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INTRODUCTION 
The American lobster (Homarus americanus) fishery in Lobster Management Area 2 

(LMA 2) historically has been one of the most valuable commercial fisheries conducted in 
Southern New England (SNE).  LMA 2 comprises the inshore waters of Rhode Island and the 
south coast of Massachusetts, including Narragansett Bay, Block Island Sound, Rhode Island 
Sound, Buzzards Bay, Vineyard Sound, and Nantucket Sound, as well as the adjacent federal 
waters south of these areas out to the LMA 3 boundary (Figure 1).  The Massachusetts portion 
of this fishery exceeded 2.5 million pounds at the height of its productivity in the late 1990’s, 
when it employed over 200 fishermen, and had an estimated ex-vessel value of $8,750,000 
annually (based on an average $3.50 per/lb) (MADMF unpublished data).  In 2000, commercial 
landings started to decline and then experienced a precipitous drop after 2002 (Figure 2).  From 
2003 to 2012 annual lobster landings in LMA 2 decreased to less than 50% of the time-series 
average, with the lowest landings in 32 years occurring in 2011 and 2012.  The decline in 
landings in this fishery has resulted in substantial attrition in the number of participants, 
whereby the number of active commercial lobstermen has declined by 43% since 1999.  The 
decline in lobster landings in LMA 2 has put a substantial economic strain on commercial 
lobstermen, lobster dealers, and vessel support services in the Southern New England (SNE) 
region. 

Along with the observed decline in lobster fishery performance in LMA 2, the SNE 
lobster stock (which includes LMA 2) has experienced a precipitous decline in abundance.  
Results from the 2009 ASMFC Lobster Stock Assessment indicated that the SNE stock is in poor 
condition, with abundance substantially below the management threshold while exploitation 
rate was below the threshold levels (ASMFC 2009).  This indicates that despite fishing mortality 
rates dropping substantially since the early 2000’s, abundance has declined dramatically and 
has remained well below threshold levels.  In 2010 the ASMFC Lobster Technical Committee 
evaluated more recent trends in settlement and spawning stock biomass and determined that 
the SNE lobster stock was experiencing recruitment failure (ASMFC  2010).  The Technical 
Committee attributed the recruitment failure to the combined effects of increasing water 
temperatures, increased natural mortality (via increased disease rates and predation), and 
continued commercial exploitation of the stock.   As a result of the poor condition of the SNE 
lobster stock the ASMFC Lobster Management Board initiated an addendum to the 
management plan in the fall of 2010 with the goal of cutting exploitation by 50 or 75% on the 
SNE lobster stock.  Ultimately, in 2011 only a 10% reduction in catch was adopted by the 
Management Board.  Despite implementation of this management measure, the status and 
long term health of the SNE lobster fishery and resource remain in question, making it 
increasingly important to continue and expand lobster monitoring and research efforts.  

 Historically, the status of lobster stocks in the U.S. has been determined by stock 
assessments which rely heavily on abundance indices from state and federal trawl surveys.  
While these surveys represent a critical component to monitoring lobster stocks, they have 
several limitations which make it risky to rely solely on them for stock status determination.  
These limitations include the inability for the surveys to tow on hard/complex substrates 
preferred by lobsters, the inability to tow where large quantities of static fishing gear are 
present, and the lack of a standardized design specifically targeting lobsters across all 
jurisdictions.  A standardized fishery-independent survey designed specifically to target lobster 



was identified as a research need by the 2004 Lobster Stock Assessment (ASMFC 2006).  In 
2006, coastal states from Maine through New York implemented a Coastwide Ventless Lobster 
Trap Survey.  This is the only standardized lobster survey to provide high resolution data on 
lobster relative abundance and distribution over a broad geographic area.  The survey is unique 
in that the survey gear can be fished on all bottom types and in areas with existing 
concentrations of fixed gear.  The ventless trap survey utilizes a standardized trap design, and 
contracts commercial fishermen to fish the gear at randomly selected locations based on a 
stratification scheme incorporating depth and NMFS Statistical Area. 
 

 
Figure 1.  Map showing the location of Lobster Management Area 2 (LMA 2) in relation to Rhode Island and 
southeastern Massachusetts. 

 



As survey gear, traps have the fewest associated limitations in relation to habitat factors 
(Smith and Tremblay 2003), and incorporation of a stratified design to account for habitat 
should result in improved estimates of relative abundance (Tremblay and Smith 2001).  Depth 
was chosen as the habitat strata based on evidence generated from earlier ventless trap studies 
conducted by MADMF that indicated depth was the primary habitat variable driving catch rates 
and observed demographics in Massachusetts waters (MADMF unpublished data). The ventless 
trap survey currently provides robust data on incoming recruitment to the fishery, which can 
act as an “advanced warning system” to inform the industry of impending poor year classes. 

Within LMA 2, the existing ventless trap survey that occurs in Buzzards Bay (state waters 
portion of LMA 2) has provided MADMF with a valuable tool for monitoring a historically 
productive region.  However, in the last decade the inshore fishery in the MA portion of LMA 2 
has almost completely vanished, possibly related to changes in thermal habitat driving adult 
lobster out of the warmer inshore waters into deeper cooler waters.  Over the last five years, 
an average of 67% of commercial landings has come from federal waters (see Figure 2).  While 
the ventless survey effectively monitored the inshore regions, because it was restricted to state 
waters it did not spatially overlap with the bulk of the current fishery (Figure 3), nor did it well 
represent the deeper habitat which the lobsters appeared to be occupying.  Expansion of the 
survey into federal waters was conducted with the intent to accurately monitor the portion of 
the population on which the fishery currently operates, and to provide the only high resolution 
fishery-independent monitoring program in the Federal portion of LMA 2. 
 

