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EXECUTIVE SUMMARY 

This assessment update for ocean quahog in the US EEZ is based on fishery-dependent data from 
1978 through 2011, NEFSC clam survey data from 1982 through 2011, and biological 
information. Since this is an assessment update, there are no specific terms of reference 
addressed. In addition, shell length-meat weight relationships, survey and commercial dredge 
efficiency, and size selectivity estimates were not updated to include new depletion experiment 
data collected in 2011, and assessment models were configured in the same way as in the 
previous assessment (NEFSC 2009). These types of auxiliary information will be updated in the 
next ocean quahog benchmark assessment. 

According to the most recent data, ocean quahogs in the US EEZ are not overfished, and 
overfishing is not occurring. Total fishable stock biomass (all regions) during 2011 was 2.961 
million mt of meats, which is above both the biomass target (1.73 million mt) and biomass 
threshold (1.39 million mt). The fishing mortality rate during 2011 for the exploited region (all 
areas but GBK) was F= 0.01 y-1, which is below the overfishing threshold F45% = 0.022 y-1. 

Year: 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 1Min  Max Mean
2Quotas:

ITQ fishery 20.4 20.4 22.7 24.2 24.2 24.2 24.2 24.2 24.2 24.2 15.9 27.2 22.2

Maine 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
3Landings:

ITQ fishery 17.9 18.8 17.7 13.6 14.3 15.6 15.5 15.9 16.1 14.1 12.1 22.4 17.7

Maine 0.39 0.36 0.31 0.30 0.37 0.31 0.20 0.17 0.17 0.20 0.01 0.72 0.36

Total 18.3 19.2 18.0 13.9 14.7 15.9 15.7 16.1 16.3 14.3

Biomass           
(whole stock):

3,431 3,378 3,324 3,270 3,221 3,170 3,119 3,067 3,014 2,961 2,961 3,946 3,557

Fishing mortality 
(exploited area): 0.0102 0.0109 0.0105 0.0083 0.0088 0.0098 0.0101 0.0107 0.0112 0.0101 0.0050 0.0110 0.0090

Fishing mortality 
(whole stock): 0.0052 0.0055 0.0053 0.0041 0.0044 0.0049 0.0049 0.0052 0.0054 0.0049 0.0030 0.0060 0.0050

4Recruitment: 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 0.072 78.74 N/A

3 Landings not adjusted for incidental mortality, which is assumed to be 5% of landings.  Discards are very low.
4 Recruitment is an estimated average assuming zero recruitment in DMV and SVA. 78.74 was the level estimated before 1993.

2 Quotas, landings, stock biomass and recruitment expressed in thousands of metric tons meats.

Landings and status table (weights in thousands of mt meats): Ocean quahog

1Min, max & mean: Maine quota & landings = 1990-2011; EEZ quota & landings = 1980-2011; EEZ B, F & recruitment = 1978-2011.
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ocean quahog stock assessment region abbreviation 
U.S. Exclusive Economic Zone EEZ 

Maine MNE 
Georges Bank GBK 

southern New England SNE 
Long Island LI 
New Jersey NJ 

Delaware/Maryland/Virginia DMV 
southern Virginia and North Carolina SVA 

In 2009, the ocean quahog Stock Assessment Review Committee (SARC) recommended new, 
more conservative reference points for the biomass threshold, fishing mortality threshold, and 
target fishing mortality. The proposed reference points were approved by the Mid Atlantic 
Fishery Management Council (MAFMC) in October 2009 for inclusion in Amendment 15 to the 
ocean quahog and surfclam Fishery Management Plan (FMP) expected to be implemented in 
2013. The newly recommended BThreshold of 1.39 million mt is 40% of the 1978 (considered pre-
fishery) biomass and the recommended biomass target is 1.73 million mt, which is one-half of 
the 1978 biomass. F45% was recommended as a better FMSY proxy for an exceptionally long-lived 
species with a very low natural mortality rate like ocean quahogs. The current status of the ocean 
quahog stock remains not overfished and without overfishing relative to these proposed new 
reference points. 

The current FMP requires comparison of the overfishing threshold reference point to fishing 
mortality occurring in the exploited portion of the stock only, which currently includes the SVA, 
DMV, NJ, LI, and SNE regions. The GBK region, which has not been open to ocean quahog 
fishing since 1990 due to the risk of paralytic shellfish poison (PSP) contamination, contains 
about 43% of total ocean quahog fishable biomass (2011 NEFSC survey data). However, much 
of Georges Bank has reopened for both ocean quahog and surfclam, as effective new at-sea PSP 
testing protocols have been developed. Harvest policies for ocean quahog may need to be 
reconsidered if a fishery develops on Georges Bank. However, there have never been any 
appreciable ocean quahog landings from GBK due to the distance from processing plants and 
difficult fishing conditions there.  

The ocean quahog fishery has shifted north over the last three decades as catch rates decreased 
on the original fishing grounds off Delmarva and New Jersey. In the 1980s, the bulk of the 
fishing effort was off Delmarva and southern New Jersey. In the 1990s, effort fell by half in 
Delmarva, as effort moved northward to the Long Island and Southern New England regions. For 
the past ten years, the majority of fishing effort has been in the Long Island region.  

Fishing effort has declined in the ocean quahog fishery from a high of over 40,000 hours per year 
during the 1990s to about 25,000 hours per year recently. The number of active vessels in the 
EEZ in 2011 was the lowest on record, but the average size of ocean quahog vessels has also 
increased over time. LPUE for the EEZ stock as a whole has been fairly stable since 1982, but is 
currently higher in northern areas (LI and SNE) than in the south (NJ and DMV). Landings 
have declined since the peak of almost 22,500 mt in 1992 to a little more than 14,000 mt in 2011. 
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Based on assessment data, the ocean quahog population is an unproductive stock with infrequent 
recruitment, and thus vulnerable to overfishing. After three decades of fishing at a low F, the 
stock as a whole is being fished down. In 2011, fishable stock biomass in the southernmost 
regions of SVA, DMV and NJ was less than half of 1978 pre-fishery levels. (Recommended 
target biomass for the stock as a whole is 50% of the pre-fishery biomass.) Biomass in the more 
northern regions of LI and SNE increased after 1978 to due to a recruitment event and growth, 
but then began to decrease in the early 1990s when recruitment declined, and the fishery 
gradually began to move north into these regions. Recruitment events appear to be localized and 
separated by decades, although survey length frequencies show that a low level of recruitment 
occurs on a continuous basis. 

Using updated survey and fishery data, the KLAMZ model was run for the whole stock, the 
exploited part of the stock only, and each individual assessment region except for SVA. For both 
the exploited part of the stock (SVA, DMV, NJ, LI, and SNE combined) and the whole stock 
(exploited regions plus GBK), fishable biomass continued to trend downward. Fishing mortality 
trended upward from 1978 through 1990 in the exploited region, but has been fairly stable since, 
as catches and biomass have both fallen. Estimates of fishable biomass are decreasing in all 
regions. KLAMZ biomass estimates for GBK in the last assessment showed a slight upward 
trend, but a smaller estimated survey swept-area biomass in 2011 affected the model trends in 
biomass and surplus production negatively.  

The estimates of biomass and fishing mortality for the EEZ stock in this assessment update do 
not include the Maine mahogany quahog fishery, which started in inshore Maine but now takes 
place almost entirely in federal waters using 100,000 (Maine) bushels of the EEZ quota. The 
Maine stock biomass is small (~1% relative to the rest of the EEZ with landings of about 322 mt 
meats during 2012) and fishing effort is concentrated in a small area: just two beds separated by 
a few miles. Appendix 1, which was prepared in collaboration with Robert Russell of the Maine 
Department of Marine Resources, gives updated stock assessment information about ocean 
quahogs in Maine waters. 

v 



INTRODUCTION 

Ocean quahog (Arctica islandica) in the US EEZ is regarded as a single stock. The EEZ fishery 
(with landings of about 14,300 mt meats during 2011) is managed under a single individual 
transferable quota (ITQ) system that was established for ocean quahogs and Atlantic surfclams 
(Spisula solidissima) in 1990. Murawski and Serchuk (1989) and Serchuk and Murawski (1997) 
provide detailed information about the history and operation of the EEZ fishery, which began 
around 1975. The estimates of biomass and fishing mortality for the EEZ stock in this 
assessment update do not include the Maine mahogany quahog fishery, which started in inshore 
Maine but now takes place almost entirely in federal waters. The Maine stock biomass is small 
(~1% relative to the rest of the EEZ) and fishing effort is concentrated in a small area: just two 
beds separated by a few miles. The rest of the EEZ and the Maine ocean quahog populations 
have different biological characteristics, support fisheries that are managed separately, use 
different vessels and gear, and provide different products. Updated information for the Maine 
fishery is presented as Appendix 1. Landings from Maine are included when total EEZ landings 
are calculated. Annually, 100,000 Maine bushels from the EEZ quota are allocated to the Maine 
fishery. Since about 1999, the Maine quota has often been exhausted and Maine fishermen have 
leased ITQ shares in order to exceed the Maine allocation.  

The ocean quahog stock is often broken down into smaller regions (listed below) based on 
biology, fishery characteristics, and history (Figure 1). These designated regions are important in 
understanding the fishery but have no legal meaning. 

Region Abbreviation 
US exclusive economic zone EEZ 

Maine MNE 
Georges Bank GBK 

Southern New England SNE 
Long Island LI 
New Jersey NJ 
Delmarva DMV 

Southern Virginia and North Carolina SVA 

mid-Atlantic Bight MAB 

Entire stock vs. the exploited region 
Data and analysis for both the entire stock of ocean quahogs in the EEZ and the “exploited 
region” are presented in this assessment update. The entire stock refers to ocean quahogs in all 
six assessment regions: SVA, DMV, NJ, LI, SNE, and GBK. The “exploited region,” by 
contrast, excludes GBK, as it has been closed to ocean quahog harvesting since 1990 as a 
precaution against paralytic shellfish poison (PSP). Data from the 2011 NEFSC clam survey 
indicate that 43% of ocean quahog biomass is found in the GBK region. As of December 2012, 
much of Georges Bank reopened for both ocean quahog and surfclam fishing as effective new at-



sea PSP testing protocols have been developed and tested. However, as of this assessment update 
GBK has not been fished for ocean quahogs. The reason for the distinction between the whole 
stock and the exploited region is that certain management limits apply only to the exploited 
region, such as the Fthreshold.  

Fishable stock  
Fishable ocean quahogs are animals large enough to be taken by the fishery based on the size 
selectivity curve of commercial gear. Stock biomass is always larger than fishable biomass, as it 
includes the quahogs that are too small to be taken by the fishery.  

Units of measurement 
Body size in ocean quahogs is measured in terms of shell length (SL), which is the longest 
distance along the vertical axis of an intact specimen.  

Units of measure for ocean quahogs used in this assessment update are described below. 
Commercial data are reported in industry bushels in logbooks, and often converted to meat 
weight (which includes all soft tissue within the shell) for use in this assessment update. 

Unit Equivalent 
Industry or Mid-Atlantic bushel (Industry bu) 1.88 ft3 

Maine (US standard) bushel (Maine bu) 1.2448 ft3 
Industry bushels x 10 Pounds meat wt 

Industry bushels x 4.5359 Kilograms meat wt 
Maine bushel 0.662 industry bushels 

Cage 32 Industry bushels 

Previous assessments 
Stock assessments for ocean quahog in the EEZ were completed by the NEFSC in 1995, 1998, 
2000, 2004, 2007, and 2009. The last assessment (NEFSC 2009) concluded that the EEZ ocean 
quahog resource was not overfished and that overfishing was not occurring.  

Biological characteristics 
Ocean quahogs are found in the north Atlantic, from Spain on the east side, up to Iceland, and 
down to Cape Hatteras NC on the west side (Theroux and Wigley 1983; Thorarinsdottir and 
Einarsson 1996; Lewis et al. 2001). They are found at depths of 10-400 m, depending on latitude. 
Shallower water habitats, such as the waters around Iceland, are utilized in the northern end of 
their range (Theroux and Wigley 1983; Thompson et al. 1980). The US stock is mostly found at 
depths of 25-95 m. Dahlgren et al. (2000) found no genetic differences between samples taken 
along the US coast from Maine to Virginia, based on mitochondrial cytochrome b gene 
frequencies. 

The natural mortality rate and longevity of ocean quahogs are uncertain. Ocean quahogs are 
extremely long-lived. Individual specimens are commonly aged at over 200 years (Jones 1980; 
Steingrimsson and Thorarinsdottir 1995; Kilada et al. 2007; Strahl et al. 2007). Ageing studies of 
ocean quahogs off New Jersey and Long Island (Thompson et al. 1980; Murawski et al. 1982) 
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established that clams ranging in age from 50-100 years are common. Recently, Wanamaker et 
al. (2008) aged two ocean quahogs at 287 and 405 years, and Butler et al. (2012) aged one at 507 
years, possibly the oldest non-colonial animal ever documented. Based on mean longevity 
estimates of around 200 years, adult ocean quahogs in the EEZ and off Iceland are assumed to 
die from natural causes at the rate of about 2% annually (instantaneous rate of natural mortality 
M of 0.02 per year). When M=0.02, about 1% of a cohort is expected to survive after 230 years. 
Estimates of M for two different unexploited populations of ocean quahogs from Canadian 
waters (Sable Bank and St Mary's Bay) were 0.03 and 0.10 respectively based on age-frequency 
data for unexploited populations (Kilada et al. 2007), which suggests there is some variation in 
natural mortality among locations. 

Ocean quahogs grow slowly after the first few years of life (Lewis et al. 2001; Kilada et al. 2007) 
and typically reach a maximum size of about 110 mm SL, although larger specimens are found 
in small numbers. Individuals large enough to recruit to the fishery grow less than one percent 
per year in meat weight and less than 1 mm per year in shell length. Growth has been found to be 
faster on GBK than further south in the mid-Atlantic Bight (MAB). Ocean quahogs reach 73 mm 
(50% commercial selectivity) at age 13 years in GBK and 28 years in MAB (NEFSC 2009). 

Maturity information specifically for ocean quahogs in the US EEZ is limited (see review in 
Cargnelli et al. 1999), but size and age at maturity appear to be variable. Off Long Island, the 
smallest mature ocean quahogs found were 36-41 mm SL and 6 years old, but some were also 
found to be still sexually immature at the age of 14 years (Thompson et al. 1980; Ropes et al. 
1984). Females are more common than males among the oldest and largest individuals in the 
population (Ropes et al. 1984; Fritz 1991).  

The SL/maturity relationship used in the KLAMZ model runs for this assessment update (Figure 
2) is from Icelandic ocean quahogs (Thorarinsdottir and Jacobson 2005). The curve indicates
50% of female ocean quahogs are mature at 64 mm (19 years, based on the growth curve in 
Lewis et al. 2001 for MAB) and 90% are mature at 88 mm SL and 61 years old. Based on the 
commercial selectivity curve (Figure 2), about 50% of ocean quahogs are selected by the fishery 
at 72 mm SL (28 years, based on the growth curve for MAB) and 90% are selected by 93mm (86 
years). The majority of ocean quahogs have likely reached maturity before recruitment to the 
fishery. 

Shell length-meat weight (SLMW) relationships are important for ocean quahogs because survey 
catches in number are converted to meat weights based on shell length for many analyses. The 
SLMW relationships used for this assessment update, estimated using a mixture of frozen and 
fresh meat samples, are region-specific and have been used since the 2004 assessment (Table 1). 
A large number of fresh meat samples (which may yield a more accurate weight than frozen 
samples) have been collected during recent surveys, which will allow the SLMW relationships to 
be re-estimated in the near future. 

Recruitment  
Ocean quahog recruitment events are regional and infrequent (Powell and Mann 2005; Harding 
et al. 2008). The regular presence of small ocean quahogs in survey length frequencies indicates 
that low-level recruitment is continually occurring, particularly in the northern regions. But thirty 
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years of survey data (1982-2011) show only a few regional-scale recruitment events occurring 
over this time where there has been a distinct mode of smaller quahogs visible in the survey 
length frequency (for example, see Figure 32D: SNE survey length frequencies for 1997 and 
2005). Because growth is so slow, there is a delay of one to three decades between larval 
settlement and production of recruits to the fishery. Ocean quahog recruitment patterns at 
biomass levels reduced by fishing are a major uncertainty for the fishery (NEFSC 2007). 

COMMERCIAL FISHERY DATA 

There are no recreational landings of ocean quahogs, as they are found far offshore in deep 
water, require expensive gear and vessels to harvest, and provide essentially the same product 
recreational fishermen can get from inshore quahogs (Mercenaria mercenaria) with less effort. 
Landings of ocean quahogs from state waters (inshore of three miles) are effectively zero.  

Since 1980, ocean quahog and surfclam vessel captains have been required to fill out specialized 
trip logbooks, and these are the primary source of landings, location, and effort data for ocean 
quahogs. Landings and quotas for the ITQ fishery are usually reported in industry bushels (each 
industry bushel holds 1.88 ft3 of quahogs, about 10 lbs of meats), as clams are offloaded in cages 
that hold 32 bushels each, and these serve as a unit of measure for processors and vessel 
operators. For this assessment update, biomass and landings have been converted to meat 
weights unless otherwise noted. 

Total EEZ landings were relatively high during the late 1980s through the mid-1990s, with a 
peak of 22,500 mt meats (or 4.9 million ITQ bushels) during 1992 (Figure 3; Table 2). After 
1996, landings began a steady decline that lasted until 2002, when they increased again by about 
a third and stayed high for three years. It was in 2002 that the majority of ocean quahog landings 
began to come from the LI region. After 2004, landings dropped off again and have been fairly 
stable since. Industry sources report that lower landings during the most recent years have been 
due to reduced market demand. Landings averaged 91% of the EEZ quota during 1990-2000 and 
71% of the EEZ quota during 2001-2011.  

Prices 
Nominal ex-vessel prices for ITQ ocean quahog landings, expressed as dollars per pound of 
meats (Figure 4; Table 3) have doubled since the mid 1980s from 31 cents to 65 cents. Adjusted 
for inflation, prices have been stable or increased slightly during this time.  

Fishing effort 
Total days (24 hours) fished by the ITQ fishery have decreased from a high of more than 1900 
days per year in the early 2000s to less than 1000 days per year in 2011 (Figure 5; Table 4), 
which is roughly the same as the early 1980s. The total number of trips taken by the ITQ fishery 
has decreased steadily from about 3,500 trips per year in 1989 to about 1,000 trips in 2011 
(Figure 6). In 2009, however, there appeared to be an unusual number of trips into the SNE 
region, which effectively doubled the total number of ocean quahog trips compared to the year 
before or the year after. As the number of trips per year has declined, trip duration has increased 
(Figure 7). The number of vessels active in the ITQ ocean quahog fishery has declined since 
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2003 (Figure 8), but the average ocean quahog vessel has gotten larger (Figure 9) and landings 
per trip have doubled since the 1980s (Figure 10).  

Landings per unit effort (LPUE) 
LPUE (measured as bushels landed per hour fished) for the ocean quahog fishery is mostly a 
measure of fishing success rather than stock abundance, as any negative change in stock 
abundance can be masked by the transfer of fishing effort to areas where ocean quahog density 
remains high. In spite of this, LPUE and NEFSC clam survey data are highly correlated for 
southern areas (DMV and NJ), where significant levels of fishing have occurred over the longest 
period of time (NEFSC 2007).  

Because the fishery can move to new areas when LPUE begins to decline, LPUE for the ITQ 
fishery as a whole has been basically stable since 1980, between 100 and 150 bushels per hour 
(Figure 11; Table 5). Since 1980, LPUE has declined in the traditional southern fishing grounds 
of DMV and NJ to around 60-80 bushels per hour, but LPUE in the LI and SNE regions, where 
the majority of fishing effort has been since 1990, has been stable or increasing. 

The break-even LPUE for ocean quahogs (where variable costs and revenues are the same) was 
80 bushels per hour in 2004 (NEFSC 2004). Inflation, increased steaming time to offshore 
fishing grounds, operation of new larger vessels, increased costs for food, insurance, etc., and 
especially the variability in the price of fuel, make it difficult to estimate a current break-even 
LPUE, but it is probably higher than it was in 2004. 

For the 2006 assessment (NEFSC 2007), LPUE data were standardized by adjusting for 
individual vessel, vessel size, and month to see if these variables would have an effect on the 
trends. Estimated standardized trends were very similar to trends in nominal (unadjusted) LPUE. 
Following NEFSC (2009), the LPUE data presented in this assessment update have not been 
standardized. 

Spatial patterns in fishery data 
Interpreting spatial patterns in fishery data is important, especially for managing sessile and 
unproductive organisms like ocean quahogs. The ocean quahog stock is a complicated spatial 
mosaic, with scattered productive and profitable areas where abundance is high and where 
fishing mortality tends to be concentrated. The size of a productive ocean quahog bed appears to 
be less than the size of a ten-minute square (TMSQ, 10 minutes longitude x 10 minutes latitude ≅ 
100 nm2), which is the smallest unit used to report fishing location in logbooks.  

Spatial patterns in landings, effort, and LPUE reflect a shift in the distribution of the fishery 
northward and offshore over time. During the 1980s, nearly all of the landings and fishing effort 
were from the southern DMV and NJ regions (Figure 12; Tables 6 and 7). Landings are assigned 
to assessment region by statistical area (Figure 13). As LPUE declined in DMV and NJ, fishing 
effort and landings shifted to the LI and SNE regions. In 1980, 35% of landings were from 
DMV, 65% were from NJ, and less than one percent was from LI. In 1990, 18% of landings were 
from DMV, 74% of landings were from NJ, 4% were from LI, and 4% were from SNE. During 
2011, 2% of landings were from DMV, 13% were from NJ, 72% were from LI and 12% were 
from SNE. Percentage of fishing effort by region mirrors the percentage of landings, as vessels 
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have adjusted fishing locations fast enough to keep the LPUE for the stock as a whole stable 
(Table 4). 

