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Abstract.    This project is a culmination of several years of research.  Despite 

the commercial significance of Cucumaria frondosa in the Gulf of Maine, little is 

known about the biology and ecology of local populations.  This research is an 

investigation of the spawning patterns of two local sea cucumber populations and 

whether the results of this study may yield implicit management suggestions for the 

sea cucumber fishery in Maine.  Sea cucumber eggs and embryos were collected 

from Frenchman Bay at the Bar Harbor town pier during the springs of 2006 

through 2010 and from Blue Hill Bay at Bartlett’s Landing from 2008 through 2010.  

These data were used to determine when local sea cucumbers spawn, how long the 

spawning season is, whether spawning is synchronous within a site and between 

the two sites, and whether temperature or lunar phases act as environmental cues 

to spawn in Cucumaria frondosa. 
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Introduction 

 Over the past several decades fisheries management and over-exploitation have 

been a major focus of scientific research.  Today, nearly half of the world fisheries stocks 

have been fully exploited and another 25% have been over-exploited (Botsford et al. 1997, 

FAO 2005).  The threat of commercial extinction of these species, and the need for better 

ways to sustainably manage harvests has resulted in a kind of call to arms in that a strong 

biological and ecological understanding of these species is crucial to their preservation.  

Life history studies in particular will provide a better understanding of the effects of fishing 

pressure on a species as well as their capacity to recover from exploitation.  For instance, in 

many cases size-selectivity of catches will tend to bias a particular age group or sex – 

dramatically skewing the population dynamics of a population by reducing the number of 

sexually mature individuals and altering sex ratios (Botsford 1997).  Understanding the 

reproductive behavior, growth rates, age at sexual maturity, lifespan, and general ecology 

of a species will help to determine their susceptibility to specific aspects of current 

fisheries management, needs for recovery, and requirements for sustainable harvests. 

 One concern for marine invertebrate fisheries specifically is the potential for 

fertilization failure.  Many invertebrate species are free-spawners, meaning that males and 

females release gametes into the water column where they become fertilized.  For many 

free-spawning species, fertilization success is directly dependent on population density 

(Levitan & Sewell 1998, Stoner & Ray-Culp 2000).  However, some species have managed 

to increase fertilization success by spawning synchronously (Thorson 1950).   

 This study focuses on the spawning patterns of Maine’s commercial sea cucumber, 

Cucumaria frondosa (Echinodermata: Holothuroidea).  While there are several North 



Page 2 of 34 

Atlantic species of sea cucumber, C. frondosa is the largest, most abundant, and it is the only 

local species that is commercially harvested (Therkildsen & Petersen 2006).  Historically, 

sea cucumbers have been harvested for human consumption throughout the Indo-Pacific, 

but within the last several decades, exploitation has spread to more areas, with more 

species being targeted, in response to depletion of traditional resources.  The commercial 

sea cucumber fishery in the Gulf of Maine began in the mid-1990s, and as of 2003 the 

United States had become the second largest producer worldwide (Therkildsen & Petersen 

2006).  Figure one outlines landings and value of C. frondosa in the Gulf of Maine from 1994 

through 2008.  One thing that is clear in looking at this graph is that as of 2007, the 

relationship between landings and value has begun to resemble that of a fishery in trouble 

– where lower catches have driven prices up as a result of foreign demand.  If sea cucumber 

fishing is to continue in a sustainable way, it is important that we seek to better understand 

their ecology and life history. 

 

 

 

Fig. 1.  Historical landings and value of sea cucumbers in the Gulf of 

Maine from 1994 through 2008.  (State of Maine Department of Marine 

Resources). 
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In recent years, publications regarding the biology, life history, and exploitation of 

sea cucumbers have been abundant (Sewell & Levitan 1992; Hamel and Mercier 1995, 

1996a&b, 1998; Mercier et al. 2000; Signh et al. 2001; Therkildsen & Petersen 2006).  

However, information is still limited and many of these studies have dealt with different 

species of sea cucumber such as the California sea cucumber, Parastichopus californicus 

(Cameron & Fankboner 1986).  Studies focusing on C. frondosa tend to deal with 

populations in the St. Lawrence Estuary (Hamel and Mercier 1995, 1996a&b, 1998).  Little 

research has been done on populations of C. frondosa in the Gulf of Maine aside from a 

comprehensive thesis by Jordan in 1972 and a comparative study between C. frondosa in 

the Barent’s Sea and Gulf of Maine by Gudimova et al (2004).  With Gulf of Maine sea 

cucumbers comprising so much of the global sea cucumber market (Bruckner 2005, 

Therkeldsen & Petersen 2006), it is important to have a firm understanding of their 

ecology, and life history in particular, in order to maintain harvests at sustainable levels.  

Over the course of five springs (2006-2010) spawning data were collected from two 

sites (Bar Harbor and Bartlett’s Landing) in order to determine when sea cucumbers 

spawn, whether spawning is synchronous within and between sites, and what 

environmental factors may influence the timing of spawning.  By collecting, examining, and 

counting sea cucumber embryos we were able to outline day-to-day changes in spawning 

activity at both sites over the course of several seasons.  These data were used to 

investigate similarities and differences in spawning activity on both a temporal and spatial 

scale. 
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Materials & Methods 

Collection of Embryos 

 Plankton samples were taken from two study sites within two distinct bays on 

either side of Mount Desert Island -- Frenchman's Bay at the Bar Harbor Town Pier and 

from Blue Hill Bay at Bartlett's Landing (Fig. 2).  Sea cucumber spawning was studied from 

2006 through 2010 at Bar Harbor and from 2008 through 2010 at Bartlett’s Landing.  