 
Figure 2. Annual Massachusetts LMA 2 lobster landings and the percentage of the annual catch from federal 
waters (EEZ) from 1981 to 2012 
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Additionally, there are other commercially and recreationally important species, namely 
black sea bass, channeled whelk, and Jonah crabs with landings from both directed and  
bycatch fisheries in LMA 2.  The ventless trap survey records bycatch data, and these have 
become increasingly important to MADMF staff as an additional source of population 
information for these species.  

  
The goals of this project were to: 

1) Continue the random stratified ventless trap survey in the MA portion of Southern New 
England, adding to the 6-year time series of relative abundance,  

2) Spatially expand the survey area to include the Federal portion of NMFS Area 538 and the 
northern portion of NMFS Area 537, in order to better represent the area over which the 
fishery currently operates,  

3) Continue to collect bycatch information for use in examining patterns of distribution and 
abundance for species such as Jonah crabs (Cancer borealis), conch (aka channeled whelk, 
Busycotypus canaliculatus), and black sea bass (Centroprisitis striata). 



 
Figure 3.  Map showing the locations of the 2009 Coastwide Ventless Trap Survey sampling stations (black squares) 
and the commercial trap sampling locations from 2007 through 2009 (orange dots).  Also shown are the NMFS 
Statistical Area boundaries for Area 537, 538, and 539 (dark lines), as well as the demarcation of Massachusetts 
territorial waters (grey line). 

 

  



METHODS 

For the original ASMFC Coastwide Ventless Trap Survey, the territorial waters of each 
participating state were stratified by NMFS Statistical Area (SA) and by three depth ranges; 0 – 
20 meters, 21 – 40 meters, and 41 – 60 meters.  Depth strata and potential sampling cells were 
generated by overlaying the bathymetry of the study area with a one minute latitude/longitude 
grid in ArcGIS.  The two layers were then intersected, and the percent cover that each depth 
range occupied within a cell was calculated, relative to the total area of the cell.  The grid cell 
was then assigned a final depth stratum based on which depth category comprised at least 75% 
of the cell’s surface area.  Any ‘mixed’ cells (all depth categories < 75% of the cell) were 
excluded from the selection process.   

The expansion of the MA Southern New England ventless trap survey added potential 
sampling stations in the federal portion of NMFS SA 538, as well as stations in the northern-
most portion of SA 537 (see Figure 4, Table 1).  With this additional survey area, the number of 
stations sampled was nearly doubled to insure similar resolution as the original survey design 
(approximately 10% of the total survey area).  The same number of sampling stations were 
randomly selected from each depth strata on an annual basis.  There were no “deep” (41 – 
60m) stations available within the original survey area, so the original survey selected 12 
stations each from the “shallow” (0 – 20 m) and “mid” (21 – 40 m) strata for a total of 24 
stations.  With the expanded survey area, more stations were added, so 14 stations were 
selected from each depth strata for a total of 42 stations (Table 2). 
 

 
Table 1.  The number of cells available for selection as sampling stations, by strata, within the original survey area, 

the new area, and the new total area.  

 
 
 

Table 2.  Distribution of sampling stations randomly selected in each strata in 2011 and 2012.  

 
 

 
Stations were sampled twice per month from June through September in 2007 - 2012.  

The first year of the survey, 2006, had fewer total stations and only took place in SA 538 from 
June – August.  After 2006, various additional funding sources provided for the increase in time 
period and sampling intensity.  The bi-monthly sampling frequency of this design enhances the 

Original Newly added New total

Shallow (0 - 20) 222 24 246

Mid (21 - 40) 21 132 153

Deep (41 to 60) 20 20

Totals 243 176 419

shallow mid shallow mid deep

2011 13 2 1 12 14

2012 14 3 0 11 14

original area expanded area only



temporal resolution of the survey, making it more likely to capture seasonal aspects of lobster 
distribution and abundance.   

 

 
Figure 4.  Map of the MADMF Southern New England ventless trap survey area.  Dark dashed line 

delineates “interior” of Buzzards Bay (north of the line). Solid lines delineate NMFS Statistical Areas 

(Areas 537, 538, and 539). The original survey area is represented by the dotted overlay, while the new 

area is represented by the diagonal overlay. 

  



Each station was sampled with one six-trap trawl, with alternating vented and ventless 
lobster traps spaced 60’ apart (three of each per trawl, see Figure 5).  Survey traps were 
constructed of polyvinyl coated wire mesh (1” mesh) with a single parlor, overall dimensions of 
40” x 21” x 14”, and a single 1 15/16

th” rectangular escape vent in the parlor of the vented traps.  
All survey gear was rigged to meet Federal regulations for “whale-safe.”   