Most ocean quahog boats have fished in two assessment regions over the course of a year since 
2003 (Figure 14), and about 10% of vessels fished in three regions. If they only fished in one 
region (between 20% and 40% of vessels in any one year), it was most likely to be LI. Vessels 
that fished in two regions were most likely to be in the LI and SNE regions. Interestingly, in 
2011 more vessels fished in NJ and LI than SNE and LI. 

Fishery data by ten-minute square (TMSQ) 
Vessels that fish for ocean quahogs in the EEZ are required to report landings and fishing effort 
by TMSQ for each trip in mandatory logbooks. TMSQ are formed by dividing one-degree 
squares into six columns and six rows that are 10’ wide. Columns are numbered 1-6 counting 
from west to east, and the column number is given in the TMSQ name before the row number. 
Rows are numbered 1-6 counting from north to south. Thus, TMSQ 436523 is the ten-minute 
square whose southeast corner is at 43°30’ N and 65°40’ E.  

Landings during 1980-1990 were concentrated in a few TMSQ that were primarily in the south 
and relatively inshore (Figure 15). Over time, TMSQ with highest landings shifted offshore and 
north. Landings during 2001-2011 were concentrated in the LI region.  

Fishing effort was concentrated in a few southern TMSQ during 1980-1990, with several 
adjacent TMSQ in the DMV assessment region having effort levels higher than 1,000 hours per 
year, and appreciable fishing effort south of 38°N (Figure 16). Fishing effort spread into 
additional offshore and northern TMSQ during 1991-2000. After 1995, there were few or no 
TMSQ with effort levels above 1000 hours per year.  

Like landings and effort, LPUE was high inshore and south during 1980-1990, with at least ten 
TMSQ that had LPUE ≥ 200 ITQ bushels per hour fished (Figure 17).  LPUE in the area below 
40°S was generally high. During 1991-1995, LPUE declined in the south and fishing effort 
spread northward above the 40° line into the LI region, where LPUE was still over 200 bushels 
per hour in many TMSQ. During 1996-2005, the fishery continued to move northward into the 
SNE region where catches were profitable. By the 2006-2011 time period, LPUE was less than 
100 ITQ bushels per hour in all TMSQ below 39°S where fishing was reported by more than 
three vessels.  

Trends for important TMSQ 
Trends in landings, fishing effort, and LPUE during 1980-2011 were plotted for individual 
TMSQ that were considered important to the fishery. “Important” TMSQ include those where 
landings were greater than 100,000 bushels in one year during the time period, so even if they 
are no longer fished or if they have not been fished until recently, they were important to the 
fishery at some time during 1980-2011. These TMSQ plots have been divided up into assessment 
regions (Figure 18A-D). 

Trends in LPUE for individual TMSQ tend to be high during the first years of exploitation and 
then tend to decline as effort, annual landings, and cumulative landings increase over time. 
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Unlike LPUE, which is highest in the first years of exploitation, landings and fishing effort tend 
to peak after 5-10 years of exploitation as LPUE stays high and then begins to decrease as beds 
are fished down. Decreasing trends in LPUE appear strongest in the DMV and NJ areas with the 
longest history of exploitation. However, in some important TMSQ where fishing effort and 
landings have declined over the years (e.g. TMSQ 387314 and 387443 in DMV, and 407336 in 
NJ), LPUE appears to have increased slightly recently under light fishing effort.  

Bycatch and discard 
Discard of ocean quahogs occurs at a minimal level, since the bars of the dredge are set to retain 
quahogs of the desired size and let the smaller ones fall through. Some incidental mortality 
occurs when the dredge breaks clams while fishing that are not retained. Based on Murawski and 
Serchuk (1989), it was assumed starting with the 2004 assessment that incidental mortality rates 
are ≤ 5% for ocean quahogs damaged during fishing but not handled on deck. As in previous 
assessments, fishing mortality and other stock assessment calculations in this report assume 5% 
incidental mortality rates (i.e., landings x 1.05 = assumed catch). 

A small amount of bycatch of ocean quahog occurs in the Atlantic surfclam fishery, although 
there is strong incentive not to fish in areas where both species occur: mixed loads of surfclams 
and ocean quahogs are not acceptable to processors, and it is not practical to sort catches at sea. 
Fisheries Observers were aboard 16 surfclam trips between 2004 and 2008, and reported 
discarded ocean quahogs averaged about 100 pounds per surfclam trip. Off DMV and SVA in 
the southern end of the ocean quahog’s range, survey catches including both surfclam and ocean 
quahog have become more common in recent years, as surfclams have shifted towards deeper 
water in response to warm water conditions (Weinberg 2005). This may change discard patterns 
in the future if processors continue to refuse mixed catches.  

Bycatch and discard of ocean quahogs in other fisheries are zero. Ocean quahogs are not 
vulnerable to bottom trawls, scallop dredges (they are too deep in the sediment), gillnets, or hook 
and line gear.  

Data from 30 observed ocean quahog trips indicate bycatch by the ocean quahog fishery includes 
mainly scallops (mean of 855 pounds per trip), skates (mean of 331 pounds per trip), monkfish 
(mean of 92 pounds per trip), unclassified snails (mean of 43 pounds per trip), spiny dogfish 
(mean of 22 pounds per trip), and crabs (mean of 30 pounds per trip). Summer flounder, ocean 
pout, longhorn sculpin, and smooth dogfish are caught incidentally at a mean of less than five 
pounds per trip. Fourspot flounder, striped sea robin, windowpane flounder, witch flounder, 
American lobster, northern sea robin, sea raven, black sea bass, red hake, and silver hake are 
caught incidentally at a mean of less than one pound per trip. 

Commercial size selectivity 
The commercial fishery selectivity curve used in this assessment update (Figure 2) is from 
Thorarinsdottir and Jacobson (2005), who estimated selectivity of commercial dredges that 
harvest ocean quahogs off Iceland. Based on this commercial selectivity curve 
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where L is shell length in mm, and about 10%, 50%, and 90% of ocean quahogs are available to 
the fishery at 51, 72, and 93 mm SL (9, 28, and 86 years, based on the growth curve for MAB).  

Dredges and towing speeds used in the US fishery are very similar to those used in the selectivity 
experiments. The dredge used for selectivity experiments was 24 ft (7.35 m) in length, 5 ft (1.5 
m) high, and 12 ft (3.65 m) wide. The cutting blade was 10 ft (3.05 m) wide and set to penetrate
sediments to a depth of 3 in (8 cm). The dredge was made of steel bars with intervening spaces 
of 1¼ in (3.5 cm), and was towed at about 2.1 knots (3.9 km h-1). The vessel used for the 
experiment pumped water to jets on the dredge at about 109 psi (7.5 bars), similar to many 
vessels in the US fishery. Fishery selectivity curves are used in tracking trends in fishable 
biomass, estimating fishing mortality, and calculating biological reference points. 

Commercial size-composition data 
Commercial length composition data are collected by port agents from landed ocean quahogs 
(Table 8). The data indicate that the size composition of ocean quahogs harvested in all regions 
can vary from year to year due to both population dynamics of the ocean quahogs and fishing 
behavior (Figure 19A-D). The largest quahogs have been harvested recently from the DMV and 
NJ regions; those from the LI and SNE regions are about a centimeter smaller on average.  

Smaller ocean quahogs were landed from the SNE and LI regions during 1997-2000 due to 
vessels targeting specific beds of small ocean quahogs with a high meat yield. When the port 
sample length frequencies from the LI and SNE regions are plotted together for recent years 
(Figure 20A-B), it is possible to see the smaller landed ocean quahogs in 1999. 

FISHERY INDEPENDENT DATA 

NEFSC clam survey 
NEFSC clam survey data from 1982 through 2011 were used for this assessment update. From 
1978 to 1997, clam surveys were conducted during the summer on an irregular schedule; since 
1999 they have been conducted regularly every three years. Clam survey data prior to 1982 were 
not used for this assessment update because the surveys were done during different seasons, used 
other sampling equipment, or are otherwise inconsistent with the rest of the time series. Since 
1982 the surveys have been conducted from the R/V Delaware II using a standard NEFSC 
hydraulic dredge with a submersible pump, a 152 cm (60 in) blade, and a 5.08 cm (2 in) mesh 
liner to retain small ocean quahogs and Atlantic surfclams. The survey dredge differs from 
commercial dredges in that it is smaller (5 ft blade instead of 8 to 12.5 ft), has a small-mesh liner, 
and the pump is mounted on the dredge instead of the deck of the vessel. The survey dredge 
retains ocean quahogs as small as 50 mm SL (size selectivity described below). Changes in ship 
construction, winch design, winch speed, and pump voltage that may have affected survey 
dredge efficiency are summarized in Table A7 of NEFSC (2004). Each of these factors has been 
constant since the 2002 survey. 

NEFSC clam surveys are organized around NEFSC shellfish strata and stock assessment regions 
(Figure 1). Most ITQ ocean quahog landings originate from the area covered by the survey. The 
survey did not cover GBK during 1982, 1983, 1984, or 2005, and individual strata in other areas 
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were sometimes missed. Strata not sampled during a particular survey are “filled” for assessment 
purposes by borrowing data from the same stratum in the previous and/or next survey, if data are 
available (Table 9). Survey data are never borrowed from surveys further back than the previous 
survey or beyond the next survey.   

Surveys follow a stratified random sampling design, allocating a pre-determined number of tows 
to each stratum. The data used to measure trends in ocean quahog abundance are only from 
stations that were random or nearly random. A small number of nearly random tows are added to 
some surveys in a quasi-random fashion to ensure that important areas are sampled well. Non-
random stations are occupied for a variety of purposes, such as repeat tows and depletion 
experiment setups, but are not used to estimate relative trends in ocean quahog abundance.  

A standard tow is nominally 0.125 nm (232 m) in length (5 minutes towing at a speed of 1.5 
knots). However, sensor data indicate actual tow lengths depend on depth and are generally 
slightly longer than 0.125 nm (Weinberg et al. 2002).  

Occasionally, randomly selected stations are too rocky or rough to tow. Beginning in 1999, these 
cases trigger a search for fishable ground in the vicinity (0.5 nm) of the original station (NEFSC 
2004). If no fishable ground is located, the station is given a special code (SHG=151) and the 
research vessel moves on to the next station. The proportion of random stations that cannot be 
fished is an estimate of the proportion of habitat in a stratum or region that is not suitable habitat 
for ocean quahog. These estimates of the proportion of unsuitable habitat are used for calculating 
ocean quahog swept-area biomass.  

Following all successful survey tows, all ocean quahogs and Atlantic surfclams in the survey 
dredge are counted, and shell length is measured to the nearest mm. A few very large catches are 
subsampled. Mean meat weight (kg) per tow is computed with shell length-meat weight 
(SLMW) equations from NEFSC (2004; Table 1). 

Survey tow distance and gear performance based on sensor data 
Since the 1997 survey, sensors attached to the survey dredge have been used to monitor depth, 
temperature, differential pressure, voltage, frequency and amperage of power supplied to the 
dredge, x-tilt (port-starboard angle), and y-tilt (fore-aft angle, effectively the “angle of attack” of 
the dredge) during survey fishing operations. At the same time, sensors on board the ship 
monitor electrical frequency, GPS position, vessel bearing, and vessel speed. Most of the sensor 
data are averaged and recorded at 1-second intervals.  

Differential pressure, amperage, and y-tilt can be particularly important. Differential pressure is 
the pressure of water pumped through jets in front of the dredge blade to loosen the sediments. 
Amperage measures the work done by the pump in moving water through the jets. If there is a 
blockage at the pump entrance, then both amperage and differential pressure will be low. If there 
is a blockage downstream from the pump, then amperage will be low and differential pressure 
will be high. As described below, y-tilt can be used to determine if the dredge is on the bottom 
with the blade in the sediment. 
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A quantitative system for identifying and eliminating tows with poor performance based on 
sensor data has been used since the 2005 survey. (See Appendix A2 in NEFSC 2007 and 
Appendix B3 in NEFSC 2009 for details on the development of this system.) Before 2005 (the 
1997, 1999, and 2002 surveys), the sensor data were primarily used to get a more accurate 
estimate of tow distance.  

Survey tow distance and gear performance in trend analysis 
Sensor data are not used to calculate tow distances for long-term trend analyses because sensor 
data are not available prior to 1997. For trend analysis, tow distances are based on start and stop 
locations recorded for each tow instead of sensor data. The catch at each station is then 
standardized to a nominal tow distance of 0.125 nm. Tows suitable for trend analysis (gear 
functioned well; no problems at station) are identified using database codes, which are recorded 
at sea by the watch chief following each tow, based on criteria used consistently since the late 
1970s. Sensor data are used, however, to calculate tow distance and monitor gear performance 
during tows for depletion, repeat station, and other types of experimental studies conducted since 
1997. 

Survey gear selectivity 
A selectivity curve for ocean quahogs by the NEFSC clam dredge was estimated in NEFSC 
(2004). Catches by a commercial dredge with a chicken-wire mesh liner (theoretically, to retain 
all but the smallest juvenile ocean quahogs) during 2003, compared with survey dredge catches 
in the same area during 2002, served as a basis for the curve, which estimates probability of 
capture based on shell length (Figure 21). The resulting selectivity curve, 
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indicates that 50% of ocean quahogs are fully available to the NEFSC dredge at about 68 mm 
SL, compared to about 72 mm for commercial dredges. The survey dredge tends to retain smaller 
ocean quahogs than commercial dredges because of the 50 mm mesh liner in the survey dredge. 

Survey catch used to make stock and fishable abundance/biomass 
estimates 
The survey catch data for ocean quahogs were adjusted to estimate relative abundance 
and biomass of both the whole stock and fishable stock. Abundance and length 
composition of the whole stock were estimated by adjusting the number of quahogs at sizes not 
fully selected by the survey dredge upward, by applying the survey dredge selectivity curve. 
Abundance and length composition for the fishable stock (quahogs large enough to be caught in 
a commercial dredge) were estimated by adjusting the whole stock estimates downward, by 
applying the commercial dredge selectivity curve. Calculations of whole stock abundance 
occasionally produce large estimates for very small ocean quahogs, since survey selectivity is 
near zero, and the number caught is adjusted upward by a large factor. Calculation of fishable 
abundance and biomass from ocean quahog survey data is not affected by this problem, since 
fishable clams are larger and the adjustments made for selectivity are small. 
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Depletion studies and survey dredge efficiency 
Survey dredge efficiency estimates are important because they help scale relative trends to actual 
biomass levels in modeling, and because they can be used to estimate swept-area biomass of 
ocean quahogs directly. Dredge efficiency is the proportion of all ocean quahogs living in the 
path of the dredge that are captured (actually brought on board) by the dredge as it passes over 
them. This proportion serves as a “conversion factor” between the number of ocean quahogs 
brought up in the dredge and the actual number of ocean quahogs living in the path of the 
dredge. Depletion study analysis and efficiency estimates only include ocean quahogs 90 mm SL 
or larger, which have high selectivity (≥ 0.85) in both survey and commercial clam dredges, and 
reduce the effects of shell length and size selectivity on efficiency estimates. 

Depletion experiments are the first step in estimating survey dredge efficiency. Depletion 
experiments begin with a closely-spaced group of setup tows (usually 4) taken with the survey 
dredge at a particular site. “Survey density” of ocean quahogs at the site is then calculated for 
each setup tow by dividing the catch by area swept (dredge width times the distance traveled 
while the dredge was effectively fishing). Mean survey density for each depletion experiment 
site was calculated by averaging the survey density from each setup tow. After the setup tows are 
completed, many tows are made in quick succession along the same path (or as close as possible) 
perpendicular to the setup tows, slowly depleting the ocean quahogs until a sufficient decline in 
catch per tow is noted (Figure 22). Vessel position is used as a proxy for dredge position during 
depletion experiments. One Delaware II ocean quahog depletion experiment has been completed 
in which the research vessel carried out both the setup and depletion tows, and the survey dredge 
efficiency was estimated directly. For the rest of the depletion experiments, the setup tows were 
done by the research vessel and the depletion tows were done with a commercial vessel. In these 
cases the estimated survey dredge efficiency (e) is:  

D
de =

where D is the estimated density from the Patch model (see below) and d is the mean survey 
density for the site.  

Patch model 
The Patch model (Rago et al. 2006; Hennen et al. 2012) is used to estimate three parameters for 
each depletion experiment: initial ocean quahog density D; depletion dredge efficiency e; and a 
measure of variance k in catch data. The model uses a gridded rectangular plot populated with 
simulated quahogs, with the depletion tow paths overlaid to determine (1) how many times each 
grid was crossed by a dredge and (2) what the underlying density would have to be to match the 
catches from the depletion tows. The Patch model is used in NEFSC stock assessment work for a 
variety of shellfish and sedentary demersal finfish. The most important characteristic of the Patch 
model is that the unique path of each tow is used to interpret declines in the catch, so it is not 
necessary to assume that the ocean quahogs mix randomly across the entire site after each 
depletion tow. 
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Some sources of uncertainty in the Patch model are variations in substrate and gear performance. 
For instance, the area in Long Island where two depletion experiments were conducted has a 
relatively thin layer of sand on top of peat. The thin layer of sand may concentrate ocean 
quahogs near the surface, where they are easier to catch (Pers. comm., E. Powell, University of 
Southern Mississippi). Also, newly replaced electrical cables (or any other gear differences) may 
cause changes in actual dredge efficiency if pump voltage and pressure change. Dredge 
efficiency is harder to estimate for ocean quahogs than surfclams because quahogs live in deeper 
water, where dredge position data are less reliable, and quahogs sometimes burrow out of range 
of the dredge. For these reasons, it is probably better to view the full set of depletion experiment 
dredge efficiency estimates as a distribution with an underlying mean and variance. Individual 
estimates and estimates for a single survey are too imprecise to be used directly in making 
survey-specific estimates of survey dredge efficiency. Commercial and survey selectivity 
estimates used in this assessment update are the same as in NEFSC (2009). New data collected 
during 2011 were not used, as the process required to produce new estimates is improved by the 
input of a working group, which will be convened for the next benchmark assessment. 

Nineteen depletion experiments for ocean quahog were carried out between 1997 and 2008. 
Based on these experiments, the median NEFSC survey dredge efficiency is 0.169, with 90% 
confidence intervals of 0.154-0.285. See NEFSC (2007; 2009) for more detailed information on 
the efficiency estimates and individual depletion experiments, including details of the Patch 
model procedure, evaluating uncertainty, and sensitivity analyses. 

BIOMASS AND FISHING MORTALITY 

Mortality and stock biomass estimates for ocean quahog in the US EEZ are based on NEFSC 
clam surveys, cooperative survey studies (including depletion experiments used to measure 
survey dredge efficiency), fishery data, and biological data. 

Survey Results 
The most recent NEFSC clam survey was conducted during the summer of 2011; it was the last 
clam survey to use the R/V Delaware II as a platform before her retirement in 2012. The 2011 
survey made 391 random tows and had good coverage of all regions except SVA, which has 
been inhabited by so few clams recently (both ocean quahogs and surfclams) that resources have 
been reallocated to increase coverage of other regions. Cooperative work with an industry vessel 
during the survey included paired tows and depletion experiments. Ocean quahogs were most 
abundant, based on number per 2011 survey tow, in the LI, SNE and GBK regions (Figure 23). 
The abundance of recruited (70+ mm SL) ocean quahogs mirrored this distribution (Figure 24), 
while pre-recruits (less than 70mm SL) were most abundant on GBK (Figure 25). See Appendix 
2 for maps of ocean quahogs caught per tow from all surveys since 1982. 

By region, survey trends in abundance and biomass of fishable quahogs have been fairly stable 
since the early 2000s in GBK, SNE, LI, NJ, and DMV (Figures 26 and 27; Table 10). However, 
out of those regions, all have seen an overall loss of both biomass and numbers between the 
1980s and early 2000s except GBK, where ocean quahog fishing has not occurred (Figures 28 
and 29). The survey has caught very low numbers of ocean quahogs in the SVA region since the 
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late 1970s. This region was probably never good habitat for ocean quahogs and was mainly 
surveyed for surfclams.    

Even though the survey dredge does not retain them fully, the presence of ocean quahogs smaller 
than 40mm SL in a tow can be a good indicator of an area that will experience recruitment into 
the fishery in future decades. Quahogs less than 40mm will be at least double the size and 60-80 
years old when they finally recruit to the fishery. On GKB, the 2011 survey caught large 
numbers of these small quahogs that had grown enough since 2008 to be captured more 
efficiently by the survey dredge (Figure 30). Looking back on the occurrence of quahogs less 
than 40mm in survey tows since the 1970s, the large recruitment event on GBK can be seen, as 
well as evidence of low-level but consistent recruitment in the LI region, which now supplies the 
vast majority of landed ocean quahogs (Figure 31 A-C).  

Changes in survey length composition over the years provide additional information about 
recruitment (Figure 32 A-E). In particular, survey length composition data from DMV, NJ, SNE, 
and GBK show evidence of recent recruitment events in these regions. Even though the overall 
density of ocean quahogs is low in the DMV region, it appears juveniles can successfully settle 
there. The smaller mode in the 2011 DMV length composition plot averages around 72 mm SL, 
which translates to about 30 years old and 50% commercial selectivity. Because ocean quahogs 
grow so slowly, recruitment events do not become apparent for some years. The survey dredge 
only begins to retain ocean quahogs when they are already at least ten years old, and even then 
they are not fully selected. 

