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Summary

A two-year field investigation was conducted atsibes along a 340 km stretch of the Maine
coast to examine spatial variability in growth analvival of juvenile American lobsters,
Homarus americanusTo enable unambiguous size-at-age estimatesteibwere cultured

from broodstock from a single origin during the snem of 2006. At each site, an individual
stage V-V postlarvae (mean carapace length [C25% CI = 4.1 + 0.05 mm) was placed into
one of two sizes of plastic containers (3.3 L viiditom surface area of 308 §m.2 L with bot-
tom surface area of 230 émhat entrapped the animal, but allowed seawatéow through the
space. A microhabitat, consisting of large piemfesrushed shells of adults of the soft-shell
clam,Mya arenarig was added to the bottom of one-half of both safentainers to a depth of
3 cm. Containers were placed in groups of tweliteivwire cages the size of standard com-
mercial lobster traps. Cages were connected to @her in groups (blocks) of four with 2-3 m
spacing between adjacent cages, and then fourdieeke deployed on both a hard and soft bot-
tom at each study site (number of lobsters = & sité blocks x 2 habitats x 2 container types x 2
microhabitats x 12 containers/cage/block = 2,3@4ters). One cage in each block was assigned
to each of the four treatments (a factorial comtiameof bucket size [a = 2] and microhabitat [b

= 2]). This was a traditional randomized complateck design. Survival estimates were
recorded in October 2006 at each site, and in 206@ at five of the six sites. At the end of the

study (August 2008), carapace length and wet miasaah live lobster was recorded.

Overall mean survival was 62.5% in October 20064618 + 5.5% in June 2007. Of the 192
cages deployed in June 2006, 114 were recoverdahi@ 2007, and only 76 (39.6%) were
recovered in August 2008. Storms, fishing-relajedr entanglements, and other events were
responsible for the loss of equipment. Only 388 Ibbsters (14.7%) were recovered, which
resulted in a final mean survival estimate of 37.1Bal mean number of lobsters recovered
was site-specific, with the highest recovery rateuoring in Cutler, where all gear was deployed
in the harbor (51.2 £ 8.2%, n = 27), and lowesta@tk (12.0 £ 4.7%, n = 9). Mean number
recovered in 2008 was approximately 35% higheramd bottoms than soft bottoms (P > 0.05),
which was opposite from what was observed in 2@@&n lobsters recovered from soft bottoms
was 52% greater than from hard bottoms (54.6 + 6r9%64 vs. 36.1 + 8.3%, n = 50). Neither



container size nor microhabitat had a significdféat on number of lobsters recovered in June
2007 or August 2008.

Final mean CL was relatively small, and varied asrsites, but not as expected given that
eastern Maine waters are cooler, on average, ltieawaters along the southwestern coast.
Greatest mean CL was observed at Beals and Stonimdtere lobsters attained a similar final
length (mean CL = 14.3 £ 0.77 mm, n = 15 caged)vilas nearly 35% larger than lobsters from
the remaining four sites (mean CL = 10.7 + 0.34 mm,61 cages). Effects of container size
and microhabitat on final mean CL were statisticalgnificant at only two sites, Cutler and
Tenants Harbor. At each, lobster juveniles wergdiain containers with the greatest surface
area with shell microhabitat (by 8.7% in Cutlerd&%5.8% in Tenants Harbor). No significant
differences in mean CL were observed at eitherfsitanimals in containers without
microhabitat.

Additional field tests demonstrated that lobstevgh increases with size of container, so it is
difficult to know whether the growth estimates alveel here are representative of the population
of wild juveniles of comparable sizes. The ranfjgnal mean CLs (5.9 — 19.1 mm) is quite
variable, but the maximum value is within the ranfiestimates for two year-old juveniles
reported elsewhere along the Maine coast. Fuielekihvestigations to determine growth-at-
age should examine effects of: 1) container sizgyslover a wider range of sizes; 2) water depth
within a given location; 3) habitat stability witha given location; and 4) initial lobster size on
growth trajectory.



Introduction

The American lobsteKHlomarus americanubliine Edwards, is the most important commercially

harvested marine species along the coast of MAm2007, for example, nearly 63.1 million

pounds were landed in Maine worth $280 millibitg://www.maine.gov/dmr/commercial

fishing/documents/2007LandingsBySpecies.Tablg.phif addition, the State of Maine sells
approximately 7,000 lobster licenses, making tisisery not only the most valuable, but the

most popular form of commercial endeavor alongcibeest.

Like all crustaceans, lobsters grow by shedding tid shells, a process known as molting, or
ecdysis. During the molt, lobsters leave no reafralge or previous size because they lack
permanent hard structures, and this makes unddmstpgrowth and estimating age-structure in
crustacean populations difficult. Tagging studi@swan and Ellis 2000) have revealed a high
degree of variability in lobster size after a pdrad time. For example, Cowan and Ellis (2000)
reported a case study of six lobsters caught fmed in the vicinity of Lowell’'s Cove, Orr's
Island, in Casco Bay. One lobster, tagged inytiatt 23 July 1994 and measuring 18 mm
carapace length (CL), grew approximately 5 mm ékremext 11 months. From 14 June 1995 to
9 September 1995, that individual molted twice hiag a CL of 31 mm, an increase of nearly
35%. The next time the same lobster was cauglx days later on 6 June 1996), it still had a
CL of 35 mm. Other lobsters in that study of sanihitial sizes molted 2-3 times per year,
mostly during summer months. One problem with isi0f this nature, however, is that tagging
is inefficient (tags are lost and so, too, is tifeimation for an individual’s growth), and the age
of the tagged animal is unknown — all one knowthiéschange in CL during the period between
release and recapture. Unless the exact age ahthwal is known at the time of tag-ging, this
method is an imprecise one for estimating lobsger dn addition, behavior and/or growth may

be influenced by the presence of the tag or thginggorocess (Comeau and Savoie 2001).

Carapace size in crustaceans is influenced byiatyaf abiotic and biotic factors such as
salinity, temperature, molting frequency, food dyabnd life stage of the individual (Sheehy et

al. 1996; Ju et al. 2001). Without knowing thebaracteristics, it is difficult to estimate lobster



age from a distribution of sizes, although theresaveral statistical approaches that involve

modal analysis of length-frequency data (e.g., ©&s295; Robinson and Tully 2000).

An alternative approach to aging lobsters and athestaceans involves using biochemical and
histological techniques to quantify the autoflucess age pigment, lipofuscin (Sheehy et al.
1996; Wabhle et al. 1996; Ju et al. 2001) in indinaldanimals. Accumulation of the pigment
occurs over the lifespan of an individual and setis a universal correlate of animal
senescence. Lipofuscin (LF) is a conglomeratgafd, metals, organic molecules, and
biomolecules that fluoresces at 360-470 nm. LFRges have been found in every eukaryote
ever examined, and always accumulate within csliha organism ages (Gaugler 1997). There
are two ways to calibrate lipofuscin concentratgainst age: 1) analysis of a group of
individuals of known age, covering as much of acegg lifespan as possible; or, 2) modal

separation of a lipofuscin-frequency distributi@héehy et al. 1998).

Although the technique has shown promise in bottogean and American lobsters, formation
and accumulation of lipofuscin may be affected pgt&l and temporal environmental
variability (Sheehy et al. 1996; Bluhm et al. 2001 addition, lipofuscin accumulation in
eyestalks, brains, and other lobster tissues mgywith temperature. For example, O’Donovan
and Tully (1996) found significant differences ipdfuscin accumulation in European lobsters,
Homarus gammaryskept at 8C vs. 18C. Food availability, and therefore caloric inta&so
affects the lipofuscin formation process (Chapetlal. 1994). Besides environmental
variability, genetically determined factors inhdarema species and/or individual, such as the
activity level or feeding type, can affect lipofusaccumulation (Bluhm et al. 2001). These
studies suggest that without knowing the initia¢ & individuals, what temperature regime(s)
individuals were exposed to, and/or the type anduarhof food ingested, that the lipofuscin
accumulation technique may have too many assungpte@make it practical or appropriate in a

fisheries management setting.

