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Preface 
 

Over my four years spent at College of the Atlantic, I have conducted two 

research projects on marine invertebrates in the Gulf of Maine. My research projects 

include studying juvenile recruitment in the soft-shell clam Mya arenaria and spawning 

in the sea cucumber Cucumaria frondosa. Both projects were made possible through the 

funding of Maine Space Grants, the guidance of Chris Petersen, and the help of 

hardworking and gracious volunteers. This senior project is a compilation of papers and 

posters and is the culmination of my research.  

 The first chapter of my senior project, “Do current recruitment enhancement 

methods increase juvenile soft-shell clam (Mya arenaria) recruitment in an intertidal 

clam flat?” presents the results of a study I conducted with the help of Chris Petersen on 

enhancing juvenile clam recruitment for the Bar Harbor Marine Resource Committee 

during the summer of 2008. This work was presented to the committee in the fall of 2008 

and was later reported to the town council. I formatted this article by guidelines set for 

submission to the Journal of Shellfish Research in hopes of one day having the article 

published. 

Chapter 2 of my senior project, “Do current recruitment enhancement methods 

increase juvenile soft-shell clam (Mya arenaria) recruitment in an intertidal clam flat?” is 

a scientific poster summarizing the methodology and results of my study on enhancing 

juvenile clam recruitment. I presented the poster at the Maine Biological and Medical 

Sciences Symposium at MDI Biological Laboratory in Bar Harbor, Maine on April 18, 

2009.  

 In Chapter 3, “The effects of tenting on juvenile recruitment of Mya arenaria and 

Mercinaria mercinaria at Fernald Cove, Maine” I report my findings of data collected on 

a clam enhancement technique implemented by the Mount Desert Shellfish Committee. 

The committee set up the experiment during the spring of 2008 and I collected and 

analyzed the data in the fall of 2008. The article is prepared for submission to the Maine 

Department of Marine Resources Division of Shellfish Management and is formatted like 

a similar article published by the Barnstable Shellfish Committee. 
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Chapter 4 is a scientific article titled “Is Spawning Synchronized in the marine 

invertebrate Cucumaria frondosa?” The article is formatted as a presentation of my 

results similar to submissions to the MDI Biological Laboratory Bulletin. Chapter 5 is the 

scientific poster “Is Spawning Synchronized in the marine invertebrate Cucumaria 

frondosa?” that compliments the scientific article. The poster is designed for presentation 

at a biology conference or symposium. The paper and poster is a summary of work 

conducted from 2004-2009 by several students, with my involvement most strong during 

the spring of 2008, when I was the main collector of data and during the 2008-2009 

academic year when I analyzed the data from all four years. 

Chapter 6, “Collecting Data, Informing the Public, and Learning a Few Lessons,” 

is an op-ed piece formatted for submission in a newspaper or magazine. This short article 

explains the results of research not found in a scientific paper or on a poster.  This work 

is based on notes taken while I was conducting fieldwork during the spring and summer 

of 2008.  
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Do current recruitment enhancement methods increase juvenile soft-shell clam 

(Mya arenaria) recruitment in an intertidal clam flat? 

 

Drerup, S1 and Petersen, C.W.1 
1College of the Atlantic, Bar Harbor, ME, 04609 

Abstract 

Increasing juvenile soft-shell clam (Mya arenaria) recruitment has been the focus 

of several shellfish committees along the New England coast in an effort to increase 

harvestable biomass. This study recreated three previously used enhancement techniques 

to determine if the treatments had any effect on juvenile soft-shell clam recruitment. 

Several replicates of brushing, transplanting seed, and raking treatments were laid out on 

a small grain mudflat located at Hadley Point in Bar Harbor, Maine. In all treatments and 

controls, high levels of juvenile clam recruitment were recorded. Although there was a 

significant effect of site, within a site none of the enhancement methods increased clam 

recruitment. Brushing and transplanting seed had no effect on juvenile clam recruitment 

and raking had a significant negative effect on recruitment. These results suggest that 

traditional clam recruitment techniques may not be as effective as believed. A review of 

the literature revealed that these techniques are seldom tested for their effects on clam 

recruitment, and although some studies find positive effects on recruitment, multiple 

studies have failed to find recruitment enhancement with these methods.  