The spatial distribution of the ocean quahog resource on the east coast of the U.S. does not 
appear to have changed since the fishery began in the mid 1970s (Figure 33), but over time 
densities have declined where the bulk of fishing has occurred (NJ and DMV). The recent 
recruitment of small ocean quahogs on GBK can be seen clearly in the survey data, but any 
trends in SNE and LI are not as clear. The extent and number of the surveys used for each time 
period map are not exactly the same, but each survey does attempt to cover the same area, except 
for some years when there was no (or incomplete) coverage of GBK.  

Efficiency-corrected swept area biomass 
Efficiency-corrected swept area biomass (ESB) has been estimated since 1997, when NEFSC 
clam surveys began collecting dredge sensor data, which are needed to estimate area swept as 
they determine the amount of time the dredge was fishing during a tow (Table 11). Estimates of 
ESB are used primarily as scaling information in stock assessment models, since they are a direct 
estimate of biomass. ESB estimates are only made for the fishable ocean quahog population, 
sizes at which selectivity is high for the survey dredge. 

ESB for ocean quahog is calculated: 
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In ESB calculations, e is the best estimate of survey dredge efficiency for ocean quahogs, χ  is
mean catch in kilograms of fishable ocean quahogs per standard tow based on sensor data, A’ is 
habitat area (nm2), a is the area that would be covered by the 5 ft wide survey dredge during a 
standard tow of 0.15 nm (0.00012405 nm2 tow-1), and u converts kilograms to thousand metric 
tons (10-6). B’ is the minimum swept-area biomass prior to correction for survey dredge 
efficiency.  

The term φ used in ESB calculations is the fraction of total biomass in deep water strata off LI 
(strata 32 and 36), SNE (strata 40, 44, 48), and GBK (strata 56, 58, 60, and 62). In 1999, special 
tows were made in these areas to approximate the ocean quahog biomass and improve the ESB 
estimates. According to NEFSC (2000), deep water strata accounted for 0%, 2%, and 13% of 
ocean quahog biomass in the LI, SNE, and GBK regions. Data for these deep water strata that 
were only sampled once are otherwise omitted in calculations and, in particular, calculation of 
mean catch per tow χ .

Habitat area for ocean quahogs in each region was estimated as 

AuA =′

where u is the proportion of random tows in the region not precluded by rocky or rough ground 
(ocean quahogs are generally found in smooth sandy habitats), and A is the total area computed 
by summing GIS area estimates for each survey stratum in the region. Estimates for u in this 
assessment update are the same as in NEFSC (2007; 2009).  

Mean catch per standard tow ( χ ) is the stratified mean catch of fishable ocean quahogs (Ci) for
tow i after adjustment to standard tow distance (d) based on tow distance measurements from 
sensor data (ds):  

s

i
i d
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Only random tows were used in calculations of ESB. Tows without sensor data, with gear 
damage, or with poor pump performance were excluded from ESB calculations. Following 
NEFSC (2004), and as described above, tow distance was measured for each station assuming 
that the dredge was fishing when the blade penetrated the substrate to a depth of at least one 
inch. Thus, the tow distance at each station was the sum of the distance covered while the sensor 
data show the dredge angle was ≤ 5.16°.  

ESB-based fishing mortality estimates 
Fishing mortality rates are estimated directly from the ratio of catch (landings plus an assumed 
5% incidental mortality) and ESB data for each region and year (Table 12). The primary purpose 
for these calculations is to check on model-based fishing mortality estimates. The NEFSC clam 
survey provides a good approximation of average yearly biomass, because ocean quahog 
biomass levels change slowly as fishing, growth, and natural mortality rates are low, and the 
surveys occur approximately halfway through the year.  
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Uncertainty in ESB and ESB-based fishing mortality estimates 
Variance estimates for ESB and ESB-based fishing mortality estimates are important for using 
and interpreting results. The formulas for estimating ESB and fishing mortality are products and 
ratios of constants and random variables. The random variables used in the calculations are 
typically non-negative and can be assumed to be approximately lognormal; therefore, we 
estimated uncertainty in ESB and related mortality estimates using a formula for independent 
lognormal variables in products and ratios (Deming 1960): 
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where ln(ab/c), ln(a), ln(b) and ln(c) are normally distributed. Distributions of the simulated 
products and ratios were skewed to the right and appeared lognormal. 

CV estimates for terms used in ESB and related estimates were from a variety of sources, and 
were sometimes just educated guesses. The CV for best estimate of survey dredge efficiency (e) 
was 0.21, calculated by bootstrapping the median of the set of individual estimates (15,000 
iterations). CVs for sensor tow distances (d), area swept per standard tow (a), total area of region 
(A), percent suitable habitat (u), and catch were all assumed to be 10%. The CV for area swept 
(a) is understood to include variance due to Doppler distance measurements and variability in 
fishing power during the tow due, for example, to rocky or muddy ground. 

For a more detailed discussion of uncertainty in estimates of ESB and ESB-based fishing 
mortality, see NEFSC (2009). 

KLAMZ model 
KLAMZ (for complete technical description see NEFSC 2009, Appendix B6) is a forward 
projecting stock assessment model based on the Deriso-Schnute delay-difference equation 
(Deriso 1980; Schnute 1985; Quinn and Deriso 1999). The delay-difference equation is an 
implicitly age-structured population dynamics model that is mathematically identical to common 
age-structured models if fishery selectivity is “knife-edged,” somatic growth follows the von 
Bertalanffy equation, and natural mortality is the same for all individuals in the modeled 
population. Knife-edge selectivity means that as soon as an ocean quahog reaches a minimum 
fishable size, it is considered fully available the fishery, rather than having the selectivity 
increase gradually to one as the quahog grows. All ocean quahogs over the minimum size 
experience the same fishing mortality in the model. Natural mortality rates and growth 
parameters can change from year to year in the KLAMZ model, but are assumed to be the same 
for all individuals alive during each year. The model is implemented in AD Model Builder. 

The main assumptions in the KLAMZ model for ocean quahog are: recruitment follows a “step” 
pattern with the possibility of moving from one level before 1993 and a different level after; 
fishery selectivity is knife-edged; the natural mortality rate is a constant 0.02y-1; and growth in 
weight can be described by a von Bertalanffy growth curve. Recruitment is assumed to follow a 
simple mean (estimated to be low for ocean quahogs) because no reliable recruitment index 
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currently exists, recruitment levels appear to be very low based on survey data, and trends in 
stock dynamics are driven primarily by fishing mortality.   

Recruitment to the ocean quahog fishery is not knife-edged and actually occurs over a range of 
sizes from 50 to 95 mm SL, with the smallest quahogs having the least chance of retention in a 
commercial dredge (Figure 2). Under these circumstances, KLAMZ can be used to track trends 
in fishable biomass, not total biomass. The fishable biomass of ocean quahogs is dominated by 
larger individuals that are readily captured by the survey dredge. Survey data used in the 
KLAMZ model are mean kg per standard tow of fishable ocean quahogs. 

Despite some simplifying assumptions, KLAMZ has proven to be a relatively robust model with 
little or no retrospective bias, which has been used successfully for a number of stocks. It 
provides useful estimates of long-term biomass and fishing mortality, performs well with very 
limited information about age and growth, and when explicitly age-structured models are 
difficult to apply. One of the chief reasons for the utility of the KLAMZ model is statistical 
simplicity. The model used for ocean quahog, for example, estimates only 2-4 parameters.  

The NEFSC clam survey was changed in 2012. It is now carried out from an industry vessel 
using modified commercial gear, with one-third to one-half of the ocean quahog range surveyed 
each year rather than the whole range every three years. Future ocean quahog stock assessment 
models will have to be configured to handle these multiple survey areas while providing an 
estimate of total abundance for all areas in the terminal year. This capability already exists in the 
Stock Synthesis model (SS3), used in the most recent benchmark assessment for Atlantic 
surfclams (NEFSC 2013). SS3 uses both age (when available) and size data to provide better 
information about trends in individual year class strength and mortality. A revised version of 
KLAMZ as well as SS3 may be used for ocean quahogs in the next benchmark assessment, and 
estimated trends in biomass and mortality may change if it is decided SS3 makes better use of 
size composition data. However, age data are not available for quahogs, suggesting that changes 
in estimated trends would be modest.  

KLAMZ model configurations 
Since this is an assessment update, the KLAMZ model was run with the same configurations 
used for the last ocean quahog assessment (NEFSC 2009). Only data from the 2011 survey and 
landings since 2008 were added to the model runs.  

Data used in the KLAMZ model for this assessment update were: NEFSC clam survey biomass 
and associated CVs for 1982-2011; efficiency corrected swept-area biomass estimates for 1997-
2011; and catch during 1977-2011 (landings plus a 5% allowance for incidental mortality). 
LPUE data are included in the model for comparative purposes, but have no effect on model 
estimates. Catch data for ocean quahogs were assumed accurate and not estimated in the model. 
Survey kg/tow data provide the trend information for the model estimates, while the efficiency 
corrected ESB estimates for 1997-2011 are used for scale only (trends are ignored). ESB 
estimates are calculated using a scaling parameter Q which is derived from the survey dredge 
efficiency experiments.  
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NEFSC clam survey and swept-area biomass data for 1994 were omitted, because an inadvertent 
increase in the voltage to the dredge pump apparently increased dredge efficiency during the 
1994 survey (NEFSC 2004). In addition, survey and swept area biomass data for GBK during 
1982, 1983, 1984, 1989, 2002, and 2005 were also omitted because of poor survey coverage 
during those years.   

The KLAMZ model assumes ocean quahogs recruit to the fishery (reach 70 mm SL) at about age 
26. In reality, growth patterns differ among regions (Lewis et al. 2001), but there is too little age
information available to use region-specific growth curves (NEFSC 2000). A growth curve for 
ocean quahogs from the mid-Atlantic Bight was used for DMV, NJ, LI, and SNE, and a separate 
GBK curve was used for that region (Lewis et al. 2001; Figure 34). Variance in instantaneous 
somatic growth rates is used to help estimate the initial age structure of ocean quahogs in the 
initial years of the model, but this constraint is unimportant because estimated age structures are 
stable due to assumptions about recruitment and low mortality rates.  

Separate KLAMZ model runs were done for ocean quahogs in each of the DMV, NJ, LI, SNE, 
and GBK regions; for the stock in the exploited region (DMV, NJ, LI, and SNE regions 
combined); and for the entire stock (DMV, NJ, LI, SNE, and GBK regions combined) during 
1977-2011. The model was not used for the SVA region because survey data are noisy and 
sparse.  

Parameters estimated 
KLAMZ models for ocean quahogs estimate four parameters by maximum likelihood and 
numerical optimization. The parameters estimated are logarithms of: (1) biomass at the 
beginning of 1977; (2) escapement biomass at the beginning of 1978 (biomass in 1977 that 
survived until the beginning of 1978); and (3) annual recruitment biomass (a constant for each of 
two time periods). Fishing mortality rates were calculated by solving the catch equation 
numerically (see NEFSC 2009, Appendix B6). Survey scaling parameters were calculated using 
a closed form maximum likelihood estimator. 

Variance estimates 
Variances for biomass, fishing mortality estimates, and model parameters were estimated by the 
delta method using exact derivatives calculated by AD Model Builder libraries, or by 
bootstrapping. 

KLAMZ results 
This portion of the assessment update is intended to be no more than a report of model results 
using new survey and catch data, so the model configurations used were not substantively 
changed from the last assessment. The only change made was to allow a second recruitment 
parameter to be estimated in the models for DMV, NJ, and GBK. Using this configuration, the 
model could estimate two separate recruitment constants: one for annual recruitment from 1977 
until 1993, and another for recruitment from1994 forward. It was not, however, necessary for the 
model the estimate two recruitment constants if only one recruitment constant was supported by 
the data. Therefore, the changes made to the model in this assessment were not considered 
substantive, since a one-parameter recruitment was a possible outcome of the current model 
configuration. Despite these changes, which were intended to improve the probability of model 
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convergence, KLAMZ runs for the NJ and SNE regions did not converge (which also often 
occurred in the previous assessment).  

DMV region 
The KLAMZ model for ocean quahogs in the DMV area (Figures 35 and 36) fit NEFSC survey 
data well, and KLAMZ biomass matched the trends in observed LPUE (LPUE data do not affect 
model estimates). The estimated survey scaling parameter for ESB data was Q=0.999, indicating 
that the model was able to match the scale of the observed ESB on average during 1997-2011 
using the catch data and trends in NEFSC survey data. Recruitment was near zero in runs for 
DMV. Survey data generally indicate that recruitment has been low in DMV since 1978, 
although some small ocean quahogs are present. 

Based on KLAMZ model results, the biomass of ocean quahogs in DMV has been in decline 
since 1978, but the decline has not been as steep in recent years. Estimated fishable biomass is 
approximately 28% of 1978 biomass.  

NJ region 
KLAMZ model results for ocean quahogs in the NJ area (Figure 37) fit NEFSC survey index 
data well even though the model did not converge. The estimated survey scaling parameter for 
ESB data was Q=0.98, indicating that the model was able to scale with the observed ESB. 

Based on KLAMZ model results, the biomass of ocean quahogs in NJ has been declining 
steadily since 1978. Estimated fishable biomass in NJ during 2011 was approximately 38% of 
the estimate for 1978. 

LI region 
A particularly strong year class recruited to the LI fishery in the years leading up to 1994, so the 
recruitment step function was influential in the model runs for LI. 

The current results of the model (Figure 38) show ocean quahog biomass in LI increasing 
steadily from 1978 until 1993, when recruitment decreased, fishing mortality increased, and 
biomass began to drop, following the recruitment pattern. The estimated scaling parameter for 
ESB data Q was 0.91, indicating that the model was able to match the observed ESB levels on 
average. The model fit to survey indices was good, as they also show the results of increased 
recruitment in the years before 1994.  

The correlation between LPUE predicted by KLAMZ (based on observed catch/predicted 
biomass) and observed LPUE is poor, because the fishery has moved into the region fairly 
recently compared to the regions to the south. The vessels are able to keep the LPUE high by 
selecting areas of high relative density, even though the exploitation rate for the entire region is 
increasing. 

Based on the most recent KLAMZ model results, biomass of ocean quahogs in LI has decreased 
since 1978. Estimated fishable biomass in LI during 2011 was approximately 78% of the 
estimate for 1978.  

18 



SNE region 
The KLAMZ model output for SNE (Figure 39) did not fit NEFSC survey data well, but the 
estimated survey scaling parameter for ESB data was Q=1.04, indicating the model matched the 
scale of observed ESB levels on average during 1997-2011. The KLAMZ predicted LPUE based 
on catch and biomass estimates did not follow the trends of observed LPUE, but this region has a 
fishery pattern similar to LI, where the vessels are able to move around and keep LPUE high as 
the region has not been heavily exploited. 

Based on KLAMZ model results, biomass of ocean quahogs in the SNE region have been 
declining steadily since 1978. Estimated fishable biomass in SNE during 2011 was 
approximately 47% of the estimate for 1978.  

GBK region 
The KLAMZ model for ocean quahogs in the GBK region fit NEFSC survey kg/tow data 
reasonably, although only six survey observations were available (Figure 40) and the recruitment 
step function was influential. Only four ESB observations were available for GBK, and the 
estimated scaling parameter was Q=1.01. Since there has been no ocean quahog fishing on GBK, 
there is no LPUE or fishing mortality estimated.  

Based on KLAMZ model results, biomass of ocean quahogs on GBK has been decreasing slowly 
since the early 1990s, but the model fit to survey biomass was poor (Figure 41). Estimated 
fishable biomass during 2011 was about 6% higher than the estimate for 1978.  

Exploited area and entire stock 
The KLAMZ model for ocean quahogs in the exploited stock area (all regions except for GBK, 
where the population of ocean quahogs is not fished) fit NEFSC survey kg/tow reasonably well 
(Figures 42, 43, and 44). The biomass estimates from the exploited area model correlated poorly 
with LPUE, probably because the area modeled is so large that the fishery can easily shift its 
distribution within it (for example, from NJ to LI) to maintain high catch rates, whereas the 
single-region models containing historical ocean quahog fishing grounds (DMV, NJ) observed 
LPUE tracks biomass estimates well. The estimated survey scaling parameter for ESB data was 
Q=1.18, indicating that the model believes there is somewhat less biomass on average during 
1997-2011 than the observed ESB biomass levels indicate. 

Based on KLAMZ model results (Figure 42), biomass of ocean quahogs in the exploited area 
was stable from 1978 to 1993, and then began to decline when recruitment dropped and fishing 
mortality was relatively high. Estimated fishable biomass for the exploited area during 2011 was 
approximately 70% of the estimate for 1978. 

Biomass estimates from the KLAMZ model for the exploited region were about 4% smaller than 
the sum of biomass estimates from regional KLAMZ models for DMV, NJ, LI, and SNE. 
Confidence intervals of the KLAMZ biomass estimates for the exploited regions were slightly 
narrower than the previous assessment after the addition of the latest survey data, though there is 
still considerable uncertainty in the estimate (Figure 45, bottom).  
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The biomass estimate for the whole stock (Figure 45, top) shows almost the same trend as the 
estimate for the exploited area, but with a more pronounced increase during the earlier period. 
The KLAMZ model estimates the biomass of the whole stock to be almost double the estimate 
for the exploited area, although the uncertainty is higher for the whole stock. The whole stock 
biomass is estimated to be approximately 86% of the biomass in 1978. The fit to the survey data 
is not as good as the exploited regions model, but the data from GBK are sparser and less 
consistent spatially (Figures 46, 47, and 48).  

KLAMZ estimates of fishing mortality (Figure 49) for both the exploited regions and the whole 
stock show the same trends but on a different scale, as the model is removing the same catch 
from the whole stock as it is from about half the stock in the case of the exploited regions. Time-
series estimates of fishing mortality for the single-region KLAMZ models, especially the regions 
more recently exploited like LI and SNE, have undergone significant changes over time. The 
fishing mortality estimates for the entire exploited area are quite stable as the fishery moves 
around within a large range – the same reason LPUE is often stable despite declines in biomass. 

Historical retrospective analyses 
KLAMZ model results from this assessment update and the previous 5 or 6 assessments (for 
SARC 27, in 1998, the regional biomass estimates were single points and fishing mortality was 
not estimated) are interesting to compare, and reflect the changes that have been made to the 
model configurations over the years, as well as changes in the input time series, as data is 
accumulated over time. Changes in survey dredge efficiency estimates have altered the scale of 
the biomass and fishing mortality estimates to some degree for all regions. With each passing 
year, more depletion experiments are done and the survey dredge efficiency estimates improve. 
The more recent model results have used a lower survey dredge efficiency, which translates into 
a higher biomass estimate. Recent changes in how recruitment has been modeled in KLAMZ 
(using a step function) have affected the trend for the first half of the time series for some 
regions.  

For the DMV and NJ regions, historically fished the hardest, KLAMZ biomass estimates have 
been trending downward for the whole time series in every instance (Figure 50). The estimates 
for the LI area have been influenced by the change in recruitment assumptions (Figure 51). In the 
SNE region, the KLAMZ results from this assessment update show a higher biomass at the 
beginning of the time series and a faster rate of decline, probably due to a combination of recent 
low survey kg/tow data points and the decrease in dredge efficiency (Figure 51). The trends in 
biomass for both the exploited area and the whole stock have been affected by the recruitment 
step function, peaking during the year the model recruitment decreased (Figures 52 and 53). 

KLAMZ estimates of fishing mortality have also changed as a result of the newer survey dredge 
efficiency estimates. As the biomass estimates have scaled higher, the fishing mortality estimates 
have scaled lower, as the same catch removed from a larger biomass translates into a lower F 
value. Otherwise, KLAMZ results for fishing mortality have followed the same trends over the 
last five assessments (Figures 54-56).  
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REFERENCE POINTS AND STOCK STATUS 

Biological Reference Points 
Biological reference points (BRPs) for fishing mortality (F) and biomass (B) are required to 
manage the ocean quahog stock. Targets are BRPs that represent desirable stock conditions, and 
thresholds are BRPs that identify undesirable stock conditions.  

BRPs for US fisheries are generally linked to the theoretical maximum sustainable yield (MSY) 
of a stock. MSY theory is probably not applicable to ocean quahogs, because their very low 
productivity may preclude economically viable levels of sustained catch. Productivity is low 
because recruitment events have been infrequent and localized, growth is slow, and there is a 
long time between settlement and recruitment to the spawning population or fishable stock. 
Ocean quahogs have also not shown an increase in productivity from higher recruitment and 
faster growth as biomass has been fished down, which would be typical for a species operating 
under the MSY principle. For these reasons, recommended reference points are described as 
thresholds and targets but not as proxies for FMSY or BMSY related reference points. 

During SARC 48 (NEFSC 2009), BRPs for ocean quahogs were revisited and changes were 
recommended based on the unique population dynamics of very long-lived species with low 
rates of adult natural mortality. The revised BRPs are peer reviewed and considered the best 
science, but they are not incorporated in the FMP as an amendment or framework process has 
not taken place. Details of the reasoning behind the BRP revisions and analysis done to explore 
the implications of a range of potential BRP values can be found in the last assessment (NEFSC 
2009). 

Btarget 
The ocean quahog biomass target used to be BTarget = BMSY , which is assumed to be half the 
virgin biomass of the whole stock. This was revised to be half of the fishable fraction of the 
whole stock biomass during 1978 (considered pre-fishery). The revised biomass target value is 
1.73 million metric tons of meats.  

Bthreshold
The biomass threshold used to be BThreshold= ½ BMSY (or ¼ the virgin biomass of the whole stock). 
The revised Bthreshold is 40% of the 1978 whole stock biomass, which was judged to be more 
realistic. The revised biomass threshold value for the whole stock is 1.39 million metric tons of 
meats. 

