one shell and examining the visceral mass, the largest part of the soft body that 
contains the digestive and reproductive system of the clam and ends ventrally as the 
muscular foot.  This region will appear creamy in color and have a firm texture when clams 
are ready to spawn.  After spawning, and for a few months prior to spawning, the visceral 
mass region will appear yellowish-brown and be flaccid to the touch.  It is also possible to 
collect clams in the winter that are not naturally ripe, and “condition” them over a 7-8 week 
period in the hatchery by gradually increasing the seawater temperature and feeding with 
increasingly greater volumes of cultured microalgae. 
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Figure A-4.1.  Soft-shell clams, Mya arenaria.  Adults (broodstock) can be stimulated 
to spawn by collecting them from intertidal flats during early May to early June when they 
are naturally “ripe,” or they can be collected early in the winter and “conditioned” over a 7-
8 week period, and then induced to spawn. 
 

 
Figure A-4.2.  Soft shell clam in a “ripe” (left) and “unripe” (right) condition.  Animals that 
are ripe can be induced to spawn.   
 
If broodstock are collected in May-June, they can be induced to spawn immediately; 
however, if broodstock are obtained at any other time of year and require a period of 
conditioning, they must be held in the hatchery in such a way that they are easily cleaned 
and will remain healthy for up to 3-4 months.  Large clams require a certain amount of 
external pressure on their valves (shells) to help them shut or close.  In the wild, this 
pressure is exerted on the shells by the sediment that surrounds the animals at various 
depths in the flats.  Once exposed, however, large clams typically gape and die within a few 
weeks if some force is not applied to their valves.  We have had success inserting clams into 
sand that is contained in plastic fish totes, and then submerging the totes into a large tank 
filled with seawater where it is possible to feed clams daily.  Although this method works 
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well, totes are heavy, difficult to clean, and animals must be dug out of the sand each time a 
spawning scenario is attempted.  For the past twenty years, we have used “clam 
sandwiches” to hold clams prior to attempting to spawn them.  The sandwich is composed 
of two pieces of 14-gauge lobster trap wire and two pieces of 1/4-inch VEXAR netting.  
Each piece is approximately 18-inches x 18-inches.  Clams rest between the two pieces of 
VEXAR with the heavier trap wire on the top and bottom of this arrangement.  
Approximately 15-25 clams can be held in a single sandwich.  Pressure is applied to the 
valves using nylon cable ties that are carefully cinched around the periphery and middle of 
each sandwich.  Several sandwiches can be placed inside 100-gallon “broodstock” tanks, 
and cultured microalgae delivered to each. 
 

 
 
Figure 4-A.3.  Clam sandwich (left) holding 15 soft-shell clam adults.  Broodstock tank 
(right) with four sandwiches.  Cultured microalgae is added to the tank daily.  Conditioning 
at DEI occurs in January-February and is the process of gradually increasing seawater 
temperature from 1-2oC to 15-16oC and microalgal density over a 7-8 week period.  At that 
time, clams are ready for spawning. 
 
Microalgal (unicellular algae) production is a critical phase in broodstock conditioning as 
well as larval and juvenile rearing.  A stepwise process is used to produce microalgae.  First, 
seawater is added to small, 125 ml flasks.  A mixture of nutrients including nitrate, 
phosphate, and iron along with micronutrients including vitamins, zinc, cobalt, manganese, 
and molybdenum are added next.  Then, flasks are autoclaved for 20 minutes at 15 psi.  
Once cooled to room temperature, a 5 ml aliquot of week-old microalgae from a similar 125 
ml flask is transferred to the flask using a sterile technique (algal transfers occur under UV 
light, and glass pipettes used in all transfers are flamed to kill bacteria).  Microalgae in the 
small flasks are kept at room temperature and are placed in front of fluorescent lights.  
These are referred to as stock cultures.  Stock cultures serve a dual role.  First, they are 
used each week to perpetuate a given strain of a microalgae (some strains at DEI are 15 
years old).  Second, once the 5 ml of stock culture is transferred to another 125 ml flask, the 
remaining volume of microalgae is transferred to a larger 500 ml flask.  Prior to that 
transfer, the larger flasks are treated similarly to the smaller flasks in that they are filled 
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with seawater containing nutrients, autoclaved, and then cooled to room temperature.  
After a week under fluorescent lighting, the entire volume of microalgae in the 500 ml flask 
is transferred to a 3.5 L glass jug containing “sterilized seawater.”  Seawater in the jug is 
sterilized using a small volume of Clorox bleach (sodium hypochlorite, NaOCl).  After sitting 
for 24 hours, the bleach is neutralized by adding an aliquot of sodium thiosulfate (Na2S2O3).  
Then, nutrients and micronutrients are added along with the entire volume of microalgae 
from the 500 ml flask.  After a week in front of fluorescent lighting, the contents of the 3.5 L 
jug are transferred to a 90L “algal tube.”  Tubes are constructed of fiberglass and are 87% 
transparent.  Microalgae grow in the tubes for 7-10 days and, depending on the particular 
algal species, can reach densities of 10-12 million cells per 1 ml.  A combination of diatoms 
and flagellates are reared at the Downeast Institute.  Diatoms include Chaetoceros gracilis, 
Chaetoceros muelleri, Thalassiosira pseudonanna, and Thalassiosira weissfloggii.  Flagellates 
include Isochrysis galbana, clone T-Iso and clone C-Iso; Pavlova pinguis, Tetraselmis 
maculata, Tetraselmis chuii, and Rhodomonas salina.  Diatoms require silicates in the form 
of sodium metasilicate (Na2SiO3) that are added with the other nutrients at each step in the 
microalgae rearing process. 
 
