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MEMORANDUM 

 
 
 
DATE: October 12, 2016 (Version 3) 

TO: Groundfish PDT  

FROM: Herring PDT 

SUBJECT: Summary of analyses to support development of alternatives in Framework 
5 to the Atlantic Herring FMP 

 

Both Herring Framework 5 (FW5) and Groundfish Framework 56 (FW56) include measures that 
potentially impact both fisheries.  This memo is a summary of the analyses completed to date by 
the Herring PDT to support development of alternatives to consider in Framework 5.  These 
analyses are being shared with the Groundfish PDT to help coordinate development of these 
actions and to solicit input from the Groundfish PDT on the range of alternatives to be 
recommended for inclusion by the Herring Committee.  Specifically, the GF PDT is requested 
to comment on the analyses prepared by the PDT and the draft range of alternatives 
developed to date.  Specifically, are there additional analyses that can be prepared to 
evaluate the potential impacts on haddock and the groundfish fishery.  In addition, are 
there any issues to clarify about the current range of alternatives being recommended by 
the Herring PDT, or are there additional alternatives that should be considered.  The 
Herring Committee will consider the input of the GF PDT at their meeting on October 20, 2016.    

 
 
1.0 Background 
 

1.1 GB Haddock bycatch in Herring Fishery 

Haddock comprises the largest component of groundfish bycatch by midwater trawl vessels, and 
the catch of haddock by these vessels is managed by the Council through a catch cap 
(Framework 46 to the Multispecies FMP) and increased sampling/monitoring (Amendment 5 to 
the Atlantic Herring FMP).  
 
Table 1 summarizes Georges Bank haddock catch by the herring midwater trawl vessels from 
groundfish fishing years 2010-2016 (preliminary). Starting in 2011, data used to estimate/monitor 
the cap included observer data, vessel trip reports (VTR), and dealer reports. During the 2012 
groundfish fishing year, the haddock catch cap was fully utilized in the GB area. The 2013 
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Georges Bank haddock cap was slightly exceeded. As a result, the 2014 catch cap was adjusted 
downward from 179 mt to 162 mt to account for the overage. There remains very little catch of 
Gulf of Maine haddock by midwater trawl vessels in the Atlantic herring fishery. 

 
Table 1- Summary of recent catches (mt) of Georges Bank haddock by the midwater trawl Atlantic herring 
fishery, groundfish FY 2010- FY 2016. Source: Groundfish FY2010 – FY2014 final year-end catch reports, 
FY2015 preliminary in-season report, and FY 2016 preliminary in-season report, GARFO. 
 Midwater Trawl‐ Georges Bank Haddock 

Groundfish 
FY 

Sub‐ACL  Landings  Discards  Catch  Percentage of 
sub‐ACL 

2010  84  69.2  0 69.2 82.3%

2011  318  101.8  0 101.8 32.0%

2012  286  271.9  16.7 288.6 100.9%

2013  273  272.7  17.2 290 106.2%

2014  162  113.5  0 113.5 70.1%

2015  227     235.54 103.76%

2016  521     12.08 2.3%

2016 ‐ FW 55 value does not include deduction for FY 2015 overage; catch from 5/1/16‐5/15/16

 

Table 2 summarizes the estimated discards of Georges Bank haddock in the midwater trawl 
Atlantic herring fishery.  

 
Table 2- Summary of estimated discards (mt) of Georges Bank haddock in the midwater trawl Atlantic 
herring fishery, 2009-2014. Source: 2015 Operational Assessment of Georges Bank haddock, NEFSC.  
 Midwater Trawl ‐ Georges Bank Haddock 

CY  Estimated 
Discards 

CV Observed 
Trips

2009  0  0.49 46

2010  4  0.56 111

2011  0  0.65 96

2012  11  0.11 155

2013  20  0.50 93

2014  0  0.86 84
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1.2 Description of the current GB Haddock sub-ACL and Accountability Measures for 
the herring mid-water trawl fishery (No Action) 

 
In September 2011, through Framework 46 to the Northeast Multispecies Fishery Management 
Plan, the Gulf of Maine (GOM) haddock and Georges Bank (GB) haddock catch caps for the 
Atlantic herring midwater trawl fishery were increased to 1% of the GB haddock Acceptable 
Biological Catch (ABC), given the abundance of haddock and the risk of constraining herring 
catch despite the fact that overall haddock catches had been far below the ABC for that stock.  