Ftarget 
FTarget was originally F0.1, and applied to the exploited area only. The revised Ftarget is a value of 
F below the threshold, but in an ITQ fishery this is determined by the quota set for the year and 
therefore at the discretion of the managers. By default it applies to the exploited area only. 

Fthreshold  
FThreshold used to be F25% (the fishing mortality rate that reduces lifetime egg production to 25% 
of its potential). It was decided to revise Fthreshold to F45% (egg production at 45% of potential) as 
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it was better suited to unproductive stocks. The revised fishing mortality threshold for the 
exploited area is 0.022 y-1. 

STOCK STATUS 

Ocean quahogs in the US EEZ are not overfished and overfishing is not occurring. Whole stock 
fishable biomass during 2011 was 2.96 million mt (Table 13), which is above the revised Btarget 
of 1.73 million mt and the revised Bthreshold of 1.39 million mt. The fishing mortality rate during 
2011 for the stock in the exploited region was F= 0.010 y-1 (Table 14), below the revised Fthreshold 
of 0.022 y-1. Fishing mortality for the exploited area of the stock was also below the previous 
Fthreshold of 0.08 y-1, and whole stock biomass was above the previous Bthreshold of 0.89 million mt.

PROJECTIONS 

Ocean quahog biomass, fishing mortality, and catch were projected through 2026 using the 
KLAMZ model and associated bootstrap/projection software (Figures 57A-C). The projections 
were run for three scenarios with different assumptions about catch. The probabilities of 
overfishing or overfished status were calculated for each year. Bootstrap KLAMZ model runs 
were used as starting points for five thousand projections, to accommodate uncertainty about 
current biomass. For the first “status quo catch” scenario, yearly fishery removals were fixed at 
15,400 mt. For the second “quota catch” scenario, yearly fishery removals were fixed at the level 
of the current quota, 24,190 mt. The third scenario fixed annual fishing mortality at the 
overfishing threshold, F45% or 0.022y-1. Recruitment was constant and derived from KLAMZ 
base runs for recent years. Status quo catch was determined by averaging ITQ ocean quahog 
landings from 2006 through 2011. Catches used in simulations were reported landings with 5% 
added to account for incidental mortality. All three scenarios were run for both the whole stock 
(all EEZ ocean quahogs with the exception of Maine) and the exploited area (SVA, DMV, NJ, 
LI, and SNE). All projections were started in 2011, the last year with biomass estimates from 
stock assessment models for ocean quahogs and complete landings data. 

Stochastic models were used as this approach allows confidence intervals to be calculated, and 
give almost identical median estimates as the single set of estimates from deterministic models. 

Revised BRPs Value

B target 50% 1978 fishable biomass  (whole stock) 1.73 million mt

B threshold* 40% 1978 fishable biomass (whole stock) 1.39 million mt

F target Ftarget < Fthreshold (exploited area) set by quota

 F threshold* F45% (exploited area) 0.022 y-1

Current whole stock fishable biomass Current exploited area F
2.96 million mt 0.010 y-1
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A single value of natural mortality (0.02) was used for all projections for this update, instead of 
running three different sets of projections using 0.015, 0.02, and 0.025. The different values of M 
affect both the starting biomass and the rate of change in the population over the length of the 
projection, but in the case of ocean quahogs these rates are low and the differences between runs 
were predictable. For this update, three different fishery scenarios were projected instead of four, 
as the minimum landings scenario from the last assessment was determined not to be useful. 
However, the projections made for this assessment update cover a longer period of time (fifteen 
years versus five).  

The current fishing mortality threshold F45% = 0.022y-1 applies to the exploited region only. The 
current biomass threshold of 1,390 mt (40% of the 1978 biomass) applies to the whole stock. The 
recent opening of the GBK region to surfclam and potential ocean quahog fishing may 
necessitate changes to the way biological reference points are applied to determine stock status. 
Even though there has been no ocean quahog fishing on GBK since the opening, it is possible 
there may not be an “exploited” subarea of the ocean quahog range in the EEZ in the future. 

The status quo catch scenario (Figure 57A) represents the lowest catch level projected. At this 
catch level there is little chance of the whole stock becoming overfished between 2011 and 2026 
(Table 15). However, the bootstrap estimates indicate there is a very small probability that 
overfishing may occur in the exploited area by 2020, even at this lowest level of catch.  

The full quota catch scenario (Figure 57B) would also probably not lead to the stock becoming 
overfished, but would generate a more rapid decrease in biomass leading to overfishing in the 
exploited area (the probability of overfishing is estimated to be 50% by 2024).  

The overfishing threshold scenario by definition had overfishing occurring in all years (Figure 
57C). The probability of the whole stock reaching an overfished state after 15 years of fishing at 
0.022y-1 is still small, but biomass would be reduced considerably and catches would begin to 
decrease around 2020. 

In all three scenarios, ocean quahog biomass is projected to decline continuously through 2026. 
If recruitment levels remain as low as they have been in recent years and fishing continues at the 
status quo rate, there is a reasonable chance there will be overfishing in the exploited area and 
the whole stock will lose 20% of its biomass within the next ten or twelve years. 
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Table 1. Parameter estimates for the relationship between shell length (L) in millimeters and 
meat weight (W) in grams for ocean quahogs used in this assessment update.  The equation for 
the relationship is W=eαLβ. 

Region Alpha Beta 

GBK -8.969073 2.767282 

SNE -9.124283 2.774989 

LI -9.233646 2.822474 

NJ -9.847183 2.94954 

DMV -9.042313 2.787987 

SVA -9.042313 2.787987 
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Year
EEZ landings 

(Logbook) EEZ Quota
EEZ Landings / 

Quota (%)

1980 13.41 15.88 0.84
1981 13.10 18.14 0.72
1982 14.23 18.14 0.78
1983 14.59 18.14 0.80
1984 17.98 18.14 0.99
1985 20.73 22.23 0.93
1986 18.90 27.22 0.69
1987 21.51 27.22 0.79
1988 20.27 27.22 0.74
1989 22.36 23.59 0.95
1990 20.97 24.04 0.87
1991 22.06 24.04 0.92
1992 22.48 24.04 0.93
1993 21.88 24.49 0.89
1994 20.99 24.49 0.86
1995 21.11 22.23 0.95
1996 20.06 20.18 0.99
1997 19.63 19.58 1.00
1998 17.90 18.14 0.99
1999 17.38 20.41 0.85
2000 14.72 20.41 0.72
2001 17.07 20.41 0.84
2002 17.95 20.41 0.88
2003 18.82 20.41 0.92
2004 17.66 22.68 0.78
2005 13.64 24.19 0.56
2006 14.27 24.19 0.59
2007 15.57 24.19 0.64
2008 15.74 24.19 0.65
2009 15.87 24.19 0.66
2010 16.27 24.19 0.67
2011 14.34 24.19 0.59

Table 2. Annual ocean quahog landings (including Maine) and quotas in 
thousands of metric tons of meats. 
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Year
Conversion factor 

for 2010 dollars
Nominal price

Real price 
(2010 dollars)

Nominal price
Real price 

(2010 dollars)
1982 0.50 0.31 0.62
1983 0.52 0.31 0.60
1984 0.54 0.31 0.58 0.78 1.45
1985 0.56 0.31 0.56
1986 0.57 0.3 0.53 1.75 3.08
1987 0.58 0.29 0.50 2.3 3.94
1988 0.60 0.29 0.48 1.9 3.15
1989 0.63 0.29 0.46 2.72 4.34
1990 0.65 0.32 0.49 2.7 4.15
1991 0.67 0.34 0.50 4.1 6.08
1992 0.69 0.36 0.52 4.07 5.90
1993 0.71 0.4 0.57 3.58 5.08
1994 0.72 0.38 0.53 3.83 5.32
1995 0.74 0.4 0.54 3.46 4.71
1996 0.75 0.41 0.55 3.1 4.14
1997 0.76 0.42 0.55 2.62 3.44
1998 0.77 0.42 0.54 2.5 3.24
1999 0.78 0.42 0.54 2.75 3.51
2000 0.80 0.43 0.54 2.74 3.43
2001 0.82 0.55 0.67 3.23 3.95
2002 0.83 0.54 0.65 3.69 4.44
2003 0.85 0.53 0.62 3.75 4.42
2004 0.87 0.52 0.60 3.79 4.35
2005 0.90 0.51 0.57 3.6 4.00
2006 0.93 0.51 0.55 3.23 3.47
2007 0.96 0.52 0.54 3.16 3.30
2008 0.98 0.54 0.55 3.29 3.36
2009 0.99 0.60 0.61 3.33 3.37
2010 1.00 0.64 0.64 3.29 3.29
2011 1.02 0.65 0.64 3.38 3.31

Table 3.  Real and nominal prices for ocean quahog based on dealer data.  Average price was computed 
as total revenues divided by total landed meat weight during each year.  The consumer price index (CPI) 
used to convert nominal dollars to 2010 equivalent dollars is from the Bureau of Economic Analysis Table 

1.1.9 (www.bea.gov/iTable/iTable.cfm?ReqID=9&step=1).

ITQ fishery, price per lb Maine fishery, price per lb
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YEAR DMV LI NJ SNE SVA UNK Total ITQ
1980 279.8 1.3 600.6 11.9 893.6
1981 238.6 0.3 656.2 3.0 2.0 900.1
1982 296.4 606.4 0.3 3.0 906.1
1983 297.1 2.1 580.7 63.9 2.3 946.2
1984 462.8 644.9 105.1 0.6 51.3 1,264.7
1985 419.1 3.6 745.4 86.1 8.5 123.1 1,385.9
1986 510.8 15.0 598.3 47.4 42.1 1,213.7
1987 659.1 33.6 612.4 55.8 2.0 1,362.9
1988 795.8 25.6 483.2 68.3 2.7 2.7 1,378.3
1989 505.2 33.2 1,010.9 97.0 2.1 1,648.3
1990 340.2 53.4 1,222.0 76.6 1.0 1,693.3
1991 502.0 76.8 1,266.6 59.7 1,905.1
1992 229.7 547.8 666.6 81.8 1,526.0
1993 192.6 536.8 1,060.7 74.3 1,864.4
1994 94.2 798.5 855.9 86.8 2.4 1,837.7
1995 67.5 667.3 566.6 356.7 1,658.1
1996 63.4 426.6 389.2 494.4 2.2 1,375.8
1997 114.3 345.6 390.9 563.1 1,414.0
1998 134.4 437.9 291.0 443.3 3.3 1,309.8
1999 108.1 380.5 317.6 510.7 3.7 1,320.7
2000 104.9 294.6 330.0 439.3 536.4 1,705.2
2001 88.1 173.5 451.7 470.9 765.7 1,949.9
2002 178.8 483.5 278.4 324.9 702.7 1,968.3
2003 109.1 671.4 447.9 191.7 4.5 1,424.6
2004 104.0 607.6 329.4 276.8 1,317.7
2005 143.5 521.6 82.2 168.4 1.9 917.6
2006 75.5 604.9 57.8 138.1 876.2
2007 14.4 650.6 155.0 178.1 998.1
2008 39.8 634.6 197.4 173.6 1,045.5
2009 32.9 453.5 223.1 704.1 3.3 1,416.8
2010 71.2 533.6 267.3 212.3 0.8 1,085.3
2011 40.4 589.2 199.0 155.5 984.0

Table 4. Ocean quahog fishing effort in days (24 hours) fished by stock assessment region in the US 
EEZ based on logbook data. 
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Year DMV LI NJ SNE SVA UNK Mean ITQ

1980 146.77 40.38 124.98 132.50 111.16
1981 142.13 122.67 130.08 174.23 159.47 145.71
1982 141.85 116.95 178.29 191.38 157.12
1983 151.94 90.85 130.58 91.15 124.76 117.86
1984 138.84 114.23 64.47 89.27 117.42 104.84
1985 157.01 93.06 138.53 68.70 133.82 124.53 119.27
1986 136.96 235.71 143.66 107.19 137.42 152.19
1987 155.96 277.37 135.65 111.80 133.26 162.81
1988 130.04 197.79 143.84 102.12 145.73 83.04 133.76
1989 124.60 155.42 120.76 135.01 121.67 131.49
1990 118.03 139.78 141.08 109.64 119.20 125.55
1991 98.55 153.60 112.84 129.61 123.65
1992 95.53 194.64 117.23 134.10 135.37
1993 105.10 158.24 108.15 128.26 124.94
1994 91.56 145.34 83.71 122.20 80.48 104.66
1995 90.03 138.04 90.76 153.49 118.08
1996 106.12 136.91 113.43 171.40 108.40 127.25
1997 85.04 137.79 97.65 150.84 117.83
1998 101.99 132.81 124.56 147.30 83.11 117.95
1999 100.38 143.62 130.38 123.57 51.38 109.86
2000 89.64 129.60 107.88 111.65 76.87 103.13
2001 81.19 117.70 103.19 99.81 107.85 101.95
2002 99.90 132.90 93.16 101.81 117.00 108.95
2003 77.81 140.11 86.58 96.14 145.94 109.31
2004 69.90 171.77 98.51 117.30 114.37
2005 63.35 148.62 94.91 113.02 94.93 102.97
2006 65.57 156.32 93.65 163.02 119.64
2007 62.49 155.74 89.91 134.76 110.73
2008 63.22 160.93 82.17 138.20 111.13
2009 54.60 195.13 98.79 136.29 5.00 97.96
2010 51.81 178.59 77.10 227.15 133.66
2011 68.62 240.13 86.16 157.09 138.00

 Table 5. Ocean quahog landings per unit effort (LPUE, total bushels landed / total hours fished) 
based on logbook data for all vessels operating in the US EEZ.
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YEAR SVA DMV NJ LI SNE GBK UNK Total

1980 4,232 7,748 6 147 12,133
1981 56 3,637 8,402 3 23 12,120
1982 6 4,605 8,532 63 13,205
1983 5,396 8,249 21 629 291 14,586
1984 6 7,171 8,851 822 1,125 17,975
1985 160 7,200 10,676 40 693 1,956 20,726
1986 8,237 9,059 396 562 649 18,902
1987 10,540 9,070 1,180 696 27 21,514
1988 42 11,715 7,014 640 841 20 20,273
1989 6,439 14,100 605 1,196 20 22,359
1990 14 3,685 15,590 739 934 20,962
1991 4,839 14,575 1,674 865 21,953
1992 2,378 6,942 11,940 1,143 22,402
1993 1,953 10,205 8,642 1,020 21,820
1994 992 6,938 12,015 954 22 20,921
1995 699 5,356 9,526 5,412 20,994
1996 736 4,864 5,943 8,350 26 19,919
1997 1,072 4,229 5,141 8,968 19,410
1998 1,365 2,684 6,856 6,736 39 17,679
1999 1,090 3,038 6,329 6,618 27 17,102
2000 1,048 3,286 4,745 5,083 49 695 14,905
2001 864 4,544 2,417 4,632 13 4,765 17,235
2002 1,732 2,781 9,113 3,884 635 18,144
2003 896 3,683 11,626 2,177 73 18,456
2004 624 2,761 10,690 3,273 17,348
2005 910 669 9,714 2,021 19 13,334
2006 494 467 11,101 1,847 13,909
2007 100 1,566 11,290 2,311 15,267
2008 270 1,724 11,290 2,255 15,539
2009 211 2,424 8,626 4,594 18 15,873
2010 428 2,315 9,882 3,467 14 16,106
2011 290 1,868 10,235 1,748 14,141

Table 6. Ocean quahog landings (mt meats) by stock assessment region as 
reported in logbooks by the ITQ fishery.

32 
 



 

         

 

 

YEAR SVA DMV NJ LI SNE GBK UNK Total

1980 933 1,708 1 32 2,675
1981 12 802 1,852 1 5 2,672
1982 1 1,015 1,881 14 2,911
1983 1,190 1,819 5 139 64 3,216
1984 1 1,581 1,951 181 248 3,963
1985 35 1,587 2,354 9 153 431 4,569
1986 1,816 1,997 87 124 143 4,167
1987 2,324 2,000 260 153 6 4,743
1988 9 2,583 1,546 141 185 4 4,469
1989 1,420 3,108 133 264 4 4,929
1990 3 812 3,437 163 206 4,621
1991 1,067 3,213 369 191 4,840
1992 524 1,530 2,632 252 4,939
1993 431 2,250 1,905 225 4,810
1994 219 1,530 2,649 210 5 4,612
1995 154 1,181 2,100 1,193 4,628
1996 162 1,072 1,310 1,841 6 4,391
1997 236 932 1,133 1,977 4,279
1998 301 592 1,511 1,485 9 3,898
1999 240 670 1,395 1,459 6 3,770
2000 231 724 1,046 1,121 11 153 3,286
2001 190 1,002 533 1,021 3 1,050 3,800
2002 382 613 2,009 856 140 4,000
2003 198 812 2,563 480 16 4,069
2004 138 609 2,357 722 3,825
2005 201 148 2,142 446 4 2,940
2006 109 103 2,447 407 3,066
2007 22 345 2,489 510 3,366
2008 59 380 2,489 497 3,426
2009 46 534 1,902 1,013 4 3,499
2010 94 510 2,179 764 3 3,551
2011 64 412 2,256 385 3,117

Table 7. Ocean quahog landings by stock assessment region as reported in logbooks 
for the ITQ fishery.  Figures are in thousands of ITQ bushels.
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Region Year Quahogs measured Trips sampled % of trips sampled Samples per bushel landed

1996 30 1 0.12 0.00002
1997 310 10 1.20 0.00016
1998 796 25 3.88 0.00054
1999 634 21 2.67 0.00043
2000 822 27 4.12 0.00073
2001 761 25 3.84 0.00074
2002 1353 42 7.18 0.00158
2003 606 20 6.31 0.00126
2004 1302 43 10.39 0.00180
2005 1280 42 14.58 0.00287
2006 996 32 12.45 0.00245
2007 1282 42 14.84 0.00252
2008 2406 80 34.19 0.00507
2009 2274 75 4.70 0.00225
2010 2797 93 37.20 0.00366
2011 1320 44 23.04 0.00343

Region Year Quahogs measured Trips sampled % of trips sampled Samples per bushel landed

1996 30 1 0.12 0.00002
1997 1012 32 5.02 0.00089
1998 480 16 2.28 0.00032
1999 1440 48 7.12 0.00103
2000 390 13 2.63 0.00037
2001 180 6 1.05 0.00014
2002 150 5 0.63 0.00007
2003 990 33 3.26 0.00039
2004 360 12 1.37 0.00015
2005 1866 62 9.00 0.00087
2006 2928 98 12.68 0.00120
2007 2099 68 8.58 0.00084
2008 2482 81 11.81 0.00101
2009 2589 85 16.67 0.00136
2010 3564 119 20.73 0.00164
2011 5386 180 31.25 0.00239

SN
E

LI

Table 8. Number of quahogs measured, number of trips sampled, percentage of trips sampled, and 
number of quahogs measured per bushel landed by year and region, from port samples.
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Region Year Quahogs measured Trips sampled % of trips sampled Samples per bushel landed

1996 30 1 0.14 0.00003
1997 390 13 2.03 0.00042
1998 420 14 3.47 0.00071
1999 420 14 3.13 0.00063
2000 600 20 4.13 0.00082
2001 780 26 3.99 0.00078
2002 510 17 4.59 0.00083
2003 390 13 2.68 0.00048
2004 1080 36 9.92 0.00177
2005 90 3 3.23 0.00061
2006 243 8 11.59 0.00236
2007 343 11 6.04 0.00099
2008 330 11 4.74 0.00086
2009 630 21 8.43 0.00118
2010 780 26 8.84 0.00153
2011 690 23 10.95 0.00168

Region Year Quahogs measured Trips sampled % of trips sampled Samples per bushel landed

1996 180 6 5.08 0.00111
1997 570 19 10.86 0.00241
1998 390 13 6.70 0.00130
1999 960 32 19.39 0.00399
2000 690 23 14.65 0.00299
2001 660 22 18.64 0.00335
2002 120 4 1.78 0.00031
2003 390 13 10.66 0.00197
2004 150 5 4.46 0.00109
2005 511 17 12.32 0.00255
2006 743 24 29.63 0.00683
2007 195 6 42.86 0.00887
2008 120 4 10.00 0.00202
2009 95 3 10.71 0.00205
2010 270 9 13.85 0.00286
2011 180 6 16.22 0.00282

N
J

DM
V

Table 8 Cont'd. Number of quahogs measured, number of trips sampled, percentage of trips sampled, 
and number of quahogs measured per bushel landed by year and region, from port samples.
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region stratum
area 

(nm2)
% total 

region area
1982 1983 1984 1986 1989 1992 1994 1997 1999 2002 2005 2008 2011

54 295 0.04 3 3 3 6 3 3 3 3 2 2 2
55 386 0.06 3 3 3 3 1 3 3 3 2 2 4 2 3
56 214 0.03 4 4 4
57 176 0.02 2 2 1 2 5 2 2 2 4 2 11
58 303 0.04 2 5 5 5
59 512 0.07 1 4 5 1 2 6 5 5 4 5 9 4 16
60 801 0.11 2 2 2 4 2 5 5 5 9 4 5
61 588 0.09 8 1 6 5 12 7 6 6 6 6 11 5 5
62 731 0.10 1 1 1 4 4 4 4 4 7 3 4
65 184 0.03 2 2 4 2 4 3 4 1 1 3 3
67 196 0.03 5 5 5 7 7 7 7 7 2 2 1
68 380 0.06 1 8 7 3 6 6 5 5 5 6 6 6
69 902 0.13 2 5 11 6 6 6 7 6 8 8 4 4 1
70 544 0.08 1 2 6 4 8 4 4 4 3 2 6 4 19
71 168 0.02 2 2 3 1 2 3 3 1 2 3 1 3
72 472 0.07 2 10 8 1 8 8 8 8 6 6 4 4 5
73 526 0.08 1 1 4 3 6 6 6 6 5 6 9 3 5
74 443 0.06 3 4 1 3 7 4 4 4 3 3 6 3 11

Table 9. Random and nearly random NEFSC survey tows used to estimate trends in ocean quahog abundance.  Numbers in 
each cell are the number of tows used for each combination of stratum and cruise.  Figures in plain text are the number of 

original tows (without borrowing).  Outlined cells had zero tows originally but were filled by borrowing tows from the same 
strata during previous and/or subsequent cruises.  Black cells have zero tows that could not be filled by borrowing.  

