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Abstract

A series of comparative field trials were carried out in theimtiertidal in three locations aig

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

towns of Jonesboro, St. George, South Thomaston, and Boothbay from early May to late October
2015. Trials were designed to examine the effectiveness of pregétorent netting on growth

and survival of wild and cultured individuals of the ssffell clamMya arenaria

Twelve 14ft x 14-ft plots were established at each site and cultured clam seed (ca. 10 mm in
shell length, SL) added to four plots at a densitg0/f* (323/nf). Two of these plots were
completely covered with a piece of flexible netting with a 4.2 mm aperture while the other two
plots were covered with a piece of flexible netting with a 6.4 mm aperture. Four additional plots
were not seedetut were similarly protected either with the 4.2 mm or 6.4 mm flexible netting.
The remaining four plots were neither seeded nor protected with netting and served as controls.
In October, two benthic cores (0.01824, r 0.1963 ff) were taken from eaghiot and

processed by washing the samples through a 1 mm sieve. All live and dead cultured clams and
all live wild clams were enumerated and measured.

Mean percent survival varied from 100% at both Chandler River sites to 0% at one of the two
sites in he St. George RivédrBar ney 6 s Cove i n t Aherehighdemsitiesfof St .
the mud snailllyanassa obsoletdaid egg capsules on the netsighing them down

considerably and causing pockets of anoxia beneath that resulted in suffocattm @iltured

and wild seed.

Netting resulted in significantly higher densities eféar class individuals in two of the six sites
and higher densities @i1-year class individuals at four of the six sites. No relationship was
observed between densi of cultured seed and densities gfe@r class individuals. Neither
growth nor the density of-@ear class clams were different between the two types of netting.

We recommend that lareggeale application of nets to the intertidal zone to encourddeciaim
recruitment not be considered by communities until sstale trials such as thedescribed in

this reportcan be carried out to provide some information on spatial and temporal variability in
recruitment numbers. If high density patches of ypofithe-year clams exist, predator

deterrent netting applied to these patches in the spring can be used to protect these animals
during the next growing season (until late October or early Novem8araller aperture netting
should be used, especiallyaneas where densities of green crab juveniles are high in the spring.
Lastly, while it may not be feasib(@gistically or economically}o protect large (> 5 acres)

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

groups of individuals to acquire shellfish aquaculture permits through a municipal process to
farmwild or cultured clam seed in communities thatneanage their sofhell clam resources

with the Maine Department of Marine Resources. Techsigescribed here and from other
sources such asww.downeastinstitute.organ be used to provide information about this
process.



http://www.downeastinstitute.org/

Introduction

Ma i nceaStakcommunities withsoft-shell clam Mya arenaia L.) resources have a choice of
management techniques. M58 of 74, or 78.4%have choseto co-manageheir clam

resources byorking cooperatively with shellfish biologists at the Maine Department of Marine
Resources. This arrangement has begaice sincel962, and at least two studies have shown
that productivity in cemanagedowns is significantly higher than in those choosing not to adopt
this management strategy (Townsend, 1984; McClenachan et al., Z0¢ajiety of passive
(indirect) and active (direct) management activities are available to harvesters inrteEneged
communitiegTable 1).

Tablel. Acti vities available to Maineds coaslt al
Committees that share responsibilities fomeanagingheir softshell clam resources with
Mai neds Depart me n thttim/fvwwhaame.gowwdmResigfanstindes.lgfm

Passive Measures & Controls Active Measures

Attending regularlyscheduled Predator protection or removal
Committee meetings (Netting, Trapping)

Limit number of harvesters Re-seeding (wild or hatchery stock)
Restrict times of harvests Stock assessments (@lasurveys)
Restrict areas of harvests Collection of harvester catch data

(Conservation closurédat rotatior)

Set daily harvest limits Enhancing natural recruitment
(Brushing, Netting, Roughing)

Coastal cleanup Field experiments (to gather new
information about partialar topic)

Statewide clam landings have been relatively unchanged since 1990, averaging 10.77 million
pounds over those 25 years (Fig. 1). Compared with landings adevagr the previous 25

years (23.15 million pounds), this is a drop of 53.5%. While landings have variedJétl¢he

recent past, prices paid to clammers have increased dramatically, and, in 2014, averaged nearly
$100 per bushel, or close to $2.00 peund for the first time ever (Fig. 1). The current

economic climatés such that there is (or should be) great incentives for communities and
clammers to increase production of flats.

