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Chapter 1: Bankers’ Hours

• From Peter Prybot’s article in the Gloucester Times on August 8, 2009:

• Most of Cape Ann's inshore gillnet and dragger ground fishermen have been 
enjoying old-time bankers' hours and excellent catches this summer while 
targeting cod on Middlebank off Gloucester.

• Capt. Sam Novello, a 66-year-old, multi-generational fisherman who has 
already been on the hunt for more than 50 years, added, "There's never been that 
much cod on Middlebank — never.“

• "There's also been a smorgasbord of feed on the bank, especially small herring 
and sand eels," said Brown. The sand eels on Middlebank usually run "...in 
seven-year cycles," Novello explained.

• Pl tif l f d t k b ildi d "th fi h f ll i th f d" t k h f• Plentiful feed, stock rebuilding, and "the fish following the feed" take much of 
the credit for the fishermen's short and repeated 800-pound cod trips.

• "Whatever they (the fish regulators) have done to this point appears to be 
successful. This is the biggest run of cod I've seen in my lifetime," said Capt. 
B.G. Brown, a gillnet fisherman and vessel owner.

Chapter 1: Bankers’ Hours

• The observations from the industry are apparent in landings-per-unit-effort indices.

• Around 2008/2009 the fleet efficiency, with respect to cod landings, was at an all 
time high.
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Chapter 1: Bankers’ Hours

• The observations of the industry were consistent with the observations from fisheries-
independent surveys.

• The NEFSC spring survey indices were some of the highest on record.

• The NEFSC fall survey was showing increased abundance relative to the 1990s.

Chapter 1: Bankers’ Hours

• The 2008 benchmark assessment (GARM III) 
indicated significant rebuilding of the GoM cod 
stock
• 2007 SSB = 33,877 mt
• 2007 Favg = 0.46

• GARM III biological reference points:
• FMSY = F40% = 0.24 (Fthreshold)
• SSBMSY = 58,248 mt (Btarget)

• The Gulf of Maine stock was no longer 
overfished, though overfishing was occurring
• 58% of SSBMSY

• 192% of FMSY

• Appearance of two strong year classes
• 2003 (3rd largest)
• 2005 (2nd largest)
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Chapter 2: Bankruptcy

• In 2011 the NEFSC conducted another benchmark assessment of the Gulf of Maine 
cod stock (SARC 53).

• Benchmark assessments provide opportunities to improve the science of stock 
assessments.

• In the 2011 assessment there were several major updates to the treatment of the 
data as well as changes in the assessment model.

• Full accounting of commercial and recreational discards.

• Improved characterization of biological parameters like length-weight 
relationships and average weights-at-age.

• Re estimation of catch at age• Re-estimation of catch-at-age.

• Re-evaluation of survey indices.

• Application of statistical catch-at-age assessment model.
• Allowed for a more thorough incorporation of the data uncertainty.

Chapter 2: Bankruptcy

• Relative to the 2008 assessment the 2011 
assessment showed only marginal rebuilding 
and elevated levels of fishing mortality
• 2010 SSB = 11,868 mt
• 2010 Ffull = 1.14

• The revised estimates of the 2003 and 2005 
year classes were considerably different than 
the 2008 assessment
• 2003: 78% of 2008 estimate
• 2005: 37% of 2008 estimate

• The Gulf of Maine stock was overfished and 
overfishing was occurring
• 19% of SSB• 19% of SSBMSY

• 570% of FMSY

• The corresponding management advice would 
have resulted in large cuts in GoM cod quota 
relative to what had been harvested in the 
previous three years.
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Chapter 2: Bankruptcy

• The results of the 2011 assessment were drastically different from the 2008 
assessment and they didn’t correspond with industry observations.

• Through 2010 LPUE continued to increase to all-time highs.

Chapter 2: Bankruptcy

• The drastic change and discrepancy with the industry’s perception resulted in the 2011 
assessment being heavily criticized.