Survey/region combinations with relatively poor sampling (large amount of borrowed or missing tows, or borrowed or missing 
tows from large strata) are shown in grey.  

SURVEY YEAR

GB
K
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region stratum
area 

(nm2)
% total 

region area
1982 1983 1984 1986 1989 1992 1994 1997 1999 2002 2005 2008 2011

37 660 0.14 7 4 7 3 6 3 5 4 4 3 3 2 2
38 268 0.06 3 2 5 3 3 3 5 3 3 3 2 3 7
39 946 0.20 6 4 6 2 5 5 5 5 5 5 5 5 8
41 580 0.12 6 5 7 5 6 6 6 6 5 6 6 6 4
45 407 0.09 3 7 9 4 4 4 4 4 4 3 3 4 7
46 205 0.04 2 5 5 3 2 3 5 3 3 2 3 3 6
47 873 0.18 4 3 4 2 2 4 5 4 3 1 7 4 8
94 215 0.04 1 2 2 1 1 2 2 4 2 2 5 5
95 278 0.06 4 14 11 4 4 4 4 4 4 4 8 4 5
96 490 0.10 12 12 13 1 1 3 2 4 4 1 1 1
29 1078 0.24 11 10 20 10 10 10 10 10 11 10 10 16 10
30 667 0.15 7 8 14 6 6 6 6 6 7 6 7 12 4
31 932 0.21 9 7 12 5 7 8 8 8 9 8 10 8 8
33 361 0.08 4 4 8 4 4 4 5 4 4 4 4 10 4
34 207 0.05 2 2 4 2 2 2 5 2 2 2 2 8 6
35 614 0.14 4 2 4 2 5 6 6 6 6 6 6 6 5
91 342 0.08 2 2 4 4 3 3 3 3 3 3 3 5 11
92 165 0.04 2 2 3 2 2 2 2 2 2 2 2 5 11
93 97 0.02 1 1 2 1 1 1 1 1 1 2 1 4 6

SURVEY YEAR
SN

E
LI
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Table 9 Cont’d. 

 

          

 

region stratum
area 

(nm2)
% total 

region area
1982 1983 1984 1986 1989 1992 1994 1997 1999 2002 2005 2008 2011

17 703 0.11 11 11 17 12 12 12 12 14 12 12 12 12 5
18 240 0.04 3 3 6 3 3 3 3 3 3 3 3 3 5
19 266 0.04 3 3 6 3 2 3 3 3 3 3 3 3 4
21 1693 0.26 18 18 21 19 20 20 23 26 39 29 20 28 15
22 305 0.05 3 3 6 3 3 3 5 3 3 3 3 3 5
23 724 0.11 7 6 11 5 4 5 5 5 5 5 5 5 5
25 647 0.10 9 9 13 8 9 9 9 12 8 9 9 13 8
26 190 0.03 2 2 5 3 3 3 3 3 3 3 3 3 3
27 442 0.07 4 4 8 4 4 4 4 4 4 4 3 4 4
87 356 0.05 8 7 10 9 9 9 9 9 9 16 8 9 6
88 484 0.07 15 15 24 17 20 20 20 21 23 20 17 19 6
89 343 0.05 14 15 21 15 18 17 17 19 18 18 15 18 4
90 117 0.02 2 2 3 2 2 2 2 2 2 2 2 1 4
9 1894 0.47 30 26 35 29 37 37 39 39 38 39 36 31 15
10 190 0.05 2 2 3 3 3 3 3 3 3 3 3 2 4
11 246 0.06 2 2 4 2 2 2 2 2 2 2 2 6 4
13 1149 0.28 19 18 25 20 20 20 21 22 19 20 18 15 7
14 205 0.05 2 2 3 3 3 3 5 3 3 3 3 26 23
15 387 0.10 4 4 8 4 4 4 5 4 5 4 4 9 5

5 690 0.97 4 9 13 8 8 8 7 8 16 8 8 17 9

6 22 0.03 1 1 1 1 1 1 1 1 3 2 1 1SV
A

SURVEY YEAR
N

J
DM

V
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region year n/tow CV kg/tow CV n/tow CV kg/tow CV n/tow CV kg/tow CV n tows
n positive 

tows 
n strata 

surveyed
1986 278 0.19 6 0.18 430 0.23 9 0.20 256 0.18 6 0.18 47 21 16
1989 92 0.26 2 0.25 127 0.24 3 0.25 87 0.26 2 0.25 78 38 16
1992 346 0.21 9 0.21 486 0.19 11 0.20 328 0.21 9 0.21 74 41 16
1994 405 0.20 11 0.20 578 0.19 14 0.19 384 0.20 10 0.20 76 40 16
1997 270 0.19 7 0.19 389 0.19 9 0.18 253 0.19 7 0.19 83 44 18
1999 273 0.17 8 0.19 366 0.16 9 0.18 260 0.17 8 0.19 77 47 18
2002 328 0.18 9 0.19 478 0.15 11 0.18 310 0.18 9 0.19 61 38 15
2008 324 0.30 6 0.28 693 0.31 11 0.29 285 0.29 6 0.27 49 30 15
2011 317 0.23 7 0.22 606 0.21 10 0.22 284 0.23 6 0.22 94 69 15
1982 278 0.27 7 0.25 346 0.28 8 0.26 265 0.27 7 0.25 48 30 10
1983 173 0.29 4 0.30 238 0.31 5 0.29 163 0.29 4 0.30 58 37 10
1984 188 0.27 5 0.29 234 0.26 6 0.28 180 0.27 5 0.29 69 38 10
1986 289 0.31 7 0.31 394 0.35 9 0.32 273 0.30 7 0.30 27 23 9
1989 275 0.19 7 0.18 353 0.21 8 0.19 261 0.19 6 0.18 34 29 10
1992 333 0.19 9 0.19 400 0.19 10 0.19 320 0.19 8 0.20 36 31 10
1994 529 0.22 13 0.20 670 0.25 16 0.21 504 0.22 13 0.20 43 32 10
1997 293 0.54 6 0.45 448 0.61 8 0.52 269 0.53 6 0.43 39 27 10
1999 252 0.54 6 0.48 313 0.56 7 0.51 241 0.53 6 0.48 39 30 10
2002 181 0.22 5 0.22 207 0.22 6 0.22 176 0.22 5 0.22 29 28 9
2005 158 0.26 4 0.23 334 0.42 5 0.27 145 0.25 3 0.22 40 34 10
2008 201 0.25 4 0.22 524 0.42 7 0.27 180 0.24 4 0.22 37 31 8
2011 157 0.28 4 0.24 255 0.32 5 0.27 145 0.28 3 0.23 52 42 9

SURVEY STOCK FISHABLE

Table 10. Trends in abundance and biomass for ocean quahogs ≥ 50 mm SL during 1982-2011, based on NEFSC clam survey data. Survey values are 
the quahogs caught in the survey dredge. Stock values are the survey values adjusted to account for the selectivity and efficiency of the survey dredge. 
Fishable values are the stock values adjusted to account for the selectivity of a commercial dredge. Figures include original plus borrowed tows.  "N 
strata surveyed" includes strata sampled by tows borrowed from the previous and subsequent surveys if needed.  Survey data for 1994 should be 

ignored because of gear problems that artificially boosted sampling efficiency.  Survey coverage was incomplete on GBK prior to 1986, and in 2005.
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Table 10 Cont’d. 

 

region year n/tow CV kg/tow CV n/tow CV kg/tow CV n/tow CV kg/tow CV n tows
n positive 

tows 
n strata 

surveyed
1982 277.91 0.15 6.98 0.16 433.99 0.16 9.29 0.15 256.75 0.15 6.64 0.16 42 36 9
1983 185.88 0.21 5.23 0.21 253.51 0.22 6.36 0.21 175.68 0.21 5.04 0.21 38 36 9
1984 239.24 0.17 6.67 0.16 323.92 0.17 8.11 0.16 225.92 0.17 6.42 0.16 71 63 9
1986 319.60 0.22 8.89 0.20 426.26 0.22 10.78 0.21 302.09 0.21 8.56 0.20 36 31 9
1989 226.21 0.34 5.06 0.29 367.49 0.38 7.15 0.33 206.65 0.33 4.74 0.28 40 36 9
1992 323.33 0.18 8.31 0.16 465.23 0.20 10.62 0.17 301.75 0.18 7.93 0.16 42 36 9
1994 592.57 0.16 15.35 0.16 827.85 0.17 19.30 0.16 555.85 0.16 14.67 0.16 46 44 9
1997 401.64 0.16 11.16 0.16 518.85 0.17 13.35 0.16 381.48 0.16 10.75 0.16 42 35 9
1999 232.27 0.17 6.28 0.15 310.52 0.19 7.67 0.16 219.40 0.17 6.03 0.14 45 41 9
2002 253.06 0.21 6.97 0.20 330.41 0.21 8.39 0.20 240.10 0.21 6.71 0.20 43 40 9
2005 149.38 0.19 4.07 0.19 215.78 0.19 5.06 0.18 140.78 0.19 3.92 0.19 45 39 9
2008 155.33 0.16 4.55 0.15 206.67 0.19 5.41 0.16 147.68 0.16 4.40 0.15 74 66 9
2011 195.56 0.19 5.29 0.20 289.72 0.20 6.61 0.20 184.31 0.19 5.08 0.20 65 54 9
1982 112.34 0.20 3.56 0.20 129.33 0.20 3.92 0.20 109.15 0.20 3.48 0.20 99 50 13
1983 86.09 0.21 2.83 0.21 98.42 0.21 3.09 0.21 83.89 0.21 2.78 0.21 98 55 13
1984 147.61 0.24 4.67 0.24 170.30 0.24 5.15 0.24 143.44 0.24 4.58 0.24 151 79 13
1986 144.02 0.23 4.91 0.22 159.78 0.24 5.28 0.22 141.03 0.23 4.84 0.22 103 52 13
1989 72.24 0.22 2.16 0.21 88.60 0.22 2.45 0.21 69.63 0.22 2.11 0.22 109 52 13
1992 88.04 0.18 3.02 0.17 97.82 0.18 3.25 0.17 86.26 0.18 2.98 0.17 110 52 13
1994 235.41 0.22 7.61 0.20 269.04 0.22 8.33 0.21 229.38 0.22 7.48 0.20 115 59 13
1997 122.26 0.15 4.27 0.15 135.78 0.16 4.58 0.15 119.85 0.15 4.21 0.15 124 59 13
1999 59.48 0.15 2.02 0.14 72.27 0.15 2.22 0.14 57.77 0.15 1.99 0.14 132 61 13
2002 89.79 0.23 3.23 0.24 101.12 0.22 3.46 0.23 87.98 0.24 3.19 0.24 127 60 13
2005 47.08 0.16 1.57 0.15 62.36 0.15 1.77 0.15 45.37 0.16 1.54 0.15 103 54 13
2008 45.15 0.17 1.50 0.16 60.59 0.17 1.70 0.16 43.41 0.17 1.47 0.16 121 65 13
2011 74.76 0.15 2.27 0.14 99.69 0.16 2.63 0.14 71.55 0.15 2.21 0.14 74 53 13

SURVEY STOCK FISHABLE
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Table 10 Cont’d. 

region year n/tow CV kg/tow CV n/tow CV kg/tow CV n/tow CV kg/tow CV n tows
n positive 

tows 
n strata 

surveyed
1982 79.16 0.32 2.96 0.34 86.64 0.31 3.16 0.33 77.73 0.32 2.92 0.34 59 24 6
1983 86.23 0.49 2.55 0.42 106.61 0.52 2.99 0.45 82.37 0.49 2.46 0.42 54 28 6
1984 52.01 0.35 1.67 0.30 63.19 0.36 1.90 0.31 49.99 0.34 1.62 0.30 78 34 6
1986 75.68 0.23 2.53 0.22 86.74 0.24 2.80 0.22 73.54 0.23 2.48 0.22 61 28 6
1989 64.35 0.58 1.80 0.46 82.47 0.62 2.18 0.51 60.90 0.56 1.73 0.45 69 31 6
1992 71.98 0.36 2.29 0.31 85.41 0.40 2.59 0.33 69.42 0.36 2.22 0.30 69 25 6
1994 39.46 0.25 1.33 0.23 47.97 0.27 1.49 0.24 38.21 0.25 1.30 0.23 75 28 6
1997 47.74 0.21 1.67 0.21 56.44 0.22 1.85 0.21 46.34 0.21 1.64 0.21 73 28 6
1999 28.36 0.29 0.95 0.27 33.39 0.29 1.06 0.27 27.51 0.29 0.93 0.26 70 23 6
2002 31.81 0.25 1.11 0.23 38.77 0.26 1.23 0.23 30.84 0.25 1.08 0.22 71 19 6
2005 19.41 0.49 0.69 0.53 24.84 0.45 0.78 0.50 18.82 0.50 0.68 0.53 66 21 6
2008 17.76 0.54 0.62 0.59 22.61 0.49 0.70 0.56 17.22 0.54 0.61 0.59 57 16 6
2011 16.14 0.31 0.51 0.35 22.55 0.28 0.61 0.32 15.28 0.31 0.50 0.36 58 38 6
1982 0.04 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.04 0.00 0.00 0.00 5 1 2
1983 1.89 0.58 0.10 0.58 1.92 0.58 0.10 0.58 1.89 0.58 0.10 0.58 10 3 2
1984 0.19 0.85 0.01 0.87 0.19 0.84 0.01 0.87 0.19 0.85 0.01 0.87 14 2 2
1986 0.29 0.00 0.01 0.00 0.29 0.00 0.01 0.00 0.28 0.00 0.01 0.00 9 1 2
1989 0.39 0.00 0.02 0.00 0.40 0.00 0.02 0.00 0.39 0.00 0.02 0.00 9 1 2
1992 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9 0 2
1994 4.47 0.79 0.23 0.81 4.56 0.78 0.23 0.80 4.45 0.79 0.22 0.81 8 2 2
1997 0.15 0.00 0.00 0.00 0.28 0.00 0.01 0.00 0.14 0.00 0.00 0.00 9 1 2
1999 0.08 0.55 0.00 0.61 0.18 0.50 0.00 0.54 0.07 0.56 0.00 0.61 19 2 2
2002 0.04 1.00 0.00 1.00 0.13 1.00 0.00 1.00 0.04 1.00 0.00 1.00 10 1 2
2005 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9 0 2
2008 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9 0 2
2011 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9 0 1

DM
V

SV
A

SURVEY STOCK FISHABLE
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Area of region (nm2) - no unsuitable habitat correction

SVA 712 10% SVA 1 10%

DMV 4071 10% DMV 1 10%

NJ 6510 10% NJ 1 10%

LI 4463 10% LI 1 10%

SNE 4922 10% SNE 0.958 10%

GBK 7821 10% GBK 0.9 10%

Total 28499

INPUT: Biomass fraction in unsurveyed deep water

SVA 712 14% SVA 0 10%

DMV 4071 14% DMV 0 10%

NJ 6510 14% NJ 0 10%

LI 4463 14% LI 0 10%

SNE 4714.03 14% SNE 0.02 10%

GBK 7038.9 14% GBK 0.13 10%

1997 CV 1999 CV 2002 CV 2005 CV 2008 CV 2011 CV

SVA 0.00 1.00 0.00 0.55 0.00 1.00 0.00 1.00 0.00 1.00 0.00 1.00

DMV 0.69 0.22 0.47 0.27 0.72 0.24 0.44 0.48 0.37 0.33 0.47 0.48

NJ 1.81 0.15 1.02 0.14 1.93 0.23 1.10 0.14 1.25 0.20 1.96 0.22

LI 4.88 0.17 3.22 0.14 3.63 0.17 2.33 0.16 3.61 0.15 3.74 0.23

SNE 2.39 0.38 2.91 0.46 3.47 0.26 2.19 0.22 3.36 0.27 2.39 0.34

GBK 2.87 0.16 3.36 0.18 4.15 0.18 4.64 0.20 4.98 0.27 4.12 0.24

1997 CV 1999 CV 2002 CV 2005 CV 2008 CV 2011 CV

SVA 0.01 1.02 0.00 0.59 0.00 1.02 0.00 1.02 0.00 1.02 0.00 1.02

DMV 22.62 0.30 15.53 0.33 23.75 0.31 14.58 0.52 12.33 0.39 15.45 0.52

NJ 95.69 0.25 53.62 0.24 101.92 0.30 58.10 0.24 66.12 0.28 103.57 0.29

LI 176.41 0.26 116.51 0.25 131.46 0.27 84.13 0.26 130.45 0.25 135.24 0.31

SNE 93.27 0.43 113.26 0.50 135.17 0.33 85.52 0.30 131.10 0.34 93.26 0.39

GBK 185.23 0.26 216.72 0.27 267.59 0.27 298.84 0.28 321.27 0.33 265.69 0.31

Total w/o GBK 388.00 0.17 298.93 0.22 392.30 0.16 242.34 0.15 340.00 0.17 347.52 0.18

Total 573.22 0.14 515.64 0.17 659.89 0.15 541.18 0.17 661.28 0.18 613.22 0.17

INPUT: Original survey mean catch of fishable stock (kg/tow, tows adjusted to nominal distance using sensors)

Swept-area biomass without efficiency correction (B', 1000 mt):

Table 11. Efficiency-corrected ocean quahog swept-area biomass estimates by region  (in thousands of metric tons fishable stock) 
during years with NEFSC clam surveys.  Data for SVA and GBK for 2005 are basically averages of 2002 and 2008 as SVA and GBK were 
not sampled during 2005.

INPUT: Fraction suitable habitat (u)

Habitat area in assessment region (nm2)
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INPUT: Survey dredge efficiency (e)

1997 CV 1999 CV 2002 CV 2005 CV 2008 CV 2011 CV

0.169 0.21 0.169 0.21 0.169 0.21 0.169 0.21 0.169 0.21 0.169 0.21

1997 CV 1999 CV 2002 CV 2005 CV 2008 CV 2011 CV

SVA 0.05 1.04 0.02 0.62 0.01 1.04 0.03 1.04 0.03 1.04 0.03 1.04

DMV 133.82 0.37 91.88 0.39 140.56 0.37 86.27 0.56 72.96 0.44 91.40 0.56

NJ 566.19 0.33 317.29 0.32 603.05 0.37 343.81 0.32 391.23 0.35 612.83 0.36

LI 1043.87 0.34 689.40 0.32 777.86 0.34 497.83 0.33 771.91 0.33 800.24 0.37

SNE 551.90 0.47 670.20 0.54 799.83 0.39 506.02 0.37 775.73 0.40 551.85 0.45

GBK 1096.01 0.33 1282.35 0.34 1583.35 0.34 1768.29 0.35 1901.03 0.39 1572.15 0.38

Total w/o GBK 2295.83 0.27 1768.80 0.30 2321.31 0.27 1433.96 0.26 2011.85 0.27 2056.35 0.28

Total 3391.84 0.25 3051.15 0.27 3904.67 0.26 3202.24 0.27 3912.88 0.28 3628.51 0.27

1997 1999 2002 2005 2008 2011

SVA 0.02 0.01 0.00 0.01 0.01 0.01

DMV 84.99 56.48 88.39 44.14 42.63 46.82

NJ 377.04 212.24 382.13 229.94 252.95 391.38

LI 686.10 460.78 510.22 329.02 512.82 505.03

SNE 309.98 348.96 495.13 321.41 475.13 319.60

GBK 723.40 839.89 1038.19 1144.45 1169.60 985.37

Total w/o GBK 1634.53 1210.57 1659.38 1033.40 1430.58 1448.72

Total 2463.94 2173.60 2829.82 2281.19 2754.97 2581.08

1997 1999 2002 2005 2008 2011

SVA 0.14 0.05 0.04 0.09 0.09 0.09

DMV 210.70 149.46 223.53 168.61 124.86 178.42

NJ 850.24 474.36 951.68 514.08 605.10 959.58

LI 1588.20 1031.43 1185.92 753.25 1161.89 1268.02

SNE 982.64 1287.18 1292.03 796.66 1266.52 952.90

GBK 1660.56 1957.91 2414.79 2732.17 3089.86 2508.36

Total w/o GBK 3224.69 2584.43 3247.29 1989.78 2829.31 2918.84

Total 4669.19 4282.99 5387.78 4495.19 5557.45 5101.00

Upper bound for 80% confidence intervals on fishable biomass 
(1000 mt, for lognormal distribution with no bias correction)

Lower bound for 80% confidence intervals on fishable biomass 
(1000 mt, for lognormal distribution with no bias correction)

Table 11 Cont'd. Efficiency-corrected ocean quahog swept-area biomass estimates by region  (in thousands of metric tons fishable 
stock) during years with NEFSC clam surveys.  Data for SVA and GBK for 2005 are basically averages of 2002 and 2008 as SVA and GBK 
were not sampled during 2005.