One aspect of aging lobsters is clear. If onersewith known-age individuals, there is no
ambiguity about age/size relationship after som@gef time (t). Here, | report results from a

two-year study conducted over a 340 km stretcin@Maine coast at six study sites from Cutler



(easternmost) to York (westernmost). At each sig@amined interactive effects of habitat
(soft- vs. hard-bottom), microhabitat (shell vs.gh@ll), and the size of the container used to
house lobsters. | used cultured juveniles (Bedl@napman 2001) from parents from a single
location to reduce potential variability due to geo differences among broodstock. Juveniles
(stages 1V-V) were housed individually in plastantainers designed to allow a constant
exchange of seawater. Animals survived and grefeéging on detrital material and organisms
that settled into and onto the hard surfaces oEtimtainers (see Beal et al. 2002). Site- and
treatment-specific size-frequency distributions barused to compare with distributions of wild-
caught juveniles (e.g., Wahle and Incze 1997; Costaal. 2004), providing a management tool
to help interpret modal analyses used to estinggadastribution in wild juvenile lobster

populations.



Methods and Materials

Origin of animals

This study investigated spatial variation in suaviand growth of early benthic phase American
lobstersHomarus americanusTo remove ambiguity regarding initial age/sizexperimental
animals, cultured individuals were used in allliiaStage | larvae were obtained from
broodstock collected from Beals, Maine (Western)Bsginning in mid-June 2006. Larvae
were reared communally in 400-liter conical tanktha Downeast Institute for Applied Marine
Research and Education (DEI; Beals, Mainé28483'N; 6735.90'W) according to Beal and
Chapman (2001). Until used in field experimentags IV-V juveniles were held individually in
plastic, flow-through compartments (ITMLhorticultural tray; product code: INP32WPD,
http://www.itml.com/prodDetail.php? pd=9Bthat floated in a 35,000 liter tank at DEI redeg/

ambient seawater (Table 1; Fig. 1). Animals weckdvery other day with live brine shrimp,
Artemia salinathat had been enriched with cultured microalJadspchrysis galbana

Chaetoceros mulle)i

Flow-through containers

Early benthic phase, cultured lobsters survive @ in situwhen placed individually into
containers that permit flow (seawater exchanged)ehtrap the animal (Beal et al. 2001).
Lobsters feed by cropping/grazing organisms andoadégae that recruit and settle on the inside
of the container or that drift into the containemh the water column. Previous work suggested
that amount of flow was important for long-term\aual. For example, when lobsters were
added to 15 cm x 2.5 cm Petri dishes in which apprately 32% of the top and bottom of the
dish was replaced with a piece of nylon window enneg, survival in submerged cages over an
11-month period near Beals, Maine was 91.7 + 5:83% 18) compared to 74.9 + 8.6% (n = 12)
for animals housed in similar dishes with 25 srhalkes (ca. 3 mm) drilled in the top and bottom
cover of the dish (Beal 2006).

In the present study, lobsters were individually$ed in two different size/shape round, plastic
(food-grade, polypropylene, Bisphenol A-free) camees (seéattp://www.ipl-plastics.com




The first was a “Squat bucket” (model 3012; wh8e L capacity; 0.097 wall thickness; 19.8 cm
diameter x 15 cm tall). The other was a “Tall bettKmodel 3712; white, 4.2 L capacity; 0.097
wall thickness; 17.1 cm diameter x 19.8 cm tallp ensure ample flow, a hole (11.4 cm
diameter) was cut from the bottom of each contaiaed replaced with a piece of nylon window
screening (aperture = 1.8 mm) that was affixedéoremaining bottom lip using hot glue

(general purpose, multi-temp glue stick, b&e://www.glu-stix.com Fig. 2a). In addition, each

container had a polypropylene lid that when pustman over the upper lip of each container
formed a tight seal. A hole of similar diametersveait in each lid, but instead of hot-gluing a
piece of window screening to fill the hole, a pi€28 cm x 23 cm) of window screening was
used to cover the top of the open container. theds then pushed over the rim to secure the

screening. This arrangement (Fig. 2b) allowed s¢@wo flow into and out of each container.

Submerged cages

Cages (PVC-coated, galvanized 14-gauge wire, 8h.2 5.7 cm x 30.5 cm with 2.54 cm
apertures) similar to a standard, commercial, orslobster trap, and with cement ballast, were
used to house twelve flow-through containers. Eade was fitted with a door (81.2 cm x 40
cm) that allowed access to the cage interior. tal tof eight Squat buckets could be arrayed on
the bottom of a single cage. A piece of coate@\{@0 cm x 30 cm) was placed on top of each
group of four buckets, and was secured in plagegusylon cable ties. The wire pieces provided
a solid surface upon which to place the four remgiibuckets (Fig. 3a). All twelve of the Tall
buckets could be arrayed on the bottom of a caige 3B).

Study sites and lobster handling prior to initigtfreld trials

Six study sites were selected along the Maine doastximize geographic data regarding
growth and survival of juvenile lobsters (Table 2n each initiation date, approximately 500
stage IV-V lobsters were removed from their induatflow-through compartments at the
Downeast Institute, and placed onto wet paper togetithin a stainless steel sieve (ca.

100/sieve). Sieves were then stored in plastitece@ontaining several blocks of Rubbermaid



Blue Ic€. To ensure that lobsters were handled similamtythat they remained out of seawater
for the same length of time regardless of distdreeeled to a site, animals were held in coolers
for five hours before handling them at a particslady site. One commercial fisherman from
each of the six areas patrticipated in this reseal@th fisherman used his fishing vessel to
hold/transport gear and lobsters, and assistedriiying out the experimental design (see
below). To minimize handling mortality, at eachd site groups of 25-30 lobsters at a time
were carefully removed from one of the sieves oarthdhe fishing vessel by gently dipping an
edge into a shallow enamel pan containing ambiegvater. Vigorous (actively swimming or
crawling) individuals were “captured” using an 80bmaker. A single lobster with both claws
was then placed (gently poured) into the bottora ®&ll or Squat bucket before the cage was

placed overboard.

Experimental design

The experimental design focused on answering twestions at each site: 1) Does lobster
survival and growth vary between soft- and harddthabitats? 2) What effect does container

size have on survival and growth? 3) Does micrdhgahifect survival and growth?

Four cages, each containing twelve buckets withgleslobster per bucket, were deployed as a
group with approximately 3 m spacing between adyjacages. Four groups (N = 16 cages)
were placed on soft bottom (mud, gravel, or sandding on the location), and four groups
were placed on hard bottom at each of the six.si@@ge one in each group contained Squat
buckets with a substrate of moderately crushedsdwl clam fMya arenarig shells that

covered the bottom of the bucket to a depth of Jfeign 4). Cage two contained Tall buckets
without the additional substrate. Cage three ¢oathSquat buckets without substrate, and cage

four contained Tall buckets with a similar crusiséeéll substrate.

During October 2006, survival was estimated at esiteh(Table 2). Each group of four cages
was hauled aboard the fishing vessel. One catgeedbur was randomly chosen, and the
presence or absence of a live juvenile lobstermeésd. A second sampling occurred at five of
six sites during the June 2007 (Table 2). All catlgat could be located were brought aboard,



the contents of each bucket sieved through a 2 reshpand the presence and absence of young
lobsters similarly noted. The final sampling ocedrapproximately two years after the initiation
date (Table 2). All animals were removed fronrathaining buckets, and placed into

numbered, plastic test tubes containing ambienwates. Tubes were then placed into coolers
(as described above) and taken to the Downeagtubesivhere the carapace length (CL; to the
nearest 0.1 mm using Vernier calipers) and totasfe the nearest 0.001g using an electronic

balance) of each, after placing on paper towelor@fseconds, was recorded on the same day.