Timing of field seasons were based on Jordan’s (1972) estimates of C. frondosa’s spawning 

season and sampling began the in mid to late March every year.  Sampling continued until 

embryos had become absent in the water column.  Start dates ranged from March 16th to 

March 27th, and end dates ranged from April 29th to June 2nd.  Samplings were taken 

regularly with no more than two days in between, and tows generally occurred between 

late morning and early afternoon.  Sea cucumber eggs and embryos were collected using a 

333µm plankton net.  The net was pulled along the dock at the water’s surface.  Tows were 

done for 20 lengths of the dock – roughly 400 feet in total (122 meters) – or until at least 

100 eggs had been caught (except in 2006 when methodologies were still being worked 

out, and sample sizes occasionally exceed 100 eggs). 
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Examination of Embryos 

 After samples were collected, they were transported in sea water to a laboratory at 

College of the Atlantic.  Sea cucumber eggs are approximately 1mm in diameter, bright 

orange, and easily seen with the naked eye.  In large samples, 100 random embryos were 

collected from the sample by pipetting.  In samples containing less than 100 embryos, all 

were removed from the sample bucket for examination.  Embryos were placed in a petri 

dish with seawater and examined under a dissecting microscope.  Embryos were classified 

based on their developmental stage.  The categories used were “round” -- eggs that 

exhibited spherical shape but could not necessarily be classified as fertilized, 2-celled, 4-

celled, 8-celled, 16-64 celled, "textured' -- embryos that had undergone several divisions 

Fig 2.  Mount Desert Island, Maine.  Samples were 

taken from Frenchman Bay at the Bar Harbor Town 

Pier (A) and from Blue Hill Bay at Bartlett’s Landing 

(B). (Google Maps). 
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making cells difficult to precisely count, "elongate" -- embryos that had begun to change 

from spherical to a more oblong shape, "tubefeet" -- embryos that had developed tubefeet, 

and "damaged" -- eggs that, regardless of having been fertilized or not, exhibited some sort 

of physical damage.  Tallies were taken and totals for each category were entered into a 

data sheet.   

 

Timing of Developmental Stages 

 A pilot study to determine the rate of early development of C. frondosa embryos was 

performed in 2010.  A subset of embryos ranging from 2- to 16-celled was stored at 4°C – 

roughly ambient sea water temperature – for 24 hours.  This pilot study aimed to 

determine the level of development that may occur within the first one to two days post-

fertilization – specifically what stage could develop within 24 hours from the first 

indication of fertilization (2-celled embryos).  This allowed us to determine which embryos 

from a given sample were likely fertilized within that particular day and which later stages 

were developing embryos from prior spawning events. 

 

Synchrony Within a Site 

 Spawning events were determined using the number of young embryos in each 

sample.  Embryos with 64-cells or less were considered to be young (one to two days old) – 

as a pilot study revealed that 2-celled, 4-celled, 8-celled, and 16-celled embryos had 

reached stages of 64 cells or more after being incubated at 4°C for 24 hours (See Results). 

 Peak spawning was defined as any sample that contained 80% or more of the 

maximum number of young embryos found in a sample during that season.  Peak spawning 
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events were considered in the context of the overall spawning pattern for a given spawning 

season in order to determine whether high numbers of young embryos occurred within a 

broad, consistent spawning event or if there were spawning peaks with a short duration 

caused by synchronous events in the population.  Where peaks in spawning represented a 

dramatic increase in the number of young embryos from previous samples, followed by a 

decrease in the number of young embryos after peak-spawning, these events likely 

indicated synchronous spawning.  Where the number of young embryos fluctuated 

consistently throughout the season with few dramatic highs or lows, peak spawning events 

most likely did not relate to synchrony.  

 

Synchrony Between Sites 

Synchrony between sites was examined for the overall season and in terms of 

individual spawning events between both sites.  To determine whether spawning was 

synchronous between sites, a site-specific spawning season was defined using the date of 

first observance of embryos in the water column and the date at which young embryos 

became absent.  All dates within this window were considered part of the spawning season.  

Where the spawning seasons for each site overlapped completely, spawning was 

considered synchronous.  Where there was no overlap in spawning seasons, they were 

considered asynchronous.  If spawning seasons overlapped by 50% or more spawning was 

considered semi-synchronous. 
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Influence of Lunar Phase 

 Lunar periodicity has been recognized as an adaptive and widely used cue to ensure 

synchrony of spawning.  Lunar stage has been determined as a spawning cue in many 

marine and estuarine species, including many echinoderm species such as the sea 

cucumber, Holuthuria scabra (Mercier et al. 2000); sea urchin, Centrostephanus coronatus 

(Kennedy & Pearse 1975); and sea star, Protoreaster nodosus (Scheibling & Metaxas 2008).  

Sea cucumber spawning data were compared to lunar calendars in order to determine 

whether peak spawning events aligned with specific moon phases. 

 

Influence of Water-Temperature  

 Water temperature has also been shown to influence the timing of spawning in 

many marine species – most notably many fish species exhibit temperature-dependent 

spawning – but a few invertebrate examples have been found.  For instance, the Dungeness 

crab, Cancer magister, tends to spawn later in colder climates and temperature also affects 

the speed of egg development and hatching success (Wild 1980).  Additionally Pearse 

(1968) found sea temperature to be an important regulatory factor in the spawning 

periodicities of two echinoid species, whereby a minimum temperature necessary for 

spawning was observed.   