Efficiency adjusted swept area fishable biomass (B, 1000 mt)
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0.05

0.1

1997 1999 2002 2005 2008 2011

SVA 0 0 0 0 0 0

DMV 1.07 1.09 1.74 0.91 0.27 0.29

NJ 4.23 3.04 2.79 0.67 1.73 1.87

LI 5.14 6.34 9.14 9.73 11.12 10.24

SNE 8.97 6.63 3.90 2.02 2.15 1.75

GBK 0 0 0 0 0 0

Total 19.41 17.10 17.56 13.33 15.28 14.14

INPUT: Catch 
(1000  1997 1999 2002 2005 2008 2011

SVA 0 0 0 0 0 0

DMV 1.13 1.15 1.82 0.96 0.28 0.30

NJ 4.44 3.20 2.93 0.70 1.82 1.96

LI 5.40 6.66 9.60 10.21 11.68 10.75

SNE 9.42 6.96 4.09 2.12 2.26 1.84

GBK 0 0 0 0 0 0

Total 20.38 17.96 18.44 14.00 16.04 14.85

1997 CV 1999 CV 2002 CV 2005 CV 2008 CV 2011 CV

SVA 0.05 1.04 0.02 0.62 0.01 1.04 0.03 1.04 0.03 1.04 0.03 1.04

DMV 133.82 0.37 91.88 0.39 140.56 0.37 86.27 0.56 72.96 0.44 91.40 0.56

NJ 566.19 0.33 317.29 0.32 603.05 0.37 343.81 0.32 391.23 0.35 612.83 0.36

LI 1043.87 0.34 689.40 0.32 777.86 0.34 497.83 0.33 771.91 0.33 800.24 0.37

SNE 551.90 0.47 670.20 0.54 799.83 0.39 506.02 0.37 775.73 0.40 551.85 0.45

GBK 1096.01 0.33 1282.35 0.34 1583.35 0.34 1768.29 0.35 1901.03 0.39 1572.15 0.38

Total w/o GBK 2295.83 0.27 1768.80 0.30 2321.31 0.27 1433.96 0.26 2011.85 0.27 2056.35 0.28

Total 3391.84 0.25 3051.15 0.27 3904.67 0.26 3202.24 0.27 3912.88 0.28 3628.51 0.27

INPUT: Assumed CV for catch

INPUT: Upper bound incidental mortality allowance

Table 12.  Fishing mortality estimates based on catch and efficiency-corrected swept-area biomass for fishable ocean 
quahogs during years with clam surveys.  CV's are based on analytical variance calculations assuming log normality, and 

include uncertainty in catch, survey data, swept-area, amount of suitable habitat, and survey dredge efficiency. 

INPUT: Landings (1000 mt, discard ~ 0)

INPUT: Efficiency Corrected Swept Area Biomass for Fishable Stock (1000 mt)
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1997 CV 1999 CV 2002 CV 2005 CV 2008 CV 2011 CV

SVA 0.000 1.046 0.000 0.630 0.000 1.046 0.000 1.046 0.000 1.046 0.000 1.046

DMV 0.008 0.379 0.012 0.407 0.013 0.388 0.011 0.570 0.004 0.450 0.003 0.569

NJ 0.008 0.341 0.010 0.337 0.005 0.381 0.002 0.337 0.005 0.365 0.003 0.375

LI 0.005 NA 0.010 NA 0.012 0.353 0.021 0.347 0.015 0.343 0.013 0.385

SNE 0.017 0.485 0.010 0.554 0.005 0.401 0.004 0.379 0.003 0.410 0.003 0.458

GBK 0.000 NA 0.000 NA 0.000 NA 0.000 0.000 0.000 0.000 0.000 0.391

Total w/o GBK 0.009 0.288 0.010 0.319 0.008 0.285 0.010 0.279 0.008 0.289 0.007 0.296

Total 0.006 0.273 0.006 0.288 0.005 0.274 0.004 0.288 0.004 0.297 0.004 0.289

1997 1999 2002 2005 2008 2011

SVA NA NA NA NA NA NA

DMV 0.005 0.008 0.008 0.006 0.002 0.002

NJ 0.005 0.007 0.003 0.001 0.003 0.002

LI NA NA 0.008 0.013 0.010 0.008

SNE 0.009 0.005 0.003 0.003 0.002 0.002

GBK NA NA NA NA NA NA

Total w/o GBK 0.006 0.007 0.006 0.007 0.006 0.005

Total 0.004 0.004 0.003 0.003 0.003 0.003

1997 1999 2002 2005 2008 2011

SVA NA NA NA NA NA NA

DMV 0.013 0.021 0.021 0.022 0.007 0.007

NJ 0.012 0.015 0.008 0.003 0.007 0.005

LI NA NA 0.019 0.032 0.023 0.022

SNE 0.031 0.020 0.008 0.007 0.005 0.006

GBK NA NA NA NA NA NA

Total w/o GBK 0.013 0.015 0.011 0.014 0.011 0.010

Total 0.008 0.008 0.007 0.006 0.006 0.006

Lower bound for 80% confidence intervals for fishing mortality 
(y-1, for lognormal distribution with no bias correction)

Upper bound for 80% confidence intervals for fishing mortality 
(y-1, for lognormal distribution with no bias correction)

Table 12 Cont'd.  Fishing mortality estimates based on catch and efficiency-corrected swept-area biomass for fishable ocean 
quahogs during years with clam surveys.  CV's are based on analytical variance calculations assuming log normality, and 

include uncertainty in catch, survey data, swept-area, amount of suitable habitat, and survey dredge efficiency. 

Fishing mortality (y-1)
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             Table 13. KLAMZ estimates of ocean quahog biomass (in thousands of metric tons) from 1978 to 2011 by assessment region, 
the exploited regions only, and the whole stock. The CVs for the NJ and SNE areas were bootstrapped as the models did not converge.  

            

B CV B CV B CV B CV B CV B CV B CV
1978 293 0.11 943 0.14 718 0.28 1,055 0.07 1,161 0.54 2,024 0.27 3,460 0.22
1979 286 0.11 917 0.13 730 0.26 1,035 0.08 1,185 0.50 2,038 0.26 3,500 0.22
1980 273 0.11 892 0.13 741 0.25 1,016 0.10 1,209 0.47 2,046 0.25 3,540 0.21
1981 263 0.12 868 0.13 753 0.24 997 0.11 1,233 0.43 2,057 0.24 3,580 0.21
1982 254 0.12 843 0.12 764 0.23 978 0.12 1,257 0.40 2,068 0.24 3,620 0.20
1983 244 0.12 818 0.12 775 0.22 960 0.12 1,281 0.37 2,077 0.23 3,660 0.20
1984 233 0.12 795 0.12 786 0.21 941 0.13 1,305 0.34 2,087 0.22 3,700 0.19
1985 221 0.13 772 0.11 797 0.20 922 0.13 1,328 0.32 2,093 0.22 3,730 0.19
1986 209 0.13 746 0.11 808 0.19 904 0.14 1,352 0.29 2,096 0.21 3,760 0.19
1987 196 0.14 723 0.11 819 0.19 886 0.14 1,375 0.27 2,101 0.20 3,800 0.18
1988 182 0.15 701 0.10 828 0.18 869 0.15 1,398 0.25 2,103 0.20 3,830 0.18
1989 167 0.16 682 0.10 838 0.18 851 0.15 1,421 0.23 2,106 0.19 3,860 0.18
1990 157 0.16 656 0.10 848 0.17 834 0.15 1,443 0.21 2,107 0.19 3,890 0.18
1991 150 0.17 628 0.10 858 0.17 817 0.15 1,465 0.20 2,110 0.19 3,920 0.17
1992 143 0.17 603 0.10 867 0.16 801 0.16 1,487 0.19 2,112 0.18 3,950 0.17
1993 137 0.18 585 0.10 848 0.16 785 0.16 1,481 0.19 2,073 0.18 3,890 0.17
1994 133 0.18 564 0.10 833 0.16 769 0.16 1,474 0.18 2,034 0.18 3,840 0.17
1995 129 0.18 546 0.10 815 0.17 753 0.16 1,466 0.18 1,996 0.18 3,790 0.17
1996 126 0.18 530 0.10 798 0.17 733 0.16 1,456 0.18 1,957 0.19 3,740 0.17
1997 123 0.18 516 0.10 785 0.17 711 0.16 1,445 0.18 1,919 0.19 3,690 0.17
1998 119 0.18 502 0.10 773 0.17 689 0.16 1,434 0.18 1,882 0.19 3,630 0.17
1999 115 0.19 490 0.10 759 0.17 669 0.17 1,421 0.18 1,846 0.19 3,580 0.17
2000 112 0.19 477 0.10 746 0.17 649 0.17 1,408 0.18 1,810 0.19 3,530 0.18
2001 109 0.19 465 0.10 734 0.17 632 0.17 1,394 0.18 1,777 0.19 3,480 0.18
2002 106 0.19 451 0.11 720 0.17 615 0.17 1,380 0.18 1,742 0.19 3,430 0.18
2003 102 0.19 440 0.11 704 0.17 599 0.17 1,365 0.18 1,705 0.19 3,380 0.18
2004 99 0.20 428 0.11 685 0.18 586 0.17 1,349 0.18 1,668 0.19 3,320 0.18
2005 96 0.20 417 0.11 667 0.18 571 0.17 1,333 0.18 1,632 0.19 3,270 0.18
2006 94 0.20 409 0.11 650 0.18 558 0.17 1,317 0.18 1,600 0.20 3,220 0.18
2007 91 0.20 400 0.11 631 0.18 546 0.17 1,300 0.18 1,567 0.20 3,170 0.18
2008 89 0.20 391 0.12 613 0.19 533 0.17 1,284 0.18 1,534 0.20 3,120 0.18
2009 87 0.20 382 0.12 594 0.19 521 0.17 1,266 0.18 1,500 0.20 3,070 0.18
2010 85 0.20 372 0.12 579 0.19 506 0.17 1,249 0.18 1,466 0.20 3,010 0.18
2011 83 0.20 363 0.13 562 0.20 493 0.17 1,232 0.18 1,431 0.20 2,960 0.18

Whole stockDMV NJ LI SNE GBK Exploited area
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Table 14. KLAMZ estimates of ocean quahog annual fishing mortality from 1978 to 2011 by assessment region, the exploited regions 
only, and the whole stock. The CVs for the NJ and SNE areas were bootstrapped as the models did not converge. 

          

F CV F CV F CV F CV F CV F CV F CV
1978 0.006 0.11 0.009 0.21 0 0 0.005 0.27 0.003 0.23
1979 0.027 0.11 0.009 0.20 0 0 0.008 0.26 0.005 0.22
1980 0.018 0.12 0.010 0.19 0.000 0.25 0 0 0.007 0.25 0.004 0.21
1981 0.015 0.12 0.011 0.18 0.000 0.24 0 0 0.006 0.25 0.004 0.21
1982 0.020 0.12 0.011 0.17 0 0 0.007 0.24 0.004 0.20
1983 0.023 0.12 0.010 0.16 0.000 0.22 0.001 0.07 0 0 0.007 0.23 0.004 0.20
1984 0.034 0.13 0.012 0.16 0.001 0.07 0 0 0.009 0.22 0.005 0.19
1985 0.037 0.13 0.016 0.15 0.000 0.20 0.001 0.07 0 0 0.010 0.22 0.006 0.19
1986 0.042 0.14 0.013 0.15 0.000 0.19 0.001 0.07 0 0 0.009 0.21 0.005 0.19
1987 0.056 0.14 0.013 0.14 0.001 0.19 0.001 0.07 0 0 0.010 0.21 0.006 0.18
1988 0.067 0.15 0.010 0.13 0.001 0.18 0.001 0.07 0 0 0.010 0.20 0.005 0.18
1989 0.040 0.16 0.021 0.13 0.001 0.18 0.001 0.07 0 0 0.011 0.20 0.006 0.18
1990 0.024 0.17 0.024 0.12 0.001 0.17 0.001 0.07 0 0 0.010 0.19 0.005 0.18
1991 0.033 0.17 0.024 0.12 0.002 0.17 0.001 0.07 0 0 0.011 0.19 0.006 0.17
1992 0.017 0.17 0.012 0.12 0.014 0.16 0.001 0.07 0 0 0.011 0.18 0.006 0.17
1993 0.014 0.18 0.018 0.12 0.010 0.16 0.001 0.07 0 0 0.011 0.18 0.006 0.17
1994 0.008 0.18 0.013 0.12 0.015 0.17 0.001 0.07 0 0 0.010 0.19 0.005 0.17
1995 0.005 0.18 0.010 0.12 0.012 0.17 0.007 0.07 0 0 0.011 0.19 0.006 0.17
1996 0.006 0.18 0.009 0.11 0.008 0.17 0.012 0.07 0 0 0.010 0.19 0.005 0.17
1997 0.009 0.18 0.008 0.11 0.007 0.17 0.013 0.07 0 0 0.010 0.19 0.005 0.17
1998 0.012 0.18 0.005 0.11 0.009 0.17 0.010 0.07 0 0 0.009 0.19 0.005 0.17
1999 0.010 0.19 0.006 0.11 0.008 0.17 0.010 0.07 0 0 0.009 0.19 0.005 0.17
2000 0.010 0.19 0.007 0.11 0.006 0.17 0.008 0.08 0 0 0.008 0.19 0.004 0.18
2001 0.009 0.19 0.011 0.11 0.008 0.17 0.008 0.08 0 0 0.010 0.19 0.005 0.18
2002 0.017 0.19 0.006 0.11 0.013 0.17 0.006 0.08 0 0 0.010 0.19 0.005 0.18
2003 0.009 0.19 0.009 0.11 0.017 0.17 0.004 0.08 0 0 0.011 0.19 0.006 0.18
2004 0.006 0.20 0.007 0.12 0.016 0.18 0.006 0.08 0 0 0.011 0.19 0.005 0.18
2005 0.010 0.20 0.002 0.12 0.015 0.18 0.004 0.08 0 0 0.008 0.20 0.004 0.18
2006 0.005 0.20 0.001 0.12 0.017 0.18 0.003 0.08 0 0 0.009 0.20 0.004 0.18
2007 0.001 0.20 0.004 0.12 0.018 0.19 0.004 0.08 0 0 0.010 0.20 0.005 0.18
2008 0.003 0.20 0.004 0.12 0.018 0.19 0.004 0.08 0 0 0.010 0.20 0.005 0.18
2009 0.002 0.20 0.006 0.12 0.015 0.19 0.009 0.08 0 0 0.011 0.20 0.005 0.18
2010 0.005 0.20 0.006 0.13 0.017 0.19 0.007 0.08 0 0 0.011 0.20 0.005 0.18
2011 0.004 0.20 0.005 0.13 0.019 0.20 0.004 0.08 0 0 0.010 0.20 0.005 0.18

Whole stockDMV NJ LI SNE GBK Exploited area
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Table 15. Results of 15 year projections for the whole ocean quahog stock from the KLAMZ model under three different harvest 
scenarios, and the probability of the whole stock becoming overfished in each year (B = <1.39 million mt). Natural mortality is 0.02 in 
all scenarios. 
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Table 15 cont’d. 
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Figure 1. Map of ocean quahog assessment regions, and individual strata used for ocean 
quahogs. 
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Figure 2.  Commercial size-selectivity and maturity by length (top) and by age (bottom)  
assuming the von Bertalanffy growth curve for ocean quahogs in the exploited area (from 
Thorarinsdottir and Jacobson, 1995). 
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Figure 3. Total ocean quahog landings by region in millions of bushels. 
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Figure 4. Ocean quahog annual mean ex-vessel price per pound of meats for both the ITQ and 
Maine fisheries. The gray line shows the actual amount paid (the nominal price) while the black 
line shows the price adjusted for inflation from the beginning of the time series. 
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Figure 5. Hours fished by region and year, and sum of hours fished in all four regions. 
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Figure 6. Number of trips by region and year, and the sum of trips from all regions. 
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Figure 7. Mean trip length in hours by region and year, and for the four regions combined.  
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Figure 8. Number of vessels fishing for ocean quahogs by region and year, and the total number 
of vessels fishing in all four regions combined. 
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Figure 9. Mean ton class (a number specified by port agents to determine the relative size of a 
vessel) of the surfclam and ocean quahog fleet from 1994 to 2011. Mean ton class of fleet is the 
average of all unique vessels that landed greater than 7,500 lbs of meats per trip in a given year. 
Mean ton class by trip is the mean size of the vessels weighted by the number of trips they made 
that landed more than 7,500 lbs of meats. The y-axis scale for “ton class” is equivalent to about 
140-160 gross tons. 
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Figure 10. Mean landings per trip in kilobushels by region and year, and for the four regions 
combined.  
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Figure 11. Ocean quahog LPUE (bushels per hour fished) by individual region, and the average 
of the four regions for each year. 
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Figure 12. Landings of ocean quahogs in millions of bushels by assessment region. 
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Figure 13. Map showing which statistical areas are used for calculating regional landings. 
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Figure 14. Assessment regions where vessels reported having fished in a given year. Top: Most 
vessels fish in two assessment regions. Middle: Vessels that fished in only one assessment region 
were most likely to fish in LI. Bottom: Vessels that fished in two regions have been moving 
away from LI and SNE and into NJ and LI in the past several years. 
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Figure 15. Ocean quahog landings by ten-minute square (TMSQ), the finest scale location for 
landings reported in logbooks, and time period. TMSQ in light blue had reported landings, but 
from fewer than three vessels.
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Figure 16. Ocean quahog fishing effort by ten-minute square (TMSQ), the most precise location 
for fishing activity reported in logbooks, and time period. TMSQ in light blue had reported 
fishing activity, but from fewer than three vessels. 
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Figure 17. Ocean quahog landings by unit effort by ten-minute square (TMSQ), the most precise 
location for fishing activity reported in logbooks, and time period. TMSQ in light blue had 
reported fishing activity, but from fewer than three vessels.
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Figure 18A. Plots of landings from important TMSQ (landings of 100,000+ bushels in one year during the time series) in the DMV 
region, 1980-2011.  Plots are sorted N to S then E to W. The caret marks at zero represent years where less than three vessels fished in 
the area, so the data point is not shown. The line is a smoother to show trend, fit to all data including those not plotted. 
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Figure 18A Cont’d. Plots of landings from important TMSQ (landings of 100,000+ bushels in one year during the time series) in the 
DMV region, 1980-2011.  Plots are sorted N to S then E to W. The caret marks at zero represent years where less than three vessels 
fished in the area, so the data point is not shown. The line is a smoother to show trend, fit to all data including those not plotted. 
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Figure 18A Cont’d. Plots of landings from important TMSQ (landings of 100,000+ bushels in one year during the time series) in the 
DMV region, 1980-2011.  Plots are sorted N to S then E to W. The caret marks at zero represent years where less than three vessels 
fished in the area, so the data point is not shown. The line is a smoother to show trend, fit to all data including those not plotted. 
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Figure 18B. Plots of landings from important TMSQ (landings of 100,000+ bushels in one year during the time series) in the NJ 
region, 1980-2011.  Plots are sorted N to S then E to W. The caret marks at zero represent years where less than three vessels fished in 
the area, so the data point is not shown. The line is a smoother to show trend, fit to all data including those not plotted. 
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Figure 18B Cont’d. Plots of landings from important TMSQ (landings of 100,000+ bushels in one year during the time series) in the 
NJ region, 1980-2011.  Plots are sorted N to S then E to W. The caret marks at zero represent years where less than three vessels 
fished in the area, so the data point is not shown. The line is a smoother to show trend, fit to all data including those not plotted. 
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Figure 18B Cont’d. Plots of landings from important TMSQ (landings of 100,000+ bushels in one year during the time series) in the 
NJ region, 1980-2011.  Plots are sorted N to S then E to W. The caret marks at zero represent years where less than three vessels 
fished in the area, so the data point is not shown. The line is a smoother to show trend, fit to all data including those not plotted. 
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Figure 18C. Plots of landings from important TMSQ (landings of 100,000+ bushels in one year during the time series) in the LI 
region, 1980-2011.  Plots are sorted N to S then E to W. The caret marks at zero represent years where less than three vessels fished in 
the area, so the data point is not shown. The line is a smoother to show trend, fit to all data including those not plotted. 
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Figure 18C Cont’d. Plots of landings from important TMSQ (landings of 100,000+ bushels in one year during the time series) in the 
LI region, 1980-2011.  Plots are sorted N to S then E to W. The caret marks at zero represent years where less than three vessels fished 
in the area, so the data point is not shown. The line is a smoother to show trend, fit to all data including those not plotted. 
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Figure 18C Cont’d. Plots of landings from important TMSQ (landings of 100,000+ bushels in one year during the time series) in the 
LI region, 1980-2011.  Plots are sorted N to S then E to W. The caret marks at zero represent years where less than three vessels fished 
in the area, so the data point is not shown. The line is a smoother to show trend, fit to all data including those not plotted. 
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Figure 18D. Plots of landings from important TMSQ (landings of 100,000+ bushels in one year during the time series) in the SNE 
region, 1980-2011.  Plots are sorted N to S then E to W. The caret marks at zero represent years where less than three vessels fished in 
the area, so the data point is not shown. The line is a smoother to show trend, fit to all data including those not plotted. 
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Figure 18D Cont’d. Plots of landings from important TMSQ (landings of 100,000+ bushels in one year during the time series) in the 
SNE region, 1980-2011.  Plots are sorted N to S then E to W. The caret marks at zero represent years where less than three vessels 
fished in the area, so the data point is not shown. The line is a smoother to show trend, fit to all data including those not plotted. 
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                                             Ocean quahog - SNE region - LPUE for important 10-minute squares 

                  

Figure 18D Cont’d. Plots of landings from important TMSQ (landings of 100,000+ bushels in one year during the time series) in the 
SNE region, 1980-2011.  Plots are sorted N to S then E to W. The caret marks at zero represent years where less than three vessels 
fished in the area, so the data point is not shown. The line is a smoother to show trend, fit to all data including those not plotted. 
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Figure 19A. Length composition of port samples by year from the Delmarva region. 
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Figure 19B. Length composition of port samples by year from the New Jersey region. 
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Figure 19C. Length composition of port samples by year from the Long Island region. 
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Figure 19D. Length composition of port samples by year from the southern New England region. 
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Figure 20A. Port sample length frequencies from the SNE region plotted with survey length 
frequencies from the same region and year. 
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Figure 20B. Port sample length frequencies from the LI region plotted with survey length 
frequencies from the same region and year. 
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Figure 21. Fishery and survey selectivity curves for ocean quahog from NEFSC (2007a).  The 
ratio of the fishery and survey selectivity curves, which can be used to convert survey abundance 
at size directly to fishable abundance at size, is also shown. 
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Figure 22. Map of an ocean quahog depletion experiment site from 2008. The start and stop 
locations are correct, but the tow paths were not straight lines. The map was made to look at the 
relationship of the setup tows (red lines) to the depletion tows (blue lines). 
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Figure 23. The number of ocean quahogs caught at each 2011 survey station. The small crosses 
are stations where no ocean quahogs were caught. 
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Figure 24. The number of ocean quahogs at least 70mm in shell length caught at each 2011 
survey station. The small crosses are stations where no ocean quahogs larger than 69mm were 
caught. 
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Figure 25. The number of ocean quahogs less than 70mm in shell length caught at each 2011 
survey station. The small crosses are stations where no ocean quahogs less than 70mm were 
caught. 
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Figure 26. Number per tow of ocean quahogs that would be available to the fishery (number per 
tow X fishery selectivity curve) from the NEFSC clam survey. The 1994 survey, when increased 
voltage to the dredge resulted in more than standard fishing power, is indicated by the open 
diamond. 
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Figure 27. Kilograms per tow of ocean quahogs that would be available to the fishery (number 
per tow X fishery selectivity curve) from the NEFSC clam survey. The 1994 survey, when 
increased voltage to the dredge resulted in more than standard fishing power, is indicated by the 
open diamond. 
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Figure 28. Number per tow of ocean quahogs greater than 50 mm SL from the NEFSC clam 
survey by region. The 1994 survey, when increased voltage to the dredge resulted in more than 
standard fishing power, is indicated by the open diamond. 
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Figure 29. Kilograms per tow of ocean quahogs greater than 50 mm SL from the NEFSC clam 
survey by region. The 1994 survey, when increased voltage to the dredge resulted in more than 
standard fishing power, is indicated by the open diamond. 
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Figure 30. Survey catches of ocean quahogs less than 40mm SL from the 2008 survey (top) and 
the 2011 survey (bottom), illustrating a recruitment event on GBK where the ocean quahogs are 
growing large enough to be selected by the survey dredge. 
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Figure 31A. Number per tow of ocean quahogs less than 40mm shell length from all surveys 
from 1978 to 1983 combined (top) and from all surveys 1984 to 1989 combined (bottom). 
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Figure 31B. Number per tow of ocean quahogs less than 40mm shell length from the 1992 
survey (top) and from the 1997 and 1999 surveys combined (bottom). 