• The NEFMC’s SSC reviewed the assessment and identified several areas of uncertainty 
requiring further investigation:

• Use of LPUE indices in assessment models
• Recreational catch estimates (MRFSS vs. MRIP)
• Discard mortality
• Stock structure*

• On the recommendation of the NEFMC an interim GoM cod quota of 6,700 mt was 
approved for fishing year 2012.

• Compares to the assessment catch advice of < 2,000 mt for 2012.

• NOAA also committed to taking the unprecedented step of performing a second 
benchmark assessment in as many years to address the uncertainties.

• Leading up to the 2012 assessment NOAA conducted four WG meetings 
specifically designed to address the uncertainties followed by three WG meetings to 
evaluate the assessment data, models and biological reference points.
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Chapter 2: Bankruptcy

• The results from the 2012 assessment were 
similar to those of the 2011 assessment.

• Continued declines in SSB, high fishing 
mortality and weak recruitment.

• The SARC 55 Panel accepted two models for use 
in informing management advice.

• One assumes natural mortality constant at 
M=0.2 and the other assumes natural 
mortality has increased over time.

• The estimates of current conditions are 
nearl identical nder the t o modelsnearly identical under the two models.

• Regardless of the model, the stock is 
overfished and overfishing is occurring.

*Note: there are two accepted models for 
SARC 55, only the M=0.2 case is shown.

Model SSB2011 (mt) B2011 (mt) Ffull

M = 0.2 9,903 (7,644 - 13,503) 14,728 (11,890 - 19,149) 0.86 (0.53 - 1.05)

M-ramp 10,221 (7,943 - 13,676) 16,312 (13,173 - 20,771) 0.90 (0.57 - 1.09)

Chapter 2: Bankruptcy

• Aside from the assessment model results there are some very concerning trends regarding 
the health of the GoM cod stock apparent in the data.

• The NEFSC 2012 spring and fall survey abundance indices were the lowest of their 
respective time series. The MADMF 2012 spring survey biomass index was the lowest 
in its times series.

• The 2012 survey observations were not incorporated into the 2012 assessment 
formulations, implying that catch projections may be optimistic. 
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Chapter 2: Bankruptcy

• Over the last five years recruitment estimates have declined to a low level in both of the 
2012 assessment models. Recent survey indices of recruitment indicate continued poor 
recruitment.

• If weak recruitment and low reproductive rates of Gulf of Maine cod continue, productivity 
and rebuilding of the stock will be less than projected. 
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Chapter 2: Bankruptcy

• Since the mid-1990s the distribution of cod has become increasingly concentrated in the 
western portion of the Gulf, with a gradual loss of cod from the coastal and central Gulf.
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Chapter 2: Bankruptcy

• The number of survey tows with positive tows has been declining over time in both the 
NEFSC and MADMF surveys (i.e., even in the western Gulf of Maine).

Chapter 3: What Happened?

• Two important questions:

• How can the results from two assessments only three years apart be so 
drastically different?

• How can the 2011 and 2012 assessment results can be so different from• How can the 2011 and 2012 assessment results can be so different from 
the perceptions of the fishing industry?

• Interestingly, the answers to both of these questions involve small-scale 
spatial dynamics that were occurring on Stellwagen Bank between 2006 
and 2011.

• …but that’s for Chapter 4.
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Chapter 3: What Happened?

• How can the results from two assessments only 
three years apart be so drastically different?

• The answer to this has two aspects:

1. Revisions in the estimated weights-
at-age (secondary cause).

2. Major revisions in the estimated 
strength of the 2003 and 2005 year 
classes (primary cause).
• How do two large year classes 

disappear?
• Were they every really there?

Chapter 3: What Happened?

• How do two large year classes disappear? Were they ever really there?

• The answer to this has to do with the influence of two very large, but highly 
uncertain NEFSC spring survey index values on the 2008 assessment.

• These two survey indices contained a large number of fish from the 2003 
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NEFSC Spring 2007 
station catch summary

NEFSC Spring 2008 
station summary

Chapter 3: What Happened?

• Why were the 2007 and 2008 indices so large and so uncertain?
• In each of the years there was a single large tow of cod.