 Sea water temperature readings were taken during sample sessions at Bar Harbor 

for the latter half of this study (2008-2010) using a handheld YSI meter.  Because these 

data were not consistently collected throughout the entirety of the study and represent 

temperature at a single point in a day, water temperature data collected from a local NOAA 

buoy (44.392N 68.205W) were used instead.  Hourly surface temperature readings were 
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downloaded from NOAA’s National Data Buoy Center, and used to calculate daily average 

temperatures.  This also allowed us to control for daytime temperature variations, as tows 

were done at different times each day.  These data were compared to spawning patterns in 

order to determine a minimum, maximum, and range of temperatures within the spawning 

period, and to distinguish whether temperature at first spawning was consistent across 

years.   

The 2009 spawning season was omitted from this comparison, due to buoy failure 

during the months of March and April.  Additionally, spawning data from Bartlett’s Landing 

was not compared to temperature, because there was no buoy close by. 

 

Results 

Timing of Developmental Stages 

 After being stored at 4°C for 24 hours, all embryos (2, 4, 8, and 16-celled 

individuals) had reached stages of 64 cells or more, having undergone as few as three and 

as many as five or more cell divisions. 

 

Timing & Duration of the Spawning Season 

 Spawning was defined by the number of young eggs (≤64 cells) in a sample.  In all 

years and at both sites, spawning was not recorded any earlier than March 17th or 

continued any later than May 12th (Fig. 3).  In 2007-2009, embryos were already present at 

the time of first sampling; therefore data were not recorded at the very beginning of the 

spawning seasons for those years.  However, embryos at stages later than 64-celled were 

only found in the first sample in 2009, which suggests that typically we had captured the 
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first spawning of the year.  In 2006 and 2010, there were several days of observed absence 

of embryos before their first appearance at the beginning of the spawning season.  In 2007 

and 2008 only young embryos were observed in the first sample, suggesting that the first 

spawning event of the year had occurred within 24 hours of our first sampling.  In 2009 

several elongate embryos were observed in the first sample, and based on other years of 

data, it takes anywhere from four to seven days for this stage to be reached, suggesting that 

spawning had begun a few days prior to the beginning of the field season.  Additionally, 

once embryos became absent in the water column, samplings ended for the season, so 

whether or not spawning recurred later in the summer was not recorded.  However, based 

on general observations, none of the conspicuous orange embryos appeared in the water 

column at any other time of the year, leading us to believe that we typically captured the 

entire spawning season within our sampling season. 

Spawning typically began between mid- and late-March, but ending dates were 

variable – ranging from mid-April to mid-May.  Duration of spawning also varied across 

years, lasting anywhere from 16 to 53 days at either site.  The average start date was March 

31st, average end date was April 28th, and average duration of spawning season was 29.4 

days. 
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Spawning between Bar Harbor and Bartlett’s Landing was synchronized at a 

seasonal level where the overall seasons at each site occurred more or less within the same 

range of dates in both 2008 and 2009 (Fig. 3 and Table 1).  Spawning began on April 15th at 

both sites in 2008.  The spawning season at Bartlett’s Landing lasted three days longer than 

at Bar Harbor, where the seasons ended on May 6th and May 3rd, respectively. In 2009 

spawning seasons overlapped from March 19th through May 8th.  Spawning began one day 

sooner and lasted two days longer at Bar Harbor.  Additionally, spawning seasons were 

exceptionally long in 2009, lasting 50 days at Bar Harbor and 53 days at Bartlett’s Landing. 

 In 2010, spawning seasons between sites were entirely asynchronous, where no 

overlap was observed (Fig. 3).  Spawning at Bartlett’s Landing began on March 17th and 

lasted until April 11th, and the spawning season at Bar Harbor began on April 12th and 

ended on May 12th. 

Year Site Start Date End Date Duration 

2006 Bar Harbor March 29th April 13th 16 

2007 Bar Harbor March 25th April 20th 26 

2008 Bar Harbor April 15th May 3rd 19 

2008 Bartlett’s April 15th May 6th 23 

2009 Bar Harbor March 18th May 10th 53 

2009 Bartlett’s March 19th May 8th 50 

2010 Bar Harbor April 12th May 12th 30 

2010 Bartlett’s March 17th April 11th 26 

Table 1: Start dates, end dates, and duration of spawning seasons at both sites.  

Spawning season was defined as the range of dates in which young embryos were 

observed in the water column.  Spawning was studied from 2005 through 2010 at Bar 

Harbor and from 2008 through 2010 at Bartlett’s landing. 
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Spawning Synchrony at Bar Harbor 

 Spawning activity at Bar Harbor consisted of a mix of intense, consecutive days of 

highly synchronized spawning; brief, isolated, spawning peaks separated by a lag in 

synchrony; and long spans of asynchronous spawning. 

 In 2006 and 2010 (Fig. 4 A & E) spawning began with an initial peak that 

represented a dramatic increase in the number of young embryos from prior samplings.  In 

2006, the number of young embryos increased twenty fold from March 28th to March 30th 

followed by a decrease from March 30th to April 1st, indicating that this was likely a 

synchronous spawning event.  Likewise, in 2010 no embryos were observed from March 

16th through April 11th followed by a synchronous spawning event on April 12th where 66 

young embryos were observed.  In both 2006 and 2010, the initial synchronous spawning 

event was followed by two days of  low spawning levels.  In 2006 a second synchronous 

spawning event occurred from April 2nd through April 5th, where the number of young 

embryos had increased dramatically, remained high for three consecutive days, and then 

Fig. 3:  Spawning seasons from 2005 through 2010 at Bar Harbor (blue) and 2008 through 2010 at 

Bartlett’s Landing (orange).  Overlap in 2008 and 2009 indicates that spawning was synchronous  at the 

season-level between sites.  In 2010 no overlap was observed, with spawning at Bar Harbor beginning 

just as the season ended at Bartlett’s Landing, indicating asynchronous spawning between the two sites. 
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decreased and remained low for one week before embryos finally became absent.  A similar 

three-day spawning event was observed from April 16th through April 18th, 2010.  