 

 
  
Figure 4-A.4.  Stock microalgal cultures in 125 ml flasks (left) and cultures recently 
transferred to 500 ml flasks (right).  Sterile techniques are used for transferring algae from 
flask-to-flask.  In addition, seawater and nutrients are sterilized using an autoclave prior to 
algal transfer. 
 

68 
 



  

 
 
Figure A-4.5. Jug culture at the Downeast Institute.  The green microalgae is  
Tetraselmis maculata. 
 

 
 
Figure A-4.6.  Mass microalgal culture in fiberglass tubes.  Each tube contains ca. 90 L.  The 
light brown microalgae in the foreground is Isochrysis galbana (clone T. iso).  Microalgae 
are used to condition broodstock, and to feed clam larvae and juveniles. 
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Once broodstock are conditioned (when gametes in both males and females have 
developed to a mature stage, the gonad is fully distended, and where ooyctes are mature in 
females and attached to the follicle wall by a narrow stalk or are free in the lumen, and 
where males have follicles filled with spermatozoa or sperm), they are ready to be induced 
to spawn.  Typically, spawning occurs via thermal shock.  Broodstock are removed from the 
conditioning tanks and from their sandwiches and are placed in the bottom of a shallow 
tank.  Initially, seawater temperature is the same as it was in the conditioning tank (ca. 15-
16oC).  Animals are fed and allowed to clear the water.  Then, the entire volume of the tank 
is drained and the tank filled with 23-24oC seawater.  Time to spawning is related to degree 
of ripeness.  Sometimes spawning occurs within 30 minutes of the thermal shock.  
Sometimes, repeated heating and cooling of seawater can occur over a 6-8 hour period 
followed by spawning.  Sometimes, spawning does not occur at all.  When clams do not 
respond to thermal shock stimulus over a normal working day, 20-30 individuals are 
placed into shallow wooden trays lined with window screening and then added to the 
surface of a 400-gallon tank that will become a larval rearing tank.  Seawater temperature 
in the larval tank is 23-24oC.  Many times, clams will spawn during the evening and 
trocophore larvae will appear in the tank the next day. 
 

 
 
Figure A-4.7.  Clams in shallow spawning tray (left).  Close-up of clam siphon (right). The 
largest aperture is the incurrent siphon that is used for ingesting food.  The smaller 
aperture is the excurrent siphon that expels feces and gametes.  Typically, male clams will 
spawn first followed by the females.  Once the first male spawns, it remains in the 
spawning tank so that it will stimulate others into a mass spawning event.  Subsequent 
individuals that spawn are removed from the tank and are placed separately into glass 
bowls to complete their spawning. 
  