In addition, Framework 46 modified the method for estimating haddock catch in the herring 
fishery and the relevant accountability measures (AMs) such that, upon reaching the cap, the 
midwater trawl herring fleet may not catch or land herring in excess of the incidental catch limit 
(2,000 lb) in or from the appropriate haddock stock area (Figure 1).  If so, the total catch of 
haddock by herring midwater trawl vessels exceeds the herring midwater trawl fishery GOM or 
GB haddock sub-ACLs for a FY, the respective sub-Annual Catch Limit (sub-ACL) for the 
following fishing year would be reduced by the amount of the overage. Prior to Framework 46, 
there was one haddock catch cap for the GOM and GB areas combined. See the Framework 46 
final rule for more information (Federal Register 76(179), p. 56985-57000).  

 

Figure 1 - Gulf of Maine and Georges Bank Haddock AM Areas 

 

Source: GARFO fishing industry homepage: 
http://www.greateratlantic.fisheries.noaa.gov/nero/fishermen/charts/her4.html 
 



4 
 

Method for estimating haddock catch 
Starting in 2011, data used to estimate/monitor the catch caps include observer data, vessel trip 
reports, and dealer reports. The following explanation of how catch is estimated relative to the 
GB haddock catch cap is from the National Marine Fisheries Service (NMFS/GARFO) quota 
monitoring webpage: http://www.greateratlantic.fisheries.noaa.gov/ro/fso/reports/reports_frame.htm. 

The method for estimating haddock catch by midwater trawl herring vessels matches the method 
used for estimating catch and discards in the multispecies fisheries. This method replaces 
estimated pounds with observed pounds where available. The cumulative method uses catch from 
the entire year to estimate a haddock catch ratio for each herring stock area. The haddock 
bycatch ratio is calculated for a stock area by dividing observed haddock catch for the year by 
the observed kept-all (total amount of all species) for the year. Haddock catch on unobserved 
trips is then estimated by multiplying the catch ratio by the kept all from all unobserved herring 
midwater trawl vessels fishing within that haddock stock area. 

 

Vessels issued a Category A/B Atlantic herring permit and on a declared herring trip, regardless 
of gear or area fished, and or a vessel issued a Category C permit and/or an Category D permit 
(open access) that fishes with midwater trawl gear in Areas 1A, 1B, and 3 are prohibited from 
discarding haddock at-sea. These vessels are limited to possessing/landing up to 100 lb. of other 
NE multispecies. Atlantic herring processors and dealers are required to separate out, and retain 
such haddock for at least 12 hours for inspection by authorized NMFS officers. However, 
haddock or other NE multispecies separated from the herring catch may not be sold, purchased, 
received, traded, bartered, or transferred, or attempted to be sold, purchased, received, traded, 
bartered, or transferred for, or intended for, human consumption.  
 
 

1.3 Initiation of action to potentially modify the GB haddock sub-ACL and associated 
accountability measures for the Herring MWT fishery 

 
In April 2016 the Council initiated an action to consider adjusting the current 1% GB haddock 
sub-ACL and associated AMs for the Herring MWT fishery.  The Council then decided to 
consider the sub-ACL allocation decision in Framework 56 to the Multispecies FMP and the 
AMs in Frameowrk 5 to the Herring FMP.  Final decision for both actions is scheduled at the 
same Council meeting, November 2016, with expected implementation in May 2017.   
 
The Council identified a range of alternatives for both actions that are described below in more 
detail.   
 