Following this spawning event, the number of young embryos remained low (15-28 

embryos/sample) from the April 19th through April 25th, followed by a final peak on April 

26th.  This last peak was also determined to signify synchrony as the number of young 

embryos was low before and after this event.  Following this final peak, the number of 

young embryos per sample decreased gradually before their disappearance on May 20th. 

 In 2007 and 2008 (Fig. 4 B & C) spawning was relatively consistent throughout the 

entire season with few highs and lows.  The number of young embryos was low for several 

days at the very beginning and end of spawning in both years.  In 2007, three isolated 

peaks in spawning were observed.  Only the first of these peaks, which occurred on March 

26th, was likely an indication of synchrony, as it represented a climax in the number of 

young embryos followed by a decrease.  After this initial decrease, the number of young 

embryos increased gradually and remained moderate and relatively consistent (40-60 

young embryos/sample) from March 29th through April 10th with two more peaks on 

March 31st and April 9th (84 and 79 young embryos, respectively).  Because these peaks 

were not immediately preceded or followed by significantly lower numbers of young 

embryos, it is doubtful that either of these latter peaks is associated with a large 

synchronous spawning event. 

 The spawning pattern in 2009 was distinct from all other years (Fig. 4 D).  At the 

time of the first sampling for this study year (March 18th), embryos were already abundant 

in the water column, making it impossible to know how the spawning season really began.  

However, we did observe four consecutive days of peak spawning from March 18th through 
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the 21st.  It is likely that this was a synchronous spawning event, because a dramatic (40%) 

decrease in the number of young embryos occurred on March 22nd.  On March 23rd, high 

numbers of young embryos resumed for a final synchronous spawning event.  Directly 

following this final peak, the number of young embryos decreased to just 13 on March 24th 

and then rebounded on March 25th with 70 young embryos being observed.  While this did 

not meet our definition of a spawning peak (≥80% of the maximum), it met the other 

requirements for synchrony where low numbers of young embryos occurred before and 

after this sampling.  From March 27th through May 10th, the number of young embryos 

fluctuated between 0 and 45.  Most of these day-to-day fluctuations were not gradual, and 

it is uncertain whether these later increases may represent smaller-scale synchronized 

spawning events. 
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Fig. 4: Sea cucumber spawning activity near Bar 

Harbor from 2006 through 2010.  Spawning was 

determined by the number of young embryos (≤ 

64 cells) per sample.  Asterisks indicate peak-

spawning events, where the amount of young 

embryos in a given sample was 80% or more than 

that of the maximum number of young embryos 

observed. 
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Spawning Synchrony at Bartlett’s Landing 

 Similar to Bar Harbor, spawning at Bartlett’s Landing was comprised of a mix of 

synchronized and unsynchronized spawning.  Eggs were less abundant at Bartlett’s 

Landing, and spawning patterns were very similar to Bar Harbor, but at less dramatic 

levels.   

 As in Bar Harbor, spawning at Bartlett’s Landing was relatively consistent 

throughout the 2008 season (Fig. 5 A).  The number of young embryos increased and 

decreased gradually from April 14th through April 24th before increasing by roughly 76% 

from April 24th to the 25th.  This peak was followed by a further increase on the 26th  (80 

young embryos) before decreasing once again April 27th (49 young embryos).  This may be 

an indication that spawning was synchronous on April 25th and 26th, however, the number 

of young embryos before and after these dates was not as low had been observed for other 

peaks in other years. 

 In 2009 the number of young embryos was low (6-26/sample) from March 21st 

through March 23rd before a peak spawning event occurred on March 25th (Fig. 5 B).  

Following this initial peak, spawning decreased significantly and the number of young 

embryos remained very low (0-16/sample) from March 27th through April 21st.  Spawning 

increased between April 24th and April 30th before decreasing again at the end of the 

season.  This may represent a second, smaller scale synchronous spawning event. 
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In 2010 spawning was characterized by two highly synchronized spawning events 

on March 21st and March 29th (Fig. 5 C).  The number of young embryos observed in the 

days leading up to the initial spawning peak was very low (0-7/sample) as well as between 

the two peaks (0-12/sample).  Following the second mass spawning event, the number of 

young embryos decreased gradually over the course of about two weeks before the 

spawning season finally ended.  This gradual decrease most likely indicates 

unsynchronized spawning. 

 

                                                                              
 

   

Fig. 5:  Spawning activity at Bartlett’s Landing from 

2008 through 2010.  Asterisks represent peak-

spawning events where the number of young 

embryos in a sample is within 80% of the maximum 

number of young embryos for that season. 
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Spawning Synchrony Between Sites 

 Spawning patterns between Bar Harbor and Bartlett’s Landing were extremely 

variable.  In 2008, while the timing and duration of the spawning season were more or less 

equal between sites, individual spawning events occurred at very different times.  In fact, 

the spawning patterns between the two sites were inverse – nearly mirror images of one 

another – where increases at one site corresponded with decreases at the other and vice 

versa (Fig. 6).  For instance on April 21st the number of young embryos at both sites was 

about 25, by the next day the number of young embryos had decreased 40% at Bar Harbor 

and more than doubled at Bartlett’s Landing.  On April 23rd there was a very subtle increase 

at Bar Harbor and subtle decrease at Bartlett’s Landing followed by a dramatic increase at 

Bar Harbor on April 24th and decrease at Bartlett’s Landing.  This pattern was consistent 

throughout the entire season, suggesting that spawning was highly asynchronous between 

the two sites. 