When thermal shocking is effective, male clams typically will spawn first.  Also, it is normal 
for 40% or fewer of the broodstock to spawn during a thermal shocking event.  The first 
male to spawn will be left in the spawning tray.  The release of gametes coincides with a 
release of pheromones (“external hormones”) that help stimulate other clams to release 
their gametes.  Once the second individual in the tank begins to spawn, it and subsequent 
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individuals are quickly removed from the tank and placed into buckets or bowls or other 
containers filled with warm seawater.  The purpose behind this management technique is 
to reduce the likelihood of polyspermy (multiple fertilization of a single egg) that results in 
the improper development of larvae.  Eggs from all females are collected and combined in 
one or more large buckets.  Sperm from all spent males similarly are collected and 
combined in other buckets.  Fertilization of eggs occurs by transferring a small volume of 
“sperm water” to a bucket/container with eggs and then observing the development of 
polar bodies using a compound microscope at 40x magnification.  Polar bodies are the by-
products of the egg’s division during meiosis, and since polar body formation cannot occur 
without proper fertilization, this is an excellent method to determine whether additional 
sperm is required to complete the fertilization process. 
 

 
 
Figure A-4.8. Close-up of male clam spawning (left). Male clam spawning in a fingerbowl of 
seawater (right) ca. two minutes after removing from larger spawning tray. 
 

 
 
Figure A-4.9.  Female clam spawning (left) with many eggs visible as small white  
spheres in the righthand portion of the spawning dish.  A fertilized egg of a razor clam 
(Ensis arcuatus) (right) just after spawning with a polar body (photo from Da Costa et al. 
2008 -- http://mollus.oxfordjournals.org/content/74/2/103.full.pdf+html).  Scale bar = 20 
µm 
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After successful fertilization, zygotes are placed into 400-gallon tanks filled with seawater 
at a temperature of 23-24oC.  Over a period of 14-18 days, clam larvae are swimmers, and 
develop through several stages (trocophore; veliger; pediveliger), increasing size and 
volume along the way.  Every two days, the entire contents of a larval tank is drained 
completely, larvae caught on small mesh screens, and transferred quickly to an adjacent 
clean tank containing warm seawater and microalgae.   
 

 
 
Figure A-4.10.  Soft-shell clam larvae.  12-day old veliger stage (left – ca. 100 microns).  
The brownish area near the hinge is digested microalgae.  18-day old pediveliger (right – 
ca. 180 microns).  Larvae are swimming organisms that their velum, a ciliated swimming 
organism, to move about in the culture tanks.   A mixture of diatoms and flagellates are fed 
to clam larvae daily. 
 
 

 
 
Figure A-4.11. Larval rearing tanks (400-gallons) at the Downeast Institute.  
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Once pediveligers appear in the larval tanks, this is a signal that animals are ready to 
metamorphose, cease swimming, and settle to the bottom.  At this time, when animals are 
150-175 µm, they are removed from the larval tanks and placed into 800-gallon “setting” 
tanks where juveniles will remain until they attain sizes between 3-4 mm in length.  Clams 
are placed onto setting trays (initially with 125 µm mesh), and then as animals grow, they 
are graded and placed on other trays with larger mesh (170, 250, 500, and 1,000 µm).  It 
may take 2-4 months for all animals from a single spawning to attain sizes 3-4 mm in 
length.  Grading occurs every two weeks.  Approximately 800 liters (ca. 210 gallons) of 
microalgae are produced each day to feed clams at the Downeast Institute. 
 

 
 
Figure A-4.12.  An 800-gallon setting tank (left) with wooden trays containing recently 
settled soft-shell clam juveniles.  Seawater flows across each tray by pumping water from 
the bottom of the tank through a 3-inch pipe with holes that sits in the middle of the tank.  
The flow oxygenates the water and brings microalgae (food) to the clams in the trays. A 
tray (right) containing 150,000-200,000 soft-shell clams, that about 250 µm in length. 
 

 
 
Figure A-4.13.  Clams in the setting tanks are graded every two weeks by removing them 
from trays (left).  Then, animals are washed through a series of graded sieves.  Clams of 
similar sizes are reintroduced to a tray and placed back into the setting tank.  With daily 
feeding, animals eventually will reach a size where they are large enough to be retained on 
window screening (right). 
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II. Nusery culture 
 