Trap deployment, maintenance, and hauling were contracted to commercial lobstermen 
based on a competitive bidding process.  To the degree possible, survey gear was hauled on a 
three to five day soak time, in the attempt to standardize catchability among trips.  All trawls 
were reset in the same assigned location after each haul.  MADMF staff accompanied the 
fishermen on each sampling trip to record CPUE and biological data.  Sea samplers used the 
standard MADMF lobster trap sampling protocol, which records: catch in number of lobster, 
number of trap hauls, set-over-days, trap and bait type, carapace length (to the nearest mm), 
sex, shell hardness, culls and other shell damage, external gross pathology (including shell 
disease symptoms), mortality, and presence of extruded ova on females (ovigerous).  Trawl 
location was confirmed with the station’s original coordinates after each haul via GPS.  Depth at 
mean low water for each trawl location was recorded from NOAA navigational charts as a 
coastwide standard to avoid variability from tidal fluctuations.  Additionally, bycatch species 
were identified and counted for each trap haul. 

On the first haul of each month, each lobster was banded on one chelae around the 
‘knuckle,’ such that the claw was not disabled.  Recaptures of banded individuals were recorded 
on all subsequent trap hauls.   

 
Figure 5.  Diagram of the arrangement of a ventless trawl. 
 
 



Data analysis 

Since the trawl was considered our unit of sampling, the catch data from vented and 
non-vented traps within an individual trawl were pooled, and catch per trawl haul was 
standardized to three of each trap type (vented and non-vented) prior to calculations of mean 
CPUEs.   In order to account for repeated observations of the same individuals, the annual 
recapture rate (proportion of total) of sublegal and legal lobsters was subtracted from the 
standardized catch per trawl for each size class, respectively.  We then calculated the mean 
CPUE of each size class for each depth stratum. 

The area-stratified mean for each survey area was calculated using the following 
formula: 

r

r
r
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A

A
U  

where Ar is the area of each depth stratum, A is the total area, and Ur is the mean 
standardized catch per trawl (CPUE) for each depth stratum.  The stratified mean was 
calculated separately for sublegal and legal-sized lobsters, and for four bycatch species (Jonah 
crabs, rock crabs, channeled whelk, and black seabass).  The annual area-stratified mean 
represents the time series of relative abundance for each bycatch species or size class of 
lobster. 

For reporting purposes, all catch per unit effort (CPUE) data were reported as the 
standardized catch per trap haul, or “CTH6”, which was calculated by dividing the standardized 
mean catch per trawl by six traps. 

Data from the original survey area were compared to data from the new survey area to 
examine the effects of the additional survey area on catch characteristics and CPUE.  Size 
distributions of lobsters observed in each depth stratum in the original survey area were 
statistically compared to lobsters from that stratum in the new area using the two-sample 
Komogorov - Smirnov test for continuous data.  Additionally, lobster and bycatch data were 
examined spatially by plotting station-specific results in ArcGIS.   

 
 

 
 
 

  



RESULTS - LOBSTER 

We completed a total of 24 trips in 2011 and 24 trips in 2012, with 335 trawl hauls each 
year.  A total of 2039 and 1764 lobsters were captured in the original survey area in 2011 and 
2012, respectively (see Table 3).  More lobsters were captured in the new area each year, 3857 
and 5851 in 2011 and 2012 respectively (see Table 3).   
 
Table 3.  Total numbers of lobsters captured from each strata in the original and expanded survey areas, 2011 and 

2012.  

 
 

 

The mean CTH6 of sublegal and legal-sized lobsters in 2011 was higher in the mid 
stratum than the shallow stratum within the original survey area, but in the expanded survey 
area it was more evenly distributed among the depth strata (Table 4).  The mean CTH6 of 
sublegal lobsters was lowest in the original shallow stratum both years, as was the mean CTH6 
of legal lobsters (sublegals: 1.54 and 1.44 in 2011 and 2012, legals: 0.16 and 0.19 respectively; 
Tables 4 & 5).  The mean catch rate of sublegal-sized lobsters was always higher than the legal 
catch rate. 

In 2011, the CTH6 of ovigerous females (“eggers”) was higher in the mid stratum than 
the shallow stratum within the original survey area, but highest in the shallow stratum in the 
expanded area (Table 4).  In 2012, the CTH6 of eggers in the original area was very low in both 
strata, but higher and relatively similar in the mid and deep strata of the expanded area (Table 
5).  In 2011 the percent of females that had eggs was generally low and similar in the two depth 
strata of the original area, and was similar to the mid and deep strata in the expanded area 
(Table 4). The shallow stratum of the expanded area had the highest percentage of females 
with eggs in 2011, at 19%.  In 2012 the original area had a lower percentage of females with 
eggs than 2011 (both strata), but slightly higher percentages in the expanded area (mid and 
deep strata). 
   Generally, sex ratio was more female-skewed in the expanded survey area than in the 
original survey area, with the legal size group being more female-skewed than the sublegals 
(Tables 4 and 5).  For both years the sex ratio in the shallow stratum of the original area was 
generally male-skewed, particularly within the legal sizes (32.4% F and 23.8% F for 2011 and 
2012 respectively; Tables 4 and 5).  Interestingly the shallow stratum of the expanded area 
(2011) was very female-skewed in the legal size range, similar to the other depth strata of the 
expanded area.  This was likely related to the location of the single shallow stratum station in 
the expanded area, close to Martha’s Vineyard, where oceanographic conditions may produce 
cooler waters.  The mid stratum of the original survey area was very female-skewed in 2011, 
but not in 2012.  
  Shell disease rates tended to be slightly higher in the expanded survey area than the 
original survey area (Tables 4 and 5), with the exception of male lobsters in 2012 (Table 5).  A 

shallow mid shallow mid deep

2011 1143 896 155 1761 1941

2012 1152 612 -- 2747 3104

original area expanded area only



higher percentage of females had disease symptoms than males, with the odd exception of 
lobsters in the original shallow stratum in 2012 where the trend was reversed (12% males and 
8% females with disease).   
 