   

 Fig. 6: Spawning at Bar Harbor (dotted blue) and Bartlett’s Landing (solid 

red) in 2008.  Spawning was asynchronous between sites. 
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 In 2009 spawning between sites was asynchronous at the very beginning of the 

season and then became synchronous for the duration of the season (Fig. 7).  From March 

18th through March 20th, subtle fluctuations at Bar Harbor corresponded with inverse 

fluctuations at Bartlett’s Landing.  The number of young embryos at Bartlett’s Landing 

dramatically increased on March 21st and dramatically decreased on March 22nd at Bar 

Harbor. Likewise, a significant decrease in the number of young embryos at Bar Harbor on 

March 23rd was paralleled by a decrease at Bartlett’s Landing.  From March 24th until the 

end of the season, increases and decreases were synchronous between sites, albeit much 

more subtle at Bartlett’s Landing except for a spawning peak from April 5th-6th. 

 

 

 

 

 

 

Fig. 7: Spawning at Bar Harbor (dotted blue) and Bartlett’s Landing (solid 

red) in 2009.  Spawning was asynchronous early in the season and 

synchronous from March 24
th

 until the end of the season. 
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 In 2010 spawning was completely asynchronous between sites (Fig. 8).  There was 

no overlap in spawning seasons, and while spawning lasted for roughly the same amount of 

time at both sites, timing was completely opposite with spawning beginning at Bar Harbor 

just after the spawning season had ended at Bartlett’s Landing. 

 

 

 

  

Effects of Lunar Cycle 

 The lunar phase during synchronized spawning peaks varied (Table 2).  

Synchronized spawning events occurred at various stages throughout the lunar cycle in all 

years and at both sites.  In 2006, four consecutive days of synchronous spawning (April 2nd-

5th) occurred in days leading up to the first quarter moon, and spawning became 

asynchronous after this stage.  In 2009, another four-day spawning event occurred around 

the last quarter moon.  There was one occurrence of synchronous spawning during a full 

moon (March 29th, 2010) and there were eight instances of synchronous spawning within 

the week of a new moon. 

Fig. 8:  Spawning at Bar Harbor (dotted blue) and Bartlett’s Landing 

(solid red) was asynchronous in 2010, where the spawning season at 

Bartlett’s Landing ended right before spawning had begun at Bar Harbor. 
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Site Date Moon Phase 

Bar Harbor March 30, 2006 

 

Bar Harbor April 2-5, 2006 

    

Bar Harbor March 26, 2007 

 

Bar Harbor March 31, 2007 

 

Bar Harbor April 9, 2007 

 

Bar Harbor April 24, 2008 

 

Barlett’s Landing April 25, 2008 

 

Bar Harbor April 28, 2008 

 
Bar Harbor March 18-21, 2009 

    
Bar Harbor March 23, 2009 

 
Bartlett’s March 25, 2009 

 
Barlett’s Landing March 21, 2010 

 
Barlett’s Landing March 29, 2010 

 
Bar Harbor April 12, 2010 

 
Bar Harbor April 16, 2010 

 
Bar Harbor April 18, 2010 

 
Bar Harbor April 26, 2010 

 
 

Table 2:  Peaks in spawning and corresponding lunar phases.  Synchronous 

spawning occurred during a variety of stages in the lunar cycle.  There were eight 

spawning events that occurred within the week of a new moon and three instances of 

spawning within the week of a full moon.  Where synchronous spawning occurred 

over a period of several days in 2006 and 2009, spawning was roughly aligned with 

the first and last quarter moons, respectively. 
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Effects of Temperature on Spawning 

 Timing of spawning appeared to occur independently of sea water temperature.  Sea 

water temperature during spawning seasons varied considerably, with temperatures at 

first spawning ranging from 1.76°C in 2007 and 6.2°C in 2010 (Fig. 10 and Fig. 11) and 

temperatures for all spawning activity ranging from 1.76°C through 8.44°C (Fig. 10).  

Increase in temperature from the beginning to end of the spawning season ranged from 

1.3°C (2007) to 2.74°C (2008).  While temperature did not appear to be the only factor 

influencing sea cucumbers to spawn, the number of young embryos observed in a given 

sample did seem did seem to reach higher numbers in colder years than warmer ones.     

 

 

 

 

 

Fig. 9: Temperature ranges during sea cucumber spawning years from 2006 

through 2010.  Sea water temperature data was unavailable for 2009.  Water 

temperature during spawning varied from year to year. Water temperature was 

always at its lowest on the first day of spawning.  Bars are labeled with the increase 

in temperature from the lowest to highest temperatures observed during the season. 
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 While the range of temperatures exhibited across spawning seasons was highly 

variable, so too was the relationship between spawning and temperature within each 

season (Fig. 12 A-D).  For the most part, increases in temperature corresponded with 

decreases in the number of young embryos in a sample.  However, in each season there was 

at least a brief period where temperature and spawning fluctuated together. 

 Temperature was least variable in 2006 and spawning peaks occurred over a steady 

increase in temperature.  From April 2nd through April 5th there was a slight decrease in 

both temperature and the number of young embryos observed.  Once sea water 

temperature exceeded 4°C (April 7th), spawning activity decreased dramatically, and the 

season had virtually ended by the time temperatures exceeded 4.5°C. 

