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Summary

¢ Combined Canada and USA herring landings increased from 106,000 mt in 2005 to
116,000 mt in 2006, then declined to 90,000 mt in 2008.

o Stock biomass (2+, January 1) increased steadily from about 111,600 mt in 1982 to almost
830,000 mt in 1997, fluctuated without trend since then, and was estimated to be 652,000 mt
at the beginning of 2008. This is below By (670,600 mt).

e Recruitment at Age 2 from the 2004 and 2006 year classes appear weaker than the long-term
(1967-2005) average of 2.3 billion fish. The 2005 year class abundance estimate is above
average abundance at 3.3 billion fish.

e Fishing mortality (Age 2+) declined to 0.14 in 1993 and has remained stable at about 0.16
from 2002 onwards (Figure 1). Estimated fishing mortality in 2008 was 0.14. This is below
Fingy (0.27).

Ce document est disponible sur I'Internet & : This document is available on the Internet at :
http://www.mar.dfo-mpo.gc.ca/science/TRAC/trac.html
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Landings, 2+ Biomass (thousands mt); Recruits (millions)

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 Avg] Min' Max'
Canada Landed 18.6 17.1 24.8 13.4 9.0 20.6 12.6 12.9 30.9 6.4 23.1 6.4 4.1
USA Landed 110.6 108.8 120.0 93.2 100.8 94.4 93.3 103.1 81.7 83.6 80.6 33.2 123.6
Total Landed 129.1 125.9 144.8 106.6 109.8 115.0 105.9 116.0 112.6 90.0 103.7 44.6 144.8
2+ Biomass 735 854 790 670 674 711 684 690 697 652 529 112 1,204
Age 2 Recruits 1032 3828 1033 1275 2739 3775 1616 1318 3252 265 2268 265 8758
Fishing Mortality 0.19 0.16 0.20 0.17 0,17 0.17 0.16 017 0.17 0.14 037 0.14 0.80
Exploitation Rate 0.16 0.13 0.16 0.14 0.14 014 0.13 0.14 0.14 0.12 0.28 0.12 0.50

''1978-2008 for landings (thousands mt)
1967-2008 for 2+ biomass (thousands mt), recruitment (millions) and F(2+)

Fishery

Combined Canada/USA landings. Combined Canada/USA landings averaged 90,000 mt
during 1978-1994 (Figure 1). Landings increased during 1995-2001, averaging 133,000 mt, and
peaking at 145,000 mt in 2001. Landings declined slightly during 2002-2005, and averaged
109,000 mt. During 1978-2005, the USA accounted for about 76% of the total landings, but
during the most recent decade, this percentage increased to about 85%.

Canadian landings. Landings by Canada averaged about 27,000 mt during 1978-1994,
declined to an average of 19,000 mt during 1995-2001, and declined further to 14,000 mt during
2002-2005. Landing from 2006-2008 average 16,800 mt although landings in 2007 peaked at
31,000 mt. Canadian landing have been dominated by the New Brunswick weir fishery.

USA landings. Landings by the United States averaged about 62,300 mt during 1978-1994,
increased to an average of 103,000 mt during 1995-2001, and declined to an average of 95,000
mt during 2002-2005. Landings since 2005 have averaged 89,000 mt. During 1978-1982, USA
landings were about equally split between the weir fisheries and purse seines. During 1983-
1992, most USA landings were taken by purse seines but subsequently single mid-water and
paired mid-water trawling have dominated the landings, with purse seining accounting for only
about 10-15% of the total USA landings during 2000-2005. Since 2005 purse seining has
increased while pair and single midwater trawling has decreased with pair trawling accounting
for 56%, single midwater trawling 12% and purse seine 26%.

Harvest Strategy and Reference Points

The Atlantic herring 2006 TRAC recommended that a strategy be adopted to maintain a low to
neutral risk of exceeding the fishing mortality limit reference point, and that when stock
conditions are poor, fishing mortality rates should be further reduced to promote rebuilding. A
Fox surplus production model estimated Fpey = 0.27, MSY = 178,374 mt, and Bsy = 670,600 mt.
Yield per recruit reference points (proxies for Fugy) were estimated as: Fo1=0.21, and F405=0.20.

State of Resource

The state of the resource was based on results from an age-structured, analytical assessment
which used fishery catch statistics and biological samples to characterize the size and age
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composition of the catches during 1967 to 2008. Even though this was an update assessment, the
suite of indices used was re-evaluated. All formulations showed similar trends in stock size but
differed in scale. The final formulation was selected, with some difficulty, to balance various
data sources and their uncertainty, and was calibrated to trends in abundance from the NMFS
spring and fall bottom trawl surveys. In addition, a revised landings at age was applied, as
recommended in the benchmark. This resulted in changes to biomass estimates that will be
reviewed in more detail at the next benchmark.

Retrospective analyses were used to detect any patterns to overestimate - or underestimate -
fishing mortality, biomass and recruitment relative to the terminal year estimates. A significant
retrospective pattern was detected in this assessment in overestimating SSB relative to the
current estimate (averaging + 42%/year, and ranging between 14-56%) and this is a concern
(Figure 2). The pattern has persisted for several years and is expected to continue in the future.

Stock biomass (2+, January 1) increased steadily from about 111,600 mt in 1982 to almost
830,000 mt in 1997, fluctuated without trend since then, and was estimated to be 650,700 mt at
the beginning of 2008. This is below By (670,600 mt). Biomass increases in the late 1990s
were due to improved recruitment, especially from two very large year classes, 1994 and 1998
(Figure 3). Weights-at-age in the population declined in the late 1980s but have remained steady
since 1995.

Recruitment (at Age 2) markedly improved in the late 1980s with several moderate year classes
and three large year classes (1994 cohort: 6.3 billion; 1998 cohort: 3.8 billion; and the 2002
cohort: 3.8 billion). Recruitment from the 2004 and 2006 year classes appear weaker than the
long-term (1967-2005) average of 2.3 billion fish. The 2005 year class abundance estimate is
above average abundance at 3.3 billion fish.

Fishing mortality (Age 2+) declined from peak values above 0.7 in the 1970s to an average of
0.4 during the mid-late 1980s (Figure 1). Fishing mortality declined to 0.14 in 1993 and has
remained stable at about 0.16 from 2002 onwards (Figure 1). Estimated fishing mortality in 2008
was 0.14. This is below Fpgy (0.27).

Productivity

Age structure, spatial distribution, and fish growth reflect changes in the productive potential of
the stock complex. The population age structure shows an increase in abundance of ages 6+ in
1995, remaining relatively constant since then, consistent with lowered exploitation. Increasing
abundance of older fish in the landings-at-age and future surveys would help to confirm this
pattern. Spatial distribution patterns of herring in recent NMFS fall bottom trawl surveys
(1998-2008) were similar to patterns observed in the 1960s, prior to the collapse of the offshore
stock component. Declines in weights-at-age are a factor in limiting increases in the population
biomass. On balance, however, the productive potential of the herring stock complex has
improved in recent years.

Outlook

An outlook is provided in terms of the consequences on SSB and for landings in 2009, 2010 and
2011 of fishing at the current F=0.14. Additional projections will be run at various Fs as
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required by management. Although uncertainty in stock size and recruitment generates
uncertainty in forecast results, a formal risk analysis was not undertaken due to the significant
retrospective pattern in SSB and the difficulty and uncertainty in selecting the final model
formulation. Nevertheless, the forecasts are considered useful for general management guidance.

The projections assumed that recruitment of the 2009-2011 year classes was equal to the recent
10-year average (2.0 billion fish at Age 2) (Figures 3 and 4). A fishing mortality of F=0.14 in
2009 generates a landings of 82,403 mt and an SSB in 2009 of 460,343 mt, a decline of about
11%. Continuing to fish at F=0.14 in both 2010 and 2011 produces annual landings of
81,154 mt and 82,625 mt, respectively, and results in a slight decline in SSB in 2011 to
444,532 mt.

2+ Biomass SSB Landings F
2009 694.3 460.3 82.4 0.14
2010 683.8 440.0 81.2 0.14
2011 692.2 444.5 82.6 0.14

Special Considerations

The 2005 year class dominated landings in 2006 and 2007 at ages 1 and 2 respectively, and
landings over the next several years are therefore dependent on the magnitude of the 2005 year
class, which still has high uncertainty.

The retrospective pattern in SSB that has persisted in the last several assessments is an issue and
will continue to be investigated in the next benchmark. Ignoring the retrospective pattern in
biomass could increase the risk of not meeting conservation objectives.

Analysis of predator consumption and mortality, as well as the use of a larval index to estimate
SSB, were discussed. It was considered possible to incorporate these into the assessment, and
they will be investigated further at the next benchmark.

Ongoing issues with aging will be addressed further to determine the age at which adequate
resolution is achieved. Additional otolith exchanges, workshops and development of common
protocols are encouraged.

Source Documents

Overholtz, W.J., and J.S. Link. 2007. Consumption Impacts by Marine Mammals, Fish and
Seabirds on the Gulf of Maine-Georges Bank Atlantic Herring (Clupea harengus)
Complex During the Years 1977-2002. ICES Journal of Maine Science, 64:83-96.

Overholtz, W.J., L.D. Jacobson, G.D. Melvin, M. Cieri, M. Power, D. Libby, and K. Clark.
2004. Stock Assessment of the Gulf of Maine-Georges Bank Atlantic Herring Complex,
2003. Northeast Fisheries Science Center Reference Document 04-06, 290 p.