 
Table 4.  CPUE and catch characteristics for 2011 original and expanded survey areas, by depth stratum.  CPUE is 

reported as mean CTH6  (± S.E.).  Catch characteristics include the percentage of females that had eggs, the sex 

ratio (% female) for all sizes combined as well as for sublegal and legal-sized lobsters, and the percent of lobsters 

with shell disease (sexes combined), and the percent of males and females with disease, respectively.  

 
 
 
Table 5.   CPUE and catch characteristics for 2012 original and expanded survey areas, by depth stratum.  CPUE is 

reported as mean CTH6  (± S.E.).  Catch characteristics include the percentage of females that had eggs, the sex 

ratio (% female) for all sizes combined as well as for sublegal and legal-sized lobsters, and the percent of lobsters 

with shell disease (sexes combined), and the percent of males and females with disease, respectively.  

 
 
 

shallow mid shallow mid deep

CTH6 sublegals 1.54 (0.29) 8.18 (0.56) 2.61 (0.40) 2.51 (0.24) 2.23 (0.13)

CTH6 legals 0.16 (0.02) 0.49 (0.10) 0.53 (0.11) 0.49 (0.05) 0.61 (0.05)

CTH6 eggers 0.06 (0.02) 0.44 (0.15) 0.40 (0.17) 0.15 (0.03) 0.11 (0.02)

% fem w eggs 7.7 8.4 19.39 7.51 5.64

sex ratio (% F) 44.3 56.0 63.2 63.5 64.7

   (% F) sublegals 45.5 55.0 60.16 60.63 61.67

   (% F) legals 32.4 73.1 77.78 77.78 75.64

% diseased 10.0 7.2 14.8 16.7 24.3

    %SD males 7.8 4.6 14.04 6.39 7.31

    %SD females 12.6 9.2 15.31 22.63 33.55

original area expanded area only

shallow mid shallow mid deep

CTH6 sublegals 1.44 (0.27) 3.45 (0.97) NA 4.48 (0.43) 3.87 (0.21)

CTH6 legals 0.19 (0.03) 0.57 (0.18) NA 0.76 (0.09) 0.76 (0.06)

CTH6 eggers 0.02 (0.01) 0.07 (0.02) NA 0.39 (0.09) 0.22 (0.03)

% fem w eggs 3.4 3.3 NA 12.23 8.10

sex ratio (% F) 38.2 49.3 NA 60.2 59.9

   (% F) sublegals 40.2 50.4 NA 59.23 57.17

   (% F) legals 23.8 43.5 NA 65.52 73.60

% diseased 10.3 10.8 NA 12.8 14.3

    %SD males 11.7 7.7 NA 5.12 4.66

    %SD females 8.0 13.9 NA 17.86 20.82

original area expanded area only



In 2011, the size distribution of lobsters caught in the original survey area was generally 
smaller than in the new area (Figure 6).  There was a statistically significant difference in the 
size distribution of lobsters observed in the shallow original stratum vs the shallow new stratum 
(K-S test, p <0.05), and in the size distribution of lobsters in the original mid stratum compared 
to the new mid stratum (K-S test, p <0.05).   In 2012, only the middle stratum was represented 
in both the original and new survey areas, and the size distribution was statistically similar in 
the original and new mid strata (K-S test, p >0.05).  The shallow original stratum appeared to 
have the smallest size distribution of lobsters in 2012 (Figure 7). 

Frequently, we have found that the catch from one or two stations can have a large 
influence on resulting catch characteristics when averaged across a depth stratum.  An 
examination of the results spatially (by sampling station) provides a more representative, fine-
scale picture of the survey results.    

Most of the shallow stratum stations in the interior of the Bay (refer to Figure 4 for 
“interior” orientation) averaged less than 1.0 sublegal lobster per trap haul, and less than 0.25 
legals per trap haul (Figures 8A and 8B).  There were a couple exceptions to this tendency in 
2012, when two interior stations had 1-5 sublegals per trap haul, and one station had 0.26 – 
0.50 legal-sized lobsters per trap haul (Figures 9A and 9B).  Higher catch rates of both sublegal 
and legal-sized lobsters occurred in the stations near the mouth of the Bay, either in the mid or 
deep stratum, or occasionally in the shallow stratum where there were deeper waters or 
channels between islands nearby.  These shallow stations likely experienced more dynamic flow 
conditions, which may have kept them slightly cooler or otherwise made them more desirable 
habitat than interior shallow stations. 

The distribution of the total female catch consistently showed that stations in the 
interior of the Bay represented very low percentages of the females observed. Cumulatively 
only 0.9% of all females in 2011 (Figure 10A) and 1.5% of all females in 2012 (Figure 11A) were 
caught in interior stations.  In neither 2011 nor 2012 were there any interior stations with more 
than 1% of the females.  Similarly, most of the interior stations represented a low percentage of 
the total male catch; cumulatively interior stations saw only 3.7% of all males in 2011 (Figure 
10B), and 4.3% of all males in 2012 (Figure 11B). However, there were a few exceptions; in both 
years there were a couple stations inside the Bay that represented 1 – 5% of the total male 
catch (Figures 10B and 11B).   