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

staff from the Downeast Institute conducted a series of comparative stuftias communities
(threelocations)along the Maine coast to examine the efficacy of using flexible netting (4.2 mm
& 6.4 mmaperture 1/6™-inch andvxinch, respectivelyto enhance/encourage seftell clam


http://www.maine.gov/dmr/msf/forms/index.htm

recruts (O-year class individuals) (the Final Report summarizing those results can be found at:
http://www.downeastinstitute.org/deiainedmr-collaborativestudy%282014%29.htjn That

effort indicated that recruitment was enhanced at only one of the six sites (in Jonesboro where
25x greater densities were observed under netting compared to adjacent control, unnetted, areas).
That study was limited in scope awds not initiated until the end of June/beginning of July

2014. The lack of significant enhancement under netted plots could have been rekaed to
timing of spawning of adults in the experimental areas. That is, it is unclear whether net
placement oaarred after clams had settled to flats, and if that were the case, then nets could not
enhance numbers of juveniles that may have fallen victim to small predators first. Beal et al.
(2014) suggested that placing nets on flats during the first two wedkayodt any intertidal site

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

During 2015, a comparative study similar to that conducted in 2014 was undertaken in the same
communities and intertidal flats. &tch intertidal flat, twelve 1# x 14-ft plots were

established in a 2 x 6 matrix near the mid intertidal mark. Four plots receivdtntetsfferent
aperturesand cultured clams to examine the effects of preeiddterrence on growth and

survival ofthe hatcheryreared clams as well as examine effects on wilggdr class

individuals. Four plots received nets, but no cultured clams, and the remaining plots were
considered controls no cultured clam juveniles or netting. This design allowed tesstahe

following hypothesegpredictions)ased on our observations and previous published work (see
Beal and Kraus, 2002; Beal, 2006 a,b):

1) Flexible netting with 4.2 mm (1¥6inch) apertureloes notmprove survival of cultured
clams butresults in hjher densities of-§ear class wild clams than flexible netting with
6.4 mm (1/4inch) aperture;

2) The presence of cultured clams does not increase the densifieaf 6lass wild clams in
plots that are protected with netting regardless of aperturefdize oetting;and,

3) Control plots, that simulate conservation closures, and are amongp$tevidely used
managemertbols used by mostoastaicommunities that manage their clam resources
(Table 1), yield significantly fewer-Gnd tyear class individals than plots that are
protected with predatedeterrent netting.

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


http://www.downeastinstitute.org/dei-maine-dmr-collaborative-study-%282014%29.htm
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Figure 1. Statewide landings and daide value of sofshell clams in Maine from 1964 to
2014. Data fronmttp://www.maine.gov/dmr/commercialfishing/historicaldata.htm

Methods

To examine spatial variabilityicultured clam and-gear class clam growth and survival as well

as Qyear class recruitment, six study sites were selected across three coastal communities that
co-manage their public sefthell clam resources with the Maine Department of Marine

Resource (Table 2Figs. 24).

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

Community County Latitude Longitude Flat name Date (205)
Jonesboro Washington| 44.64184 | -67.54922 Arthur Hill 7 May
Jonesboro Washington| 44.6249 -67.55582 | Bobos 7 May
South Thomaston Knox 44.04671 | -69.18947 | Potato Patch 13 May
St. George Knox 4402724 | -69.20219 | Bar ney ¢ 13 May
Boothbay Lincoln 43.91854 | -69.59597 | Pleasant Cove 15 May
Boothbay Lincoln 43.92356 | -69.62274 | Cross River 15 May



http://www.maine.gov/dmr/commercialfishing/historicaldata.htm

On the day the experiment was established at each site, ten benthic cores (15 cm diameter x 15
cm deep; A = 0.01824 Thwere taken randomly in the study area (see below) to establish initial
clam density and siziequency.Although the core only penetrates to 15 cm, once the core is
extracted, it is possible to see larger clams that the core did not sample and extract them by hand
so that they are included in the sample. This results in clams of all sizes mpigdsaqually

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

clam individuals were enumerated and the length of each measured with digital calipers to the
nearest 0.01 mm.