 Framework 56 to Multispecies FMP 
At the June 2016 New England Fishery Management Council meeting, the Council voted to 
analyze measures to adjust the Georges Bank (GB) haddock sub-annual catch limit (sub-ACL) 
for the midwater trawl fishery in Framework Adjustment 56 to the Northeast Multispecies 
Fishery Management Plan. This option would consider measures to incentivize the midwater 
trawl fleet to minimize the incidental catch of GB haddock to the extent practicable in the 
midwater trawl Atlantic herring fishery while providing the opportunity for the fleet to fully 
harvest its herring sub-ACL for Herring Management Areas 1B and 3. Sub-Option 2A and Sub-
Option 2B would reduce the potential for negative impacts on the herring fishery caused by 
reductions in fishing opportunities in Areas 1B and 3, and avoid potential market interruptions 
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for the supply of herring as bait for the lobster fishery. The GOM haddock catch cap would 
remain the same at 1% of the ABC.  
 
Option 2A would increase the current sub-ACL for GB haddock in the mid-water trawl Atlantic 
herring from 1% of the US ABC to 1.5% or 2% of the US ABC.  
 
Rationale: Sub-Option 2A would continue to allow for long-term sustainable management of the 
GB haddock stock and groundfish fishery while providing incentives for the mid-water Atlantic 
herring fishery to minimize bycatch for this stock to the extent practicable. Further, this option 
better meets the goals and objectives of the Atlantic herring management program, particularly 
the goal to achieve, on a continuing basis, optimum yield, and the objectives to achieve full 
utilization from the catch of herring, and to promote the utilization of the resource in a manner 
which maximizes social and economic benefits to the nation, while taking into account the 
protection of marine ecosystems.  

 
Sub-Option 2B would increase the current sub-ACL for GB haddock in the mid-water trawl 
Atlantic herring from 1% of the US ABC to 1.5% or 2% of the US ABC. This allocation would 
be available at the start of the groundfish fishing year. The addition of the transfer provision 
would accommodate an in-season transfer of GB haddock allocation from the mid-water trawl 
Atlantic herring fleet to the groundfish fleet, similar to the existing regulations regarding an in-
season transfer of GB and SNE/MA yellowtail flounder from the scallop fishery to the 
groundfish fishery (Refer to 50 CFR 648.90(a)(4)(iii)(C)).  At the September 2016 Council 
meeting the Council decided to remove this alternative from further consideration.  
 

 Framework 5 to Herring FMP 
In June the Council identified the range of alternatives for Framework 5.  The purpose of this 
action is to propose measures that would incentivize the herring midwater trawl vessels to 
minimize the incidental catch of haddock while provide the opportunity to fully harvest the 
herring sub-ACLs in Herring Management Areas 3 and 1B. Therefore, this action is needed to: 
1) reduce the potential negative economic impacts on midwater trawl herring vessels resulting 
from GB haddock AM closures reducing the opportunity to harvest the herring sub-ACLs in 
Area 3 and 1B; 2) avoid potential impacts to the supply of herring used as bait for the lobster 
fishery; and 3) reduce the potential negative economic impacts on the mackerel fishery from GB 
haddock AM closures reducing the opportunity to harvest mackerel on Georges Bank.  The 
alternatives developed to date are described below.   
 
Modify the AM area (higher bycatch rate areas) 
The AM area would be modified based on new information.  The Herring PDT discussed several 
different ideas for data that could be used to modify the AM area: 1) commercial fishing data to 
identify where most haddock catch is located; 2) trawl survey data to identify where haddock is 
present; and 3) observer data to identify areas where the herring fishery had the highest haddock 
catch rates.  When the Herring Committee reviewed this alternative, it recommended that the last 
item should be the main data source used to prioritize developing options for the AM area based 
on areas with higher GB haddock catch rates.   
 
Establish an AM season (higher bycatch rate months) 
Currently there is no AM season.  When the AM is triggered the closure for directed mid-water 
trawls is in place for the remainder of the GF fishing year.  It is possible that a season could be 
adopted instead.  It may be possible to apply a season with the current in-season AM if the AM 
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season is later in the year. The Herring PDT has brainstormed several data sources that may help 
identify potential AM seasons: observer data, portside data, study fleet, and herring revenue 
maps by month.     
 