In general, most of the lobsters (98% in 2011 and 97% in 2012) were caught in stations 
in the outer portion of the Bay and in the new survey area (Figures 10 and 11).  Overall the 
lobsters were distributed throughout this area. Only one station had more than 10% of the 
catch of either sex; this station had 10 – 15% of all males in 2011 (Figure 10B).  While it was a 
shallow stratum station, it was located in an area with strong currents, and near some deeper 
waters, likely making it relatively attractive habitat.  This particular station also had the highest 
mean CTH6 of sublegal lobsters seen in the two study years (see Figure 8A). 

The spatial distribution of ovigerous females reflects that of females in general, in that 
there are very few ovigerous females found in stations inside Buzzards Bay (Figures 12 and 13). 
Many interior stations caught no ovigerous females, either early or late stage.  Females with 
late stage eggs, (just prior to hatch or recently hatched) were seen almost exclusively in stations 
located in the new survey area; 95% of all late stage eggers in 2011 (Figure 12A) and 92% of all 
late stage eggers in 2012 (Figure 13A).  The same was true for early stage eggers (recently 



spawned) in 2012, with 93% of all early stage eggers in the new area (Figure 13B). However, 
there were two stations in the outer portion of the original survey area where a higher 
percentage of early stage eggers than anywhere else were captured in 2011 (Figure 12B).  One 
of these stations was also the station mentioned earlier with a high percentage of the males 
and high CTH6 of sublegals.  The other station was nearby, in the mid depth stratum.  Obviously 
there are some fine scale habitat features that are making certain locales within our study area 
more attractive than others.  There was also a ‘concentration’ of early stage eggers in 2012, due 
west of Martha’s Vineyard in the new survey area (Figure 13B).  Four stations in relatively close 
proximity accounted for 49% of all early stage eggers observed in the survey.  Interestingly, the 
fifth station in the area accounted for less than 1% of early stage eggers observed, again 
suggesting some very fine scale habitat features may interact with depth in determining lobster 
distributions.   

Only a small percentage of the lobsters with shell disease were found at stations inside 
the Bay, true for both sexes, both years (Figures 14 and 15).  Most interior stations didn’t have 
any shell diseased lobsters.  Diseased females were relatively evenly distributed among the 
outer Bay and new area stations, with only a few stations each year representing as high as 5 – 
10% of the diseased female catch (Figures 14A and 15A).  The diseased males seemed to show a 
little more concentration, with stations representing higher percentages of the total catch in 
the outer portion of the Bay, between the mid strata and near the islands.  In 2012, two 
stations together comprised about 35% of the diseased male catch (Figure 15B), while one 
station in 2011 at a nearby location had 11% of the diseased male catch (Figure 14B).  These 
particular stations also had moderate to high catch rates in general (see Figures 8 and 9), with 
relatively balanced sex ratios (data not shown).  Interestingly, the distributions of diseased 
males and females were not necessarily similar.  It would appear that the distribution of shell 
disease mirrors the distribution of lobsters generally, not that lobsters in specific locations are 
more likely to have higher disease prevalence.   
 
 

 



 
Figure 6.  Cumulative length frequencies of lobsters from each strata in the original survey area and the expanded 

area, from 2011.  Vertical dotted line represents minimum legal size (86 mm CL). 

 

 
Figure 7.  Cumulative length frequencies of lobsters from each strata in the original survey area and the expanded 

area, from 2012. Vertical dotted line represents minimum legal size (86 mm CL). 



 

 
Figure 8.  Mean CTH6 at each sampling station for sublegal (A) and legal-sized (B) lobsters in 2011.  The solid lines delineate NMFS statistical areas while the 

dashed line represents MA territorial waters.  Refer to Figure 1 for “original” vs “new” survey extents. 
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Figure 9.  Mean CTH6 at each sampling station for sublegal (A) and legal-sized (B) lobsters in 2012.  The solid lines delineate NMFS statistical areas while the 

dashed line represents MA territorial waters.  Refer to Fig x for “original” vs “new” survey extents. 

 

  

A B 



 