Statistical Analyses

Variances associated with the percent survival ftatthe June 2007 and August 2008 sampling
dates were heterogeneous (Cochran’s test for \@riaomogeneity, P < 0.025). Therefore,
analysis of variance (ANOVA) was performed on thesene-transformed mean percent survival
data. ANOVA was performed on the untransformedm@hi. The design at each site was a
randomized complete block design (RCBD), with ealcitk (four cages per line) in each habitat
containing one replicate of each of the four treatta: 1) Squat buckets with shell; 2) Tall
buckets without shell; 3) Squat buckets withoutlshed, 4) Tall buckets with shell. The linear

model was:

Yiw = 1 + A + Bj + ABjj + C(AB)j + DI + AD; + BDy + ABDj + DC(AB)(i)
Where:

Yi« = dependent variable (arcsine-transformedguersurvival, CL)
1 = theoretical mean;

A = Site (i = 6 sites along the Maine coasttdats fixed)

B; = Habitat (j = 2 habitats — hard- vs. softtbots; factor is fixed)
Ck = Blocks (k = 4 blocks per habitat and siggtor is random)

D = Treatment (I = 4 treatments per block; facidixed)

Because this was a traditional RCBD (i.e., with@iication of treatments within a block),
sources of variation containing block effects cdrbetested; hence, only fixed factor sources of

variation are shown with their respective P-valuégen possible (balanced data), treatment



effects were decomposed into three, orthogonalesitiggree-of-freedom sources of variation:
1) Bucket: Squat vs. Tall; 2) Microhabitat: Shedl No Shell; and, 3) Bucket x Microhabitat
interaction. Similarly, the interaction betweeredment and Habitat was decomposed into
three, orthogonal single-degree-of-freedom sounfesariation: 1) Habitat x Bucket; 2) Habitat
X Microhabitat; and, 3) Habitat x Bucket x Microtzi.

Analysis of regression lines (testing for commarpsl) and subsequent analysis covariance
(ANCOVA) was performed on the relationship betwé&dnand total wet mass. Least square
(adjusted) means were calculated, along with gtaindard errors, to examine spatial variation in
the weight-length relationship.

Additional tests

l. Effect of cobble substrate on lobster growth andisal

To determine if lobster growth and survival vargeda function of cobble habitat, an additional
study was initiated at the Beals Island studyaité& August 2006. In this trial, 24 cages (eight
pairs of three cages each) were deployed. SiXI8rg& .6 liter) plastic pails (top diameter =
20.8 cm, bottom diameter = 24.6 cm; constructeidad grade high density polyethylene) were
added to each cage. The bottom of each pail wasutleaving a 1 cm rim to which a piece of
nylon window screening was hot-glued (as descridi®l/e) forming a secure bottom. Two of
the pails contained shell substrate (as describeded to a depth of 3 cm, two contained no
substrate, and two contained 6-8 large rock cofaeneter = 10-15 cm). For these last two
pails, a circular insert constructed of vinyl-cahteap wire was placed over the nylon window
screening in the bottom of the pail to hold up¢bbble and ensure that it would remain in place
and not puncture the screening. A large hole (@& @meter) was cut in the lid of each pail and
a piece of nylon window screening was placed dveitop of the pail and the lid snapped over
the top of the pail securing the top screeninggeSavere placed on hard bottom in the vicinity
of the cages deployed a month before. One paireé cages was sampled on 5 October 2006.

Attempts were made to sample all cages on 11 ARNGS.

10



I. Effect of compartment size on lobster growth — gust2006 to 2 August 2007

Because lobsters were restricted to shelters {plastkets or pails) in this study, growth rates
may have been affected by the size of the contésesisu McLeese 1972; Van Olst and
Carlberg 1978). To examine potential effects @iteh size on lobster growth, a study was
initiated on 2 August 2006 at Mud Hole Cove, BeMajne (4429.14'N; 6735.18'W). Ten
wooden trays 122 cm x 91 cm x 7.6 cm deep weretearied and a series of ten compartments
(two replicates of five different sizes) createakacth using wooden strapping. Size of
compartments was as follows: 1) 7.6 cm x 21.52;8 cm x 22 cm; 3) 21.5 cm x 28 cm; 4)
44.5 x 28 cm; and, 5) 58 cm x 45 cm. The bottortheftray was lined with nylon window
screening (aperture = 1.8 mm). One stage IV-Mucett lobster (as described above) was placed
into each compartment within one tray (N = 10), arqdece of window screening affixed to the
top of the cage securing the animal within eachgamiment. Trays floated on the surface of
Mud Hole Cove for one year. On 2 August 2007 ,4nare retrieved, and taken to the
Downeast Institute, where the CL and wet mass €asribed above) of each live lobster
recorded as well as the size of compartment. fession of CL (mm) vs. compartment area
(cn?) and mass (g) vs. container area was developeetéomine if the slope of the line was
significantly different from zero (k1 Slope of the line = 0, indicating no relationshgtween the

two variables).

Il Effect of container size on lobster growth and s~ 2 August 2006 to 19
November 2007

A second field test was conducted to examine etiecontainer size on fate and growth of
cultured lobsters from 2 August 2006 to 19 Novenit¥)7 at Mud Hole Cove, Beals, Maine.
Ten commercial “lantern nets” (frame size = 50 é¢@tiers; aperture = 15 mm) comprised of
UV-resistant polyethylene material were used. fidwbottommost tiers were not used in this
trial. On tier 1 (top) and 8 (bottom), a singlétared lobster juvenile was added to each of three
15 cm diameter x 2.5 cm deep Petri dishes. Dislaes sandwiched between two pieces of
vinyl-coated lobster trap wire (48 cm long x 20 wide) that were cinched together using nylon

cable ties. Each Petri dish had an 83 mm hol&drih both the bottom and cover that were
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filled by placing a piece of nylon window screenifag described above) and affixing it to the
plastic using PVC cement. Lobsters were addedatioblickets (as described above) on tiers 2,
4, and 6. Two of the four buckets on each tietaioed crushed shell substrate (as described
above), and two contained no microhabitat. Squekéis (as described above) were placed on
tiers 3, 5, and 7. As with the Tall buckets, tWwdhe Squat buckets on each tier contained a shell
substrate, and two did not. Each net was indepelydenchored to the bottom using a cinder
block filled with cement. A 15 cm diameter x 45 &tyrofoam buoy was tied to the top of each
net to help keep the net and its contents uprigtiteé water column. A 3 m piece of rope was
tied to the buoy and a similar size buoy attacloetthé other end of the rope, which served as a
means of marking each net. Nets were deployedinobwater at low tide. One of the ten nets
was sampled on 2 August 2007 and taken to the Dastriestitute (DEI) where the CL and wet
mass of all live animals measured (as describedegbdl he remaining nine nets were sampled

on 19 November 2007, and similar measurements rgeorded for each living lobster.

Analysis of variance was performed on the untramséol, mean percent survival data (19

November 2007) using the following linear model:

Yikm = Ai + B + ABjj + C(Bk) + AC(B)ig + D(CB)gk + AD(CB)igky + €n(ik)
Where:

Yium = dependent variable (percent survival, CL)

M = theoretical mean;

A = Net (i = 9 lantern nets; factor is random)

B; = Container (j = 3 sizes — dishes, Squat hisck&all buckets; factor is fixed)
Ck = Tier (k = 2 (for dishes) or 3 (for bucket&gg¢tor is fixed)

D, = Substrate (I = 2 — crushed shell vs. nolsfasdtor is fixed)

€m = Experimental error

Analysis of the regression lines and ANCOVA weréqened on the log-transformed wet mass
vs. CL to examine effects of container size andssate. A decision rule of = 0.05 was used
for all statistical tests. Unless otherwise statedransformed means are given along with their

95% confidence intervals.
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Results

October 2006 sampling

All cages at each site were recovered. Survivdt@randomly sampled cage from each block
varied from 53.1 £+ 20.7% (Tenants Harbor, softdodtto 93.8 £ 9.7% (Beals, hard-bottom)

with an overall rate of 62.5 + 9.7% (Table 3; FBy. Although no lobsters were measured at that
time, their color was noted and was distinctly @arknd redder than animals appeared when the
trial was initiated in July 2006 (Fig. 6).