TRAC. 2006. Gulf of Maine-Georges Bank Herring Stock Complex. TRAC Status Report
2006/01.
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Correct Citation

TRAC. 2009. Gulf Of Maine-Georges Bank Herring Stock Complex. TRAC Status Report
2009/04.
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New England Fishery Management Council
50 WATER STREET | NEWBURYPORT, MASSACHUSETTS 01950 ‘ PHONE 978 465 0492 FAX 978 465 3116
John Pappalardo, Chairman | Paul J. Howard, Executive Director

MEMORANDUM
DATE: July 28, 2009
TO: Scientific and Statistical Committee (SSC) Members
FROM: Lori Steele, NEFMC Staff, Herring PDT Chair

SUBJECT: Atlantic Herring Assessment Results and Preliminary Guidance Re.
Specification of Allowable Biological Catch (ABC)

Background

The Transboundary Resource Assessment Committee (TRAC) Atlantic Herring Stock
Assessment was conducted in early June 2009 in St. Andrews, New Brunswick, Canada. This
assessment served as an update; Atlantic herring for the Gulf of Maine/Georges Bank area were
last assessed in a benchmark assessment in May 2006 (O’Boyle and Overholtz 2006). At the
2006 assessment meeting, it was agreed that the Age Structured Assessment Program (ASAP)
Base model showed the least retrospective pattern and was the preferred approach amongst all
the model formulations. The purpose of the 2009 assessment meeting was to update both
independent and dependent data, and use it in the established benchmark formulation to
determine the current status of the Atlantic herring resource. The updated assessment model also
prompted revision of the biological reference points to reflect the new results.

The TRAC update assessment results estimate that Atlantic herring biomass was 651,700 mt at
the beginning of 2008, which is below Bysy (670,600 mt). Estimated fishing mortality in 2008
was 0.14, which is below Fygy (0.27).

The Atlantic herring stock complex is above %2 Busy and fishing mortality is below Fusy, so the
stock is not overfished and overfishing is not occurring. The current overfishing definition for
Atlantic herring is provided below.

If stock biomass is equal or greater than By, overfishing occurs when fishing
mortality exceeds Fysy. If stock biomass is below Bysy, overfishing occurs when
fishing mortality exceeds the level that has a 50 percent probability to rebuild
stock biomass 1o Bysy in 5 years (Fruveshoi). The stock is in an overfished
condition when stock biomass is below % By and overfishing occurs when
fishing mortality exceeds Frppeshoid. These reference points are thresholds and
form the basis for the control rule.
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The control rule also specifies risk averse fishing mortality targets, accounting for
the uncertainty in the estimate of Fysy. If stock biomass is equal to or greater than
1/2B sy, the target fishing mortality will be the lower level of the 80 percent
confidence interval about Fysy. When biomass is below Bysy, the target fishing
mortality will be reduced consistent with the five-year rebuilding schedule used to
determine Frieshold.

Table 1 Current (TRAC 2009) Biomass and Fishing Mortality Status/Reference Points for
the Atlantic Herring Stock Complex

BIOMASS FISHING MORTALITY
REFERENCE POINTS Busy= 670,600 mt Fumsy = 0.27
(MSY = 178,374 mt) Brhreshold = 335,290 mt Frarget = Unknown*
2008 ESTIMATES (TRAC 2009) | 651,700 mt 0.14

*The methods for calculating reference points in the TRAC assessment do not yield probability
distributions, so the 80% confidence interval cannot be calculated.

Several issues associated with the current overfishing definition for Atlantic herring, which is
provided from the original Herring FMP (1999), need attention. The current control rule (with
target F) may be inconsistent in light of the new MSRA requirements and associated National
Standard Guidelines or have estimation problems (developing confidence limits around Fysy).
The definition of overfishing is contingent on the relationship of current biomass to Bygy. For
biomass at or above Busy, overfishing is defined as fishing above Fysy. However, when
biomass is between Y2 Busy and Busy, overfishing is defined as exceeding the rebuilding F,
specified as an F that allows rebuilding within 5 years with 50% probability. Currently, the
population does not rebuild to Bygy using long-term projections using Fysy and empirical
recruitment model. The inconsistency between the long-term projections (required to develop
rebuilding F and time periods and stock determination overfishing criterion when B is below
Busy) and the reference points (to define stock status) needs reconciling in order to have a
functional control rule.

More importantly, the FMP utilizes target F, defined as the lower bound of the percentile of the
confidence limits around Fygy. The explicit goal of the Ftarget is to take into account the
uncertainty with the Fysy estimate. Two problems with the Ftarget approach are: the current
external Fox production model used to define the Fthreshold does not generate 80% confidence
limits of the Fusy estimate needed to estimate the Ftarget; and the Ftarget does not explicitly
account for other sources of scientific uncertainty such as retrospective pattern in the assessment
because confidence intervals are not generated from the model. Without the necessary
information, overfishing determinations and target fishing mortality rates cannot be determined.
However, given current F (about %2 Fysy) and current B (97% of Busy), assuming that
overfishing is not occurring is reasonable. An appropriate target F based on the current control
rule definition still remains unknown, and whether Ftarget is even necessary under the new
approach to specifying an ABC and ABC control rule is unclear. A benchmark stock assessment
is needed to resolve the technical issues related to the current overfishing definition, and
guidance from the NMFS Regional Office is appropriate regarding the need to specify a target F.
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Atlantic herring fishery specifications for the 2007-2009 fishing years are based on the 2006
TRAC assessment results and include a specification of allowable biological catch equivalent to
the 2006 MSY value of 194,000 mt (Table 2). Optimum yield for the fishery is currently set at
145,000 mt, and the buffer between MSY and OY accounts for Canadian catch (20,000 mt), the
retrospective pattern in the stock assessment, other sources of assessment/scientific uncertainty,
and the important role of herring in the Northwest Atlantic ecosystem. The herring fishery
specifications for 2010-2012 should be adjusted to ensure compliance with new provisions of the
Magnuson-Stevens Reauthorization Act (MSRA) and the National Standard 1 Guidelines

published by NOAA Fisheries in January 2009.

Table 2 Atlantic Herring Fishery Specifications for the 2007-2009 Fishing Years (January

1 — December 31)

2007 2008/2009
Allowable Biological Catch (ABC) 194,000 194,000
U.S. Optimum Yield 145,000 145,000
Domestic Annual Harvesting (DAH) 145,000 145,000
Domestic Annual Processing (DAP) 141,000 141,000
Joint Venture Processing Total (JVPt) 0 0
LJVP 0 0
Internal Waters Processing (IWP) 0 0
U.S. At-Sea Processing (USAP) (Areaséoéon%OS only) (Areasz.’zoéon%% only)
Border Transfer (BT) 4,000 4,000
Total Allowable Level of Foreign Fishing (TALFF) 0 0
RESERVE 0 0
TAC Area 1A (5,00500\'12?1?May) (43,653)4f?s'gggy; 5,000

an-May)
TAC Area 1B 10,000 (9,72)8'22;3&”
TAC Area 2 30,000 20, fgéof?s%ery)
TAC Area 3 55,000 (58,26&(}%%%/)
Area 1A RSA 1,350

Research Set-Aside (RSA) N/A Area 1B RSA 300

Area 2 RSA 900
Area 3 RSA 1,800

Table 3 provides IVR catches for the 2008 fishing year. Overall, the IVR reports totaled 80,800
mt of herring across all management areas in 2008, which represents about 56% of the OY for
the U.S. fishery (145,000 mt) . Consistent with previous years, the majority of the landings were
taken from Area 1 (1A and 1B). Part of the reduction in total landings since 2006 is attributable
to a 15,000 mt decrease in the TAC for Area 1A. In 2008, the Area 1A fishery closed on

November 14, 2008.
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Table 4 reports IVR catches to date for the 2009 fishing year (through July 6, 2009). State
restrictions (ME, NH, MA) preclude landings from Area 1A until June 1, so the fishery in Area
1A is just beginning, but it is expected that 95% of the 1A TAC will be taken before December
31. There was more activity in the Area 2 winter fishery (Jan-April) in 2009 than 2008, and the
majority of the Area 2 TAC has already been taken. It is anticipated that all of the Area 1A
quota will be taken during 2009. With the additional catch from Area 2, total 2009 catch is
predicted to be about 8,000 mt higher than in 2008.

Table 3 IVR Herring Catch for 2008 Fishing Year

Management Area IVR Catch (mt) % of TAC
Area 1A (Jan 1% — May 31%) 0 N/A

Area 1A (June 1% - Dec 31%) 41,640 N/A

Area 1A TOTAL 41,640 92.5%
Area 1B 8,104 81%
Area 2 19,256 64.2%
Area 3 11,800 19.7%
Total 80,800 55.7%

Table 4 2009 IVR Herring Catch (Supplemented with Dealer Data, through July 6, 2009)

Management Area IVR Catch (mt) % of TAC
Area 1A (Jan 1% — May 31%) 0 N/A

Area 1A (June 1% - Dec 31%) 5,105 N/A

Area 1A TOTAL 5,105 10%

Area 1B 1,589 16%
Area 2 27,087 90%

Area 3 1,296 2%

Total 35,076 24%

Amendment 4 to the Atlantic Herring FMP establishes a process for developing annual catch
limits (ACLs) and accountability measures (AMs) consistent with the MSRA, including
provisions for the SSC to specify an acceptable biological catch (ABC) for the herring fishery.
As previously noted, the current overfishing limit for the Atlantic herring fishery is specified as
allowable biological catch, which is based on the most recent scientifically-accepted estimate of
MSY for the stock complex. The current specification of ABC is different from the MSRA’s
requirement to specify ABC, the acceptable biological catch, and changes are proposed in
Amendment 4 to reflect the new requirements of the MSRA. The MSRA’s interpretation of
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ABC includes consideration of biological uncertainty (stock structure, stock mixing, and other
stock assessment issues, for example), and recommendations for ABC should come from the
SSC.