 
Figure 10.  Percent of the total female (A) and male (B) catch observed at each sampling station in 2011. Histograms show the number of stations within each 
percentage bin of the total sex-specific catch.  
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Figure 11.  Percent of the total female (A) and male (B) catch observed at each sampling station in 2012.  Histograms show the number of stations within each 
percentage bin of the total sex-specific catch. 
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Figure 12.  Percentage of the total catch of females with A) late stage eggs (near hatching or recently hatched) and B) early stage eggs (recently spawned) at 
each sampling station in 2011.   Histograms show the number of stations within each percentage bin of the total ovigerous (late or early stage, respectively) 
female catch. 
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Figure 13.  Percentage of the total catch of females with A) late stage eggs (near hatching or recently hatched) and B) early stage eggs (recently spawned) at 
each sampling station in 2012.   Histograms show the number of stations within each percentage bin of the total ovigerous (late or early stage, respectively) 
female catch. 
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Figure 14.  Percentage of the total catch of shell-diseased females (A) and males (B) at each sampling station in 2011.   Histograms show the number of stations 
within each percentage bin of the total shell diseased, sex-specific catch. 
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Figure 15.  Percentage of the total catch of shell-diseased females (A) and males (B) at each sampling station in 2012.   Histograms show the number of stations 
within each percentage bin of the total shell diseased, sex-specific catch. 
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The Coastwide Ventless Trap Survey is intended to provide an additional index of lobster 
relative abundance for monitoring and stock assessment purposes.  As such, we generate an 
area-stratified mean CTH6 for sublegal (< 86 mm CL) and legal (≥ 86 mm CL) lobsters.  In order 
to examine how the extended survey area affects the stratified mean, we calculated the means 
for the 2011 and 2012 years first using only data from stations within the original survey area, 
then again using all the stations sampled in 2011 and 2012, incorporating the changes in strata 
area into the calculation of the mean.   There is a difference in the sublegal index trend for 
2012, with the original survey showing a slight decline from the 2011 mean, while the newly 
expanded index shows a slight increase (Figure 16).  For legal lobsters, the 2011 and 2012 
values are slightly higher for the newly expanded survey compared to the original area.  Thus 
incorporating the new data indicates a slight increase in relative abundance of legals for the last 
two years.  The deviations from the trend shown with the original survey area data indicate that 
the time series will need to be interpreted with caution, or treated as a new time series, after 
the survey expansion.   

 
Figure 16.  Stratified mean CTH6 (±S.E.) for sublegal and legal-sized lobsters.  Solid lines represent the time series 
encompassing only the original survey area.  Dashed lines represent the stratified mean CTH6 for the entire, newly 
expanded (original + new) survey area (2011 and 2012 only).  

 
 
 
 



 It is worth noting that water temperatures in the survey area during 2012 were the 
highest on record (Figure 17), which may explain the larger discrepancy between the sublegal 
index from the original area compared to the new area.  Lobsters may have been utilizing the 
deeper waters in the new survey area as a thermal refuge even more than in previous years 
due to the extraordinary warmth.  An examination of bottom water temperature trends in the 
original and expanded survey areas support this theory (Figures 18 and 19).  The bottom water 
temperature at locations in upper Buzzards Bay exceeded the avoidance threshold 19° C, 
(Crossin et al 1998) and the physiological stress threshold 20° C (Dove et al 2005, Steenbergen 
et al 1978) threshold for lobsters by early July and remained above those thresholds for the 
remainder of the survey period.  Whereas the bottom water temperatures in the deeper strata 
of the expanded survey area remained within the preferred temperature range of lobsters 12° 
to 18° C (Crossin et al 1998) for the entire survey period.   
 

 
Figure 17. Annual mean bottom water temperature at Cleveland Ledge (35’) - Buzzards Bay, 
Massachusetts 1986 to 2012. 
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Figure 18. Map depicting the location of  temperature monitors from the Ventless Trap Survey (green dots) and 
two MADMF permanent monitoring stations (red dots).   

 
 
 
 



 
Figure 19.  Temperature profile of Buzzards Bay during the 2012 Ventless Trap Survey.  Shaded green area 
represents the preferred temperature range for lobsters, yellow shaded area represents the thermal avoidance 
threshold, and red shaded area represents the thermal stress threshold for lobsters. 
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RESULTS – BYCATCH SPECIES 
There are a number of commercial pot fisheries that occur in Southern New England in 

addition to American lobster.  The ventless trap survey has given us an opportunity to look at 
population trends for a number of these species, including; Jonah crabs (Cancer borealis), rock 
crabs (Cancer irroratus), black seabass (Centropristis striata), and channeled whelk 
(Busycotypus canaliculatus).  Table 6 shows the mean CTH6 by strata for the original survey 
area, and the expanded area for these four species.   

 
Table 6.   

 
 
The expanded survey area was particularly beneficial in examining the Jonah crab 

resource.  Our original survey area caught a small number of Jonah crabs, the area-weighted 
stratified mean was never greater than 0.6 CTH6 (Figure 20), but with the inclusion of the 
expanded area the stratified mean increased to 3.0 and 1.6 CTH6 in 2011 and 2012, respectively 
(Figure 20).  The stratified mean of the last three years of the original survey area was near 
zero.  Most of the stations inside MA state waters never caught Jonah crabs, whereas all of the 
stations in the expanded area caught crabs, generally averaging more than 10 crabs per trap 
haul (Figures 21A and 21B).  There was a decline from 2011 to 2012 within the deep strata 
(Figures 21A and 21B), however, the time series is too short to draw any conclusions about a 
trend in abundance.  The low catch rates in the area covered by the original survey may be an 
indication that the original survey didn’t coincide with normal habitat for this species, thus was 
not particularly useful for monitoring population trends.     

Rock crabs showed a fairly similar pattern to Jonah crabs.  There was a downward trend 
in their stratified mean CTH6 over the course of the survey (2007-2012), with the exception of a 
slight upturn in 2012 (Figure 22).  The highest recorded stratified mean from the original survey 
area was 1.2 rock crabs per trap haul.  With the new survey area added, the stratified means in 
2011 and 2012 were 2.0 and 1.5 respectively.  Expanded survey area stations had the highest 
rock crab catch rates in 2011 and 2012 (Figures 23A and 23B).   