Cages assigned to soft-bottoms had a tendencyleziceand and/or mud (Fig. 7), compared to
those assigned to hard bottoms. This was espgeidlient at Beals, Tenants Harbor, and York,
where some of the buckets were nearly completbddfivith sediment. No association between
microhabitat and amount of sediment in the buckets observed. Sediment did not appear to

affect lobster survival during this sampling period

June 2007 sampling

Due to storms over the winter and spring, some gaarlost and/or buckets had filled with so
much sediment that it was not possible to liftglear on board the fishing vessel (Table 4; Fig.
8). The only exception was in Cutler Harbor, whategyear was retrieved. Most gear loss
occurred at Boothbay Harbor and York during a aagbrm between 15-19 April 2007. The
storm coincided with astronomically high tides, iginds, and flooding rivers (Kesich 2007).
Maximum gust speed of wind recorded at the Mainpaenent of Marine Resources laboratory
in West Boothbay Harbor on 16 April 2007 was 936 .k Four U.S. Coast Guard navigational
buoys near Boothbay Harbor were lost during thanst(A. Kenney, Boothbay Harbor, pers.
comm.), and, as many as 67 buoys were dislodgdcsabled from Maine to NewYork during
that storm Iittp://www.provincetownbanner.com/article/banneilydaipdate article/ /47889/

Banner_Daily Update/4/26/2007Sediment build-up in buckets occurred at afissibut was

especially severe at Beals and Boothbay Harborl€T4b For example, 92% and 94% of

buckets in cages deployed on soft bottoms at thvesasites were at least half-filled with mud,
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coarse sand, or coarse shell. Ripped or torn ssr@ethose with at least one large hole were
observed at every site (Table 4), but the proporibbuckets with these problems was highest at
Tenants Harbor (61.1% in hard bottoms) and YorkA%din soft bottoms; 54.2% in hard

bottoms).

Overall, mean survival was 46.5 = 5.5% (n = 114)véver, significant differences were
observed between sites (P = 0.0035). A StudentsidecKeuls (SNK) test demonstrated that
mean percent survival fell into two discrete grawgsi with Cutler and Tenants Harbor (64.0 +
6.655%, n = 32; and, 59.3 £ 9.1%, n = 23, respelgtivn one group, and the remaining three
sites in the other group (32.0 £ 7.9%, n = 59abitht (soft- vs. hard-bottom) effects also were
statistically significant (P = 0.0232), with ovdralbster survival on soft-bottom habitats nearly
35% greater (54.6 + 6.9%, n = 64) than on hardobwt(36.1 + 8.3%, n = 50) (Fig. 9). No
significant effects due to treatment (bucket smerohabitat, and their interaction) were
detected (Table 5). At Cutler, the only site whaliegear was recovered, and where a low
percentage of the window screening was lost or dachéca. 1%), the same pattern of higher
survival in soft bottoms (73.8 + 11.8%, n = 16) ward bottoms (54.2 + 9.7%, n = 16) (Table 6)
was observed.

August 2008 (final) sampling

A total of 76 (of 192, or 39.6%) cages were recedacross all sites (Table 7). Except for the
Cutler study site, cages and buckets at mostlsetdsapparently been tossed about as plastic lids
and window screening covers had come off (Fig.at@) were laying in the bottom of the cages.
Some of the damage was due, again, to winter stdomsn several instances (Beals,

Stonington, Tenants Harbor), fishermen reportetddbar had been dragged by commercial sea
scallopers and/or urchin harvesters. At the Bstaidy site, cages were so heavy (presumably
because the experimental units [buckets] had filed sediments) that the rope attached to the

lead cage parted on five of the blocks, and alhefcages (n = 20) were lost.

A total of 338 lobsters were recovered from a tofé?,304 individuals initially deployed in July

2006 (14.6%). However, because only 76 cages weétieved, the percent of lobsters

14



recovered is estimated to be 37.1% (Table 7). iBrasconservative surrogate for percent
survival because recovery rates were based onévweldamaged buckets (and their screens) per

cage (see Table 4 for data collected in 2007 owstites of these experimental units).

Mean percent of lobsters recovered was site spdélfi 0.0011; Fig. 11), but no overall effect
of habitat or treatment was detected (P > 0.25]eT@p The tests for habitat and treatment were
not very powerful (Power < 0.55), presumably dughtoloss of gear (replicates) which resulted
in high variability between replicates within agtement. Highest mean percent recovered
occurred at Cutler (51.2 + 8.2%, n = 27), and ldw¢¥ork (12.0 + 4.7%,n=9). Ana
posteriori SNK test was unable to separate the smeaambiguously. Mean CL varied
significantly across sites and treatments (P <I1);0fiowever, the interaction of these factors
was also significant (P < 0.0001; Table 9; Fig.. 1Pherefore, separate one-way ANOVA'’s and
subsequent SNK tests were performed on the meatta@Lfor each site to determine specific
treatment effects. Only two sites, Cutler and Tes&larbor, showed significant treatment
effects (P < 0.025; Fig. 12), and at each, lobster® significantly larger in Squat buckets with
shell vs. Tall buckets with shell (by 8.7% [Cutlarjd 25.8% [Tenants Harbor]). At both sites,
no significant difference was observed in mean €lwleen animals housed in Squat or Tall
buckets without microhabitat. Similarly, a separame-way ANOVA was performed on the
mean CL data to examine spatial variation. Sigaiit variation in mean CL was observed
between sites (F = 21.28, df =5, 70, P < 0.00819, SNK revealed that lobsters at Beals and
Stonington attained similar sizes (mean CL = 14B# mm, n = 15 cages) that were
significantly greater by nearly 35% than lobsteof the remaining sites (mean CL = 10.7 £
0.34 mm, n = 61 cages; Table 10; Fig. 13). In&alli size-frequency distributions for animals
recovered from each site were significantly différ x 5 G-test of independence; G = 188.5, df
=20, P < 0.001; Fig. 14).

The relationship between wet mass and CL was athier(@ = 0.975; Fig. 15). Analysis of log-
transformed regression lines relating weight andr@licated that the slopes were equal (F =
0.24, df =5, 321, P = 0.9469), and analysis ociance demonstrated a significant effect due to
site (F = 8.45, df =5, 326, P < 0.0001). Leastzsq (adjusted) means for wet mass (using a
grand mean CL of 11.14 mm) indicated that lobdters Boothbay Harbor and Cutler had
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lower weights for a given CL than animals from TisaHarbor, York, or Stonington. Animals

from Beals were similar to both groups (Fig. 16).

Additional tests

l. Effect of cobble substrate on lobster growth anwisal

One block of three cages containing the 2-gallals g2 pails with cobble, 2 pails with shell
substrate, 2 pails without substrate) was sampbesl ©ctober 2006. All lobsters (N = 18) were
found alive. Similarly, one block of three cagessveampled on 15 June 2007. One cage
contained no live lobsters as the window screewiag ripped or torn on each. In the second
cage, both lobsters were alive in the two pail$naitd without shell, and one lobster was alive
in one of the pails with cobble (the window scregnivas torn in the second pail). In the third
cage, both lobsters were alive in the pails withlislone of two lobsters were alive in the pails
without substrate, and the screening was torn emther two pails with cobble substrate. On 11
August 2008, five of the eight blocks of cages waargsing (none of the buoys marking the
blocks could be found at low tide). The remainiiligee blocks of three cages were lost during

the hauling when the rope parted on each.

. Effect of compartment size on lobster growth — gust 2006 to 2 August 2007

Seven of the ten trays suffered damage from wingthat built up in Mud Hole Cove in

January 2007. The structural integrity of theaggrwas compromised, and no live lobsters were
recovered from them. The remaining three trays sigfered some damage from ice, but not as
severe, as a total of seven animals were recoveedthese trays (h=5; ns = 1; o = 1).

Survival was not estimated as many of the compantsnaf these trays also had large holes in
the bottom screening. There was a positive, litregad relating CL and mass to compartment
area (Fig. 17), and the slope of both relationshias significantly greater than zero (P < 0.05)
suggesting that both carapace length and massasesgnificantly with increasing

compartment size.
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Il Effect of container size on lobster growth and s@a~— 2 August 2006 to 19
November 2007

Survival in the lantern nets was low (26.6% in Asig2007, n = 1; 24.1 + 6.1% in November
2007, n = 9). All nets had become heavily foulethwnacroalgael(aminaria longicrurig and
many were resting on the bottom. None of the nsesbening on any experimental units was
ripped or torn; however, > 50% were filled with swfud. It is unknown whether the mud
contributed to lobster mortality or appeared atterlobsters died. Most of the containers with
live lobsters, independent of container size, itld br no mud indicating active movement of
the animal inside. Animals sampled from the nekuigust 2007 had a mean CL of 11.2 £ 0.8
mm (n = 8). Lobsters in the remaining nine netsawle?.5% larger in November 2007 (12.6 +
0.5 mm, n = 65).