Several modifications to the specification process are required to bring the Atlantic Herring FMP
into compliance with the MSRA, most notably the introduction of new terminology, changes to
the ABC specification, the addition of the Council’s SSC to the process for setting ABC, and
separate consideration of scientific and management uncertainty during the ACL-setting process.
Based on the new MSRA requirements, once scientific uncertainty is accounted for and the OFL.
for Atlantic herring is adjusted accordingly to a level corresponding to acceptable biological
catch (ABC) based on recommendations from the Council’s SSC, an ACL for the stock complex
may be established, and the ACL can be divided into TACs or sub-ACLs, which can be specified
for each management area. The sub-ACLs (TACs for the management areas) should be set such
that the risk of overfishing a stock component is minimized to the extent possible.

Overfishing Level

The overfishing level (OFL) is defined in Amendment 4 as the catch that results from applying
the maximum fishing mortality threshold to a current or projected estimate of stock size. When
the stock is not overfished and overfishing is not occurring, the maximum fishing mortality
threshold is Fysy or its proxy. The Atlantic herring stock complex is not overfished, and the
current (2009 TRAC) estimate of Fygy is 0.27.

To estimate the 2010 OFL, the Herring PDT applied the 2008 catch to the 2008 biomass estimate
for the herring complex to estimate the 2009 starting biomass. The PDT then estimated a fishing
mortality rate for 2009 based on the 2008 landings plus an additional 7,800 mt to account for the
increased catch in Area 2. The projected F for 2009 is 0.16. Applying 0.16 to the estimated
biomass in 2009 yields a projected biomass in 2010. Fusy can then be applied to the 2010
biomass projection to derive an overfishing level (Fusy x B) for 2010. The resulting OFL for
2010 is 143,845 mt (Table 5).

Table 5 Projected OFL for 2010

LANDINGS | (000 mt)

YEAR AVG STD
2009 93.292 | 12.135 2009F = 0.16
2010 | 144.806 | 19.827 2010F and 2011F = 0.27

2011 | 132.512 | 21.913

PERCENTILES OF LANDINGS | (000 MT)

YEAR 1% 5% | 10% | 25% 50% | 75% | 90% | 95% | 99%
2009 68.5 753 | 781 | 84.5| 92.078 | 101.0 | 109.9 | 115.6 | 124.2
2010 104.7 | 1145|1197 | 130.0 | 143.845 | 168.3 | 171.4 | 178.9 | 183.7
2011 88.7 98.3 | 104.0 | 116.0 | 132.019 [ 147.3 | 162.2 | 170.3 | 183.7
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Addressing Scientific Uncertainty and Specifying ABC

Allowable Biological Catch (ABC) is defined in Amendment 4 as the maximum catch that is
recommended for harvest, consistent with meeting the biological objectives of the management
plan. ABC can equal but never exceed the OFL. While the amendment states that ABC should
be based on Fusy or its proxy for the stock if overfishing is not occurring and/or the stock is not
in a rebuilding program, the specification of ABC must consider/address scientific uncertainty.

At its September 16, 2009 meeting, the SSC is scheduled to review available information and
provide its recommendations regarding the specification of allowable biological catch (ABC) for
the 2010-2012 fishing years as well as the ABC control rule. The Herring PDT will provide
projections and other information related to the specification of ABC for the Atlantic herring
fishery. However, uncertainty related to the recent stock assessment update warrants some initial
discussion with the SSC; the Herring PDT is seeking preliminary guidance from the SSC
regarding approaches that may be used to account for scientific uncertainty.

The most significant source of uncertainty relates to the retrospective pattern that continues to
be apparent in the stock assessment and has worsened since the last benchmark (see TRAC
Assessment Document). Substantial retrospective patterns persisted in all mode] variations
examined. Generally, fishing mortality estimates behaved better than biomass, biomass
estimates averaged + 42%/year, and ranged between 14-56%.

Three primary sources of uncertainty exist within the model applied to the 2009 update: (1) the
effects of changing the catch-at-age input; (2) the effects of the model formulation and the
variation within the model (input data); and (3) the retrospective pattern. The effects of the
estimates of natural mortality are also uncertain. There also appears to be considerable
uncertainty regarding the estimation of the biological reference points (BRPs). BRPs for Gulf of
Maine/Georges Bank Atlantic herring were calculated using biomass and landing estimates from
1967-2008. The first two years in the time series are highly influential in fitting the Fox surplus
production model. Removal of either one or two of these values produce Busy estimates ranging
from 575,700 mt to 707,401 mt. In addition, a 30 year projection of 2008 age 2+ biomass at
Fumsy (0.27) produces average biomass of 591,000 mt (+ 1 std dev ranges from 423,100 to
759,400 mt).

While other sources of scientific uncertainty clearly exist, the retrospective pattern is significant
enough that the PDT feels that accounting for the retrospective pattern will account for other
uncertainty related to the stock assessment. The PDT is seeking preliminary guidance on how to
address issues related to the retrospective pattern in the assessment when specifying ABC for
2010-2012.
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Herring PDT Questions

o Given the scientific uncertainties in this assessment and given time/analysis constraints
(documents for the SSC need to be finalized no later than September 3, 2009): What kind(s)
of ABC control rule(s) should the Herring PDT evaluate? For example:

» ABC based on a general approach using a target F (a fraction of Fysy or a
percentile of the Fysy estimate)?

»  ABC based on a specified fraction of the OFL?

» ABC based on a quantitative adjustment (reduction) to account for the
retrospective pattern and/or other scientific uncertainty? How could this
adjustment be made (direct rho-based adjustment to catch, direct rho-based
adjustments to exploitable biomass, rho-adjusted starting number-at-age
projections)?

e The herring stock complex is believed to be composed of individual spawning components
that mix seasonally in different areas. Considerable uncertainty exists about the mixing rates
as well as the exploitation rates on the individual components. This element of scientific
uncertainty may play a role when setting the sub-ACLs in order to prevent localized
overfishing on the individual spawning components. The stock-wide ABC will be adjusted
to a stock-wide ACL (after accounting for management uncertainty), which will be separated
into sub-ACLs based on the management areas for the herring fishery. The PDT believes
that taking all of the ABC to be taken from one management area is undesirable, as
overfishing of a stock subcomponent would likely result. The sub-ACLs are intended to
minimize the risk of overfishing on individual stock components while still allowing for full
exploitation. In general, should the PDT account for this stock structure uncertainty in
setting ABC for a stock complex or should this scientific uncertainty be incorporated in the
setting of sub-ACLs (analogous to the previous practice of setting subarea TACs)?
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New England Fishery Management Council

50 WATER STREET | NEWBURYPORT, MASSACHUSETTS 01850 | PHONE 978 465 0492 FAX 978 4653116
John Pappalardo, Chairman | Paul J. Howard, Executive Director
MEMORANDUM
DATE: September &, 2009
TO: Scientific and Statistical Committee (SSC) Members

FROM: Lori Steele, NEFMC Staff, Herring PDT Chair
SUBJECT: Herring Plan Development Team (PDT) Recommendations for Specifying

Atlantic Herring ABC for the 2010-2012 Fishing Years

Causes for the retrospective pattern are unknown in the case of Atlantic herring, but general
causes can include misspecification of catch, ageing problems, changes in natural mortality
(M), changes in survey catchability, differences in fishery selectivity difference among stock
components or across time, etc. The range of uncertainty in the retrospective analysis in the
final model encompasses the range of uncertainty found in the various model formulations.
The Herring PDT concludes that the retrospective adjustment in the projections should
provide adequate precaution for these scientific uncertainties.

The Herring PDT recommends changing the control rule specified in the Herring FMP so
that it is more useful and consistent with control rules for other stocks. The proposed
modification to the control rule provides a more appropriate approach that recognizes natural
variability associated with maintaining a stock at Bumsy (see Herring PDT memo: Atlantic
Herring Overfishing Definition — Proposed Modification to Control Rule).

Because stock biomass is estimated from the TRAC assessment to be at 97% of Bumsy and
given the recommended changed to the control rule, the Herring PDT recommends basing
overfishing level (OFL) for herring on Fysy for 2010-2012 and applying a retrospective
adjustment to the terminal year stock size in order to derive acceptable biological catch
(ABC) and account for scientific uncertainty (see Herring PDT Discussion Paper Projected
Landings and Stock Biomass Under Different Fishing Mortality Scenarios for Atlantic
Herring).

Herring PDT Recommendations for OFL and ABC 2010-2012

YEAR OFL (‘000 mt) ABC (‘000 mt)
2010 144.996 92.135

2011 134.493 97.690

2012 126.966 102.943

OFL is based on Fysy applied to stock biomass projected from the assessment.
Projections of ABC incorporate a retrospective adjustment from the AGEPRO projection model.

The Atlantic herring stock is a complex composed of several spawning components, which
mix at different rates during the year. Annual catch limits (ACLs) will be set for four
management areas (1A, 1B, 2, and 3). The risk of these ACLs to the inshore component of
the stock will be analyzed by the PDT during the ACL setting process.