Once animals are large enough to be retained on window screening (3-4 mm in length), 
they are once again removed from the setting tanks and trays and then are transferred 
15,000 at a time to field nursery trays.  These trays are 4-ft x 3-ft and are lined (top and 
bottom) with window screening.  The trays are made of wooden strapping material and 
built as a 4-ft x 3-ft wooden frame with a center piece of strapping to give the tray 
additional strength.  This center piece creates a tray that has two 2-ft x 3-ft compartments 
or sections, and 7,500 clams are placed into each section.  A handful of periwinkles 
(Littorina littorea) is added to both sections of each tray along with the clams.  Periwinkles 
graze on diatoms and other small organisms that might attach to the window screening and 
reduce flow in-and-out of each tray.  The top of each tray is covered with a piece of thin, 
black plastic film that inhibits gulls from pecking holes through the window screening and 
eating clams.  The film also reduces sunlight, and therefore green macroalgae growth inside 
the sections containing the clams.  Nursery trays are taken to a small cove on the eastern 
side of Great Wass Island, Mud Hole Cove, where they float on the surface of the water from 
June/July through mid-November.  During this time, clams attain sizes that are appropriate 
for seeding on the flats (8-15 mm in length). 
 

 
 
Figure A-4.14.  A 4-ft x 3-ft nursery tray (left) that holds 15,000 soft-shell clams (3-4 mm 
in length).  Trays are deployed during June/July at a subtidal location on the eastern side of 
Great Wass Island (Mud Hole Cove – right) where they remain until November each year. 
 
Seeding of flats in the fall is strongly discouraged.  Clam growth is seasonal (see below), 
and after October, no significant shell is added to clams growing in Maine flats.  In fact, 
clams add no new shell until the following mid-April.  This means that if clams are seeded 
in the fall, they spend approximately 6 months at very shallow depths in the flats, and 
become susceptible to mortality by waterfowl, especially Eider ducks that use their webbed 
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feet in shallow water to stir up small clams to consume (a process called puddling).  In 
addition, ice may form on flats during the winter, and given the right conditions may scrape  
 

 

Figure A-4.15. Nursery tray containing 15,000 clams (8-15 mm in length) in November 
2008 (left) and a close-up (right) of these cultured individuals. 

or scour large intertidal areas moving or crushing clams.  Because of inabilities to predict 
precisely the winter conditions of a given flat, it is encouraged that clam seeding be 
conducted in the spring – sometime in late April or in May. 
 

 
 
Figure A-4.16.  An intertidal flat in Edmunds (Washington County) during February 1989 
(left).  An ice floe (ca. 5-ft x 7-ft) in the Chandler River in January 1986 (middle).  Notice 
that the surface of the floe appears muddy.  Closer inspection (right) showed that it was 
mud, and that small soft-shell clams were in the mud.  This suggests that ice can transport 
clams from one area to another, and it may be one way for clams to be transported from 
the intertidal zone to subtidal areas where clams are not accessible to commercial 
harvesting.  (Lens cap in rightmost photo is from a 35 mm SLR camera.) 
 
Spring planting requires that clams somehow be stored over the winter.  It is not 
reasonable to store them in the hatchery setting tanks that they resided in as smaller 
juveniles because it would take too much cultured microalgae to keep them alive for six 
months.  They cannot remain in the nursery trays over the winter because it is possible that 
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winter storms and/or ice will destroy the relatively fragile trays.  And, we have shown that 
fall seeding can result in 80-100% mortality by the beginning of the next spring; therefore, 
planting clams in the fall should not be considered a viable option.  Instead, we have 
developed a simple and effective overwintering method that results in 90-95% survival 
from mid-November through the end of the following May (ca. 6 months).  The method 
involves removing all clams from nursery trays, and then placing up to 2.5 kg (5.5 pounds) 
of seed into a mesh bag (18-inches x 18-inches) constructed of fiberglass window 
screening.  Bags are fashioned so that one end is open and the other sewn shut.  Clams are 
added to the bags, and then the open end is secured using an 18-inch wooden lath that is 
rolled down over the bag 2-3 times.  Then, the ends of the bag are secured around the ends 
of the lath using rubber lobster bands. 
 
 

 
 
Figure A-4.17.  Removing seed clams from nursery trays at the Downeast Institute during 
November 2008 (left).  An overwintering cage (middle) that is the size of a standard lobster 
trap, but with eight equally-spaced shelves.  A single bag of soft-shell clam seed (2.5 kg) is 
added to each shelf (right).  Bags are constructed of fiberglass window screening and are 
18-inches x 18-inches.   
 