No significant variability in lobster survival wadserved between nets (P = 0.3662), nor was
there an overall effect due to container size (P9802); however, the effect of container size
varied significantly from net-to-net (P = 0.0213ble 11). Separate one-way ANOVA's were
performed to further examine this interaction sewtvariation; however, no pattern was
revealed. For example, container size was a #gnif source of variation for three of the nine
nets but none of the tests had the same results3(/sarvival in the dishes was greater than the
combined mean of the Squat and Tall buckets — 6&5.942.5%; Net 3: survival in Squat
buckets was lower than in Tall buckets — 8.3% @865Net 6: survival in Squat buckets was
greater than in Tall buckets — 41.7% vs. 8.3%)bdter survival was approximately 20% greater
in buckets with shell vs. those without (25.9 £%8.8s. 8.2%).

Container size had a significant effect (P = 0.Gdri)nean CL (Table 12), and was 33% greater
for lobsters in buckets (regardless of substréed £ 0.52 mm, n = 51) vs. those in the dishes
(10.0 £ 0.53, n = 14). Analysis of regressiondifleg-transformed wet weight vs. CL)
demonstrated that the slopes of the lines werdagirfit = 1.04, df = 1, 55; P = 0.3116) and
ANCOVA showed that there was no significant effdwe either to container size (F = 2.06, df =
2, 60; P =0.1360) or substrate (F = 3.05, df 6Qt,P = 0.0859).
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Discussion

This study assessed regional variation in growthsanvival of juvenile American lobsters,
Homarus americanyslong the Maine coast over a two-year periodus@ceans lack specific
visible age markers which makes determining ageildfanimals difficult. Although techniques
using the fluorescent aging pigment lipofuscin @&hel1990; Wahle et al. 1996; Tully et al.
2000; Uglem et al. 2005) may produce accurate astisnof age of wild animals, especially
when the temperature regime under which animagsi$isknown, an unambiguous method to age
animals is to begin with animals that are of kn@ge. Here, cultured lobsters (stage 1V-V)
were used to assess effects of habitat (soft-arsl-hottoms) and microhabitat (shell vs. no
shell) on growth and survival of lobsters in flolardugh containers of varying sizes at six study
sites from York (southernmost) to Cutler (northeosty.

This study utilized a new methodology for holdingsters in the field (Beal et al. 2002). An
individual lobster entrapped in a flow-through aner is able to survive and grow by feeding
on detrital particles entering the container thiotlge apertures of the window screening, or
from organisms that settle into and grow on thellsairfaces of the container as invertebrate
larvae or spores of macroalgae. Recent work itegaMaine has shown that if containers are
arrayed in the water column, survival rates caashigh as ca. 90% over an 11-month period
(Beal 2006). In the present study, containers ypkeed within larger cages (that were grouped
into a block of four cages) and deployed on thédmotin both soft- and hard-bottom habitats at
each site. Number of animals recovered in thegotestudy was low (338 of 2,304 deployed, or
ca. 15%), presumably the result of natural mostag well as from storm and other events that
resulted in blocks of cages moving 100’s of metens where they were deployed as well as
containers filling with sediments and/or fine sHedigments (Fig. 8). Surprisingly, in some
instances (especially at York and Tenants Harloor)tainers were completely filled with soft

sediments yet some lobsters within were alive.
Recovery rates were highest at the site that wesigdlly the most protected (Cutler Harbor, ca.

50%), and lowest where gear had moved the mosttfBag Harbor and York — Table 7). This

undoubtedly contributed to the significant effetsibe on mean percent recovered, and likely
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influenced growth rates (see below). Because jleréobsters inhabit many different hard and
soft bottoms (Cooper et al. 1975; Elner and HarB8d1 Cooper and Uzmann 1980; Able et al.
1988), this study had the potential to answer wérdtlabitat (soft- vs. hard-bottom) significantly
affected lobster survival. Although the ANOVA (Teal8) on final mean recovery rate showed
that habitat was not a statistically significantig® of variation, the high rate of gear loss
resulted in low statistical power, even though mesovery on hard bottoms was approximately
35% higher than from soft bottoms (45.6 £ 9.9%, 21-vs. 33.6 = 5.5, n = 55). For example,
during the June 2007 sampling, when every cage fragrof six sites that could be was sampled
(114 of 160, or 71%) the effect of habitat wasistiaally significant (Table 5). Lobster

recovery rate was 52% greater from cages deployedsoft bottoms (54.6 £+ 6.9%, n = 64) than
over hard bottoms (36.1 £ 8.3%, n = 50). | examhiresults from June 2007 and August 2008
from the single site, Cutler, with the most comgléata. In 2007, 73.8 £ 6.8% of animals from
soft bottoms were recovered compared to 54.2 + v%16) from hard bottoms (P = 0.0380).
In 2008, no significant habitat differences wertedeed (P = 0.0828), although there was a 12%
higher recovery rate from cages on hard vs. sdfobts (53.8 + 10.6%, n = 15 vs. 47.9 + 14.7%,
n =12). This indicates essentially no losse®b$lers from hard bottoms over the 14-month

period, but a 54% reduction on soft bottoms ovat time.

Absolute growth (measured as final mean CL) vasigdificantly across sites (P = 0.0002;

Table 9), but did not yield results that were dptited. Seawater temperatures along the coast
of Maine generally increase in a southwesterlydtiioe due to the weakening influence of the
Labrador Current (Wanamaker et al. 2008). Thatugfiace and subsurface waters are generally
cooler in eastern Maine and become progressivetyneatowards the Maine/New Hampshire
border. This general phenomenon is confirmed mperature probes deployed on commercial

lobster traps located in the coastal waters albadgvtaine coasthitp://www.emolt.org).

Therefore, final mean CL was expected to be sntalilesastern Maine (Beals and Cutler) and
greatest in southwestern Maine (Boothbay HarborYam#t) with intermediate sizes expected in
Stonington and Tenants Harbor. However, final meargroupings from ANOVA and SNK-
tests demonstrated that animals from Beals andrigfiam (14.4 £ 0.59 mm, n = 53) were nearly
35% larger than those from the other four sitesq#00.17 mm, n = 284) (Table 10; Figs. 12,

14). Besides possible variation in food supplyMeen sites (not measured in this study), final
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mean size could be a function of stress due to mewe of gear, percent of containers filled with
coarse or fine sediments, or other unknown cau8éhough the same experimental design was
employed at each site, the actual on-bottom canditthat lobsters were exposed to was very
different between sites. For example, what orfeefiman may have called “soft” bottom vs.
“hard” bottom may have differed based availabitifyhabitat. Soft bottoms can be defined by
some as either sandy, gravelly, or muddy. In &mditvater depths were not constant between
sites. One location in Boothbay Harbor (0.3 kmtleewest of the White Island), where the
highest percent recovery for that site was notexs the deepest of all sites (37 m). Animals at
that deep water site were smaller than those ¢etldcom shallower (2-5 m) areas in that same
region (Fig. 18). Final mean CL, then, was noyanfunction of geographic location along the

Maine coast, but other factors that were not comsidbetween sites.