 

96 
 



         

 

Figure 31C. Number per tow of ocean quahogs less than 40mm shell length from the 2002 and 
2005 surveys combined (top) and from the 2008 and 2011 surveys combined (bottom). 
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Figure 32A. Survey length frequencies for the DMV region. Mean proportion per tow (vertical 
axis) by shell length class (horizontal axis). 
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Figure 32B. Survey length frequencies for the NJ region. Mean proportion per tow by shell 
length class. 
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Figure 32C. Survey length frequencies for the LI region. Mean proportion per tow by shell 
length class. 
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Figure 32D. Survey length frequencies for the SNE region. Mean proportion per tow by shell 
length class. 
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Figure 32E. Survey length frequencies for the GBK region. Mean proportion per tow by shell 
length class. 
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Figure 33. Mean number of ocean quahogs of all sizes caught per survey tow in any given 
TMSQ during the time period. 
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Figure 34. Growth curves (size at age) used in the KLAMZ model for ocean quahogs from the 
MAB (dashed line), and GBK (solid line). The dotted line is for small ocean quahogs from the 
MAB and is not used in the model, but may be a more realistic depiction of size of the youngest 
ocean quahogs. 
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Figure 35.  KLAMZ model results for the DMV region.
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Figure 36. KLAMZ biomass and fishing mortality estimates and survey biomass and fishing 
mortality estimates for the DMV region with 80% confidence intervals. Survey biomass is the 
efficiency-corrected swept-area biomass (ESB). Survey fishing mortality is calculated by 
dividing catch (reported landings plus 5% incidental mortality) by ESB.

0

0.02

0.04

0.06

0.08

0.1

1975 1980 1985 1990 1995 2000 2005 2010 2015

fis
hi

ng
 m

or
ta

lit
y

Fishing mortality estimates - DMV
Survey F KLAMZ F

0

50

100

150

200

250

300

350

400

1975 1980 1985 1990 1995 2000 2005 2010 2015

bi
om

as
s 

in
 1

00
0s

 o
f m

t

Fishable biomass estimates - DMV
Survey B KLAMZ B

106 
 



 

 

Figure 37. KLAMZ model results for the NJ region. 
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Figure 38. KLAMZ model results for the LI region. 
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Figure 39. KLAMZ model results for the SNE region. 
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Figure 40. KLAMZ model results for the GBK region.
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Figure 41. KLAMZ biomass estimates and survey biomass estimates for the GBK region with 
80% confidence intervals. 
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Figure 42. KLAMZ model population dynamics time series variables (above) and total and 
recruit biomass (below) for the exploited regions DMV, NJ, LI and SNE combined. 
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Figure 43. KLAMZ model results for the exploited regions DMV, NJ, LI and SNE combined. 
Survey observations, 95% confidence interval and fitted values (above) and observed catch data 
used in the model (below).  
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Figure 44. KLAMZ model diagnostics for the exploited regions DMV, NJ, LI and SNE 
combined. Standardized residuals vs. predicted values for survey data (above) and standardized 
residuals vs. year for survey data (below). 
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Figure 45. KLAMZ model estimates of fishable biomass for the entire stock (top) and the 
exploited regions (bottom). 
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Figure 46. KLAMZ model population dynamics time series variables for the whole stock model  
(above) and total and recruit biomass (below) from the whole stock model. 
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Figure 47. KLAMZ model results for the whole stock. Survey observations, 95% confidence 
interval and fitted values (above) and observed catch data used in the model (below).  
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Figure 48. KLAMZ model diagnostics for the whole stock model.  Standardized residuals vs. 
predicted values for survey data (above) and standardized residuals vs. year for survey data 
(below). 

118 
 



 

 

Figure 49. KLAMZ estimates of fishing mortality for the entire stock (top) and the exploited 
regions (bottom). 
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Figure 50. KLAMZ results for total biomass in the DMV (top) and NJ regions with KLAMZ 
results from past assessments for comparison. SARC 27 was in 1998, SARC 31 was in 2000, 
SARC 38 was in 2004, SARC 44 was in 2007 and SARC 48 was in 2009.   
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Figure 51. KLAMZ results for total biomass in the LI (top) and SNE regions with KLAMZ 
results from past assessments for comparison. SARC 27 was in 1998, SARC 31 was in 2000, 
SARC 38 was in 2004, SARC 44 was in 2007 and SARC 48 was in 2009.          

0

100

200

300

400

500

600

700

800

900

1000

1975 1980 1985 1990 1995 2000 2005 2010 2015

bi
om

as
s 

in
 th

ou
sa

nd
s 

of
 M

T

KLAMZ historical retrospective - LI biomass

2013 update LI B SARC 48 LI B SARC 44 LI B

SARC 38 LI B (VPA) SARC 31 LI B SARC 27 LI B

0

200

400

600

800

1000

1200

1975 1980 1985 1990 1995 2000 2005 2010 2015

bi
om

as
s 

in
 th

ou
sa

nd
s 

of
 M

T

KLAMZ historical retrospective - SNE biomass

2013 update SNE B SARC 48 SNE B SARC 44 SNE B

SARC 38 SNE B SARC 31 SNE B SARC 27 SNE B

did not converge

121 
 



                    

Figure 52. KLAMZ results for total biomass in the GBK region (top) and the whole stock minus 
GBK with KLAMZ results from past assessments for comparison. SARC 27 was in 1998, SARC 
31 was in 2000, SARC 38 was in 2004, SARC 44 was in 2007 and SARC 48 was in 2009. 
Exploited area was not modeled for SARC 27. 
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Figure 53. KLAMZ results for the whole ocean quahog stock with KLAMZ results from past 
assessments for comparison. SARC 27 was in 1998, SARC 31 was in 2000, SARC 38 was in 
2004, SARC 44 was in 2007 and SARC 48 was in 2009. 
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Figure 54. KLAMZ results for fishing mortality in the DMV (top) and NJ regions with KLAMZ 
results from past assessments for comparison. SARC 27 was in 1998, SARC 31 was in 2000, 
SARC 38 was in 2004, SARC 44 was in 2007 and SARC 48 was in 2009.    
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Figure 55. KLAMZ results for fishing mortality in the LI (top) and SNE regions with KLAMZ 
results from past assessments for comparison. SARC 27 was in 1998, SARC 31 was in 2000, 
SARC 38 was in 2004, SARC 44 was in 2007 and SARC 48 was in 2009.  
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Figure 56. KLAMZ results for fishing mortality for the whole stock minus GBK (top) and the 
whole ocean quahog stock with KLAMZ results from past assessments for comparison. SARC 
27 was in 1998, SARC 31 was in 2000, SARC 38 was in 2004, SARC 44 was in 2007 and SARC 
48 was in 2009.
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Figure 57A. Biomass and fishing mortality results from 15-year projections for the whole ocean quahog stock (left side) and the 
exploited area only (right side) under the “status quo” scenario (15,400 mt, the mean annual catch during 2006 to 2011).  The center 
line is the mean of the bootstrap estimates, the dashed lines are 95% confidence intervals, and the red lines are biomass or fishing 
mortality thresholds. 
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Figure 57B. Biomass and fishing mortality results from 15-year projections for the whole ocean quahog stock (left side) and the 
exploited area only (right side) with the catch fixed at the current quota of 24,190 mt. The center line is the mean of the bootstrap 
estimates, the dashed lines are 95% confidence intervals, and the red lines are the biomass or fishing mortality thresholds. 
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Figure 57C. Biomass and catch results from 15-year projections for the whole ocean quahog stock (left side) and the exploited area 
only (right side) with fishing mortality fixed at the overfishing threshold of  F = 0.022y-1.  The center line is the mean of the bootstrap 
estimates, the dashed lines are 95% confidence intervals and the red line is the biomass threshold. Probabilities of overfishing are not 
shown as they are 50% in each year when fishing is at the OFL level. 
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Appendix 1: Updated Report on the Maine Ocean Quahog 

Resource and Fishery 
Introduction 

The Maine fishery for Ocean quahogs, although harvesting the same species as the rest of 
the EEZ fishery (Artica islandica), is prosecuted in a different way and fills a different 
sector of the shellfish market. Maine “mahogany quahogs” are harvested at a smaller size 
(starting at 38 mm or 1.5 inches in shell length, SL) and marketed as a less expensive 
alternative for Mercenaria mercenaria for home and restaurant consumption (Maine 
DMR 2003).  The offshore beds targeted by the Maine fishery are made up of small 
ocean quahogs, the maximum size being only about 75mm. 
 
The Maine fishery began to expand into Federal waters in the 1980s due in part to PSP 
closures within state waters.  In 1990 it was determined that this fishing activity 
conflicted with the Magnuson-Stevens Fishery Management Conservation Act which 
calls for the stock to be managed as a unit throughout its range.  The Maine fishery was 
granted experimental status from 1990-1997.  In 1998, the Maine fishery was fully 
incorporated under Amendment 10 of the surfclam/ocean quahog FMP and given an 
initial annual quota of 100,000 bushels based on historical landings data.  There was no 
independent assessment of the resource available at that time.  The State of Maine is 
responsible under Amendment 10 to certify harvest areas free of PSP and to conduct 
stock assessments.  
 
 In 2002 the State of Maine conducted a pilot survey to assess the distribution and 
abundance of quahogs along the Maine coast. This survey was a critical first step in 
establishing distribution, size composition and relative abundance information for the 
Maine fishery and for directing the design of the current survey work.  While this initial 
survey provided valuable information it did not have the resources to estimate dredge 
efficiency and therefore was not able to estimate total biomass or biological reference 
points.  The survey conducted in 2005 was focused on estimating dredge efficiency and 
mapping quahog density on the commercial fishing grounds.   
 
Estimates of biomass and mortality presented in this report are only for the two 
commercial beds south of Addison (west bed) and Jonesport/GreatWass (east bed), 
Maine.  This approach was chosen due to available resources and because it was 
conservative.  Other quahog beds are known to exist along many parts of the Maine 
coast.  If mortality targets can be met using the estimates from the primary fishing 
grounds then biomass outside the survey area can act as a de facto preserve. 
 
Fishery Data 
 
Data throughout this report are presented in metric units.  In the case of landings and 
LPUE, values are reported in units of Maine bushels, which are about two-thirds the size 
of the “industry” bushels used as a measure of ocean quahog volume for the rest of the 
EEZ. To determine the meat yield of a Maine bushel of ocean quahogs, all quahogs 
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caught by the Maine survey (number and size composition estimated by subsampling) are 
converted to a total meat weight then divided by the total number of bushels caught 
(known). Shell length is converted to meat weight using the equation  
 

W = 4.97x10-6 x SL3.5696 

 
where W is meat weight and SL is shell length. The resulting meat yield (10.8 lbs) is for a 
Maine bushel of quahogs averaging around 57 mm SL. 
 
Historically the bulk of ocean quahog fishing activity in Maine has taken place on two 
large quahog beds just off the coast north of 43o50’ latitude: the east bed off the town of 
Addison and the west bed off Great Wass Island. The two beds cover an area of 
approximately 60 square nautical miles (Figure 1). 
 
Harvesting takes place year round with the highest market demand during the summer 
holidays (Memorial Day through Labor Day). Most vessels in the Maine fleet are 
between 10.7-13.7 m (35-45 ft) and classified as “undertonnage” or “small” in issuing 
permits.  All of the vessels use a “dry” dredge (having no hydraulic jets to loosen the 
sediments) with a cutter bar set by regulation at no more than 0.91 m (36 in).  There are 
no restrictions on any other dimension of the dredge.  
 
There are no size limits for this fishery, and there is no discarding. The ocean quahogs 
fished from the two commercial beds off Maine are much smaller than most of the rest of 
the EEZ harvest, averaging between 50 and 60 mm SL (Figure 2), which suits the half-
shell market. The ex-vessel price for Maine mahogany quahogs in 2011was over three 
dollars per pound of meats, about five times the price paid for ocean quahogs from the 
rest of the EEZ. Even though size of individual ocean quahogs has increased since the 
beginning of the fishery, all the catch brought up in a dredge is still acceptable for this 
market and are kept. The fishery has no regulatory closed days, although the beds are 
occasionally closed to fishing as a paralytic shellfish poisoning (PSP) precaution. Since 
the summer of 2007, there have been 77 days when the fishing areas were closed and 145 
days when the open fishing areas were severely restricted in size due to PSP precautions. 
These closures usually happen during the summer months.  
 
Maine ocean quahog landings have trended downwards since 2002 (Table 1, Figure 3).  
The exception to this trend is in 2006 when landings increased to 124,839 bushels after 
the re-opening of a highly productive portion of the fishing grounds that had been closed 
in previous years as a precaution against PSP.  After the initial boost to landings from 
additional fishing ground, landings again began to decline.  By the end of 2012 only 
65,912 bushels out of a 100,000 bushel quota had been landed.   
 
LPUE has been fairly stable since the early 1990s (Figure 3). Changes in LPUE were 
often the result of regulatory or fishing practice changes, such as the uptick in 2006 
which mirrors the peak in landings from the re-opening of productive beds. Despite the 
intensity of the fishery, the fact that the LPUE has not fallen may be the result of the 
fishery moving onto the most productive beds (Figure 1), the clams growing larger in 
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size, and the reduction in total effort since the early 2000s. Since 2008, the number of 
valid ocean quahog license holders has fallen from 47 to 29, and hours fished per year by 
the fleet has dropped by more than half in the past 10 years (Figure 4).  
 
Incidental mortality for Maine ocean quahogs is unknown. This is an important topic for 
future research, especially since Maine has a high level of dredging activity relative to the 
size of the fleet.  For example, in 2008 the ocean quahog fleet fished approximately 
10,776 hours, equivalent to 64,656 tows at ten minutes each.  Using standard industry 
dredge dimensions and tow speeds this level of fishing activity represents 31.42 nm2 of 
bottom swept by commercial dredges per year. Five percent is added to ocean quahog 
landings before calculating exploitation rates to make up for incidental mortality, but it is 
just an estimate based on the fishery for larger ocean quahogs in the rest of the EEZ. 
 
Research Surveys 
 
Surveys of the Maine ocean quahog resource were conducted in 2002, 2005, 2006, 2008 
and 2011. With the limited funds dedicated for survey work on quahogs, it was decided 
to focus all survey efforts after 2002 on the two large ocean quahog beds off of Addison 
(west bed) and Great Wass Island (east bed) that are the primary commercial fishing 
grounds.  Therefore survey estimates of biomass pertain only to these two beds and not to 
the coast of Maine as a whole.  Vessel logbooks and the 2002 independent survey 
abundance indices show that the majority of the ocean quahog resource, and as a result 
the majority of fishing activity, occurs here.   
 
The first step in designing the 2005 survey was to establish a 1 km2 grid overlay (using 
Arcveiw 3.2) over the two beds.  Based on number of days at sea available, it was 
estimated 260 stations could be completed during the survey, so the centers of 260 1 km2 
grids covering the commercial beds were selected as start points for survey tows.  These 
points were transferred to The Cap’n Voyager Software for use on board the survey 
vessel.   
 
In 2005 the west bed had been the only open fishing grounds for 3 years due to PSP 
closures.  The east bed had been unfished for 3 years but had previously been a 
productive ocean quahog fishing ground.  The 2006 survey took place 9 months after the 
east bed reopened.  All areas were open during the 2008 and 2011 surveys. 
 
Survey gear and procedures 
The 2005 and 2006 surveys were conducted from the commercial vessel F/V Promise 
Land, a 12.8 m (42 ft) Novi Style dragger piloted by Capt. Michael Danforth.  All survey 
tows during these two years were conducted using a dredge with the following 
dimensions: cutter bar 0.91 m (36 in), 2.44 m (8 ft) long x 1.83 m (6 ft) wide x 1.22 m (4 
ft) high, overall weight 1,361 kg (3,000 lbs), bar spacing all grills 19.05 mm (¾ in).  The 
dredge used by the F/V Promise Land during normal fishing activity was used for the 
survey.  After the 2006 survey, The F/V Promise Land was sold and the captain left the 
fishery.  The vessel contracted for the 2008 and 2011 surveys, The F/V Allyson J4, was 
about the same size as the F/V Promise Land and the captain, Bruce Porter, had been a 
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quahog fisherman for 24 years.  The dredge used in 2008 and 2011 was also built for 
commercial use with the same specifications as the dredge on the Promise Land.   The 
only difference between the dredges was a custom extension on the Promise Land dredge 
that could hold more sediment, making it roughly 400 lbs heavier than the one used in 
2008 and 2011 (Figure 5).  During tow operations it was noted that the teeth on the cutter 
bar of the new dredge shined to depth of 3 inches just as they had in the original dredge.  
From this we assumed that the new dredge was cutting to the same depth as the original.  
It was also felt that since the survey tows were short (two minutes compared to about ten 
minutes for a commercial tow)  in order to avoid any overfilling and subsequent loss of 
catch the extensions on the catch box of the original dredge would not give it any 
advantage over the current dredge. 
 
To conduct a survey station, the vessel approaches the center of the selected tow grid, and 
if suitable bottom is not present at the predetermined start point, the vessel starts crossing 
runs within the grid.  If towable bottom cannot be found, then the grid location is deemed 
un-towable, a note is made, and the captain continues on to the next grid.  When a 
suitable tow path is found within a grid the dredge is lowered to the bottom by free-
spooling until the ratio of cable length to depth is 3:1.  Once the desired cable length is 
reached the drum is locked, a two minute timer is started and a GPS point taken.  The 
dredge is towed into the current at approximately 3.5 knots for two minutes, a second 
GPS point is taken and the dredge is brought to the surface. Before it is brought onboard, 
mud is cleaned from the dredge by steaming in tight circles keeping the dredge in the 
vessel’s prop wash (Figure 6).   
 
Once on board, the dredge is emptied and the catch photographed (Figure 7).  The catch 
is placed on a shaker table (Figure 8), bycatch is noted and all live ocean quahogs are 
sorted out.  A 5 liter subsample of ocean quahogs is taken from each tow to count and 
measure. The entire catch is processed if it is less than 5 L.  The remainder of the catch is 
placed in calibrated buckets to determine total catch volume. The number of quahogs 
caught in a tow is estimated by counting the number of clams in the 5 L subsample and 
expanding to the total volume of the catch. All data are analyzed using Excel with 
variances calculated using a bootstrap program (10,000 iterations) written by Dr. Yong 
Chen at the University of Maine, Orono.   
 
Tow distances were determined by The Cap’n Software and were checked using ESRI 
ArcInfo software.  All data from each tow are standardized to a 200 m tow prior to 
further analysis. Due to a number of reasons such as placement of lobster gear, vessel 
availability and weather, the number of stations completed per survey has varied from 
130 to 183. 
 