Seasonal split of GB haddock sub-ACL (80%/20%) 
Eighty percent of the haddock sub-ACL would be available to the herring fishery on May 1 and 
the remaining 20% would be added on November 1.  If the herring fishery catches more than 
80% before November 1, then the AM is triggered and the area closes to direct midwater trawl 
herring fishing from that time through November 1.  The remaining 20% would become 
available on November 1 to support a winter fishery.  If the herring fishery catches more than 
20% of the remaining GB haddock sub-ACL after November 1 the area would again close to 
directed herring midwater trawl gear from that time through April 30.  The Council clarified that 
this alternative woudl not be automatic; if adopted, the Council would have the ability to select a 
seasonal split of the haddock sub-ACL in each specification process.  Selecting this alternative 
would not automatically split the sub-ACL, instead it would enable the Council to do through 
future action.      
 
More details of how this alternative would be monitored still need to be developed.   
 
Amend how estimated catch is calculated in the herring fishery – incorporate state portside 
data 
This alternative would use state portside data in the monitoring of haddock catch in the mid-
water trawl herring fishery (herring catch too?).  Currently the estimate is based on data from the 
Northeast Fisheries Observer Program only, and is not informed by portside data.  
  
The Council sent a letter to NMFS in January 2016 requesting state portside data be used to 
monitor the current haddock sub-ACLs for the herring fishery. NMFS responded in April 2016 
that they are looking into whether that is feasible and at the May 23 PDT meeting it was 
explained that the request is still being reviewed and a response is forthcoming, but will likely 
not be available for the June Council meeting. It was also explained that the peer review of in-
season bycatch estimation methods is scheduled for fall 2016, but the consideration of using state 
portside data to monitor the haddock sub-ACL in the herring fishery will not be part of the peer 
review.     
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2.0 Summary of analyses completed by the Herring PDT to support development of 
Framework 5 alternatives 
 
During the summer and early fall the Herring PDT met several times to discuss Framework 5. 
Most recently the PDT has worked on analyses to support development of alternative spatial and 
temporal accountability measures a meeting on July 28, 2016, and on two webinars on 
September 7, 2016 and September 15, 2016.  The details of that work are included in Appendix 
A, and a summary is described here.   
 
The Herring PDT has developed spatial/seasonal models of haddock and herring distribution 
from NEFSC survey and NEFOP observer datasets.  From these, the PDT has developed a range 
of potential alternative AMs and the models are also used to evaluate AM alternatives by 
describing the portion of the haddock resource that would be protected and the portion of the 
herring resource left accessible to the MWT fishery.  A summary of this work will be presented 
to the GF PDT on Sept 27 and the details of these analyses are described in Appendix A.    
 
In addition, the PDT is also working on an analysis of the potential performance of alternative 
AMs compared to No Action in terms of additional herring and haddock catch that could happen 
after an AM is triggered, based on actual bycatch rate and K all data from previous years. The 
details are still being developed and may or may not be ready for the Sept 27 GF PDT meeting.  
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3.0 Herring PDT input and draft recommendations for Framework 5 alternatives 
Based on PDT discussion through September, a summary of the analyses needed for each 
alternative, as well as input for the Herring Committee to consider when finalizing these 
measures is provided below. 
 

3.1 No Action 
 

3.2 Modify the AM area  
- Stat areas 561, 562, 525 
- Stat areas 561, 562, 525, and 521 
- Closed Area 1 and 2 
- Closed Areas 1 and 2 expanded (about 20 miles north of CA1 and 20 miles west of 
closed area 2) 
 

3.3 Establish an AM season 
- No specific seasons considered, instead PDT supportive of including an option that 
would have an AM area trigger when some % of sub-ACL harvested.  For example, 
50-80% of the sub-ACL. Analyses still under development that may help inform the 
appropriate % the AM would trigger.  