Size of container had a significant effect on fimean CL at two of the six sites, but only when
shell was used as a microhabitat. Animals housé8quat” buckets at Cutler and Tenants
Harbor had 8.7% and 25.8% greater final mean Gispactively, than lobsters in Tall buckets.
Squat buckets had a 34% greater surface area #ibbutkets, but had smaller volumes (by
nearly 1 L). Two additional attempts were madddtermine the relationship between
container/compartment size and juvenile lobstemgiio Animals were housed in flow-through
containers placed into submerged lantern netsrafidw-through compartments that floated on
the surface of the water at a small cove in eadttaine (Mud Hole Cove, Beals). Although
survival was poor in both experiments for differezdsons, results generally indicated that
animals grew larger when offered more space. lesljgveniles were 33% larger in buckets vs.
Petri dishes (lantern net experiment) at the ertbahonths, and there was a significant trend
for animals to grow larger when offered larger camiments over a 12-month period (Fig. 17).
These results beg the question whether or notlikereed final mean CLs across the six study
sites are representative of wild two year-old lebstor was growth diminished because animals
were shelter-restricted, may have been food-limitedvere stressed in other ways that had a

negative effect on growth?

Growth estimates from the laboratory (Templemar8l®ughes et al. 1972; Barshaw and

Bryant-Rich 1986) and cohort analyses based orfsgeiency distributions of wild-caught
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juveniles (Hudon 1987) suggest that lobsters aelas 17 mm CL are in their first year.
Gendron and Sainte-Marie (2006) examined size-fregj@s of lobster juveniles around Tles de
la Madeleine (Quebec, Canada). They showed thatife of first-year animals was highly
variable, ranging from 4.0 to 13.5 mm CL, and tnaan CL after the first year was 10.0-10.5
mm. After two years, animals attained lengthspgfraximately 20-25 mm CL. Cowan et al.
(2001) tagged and followed individuals as small2asnm CL collected from the intertidal near
Orr’s Island, Harpswell, Maine. They discoveredttgrowth was seasonal, occurring between
April and November, and that growth was approxirydieear. They concluded that juveniles
may reach sizes up to approximately 20 mm CL iir gerond year. Overall mean CL in the
present study was 11. 3 £ 0.22 mm (n = 337) witdinge from 5.9 to 19.1 mm. Since average
initial size was 4.1 mm CL, the range of CLs repres an increase between 44% and 365% over

two years.

Because this was the first attempt to follow the &nd growth of known-age animals from stage
IV-V in the field without imposing tags or other rkars on/within the animals, which may
influence their behavior and growth (Comeau an&a®2001), it is difficult to know whether

the growth estimates observed here are represaentdtthe population of wild juveniles of
comparable sizes. Whether methodological choieset results in this study remains to be
seen. Future field investigations to determinengineat-age should examine effects of: 1)
container size/shape over a wider range of sizzs\{an Olst and Carlberg 1978); 2) water
depth within a given location; 3) habitat stabiltithin a given location; and 4) initial size on

growth trajectory.
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Table 1. Initial mean size (carapace length, tetagth) and wet mass (g) (+ upper and lower 95
% Confidence Limits) of 36 cultured individualstbe American lobsteHHomarus americanys
from a representative sample of animals taken oduB82006 at the Downeast Institute for
Applied Marine Research & Education (Beals, Main@nce animals reached stage IV in
communal culture tanks, they were transferred astp, individual compartments (65 mm x 65
mm X 70 mm), held at ambient seawater conditiond,fad cultured brine shrimp until they

were used in field trials.

Measured attribute Mean Lower 95% CL Upper 95% CL
Carapace Length (mm) 4.14 3.99 294
Total length (mm) 18.10 17.30 18.91
Wet mass (g) 0.065 0.057 0.072
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Table 2. Geographic distribution of study sitesnalthe Maine coast, approximate latitude and
longitude of the study site, initiation date, aathpling dates associated with the juvenile lobster
survival/growth trial. Initiation and first samptj occurred in 2006, second sampling in 2007,
and final sampling in 2008.

Site Latitude/ Depth Initiation  First Second Final
Longitude (m) Date Sampling Sampling Sampling
Cutler 4289.11'N  2-5 23 July 18 October 20 June 7 August
6712.15'W
Beals 4%8.066N 2-5 12 July 5 October Jme 11 August
6737.17'W
Stonington £91.85°N  12-20 16 July 8 October nd 24 August
6%85.28'W
Tenants Harbor 438.26'N  10-20 27 July 13 October phe)l 14 August
6769.11'W
Boothbay Harbor 447.64'N  3-37 29 July 15 October Ane 13 August
6934.56'W
York 4807.80'N 10-20 26 July 19 October 286Ju 28 August
786.87'W
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Table 3. Mean percent survival (x 95% CI) of juleiobsters at each site during the October

2006 sampling (see Table 2 for specific dates)e Cage per block was sampled.

Site

Cutler

Beals

Stonington

Tenants
Harbor

Boothbay
Harbor

York

Date

18 October

5 October

8 October

13 October

15 October

19 October

Bottom Type

Hard
Soft

Hard
Soft

Hard
Soft

Hard
Soft

Hard

Soft

Hard
Soft

28

% Survival
+ 95% Confidence Limits

591389.43
56.25 + 24.15

93t79.68
75.00 = 25.01

2.99 + 19.35
53.13+17.44

$04030.00
53.13+20.71

§74523.54

56.25 + 24.35

59+11.23
73.96 £ 16.42



Table 4. Status of gear, proportion of bucketgdillvith mud, and percent survival (x 95% CI)
of juvenile lobsters at each study site in June72@@e Table 2 for specific sampling dates). A
total of twelve buckets (with a single juvenile &dér) was added to each submerged cage.
Sample size for mean percent survival ranged fram4ldepending on the number of cages
recovered and buckets that were capable of contieitaining lobster juveniles.

Site Habitat No. Cages Buckéts Bucket$ Mean Percent Survival
RecovereficreeningSediment Squat Buckets Tall Buckets
With Without With  Without
Microhabitat Microhabitat
Cutler Soft 16 1 2 1 85.4(12.7) 72.9(16.7) 72.9(12.7) 64.2(26.5)
Hard 16 2 0 58.3(44.6) 56.3(33.2) 45.8(17.1) 5823()
Beals Soft 6 6 66 7.4(15.9) 25.0 0.0{ } 0.0( - )
Hard 12 10 24  70.1(16.6) 447489 43.9(98.7) 38.9(99.5)
Tenants  Soft 16 8 22 2.5613.3) 44.3(21.1) 68.4(36.1) 59.3(22.1)
Harbor  Hard 9 66 0 16.7( - ) 50.0( 0.0) 100.0( ) 69.8(71.3)
Boothbay Soft 4 3 45 18.1(88.2) 45.8(264) 12991 29.2(371)
Harbor  Hard 12 4 36 16.7(106) 30.9(30.3) 45Z%) 25.0(318)
York Soft 12 60 20 44.4(104) 46.0(99.2) 48M@BB) 54.2(125)
Hard 12 78 56 16.7(71.7) 8.3(35.8D.(#49.7) 15.6(37.3)

! Number with missing top screens or lids, or hatescreening top or bottom

:i Number that were at least half-filled with sedimm@nud or coarse sand or shell)
n=1
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Table 5. Analysis of variance on the arcsine-fi@nsed mean percent survival data of juvenile
lobsters from the June 2007 sampling at five ofsilxesites (see Table 2 for specific sites and
sampling dates). Treatment refers to four fixethagonal factors (“Squat” and “Tall” buckets
with or without shell as a microhabitat). Habitafers to submerged cages deployed on soft or
hard bottom at each study site. Four cages cantpiwelve buckets each were deployed in four
blocks within each habitat at each site in July-4st2006. Because gear was lost or damaged,

missing values resulted in an unbalanced datdhsatfore, Type Il sums of squares were used
for all hypothesis tests (see Langsrud 2003).

Source of variation

Site

Habitat

Site x Habitat

Treatment

Site x Treatment
Habitat x Treatment
Site X Habitat x Treatment

Block(Site x Habitat)

12

3

12

22

Treatment x Block(St x Hab) 52

SS
14782.75
4068.14
4657.15
314.94
2811.62
488.87
2121.57
15039.25

15708.41

30

MS
3695.59
4068.14
1164.29
104.97
234.30
162.96
176.79
683.60

302.08

F
541
.955
1.70
0.35
0.78
0.54

590.