A 2 x 6 matrixcomprised of 14t x 14-ft plots (18.21 rf) (5 m spaing between rows and

columns) was established near the mid intertidal at each intertidal flat. To test the hypothesis
that smaller vs. larger aperture netting will result in higher cultured clam survival and/or
increased desities of wild @ and tyear class individuals, two replicates of each of four
treatments were randomly assigned to eight of the twelve positions within the matrix (Table 3).
The other four positions were assigned as controls (no netting, no culturedfilg 5. The

four plots receiving cultured clamsX(shel lengtht 95% CI = 10.4 + 0.4 mm, n = Q7Ayere seeded
within a 12ft x 12-ft section of the larger plot at a density of 30 individudi§320 clams per

plot; 13.38 m2; 32.9 individuals/r). After seeding, ach of thefour plots was covered with a

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

aperture and two with 6.4 mm apertur€pur other plots were covered with the twpés of

netting, but no clams were seeded in these (Fig. 6). Each net, regardless whether clams were
seeded within the plot it protected, had a series of seven Styrofoam floats (10 cm diameter x 7.5
cm thick) affixed to its underside to help move theingtaway from the clams during tidal
inundation when clams feed.

Table 3. Treatments used in the 2015 DEMR field studies.

Treatment Netting Cultured Clams

Control - - 4
Net-1 4.2 mm - 2
Net-2 6.4 mm - 2
Net-3 4.2 mm + 2
Net-4 6.4 mm + 2

Sites were visited regularly throughout the spring, summer, and fall to determine rate of siltation,
whether nets were ripped, torn, or otherwise damaged so that they would not perform as
expected.No nets were replaced at either Jonesboro or Boothbay sites; however, all nets had to
be replaced at Barneyodés Cove (St. George) due
llyanassa obsoletéSay) that could not be physically removed from tetsrisee Results). In

late Octobef10-23 = Jonesboro; 1R6 = Boothbay; 127 = St. George) two benthic cores (as
described above) were taken from each of the twelve plots at each site. Each sample was washed
through a 1 mm sieve, and all live and dsaftshell clams were enumerated and the total

length of all wild clams measured to the nearest 0.1 mm using digital calipers. Living and dead
cultured clams were identified using a disturbance mark that forms\artral margin of

animals at the timthey are added to sedimefsg. 7). This line marks the size of the animal



so that all cultured clams yield two length measurements: initial (at the time of the seeding) and
final (at the time of the October sampling). A description of the lineddadle in Beal et al.

(1999).

Cultured clams from cores taken from each netted and seeded sample (Treat@ants N¢;

Table 3) were divided into one of three fate categories: 1) Live; 2) Dead, with undamaged
valves; and, 3) Dead, with chipped or dred valves. Percent survival of cultured clams was
estimated from each core sample by dividing the total number of living clams by the total
number of live and dead clams.

Analysis of variancéANOVA) on the arcsinégransformed mean percent survivataleas
conducted using the following linear modiet each town

Yiki = 1+ Ai + Bj + ABjj + C(AB)xj + Qgjky- Where:

Yi = Dependent variableafigular transformed mean percent survival);

VI = Theoretical mean;

Ai = Site within a town (a = Zactor is fixed);

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

Cxk = Plot (c = 2; factor is nested within the combination of site and netting; factor is
random); and,

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

Expected mean sques (after Underwood, 1997) were used to create vaests for each
ANOVA.

O-year class individuals (wild recruits) from each sample were counted and measured and
ANOVA was performed on the square raé@nsformed mean number per core using the
following linear model for each town:

Yijkl =p+ A + Bj + ABij + C(B)k(j) + AC(B)ik(j)+ D(ABC)|(ijk) + Emikl)- Where:

Yi = Dependent variable (square rdminsformed mean number of clam recruits);

VI = Theoretical mean;

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

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

Ck = Cultured Clamgc = 2; present vs. absent; factor is fixed);

D, = Plot (d = 2; factor is nested within the combination of sitetting and clams
factor is random); ah

€m = Experimental error (n = 2 cores per plot)

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

Growth rate was estimated using the difference between final SL and initjabShlute
growth), as this measure was independent of initial SL for each site.