SSC Memo Re. PDT Recommendations September 8, 2009
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MEMORANDUM
DATE: September 9, 2009
TO: Steve Cadrin, Chairman, Scientific and Statistical Committee (SSC)
FROM: John Pappalardo, Chairman, NEFMC

SUBJECT: Herring Committee Questions for SSC Consideration

The Herring Committee met on August 6, 2009 to review and discuss the recent results of the
Transboundary Resource Assessment Committee (TRAC) update assessment for the Atlantic
herring stock complex. Following a thorough discussion of the TRAC results, the Herring
Committee generated the following questions regarding the assessment for the Scientific and
Statistical Committee (SSC) to consider at its September 16, 2009 meeting and/or during the
SSC report at the upcoming Council meeting. The Herring Committee’s discussion centered on
the prominent retrospective pattern present in the TRAC assessment, and how to interpret the
assessment from data with high margins of error and uncertainty.

1. Can the SSC reconcile its guidance to the Herring PDT about accounting for the retrospective
pattern in setting the ABC with the recommendation of the Retrospective Working Group in
January 2008 that a strong retrospective pattern is grounds to reject the assessment model as
an indication of stock status or the basis for management advice? If the assessment is to be
used to form the basis of management advice, is it robust enough for a three-year TAC
setting process?

2. Is it appropriate to use the age-structured ASAP model when considering the significant
disagreement between the three primary labs that age herring?

3. Since the stock is not considered to be overfished and overfishing is not occurring, what
value of F would be appropriate to use in 20107

4. Would it be appropriate to use the TRAC assessment results with a higher M to address
previous recommendations, and if so what would be the implications of a higher mortality
rate, and would there be an effect on those reference points?

5. Given that the herring resource is composed of smaller spawning components and the mixing
ratios and migratory patterns remain somewhat uncertain, how does the Committee prevent
double counting scientific uncertainty?

SSC Memo — Herring Committee Questions 1 September 9, 2009



6. What is the impact of the uncertainty related to the 2005 year class? What was the impact of
the Canadian catch of the 2005 year class on stock abundance? Would the assessment be
improved by adding age 1 fish caught in both the New Brunswick weir fishery and the U.S.

fishery?

7. The reasons for eliminating the winter survey from the assessment model appear unclear.
Does the SSC agree with the elimination of the winter survey from the updated assessment?

SSC Memo ~ Herring Committee Questions 2 September 9, 2009
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To: Paul J. Howard, Executive Director

From: Dr. Steve Cadrin, Chairman, Scientific and Statistical Committee

Date: September 23, 2009

Subject: Acceptable Biological Catch (ABC) value for the Gulf of Maine / Georges Bank

Atlantic herring complex

The Scientific and Statistical Committee (SSC) was asked to review the available information

provided by the Herring Plan Development Team (PDT) and develop recommendations regarding

the specification of acceptable biological catch (ABC) for the 2010-2012 fishing years, as well as an

ABC control rule. On August 11 and September 16 2009, the SSC reviewed several sources of

information and associated presentations by the Herring Plan Development Team (PDT):

2006 TRAC Benchmark Assessment Proceedings

2006 TRAC Benchmark Assessment Status Report

2009 Herring TRAC Update Assessment Document

2009 Herring TRAC Update Assessment Status Report

July 28, 2009 Memo from Herring PDT: Atlantic Herring Assessment Results and

Preliminary Guidance Re. Specification of Allowable Biological Catch (ABC)

6. Herring PDT Discussion Paper: Projected Landings and Stock Biomass Under Different
Fishing Mortality Scenarios for Atlantic Herring

7. Herring PDT Memo: Atlantic Herring Overfishing Definition — Proposed Modification to
Control Rule

8. Herring PDT Memo: PDT Recommendations for Specifying Atlantic Herring ABC for
the 2010-2012 Fishing Years

9. Report of the Retrospective Working Group (NEFSC Reference Document 09-01)

ML NS

The SSC endorses the 2009 stock assessment produced by the Transboundary Resources Assessment
Committee (TRAC) as a basis for projection, derivation of overfishing limit (OFL) and Acceptable
Biological Catch (ABC) but recognizes considerable uncertainty in the assessment. Two aspects of
the uncertainty in the assessment influence the derivation of OFL and ABC: 1) The assessment has a
strong ‘retrospective pattern’ in which estimates of stock size are sequentially revised downward as
new data are added to the assessment; and 2) Maximum sustainable yield reference points estimated
from the biomass dynamics model are inconsistent with the age-based, stochastic projection; such
that fishing at the current estimate of Fysy is expected to maintain equilibrium biomass that is less
than the current estimate of Bysy. Given the magnitude of uncertainty in the herring assessment
and reference points, an ABC control rule cannot be derived at this time, and the SSC recommends a
new benchmark assessment of herring as soon as possible. The SSC suggests that the next
benchmark assessment should revise MSY reference points to be consistent with the assessment
method and consider including estimates of consumption and spatial structure in the assessment.



The SSC requires further clarification of the PDT’s proposed revision to the overfishing definition
before it can recommend a revision to the Council. Therefore, the SSC based its OFL calculation on
the existing overfishing definition (The maximum fishing mortality threshold is Fysy when stock
size is greater than Bugsy, and the fishing mortality that allows rebuilding in five years when biomass
is less than Bysy). The 2008 estimate of biomass is substantially greater than the biomass expected
from long-term stochastic projection at Fysy. Accordingly, the SSC’s calculation of OFL is based
on Fusy projections.

Given the substantial uncertainty in the assessment, the SSC based its ABC recommendation on two
general approaches that produce consistent catch advice: 1) uncertainty in OFL and 2) a magnitude
of removals that appears to sustain a relatively abundant stock. National Standard 1 Guidelines
suggest that ABC should be less than OFL, and that the ‘buffer’ between OFL and ABC should
account for scientific uncertainty. The average retrospective inconsistency in the estimate of
exploitable biomass is approximately 40%, and according to the 2009 TRAC, “uncertainty due to
model configuration is dwarfed by uncertainty due to retrospective bias.” Therefore, the SSC
considers that the magnitude of retrospective inconsistency accounts for the major sources of
uncertainty in the assessment, and the buffer between OFL and ABC should be 40% (approximately
90,000 mt in 2010). Alternatively, the stock assessment suggests that recent catches have
maintained a relatively abundant stock size (estimates of stock biomass from 1998 to 2008 have
been greater than Bysy) and low fishing mortality (estimates 1998 to 2008 fishing mortality have
been less than Fygy). Total catch of the Gulf of Maine / Georges Bank herring complex by U.S. and
Canada in 2008 was 90,000 mt. Given the consistency in catch advice from these two approaches,
the SSC’s recommendation is that ABC should be 90,000 mt each year until the stock assessment is
revised.

The SSC recommends that:

1. The Overfishing Limit (OFL) is 145,000 mt in 2010, 134,000 mt in 2011 and 127,000
mt in 2012 based on projections of fishing at the current estimate of Fygy.
Acceptable Biological Catch (ABC) is 90,000 mt each year for 2010 to 2012.

Catch recommendations include combined U.S. and Canadian catch of the Gulf of

Maine / Georges Bank Atlantic herring complex.

4. A new benchmark assessment should be scheduled as soon as possible to address
sources of uncertainty, re-estimate MSY reference points and consider including
estimates of consumption and spatial structure in the assessment.

2.
3.
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Dear John:

The Council and ASMFC are being challenged and tested by the absence of a benchmark
assessment for sea herring, the 2010-2012 specification process, and our self-imposed drastic
reduction in the sea herring quota(s) as a consequence of our apparent belief that a SSC-recom-
mended ABC and Council ACLs must be set beginning next year. At the Council’s request and
with PDT involvement, wé asked the SSC for 2010-12 specification recommendations, and it
responded with annual ABCs of 90,000 mt (OFL reduced by 40% in 2010). The SSC noted that
total catch of the Gulf of Maine/Georges Bank complex by the U.S. and Canada was 90,000 mt in
2008.

As a result, we all find ourselves in a surreal situation: sea herring is not overfished and
overfishing is not occurring yet we will dramatically reduce herring catch next year. In fact,
according to the SSC, recent catches have maintained a relatively abundant stock size (estimates of
stock biomass from 1998 to 2008 have been greater than Bysy) and low fishing mortality (estimates
1998 to 2008 fishing mortality have been less than Fysy). ,

On further reflection about the seriousness of this situation, i.e., (1) a very large decrease in
area quotas especially for 2010 in Area 1A (42,000 mt decrease to perhaps 10,000 mt, or
thereabouts), (2) a resulting dramatic shortage of bait for the lobster fishery, and (3) Canada having
no restrictions on its GOM New Brunswick fishery (e.g., 30,145 mt in 2007) and no
need/requirement to cut its catch in 2010 (or any year), it occurred to me that we do not have to set
an ABC for 2010. We are not overfishing, and that conclusion is indisputable. The SSC has
confirmed this all-important fact and has noted the previous years’ long-term stability of the
resource and fishery.

I suggest that the Council does not have to set an annual catch limit (ACL) for 2010 because
overfishing is not occurring and has not occurred for many years. My argument is supported by NS
#1 guidelines regarding Council actions to address overfishing and rebuilding for stocks and stock
complexes in the fishery. If overfishing is occurring then ACLs and AM mechanisms must be
established in 2010, If not, then ACLs and AMs are to be established in 2011.

Furthermore, ABC can equal OFL. In the Guidelines it states: “...NMFS expects that in
most cases ABC will be reduced from OFL to reduce the probability that overfishing might occur in
ayear...” With a 2010 ABC of 145,000 mt corresponding to catch at Fry and our expecting that
catch still will be at or near status quo of 90,000 mt in 2010, Frsy will not be exceeded.



Consequently, I suggest the specification for 2010 can be status quo at 145,000 mt. The
2009 ABC was 194,000 mt reduced to 145,000 mt (OY). To do otherwise will force the Council
and the ASMFC Sea Herring Section to set the ABC at 90,600 mt (40% reduction from 145,000 mt)
resulting in a one-year drastic decrease in ABC from 194,000 mt in 2009 to 90,000 mt in 2010 — a
54% decrease. This will occur even though stock biomass is just below Bpy (652,000 mt versus
670,600 mt).