 In all other years there was an inverse relationship between temperature and 

spawning activity where peaks in temperature tended to correspond with far fewer 

numbers of young embryos and vice versa.  However, in both 2007 and 2008, after roughly 

two weeks into the spawning season a reversal of this relationship occurred.  On April 9th, 

2007 a final peak in spawning occurred despite steadily increasing temperatures from 

April 6th through April 10th.  In 2008, a final spawning peak corresponded with an increase 

in temperature, and as the number of young embryos decreased over the next several days, 

so too did sea water temperature.  The number of young embryos per sample had 

decreased dramatically once temperatures exceeded 3°C in 2007 and 7°C in 2008.  In 2010, 

the most synchronous of all years, there was no clear relationship between temperature 

and peaks in spawning.  However, the dramatic decrease in spawning activity between 

peaks corresponded with a peak in temperature. 
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When spawning temperature was assessed in relation to local sea water 

temperatures leading up to the spawning season, it is clear that in some years the date at 

which temperature begins to consistently rise occurs much earlier than in other years.  

There may be a relationship between initial spawning and net increase in temperature 

rather than absolute temperature.  For instance, in 2008 and 2010 when spawning began 

latest, sea water temperature had begun to steadily increase as early as early to mid-

February.  In 2006 and 2007 spawning began in late March and temperatures had only 

begun to increase consistently as of late February to early March.  Additionally, in both of 

these years a drop in temperature was observed around the 19th of March, followed by a 

quick, 1°C increase in average temperature – roughly one week before spawning began 

(Fig. 10).  

Fig. 11: Spawning (solid red) and temperature (dotted blue) in 2006 (A), 2007 (B), 2008 (C) and 2010 (D).   
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Fig. 10: Temperatures from January through June at Bar Harbor for 2006 through 2010 (dashed lines).  

Data was unavailable for 2009.  Solid lines indicate temperatures during spawning seasons.  Spawning 

temperatures were substantially higher in 2008 and 2010 than in 2006 and 2007. 



Page 26 of 34 

Discussion 

Early Development 

 A pilot study revealed that after being incubated at 4°C for 24 hours, embryos 

ranging from 2-16 celled had reached stages of 64 cells or more.  This suggests that early 

development occurs rapidly and that sea cucumber embryos undergo several cell divisions 

within the first day post-fertilization.  While 4°C served as a good average for spawning-

season temperatures, spawning occurred at a variety of different temperatures over all 

study years.  In fact, in some years spawning season temperatures did not include 4°C.  In 

2008 and 2010 spawning occurred at temperatures greater than 4°C, in 2007 spawning 

had ended before temperatures exceeded 4°C, and 2006 was the only year where spawning 

began at lower temperatures and continued beyond 4°C.  The rate of early development 

could vary with temperature, which would influence these results as the definition of 

spawning – using young embryos as a proxy – was based on these results.  It would be 

useful to follow up on this study and examine the rate of early development across a range 

of incubation temperatures.  Additionally, it could be very useful to examine the rate of 

later developmental stages in order to backdate more thoroughly by using the time it takes 

for a certain developmental stage to be reached in determining when specific embryos 

were likely to have been fertilized. 

 

Timing and Duration of Spawning Seasons 

 The timing and duration of spawning seasons was variable.  However, some basic 

patterns were observed.  Spawning was not observed any earlier than mid-March and did 

not continue any later than mid-May.  Additionally, in all years except 2009 spawning 



Page 27 of 34 

lasted from two to four weeks.  In 2008 and 2009, spawning seasons overlapped 

completely between sites, which might suggest that large-scale cues are influencing sea 

cucumbers to spawn.  However, in 2010 spawning occurred at completely different times 

at each site where spawning began at Bar Harbor just after the season had ended at 

Bartlett’s Landing.   

While the timing of spawning between sites exhibited patterns of both synchrony 

and asynchrony across study years, the duration of spawning was fairly consistent between 

sites.  For instance in 2008 when spawning seasons overlapped entirely, the duration of 

spawning was 19 days and 23 days at Bar Harbor and Bartlett’s Landing, respectively.  

Spawning seasons were synchronous in 2009 as well, and at both sites the duration of 

spawning well exceeded the general average – lasting 53 days at Bar Harbor and 50 days at 

Bartlett’s Landing.  In 2010, despite asynchronous spawning seasons, the duration of 

spawning at both sites was still closely related – lasting 30 days at Bar Harbor and 26 days 

at Bartlett’s Landing.  This might suggest that the duration of spawning seasons, rather 

than timing and initiation of spawning, is influenced by a broad environmental factor.   

 

Synchrony 

 This study revealed that the spawning patterns of C. frondosa are extremely 

complex.  Spawning occurred by three general modes: consecutive days of peak spawning 

which may have been synchronous; several consecutive days of consistent low or moderate 

spawning; and isolated synchronous spawning events representing dramatic increases in 

the number of young embryos from previous days.  It is unclear what the causes of one 

pattern versus another may be, but it is interesting to note that general spawning patterns 
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were similar between sites from year to year despite subtle differences in timing.   In other 

words, in years where spawning was synchronous at Bar Harbor, it was also synchronous 

at Bartlett’s Landing, even if spawning was asynchronous between the two sites.  This 

suggests that certain environmental conditions will favor one spawning pattern versus 

another and that there are likely cost-benefit tradeoffs between long, consistent spawning 

events and brief, dramatic peaks. 

 Despite a general level of synchrony where spawning seasons between sites 

occurred at the same time in 2008 and 2009, spawning was entirely asynchronous between 

sites in 2010.  Additionally, when individual spawning events within a given season are 

examined, spawning occurs as a mix of synchrony and asynchrony between sites.  In 2008, 

spawning was completely asynchronous where peaks at Bar Harbor corresponded with 

dramatic decreases at Bartlett’s Landing and vice versa.  This suggests that spawning cues 

are highly localized, and the environmental factor(s) responsible varied significantly 

between sites in 2008.  From March 25th, 2009 through the end of the season, spawning 

was synchronous between sites with increases and decreases occurring at the same times 

at both sites.  This could mean that local conditions were similar in this year as opposed to 

2008.  In 2010 spawning was completely asynchronous between sites, which suggests 

spawning cues can vary dramatically even between adjacent bays. 