 
3.4 Seasonal split of sub-ACL (80% / 20%) 

- The PDT has expressed concerns about splitting the sub-ACL related to increased 
monitoring challenges/needs, and sub-dividing the sub-ACL may increase the 
likelihood of AMs being triggered. 
- Instead, the PDT is more supportive of developing an option that would include an 
AM that would be triggered earlier in the year to slow bycatch down, akin to a speed 
bump during the fishing season to extend fishing opportunities.  
 

3.5 Amend how estimated haddock catch is calculated to incorporate state portside 
data 
-By letter, separate from this action, the Council has requested NMFS GARFO 
evaluate whether state portside data could be included in in-season catch estimates in 
the herring fishery.  The states of MA and ME have provided data to GARFO, but the 
timing of that response is uncertain and may not be before final action is scheduled 
for this action.  Therefore, the Council intends to wait for that response before 
Council action is taken on recommending how in-season estimates of catch should be 
done.   
- The Herring PDT has commented that currently this alternative seems to be specific 
to GB Haddock because this action is about that bycatch stock only. However, if a 
change is considered for that stock it may be inconsistent if other bycatch stocks are 
monitored in-season with a different method. The Council should clarify which stocks 
are intended with this alternative (e.g. GOM haddock and RH/Shad). 
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Appendix A: Spatial distribution models of Georges Bank 
herring and haddock for the evaluation of haddock bycatch 
closure areas 
Micah Dean – September 27, 2016 
 
Introduction 
Under current rules, once the midwater trawl (MWT) fishery exhausts their bycatch cap for 
Georges Bank (GB) haddock, nearly all of the GB haddock stock area closes to MWT for the 
remainder of the fishing year.  A goal of Framework 5 (FW5) is to seek a modified 
accountability measure (AM) for the GB haddock bycatch cap that provides greater access to the 
MWT fishery, while at the same time achieving low levels haddock bycatch. Due to the 
relatively narrow footprint of previous MWT fishing effort on GB, we are limited in our ability 
to make recommendations for AM alternatives based solely on observations of MWT bycatch 
rates (NEFOP data).  The goal of this analysis is to construct a spatial model of the distribution 
of GB haddock and herring using auxiliary datasets (NEFSC bottom trawl surveys, and NEFOP 
bottom trawl data), and to evaluate the model’s ability to predict MWT bycatch rates.  These 
distribution models are then used to examine the impact of AM alternatives on expected herring 
catch and haddock bycatch. 
 
Methods 
There are several attributes of the survey and observer datasets that need to be addressed before a 
geostatistics approach (i.e., “Kriging”) can be used to generate a continuous spatial model of 
haddock or herring abundance.  First, the distribution of CPUE values is heavily skewed and 
includes a high proportion of zeros (Figure 1). It is often difficult to discern the spatial 
relationship among tows from raw data such as these; therefore, a spatial equivalent of a delta-
lognormal model (i.e., a “hurdle” model for continuous data) was constructed: The probability of 
occurrence was modeled separately from the log of the positive values (Figure 2); the two 
interpolated surfaces are later combined to provide a continuous estimate of CPUE across the 
entire stock area, which is assumed to be a proxy for population abundance (Figure 3). 
In addition, Ordinary Kriging assumes a “stationary process,” meaning that the expected mean 
and variance are stable throughout the dataset.  This assumption can be violated when pooling 
several years of data together to achieve a general seasonal pattern (i.e., the values in a “high” 
abundance year can overwhelm those of a “low” year).  Therefore, a generalized linear model 
(log(CPUE) ~ YEAR) was used to remove these year effects from the positive values, so that all 
spatial modeling was conducted on the residuals (Figure 4).  
 