I understand a benchmark assessment may occur in 2011. . Ideally, we would wait until then
to adjust the ABC. However, it appears we are required to adopt the SSC’s ABC values for 2011
and 2012 that are the OFLs reduced by 40% to account for scientific uncertainty. Even though I
believe that adjustment is too high and recent years’ retrospective difference (about 15%) should be
used instead of the 40% (average) and we await the SSC to revisit this issue (Council vote), for now
it appears the 90,000 ABC will be required for 2011 and 2012. These ABCs may have to be
adjusted up or down to account for benchmark assessment findings.

I end by emphasizing our need to be sensitive to stock status. We all should be heartened by
the SSC acceptance of TRAC findings, i.e., “recent catches have maintained a relatively abundant
stock size (estimates of stock biomass from 1998 to 2008 have been greater than Bysy) and low
fishing mortality (estimates 1998 to 2008 fishing mortality have been less than Fysy). Those
conclusions justify waiting until 2011 before implementing the SSC’s ABCs, unless of course the
SSC after revisiting the extent to which the OFL should be reduced, provides a different
recommendation.

Sincerely yours,

David E. Pierce, Ph.D.

ce
Paul Diodati
Paul Howard
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Introduction

Atlantic sea herring complex is assessed as a combined Gulf of Maine and Nantucket
shoals/Georges Bank unit stock. The inshore Gulf of Maine and offshore Georges Bank
stock are segregated during spawning season, but mix during feeding and movement
during the year. During the 2006 TRAC assessment three approaches (commercial
acoustic survey biomass estimates, NEFSC autumn survey swept biomass ratios, and
morphometric) were used to estimate the proportions by spawning component (Table 1).
TRAC 2006 concluded that each method was “equally valid and that the overall average
be based on the unweighted average of each estimate. The mean of the three estimates is
17.667%.

Table 1. Inshore component as a percentage of total stock by three methods.

Method Inshore component as
percentage of total biomass

Acoustic Survey (biomass) 10%

Morphometrics (numbers) 13%

NEFSC area swept biomass 30%

We applied the PDT’s risk assessment simulation to historical landings by management
age for 1999-2008 to assess removals from the inshore component of the stock.

Methodology and model inputs

The PDT’s risk analysis uses Monte Carlo simulation to assess the amount of inshore
removals, the ratio of inshore removals to inshore biomass and the size of the inshore
biomass given uncertainty in the size of the inshore component and the monthly landings
by management area. Model inputs include landings by month within each management
area. The mixing percentages given as inshore biomass as a percentage of total stock by
month and area is shown in Table 2. The pop mixing rate was randomly drawn from a
triangular distribution with the minimum set to 0.10, maximum set to 0.30, and the mode
set to 0.13. This gives an average percentage of 0.17667 and a median percentage of
0.13. The summer mixing rate was drawn from a uniform distribution with minimum
value set at 0.2 and maximum value set at 0.8. This gives a mean and median summer
mixing percentage at 0.5.



Table 2. Mixing percentages (inshore component as percent of total) by month and
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area.

Month Area 1A Area 1B Area 2 Area 3
January 100% Pop mixing Pop mixing 0%
February 100% Pop mixing Pop mixing 0%
March 100% Pop mixing Pop mixing 0%
April Summer mix Pop mixing 0% 0%
May Summer mix Pop mixing 0% 0%
June Summer mix Pop mixing 0% 0%
July Summer mix Pop mixing 0% 0%
August 100% Pop mixing Pop mixing 0%
September 100% Pop mixing Pop mixing 0%
October 100% Pop mixing Pop mixing 0%
November 100% Pop mixing Pop mixing 0%
December 100% Pop mixing Pop mixing 0%

Year specific total stock biomass (1999-2008) was taken from the 2009 TRAC
assessments. The inshore biomass was simulated by applying the population mixing rate
value to the total stock biomass.

The risk analysis model also uses monthly landings by management area as a proportion
of total landings by management area as an input. Uncertainty is simulated by drawing
monthly proportions for each management area from a multinomial distribution.
Effective sample size is an input parameter and controls the amount of uncertainty in the
monthly proportions. We used year specific observed landings by management area and
set the effective sample size to 10,000 so that the distribution of simulated landings by
month and area match the observed landings for 1999-2008.

Canadian age 2+ landings are simulated using a random draw from the 1995-2008 time
series. In the historical comparisons runs, year specific Canadian landings were used in
the simulation and Canadian landings are assumed to be from entirely from the inshore

component.

For each simulation, a single value of the population mixing rate is randomly drawn from
the triangular distribution and a single value of the summer mixing rate is randomly
drawn from the uniform distribution. These mixing rates were applied to landings taken
from month-area combination shown in Table 2 to apportion the landings to the inshore
and offshore components of the stock. The population mixing rate is also applied to the
January 1 2+ stock biomass to provide an estimate of the inshore biomass. A ratio of
inshore landings over total January 1 inshore biomass was calculation.

Each year consisted of 5,000 simulations.
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Catch curve analysis

Total mortality (Z) was estimated on an catch at age developed from catches taken when
the inshore component was on the spawning grounds using catch curve analysis. Details
are provided in Correia and Cierri (2009). Log. catch in number was modeled as a
regression of age and cohort (with separate slopes and intercepts for each cohort).
Exploratory analysis suggested that ages 6-9 were “fully-selected” and these were the
ages selected for the analysis. Note that knife-edge selectivity is set at age 2 in the TRAC
assessment.

Log. catch (000°s) was modeled as multiple regression using cohort and area as factors
and age (6-9) as a covariate. Initial models included first and second order interactions.
Reference levels was the 1991 cohort in GOM. Stepwise regression using AIC suggested
including all interaction. An analysis of variance suggested a simpler model with cohort
and age plus an age:cohort interaction. Residual patterns indicated that this model tended
to overestimate catch at age 6 and 9 and underestimate catch at ages 7 and 8. Given the
improvement in diagnostics and the AIC values, a full model was used. Slopes represent
estimates of ~Z. F was estimated by subtracting M (0.2) from the absolute value of the
slope. For each year, an annual F was estimated using a catch-weighted average of
cohort F within each year. These annual F’s were converted to exploitation rates using
Ricker’s formula for a type 2 fishery.

For comparative purposes, catch curve analysis was applied to the total catch at age used
in the assessment. Here we used ages 2-5 in the regression. In some years, age 2
appeared to be partially recruited. The final selected model estimated a slope and
intercept for each cohort.

Results

Summary statistics of inshore biomass, catch from the inshore component and the ratio of
inshore catch to inshore biomass, and size of the inshore biomass by year are shown in
Table 3. Density plots of the distributions of inshore biomass, ratio inshore
landings/inshore biomass and inshore landings are shown in Figures 1-3, respectively.

The simulations indicate that the mean inshore removals peaked at 75,900 tons in 1999
(Table 3), fluctuated around 56,500 tons from 2000-2007, and declined to 42,100 in
2008. The ratio of inshore landings to inshore biomass shows a similar trend with a peak
of 0.62 in 1999, fluctuations around 0.47 from 2000-2007 and a decline to 0.39 in 2008.
For 1999, approximately 1% of the landings over inshore biomass ratio exceeded 1. This
is caused by the combination of a large amount of landings taken out of area 1A, drawing
a low value for the inshore biomass (e.g., near 10%) , and drawing a high value for the
summer mix (e.g., 80%). From 2006-2007, Fnsy =0.31, equivalent to an exploitation
rate of 0.24 (based on catch in number). The ratio of inshore catch to January 1 inshore
biomass can be considered as proxy for the exploitation rate because all ages are fully
selected by the fishery. The ratio of catch biomass over January 1 biomass from the
assessment is compared with the exploitation rate calculated from the fully recruited F is
shown in Table 4. The ratio of inshore catch over inshore biomass deviates from the
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exploitation rate by not accounting for biomass growth during the year (i.e., the
exploitation rate should be calculated as catch biomass over mean biomass, rather than
catch in number over January 1 abundance). For 2006-2007, the lower quartile of catch
over inshore biomass is higher than 0.24, suggesting that removals on the inshore stock
may be result in localized exploitation rates higher than with Fpy.

Catch curve analysis from catch at age developed from the inshore stock during
spawning results in annual catch weighted F that ranged from 1.21 to 0.67. The F and
exploitation rate from the cohort analysis is compared with the ratio of inshore catch to
inshore biomass in Table 4. Overall, the exploitation rates derived via the catch curve are
similar in magnitude to the catch over inshore biomass ratios from the simulations.
Although there is not a lot of contrast in the exploitation rates, the highest and lowest
exploitation occur in the same year for both methods. The ratio of catch biomass over
January 1 biomass from the assessment is compared with the exploitation rate calculated
from the fully recruited F in Table 6. These values are similar in magnitude, with the
catch curve giving lower values than the assessment. This difference between assessment
F and catch curve F is likely related to age 2 appearing to be partially selected relative to
older ages used in the catch curve analysis, whereas it is considered fully recruited in the
assessment.

Conclusions

Comparison of relative exploitation rates (Inshore Catch/ Inshore Biomass) derived from
the Monte Carlo simulations are similar in magnitude to exploitation rates derived from
catch curve analysis of the inshore spawning catch at age matrix derived under a set of
assumptions independent of assumptions used in the Monte Carlo simulations. These
results suggest that this simulation tool can be used to compare the removals from the
inshore component from various TAC allocation to management areas.