Pr>F

0.0035
0.0232

0.1852
0.7911
67

0.6574

0.8440

o test

No test



Table 6. Analysis of variance on the arcsine-fiansed mean percent lobster survival data
from Cutler on 18 October 2007. Juveniles (stdgeg), cultured at the Downeast Institute for
Applied Marine Research and Education, were placaididually into buckets (3.3 Lor4.2 L)
that permitted seawater to flow in and out, buairetd the lobsters. Buckets (n = 12) were
placed into wire cages that were placed on eitb#ros hard bottom within Cutler Harbor on 23
July 2006. Cages were arrayed in blocks of fodh wisingle treatment assigned randomly to
each cage within the block. Treatments were afettcombination of bucket volume and
microhabitat (crushed soft-shell clam shells vsshells). Orthogonal, single degree-of-freedom
tests appear below each fixed source of variatitin greater than 1 df.

Source of variation df SS MS

S¢ MS F Pr>F
Habitat 1 1176.11 1176.11 7.03 0.0380
Treatment 3 382.11 127.37 1.57 0.2310

Bucket 1 262.04 262.04 3.23 0.0890
Microhabitat 1 71.27 71.27 0.88 0.3609
Bucket x Microhabitat 1 48.80 48.80 0.60 0.4479
Habitat x Treatment 3 201.89 67.29 0.83 0.4945
Sftv. Hard x 3.2Lv. 4.2L 1 18.38 8.38 0.23 0.6397
Sft v. Hard x Shell v. Noshel 1 7.69 7.69 0.09 0.7615
Sft v. Hard x Buck x Micro 1 175.82 183. 2.17 0.1581
Block(Site x Habitat) 6 1003.77 167.29 - No test
Treatment x Block(St x Hab) 18 1459.27 81.07 - No test
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Table 7. Location of each block of recovered cagamber of cages recovered, total number
and percent of lobsters recovered at each sitegltine August 2008 sampling (see Table 2 for
specific dates for each site). Total cages depley&92. Total number of lobsters deployed =
2,304. Percent recovered is the percentage resd¥em cages recovered not cages deployed.

Site Habitat Block Latitude Longitude No. CagesTotal No. Lobsters Percent
Recovered Recovered
Cutler Hard 1 2B.98'N 6711.89'W 3 14 38.8
Hard 2 439.11'N 6712.22'W 4 18 375
Hard 3  429.21'N 6711.84'W 4 34 70.8
Hard 4  429.30'N 6712.12'W 4 31 64.6
Soft 1  439.09'N 6712.00'W 4 26 54.2
Soft 2  WBO.12’'N 6712.18'W 4 19 395
Soft 3  439.28'N 6712.15W 4 24 50.0
Beals Soft 1 227.86'N 6736.83'W 3 7 194
Soft 2 427.88'N 6736.86'W 2 9 375
Soft 3 @I1I'N 6736.94W 1 1 8.3
Stonington Hard 1 221.85'N 6835.82’'W 2 9 375
Soft 1 P1.56’'N 6836.05'W 4 16 33.3
Soft 2 481.60'N 6836.07’W 3 11 30.5
Tenants Hard 1 %3.75N 6910.21'W 2 4 6.1
Harbor Hard 2 BB.27'N 6910.21'W 1 2 16.7
Soft 1 437.76'N 6909.84'W 4 20 41.7
Soft 2 7. 77N 6909.91'W 4 23 47.9
Soft 3 437.86'N 6911.87’'W 3 16 44.4
Soft 4 4£37.91'N 6911.85'W 4 21 43.8
Boothbay Soft 1 287.03'N 6934.57'W 3 12 33.3
Harbor Soft 2  27.64'N 6934.56'W 1 1 8.3
Soft 3 W57N 6935.05'W 3 7 19.4
York Hard 1 487.80'N 70636.87'W 1 3 25.0
Soft 1 ®.21'N 7037.36'W 3 3 8.3
Soft 2 I .23N 7037.26'W 2 2 8.3
Soft 1 ®.27'N 7037.36'W 3 5 13.9
TOTAL 76 338 371
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Table 8. Analysis of variance on the arcsine-ti@mnsed mean percent lobster recovery data
from all study sites in August 2008. Gear loss ttustorms and other circumstances resulted in
an unbalanced data set. Type Il sums of squaresweged to test all hypotheses.

Source of variation df SS MS

ai . Ms F Pr>F

Site 5 4687.49 937.49 7.36 0.0011
Habitat 1 4.02 4.02 0.03 0.8613
Site x Habitat 3 1053.82 351.27 2.76 807
Treatment 3 396.35 132.12 1.22 0.3189
Site x Treatment 13 1438.74 110.67 1.02 8545
Habitat x Treatment 3 256.62 85.54 0.79 0.5082
Site x Habitat x Treatment 2 291.66 145.83 1.35 0.2750
Block(Site x Habitat) 15 1910.53 127.37 - o fést
Treatment x Block(St x Hab) 29 3131.73 107.99 - No test
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Table 9. Analysis of variance on the untransformmagn carapace length of live, juvenile
lobsters recovered from experimental units at s&ehin August 2008 (see Table 2 for specific

sampling dates). Gear loss and lobster mortadgylted in an unbalanced data set; hence, Type
Il sums of squares are used for all hypothesis test

Source of variation df

Site 5
Habitat 1
Site x Habitat 3
Treatment 3
Site x Treatment 13
Habitat x Treatment 3

Site x Habitat x Treatment 2
Block(Site x Habitat) 15

Treatment x Block(St x Hab) 29

34

170.28

1.92

414

5.98

21.30

4.54

1.49

49.38

7.65

MsS F
34.06 10.34
1.92 0.58
1.38 0.42
1.99 7.56
1.64 6.21
151 745
0.75 2.83
3.29 -
0.26 -

Pr>F
0002

0.4571
0.7417

0700
<0.0001
0.0033
0.0752

No test

No test



Table 10. Mean (x 95% CL) carapace length (mm)waeidmass (g) for live juvenile lobsters
recovered from experimental units (“Squat” and fThuckets) from each study site in August
2008 (see Table 2 for specific sampling dates)ta¥apooled across blocks, habitat (soft- vs.
hard-bottom), and treatments.

Site n CL min max Lower Upper n Massmin max Lower Upper

Cutler 166 104 7.0 14.2 10.210.6 165 0.65 0.17 1.81 0.60.69
Beals 17 148 59 19.1 13.36.2 17 2.29 0.10 5.02 1.72.85
Stonington 36 14.210.9 17.2 13.64.81 34 2.06 0.84 3.26 1.72.33

Tenants
Harbor 85 11.7 7.9 15.7 11.312.1 85 1.05 0.24 251 0.94.16

Boothbay
Harbor 20 10.0 7.5 13.3 9.110.9 20 0.63 0.22 1.47 0.48.81

York 13 10.6 9.0 12.8 9.811.4 13 0.75 0.40 1.35 60.50.92
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Table 11. Analysis of variance on the mean persentival of cultured lobsters held within
each of three sizes of flow-through containerscribx 1 cm Petri dishes; 20 cm x 15 cm
“Squat” plastic buckets; 17 cm x 20 cm “Tall” plagdbuckets (described in methods section).
Containers were arrayed within eight lantern netmf2 August 2006 to 19 November 2007 at
Mud Hole Cove (water depth at low tide ca. 5 m)siAgle cultured lobster ¢ £ 95% Cl = 4.2
+ 0.13 mm (range = 3.5 — 5.1 mM)jasst 95% Cl = 0.053 = 0.005 g (range = 0.02 — 0.09 g)
was added to each container. Three dishes weredtatthe top ) and bottom (8) tier of
each net. Four Tall buckets were each addedr®2ie4, and 6, and four Squat buckets were
each added to tiers 3, 5, and 7. Two buckets oh leael contained no substrate, and two
contained a coarsely crushed shkly& arenarig substrate that covered the bottom of the
container to a depth of 3 cm. Nets are considaneshdom factor, whereas level, container, and
substrate are all fixed factoré\ priori contrasts for Container appear below this soufce o
variation.