This analysis was restricted to the years after groundfish amendment 16 (“sectors”) went into 
place (2010-2015), as the regulations prior to that time might have resulted in different spatial 
patterns in observed bottom trawl CPUE.  While the focus of the analysis is Georges Bank, data 
were assembled for a broader region so that the information contained in adjacent areas could be 
used in the Kriging process and to increase the sample size for model validations.  For the 
NEFOP bottom trawl data, only trips on vessels using NEGEAR code 050 (‘regular’ bottom 
trawl) with mesh size between 5” and 7” were used, in an attempt to standardize effort units as 
much as possible. Tow coordinates were transformed to the Massachusetts State Plane Mainland 
projection so that distance units (meters) permitted interpolation.  Areas beyond 20 km from 
observed tows were omitted from Kriging prediction. 



10 
 

For each dataset, the calendar year was split into four seasons: Winter (Dec-Feb); Spring (Mar-
May); Summer (June-Aug); and Fall (Sep-Nov) (Table 1). Empirical variograms for both the 
occurrence and lognormal models were constructed for each season and then averaged across 
seasons.  Several candidate models were fit to these average empirical variograms, and the model 
with the lowest residual sum of squared deviations was selected as the best model and used for 
spatial interpolation (Figures 5 and 6). The gstat package in R was used to fit variogram models 
and make Kriging predictions.  A 1-km resolution reference grid was established for the limits of 
the GB Haddock Stock Area and used as a template to ensure conformity of predicted raster 
layers. The log(CPUE) predictions for positive values were back-transformed to native CPUE 
units, using the prediction variance to correct for the transformation bias: E(CPUE) = 
exp(E(logCPUE)+var(logCPUE)/2) (Robinson and Metternicht, 2006).  These back-transformed 
positive CPUE predictions were multiplied by the predicted occurrence to achieve the final 
distribution model. 
 
The predictive ability of the Kriged distribution models were evaluated in two separate ways:  
First, a leave-one-out cross-validation routine was used to determine how well each model could 
predict its source data set. This informs the consistency of the spatial process, or how similar the 
haddock or herring distributions are from one year to the next. Secondly, the Kriged distribution 
models were compared against observed CPUE of herring and haddock at NEFOP MWT haul 
locations. This informs how reliable the survey model is at predicting MWT catch rates. 
A series of potential AM alternatives were evaluated using the resulting distribution models for 
herring and haddock.  Due to the greater spatial coverage, gear consistency and similarity in 
mesh size (to the MWT fishery), the NEFSC survey dataset was given priority over the NEFOP 
bottom trawl dataset in the spring and fall, when survey data were available.  NEFOP BT data 
were used in winter and summer, when survey data were unavailable.  For each AM alternative, 
the relative haddock protection was calculated as the proportion of the modeled biomass within 
the GB haddock stock area covered by the AM area.  The same process was followed to 
determine the proportion of the herring resource available to the MWT fishery.   
 
The distribution models indicate that substantial herring biomass exists well outside the current 
footprint of the MWT fishery.  This suggests that another factor, such as depth, gear conflicts, or 
mesh selectivity, effectively prevents the MWT fishery from accessing these herring; If this is 
the case, the “herring availability” metric based on the entire stock area may be an overestimate.  
As such, herring availability and haddock protection were also evaluated by calculating the 
proportion of the modeling biomass covered by an AM area within the footprint of the MWT 
fishery. 
 
Results and Discussion 
The Kriged distribution models were able to predict their source datasets reasonably well, under 
a leave-one-out cross validation exercise.  The correlation coefficient between observed and 
predicted occurrence and log(CPUE) values was 0.6 or greater for haddock in both datasets 
(Figure 7).  The correlation for herring was less in most cases, particularly for the NEFOP 
bottom trawl dataset, which has positive herring observations in <10% of hauls.  However, the 
occurrence of herring in the NEFSC survey data was the most reliable measure of all, with a 
correlation between observed and predicted values of 0.73. 
 