Estimating dredge efficiency 
Maine dry dredges are less efficient (2 to 17 percent, ME DMR 2003) than the hydraulic 
dredges used in the rest of the EEZ (up to 95 percent, Medcolf and Caddy 1971).  A 
reliable estimate of dredge efficiency is needed to convert survey densities to a biomass 
estimate (NEFSC 2004).  To assess the efficiency of the Maine dredge, boxcore samples 
were taken to directly estimate quahog density, then tows were made in the same area 
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with the survey dredge. Considering only ocean quahogs of sizes available to the dredge, 
the ratio of density estimated from the dredge tows to density estimated from the boxcore 
samples is an estimate of survey dredge efficiency (Thorarinsdottir and Jacobson 2005). 
The estimated dredge efficiency was 17.9 percent, with a 95% bootstrap confidence 
interval of 8.0%-34.4%. More details of the dredge efficiency experiments can be found 
in NEFSC 2009, Appendix B2. 
 
Dredge survey results 
The original 2005 survey visited 259 potential tow grids.  71% of the stations were 
towable (183) and 29% were untowable, mostly due to inappropriate substrate, but 
sometimes due to the presence of fixed gear. During future surveys only the 183 towable 
grids were revisited.  In 2006 130 tows were completed, in 2008 181 tows were 
completed, and in 2011 183 tows were completed. 
 
Tow distance, catch volume and counts were all standardized to a 200m tow.   
For all surveys the highest concentration of biomass was in the eastern bed.  The eastern 
section has had the most variable open and close status due to PSP.   Substrate data 
(Figure 9) from Kelly et al. (1998) show the complexity of the substrate in the eastern 
section with highest quahog densities found near the boundary of hard rocky substrate 
with gravels, sands or mud.  Substrate data collected independently using sidescan 
imaging show that Kelly et al.’s (1998) substrate information was relatively accurate.  
However, in some cases substrate labeled as “sand” or “gravel-sand mix” near our most 
productive tows may have been shell hash from old quahog beds that was seen in 
boxcores from the same area.   
 
Size frequencies for all subsampled quahogs (n = 20,737 in 2005; 2,014 in 2006; 4,055 in 
2008 and 4,316 in 2011) show the quahogs in the eastern bed are larger (Figure 10).  
Cumulative size frequency distributions and a Kolmogorov-Smirnov test were used to 
test the null hypothesis that the size frequency distributions in the eastern and western 
areas were the same (Zar 1999).  The null hypothesis was rejected (p=0.001).   
 
Because the two beds have different size compositions and densities, abundance and 
biomass are calculated separately for the two beds before making combined estimates for 
the entire survey area.  Abundance estimates (see Table 2 and Figure 11) are calculated 
using a dredge efficiency that was estimated by applying 10,000 bootstrapped efficiency 
estimates from the three boxcore trips to 10,000 average abundance estimates from the 
surveys, and the swept area of the survey. Biomass estimates are made by dividing the 
population into 1 mm size bins based on survey size frequencies, then converting shell 
length (SL) to meat wet weight (W) using W=4.97x10-6 x SL3.5696 (Maine DMR 2003).   
 
Growth and per recruit modeling 
A sample of 83 ocean quahogs from the east bed was recently (February 2013) aged at 
the University of Iowa, and although the data are preliminary, there is evidence that 
ocean quahogs are growing faster and larger there than previously thought. Kraus et al. 
(1992) estimated a growth curve for Maine ocean quahogs from the east bed which 
suggested Maine quahogs grow more slowly and to smaller sizes than ocean quahogs 
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from the mid-Atlantic bight, while the new data places east bed ocean quahogs in the 
middle of the EEZ and Kraus et al. curves (Figure 12).  
 
Biological and fishery parameters from a variety of sources were used to carry out a per 
recruit analysis for ocean quahogs in Maine waters in 2005.  The length-based per recruit 
model used was from the NOAA Fisheries Toolbox (Yield Per Recruit program, internet 
address: http://nft.nefsc.noaa.gov). Age at length and growth information was taken from 
Kraus et al. (1992).  Length-weight parameters were from the 2002 Maine Quahog 
survey. Size at maturity estimates were based on Rowell et al. (1990) who found that 
ocean quahog females from Nova Scotia became fully mature at an average size of 49.2 
mm.  Fishery selectivity was modeled as a linear ramp function that was zero at 37 mm 
SL and one at 47mm, based on the facility of fitting live ocean quahogs of increasing size 
through the grates of a commercial dredge by hand (19.05 mm, 3/4 in. bar spacing). 
Clams from 34mm to 38mm SL generally passed through the grate with some getting 
caught.  After 41mm almost all clams were thick enough to be retained.  The regression 
model for shell depth and shell length in Feindel (2003) shows that a 19.05 mm (¾ in) 
bar spacing is the thickness of an ocean quahog with 38.7 mm SL.  The biological 
reference points estimated in per recruit modeling for ocean quahog were Fmax =0.0561, 
F0.1=0.0247 and F50% =0.013 y-1 (Figure 13). These may be reassessed when the new age 
and growth data have been fully vetted and can be used in the model. 
 
Sensitivity analysis shows biological reference points from the per recruit model for 
ocean quahog are most sensitive to fishery selectivity parameters and, in particular, the 
length at which ocean quahog in Maine waters become fully recruited to the fishery. 
Commercial port sampling conducted in 2009 confirmed the size selectivity estimates 
used in the modeling (Figure 2). 
 
Fishing mortality rate 
Fishing mortality is estimated as catch in meat weight/average biomass.  The survey 
biomass is used as a proxy for average biomass, as annual mortality rates are low.  
Following NEFSC (2004), the catch for each year used in fishing mortality estimation 
was landings plus a 5% allowance for incidental mortality to account for clams that are 
killed during fishing activity but not harvested.  Maine ocean quahog catches, biomass 
estimates and F estimates for 2005, 2006, 2008 and 2011 are given below.  
 

            
    

Year Median Biomass estimate  - 
mt meat weight

landings in mt meat, full year 
w/ %5 incidental mortality

F  - whole year

2005 25,862 528 0.020

2006 19,012 642 0.033

2008 16,574 348 0.021

2011 19,577 446 0.023
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Fishing mortality estimates for 2008 and 2011 are roughly equal to the F0.1 generated by 
the per recruit model, but higher than the F50%. 
 
Stock Status 
Since the entire population of ocean quahogs in U.S. waters is managed as a single stock 
and overfishing definitions apply to the whole stock, it is not possible to evaluate the 
status of ocean quahogs in Maine as the biomass represents less than 1% of the EEZ 
stock as a whole. It is not possible to compare or evaluate current biomass levels relative 
to biological reference points associated with maximum productivity, depleted stock or 
historical levels because no appropriate biological reference points or historical biomass 
estimates are available. 
 
F0.1 might be a reasonable reference point for managers if the goal is to maximize yield 
per recruit while preserving some spawning stock.  Simulation analysis (Clark 2002) 
indicates that F50% (1.3% per year) might be a reasonable reference point for managers if 
the goal was to preserve enough spawning potential to maintain the resource in the long 
term. However, preservation of spawning potential may not be necessary if recruitment 
originates mostly outside of Maine waters.   
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Table 1. Maine landings, effort and landings per unit effort from vessel logbooks for all 
vessel classes combined. Only records with both effort and catch data were used to 
calculate LPUE, which in most years are 100% of the logbook entries as can be seen by 
comparing columns two and three below. 
 

         
 
 
  

year
Landings    
(in Maine 
bushels)

Landings (records 
with both effort and 

catch)

Effort 
(hours 
fished)

Nominal LPUE 
(Maine 

bushels/hr)
1990 1,018 1,018 286 3.56
1991 36,679 34,360 17,163 2.00
1992 24,839 24,519 13,469 1.82
1993 17,144 17,144 5,748 2.98
1994 21,672 21,672 5,106 4.24
1995 37,912 37,912 5,747 6.60
1996 47,025 47,025 8,483 5.54
1997 72,706 72,706 11,829 6.15
1998 72,466 72,152 11,745 6.14
1999 93,015 92,285 11,151 8.28
2000 121,274 119,103 12,739 9.35
2001 110,272 110,272 13,511 8.16
2002 147,191 147,191 19,681 7.48
2003 119,675 119,675 17,853 6.70
2004 102,187 102,187 19,022 5.37
2005 100,115 100,115 17,063 5.87
2006 121,373 121,373 14,902 8.14
2007 102,006 102,006 14,018 7.28
2008 66,926 66,926 10,776 6.21
2009 56,808 56,808 9,928 5.72
2010 56,469 56,469 9,727 5.81
2011 65,307 65,307 9,145 7.14
2012 65,912 65,912 7,132 9.24
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Table 2. Maine ocean quahog survey median abundance and biomass estimates. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Year Bed Median abundance estimate - 
billions

Median biomass estimate - 
mt meat weight CV

2005  west 1.729 8,653 39%
east 2.404 17,208 40%

combined 4.134 25,862 39%

2006  west 1.996 10,166 41%
east 1.225 8,846 41%

combined 3.221 19,012 41%

2008 west 0.711 5,471 40%
east 1.094 11,103 41%

 combined 1.805 16,574 40%

2011 west 0.754 7,053 40%
east 1.231 13,277 41%

combined 1.989 19,577 40%
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Figure 1.  Locations of all reported commercial landings 2003-2008 (top) and 2009-2012 
(bottom). 
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Figure 2.  Size frequency for port samples collected in Jan- March 2009 from 6 different 
vessels.  
 
 

 
 
 
 
Figure 3.  Commercial LPUE and Landings from clam industry logbooks. 
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Figure 4. Number of valid and active (fished during the year) ocean quahog licenses for 
the Maine fishery, with fleet fishing effort in thousands of hours shown by the dotted 
line. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.  At left, the dredge used for the 2005 and 2006 surveys, weighing about 3,000 
lbs.  At right, the dredge used for the 2008 and 2011 surveys, weighing about 2,600 lbs. 
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Figure 6.  After being brought to the surface, the catch is washed and mud rinsed away in 
the propeller wash of the survey vessel. 
 

           
 
Figure 7.  Typical catch from a two-minute survey tow.  Note very low bycatch and 
uniform size of clams. 
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Figure 8.  Processing the survey catch on shaker table, used to remove shell fragments 
and mud.  This step is performed in commercial operations as well. 
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Figure 9.  Substrate data from Kelly et al. (1998) showing coincidence of hard bottom 
edges with high density quahog tows from eastern bed. The tow locations are the dark 
blue dots, while pink is rock, light blue is mud, yellow is sand and green is gravel 
substrate. 
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Figure 10.  Growth in Maine ocean quahogs between the 2005 and 2011 surveys for the 
west bed (top left) and the east bed (top right), and 2011 size frequencies for both beds 
shown together.  These quahogs appear to be growing faster than previous Maine growth 
data (Kraus et al. 1992) would predict. For instance, the mean growth of 5mm between 
2005 and 2008 (three years) in the western bed would be expected to take eight years and 
the 4.45mm increase during the same three years in the eastern bed would be expected to 
take 14 years. 
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Figure 11. Estimates of abundance in billions of individual ocean quahogs (top) and 
biomass in metric tons of meats for 2005 - 2011. 
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Figure 12. Ocean quahog shell length at age from a major commercial bed off the Maine 
coast (east bed), and the mid-Atlantic Bight.  The blue symbols represent preliminary 
new age data from the Maine east bed, and the lines represent growth curves from 
published studies: Kraus et al. 1992 (Maine east bed, bottom) and NEFSC 2004, (Mid-
Atlantic Bight, top). 
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Figure 13.  Results of yield per recruit analysis from 2005.  
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Appendix 2.  Maps of Station Locations and Ocean Quahog Catches from the NEFSC 
Clam Survey, 1980-2011 

Maps of station locations and ocean quahog catches from the 1980 (top) and 1982 (bottom) 
NEFSC clam surveys. The crosses indicate stations where no ocean quahogs were caught, and 
the black line designate the assessment regions. 
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Maps of station locations and ocean quahog catches from the 1983 (top) and 1986 (bottom) 
NEFSC clam surveys. The crosses indicate stations where no ocean quahogs were caught, and 
the black line designate the assessment regions. 
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Maps of station locations and ocean quahog catches from the 1989 (top) and 1992 (bottom) 
NEFSC clam surveys. The crosses indicate stations where no ocean quahogs were caught, and 
the black line designate the assessment regions. 
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Maps of station locations and ocean quahog catches from the 1994 (top) and 1997 (bottom) 
NEFSC clam surveys. The crosses indicate stations where no ocean quahogs were caught, and 
the black line designate the assessment regions. 

153 
 



 

Maps of station locations and ocean quahog catches from the 1999 (top) and 2002 (bottom) 
NEFSC clam surveys. The crosses indicate stations where no ocean quahogs were caught, and 
the black line designate the assessment regions. 
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Maps of station locations and ocean quahog catches from the 2005 (top) and 2008 (bottom) 
NEFSC clam surveys. The crosses indicate stations where no ocean quahogs were caught, and 
the black line designate the assessment regions. 
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Maps of station locations and ocean quahog catches from the 2011 NEFSC clam survey. The 
crosses indicate stations where no ocean quahogs were caught, and the black line designate the 
assessment regions. 

 

156 
 



Procedures for Issuing Manuscripts
in the

Northeast Fisheries Science Center Reference Document (CRD) Series

Clearance
 All manuscripts submitted for issuance as CRDs 
must have cleared the NEFSC’s manuscript/abstract/
webpage review process.  If any author is not a federal 
employee, he/she will be required to sign an “NEFSC 
Release-of-Copyright Form.” If your manuscript 
includes material from another work which has been 
copyrighted, then you will need to work with the 
NEFSC’s Editorial Office to arrange for permission 
to use that material by securing release signatures on 
the “NEFSC Use-of-Copyrighted-Work Permission 
Form.” 
 For more information, NEFSC authors should see 
the NEFSC’s  online publication policy manual, “Manu-
script/abstract/webpage preparation, review, and dis-
semination: NEFSC author’s guide to policy, process, 
and procedure,” located in the Publications/Manuscript 
Review section of the NEFSC intranet page.

Organization
 Manuscripts must have an abstract and table of 
contents, and (if applicable) lists of figures and tables. 
As much as possible, use traditional scientific manu-
script organization for sections: “Introduction,” “Study 
Area” and/or ”Experimental Apparatus,” “Methods,” 
“Results,” “Discussion,” “Conclusions,” “Acknowl-
edgments,” and “Literature/References Cited.” 

Style
 The CRD series is obligated to conform with the 
style contained in the current edition of the United 
States Government Printing Office Style Manual. That 
style manual is silent on many aspects of scientific 
manuscripts. The CRD series relies more on the CSE 
Style Manual. Manuscripts should be prepared to 
conform with these style manuals. 
 The CRD series uses the American Fisheries Soci-
ety’s guides to names of fishes, mollusks, and decapod 

crustaceans, the Society for Marine Mammalogy’s 
guide to names of marine mammals, the Biosciences 
Information Service’s guide to serial title abbreviations, 
and the ISO’s (International Standardization Organiza-
tion) guide to statistical terms. 
 For in-text citation, use the name-date system. A 
special effort should be made to ensure that all neces-
sary bibliographic information is included in the list 
of cited works. Personal communications must include 
date, full name, and full mailing address of the con-
tact.

Preparation
 Once your document has cleared the review pro-
cess, the Editorial Office will contact you with publica-
tion needs – for example, revised text (if necessary) and 
separate digital figures and tables if they are embedded 
in the document.  Materials may be submitted to the 
Editorial Office as files on zip disks or CDs, email 
attachments, or intranet downloads.  Text files should 
be in Microsoft Word, tables may be in Word or Excel, 
and graphics files may be in a variety of formats (JPG, 
GIF, Excel, PowerPoint, etc.).

Production and Distribution
 The Editorial Office will perform a copy-edit of 
the document and may request further revisions.  The 
Editorial Office will develop the inside and outside 
front covers, the inside and outside back covers, and 
the title and bibliographic control pages of the docu-
ment.
 Once both the PDF (print) and Web versions of 
the CRD are ready, the Editorial Office will contact 
you to review both versions and submit corrections or 
changes before the document is posted online.
 A number of organizations and individuals in the 
Northeast Region will be notified by e-mail of the 
availability of the document online. 



Research Communications Branch
Northeast Fisheries Science Center

National Marine Fisheries Service, NOAA
166 Water St.

Woods Hole, MA 02543-1026

Publications and Reports
of the

Northeast Fisheries Science Center
The mission of NOAA’s National Marine Fisheries Service (NMFS) is “stewardship of living marine resources 
for the benefit of the nation through their science-based conservation and management and promotion of the 
health of their environment.”  As the research arm of the NMFS’s Northeast Region, the Northeast Fisheries 
Science Center (NEFSC) supports the NMFS mission by “conducting ecosystem-based research and assess-
ments of living marine resources, with a focus on the Northeast Shelf, to promote the recovery and long-term 
sustainability of these resources and to generate social and economic opportunities and benefits from their use.”  
Results of NEFSC research are largely reported in primary scientific media (e.g., anonymously-peer-reviewed 
scientific journals).  However, to assist itself in providing data, information, and advice to its constituents, the 
NEFSC occasionally releases its results in its own media.  Currently, there are three such media:

NOAA Technical Memorandum NMFS-NE   --   This series is issued irregularly.  The series typically includes:  data reports of 
long-term field or lab studies of important species or habitats; synthesis reports for important species or habitats; annual reports 
of overall assessment or monitoring programs; manuals describing program-wide surveying or experimental techniques; literature 
surveys of important species or habitat topics; proceedings and collected papers of scientific meetings; and indexed and/or annotated 
bibliographies. All issues receive internal scientific review and most issues receive technical and copy editing.

Northeast Fisheries Science Center Reference Document   --   This series is issued irregularly.  The series typically includes:  data 
reports on field and lab studies; progress reports on experiments, monitoring, and assessments; background papers for, collected 
abstracts of, and/or summary reports of scientific meetings; and simple bibliographies.  Issues receive internal scientific review and 
most issues receive copy editing.

Resource Survey Report (formerly Fishermen’s Report)   --   This information report is a regularly-issued, quick-turnaround report on 
the distribution and relative abundance of selected living marine resources as derived from each of the NEFSC’s periodic research ves-
sel surveys of the Northeast’s continental shelf.  This report undergoes internal review, but receives no technical or copy editing.

TO OBTAIN A COPY of a NOAA Technical Memorandum NMFS-NE or a Northeast Fisheries Science Center Reference Document, 
either contact the NEFSC Editorial Office (166 Water St., Woods Hole, MA 02543-1026; 508-495-2350) or consult the NEFSC webpage 
on “Reports and Publications” (http://www.nefsc.noaa.gov/nefsc/publications/).  To access Resource Survey Report, consult the Ecosystem 
Surveys Branch webpage (http://www.nefsc.noaa.gov/femad/ecosurvey/mainpage/).

ANY USE OF TRADE OR BRAND NAMES IN ANY NEFSC PUBLICATION OR REPORT DOES NOT IMPLY ENDORSE-
MENT.

MEDIA
 MAIL


	crd1317.pdf
	EXECUTIVE SUMMARY
	INTRODUCTION
	Entire stock vs. the exploited region
	Fishable stock
	Units of measurement
	Previous assessments
	Biological characteristics
	Recruitment

	COMMERCIAL FISHERY DATA
	Prices
	Fishing effort
	Landings per unit effort (LPUE)
	Spatial patterns in fishery data
	Fishery data by ten-minute square (TMSQ)
	Trends for important TMSQ
	Bycatch and discard
	Commercial size selectivity
	Commercial size-composition data

	FISHERY INDEPENDENT DATA
	NEFSC clam survey
	Survey tow distance and gear performance based on sensor data
	Survey tow distance and gear performance in trend analysis
	Survey gear selectivity
	Survey catch used to make stock and fishable abundance/biomass estimates
	Depletion studies and survey dredge efficiency
	Patch model

	BIOMASS AND FISHING MORTALITY
	Survey Results
	Efficiency-corrected swept area biomass
	ESB-based fishing mortality estimates
	Uncertainty in ESB and ESB-based fishing mortality estimates
	KLAMZ model
	KLAMZ model configurations
	Parameters estimated
	Variance estimates
	KLAMZ results
	DMV region
	NJ region
	LI region
	SNE region
	GBK region
	Exploited area and entire stock
	Historical retrospective analyses

	REFERENCE POINTS AND STOCK STATUS
	Biological Reference Points
	Btarget
	Bthreshold
	Ftarget
	Fthreshold

	STOCK STATUS
	PROJECTIONS
	REFERENCES

	crd1317text.pdf
	EXECUTIVE SUMMARY
	INTRODUCTION
	Entire stock vs. the exploited region
	Fishable stock
	Units of measurement
	Previous assessments
	Biological characteristics
	Recruitment

	COMMERCIAL FISHERY DATA
	Prices
	Fishing effort
	Landings per unit effort (LPUE)
	Spatial patterns in fishery data
	Fishery data by ten-minute square (TMSQ)
	Trends for important TMSQ
	Bycatch and discard
	Commercial size selectivity
	Commercial size-composition data

	FISHERY INDEPENDENT DATA
	NEFSC clam survey
	Survey tow distance and gear performance based on sensor data
	Survey tow distance and gear performance in trend analysis
	Survey gear selectivity
	Survey catch used to make stock and fishable abundance/biomass estimates
	Depletion studies and survey dredge efficiency
	Patch model

	BIOMASS AND FISHING MORTALITY
	Survey Results
	Efficiency-corrected swept area biomass
	ESB-based fishing mortality estimates
	Uncertainty in ESB and ESB-based fishing mortality estimates
	KLAMZ model
	KLAMZ model configurations
	Parameters estimated
	Variance estimates
	KLAMZ results
	DMV region
	NJ region
	LI region
	SNE region
	GBK region
	Exploited area and entire stock
	Historical retrospective analyses

	REFERENCE POINTS AND STOCK STATUS
	Biological Reference Points
	Btarget
	Bthreshold
	Ftarget
	Fthreshold

	STOCK STATUS
	PROJECTIONS
	REFERENCES