Bags are then added to a cage constructed of PCV-coated, 14-gauge lobster wire mesh that 
is the same size as a standard lobster trap.  At the Downeast Institute, cages are placed into 
the bottom of a cement tank (50-ft long x 5-ft wide x 5-ft deep ≈ 9,350 gallons) that receives 
ambient seawater that flows continuously through the winter and spring.  Air is added to 
the seawater from several hoses connected to an air pump.  Cages are removed bi-weekly 
and the eight bags in each cage are sprayed with freshwater to remove mud/silt that has 
built up during the two-week interval.  Cages also have been deployed in the field using one 
of two methods.  The first is to suspend the cages from a float or dock.  The second is to 
attach large floats to the top of the cage and then an anchor to the bottom of the cage that 
allows the cage to reside in the water column 6-8 feet off the bottom.  A buoy (surface float) 
is attached to the anchor that allows relatively easy retrieval of the cage.  The latter method 
should be used over as hard a bottom as possible to reduce potential negative effects of 
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resuspended mud/silt settling in the bags.  It may not be possible to clean cages that are 
deployed in the field on a regular (bi-weekly) basis, but some cleaning (at least monthly) is 
advised. 
 

 
 
Figure A-4.18.  Cement tank at the Downeast Institute (left) used to overwinter cultured 
soft-shell clam juveniles for planting during the spring.  Tank holds approximately 75 cages 
(up to 12 million clam seed).   Seed clams (right) that have been cleaned after two weeks in 
the overwintering tank. 
 

III. Field Grow-out Methods 
 
Clams are planted in the spring (late April through May) onto intertidal flats.  Methods used 
to enhance wild seed (public stock enhancement) and those used for private farming are 
identical.  The process begins with producing predator deterrent nets.  These are flexible, 
plastic nets that are either 1/4- or 1/6-inch aperture.  The netting we have used since 1987 
is produced by Industrial Netting (Minneapolis, MN; http://www.industrialnetting.com/ 
predator.html).  Netting can be cut to any length required.  It is possible to purchase rolls 
(3,000 ft long x 14-ft wide), and then cut the nets to any length.  Nets are lightweight and 
are easy to handle on land.  Nets are cut to produce a 22-ft long x 14-ft wide piece that 
allows for a 20-ft x 12-ft (240 ft2) planting area.  Once nets are cut to the desired length, 
Styrofoam floats, or toggles, are secured to the underside of each in a quincunx pattern 
(same as the number five appears on a die).  To do this, floats are placed on the underside 
of each net, and a 3-inch long wooden lath is placed on top of the float so that the netting is 
sandwiched between the lath and the float.  Two galvanized trap nails are pounded through 
the lath and into the float to secure the float to the net.  The floats lift the nets off the 
sediment during tidal inundation when clams are feeding.  It also helps in muddy areas to 
baffle sediments that tend to build up on the surface of the nets if no floats are used. 
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Figure A-4.19.  Rolls of 1/4-inch netting (left) are cut into 22-ft x 14-ft pieces.  Then, 
Styrofoam floats are secured to the underside of the nets (right).  Five floats are used and 
are centered in the middle of the net similar to the pattern of the number five on a die. 

The number of nets to use depends on the amount of seed clams that are planted.  Clams 
should be planted at densities of 40-60 per square foot to optimize growth to commercial 
size.  For example, if one planted 500,000 clams at 60 per square foot (into 240 ft2 planting 
areas), then about 35 nets would be needed.   If the same number of clams were seeded at 
40 per square foot, 52 nets would be needed. 

Before reaching the flats, clams should be divided into as many groups as there are nets.  
Each group is measured/counted so that they can be easily planted at the chosen density.  
To do this, one estimates clam numbers using a volume displacement technique.  Clams are 
dropped into a 50 ml or 100 ml graduated cylinder, and the volume of water the clams 
displace is measured.  Next, the clams in the cylinder must be counted, and that number 
(along with the volume displaced) recorded.  The process is repeated at least two more 
times so a minimum of three counts is taken.  An average of the count per volume is used to 
estimate the number of clams to plant in one planting area.  For example, suppose the three 
counts result in an average of 192 clams per 50 ml, and the desired planting density is 60 
clams per square foot.  This would require about 3,750 ml (3.75 liters) of clams per 
planting area ([50 ml x 14,400 clams/planting area]/192 clams/50 ml).  