 Based on the results of the 2010 field season, it is clear that at least in some years 

embryos from these two bays do not intermix and that these data represent two distinct 

breeding populations.  However, it is unclear whether the site-specific spawning data 

represent a single large breeding population or several smaller populations within a single 



Page 29 of 34 

bay.  H. Hess and C. Petersen are currently researching the degree of spatial aggregation of 

C. frondosa during the spawning season. 

 

Potential Cues 

While this study was unable to reveal a specific cue for sea cucumber spawning, we 

were able to conclude that neither temperature nor lunar phase alone determine the timing 

and synchrony of spawning.  Sea cucumbers may use an entirely different cue altogether or 

the timing of spawning could be influenced by a combination of several factors.  This is 

consistent with the findings of Hamel and Mercier (1995) where spawning appeared to be 

initiated by a combination of environmental factors including temperature and light 

intensity. 

Some patterns regarding lunar phase relative to spawning synchrony were 

observed where synchronous spawning often occurred within the week of a new or full 

moon and where consecutive days of synchrony occurred during quarter moons.  However, 

no one of these patterns seems robust enough to conclude that lunar cycle alone causes 

synchronous spawning.   

Temperature may influence the spawning success and level of synchrony, in that 

spawning peaks tended to occur at colder temperatures.  Where daily average temperature 

data were unavailable for 2009, it is difficult to determine the role of temperature, because 

spawning during this year was very different from all other years, and the study could have 

benefited from the inclusion of these data.  However, data taken during samplings reveal 

that temperatures ranged from 0.6-8.1°C.  While these data represent sea water 

temperature at the time of sampling, they give a general indication of temperature 
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exhibited throughout the 2009 season.  This temperature range is dramatically larger than 

in other years, but is likely in large part due to temperature variation throughout a single 

day.   

 

Conclusion 

 The results of this study show that spawning patterns of C. frondosa are highly 

variable both spatially and temporally.  This project greatly benefitted from the several 

consecutive years of data collection and the addition of Bartlett’s Landing as a second study 

site in 2008.  Had this study not consisted of data across several years and between two 

study sites, much of the variation in spawning activity would not have been realized.  Data 

from one year versus any other could have yielded much more deterministic results based 

on temperature, lunar phase, or synchrony within and between sites. 

Several clear conclusions can be drawn from our results.  First, spawning within a 

given year consists of a mix of distinct synchronous spawning events and long spans of 

continuous spawning within a bay.  While spawning is likely isolated between bays, it is 

unclear whether our spawning data correspond to a large population within a bay or 

multiple, smaller populations.     

 Some general patterns were observed for relationships between spawning and 

lunar phase as well as temperature.  While neither of these potential cues seems to act as 

the sole influence for spawning, both may play a small part in determining the timing of 

spawning.  Additionally, the variation in spawning activity between sites suggests that one 

or more important spawning cue may be highly localized.  As previous studies have 
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suggested, it is likely that spawning is influenced by a combination of many parameters and 

some may weigh more heavily than others. 

 Finally, while this study is first-and-foremost a scientific research endeavor, our 

results may yield some important management implications.  One important result of this 

study is that spawning of C. frondosa occurs between mid-March and mid-May, which is 

similar to the findings of Jordan (1972).  Currently, fishing of C. frondosa in Maine is 

prohibited from July 1st through September 30th (Maine DMR), is not necessarily helpful to 

the conservation of the species.  Changing this closed season from its current designation to 

instead include the crucial spawning months of the species, could likely help this fishery to 

continue sustainably.  Also, knowing that distinct breeding populations may be separated 

even between adjacent bays could help with the definition and assessment of fishery 

stocks.  Where the landings and value data for C. frondosa may indicate that the species is 

already being over-exploited, it is important that we re-think our management guidelines 

and continue to seek a better understanding of the species. 

 

Acknowledgements 

This project was funded by a Rockefeller Fund Grant awarded to Chris Petersen and 

Helen Hess.  Several students assisted in data collection during the earliest years of this 

project, and for that I would like to thank: Erica Maltz, Genelle Harrison, Daniel Mancilla 

Cortez, and especially Sarah Drerup who directly preceded me and trained me in the field. 

I would also like to thank Chris Petersen, my academic advisor and mentor, for 

getting this project started, inviting me take over as research assistant in 2008, and for his 

continued help in the field and guidance through my first real research endeavor. 



Page 32 of 34 

References 

Bruckner, A. 2005. The recent status of sea cucumber fisheries in the continental United 
States of America. SPC Beche-de-mer Information Bulletin 22:39-46 
 
Cameron, J.L. and Fankboner, P.V. 1986. Reproductive biology of the commercial sea 
cucumber Parastichopus californicus (Stimpson) (Echinodermata: Holothuroidea). 
Canadian Journal of Zoology 64:168-175 
 
Chenoweth, S. and McGowan, J. 1997. Sea Cucumbers in Maine: Fishery and Biology. Maine 
Department of Marine Resources 
 
Conand, C. and Byrne, M. 1993. “A Review of Recent Developments in the World Sea 
Cucumber Fisheries.” Marine Fisheries Review 55(4):1-13 
 
Drerup, S. 2009. Cucumaria frondosa and Mya arenaria Research. Senior Project College of 
the Atlantic 
 
FAO Fisheries Department. 2005. Review of the state of world marine fishery resources. 
FAO Fisheries Technical Paper No. 457. Rome, FAO 235p. 
 