 

Introduction 

   The soft-shell clam, Mya arenaria, is an important town-managed fishery in the 

State of Maine. In 1963, towns were given the power to enact ordinances to protect their 

local clam resources (Newell 1983). The Maine Department of Marine Resources 

remains closely tied to shellfish management, providing area biologists to educate and 

assist towns on the management, biology, mariculture, and stock enhancement of 

shellfish resources (Mercer 2007). The Maine Department of Marine Resources is 

currently working on research projects on methods of enhancing soft-shell recruitment 

with towns that have enacted conservation ordinances (Mercer 2007).  
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Mya arenaria can be found in shallow sub-tidal and inter-tidal soft sediment 

habitats off the coast of Maine (Ellis 1998). North of Cape Cod, M. arenaria undergo an 

annual spawning event that takes place from late May through August (Ropes and 

Stickney 1965). The larval stage of M. arenaria lasts three to six weeks, with recruitment 

taking place from mid-summer into early fall. Larval supply and initial settlement 

densities are important factors in establishing population densities. Marcotti and Leavitt 

(1997) attribute the distribution of clam settlement to the chemical, biological, and 

physical components of the environment. Variables such as sediment grain size, salinity, 

light, temperature, chemical cues of conspecifics, and the amount of organic matter in 

substrate can have an impact on settling clam spat (Marcotti and Leavitt 1997).    

The Maine State Clam Handbook (1998) briefly mentions experiments completed 

that support the idea that surface and current modification increases settlement of juvenile 

clams. To increase their local clam recruitment, every year towns along the New England 

coast purchase netting and other materials needed to implement treatments that attempt to 

manipulate the environment. Volunteers and paid workers, if funding is available, see 

clam enhancement projects to fruition (Phippsburg Shellfish Committee 2006 and 

Marcotti and Leavitt 1997). Three commonly used enhancement techniques include: 

brushing, transplanting seed clams, and raking. Brushing is a traditional method using 

pine and spruce boughs. The boughs are placed vertically into the sediment to slow tidal 

water flowing over the flat. The slowed current increases the amount of time in which 

clam larvae can sink and burrow into the sediment surrounding the pine boughs 

(Phippsburg Shellfish Committee 2006). Transplanting seed clams is another 

experimental treatment involving moving adult clams to a poorly populated flat to 

increase gregarious settlement. Gregarious settlement is the process of juvenile larvae 

settling in areas containing pre-existing adult populations (Phippsburg Shellfish 

Committee 2006), and is common in many clam species (Hay 2009, Phippsburg Shellfish 

Committee 2006, and U.S. Army Corps of Engineers 1987). Raking is a treatment using a 

clam rake to manipulate the surface of the sediment. Raking or using disks to change the 

structure of the sediment is thought to reduce predation, change the chemistry of the 

sediment, and increase sediment roughness on a short-term basis (Marcotti 1997). 



 7

While towns have used raking, transplanting seed, and brushing previously, data 

are rarely collected after implementation of the treatments. The lack of definitive data has 

led researchers (B. Beal pers comm., D. Marc-Nault pers comm.) to question the 

effectiveness of the treatments. In this study, all three methods were tested to determine if 

juvenile clam recruitment could actually be enhanced at a clamflat using typical town 

management practices.  

 

Methods 

 

Location 

Data were collected on the effectiveness of brushing, raking, and seeding on 

increasing juvenile recruitment at Hadley Point in Bar Harbor, Maine (Latitude: 

44.388815. Longitude: -68.210774). Hadley Point is a small-grained tidal mudflat located 

on the Western edge of Frenchman Bay in the Gulf of Maine.  

 

Treatments 

A total of three transects were laid out at Hadley Point East and West. At Hadley 

Point East, the single transect was laid out haphazardly 105 feet from the high tide mark 

and both transects at Hadley Point West were located 115 feet from the high tide mark. 

The site at Hadley Point East consisted of a 120-foot transect  (Figure 1A). The straight 

transect had three replicate blocks that were made up of four 10 X 10 foot plots. Another 

transect with three replicate blocks was laid out at Hadley Point West and measured 110-

feet (Figure 1B). A third, 60-foot transect, with only two replicated blocks was located at 

Hadley Point West (Figure 1C). The order of plots within each block was determined 

randomly, using a random number generator.  

 

A. Hadley Point East 120-foot Transect 

B C R S R C S B C S R B 

 

B. Hadley Point West 110-foot Transect 

B C S R C R S R B S C 
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C. Hadley Point West 60-foot Transect 

C R C S R S 

 

Figure 1: Order of experimental treatments in all three transects at Hadley Point from 

East to West. Types of treatment have the following abbreviations: B=Brushing, 

S=Seeding, R=Raking, C=Control. 

 

One of the four plots in each block was raked using a five-tine clam rake in a 

crosshatch pattern with a depth of 2 - 5 cm (Image 1). The second plot in the block was 

seeded with transplanted clams from Bar Island, Maine. On May 5th, 2008, volunteers 

transplanted approximately 1,400 juvenile clams measuring 0.25 - 1.5 inches from Bar 

Island’s sandy substrate to the muddy sediment of Hadley Point. Clams were wiped with 

dry cloths and marked along their outer edge using a Marks-A-Lot® permanent marker 

and seeded in the eight randomly selected ten-by-ten-foot study plots along the three 

transects. Seventy-five clams ranging in length between 0.25 to 1.5 inches were seeded 

within the 10 X 10 plot. The third plot was brushed using pine or spruce branches 

approximately two feet tall placed at a density of sixteen per one hundred square feet 