Once at the flat, a series of 20-ft x 12-ft planting areas should be staked off.  Then, clams are 
spread as evenly as possible within that planting area.  Planting clam seed is simple.  A 
handful of seed is broadcast within the planting area as if one were throwing grass seed 
onto a lawn.  One tries not to get too many in a small area.  Once all the seed is spread into 
the plot, nets are used to cover and protect them from predators such as green crabs, 
bottom-feeding fish, ducks, and other predators that crawl on the surface of the flat or prey 
on clams from the water column.  Depending on the consistency of the sediments, there are 
two different approaches to securing nets around the planted seed.  If sediments are sandy 
or gravelly, then a furrow must be dug around the periphery of the planting area. 
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Figure A-4.20. From left to right (a-d).  a) Measuring seawater into a graduated cylinder.  
b) Measuring the volume displaced by clams.  c) Counting clams in the cylinder. d) Using a 
large measure to estimate number needed for a 240 square foot planting area. 

 

 

Figure A-4.21. A bag containing soft-shell clam seed (left).  Seed has been carefully 
measured to yield a number that is appropriate for the chosen seeding density.  Typically, 
seed is then placed into a five-gallon bucket (middle) to make it easier to pick up to spread 
into the planting area by hand.  Broadcasting seed (right) within the planting area. 

The net is then spread over the planting area and the edges should fall into the furrow.  
Then, the sediment that was removed from the furrow is placed back into the furrow to 
secure the edge of the netting.  If sediments are muddy, then after the netting is spread 
over the planting area, one carefully walks on the edge of the net around the entire 
periphery to secure the net in place.  The person’s weight forces the nets down into the 
mud.  Any depression around the periphery should be filled in by pushing mud into the 
depression with boots.   

Nets should remain in place from spring through the fall (when nearly 100% of the yearly 
shell growth occurs).  Around the end of October or beginning of November, nets should be 
removed from the flats because they may be lost due to winter storms or ice scour.  Careful 
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removal of nets will ensure that they can be re-used.  It is possible to re-use nets up to 
three times if they are not ripped or torn during their removal. 

 
 
Figure A-4. 22.  Sediments at this site in the town of Beals were too sandy and a furrow 
had to be dug (left) around the periphery of the planting area.  Once clams are seeded and 
the furrow dug, the netting is placed over the planting area and furrow (right). 
 
 

 
 
Figure A-4.23.  In more muddy sediments, such as at this site in Edmunds, it is possible to 
walk the edge of the net into the mud to secure the nets in place.   
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Figure A-4.24.  Deploying nets (left – Beals; and, middle - Georgetown), and nets that have 
been secured and in place for several months at a mud flat in Edmunds.  
 
 

 
 

Figure A-4.25.  Netting secured around 12-ft x 20-ft planting areas at low tide, and the 
same nets as the tide inundates the plots.  The Styrofoam floats are used to lift the netting 
off the flat during periods of high tide so that it does not interfere with clam feeding. 
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IV. Site Selection 
 
The most difficult task in planting clams for public stock enhancement or private clam 
farming is site selection.  Careful planning and thought should go into this step prior to 
seeding clams because once the clams are seeded onto a flat, it is all but impossible to move 
them elsewhere in a cost-effective manner. 
 
Most clammers know where the clamming is the best in their community, and these are the 
places that most times either do not need to be enhanced with cultured seed or these are 
places where clammers elect not to plant hatchery seed.  Instead, cultured seed is planted 
in areas that “used to be productive,” or “should be productive” but are not.  Caution should 
tell us that places where no native clams exist are problematic for a reason.  Rather than 
planting all cultured clams in these areas, it is always prudent to find out why no native 
clams exist in those areas well in advance of the enhancement date. 
 
Several methods exist to make a reasonable determination of survival and growth of a 
particular site, but these take time (at least a year prior to the enhancement date), and 
some effort that may or may not pay dividends.  The best method in selecting a site in 
advance of the actual planting day for a large volume of cultured clams is to set up a series 
of small scale field tests using cultured seed.  These are simple and straightforward to 
deploy and can yield an enormous amount of information that allows a community or a 
farmer to make an educated decision whether or not it would be prudent to carry out the 
enhancement at site A or B, or neither.   
 