2011

shallow mid shallow mid deep

Jonah crabs 0.01 (>0.00) 0.06 (0.04) 2.19 (0.58) 6.40 (0.74) 16.82 (0.77)

rock crabs 0.13 (0.05) 0.00 (0.00) 0.27 (0.17) 5.06 (0.96) 7.10 (0.63)

black seabass 0.25 (0.03) 0.14 (0.04) 0.35 (0.11) 0.18 (0.03) 0.01 (0.01)

channeled whelk 0.58 (0.08) 0.05 (0.03) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

2012

shallow mid shallow mid deep

Jonah crabs 0.03 (0.02) 0.31 (0.06) 3.08 (0.41) 12.41 (0.97)

rock crabs 0.10 (0.05) 4.17 (1.43) 3.28 (0.59) 3.04 (0.37)

black seabass 2.11 (0.27) 2.15 (0.83) 0.54 (0.07) 0.19 (0.04)

channeled whelk 0.40 (0.06) 0.29 (0.16) 0.03 (0.02) 0.00 (0.00)

original area expanded area

original area expanded area



 
Figure 20.  Stratified mean CTH6 (±S.E.) for Jonah crabs.  Solid lines represent the time series encompassing only 
the original survey area.  Dashed lines represent the stratified mean CTH6 for the entire, newly expanded (original 
+ new) survey area (2011 and 2012 only). 

 
 



 

 
Figure 21.  Mean CPUE (given as CTH6) at each sampling station for Jonah crabs in 2011 (A) and 2012 (B).  The solid lines delineate NMFS statistical areas while 
the dashed line represents MA territorial waters.  Refer to Figure 4 for “original” vs “new” survey extents. 
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Figure 22.  Stratified mean CTH6 (±S.E.) for rock crabs.  Solid lines represent the time series encompassing only the 
original survey area.  Dashed lines represent the stratified mean CTH6 for the entire, newly expanded (original + 
new) survey area (2011 and 2012 only).   

 



 

 
Figure 23.  Mean CPUE (given as CTH6) at each sampling station for rock crabs in 2011 (A) and 2012 (B).  The solid lines delineate NMFS statistical areas while 
the dashed line represents MA territorial waters.   
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Including the expanded area for channeled whelk index caused a downward shift in the 
relative abundance (Figure 24) due to the new survey area contributing scant catch (Figures 
25A and 25B).  Whelk appear to be limited to the shallower two depth strata, thus the 
expanded area has added little to our ability to monitor this species.  However, the original 
survey area appeared to provide a good survey index for Channeled whelk.  

The inclusion of the expanded survey area had little impact upon the black seabass 
survey index (Figure 26).  The trend in seabass from the original survey area had been declining 
through 2011, but nearly doubled in 2012.  The addition of the expanded survey area slightly 
depressed the survey index value for 2012, but still showed the same overall trend as the 
original survey area data.  Catch rates of black seabass were at a time series low in 2011 (Figure 
26), with many of the deep water stations not catching any seabass in 2011 (Figure 27A).  
However, 2012 catch rates increased dramatically and were the highest in the time series 
(Figure 26).  Many stations averaged more than one seabass per trap haul, and while the 
expanded area stations caught more seabass than the year before, the most productive 
stations came from the shallower waters of upper Buzzards Bay (Figure 27B).  
 

 
Figure 24.  Stratified mean CTH6 (±S.E.) for channeled whelk.  Solid lines represent the time series encompassing 
only the original survey area.  Dashed lines represent the stratified mean CTH6 for the entire, newly expanded 
(original + new) survey area (2011 and 2012 only).   

 



 
Figure 25.  Mean CPUE (given as CTH6) at each sampling station for channeled whelk in 2011 (A) and 2012 (B).  The solid lines delineate NMFS statistical areas 
while the dashed line represents MA territorial waters.   
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Figure 26.  Stratified mean CTH6 (±S.E.) for black seabass.  Solid lines represent the time series encompassing only 
the original survey area.  Dashed lines represent the stratified mean CTH6 for the entire, newly expanded (original 
+ new) survey area (2011 and 2012 only).   



 
Figure 27.  Mean CPUE (given as CTH6) at each sampling station for black seabass in 2011 (A) and 2012 (B).  The solid lines delineate NMFS statistical areas 
while the dashed line represents MA territorial waters.   
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DISCUSSION 
This two-year expanded survey has provided us with the opportunity to examine the 

lobster population outside MA state waters, where the commercial industry has shifted their 
efforts.  Presumably this shift in commercial effort followed the lobsters, an assumption which 
is supported by the survey data comparing catch in the interior of Buzzards Bay to catch in the 
outer Bay and new survey areas.  We observed very few legal-sized lobsters inside Buzzards 
Bay.  Those stations with the higher catch rates of legal-sized lobster were nearly all in the new 
survey area, in the mid and deep depth strata.  Similarly, the majority of the sublegal catch was 
in the mid and deep strata, not in the shallow interior of Buzzards Bay.  The general paucity of 
lobsters of both size classes inside Buzzards Bay suggests that it is not necessarily a fishery 
depletion issue driving low catch inside Buzzards Bay, but a broad scale environmental effect.  
Both legal and sublegal lobsters are avoiding the shallow interior of the Bay, where water 
temperatures in recent years have been regularly exceeding physiologically stressful limits 
(MADMF unpublished data, Steenbergen et al 1978, Dove et al 2005).   Conversely, those depth 
strata and locales where the bottom temperatures remain within the preferred range for 
lobsters (12° to 18° C Crossin et al 1998) had consistently higher catch rates of lobsters.  These 
spatial patterns in catch, in relation to the temperature trends, may suggest that the lobster 
resource in LMA 2 is concentrating into areas of thermal refugia. 