Results from applying the simulation tool to herring catches by management area from
1999 through 2008 suggest that removals from the inshore component have been
consistently higher than the exploitation rate associated with current Fysy estimate for the
entire stock. Differences in productivity among the individual subcomponents of the
stock complex are not known and reference points (and therefore status determination
criteria) are only available for the stock complex. Therefore, the OFL catch to total
biomass ratio should be taken as an approximate target rather than a hard threshold.



Herring PDT working document

October 1, 2009

Table 3. Summary statistics for inshore landings, landings over inshore biomass,
and inshore biomass based on 5,000 simulations. CV is the coefficient of variation

for the distribution.

year
1999
2000
2001
2002
2003
2004
2005
20086
2007
2008

year
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008

year
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008

Minimum
56.0
38.2
35.6
41.5
457
40.9
44.6
39.2
35.5
33.7

Minimum
0.30
0.18
0.19
0.23
0.25
0.23
0.25
0.24
0.21
0.21

Minimum
73.8
85.8
80.2
67.7
67.5
71.9
68.6
69.6
70.6
65.6

Landings (000’s tons)

1st 3rd Standard
Quartile Median Mean Quartile Maximum deviation
70.3 75.9 75.9 81.5 95.6 7.75
52.3 58.0 58.0 63.5 77.9 7.75
49.2 54.4 54.4 59.6 73.3 7.37
51.2 55.2 55.3 59.3 69.5 5.60
53.4 56.6 56.7 59.9 68.2 4.39
54.2 59.6 59.6 65.1 78.6 7.51
54.1 57.9 57.9 61.8 70.9 5.33
50.1 54.5 54.6 59.0 69.3 5.79
48.4 56.0 55.9 63.4 75.9 9.22
39.8 421 42 .1 44 .4 51.0 3.19
Landings over inshore biomass
1st 3rd Standard
Quartile Median Mean Quartile Maximum deviation
0.50 0.61 0.62 0.73 1.14 0.16
0.33 0.40 0.41 0.48 0.83 0.1
0.33 0.40 0.41 0.49 0.82 0.1
0.39 0.48 0.49 0.58 0.90 0.12
0.41 0.50 0.51 0.60 0.89 0.13
0.40 0.49 0.51 0.60 0.97 0.13
0.41 0.50 0.51 0.60 0.96 0.13
0.38 0.46 0.47 0.56 0.89 0.12
0.38 0.47 0.48 0.57 0.97 0.13
0.31 0.38 0.39 0.45 0.66 0.09
(Jan 1) 2+ inshore biomass (000’s tons)

1st 3rd Standard
Quartile Median Mean Quartile Maximum deviation
103.0 124.8 129.9 152.6 219.7 32.9
119.7 144.5 150.4 176.3 253.9 37.5
110.9 134.1 139.2 163.9 235.9 34.5
94.6 114.2 118.7 139.3 199.3 29.3
94 .1 113.2 118.5 140.0 200.4 29.9
99.9 120.1 124.8 145.8 212.1 30.6
95.8 114.9 120.5. 141.6 202.3 30.0
96.9 117.2 122.0 143.7 205.8 30.3
96.9 117.7 122.5 143.8 205.7 30.8
91.1 111.3 115.4 136.0 194.3 29.1

cv

10.2
134
13.5
10.1

7.7
12.6

9.2
10.6
16.5

7.6

cv
2563
25.8
26.3
25.3
247
26.1
247
25.0
27.9
22.9

cv
25.3
24.9
24.8
24.6
25.3
24.5
24.9
24.8
25.1
256.2
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Table 4. Comparison of the ratio of catch biomass over January biomass from stock

assessment with exploitation rate calculated from assessment F.
Assessment catch
biomass over January 1 Exploitation rate based on

Year  biomass assessment fully recruited F
1999 0.18 0.16
2000 0.15 0.13
2001 0.18 0.186
2002 0.16 0.14
2003 0.16 0.14
2004 0.16 0.14
2005 0.16 0.13
2006 0.186 0.14
2007 0.16 0.14
2008 0.14 0.12

Table 5. Comparison of annual catch weighted F from catch curve analysis of inshore
spawning component, exploitation rate and the ratio of inshore catch to inshore biomass.

exploitation Simulated ratio inshore
rate from catch catch to inshore
year Catch Curve F curve F biomass

1999 1.21 0.65 0.62
2000 1.11 0.62 0.41
2001 0.77 0.49 0.41
2002 0.75 0.48 0.49
2003 0.67 045 0.51
2004 0.68 0.45 0.51
2005 0.66 0.44 0.51
2006 0.67 0.45 0.47
2007 0.66 0.44 0.48
2008 0.67 0.45 0.39
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Table 6. Comparison of annual catch weighted F from catch curve analysis on entire
stock catch at age and fully recruited F from the assessment.

cohort F from
year weighted assessment
1992 0.20 0.22
1993 0.17 0.17
1994 0.15 0.14
1995 0.11 0.21
1996 0.10 0.17
1997 0.10 0.18
1998 0.10 0.17
1999 0.10 0.19
2000 0.10 0.16
2001 0.09 0.20
2002 0.09 0.17
2003 0.09 0.17
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Simulated catch over inshore biomass using trianular FIC
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Figure 3. Distribution of inshore catch over inshore biomass by year. Based on 5000
simulations per year. Red dashed line is mean, solid gray line is median.
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Simulated landings from the inshore component
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Figure 4. Top panel: trends in landings from inshore component. Middle panel: trends
in ratio of inshore landings to inshore biomass. Bottom Panel: trends in inshore biomass.
Solid line=median, dashed line interquartile values.

11




Herring PDT working document  October 1, 2009

Literature cited.

O’ Boyle, R and W. Overholtz. 2006. Proceedings of the Transboundary Resources
Assessment Committee (TRAC). Benchmark review of Stock Assessment Models for
Gulf of Maine and Georges Bank herring. 2-5 May 2006. Woods Hole, Massachusetts.
http://www.mar.dfo-mpo.gc.ca/science/TRAC/trac.htlm.

12



NEW ENGLAND FISHERY MANAGEMENT COUNCIL

2010-2012 Atlantic Herring Fishery
Specifications

APPENDIX III:

Herring PDT Risk Assessment:
Complete Results for Options Under

Consideration for the

2010-2012 Fishery Specifications



Intentionally Blank



DRAFT

CURRENT (2009) HERRING FISHERY SPECIFICATIONS

Table 1 Atlantic Herring Fishery Specifications for the 2007-2009 Fishing Years (January 1 - December

31)

2007} 2008/2009|

Allowable Biolgg_ical Catch (ABC) 194,000 194,000
).S. Optimum Yield 145,000 145,000
Domestic Annual Harvesting (DAH) 145,000 145,000
Domestic Annual Processing {DAP) 141,000 141,000
Joint Venture Processing Total (JVPt) 0 0
JVP 0 0
Internal Waters Processing (IWP) 0 0
. 20,000 20,000

U.S. At-Sea Processing (USAP) {Areas 2 and 3 only) {Areas 2 and 3 only)
Border Transfer (BT) 4,000 4,000
Total Allowable Level of Foreign Fishing (TALFF) 0 0
RESERVE 0 0
45,000

50,000 . '

TAC Area 1A (5,000 Jan-May) (43,650 fishery; 5,000r\~ll|an—
ay)

10,000

TAC Area 1B 10,000 (9,700 fishery)
30,000

TAC Area 2 30,000 (29,100 fishery)
60,000

TAC Area 3 55,000 (58,200 fishery
Area 1A RSA 1,350

Research Set-Aside (RSA) N/A Area 1B RSA 300

Area 2 RSA 800
Area 3 RSA 1,800

¥drea 2 and 3 RSA was rnot wiilized and was re-allocated fo the management area TACs for the remainder of the fishing year,

2010-2012 HERRING SPECIFICATIONS

DRAFT OPTIONS



Intentionally Blank



SNOIXEdO 1AVdEd

SNOILVDLIIDA4S ONRIMAH 71670102

0044

| 00Les

cie'oy

002 | oos's 1zZ°0L B P T “lz_ | (peouepeg)
T eeswy vl .| ¥888 ] g, |seuondo
| oos's L1Z'0L 069°LL vl
loozee o |si®es ... |ooz8s N R
00097 . ogo'os o fosoes .tz |lexew
~ loos’y . 8e0's . ...._...|geLs o |& . |suondo
] | 000°S L9v'9 26L°LL vi
loozos - |veLoy . e e
jzsy ¥ e | (v xen)
o T T eee'y T |ses's gy |avuondo
L£6'8L gllze vi
. |eoews vZO'v6 L € .
) . 433 S [4%:9 N U kA (w1 xew)
) _lees¥  |ess8 ) |8 vy uondo
611l LLI'6L vi
96828 ] 00LLE . . |oo08es N |
osLer ( 009°GL . lz . {6002}
geey . o 00Z'S |8 |euondo
60261 00£'cZ vi
ose’8 _|oeese e lenesa
9se’sl - o joosiz z noyum
L9 o 00gy R | 1o02)
£6612 000°92 vi vz uondo
reeve — 00LSL k-
SL0°€E 00468 R (onzsas
885z 000 al 2 hondo.
9zZ's) 0008 vl :
LIVET sei8y 0oLl ¢
8sLbE vereh .. . 006°€k 4 {jesuosiy)
osK'e seee e ooL’s , gL |puondo