(Image 2). Brushing was put into place on July 6th, 2008. The fourth plot was a control 

and left unmanipulated throughout the duration of the experiment.  
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Image 1: Example of Raking in an Experimental Plot 

 
Image 2: Example of Brushing in an Experimental Plot 

 

Data Collection 

Data on juvenile clam recruitment were collected during low tide at Hadley point East 

and West from October 14th, 2008 to October 18th, 2008. Core samples were taken in a 

straight line along the three transects at Hadley Point. Four core samples were taken in 

each plot. The cores were taken using circular PVC pipe with a four-inch diameter and a 

depth of four inches. A total of 68 cores were collected at Hadley Point East and 32 from 

Hadley Point West. Each core sample was strained of sediment and the number and 

length of each juvenile clam rounded down to the closest 0.25 of an inch was recorded. 
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An additional census on November 11, 2008 was taken on seeded plots to record adult 

clam populations and growth of previously marked clams. Two sample squares 

measuring one by one-feet were taken in each seeded plot along the three transects. 

Number, length, and clam growth from previously marked edge were noted. Statistical 

analysis of all data was preformed using SYSTAT 12.  

Starting June 4th, 2008, plankton tows were collected from the Bar Harbor Town 

Dock once a week to monitor clam-spawning events. Surface plankton tows were taken 

using a 333μm net and samples were taken to the Zoology Lab at College of the Atlantic 

for analysis. Raking began on June 16th, 2008 after clam larvae were found in a weekly 

plankton tow and continued every other day at low tide until August 22nd, 2008, when 

clam larvae were no longer recorded in the water column.  

 

Results: 

There was a high level of juvenile recruitment in 2008 in all plots along all three 

study-sites at Hadley Point in Bar Harbor, Maine (Figure 2).  
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Figure 2: Juvenile recruitment for all plots in each of the three transects at Hadley Point 

in Bar Harbor, Maine. Error bars represent + 1 standard deviation. 
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There was a significant effect of transect site on juvenile recruitment at Hadley 

Point. Within a site, none of the enhancement methods increased clam recruitment 

(Figure 3). Brushing (p=0.870) and transplanting seed (p=0.975) had no effect on 

juvenile clam recruitment and raking (p=0.012) had a significant negative effect on 

recruitment (all p-values from Tukey pairwise comparisons following an ANOVA).  
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A. Treatments in Transect 1   B. Treatments in Transect 2 
          Hadley Point West               Hadley Point West 

 

 

 

 

 

 

 

 

 

 

 

 

C. Treatments in Transect 3 
   Hadley Point East 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Number of juvenile clams recorded in each treatment. Error bars represent + 1 

standard deviation. 
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The November census at Hadley Point East and West showed that marking the outer 

edge of soft-shelled clams with a Marks-A-Lot permanent marker was an effective and 

inexpensive method of tagging clams for growth and seeding experiments. Seeded plots 

(2.00 + 2.20) had over twice the non-recruit clam density of the control plots (0.86 + 

1.73), but due to the large natural variance this result was not statistically significant 

(p=0.375, paired sample t-test).  
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Figure 4: Number of adult clams in control and transplanted seed plots. Error bars 
represent 1 standard deviation. 
 
  

On June 15th, 2008, juvenile clam larvae were first noted in the water column. 

Spawning lasted 38 days and by August 22, 2008, clam larvae were no longer present in 

the plankton tows. Based on the beginning date of the treatments, all clam recruitment 

occurred while clam enhancement methods were being actively maintained. 

 

Discussion 

Hadley Point in Bar Harbor, Maine is a productive clam-flat, yielding bushels of 

soft-shell clams when open to the public (Charlie Phippen pers. comm., Chris Petersen 

pers. obs.). Naturally occurring high levels of juvenile recruitment at Hadley Point 

replace adult clams lost from harvesting and mortality. Increasing juvenile recruitment 
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has been a focus of harvesters and shellfish management committees along the New 

England coast. To test current clam enhancement methods, raking, transplanting seed, 

and brushing were implemented and data were collected on the effects of the treatment. 

The results of this experimental study support the belief that the three clam enhancement 

treatments have no positive effect on juvenile clam recruitment (B. Beal pers. comm., D. 

Marc-Nault pers comm.). 

The treatment of transplanting seeded clams may not have been effective due to 

the seeded clams not settling in a high enough density in research plots to allow for 

gregarious settlement. Seeded clams could have dispersed and recruited in other locations 

along the clam flat. Emigration of a high percentage of newly seeded clams has been 

documented to occur in the first two weeks after they were seeded (Beal and Vencile 

2001). The treatment of brushing could have been ineffective due to low density. If a 

density greater than 16 per 100 square feed of pine and spruce is needed, the brush 

wouldn’t have slowed the water enough to allow spat to drop from the water column. 