Gudimova, E.N., Gudimov, A. and Collin, P. 2004. A study of the biology for fishery in two 
populations of Cucumaria frondosa: in the Barents Sea (Russia) and in the Gulf of Maine 
(USA). In: Heinzeller, T. & Nebelsick, J.H. Echinoderms: München. Germany: CRC Press 269-
274 
 
Hamel, J-F and Mercier, A. 1995. Spawning of the sea cucumber Cucumaria frondosa in the 
St.Lawrence Estuary, eastern Canada. SPC Beche-de-mer Information Bulletin. 7:12-18 
 
Hamel, J-F and Mercier, A. 1996a. Early development, settlement, growth, and spatial 
distribution of the sea cucumber Cucumaria frondosa (Echinodermata: Holothuroidea). 
Canadian Journal of Fisheries and Aquatic Sciences 53(2):253-271 
 
Hamel, J-F and Mercier, A. 1996b. Gamete dispersion and fertilization success of the sea 
cucumber Cucumaria frondosa. SPC Beche-de-mer Information Bulletin 8:43-40   
 
Hamel, J-F and Mercier, A. 1998. Diet and feeding behaviour of the sea cucumber Cucumaria 
frondosa in the St.Lawrence estuary, eastern Canada. Canadian Journal of Zoology 76:1194-
1198 
 
Holtz, E.H. and MacDonald, B.A. 2009. Feeding behaviour of the sea cucumber Cucumaria 
frondosa (Echinodermata: Holothuroidea) in the laboratory and the field: relationships 
between tentacle insertion rate, flow speed, and ingestion. Marine Biology 156(2-3):1389-
1398 
 



Page 33 of 34 

Iliffe, T. and Pearse, J. 1982. Annual and lunar reproductive rhythms of the sea urchin 
Diadema antillarum (Philippi) in Bermuda. International Journal of Invertebrate 
Reproduction 5:139-148 
 
Jennings, S., Reynolds, J.D. and Mills, S.C. 1998. Life history correlates of responses to 
fisheries exploitation.  Proceedings of the Royal Society of London 265:333-339 
 
Jordan, A.J. 1972. On the Ecology and Behavior of Cucumaria frondosa (Echinodermata: 
Holothuridea) at Lamoine Beach, Maine. Ph.D. Thesis Orono: University of Maine. 75p. 
 
Kennedy, B. and Pearse, J.S. 1975. Lunar synchronization of the monthly reproductive 
rhythm in the sea urchin Centrostephanus coronatus Verrill. Journal of Experimental Marine 
Biology and Ecology 17(3)323-331 
 
Levitan, D.R., Sewell, M.A. and Chia, F-S.1992. How distribution and abundance influence 
fertilization success in the sea urchin Stronglyocentrotus franciscanus. Ecology 73(1):248-
254 
 
Levitan, D.R. and Sewell, M.A. 1998. Fertilization in free-spawning marine invertebrates: 
review of the evidence and fisheries implications. In: Proceedings of the North Pacific 
Symposium on Invertebrate Stock Assessment and Management. Canadian Special 
Publication in Fisheries and Aquatic Science 125:159-164. 
 
Maine Department of Marine Resources. 2009. State of Maine Marine Resources Law Book . 
Standish, Maine: Tower Publishing. http://www.maine.gov/dmr/lawsandregs/lawbook9-
12-09.pdf 
 
Medeiros-Bergen, D.E. and Miles, E. 1997. Recruitment in the holothurian Cucumaria 
frondosa in the Gulf of Maine Invertebrate Reproductive Development 31:123-133 
 
Mercier, A., Battaglene, S.C. and Hamel, J-F. 2000. Periodic movement, recruitment, and 
size-related distribution of the sea cucumber, Holothuria scabra in Solomon Islands. 
Hydrobiologia 440:81-100 
 
Pearse, J. 1968. Patterns of reproductive periodicities in four species of Indo-Pacific 
echinoderms. Proceedings: Plant Sciences 67:247-279 
 
Sewell, M.A. and Levitan, D.R. 1992. Fertilization success during a natural spawning of the 
dendrochirote sea cucumber Cucumaria miniata. Bulletin of Marine Sciences 51(2): 161-
166 
 
Scheibling, R.E. and Metaxas, A. 2008. Abundance, spatial distribution, and sizes structure 
of the sea star, Protoreaster nodosus in Palau, with notes of feeding and reproduction. 
Bulletin of Marine Science 82(2):221-235 
 

http://www.maine.gov/dmr/lawsandregs/lawbook9-12-09.pdf
http://www.maine.gov/dmr/lawsandregs/lawbook9-12-09.pdf


Page 34 of 34 

Singh, R., MacDonald, B.A., Lawton, P. and Thomas, M. 2001. The reproductive biology of the 
dendrochirote sea cucumber Cucumaria frondosa (Echinodermata: Holothuriodea) using 
new quantitative methods. Invertebrate Reproduction and Development 40:125-141 
 
Stoner, A.W and Ray-Culp, M. 2000. Evidence for allee effects in an over-harvested marine 
gastropod: density dependent mating and egg production. Marine Ecology Progress Series 
202:297-302 
 
Therkildsen, N.O. and Petersen, C.W. 2006. A review of the emerging fishery for the sea 
cucumber Cucumaria frondosa: Biology, policy, and future prospects. SPC Beche-de-mer 
Information Bulletin 23:16-24  
 
Thorson, G. 1950. Reproductive and larval ecology of marine bottom invertebrates. 
Biological Reviews 25:1-45 
 
Wild, P.W. 1980. Effects of sea water temperature on spawning, egg development, hatching 
success, and population fluctuation of the Dungeness crab, Cancer magister. California 
Cooperative Oceanic Fish 