002'SL -

00Z°0¢}

AQ/IOV 8pImyjang

008'pL

008'vi

Kuiepeaun Jwbp

000°06

000°06

000°svl

o8y

000°22Z1

000°vEL

000°5¥l

000'svl

140

Z10¢

244

010¢

0102

¢ PUE | SIAILYNYNILTY

¢ SAILLYNY3LTV

I ALLYNYS1VY

NOILLVYIJISNOD HHAN SNOILJO TI0T-0167 TRIq9BL

14vdd




SNOILJO 1LAVEd

SNOLLVIIAIDEJS DN IH T102-010T

‘(Dionb Y[ ayy f0 UORDIONL [DUOSDAS D FPNFIUIL § —  SuoRd() “31) papisuiaidut
8q 4saam0y Pom 9 ~¢ suondQ) wp suoniodosd yowo sy Suoypm3s. sv papusus)dul oG 01 pasodo.d 1ou p.av ¢ — | suondp ur suortiodoad yorpo sy “seyowo Anpuon fo

uojodod G007 INOGL UORDWIOMT 2]GUIIDAD 153G 34] UO PaSDG 24D YIIYM. TUSMISSISSD Y514 S, [ (Td Suridayy 2y up pasn suoytodotd yoroo ay3 aotput (papvys) g-f suondoy 210N

00'0 00'0 000 00'0 000 00°0 000 03a

000 000 00°0 000 610 610 6L°0 AON

000 00'0 00°0 000 6170 610 6L'0 1200

£€'0 0£0 00°0 £€°0 Z0°0 200 Z0°0 1d43s

£€°0 0S'0 000 €20 8Z°0 8Z'0 820 | Lsnonv

£€°0 or0 ££°0 £€0 £Z°0 £2°0 £2°0 Alnr

00°0 00°0 ££°0 00°0 60°0 60°0 60'0 aNnr

00°0 00'0 ££°0 000 00°0 00'0 000 AVIN

00°0 000 000 0070 00°0 000 000 NYdY

0070 00°0 000 000 00'0 000 000 | HOMNVW

00'0 00'0 000 00°0 000 00'0 0070 934

00'0 00'0 000 00°0 000 000 00°0 NVE
vl vayv VI VIdY Vi v3yv Y1 VIV Vi vayv Vi V3uvY V1 VINY
(pasuejeg) (z xel) (V1 xep) (v1 xep) (6002) (100z) {{eouolsIH)
9 NOiLdO § NOILdO g% NOILdO V¥ NOILAO £ NOILdO Z NOILdO L NOLLdO

SNOILYOdOdd HOLVD ATHINOW d3S0Od0dd T10T-010T €°19¢8L

14vaa




NEW ENGLAND FISHERY MANAGEMENT COUNCIL

2010-2012 Atlantic Herring Fishery
Specifications

APPENDIX III:

NO ACTION ALTERNATIVE






Density

0.06

0.04

0.02

0.00

Simulated inshore removals

]
No Action: 2012

?

No Action: 2011

0.06

0.04

0.02

0.00

0.06

0.04

o
&
S

No Action: 2010

T T
80 70

catch in 000's tons

80

0.00



Density

2.5

20

1.5

1.0

0.5

0.0

2.5

2.0

1.5

1.0

0.6

0.0

Simulated catch over inshore biomass

i
No Actien; 2012

A U

No Action: 2011

- e - -

No Action: 2010

0.5

i
1.0

ratio cafch over inshore biomass

1.5

25

2.0

1.5

1.0

0.8

0.0



Density

0.020

0.015

0.010

0.005

0.000

0.020

0.015

0.010

0.005

0.000

Simulated inshore biomass

No Action: 2012

No Action: 2011

No Action: 2010
T

H

P

P

]

]

1
100

inshore biomass, 000's t

150

0.020

0.015

0.010

0.005

0.000



Density

Simulated offshore catch

No Action:‘2012
0.12 — ! n
0.10 — »
0.08 — —
0.06 - —
0.04 - -
0.02 — -
0.00 — =
No Action: 2011
- - 0.12
— - .10
] - 0.08
— — 0.06
- — 0.04
- - 0.02
- — 0.00
No Action: 2010
0.12 ) ’ -
0.10 — —
0.08 — -
0.06 — =
0.04 — -
0.02 — -
0.00 — ' ] ; —

I 1 1 T
90 95 100 105

offshore catch, 000's {



40

30

20

10

Simulated catch over offshore biomass

{
No Action: 2012

No Action: 2011
T

Density

i

i
¥
%
%

~“No Actian: 2010

40

30

20

10

1 ]
0.18 0.20 0.22 0.24 0.26 0.28

|

ratio catch over offshore biomass




Density

Simulated offshore biomass

1 ] i i t

No Actlon: 2012
0.020 —| T »
0.015 — -
0.010 — L
0.005 -
0.000 | I —
No Action: 2011
= T — 0.020
'
- b - 0.015
- — 0.010
- - 0.005
= | - 0.000
Na Agtion: 2010
0,020 T3 =
!
H
0.015 — v _
0.010 -
0.005 — L.
0.000 - —

1 1 ] i 1
350 400 450 500 550

offshore biomass 000's tons



NEW ENGLAND FISHERY MANAGEMENT COUNCIL

2010-2012 Atlantic Herring Fishery
Specifications

APPENDIX III:

OPTION 1



Intentionally Blank



Density

0.06

0.04

0.02

0.00

0.08

0.04

0.02

0.00

Simulated inshore removals

Option 1, 2012

» Option 1 2011

Option 1-alt 2, 2010

Option 1-alt 1, 2010

40

!
80

80

catch in 000's tons

100

0.06

0.04

0.02

0.00

0.06

0.04

0.02

0.00



Density

25
20
1.5
1.0
0.5
0.0

2.5
2.0
1.5
1.0
0.5
0.0

Simulated catch over inshore biomass

i

Option 1, 2012

- -

Option 12011

Option 1-alt 2, 2010

0.5

Option 1-~alt 1, 2010
1

1.0
ratio catch over inshore biomass

1.5

25
20
1.5
1.0
05
0.0

25
2.0
1.5
1.0
0.5
0.0



Density

0.015

0.010

0.005

0.000

0.015

0.010

0.006

0.000

Simulated inshore biomass

|

Option 1, 2012

Option 1-alt 1, 2010

!
e, ¢ t
: l \\\
: 1

{

!
Lo

e,

100
inshore biomass, 000's t

\\

“ﬁ\ | u

150

0.015

0.010

0.005

0.000

0.015

0.010

0.006

0.000



Density

0.15

0.10

0.05

0.00

0.156

0.10

0.05

0.00

Simulated offshore catch

i
Option 1, 2012

Option 1 2011

Option 1-alt 2, 2010

Option 1-alt 1, 2010

1
50

offshore catch, 000's {

60

SSTTRTT—

70

0.15

0.10

0.08

0.00

0.15

0.10

0.05

0.00



Density

60
50
40
30
20
10

60
50
40
30
20
10

Simulated catch over offshore biomass

| 1 {

|
Option 1, 2012

]
|
'
!
|
I
|

Option 1 2011

Option 1-alt 2, 2010

Option 1-ailt 1, 2010

0.06

| i
0.08 0.10 0.12 0.14 0.16

ratio catch over offshore biomass

60
50
40
30
20
10

60
50
40
30
20
10



Density

Simulated offshore biomass

Op’tion1:2012
- —~ 0.015
- - 0.010
- ~ 0.005
] — 0.000
Qption 1 ’2(?11
0.0158 — ; —
0.010 — -
0.005 — —
0.000 — —
Option 1-alt 2, 2010
- 0.015
= 0.010
= 0.005
- 0.000
Qption 1-alt 1, 2010 —
0.015 = ! 3 -
0.010 —
0.005 —
0.000 —

I 1
350 400 450 500 550

offshore biomass 000's tons



NEW ENGLAND FISHERY MANAGEMENT COUNCIL

2010-2012 Atlantic Herring Fishery
Specifications

APPENDIX III:

OPTION 2



Intentionally Blank



Density

0.08
0.06
0.04
0.02
0.00

0.08
0.06
0.04
0.02

0.00

Simulated inshore removals

Option 2, 2012

Qption 2 2011

QOption 2-alt 2, 2010

20

Option 2-ait 1, 2010
I

i

60

catch in 000's tons

0.08
0.08
0.04
0.02
0.00

0.08
0.08
0.04
0.02

0.00



Density

Simulated catch over inshore biomass

|
Option 2, 2012

Option 2 2011

Option 2-alt 2, 2010

Option 2-alt 1, 2010
1

0.2

0.4 0.6 0.8
ratio catch over inshore biomass

1.0




Density

0.015

0.010

0.005

0.000

0.015

0.010

0.008

0.000

Simulated inshore biomass

| |

Option 2, 2012

Option 2 2011

Option 2-alt 1, 2010
1 ¥

3

3
i

i
1
i
]
t
i
'
t
{

]
100 150

inshore biomass, 000's t

0.015

0.010

0.005

0.000

0.016

0.010

0.005

0.000



Density

0.20
0.18
0.10
0.05
0.00

0.20
0.15
0.10
0.05
0.00

Simulated offshore catch

| | }

I
Option 2, 2012

Option 2 2011

Option 2-alt 2, 2010

Option 2-alt 1, 2010

80

I i I

60 70 80 90 100

offshore catch, 000's £

0.20
0.16
0.10
0.05
0.00

0.20
0.15
0.10
0.05
0:00



Density

Simulated catch over offshore biomass

] i i

1
Option 2, 2012
1
- j - 100
- - 50
] - 0
Option 2 2011
100 — -
50 — -
0 - -
Option 2-alt 2, 2010
- — 100
- - 50
- — 0
Option 2-ait 1, 2010
i
1
100 — 3 —
50 — -
0 SRR = —
1 | 1 1 1 i