As expected, the Kriged distribution models had a lower correlation with the observed CPUE in 
the MWT fishery than with their own source datasets (Figure 8). Nonetheless, there were 
significant correlations between MWT observations and both haddock models.  This indicates 
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that the distribution models could be used to predict the bycatch rate of haddock outside the 
current footprint of the MWT fishery; however, the relatively low correlation here (Pearson’s R 
= 0.15 to 0.35) suggests a noisy relationship.  There was effectively no correlation between the 
distribution models and the observed MWT CPUE for herring.  Several factors probably 
contribute to this result: First, herring are the target species of this fishery and there are very few 
zero or low observations; therefore, even if the distribution model predicts herring to be less 
abundant in a given area, the MWT fishery is effective at finding those fish and achieving a 
consistent catch rate (i.e., search time is not accounted for in the effort standardization); Second, 
the relatively narrow footprint of the fishery on Georges Bank provides a narrow range of values 
from the distribution models to compare against.  Both of these factors limit the amount of 
contrast in the observed and predicted values, yielding a low signal-to-noise ratio and making a 
high correlation difficult to achieve. 
 
Distinct seasonal patterns are evident from the distribution model based on NEFSC survey data 
(Figures 9 and 10).  In the spring, haddock are distributed over a large portion of Georges Bank, 
with a peak in concentration inside CA2.  In the fall, haddock are most abundant in CA1 and 
CA2, as well as the areas immediately adjacent to the closed areas. Herring also appear to be 
more widely distributed in the spring, with a concentration in the southwest corner of the stock 
area. In fall, herring are more abundant north of Georges Bank, with essentially none available 
on top of the bank.   
 
The distribution model based on the NEFOP bottom trawl data shows similar patterns to the 
NEFSC dataset, where the two datasets overlap (i.e., spring and fall)(Figures 11 and 12); 
unfortunately, there are significant gaps in the spatial coverage of this model, owing the 
prohibition of bottom trawling inside of the closed areas. These areas are clearly very important 
for haddock distribution and interpretation of this model should recognize this shortcoming. 
Nonetheless, the NEFOP BT model is the only dataset available for the summer and winter 
seasons.  The winter pattern for both herring and haddock appear similar to that of spring, with a 
wide distribution across the bank and to the north.  In the summer, haddock appear to be 
concentrated in the vicinity of CA1 and CA2, but more widespread than in the fall. The summer 
distribution of herring is scattered along the northern edge and to a lesser extent, southern edge 
of Georges Bank. 
 
When the current haddock bycatch AM area is compared against the Kriged distribution models, 
it is apparent that the measure is very effective at protecting haddock; it also prevents access to 
nearly all of the herring on Georges Bank (Figure 13).  Most of the MWT herring fishing on 
Georges Bank occurs in statistical areas 522 and 521, both of which are included in the current 
AM area.  If area 522 were removed from the AM area, 76%-84% of the haddock and 41%-70% 
of the herring would be covered, depending on the season (Figure 14). If area 521 were also 
removed, the coverage levels would drop to 54%-80% for haddock and 4%-41% for herring 
(Figure 15). While such an alternative might seem preferable to the status quo, it is important to 
note that most of the modeled biomass of haddock and herring occurs in areas outside the current 
footprint of the MWT fishery and would therefore have little impact on catch rates if enacted. 
For this reason, the level of haddock protection and herring availability was also calculated 
within the limits of the MWT footprint.  With stat areas 521 and 522 removed from the current 
AM area, 5%-26% of the haddock and 3%-5% of the herring inside the MWT footprint would be 
covered. Another important caveat is that because the closed areas are poorly represented in the 
NEFOP BT dataset, the level of haddock protection in Summer and Winter is likely an 
underestimate. 
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Due to the importance of closed areas to the GB haddock stock, two AM alternatives centered on 
CA1 and CA2 were also evaluated. Using just the closed areas as the AM alternative, 19%-54% 
of the haddock biomass and 6%-14% of the herring biomass would be covered (0-43% haddock 
and 0-19% herring within the MWT footprint)(Figure 16).  If the AM boundaries were extended 
15 nautical miles north of CA1 and 15 nautical miles west of CA2, the coverage levels increase 
to 35%-70% for haddock and 18%-26% for herring (10%-82% haddock and 9%-38% herring 
within the MWT footprint)(Figure 17). Of the alternatives evaluated, this last option maximizes 
the difference between coverage levels of haddock and herring, and therefore appears to provide 
the best compromise between haddock protection and herring availability. 
 