All means are presented with their respective 95% confidence intervals.
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Figure 4. Study sites in Boothbay (Pleasant Cove; Cross River).
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Figure 5. Initial sizefrequency distribution of cultured clam se&dsfell lengtht 95% CI = 10.4 +
0.4 mm)used at all six study sites
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Figure 6. Schematic of experimental design used at each of the six study sites. Plots witl
indicates that these received cultured clams (ggeHor initial sizefrequency distribution) at
density of 30/ft, or approximately 4,320 animals per plot. Two different types of flexible
netting were used: one with a 4.2 mm aperture, the other with a 6.4 mm aperture. See T
for dates whenhe design was established at each site. In late October 2015, each site wa
revisited and two benthic cores (A = 0.01824 11963 ff) were taken from each of the twely]
plots. Samples were washed individually through a 1 mm sieve and all live clamsrated
and the total length of each measured to the nearest 0.01 mm using digital calipers.
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Results
Initial Sampling (May 2015)

Wild clam densities at the six sites ranged from a high of 345.4 + k&Bviduals/nf (n = 10)

at Bobds Cove (Jonesbor o) 3%(o=18a)atlPotato Patth (Soth 8 N
Thomaston) (Table 4)The majority of clams sampled from cores at most sites (with the

exception of the Potato Patch) were less tttameh (Fig. 8).

Table 4. Initial densities of sofshell clams at each of the six study sites during May 2015 (see
Table 2 for dates when samples were taken). n = 10. All means are presented with their|95%
confidence intervals. The benthic corer hadidace area of 0.01824°1f0.1963 ff).

Number per Number per Number per
Core square foot square meter
Jonesboro  Arthur Hill 4.0 (2.46) 20.4 (12.51) 219.3 (134.59)
Jonesboro Bob 6s Co6\3¢3.46) 32.1 (17.61) 345.4 (189.49)
St. George Potato Patch 1.4 (0.69) 7.1 ( 3.52) 76.8 ( 37.89)
S. ThomastorBarney Cove 2.0 (1.12) 10.2 ( 5.69) 1096 ( 61.32)
Boothbay  Pleasant Cove 1.6 (0.60) 8.2 ( 3.07) 87.7 ( 33.07)
Boothbay  Cross River 1.7 (0.68) 8.7 ( 3.46) 93.2 ( 37.21)

Routine inspection of nets (M&ctober 2015)

Netted plots were inspected throughout théngpisummer, and fall by H. Leighton (Jonesboro),

H. Annis (St. Georgeo6s River), and P. Thayer
any nets at either of the Boothbay sites. One net disappeared from the Arthur IBitWwisen

24 July and 11 Agust (aperture = 6.4 mriireatment = N2 [Table 3]). Another net was lost

between 25 August and 18 September (apertéird mm, Treatment = N4 [Table3). A third

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

N-1 [Table 3]). None of these three nets were replaed.v e r a | of the control
Coveweredug by clammers at various times during the experimental period. No problems were
encountered with the nets at Potato Patch (South Thoma&etwyeenl7 August an@2

Septembermne of the control plots at thissitewasdu@.ne net was | ost from
by 28 May (a net with 4.2 mm aperture that was protecting seed cldus) snails llyanassa

obsoletal ai d eggs on the nets at Batremlelgs),thdtove, w
by 21 July, all eight nets at that site had to be replabDeshsity of gg caseon each net was so

high that even with the flotation under the neteyttid not float during periods of tidal

inundation and areas of anoxic sediments could be seen under €ach7 July,a net with 6.4

mm aperture that wamt protecting seed clams had to be replateto the presence of large

holes. By 22 Septembegreenmacroal@e (Ulva sp.) was observed growing on many of the

nets at Barneg Cove.
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Figure9. Pr ogr essi on of mud snails and their|egg c
Maine. a) 16 June; b) 22 June; c) 21 July. On 21 July, all nets were replaced at this study site.

October sampling
Jonesboro

Remarkably, kicultured clans from benthic cores wenecoveredilive (Table 5) hence, there
was no significant difference in mean survival as a function of type of net used to protect
animals Although mean number of cultured clams per core was highly variable within and
between sites @ble 5), no significant differences occurred between nets with 4.2 mm vs. 6.4
mm aperturesMean absolute growtand final SLover the 169 days pooled across sites and
netting treatments wds2.9 + 1.07 mm and 24.6 = 1.33 mm (n = 8), respectivel{0.0/6 +

0.006 mm/day) No significant difference between sites{B.09) or netting treatment$(>

0.30) were observed for either mean absolute growth or mean fir{&i¢L10)