Unlike brushing and transplanting seed clams, plots implemented with the raking 

treatment had a significant decrease in the number of recruited juveniles. The disturbance 

of the sediment caused by raking could impede juvenile clam recruitment by forcing 

newly recruited clams back into the water column.  Low recruitment numbers could also 

have occurred due to death caused by the breaking of newly formed shell or exposure to 

predators by repeated raking. Previously thought to be an effective enhancement method  

(Clam Day, 2009 Fisherman’s Forum), raking may be causing high mortality and 

displacement in juvenile clams. 

The results of this study suggest that raking, brushing, and transplanting seed 

clams might not be effective clam enhancement methods in similar habitats. Two 

additional steps could help generalize these results. First the spatial scale and intensity of 

the manipulation differ from real attempts at enhancement. The 10 X 10 plots are small 

compared to the hundreds of feet of clamflats normally manipulated by towns in a typical 

clam enhancement treatment (Marcotti and Leavitt 1997, Frank Batson pers. comm., and 

Phippsburg Shellfish Committee 2006). Brushing with a higher density of boughs has 

previously been used (Frank Batson pers. comm.) and increasing the amount of 

transplanted seed clams could have a positive effect on gregarious settlement. The second 
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step in generalizing these results would be to repeat the experiment through time and 

space. The amount of natural clam spat varies each year (Hunt et. al 2003) and the 

location within and between clamflats is also highly variable.  

Not only do variations in methodology need to occur, but data also need to be 

collected each time an enhancement method is put into place. Data are currently rarely 

collected on the effects of experimental treatments, even though every year shellfish 

committees, state workers, and numerous volunteers expend effort and purchase supplies 

in an attempt to increase their local clam harvest (Phippsburg Shellfish Committee 2006, 

Marcotti and Leavitt 1997).  Data collected from this study showed raking, brushing, and 

transplanting seed clams to be ineffective clam enhancement treatments. Collecting data 

from future studies would determine if clam enhancement treatments are worthwhile for 

towns along the New England coast. 
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The effects of tenting on juvenile recruitment of Mya arenaria and Mercinaria 

mercinaria at Fernald Cove, Maine 

 

Introduction 

Placing mesh netting on clam-flats, known as tenting, is a common technique 

used by costal towns to enhance recruitment and increase survivorship of juvenile clams 

(Phippsburg Shellfish Committee 2006, Sea Grant Program 1998, Marcotti, 1997). Clam 

tents placed on the surface of the substrate are believed to slow down the flow of tidal 

water (Sea Grant Program 1998). The slowed current decreases sediment movement 

allowing juvenile clams to attach to the substrate (Sea Grant Program 1998) and increases 

the amount of time in which clam larvae can sink and burrow into the sediment 

(Phippsburg Shellfish Committee 2006). The mesh netting has also been previously used 

to provide protection to newly settled juveniles from gastropod and crustacean predators 

(Sea Grant Program 1998). In 2008, the Mount Desert Shellfish Committee placed 

several clam nets at Fernald Cove, Maine in an attempt to reduce mortality and increase 

juvenile clam recruitment in a location that appeared to have low clam densities. This 

paper reports the results of tenting in Fernald Cove, Maine.  

 

Methods 

Clams tents were place in a small-grained mudflat at Fernald Cove in Mount Desert, 

Maine (Latitude: 44.2959133 Longitude: -68.3119608). Five pieces of plastic netting 

made of 3/8” mesh were cut into rectangles measuring 14’ x 30’ and two small floats 

were attached in the center of each. In early June, the five tents were entrenched in the 

sediment on all four sides approximately 3-6 inches. All five tents were placed 

perpendicular to tidal flow within Fernald Cove. Control plots were paired with 

experimental tented plots and were equivalent adjacent areas of sediment where no 

treatment occurred.  

Fifty, four-inch diameter core samples, which were dug five inches deep were 

collected on October 27th, 2008. An equal number of core samples from within the tented 

and control plots were taken. Core samples were taken at similar locations within the 

plots for both treatments. Samples were refrigerated overnight at College of the Atlantic 
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Zoology Lab and sieved over the next three days. The number of individual clams of each 

species and the size of individual clams rounded down to the nearest quarter of an inch 

were recorded. Clams measuring less than 0.5 inches were considered juveniles recently 

recruited that year.  