References 
Robinson, T. P., and Mitternicht, G. 2006. Testing the performance of spatial interpolation 
techniques 
for mapping soil properties. Computers and Electronics in Agriculture. 50: 97-108. 
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Table 1. Total number of observed hauls for the Georges Bank haddock stock area, from the 
NEFOP midwater trawl dataset, NEFOP bottom trawl dataset, and the NEFSC survey dataset. 
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Figure 1. Raw CPUE on Georges Bank from the NEFOP midwater trawl dataset (top row), 
NEFOP bottom trawl dataset (middle row), and the NEFSC survey dataset(bottom row). 
 
 
 

 
Figure 2. Separation of each dataset into occurrence (at left) and logged CPUE when present (at 
right). 
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Figure 3. Diagram of the steps involved in the delta-lognormal Kriging process. Starting at the 
top, observed CPUE values are separated into occurrence (i.e., presence-absence) and 
log(CPUE) of positive values.  A spatial model is developed for each component dataset, and 
then combined in the end to create the continuous surface of predicted CPUE. 
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Figure 4. log(CPUE) of haddock and herring catch by year from the NEFOP BT and NEFSC 
survey datasets (at left). Residuals from a GLM model (logCPUE ~ YEAR) for the same 
datasets, by year (at right).
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Figure 5. Average empirical variograms for the NEFOP bottom trawl dataset. Exponential and 
spherical variogram models provide the best fit for log(CPUE) of haddock and herring, 
respectively. The spherical variogram model provides the best fit for the occurrence of both 
species. 
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Figure 6. Average empirical variograms for the NEFSC survey dataset. The exponential 
variogram model provides the best fit to the log(CPUE) of both haddock and herring.  For 
herring, a spatial relationship in log(CPUE) was only estimable for the fall survey and was used 
for both spring and fall.  The Gaussian and exponential variogram model provided the best fit for 
the occurrence of haddock and herring, respectively. 
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Figure 7. Results of leave-one-out cross-validation for NEFOP bottom trawl dataset (at left) and 
NEFSC survey dataset (at right). 
 
 

 
Figure 8. Results or comparison between Kriged distribution model and NEFOP midwater trawl 
hauls. Distribution model derived from the NEFOP bottom trawl dataset is shown at left, and the 
distribution model derived from the NEFSC survey dataset is shown at right.
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Figure 9. Log(CPUE) of positive values with year effects removed (black bubbles) from the 
NEFSC survey dataset. Red points indicate where haddock (above) or herring (below) were not 
caught. 
 
 
 

 
Figure 10. Delta-lognormal Kriged predictions for haddock (top) and herring (bottom) CPUE 
from the NEFSC survey dataset. 
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Figure 11. Log(CPUE) of positive values with year effects removed (black bubbles) from the 
NEFOP bottom trawl dataset. Red points indicate where haddock (above) or herring (below) 
were not caught. 
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Figure 12. Delta-lognormal Kriged predictions for haddock (top) and herring (bottom) CPUE 
from the NEFOP bottom trawl dataset. 
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Figure 13. Kriged distribution models for Georges Bank haddock (center) and herring (right), as 
compared to the current AM area (black polygon) and footprint of the MWT fishery (purple 
polygon). The bar charts at left show the portion of the biomass of each species that are covered 
by the AM area, using data from the entire stock area (black outline) as well as just data from 
inside the MWT fishery footprint (purple outline). 
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Figure 14. Same as Figure 13, but for an AM alternative that does not include statistical area 522. 
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Figure 15. Same as Figure 13, but for an AM alternative that does not include statistical areas 
522 or 521. 
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Figure 16. Same as Figure 13, but with an AM alternative that uses Closed Area I and Closed 
Area II as the AM area. 
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Figure 17. Same as Figure 13, but with an AM alternative that includes a 15 nm northward 
extension of Closed Area I, and a 15 nm westward extension of Closed Area II. 
 