Cultured seed similar in size to that used in a large-scale planting can be obtained from the 
Downeast Institute in late April or early May.  Seed can be planted or placed into 6-inch 
plant pots at a known density (e.g., 12 clams/pot is equivalent to a planting density of 60 
per square feet).  Pots are filled with ambient sediments at the field location of interest, 
then clams are placed on the surface of the sediments in each pot.  Pots can be covered with 
predator deterrent netting to get an understanding of the importance of predators at that 
particular location.  Several variations on this theme can be incorporated into the design of 
this field trial.  For example, one may wish to locate the pots with clams at several tidal 
heights to understand how growth varies along the tidal gradient.  Rather than using a 
single planting density, some pots may be seeded with 12 clams, while others may be 
seeded with 6 clams (30 per square feet) or 18 clams (90 per square feet) to get an idea of 
how stocking density might affect clam growth and survival.  In addition, there may be an 
interest in using two different types of netting – some pots receiving netting with a 1/4-
inch aperture, while others receive netting with a 1/6-inch aperture.  The only word of 
caution is that a minimum of five replicates should be used for each “treatment” tested.  A 
single replicate for a particular treatment is not considered an experiment, since it is not 
possible, under those conditions, to determine whether the results observed occurred due 
to random chance alone or whether it was due to the particular treatment.  A minimum of 
two replicates is required to be able to discern anything from an experiment.  Clearly, the 
more replicates of a particular treatment you can put out, the better (more accurate) your 
estimate of growth and survival is going to be.  Five replicates per treatment is an adequate 
number for a first-time (pilot study) field trial.   
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For example, suppose that one wished to learn how tidal height and predation (together) 
affect clam survival and growth.  Three tidal heights (Upper, Middle, and Lower shore) are 
chosen along with three types of netting (none, 1/4 –inch aperture, and 1/6-inch aperture 
netting).  Twelve clams are to be placed into each pot.  Three tidal heights x three netting 
types x 5 replicate pots per treatment = 45 pots.  That is, a total of 15 pots are required for 
each of the three tidal heights.  At each tidal height, five pots will be unprotected, five pots 
will be covered with a piece of protective netting with a 1/4-inch aperture, and five pots 
will be covered with a piece of netting with a 1/6-inch aperture.  To ensure that no bias of 
the results occurs, treatments should be randomized for each pot. 

Towards the Shore

 
 
Figure A-4.26.  A field layout that shows a random allocation of three netting treatments 
(none, 1/6-inch aperture netting, 1/4-inch aperture netting) to a total of fifteen plant pots.  
This design could be used at each of three tidal heights to better understand the interactive 
effects of tidal height and predator exclusion on growth and survival of cultured clam seed. 
 
 

 
 
Figure A-4.27. A pot with a rim of netting (left) around the periphery (to ensure that clams 
remain in the pot and do not crawl away). Pot with rim of netting deployed in the field 
(middle), and a pot with a 1/4-inch piece of flexible netting to deter predators (right).  
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At the end of the field study (as late into the fall as the weather will permit), all the pots 
from the experiment should be removed and each labeled with a waterproof tag that 
indicates what the particular treatment was.  Each pot can be washed through a sieve using 
a window screening mesh or something similar.  Then, the clams can be counted and 
measured to provide good estimates of survival and growth.  For reasons that are still 
poorly understood even after 20 years of practice, cultured clams mark themselves when 
they are first planted on the flats.  That is, a disturbance line is laid down in the shell that 
defines the exact size of the clam on the day it was seeded.  This mark can be used not only 
to discern wild clams (that do not have similar disturbance marks) from cultured clams, 
but can be used to estimate a growth rate from each individual that survives.   
 

 
 
Figure A-4.28.  Removing plant pots containing mud flat sediments and clams from a field 
site along the Machias River Estuary (left).  Processing samples using a box sieve (middle). 
The contents of a sample showing cultured clams that have grown from May-October 1998 
from a flat in Holmes Bay, Cutler, Maine (right). 
 

 
 
Figure A-4.29. Initially (1984) it was unknown that cultured clams will mark themselves 
when seeded onto flats by laying down a disturbance line that delineates the exact size 
clams were on the date they were planted.  Clams marked with pink ink (left) from a study 
conducted in 1984 along the Chandler River, Jonesboro, Maine. Disturbance lines are laid 
down independent of initial clam size (middle) or location (right), and are used to discern 
growth rates of individual clams. 
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Careful site selection will also avoid places where environmental conditions may 
deteriorate through time.  For example, in the spring, the surface of most Maine mud flats 
appears “normal.”  That is, surface muds are light brown and nothing appears unusual.  
Some flats, especially those along the downeast coast, begin to develop a growth of green 
macroalgae (clammers call it “green slime”) during late June/early July that is comprised of 
about six different species with the most abundant being Ulva lactuca, Cladophora spp. and 
Enteromorpha prolifera.  A localized bloom may develop, typically in the middle and upper 
intertidal, and, by late August/early September, the mass of green algae may be so 
widespread and thick that it actually creates anoxic (without oxygen) patches between the 
mud flat surface and the bottom of the algae.  Lifting the green algae exposes numerous 
infaunal organisms (clams, worms, amphipods, etc.) that have squirmed their way out of 
the mud in an effort to obtain oxygenated seawater.  Knowledge of whether these blooms 
occur regularly will help communities and clam farmers choose grow-out sites wisely. 
 