 

Results 

Total juvenile clam recruitment at Fernald Cove was low (Figure 1) and 

significantly less than the other locations on Mount Desert Island where recruitment data 

were collected in 2008 (Chapter 1). Juvenile Mya arenaria recruitment averaged 0.90 

clams per sq. ft. in tented plots and 0.42 clams per sq. ft. in control plots. Juvenile 

Mercenaria mercenaria averaged 1.50 clams per sq. ft. in tented plots and 1.57 clams per 

sq. ft in control plots. An Analysis of Variance test on the effect of tenting on combined 

M. arenaria and M. mercenaria juvenile clam recruitment at Fernald Cove showed no 

significant effect (p=0.113) of tenting on clam recruitment. 
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Figure 1: Total number of Mercenaria mercenaria and Mya arenaria recorded in both 

experimental and control plots. Error bars represent + 1 standard deviation. 
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Discussion 

Netting had no positive effect on increasing juvenile clam recruitment in this 

location of Fernald Cove. However these locations were picked in part because they are 

areas of low clam productivity and the netting was an attempt to enhance recruitment. 

Netting may increase juvenile recruitment in a low recruitment area, but until the level of 

recruitment increases substantially, netting will have little effect on overall clam 

survivorship. Future efforts with netting are probably better focused on locations of prime 

clam habitat within Fernald Cove.  
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Is Spawning Synchronized in the Sea Cucumber, Cucumaria frondosa? 

 

Introduction 

The sea cucumber, Cucumaria frondosa, is an abundant and heavily fished 

invertebrate found in muddy bottoms over a wide range of depths in the Gulf of Maine. 

The growth of the sea cucumber fishery in 1994 to meet Asian market demands has led to 

an increase in research and fishery regulations by the Maine Department of Marine 

Resources. Current federally funded research includes assessing C. frondosa stock status 

in Frenchman’s Bay, conducting depletion studies, and examining spawning times 

(Mercer, 2007).  

Adult C. frondosa, like many holothuroids, undergo broadcast spawning and 

release mature gametes into the water column, where they are fertilized. Spawning in C. 

frondosa appears to occur from late March to early May in the Gulf of Maine (Feindel 

2002) and coincides with the spring plankton bloom (Chenoweth and McGowan 2009). 

Currents then carry the early stage C. frondosa embryos in the water column where they 

develop into advanced larvae with tube feet that settle on subtidal substrate 43-48 days 

after fertilization (Feindel 2002).  

Exploitation of sea cucumbers will lead to decreased density of this broadcast 

spawning invertebrate. As population density decreases, the potential for sperm limitation 

and decreased embryo production per individual increases (Levitan and Petersen 1995). 

The probability of fertilization with conspecific gametes decreases exponentially with 

distance away from the spawning adult (McClintock and Baker 2001). Living in close 

aggregations and synchronizing spawning can increase fertilization in broadcast 

spawning organisms. As populations decrease, synchronization in spawning may increase 

the chances of fertilization and minimize the number of wasted gametes.  

Lunar cycle, chemical communication, water temperature, and photoperiod are all 

factors that have been suggested as influencing reproductive cycles in holothuriods 

(McClintock and Baker 2001). This study observed natural variation in the occurrence of 

early-developed C. frondosa embryos as a proxy for timing of spawning. The 

approximated timing of spawning was used to determine when spawning occurred within 
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the local area and if synchronized spawning occurred in populations found in the Gulf of 

Maine.  

 

Study Sites: 

To determine if Cucumaria frondosa exhibit synchronized spawning, plankton 

tows containing C. frondosa eggs and embryo’s were collected at the Bar Harbor Town 

Pier (Latitude: 44.39222, Longitude: -68.20417) and Bartlett’s Landing (Latitude: 

44.3503566, Longitude: -68.436964) daily or every other day during the spring from 

2005-2008. The main sampling site was the Bar Harbor Town Pier, located in Frenchman 

Bay, which has two gangways leading to two wooden floating docks primarily used by 

fishermen. Plankton tows were collected on the north side of the pier from the floating 

docks. A second site, Bartlett’s landing, in Blue Hill Bay was added as a second 

collection site in 2008. Bartlett’s landing is comprised of a concrete boat ramp with a 

gangway leading to a wooden floating dock used by recreational boaters and fishermen. 

Plankton tows were collected from the floating dock.  

 

Data Collection: 

 Cucumaria frondosa eggs were collected daily by surface plankton tows using a 

333μm net. The process of towing for eggs was repeated until it was estimated that at 

least 100 eggs were collected. The amount of time spent towing varied daily, due to 

weather conditions and abundance of eggs. Later in the study as spawning decreased, a 

maximum number of tows were preformed (typically 20). Surface water temperature and 

general weather conditions were also recorded at the site of collection. After towing, C. 

frondosa eggs were transported to the College of the Atlantic Zoology Laboratory. At the 

laboratory, 100 eggs were classified using a dissecting microscope depending upon their 

stage of development. Sequential stages of development were grouped into damaged, 

uniformly round with no obvious development (“unfertilized”), 2-cell, 4-cell, 8-cell, 16-

cell, textured, elongated, and tube feet.  
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Results:  

Duration and timing of spawning varied in Cucumaria frondosa over the span of 

four years. Initial spawning ranged from March 24th to May 14th, with duration of 

spawning observed within a year ranging from 16 to 26 days (Figure 1). On average, 

spawning lasted 21.2 days.  
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Figure 1: Duration of egg and embryo collection in C. frondosa from 2005-2008 from 

locations on Mount Desert Island. B.H. = Bar Harbor and B.L. = Bartlett’s Landing.   