Year Strata Tow
Numbers 

caught

Total 
catch wt. 

(kg)
Y S T

Numbers 
h

Total 
catch wt. 

(k )
2007 1280 6 1 6.0

2007 1360 7 1 3.3

2007 1290 5 1 2.6

2007 1380 2 1 2.4

2007 1370 5 1 2.0

2007 1370 2 1 1.1

2007 1290 7 1 1.0

2007 1280 3 1 0.7

2007 1400 2 2 5.1

2007 1270 3 3 18.3

2007 1370 4 3 11.2

Year Strata Tow caught (kg)

2008 1370 5 1 5.1

2008 1360 2 1 5.0

2008 1270 4 1 4.8

2008 1260 2 1 4.3

2008 1280 6 1 3.4

2008 1370 3 1 2.5

2008 1270 1 1 2.2

2008 1290 4 1 1.0

2008 1400 1 1 0.7

2008 1290 6 2 3.0
2007 1280 2 3 10.3

2007 1390 3 4 0.4

2007 1270 2 15 41.4

2007 1400 1 15 28.9

2007 1260 1 15 10.9

2007 1290 6 25 74.5

2007 1260 3 29 11.3

2007 1270 4 33 66.9

2007 1290 8 53 81.8

2007 1260 2 800 834.3

2008 1290 6 2 3.0

2008 1270 3 2 1.5

2008 1380 4 3 6.1

2008 1290 3 6 16.5

2008 1290 7 7 26.9

2008 1260 5 8 19.9

2008 1400 3 9 25.9

2008 1260 1 15 37.9

2008 1260 6 42 41.8

2008 1260 4 578 674.6

Chapter 3: What Happened?

• How do uncertain survey indices impact assessment models?

• It depends on the model.

• The 2008 assessment: virtual-population analysis (VPA) model.

• The 2011 and 2012 assessments: the statistical catch-at-age model, ASAP.

•Note how the two different model 
formulations respond as years are 
removed from the assessment 
(information is removed).

•Of particular interest is the 
estimated size of the 2003 and 2005 
year classes.
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Chapter 3: What Happened?

• Still one lingering and important question:

• How can the 2011 and 2012 assessment results can be so different from the 
perceptions of the fishing industry?

• This question can’t be addressed until we start looking at fine-scale 
spatial dynamics on Stellwagen Bank.

Chapter 4: The Role of Fine Scale Spatial Dynamics on Stellwagen Bank

• So what does all this have to do with Stellwagen Bank?

• Remember those two large tows that were responsible for the very large, but 
highly uncertain 2007 and 2008 NEFSC spring survey indices?

• Guess where those tows occurred?



4/4/2013

12

Chapter 4: The Role of Fine Scale Spatial Dynamics on Stellwagen Bank

• An examination of NEFSC survey catches through time on/off Stellwagen Bank 
suggests that during certain time periods cod abundance is considerably higher on 
Stellwagen Bank compared to areas immediately adjacent to it (Richardson et al., in 
prep.).

• The periods of highest cod catches on Stellwagen Bank correspond with periods 
of high sand lance abundance.

figures from Richardson et al. (in prep.)

Chapter 4: The Role of Fine Scale Spatial Dynamics on Stellwagen Bank

• Cod catches in the Gulf of Maine tend to be greater when cod are actively feeding on 
sand lance.

• This could imply that cod densities, and by extension catch efficiency, is 
improved when cod are feeding on sand lance relative to other prey species.

figure from Richardson et al. (in prep.)
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Chapter 4: The Role of Fine Scale Spatial Dynamics on Stellwagen Bank

• Where is the predominance of cod-sand lance consumption occurring within the Gulf 
of Maine?

• Stellwagen Bank

figures from Richardson et al. (in prep.)

Chapter 4: The Role of Fine Scale Spatial Dynamics on Stellwagen Bank

• There was an interesting coincidence between the timing of the large increase LPUE 
and increases in sand lance abundance.