Source of variation df SS MS F Pr>F
Net 8 1.5185 0.1898 1.10 0.3662
Container 2 0.0648 0.0324 0.10 0.9802
Dish vs. Bucket 1 0.0231 0.0231 0.07 0.7959
Buckets: Tall vs. Squat 1 0.0417 0.0417 0.12 0.7287
Net x Container 16 5.3519 0.3344 1.94 0.0212
Tier(Container) 5 0.6296 0.1259 0.70 0627
Net x Tier(Container) 40 7.2037 ani 1.04 0.4132
Substrate(Tier, Container) 6 2.7500 0.4583 143 0.0111
Net x Subst(Tier, Container) 48 7.0000 0.1458 0.85 0.7453
Error 144  24.8333 0.1725
Total 269 49.3519
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Table 12. Analysis of variance on mean CL of Infesters held in lantern nets at Mud Hole
Cove, Beals, Maine from 2 August 2006 to 19 Noven2®®7. Lobsters were held in one of
three different sized containers (Petri dishesu&tand “Tall” buckets — see Table 11 and
methods section for specific sizes). Each lantetrhad ten tiers, but only the top nine were
used. Lobsters used in the study were culturéideaDowneast Institute (Beals, Maine) and
were stage V-V ((cL + 95% Cl = 4.2 + 0.13 mm (range = 3.5 — 5.1 mMnghss+ 95% CI =
0.053 + 0.005 g (range = 0.02 — 0.09 g).

Source of variation df SS MS F Pr>F
Net 8 34.09 4.26 2.70 0.0644
Container 2 83.66 41.83 12.07 .0001
Dish vs. Bucket 1 83.10 83.10 18.11 <0.0001
Buckets: Tall vs. Squat 1 0.56 60.5 0.12 0.6578
Net x Container 13 46.35 3.57 2.26 0.0915
Tier(Container) 5 15.51 3.10 0.89 0609
Net x Tier(Container) 16 51.29 218 2.03 0.1179
Substrate(Tier, Container) 5 5.98 1.19 0.39 0.8363
Net x Subst(Tier, Container) 4 12.34 3.08 1.96 0.1709
Error 11 17.33 1.58
Total 64  266.55
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Figure 1. a) Size-frequency distribution of julencultured American lobsters,
Homarus americanygn = 36) used in the regional survival/growth
investigation. b) Relationship between carapacgtleand total length for
juvenile lobsters and 95% confidence limits (Y147 + 4.724 X;
r’ = 0.8295; P < 0.0001; n = 36). ¢) Relationshipveen carapace length and wet
weight for juvenile lobsters (Y =-0.117 + 0.043rX= 0.8072; P < 0.0001; n =
36).

Figure 2. a) Photograph of the bottom of a “Taltket” used to contain individual lobsters.
A hole (11.4 cm diameter) was cut in the bottdreaxh bucket, then a piece of
nylon window screening was hot glued in placedweer the hole. b) Photograph
of “Tall bucket” with lid and 23 cm x 23 cm piecémylon window screening.

Figure 3. a) Photograph of a wire cage contain§Suat buckets.” b) Photograph of a
wire cage containing 12 “Tall buckets.” Each ketovas initially seeded with a
single, culture stage IV/V lobster.

Figure 4. Photograph of “Squat buckets” with crukkeft-shell clamMya arenarig shells
as a microhabitat and additional surface areadiolirfg organisms to attach.

Figure 5. Mean percent survival (+ 95% CI) of juletobsters from each of the six study
sites. (See Table 2 for sampling dates durin@at2006.) Each block of four
cages in both hard- and soft-bottom habitats wetged aboard the fishing
vessel. One cage from each block was samplechdbnaand the presence or
absence of live lobsters noted. (n = 4).

Figure 6. Photographs of lobsters taken durinditeesampling in October 2006 from a)
Beals; b) York; c) Tenants Harbor; and, d) Storongt(See Table 2 for specific
sampling dates.) Mesh size in photographs a) arslZmm. Window screening
IS seen in photograph d) (ca. 1.8 mm aperture).

Figure 7. Photographs of buckets with large amoohsgdiments observed during the first
sampling in October 2006 from a) and b) York; epants Harbor; and, d)
Stonington. Each bucket contained a live lobster.

Figure 8. Photographs of buckets with large amoohsediments (mud, coarse sand,
coarse shell) during the second sampling in JuB& 2@m a) and b) Boothbay
Harbor; c) York, and d) Beals. Live lobster judeniare encircled with the
yellow oval in b) and c).

Figure 9. Interaction plot demonstrating the relaship between mean percent survival and
habitat across each site. ANOVA (Table 5) showedifscant differences
between sites and habitats with Cutler and Terdatbor having the highest
mean survival and the other three sites havingddeamd statistically similar)
survival. Significantly higher overall juvenileldster survival (ca. 35%) occurred
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Figure 10.

Figure 11.

Figure 12.

Figure 13.

Figure 14.

Figure 15.

Figure 16.

Figure 17.

in cages deployed on soft vs. hard bottoms. (regdrom 6 to 16 cages per site
and habitat).

Photographs taken in August 2008 of sagel buckets from a) Tenants Harbor
and b) York. Many of the lids and nylon windowesening of the buckets had
come off due to movement of cages over the bottorimg storms and, in several
cases (Beals, Stonington, Tenants Harbor) dueihg loltagged over the winter
by commercial urchin and/or scallop fishermen.

Mean percent of lobsters recovered & €3) from cages in August 2008 from
each study site (see Table 2 for specific samplatgs). Percent recovered was
calculated by taking the number of live lobstersgage and dividing by the
number of buckets initially stocked per cage (ni2¥ JANOVA indicated that
percent recovered was site specific (P = 0.001kl€rd); however, an a posteriori
SNK test was unable to separate means unambiguously

Interaction plot showing mean final ga@e length of live lobsters recovered
from each site across each of the four treatme®ggiat and Tall refer to the size
of the plastic, flow-through buckets (3.3 L vs. #)2 Shell and No Shell refers to
the microhabitat within buckets (crushed soft-shkilm shells vs. no
microhabitat). ANOVA (Table 9.) indicated that bahain and interactive effects
were highly significant (P < 0.001).

Largest lobster recovered from expertaiamits at York on 28 August 2008.
Carapace length = 12.8 mm; Wet weight = 1.345 gndHand lobster gauge
belong to Pat White.

Initial (blue) and final size-frequerdigtribution of juvenile lobster carapace
length (mm) from each study site. Lobsters we@aled at each site during
July 2006 and collected in August 2008 (see Taljte 2pecific dates for each
year). Data from each site are pooled over haltitatket size, and microhabitat.

Allometric relationship between wet m@gsand carapace length (mm) for live
lobsters recovered from experimental units in AtQ@98 (see Table 2 for
specific sampling dates). Y = (0.000215)(%), n = 333, = 0.9746.

Least square means for wet weight @E#or live lobsters recovered from
experimental units in August 2008 from each stuthy/(see Table 2 for specific
sampling dates). Least square means are adjustaccbmmon CL of 11.1 mm.

Relationship between a) CL and contasizr (Y = 11.3 + 0.002 X?= 0.774, n
=7: P =0.012) and b) Mass and container size QY663 + 0.00099 X?r=
0.870, n =7; P = 0.002) from floating trays at Mddle Cove, Beals, Maine from
2 August 2006 to 2 August 2007.
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Figure 18. Relationship between wet mass and Clofsters recovered from Boothbay
Harbor on 13 August 2008. Animals recovered frama site at 37 m (deep) had
smaller animals than those recovered from shallitas $3-5 m = shallow).
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Figure 2.

Figure 3.
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Figure 4.
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Figure 5.
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Figure 6.
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Figure 7.
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Figure 8.
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Figure 9.
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Figure 10.
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Figure 11.
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Figure 12.
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Figure 13.
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Figure 14.
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Figure 15.

Wet weight (g)

57 ® Beals (n=17)
v Cutler (n = 166)
@ Boothbay Harbor (n = 20)
4 <& Stonington (n = 36)
A  Tenants Harbor (n = 85)
@ York (n=13)
3 -
2 -
1 —
0 - [
T T T T T T T
4 6 8 10 12 14 16 18

Carapace Length (mm)

54




Figure 16.
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Figure 17.
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Figure 18.
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