 

Degree of Synchronization varied among years for C. frondosa  (Figure 2). In 

2005 and 2007, synchronization was high (Figure 2: A and C) with a large spawning 

event occurring each year. In 2006 and 2008, synchronization was much lower (Figure 2: 

B and D) with three to four smaller spawning events taking place. Synchronicity did not 

correlate with initial date of spawning. Years with early spawning dates (Figure 2:B and 

C) had both synchronized and unsynchronized spawning. Late spawning years (A and D) 

also had both synchronized and unsynchronized spawning. 
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Figure 2: Spawning activity in C. frondosa over a span of four years at Bar Harbor, 

Maine (From Previous Page). 

 

In 2008, several spawning events occurred at both Bar Harbor and Bartlett’s 

Landing (Figure 3). The main bout of early stage developing larvae occurred within the 

same week at both Bar Harbor and Bartlett’s Landing, but smaller peaks varied between 

the two locations. 
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Figure 3: Spawning in C. frondosa at Bar Harbor and Bartlett’s Landing in 2008. 

 

Length of time until development of tube feet in juvenile C. frondosa varied over 

the span of four years with an average length between the first observed eggs and 

observation of individuals with tube feet of 19.25 days (SD + 6.90). In 2008 when 

spawning was recorded on both sides of Mount Desert Island, it took 20 days for tube 

feet to develop in juvenile C. frondosa from Bar Harbor and Bartlett’s Landing.  

 

Discussion 

In every observed year, spawning was concentrated from mid-March to early May 

in both Bar Harbor and Bartlett’s Landing. These results support previous observations of 

Cucumaria frondosa spawning in the Gulf of Maine (Feindel 2002). Data resulting in 

synchronized spawning would be expected if synchronized spawning increased the 
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chance of fertilization in broadcast spawning species. In Gulf of Maine populations of C. 

frondosa from Bar Harbor and Bartlett’s Landing, highly synchronized spawning was 

only observed two out of the four years. Date of initial spawning had no effect on 

synchronized spawning suggesting that temperature was not a spawning cue in C. 

frondosa populations in the Gulf of Maine.  

In the year we observed two sites on Mount Desert Island, spawning occurred 

within the same three-week period. Spawning peaks varied by a few days between the 

opposite sides of the island where tows were taken. This result indicates that populations 

on both sides of the island are potentially affected by the same spawning cues. These 

results provide some multi-year baseline reproductive data for C. frondosa, which is the 

focus of a relatively new fishery in Maine. 
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Collecting Data, Informing the Public, and Learning a Few Lessons 

 

 For three years, I have been taking part in various research projects through 

College of the Atlantic. From my research, I have two scientific papers explaining my 

results, “Juvenile Clam Recruitment Enhancement Study of Mya Arenaria at Hadley 

Point, Maine” and “Synchronized Spawning in the Sea Cucumber, Cucumaria frondosa”. 

The two papers give background to my research project, explain materials and methods, 

and summarize the results of my work with clams and sea cucumbers. Although detailed, 

the papers don’t share the entire story. Major results of my field experience didn’t 

involve p-values, averages, or graphs. I’ve learned to never doubt a fishing story, the 

weather is a safe topic of conversation, and every opinion, informed or not, is important. 

For my cucumber research, I went down to the Bar Harbor dock everyday for 

three months in the spring to faithfully collect one hundred sea cucumber eggs in my 

white plastic bucket. At the Zoology Lab at College of the Atlantic, I would look at the 

eggs under a microscope and note their larval development. Pulling my ten-foot-long 

plankton net back and forth beside the dock drew a lot of attention from both fishermen 

and the general public. Everyone asked the same question: “What are you fishing for?” 

This icebreaker led to one of my favorite aspects of the project: public interaction. School 

groups were my favorite. The children always thought my work was interesting and 

exciting. Fishermen were often apathetic. They often didn’t understand why I would 

waste my time and energy on something they didn’t consider edible. They asked 

questions like: Do you get money to drag a net around for twenty minutes everyday? 