 
 
Figure A-4.30.  Typical mud flat in early spring (left). An intense bloom of green algae may 
develop during the summer (right) so that by late August, the mass of algae may be so thick 
that it creates anoxic conditions at the mud flat surface that results in heavy clam mortality.  
 

 
 
Figure A-4.31. A flat in Whiting Bay (left) on 1 September 1984 with green algal “ropes.”  
Meter stick in foreground for scale.  An algal bloom on a flat in Machiasport in 2003 shows 
several small juvenile clams at the sediment surface.  Vernier caliper (total length = 15 cm) 
for scale. 
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V. Predators  
 
A number of predators are responsible for reducing both cultured and wild clam 
populations in Maine.  Some predators can be deterred by the netting described above.  
These include green crabs, horseshoe crabs, fish such as mummichogs, ducks, seals, and 
other organisms that attack clams by digging or somehow removing sediments around 
clams to expose them.  Netting must be secured around the planting area thoroughly, and 
should be checked periodically during the first six months.  Other predators exist within 
the mud flat itself, and these are referred to as infaunal predators.  For cultured seed that is 
8-15 mm in shell length, the biggest threats are imposed by two groups of infaunal 
invertebrates:  moon snails and milky ribbon worms.  In addition, another bottom-feeder – 
a benthic fish, the wrymouth eel, has recently been discovered to consume small clams, but 
its relative importance compared to snails and ribbon worms has yet to be discerned.  
Netting does little to protect small clams from these infaunal, burrowing predators, so care 
should be taken to avoid areas with high densities of these organisms. 
 

 
 
Figure A-4.32.  Green crabs (left), Carcinus maenas, pose the greatest threat by an 
invertebrate predator on small (8-15 mm), cultured clams coast wide (Photo by Dana 
Wallace, Brunswick, ME, September 1956). Crabs typically leave crushed or chipped valves 
in their wake (right).  These dead clams were taken from an experiment conducted in 
Jonesboro along the Chandler River during the summer of 1984.  Green crabs are an 
invasive species, originating from the British Isles during the time of the U.S. Civil War in 
the Long Island Sound region.  They had reached Portland, Maine by 1900, and arrived in 
the Jonesport area (Washington County) by 1954.  Crabs were responsible for decimating 
clam populations in eastern Maine through the early 1960’s.  They have no natural 
predators, although they are eaten by a variety of organisms (gulls, lobsters, other crabs, 
etc.).  The only natural check on their population numbers is severe winter weather. 
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Figure A-4.33.  Moon snail, Euspira heros (left), from 1984 from Edmunds.  Size is 
approximately 60 mm from the spire to apex.  Snails appear to increase in size from the 
upper intertidal to the lower intertidal and into the subtidal.  They leave a characteristic 
countersunk hole in their soft-shell clam prey (middle).  Photo was taken in 1998 from an 
experiment conducted at a mud flat near Addison.  Notice the “hatchery mark” (the 
disturbance line) on most of the clams that indicates that the clams grew several 
millimeters, and then were preyed on by the moon snail.  The dead clams with bore holes in 
the photo on the right were from an experiment conducted in Lubec in 2008.  Notice the 
size of the bore hole is not the same from clam-to-clam, and notice that these cultured 
clams did not grow very much before they were consumed by moon snails.  Studies have 
shown that bore hole diameter increases linearly with snail size, so it is possible to 
estimate the size of the snail predator by measuring the diameter of the bore hole.    
 
 
 

 
 
Figure A-4.34. Wrymouth eel (Crypacanthodes maculatus) burrows (left).  This is 
considered a benthic (bottom) fish.  It creates an extensive network of burrows in the 
sediment near and below the low intertidal mark that extends into the subtidal zone.  The 
animal in the middle photo was collected in August 2009 from a mud flat in Perry.  The gut 
contents of the animal included small fish, amphipods, and bivalve shells. 
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