• Both began around 2006 and peaked in 2009/2010.

figure from Richardson et al. (in prep.)
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Chapter 4: The Role of Fine Scale Spatial Dynamics on Stellwagen Bank

• Richardson et al. (in prep.) proposed the following hypothesis:

• A substantial increase in the abundance of sand lance around 2006 resulted in:

1) A shift in the distribution pattern of cod to match that of sand lance.

2) Increased aggregation of cod due to the smaller geographic area occupied by 
sand lance versus herring.

3) Greater consistency (predictability) in the location of cod due to the reliance 
of sand lance on fixed habitat variables versus more dynamic oceanographic 
properties of herring habitat (e.g. fronts).

4) Increased aggregation of the fishing fleet and catch in locations occupied by 
sand lancesand lance.

5) An increase in cod CPUE that is unrelated to changes in the Gulf of Maine 
cod population-level abundance.

Chapter 4: The Role of Fine Scale Spatial Dynamics on Stellwagen Bank

• Was there any evidence that the large increases in LPUE were being influenced by the 
small-scale dynamics occurring on Stellwagen Bank?

• We knew that there had been an overall concentration in the spatial extent of 
GoM cod commercial catch with general movement to the southwest, but we 
hadn’t investigated the fine-scale dynamics of these changes.

• Since 2006 cod had become an increasingly important component of the catch of 
groundfish vessels.

• Could imply greater targeting of cod.
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Chapter 4: The Role of Fine Scale Spatial Dynamics on Stellwagen Bank

• An examination into the fine-scale patterns of the commercial fishery revealed that 
the spatial concentration of the GoM cod catch was even more pronounced than 
thought.

• By 2010 five ten minute squares accounted for 65% of the total Gulf of Maine 
cod landings (2.5% total GoM surface area).

• One ten minute square (427044) accounted for 45% of the total landings.

• Where is 427044 located?

Chapter 4: The Role of Fine Scale Spatial Dynamics on Stellwagen Bank

• While the overall fleet activity had declined outside of 427044, there was a large 
influx of fleet activity into 427044, particularly from 2006 onward.

• Between 2005 and 2010:

• Outside 427044: 46% decrease in trips and 36% decrease in vessels

• Inside 427044: 191% increase in trips and 45% increase in vessels
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Chapter 4: The Role of Fine Scale Spatial Dynamics on Stellwagen Bank

• How does one explain how the 2011 and 2012 assessment results can be so different 
from the perception of the fishing industry?

• The perception of the industry (i.e., LPUE) was largely independent of broad-
scale patterns within the Gulf of Maine, but rather reflective of the small-scale 
dynamics occurring on Stellwagen Bank.

• These small-scale patterns appear to be related to sand lance abundance.

figures from Richardson et al. (in prep.)

Chapter 5: Lessons Learned and Moving Forward

• Good news (e.g., 2008 assessment) should be as carefully scrutinized as bad news 
(e.g., 2011 assessment).

• Understanding the root causes of both influential and imprecise data points is 
critically important.

• All data inputs into an assessment need to be fully evaluated and carefully screened to 
make sure that: a) they are appropriate for use in an assessment model, and b) they are 
treated properly in the model formulation (e.g., characterization of uncertainty).
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Chapter 5: Lessons Learned and Moving Forward

• Fishery-independent surveys are not alone in being influenced by small-scale spatial 
dynamics; fishery CPUEs are just as susceptible. The interpretation of CPUE indices 
requires a thorough understanding of possible drivers (e.g., spatial dynamics, 
regulations, fleet targeting behavior).

• The perception of the industry (i.e., CPUE) was reflective of the small-scale 
dynamics occurring on Stellwagen Bank and not of broad-scale patterns within 
the Gulf of Maine.

• The Stellwagen Bank region is an extremely important area for the Gulf of Maine cod 
resource.

• The importance of sand lance with respect to cod dynamics requires a greater 
nderstandingunderstanding.

• The Gulf of Maine cod resource is overfished and overfishing is occurring. In 
addition to the low biomass, the spatial concentration, continued declines in cod in the 
western Gulf of Maine and low recruitment are cause for concern. 
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