Would anyone care if sea cucumbers became over fished? Do people actually eat them? I 

had to explain that sea cucumbers are used for sushi in Japan and like any other fishery it 

was in the danger of collapsing, that not much is know about spawning cues in sea 

cucumbers and my work could potentially help in fishery management, and that one year 

I had received a Maine Space Grant to study sea cucumber spawning. I explained my 

desire to work on sea cucumbers time and time again. Over time I earned the nickname 

“Cucumber chick.” It stuck with a lot of the fishermen and I learned not to take offense 

when they would joke about doing something more productive with my free time.  
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Over time, a few of the fishermen became used to my daily visits and would strike 

up a conversation on topics other than sea cucumber reproduction. One middle-aged 

lobsterman, who always had country music blaring and a big smile on his face, often 

shared the local gossip. My favorite story involved an anonymous woman from 

Southwest Harbor, Maine. Apparently at age 15, this mystery woman, was forced to 

marry a well off 40 year-old fisherman. The teenager was not happy and attempted to get 

a divorce. To her dismay, you aren’t allowed to get a divorce in the state of Maine until 

you turn 16. She became pregnant two months after getting married, but still remained 

dead set on the divorce. Two weeks after delivery, a now 16 year-old adolescent left both 

her husband and baby. One month later, she became married again, this time to a 50 year-

old fisherman. When the grinning fishermen asked if I could believe it, I responded 

truthfully with a shake of my head and “No.” He acted as if I had slapped him in the face. 

He told me that it didn’t matter if I believed him because I wasn’t from around here and I 

didn’t know anything about the lives of islanders. I tried explaining that I didn’t think he 

was a liar and told a horrible joke about it being a great plot line for a soap opera. My 

attempts were futile. He never seemed excited to chat after that and when he did 

acknowledge my existence he stuck to a simple greeting and talked of the weather. I 

realized that any story told by a fisherman is a fishing story and you never doubt a fishing 

story. Despite the lesson learned, it wasn’t my only negative experience with a 

lobsterman. 

In the winter of 2008, I attended the Fisherman’s Forum in Rockland, Maine. The 

Fisherman’s Forum is a regional meeting held for fishermen, policy makers, scientists, 

suppliers, and interested members of the public. It spans an entire weekend and includes 

informative sessions on regulations; the results of research conducted by scientists, and 

unwanted fishing suggestions. At the forum, I attended several sessions on the lobster 

fishery and felt I had learned a thing or two that I could discuss with the local lobstermen 

in Bar Harbor. About two months later, I regretted my first conversation with a local 

lobsterman about the Fisherman’s Forum. 

The day I talked to a lobsterman with an affinity for women deckhands was 

breathtakingly beautiful. It was sunny, not a cloud in sight, with only the slightest breeze. 

When the lobsterman rowed up in his dingy after tying his boat up to the mooring, he 
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asked me jokingly how the fishing was going. I told him fishing was slow and asked him 

how the lobsters were fairing. He said fishing was shitty as usual and told me paying his 

son’s tuition for college was getting increasingly harder on a lobsterman’s salary. I 

mistakenly thought, now is the time to impress him with my knowledge of what I learned 

at the Fisherman’s Forum. I told him about a study using fewer traps, but still harvesting 

the same amount of lobsters conducted at Monehegan Island. The look on his face made 

me a little afraid he was going to push me in the water for being such an idiot. He 

explained, in a loud and angry tone, that the studies were a scam from the government. 

He felt the government was trying to take away his livelihood by making him fish using 

fewer traps. He ranted about the high cost of fuel, new line, and the dropping price of 

lobster. I didn’t know how to respond. To be truthful, I was embarrassed at being yelled 

at by a stranger in a public place and I panicked. Instead of responding that I too would 

be angry and frustrated if someone was trying to take away my livelihood or admitting 

that I really needed to look into the lobster fishery more, I said “I heard its going to rain 

tomorrow.” He stared at me for a while; he probably wasn’t expecting a weather forecast. 

After a moment, he nodded and agreed that it would probably be best for me to talk about 

the weather with him and other lobstermen in the future. That day I learned to use 

discretion when discussing another’s livelihood and that the weather may be a more 

appropriate topic with new acquaintances. I learned a lot about public interaction the hard 

way from lobstermen, but my education didn’t stop there. 

The summer of 2008, I worked on a research project involving clams at Hadley 

Point, Maine. That summer, I drove out to Hadley Point in Pete my Pathfinder every 

other day to rake my experimental plots in hopes of increasing juvenile clam recruitment. 

In a baseball cap and shit-kickers (the Ohio term for knee-high rain boots), I encountered 

many concerned citizens who thought I was illegally clamming. Some yelled, others 

waited patiently beside my car to hear my side of the story before threatening to call the 

harbormaster, and twice a resident’s dog that was the size of a small horse stopped me in 

my tracks. It only took fifteen minutes to rake the twelve experimental plots and I often 

spent more time explaining what my project entailed than actually doing the work. I told 

those who stopped me that: Towns and clammers spend time and money every year in an 

attempt to enhance clam flats and my work would show if the treatments of raking, 
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brushing, and seeding actually worked at Hadley Point to increase juvenile clam 

recruitment. Everyone I spoke with seemed genuinely interested in what I had to say, but 

they were more eager to tell me their opinion of the clam flat. Visitors shared with me not 

just their appreciation for the clam flat, but how and why it has changed. 