Expansion of the survey also enabled us to better detect ovigerous females, which were 
extremely rare inside the Bay.  The ability to monitor the proportion of females that have eggs, 
as well as their location at varying stages of egg development, is integral to understanding 
larval availability and connectivity between settlers and adults.  The majority of the ovigerous 
females observed in 2011 and 2012 were outside the original survey area, meaning this 
expanded survey area is critical to monitoring the reproductive component of the population.   

Shell disease is a major concern for the Southern New England lobster resource, and 
may be a symptom of stressors in the system that could be leading to increases in natural 
mortality.  Thus it is extremely important to be able to effectively monitor the proportion and 
components of the population that are experiencing disease symptoms.  Data from previous 
years of the ventless survey seemed to suggest that lobsters with disease were concentrated 
around the mouth of the Bay and the outer Elizabeth Islands.  The expansion of the survey has 
allowed us to observe lobsters and disease rates beyond the previous spatial limitations, 
providing a better picture of how disease impacts the population.  Shell diseased lobsters were 
distributed amongst the population throughout the mid and deep strata.  So while it is true that 
the incidence of shell disease was higher in the deeper waters near the mouth of the Bay and 
the Elizabeth Islands, this appears to be the case because this was where the vast majority of 
lobsters, and specifically female lobsters, were located. 

Although it may be necessary to begin a new time series of relative abundance to 
include the expanded survey area (starting in 2011), we feel this spatial expansion provides a 
more accurate representation of the population in the Southern New England area than the 
previous survey extent.  We strongly suggest that the ventless trap survey continue to occur in 
this expanded capacity, including not only the new area, but maintaining the entire original 
area as well.  While the expanded area appears to better overlap the locations of the 
population and the fishery, it is important to remember that lobsters historically were relatively 
abundant in the interior of Buzzard Bay, and supported a multi-million dollar fishery within 



state waters.  That is no longer the case, but continuing to survey the area will provide the 
proper historical perspective, as well as enable us to detect any changes in the future.  
Similarly, while the newly added deep stratum did not have the highest catch rates nor any 
concentrations of particular components of the population, it will be interesting to monitor 
whether catch rates in that stratum increase with persistence of observed warming trends.  The 
population appears to have already moved away from the warmest inshore areas, such as 
Buzzards Bay.  It is possible that deeper nearshore areas will become refugia from stressful 
conditions.  The expanded survey design provides an effective means to document this 
potential population contraction, important for informing potential management responses.      

The continued inclusion of the expanded survey area would have great benefits not only 
to monitoring the lobster population, but also for other economically important species such as 
Jonah crabs and possibly for many other emerging fisheries.  With the decline of the Ssouthern 
New England lobster fishery, more pot fishermen have turned to other fisheries for income.  
This has led the Jonah crab and channeled whelk fisheries to become the 11th and 12th most 
valuable fisheries in the state, respectively (MA DMF unpublished data).  Jonah crabs were the 
9th most important species by weight in 2012 (MA DMF unpublished data).  Based on 
preliminary 2013 data, Jonah crabs are expected to climb even higher in state rankings in both 
value and weight (MA DMF unpublished data). 

The original survey area likely did not capture abundance trends for Jonah crabs 
because the survey did not sample much of their preferred habitat.  With the inclusion of the 
expanded area, which includes the area where the commercial fishery now operates, our catch 
rates have greatly improved and we are now more likely to be able to accurately track changes 
in relative abundance.   

The expanded survey has also improved our sampling of rock crabs.  This species is a 
candidate to have increased fishery pressure in the future due to recent attempts to market the 
meat to high end restaurants as “peekytoe crab”.  This fishery was the 54th most important 
state fishery based on landings value in 2012 (MA DMF unpublished data). 

Finally, the Coastwide Ventless Trap Survey will be utilized for the first time in the 2014 
American Lobster Stock Assessment as an additional abundance index.  The ASMFC Stock 
Assessment Sub-committee is currently deliberating on how to best incorporate the survey 
data into the length-based assessment model, and this will be a major agenda item at an 
assessment meeting this fall.  Additionally, the spatial data will be extremely informative to the 
committee as they attempt to understand and describe the changes taking place in the 
Southern New England lobster stock.  

 
 

 
  



SUMMARY OF RESEARCH RESULTS 
 

 There were few lobsters, either legal or sublegal-sized, inside the shallow interior of 

Buzzards Bay. 

o The higher catch rates were observed in the mid and deep strata, mostly in the 

new study area. 

 

 Ovigerous females were extremely rare in the shallow interior of Buzzards Bay. 

o Most ovigerous females were observed in the new expanded area sampling 

stations. 

o The expanded area appears to be critical to monitoring the reproductive 

component of the population. 

 

 The complete expanded survey area (including the original and new areas) is a more 

appropriate survey area for monitoring the lobster resource in the MA portion of 

Southern New England. 

 

 The complete expanded survey area is also a more appropriate survey area for monitoring   

commercially important species such as Jonah crabs and may prove useful to monitoring other 

emerging fisheries as they develop.   
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