Late July and early August, I met a wide range of visitors to Hadley Point. One 

day as I was walking to my plots, a dog the size of a horse came charging at me with no 

intent to stop. I yelled out “whoa puppy!” as the dog sped past my side and proceeded to 

run in circles around me. His owner, a middle-aged gentleman who had lived near Hadley 

Point for about ten years, was apologetic and angry. Before asking the nature of my visit, 

he began reprimanding me. He told me that clamming in the location was illegal, because 

the clam-flats were closed and there were plenty of signs posted to let me know. I assured 

him that I posted the signs and proceeded to tell the details of my experiment. He calmed 

his dog and seemed happy to hear of work being done at Hadley Point and told me about 

an observation of his own. Over the years of walking his horse/dog along the beach, he 

had noticed a change in the substrate from rockier sediment to “nothing but mud and 

muck”. He believed the mussel draggers are to blame for the environmental change at 

Hadley Point. He told me the mussel draggers bottom-scraping methods of harvesting 

had resulted in seaweed washing up on shore and the destruction of eelgrass beds. 

Eelgrass beds, which are vital habitat to several species of fish, are an important 

conservation issue concerning Hadley Point. I agreed with him in questioning the legality 

of mussel dragging in the area and told him I appreciated him informing illegal clammers 

about the closure. The horse/dog really helped to get the point across. 

Two days later, my car stopped running and I had to take the Island Explorer out 

to Hadley Point in order to rake the experimental plots. My clam rake was an object of 

concern for others on the bus and I had to suffer through uneasy jokes of “Who needs 

mace when you have that thing!” and even from the bus driver “Don’t worry folks, she 

doesn’t have a weapon!” Waiting on the bench to catch the bus back to Bar Harbor, I ran 

into a group of vacationers from Chesapeake Bay. They looked at my boots and clam 

rake and asked if I had dug up dinner. Two members of the group knew a bit about 

oysters and had heard about similar seeding work down in Chesapeake Bay. They felt 

poor water quality was to blame for the low oyster populations down at the bay and asked 
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if poor water quality at Hadley Point, due to the campground and shorefront houses, is 

having a negative impact on the health of the mudflats. I informed the group that the 

current closure of Hadley Point East and West is for conservation and not due to 

pollution. They seem satisfied with my answer but told me to keep thinking about water 

quality. Later that week, I encountered a couple from France who had another theory 

about Hadley Point. The two elderly tourists were sitting beside their truck in lawn chairs 

on a warm sunny day. As I walked down to the beach, I tried not to feel awkward as they 

both intently watched my every move. When I returned to my newly fixed car, the 

gentleman walked up to me and asked what I was doing with my weapon. I told him it 

was a clam rake and gave a brief explanation of my research project. No longer 

concerned I was dangerous his wife also came over and joined the conversation asking 

how global warming was going to affect the clams in the future. She told me that in the 

forty years they had lived in France, they noticed a negative change in France’s marine 

environment due to global warming and pollution. They had heard on the news that the 

same thing was occurring around the world. I let them know that soft-clam metabolism 

and shell growth is affected by water temperature, but that I was unsure how detrimental 

the effects of global warming would be on all the organisms living at Hadley Point. 

About a week later, I met a local fisherman from Trenton who seemed less concerned 

about global warming, but did feel a general change in weather patterns had occurred. I 

always made it a point to nod hello to the local fisherman who enjoyed watching the tide 

go out while sitting in his red truck. Finally after a summer of nodding and watching he 

struck up a conversation. He asked me who I was working for and before I could tell him 

details about my project he interrupted saying he felt there were fewer clams at Hadley 

Point.  He thought changes in the weather and an increase in illegal harvesting had caused 

the drop in clam populations. He didn’t really believe in “all the global warming crap”, 

but he felt that the weather had become more unpredictable in the past few years. The bay 

hadn’t frozen over in years and the summers never used to get so hot. He was glad to hear 

I wasn’t clamming illegally because the increase of illegal harvesting during the 

conservation closure was ruining the clamming for the locals. I assured him that I have 

been and would continue to inform anyone I saw clamming in the area of the closure. We 

never spoke again, but at least my nod was returned by a halfhearted wave.  
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In both of my field research experiences, I felt like I was doing a good service by 

educating the public on the unfamiliar sea cucumber fishery and the over harvested clam 

fishery. The people I spoke to actually did me a favor by expanding my education in 

ways not possible in the classroom. At Hadley Point, I talked with a wide range of 

visitors with diverse opinions that made me question new causes of a changing 

environment. From the lobstermen at the Bar Harbor town dock, I learned the basis of 

talking with fishermen; never doubt a fishing story and extra consideration should always 

be given when talking to someone about their livelihood. The information I’ve learned 

from my interactions with the public won’t make it into a scientific paper, but it will 

affect my future research and relationships with the fishing community. 
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