0.10 0.12 0.14 0.16 0.18 0.20

ratio catch over offshore biomass



Density

0.015

0.010

0.005

0.000

0.016

0.010

0.005

0.000

Simulated offshore biomass

]
Option 2, 2012

A\

Optioh 2 2011

Option 2-alt 2, 2010

Option 2-alt 1, 2010

350

1
400 450

offshore biomass 000's fons

550

0.015

0.010

0.005

0.000

0.015

0.010

0.005

0.000



NEW ENGLAND FISHERY MANAGEMENT COUNCIL

2010-2012 Atlantic Herring Fishery
Specifications

APPENDIX I1I:

OPTION 2A



Intentionally Blank



Density

0.08
0.06
0.04
0.02
0.00

0.08
0.06
0.04
0.02
0.00

Simulated inshore removals

|
Opfion 2A, 2012

Option 2A 2011

Option 2A-alt 2, 2010

Option 2A-alt 1, 2010

20

40

60

catch in 000's tons

80

0.08
0.06
0.04
0.02
0.00

0.08
0.08
0.04
0.02

0.00



Density

Simulated catch over inshore biomass

I | ] 1 H

Option 2A, 2012

Option 2A 2011

Option 2A~alt 2, 2010

Option 2A-alt 1, 2010

3
H

0.2 0.4 0.8 0.8 1.0
ratio catch over inshore biomass

12



Density

0.015

0.010

0.008

0.000

0.015

0.010

0.005

0,000

Simulated inshore biomass

]
Option 2A, 2012

Option 2A 2011

Option 2A-alt 2, 2010

T

Option 2A-ait 1, 2010
L

50

T
100 150

inshore biomass, 000's t

0.015

0.010

0.005

0.000

0.015

0.010

0.005

0.000



Density

0.20
0.15
0.10
0.05
0.00

0.20
0.15
0.10
0.05
0.00

Simulated offshore catch

{
Option 2A, 2012

Option 2A 2011

Option 2A-ait 2, 2010

Option 2A-alt 1, 2010

40

50

T I
60 70

offshore catch, 000's t

80

90

0.20
0.16
0.10
0.0
0.00

0.20
0.15
0.10
0.05
0.00



Simulated catch over offshore biomass

]
Option 2A, 2012

Option 2A 2011

Option 2A-alt 2, 2010

Density

Option 2A-alt 1, 2010

80 -
60 ~
40 ~
20 =

0.10

T 1
0.12 0.14 0.16

ratio catch over offshore biomass

0.18

0.20

80
60
40
20

80
60
40
20



Density

0.015

0.010

0.005.

0.000

0.015

0.010

0.005

0.000

Simulated offshore biomass

L |
' Option 2A, 2012

H
3
t:

Option 2A 2011

i
i

—-— - - -

Option 2A~-alt 2, 2010

Option 2A-alt 1, 2010

350

1
400 450

offshore biomass 000's tons

550

0.016

0.010

0.008

0.000

0.015

0.010

0.005

0.000



NEW ENGLAND FISHERY MANAGEMENT COUNCIL

2010-2012 Atlantic Herring Fishery
Specifications

APPENDIX III:

OPTION 3



Intentionally Blank



Density

0.08
0.06
0.04
0.02
0.00

0.08
0.06
0.04
0.02
0.00

Simulated inshore removals

i
Option 3, 2012

Option 3.2011

Option 3-alt 2, 2010

20

30

40

catch in 000's tons

0.08
0,08
0.04
0.02
0.00

0.08
0.08
0.04
0.02
0.00



Density

Simulated catch over inshore biomass

I
Option 3, 2012

Option 3 2011

Option 3-alt 2, 2010

QOption 3=alt 1,2010

0.2

04 0.6 0.8

ratio catch over inshore biomass

1.0

12




Density

0.015

0.010

0.005

0.000

0.015

0.010

0.005

0.000

Simulated inshore biomass

Option 3, 2012

Option 3 2011

thion 3-alt 2, 2010

50

Option 3~alt 1, 2010

}
i
[
[
'
)
1
i

100 150

inshore biomass, 000's t

0.015

0.010

0.005

0.000

0.015

0.010

0.005

0.000



Density

Simulated offshore catch

Op;ion 3,2012
- ~ 0.25
- - 0.20
] — 0.15
. - 0.10
m - 0.05
- — 0.00
Option 3 2011

0.25 L

0.20 — L

0.18 — L

0.10 ~ =

0.05 — . -

0.00 ; -

Option 3-alt 2, 2010
- -~ 0.25
] — 0.20
- - 0.15
- — 0.10
- - 0.05
- — 0.00
Option 3~alt 1, 2010

0.26 —

0.20 —

0.16 ~

0.10 —

0.05 -

0.00 —

1 ! I T
50 80 70 80 80

offshore catch, 000's t



Density

60
40
20

Simulated catch over offshore biomass

| ! |

Option 3, 2012

Option 3 2011

Option 3-ait 2, 2010

Option 3-alt 1, 2010

0.10

0.12

I |
0.14 0.16 0.18

ratio catch over offshore biomass

0.20

0.22

80
60
40
20

80
60
40

20



Density

0.015

0.010

0.005

0.000

0.015

0.010

0.005

0.000

Simulated offshore biomass

|
Option 3, 2012

Option 3 2011

Option 3~alt 2, 2010

Option 3~alt 1, 2010

350

400 450
offshore biomass 000's tons

t
£
i
i
t
1

t

500

550

0.015

0.010

0.005

0.000

0.015

0.010

0.005

0.000



NEW ENGLAND FISHERY MANAGEMENT COUNCIL

2010-2012 Atlantic Herring Fishery
Specifications

APPENDIX III:

OPTION 4A



Intentionally Blank



Density

0.08
0.06
0.04
0.02

0.00

0.08
0.06
0.04
0.02

0.00

Simulated inshore removals

! | ] |

Option 4A, 2012
b - 0.08
- 0.06
- 0.04
; — 0.02
D L 0.00
Option 4A 2011
Option 4A-~alt 2, 2010
[ - .08
- (0,06
-~ .04
i ~ 0.02
Y — - 0.00
Option 4A~alt 1, 2010
] u
i

20 30 40 50

catch in 000's tons



Density

[~ O S

Simulated catch over inshore biomass

]
Optioh 44, 2012

Option 4A 2011

- e ww ww f . -

Option 4A-alt 2, 2010

Option 4A~alt 1, 2010

0.0

0.2

o o v ] - -

0.4 0.6
ratio catch over inshore biomass

O =N W

N W B

N



Density

0.015

0.010

0.005

0.000

0.015

0.010

0.005

0.000

Simulated inshore biomass

Option 4A, 2012

Option 4A 2011

Option 4A—alt 2, 2010

H
1
H

Option 4A-alt 1, 2010
¥

50

1

%
i

100 180

inshore biomass, 000's t

0.016

0.010

0.005

0.000

0.015

0.010

0.005

0.000



Density

0.15

0.10

0.05

0.00

0.16

0.10

0.05

0.00

Simulated offshore catch

| ]

Option 4A, 2012

Option 4A 2011

Option 4A—alt 2, 2010

Opfion 4A-alt 1, 2010

60

1 T
80 100

offshore catch, 000's t

120

0.18

0.10

0.06

0.00

0.15

0.10

0.05

0.00



Density

50
40
30
20
10

Simulated catch over offshore biomass

1
Option 4A, 2012

Option 4A 2011

Option 4A-alt 2, 2010

Option 4A-alt 1, 2010

0.15

i
0.20

1
0.26

ratio catch over offshore biomass

0.30

50
40
30
20
10

50
40
30
20
10



Density

0.015

0.010

0.005

0.000

0.016

0.010

0.005

0.000

Simulated offshore biomass

i
Option 4A, 2012

Option 4A 2011

Option 4A-alt 2, 2010

Option.4A~alt 1, 2010

350

T I
400 450

offshore biomass 000's tons

500

550

0.015

0.010

0.005

0.000

0.016

0.010

0.005

0.000



NEW ENGLAND FISHERY MANAGEMENT COUNCIL,

2010-2012 Atlantic Herring Fishery
Specifications

APPENDIX III:

OPTION 4B



Intentionally Blank



Density

0.06

0.04

0.02

0.00

0.08

0.04

0.02

0.00

Simulated inshore removals

{ i
Option 4B, 2012

Option 48 2011

Option 4B-alt 2, 2010

Option 4B-alt 1, 2010

10

20

b
!
!
!
]
!
]

30 40

catch in 000's tons

50

60

0.06

0.04

0.02

0.00

0.06

0.04

0.02

0.00



Density

Simulated catch over inshore biomass

Option 4B, 2012

Option 4B 2011

- - - -

Option 4B-alt 2, 2010

Option 4B-alt 1, 2010

0.0 0.2 0.4 0.6
ratio catch over inshore biomass

0.8

1.0




Density

0.0156

0.010

0.005

0.000

0.015

0.010

0.005

0.000

Simulated inshore biomass

§
Option 4B, 2012

Qption 4B 2011

Option 4B-alt 2, 2010

5

H

|

Option 4B-alt 1, 2010

I R
50

I
100

inshore biomass, 000's t

150

0.0156

0.010

0.008

0.000

0.015

0.010

0.005

0.000



Density

0.10

0.05

0.00

0.10

0.05

0.00

Simulated offshore catch

QOption 4B, 2012

- 0.10

—~ 0.06

— 0.00

QOption 4B 2011

Option 4B-alt 2, 2010

— 0.05

~ 0.00

Option 48-alt 1, 2010

60

I
80 100

offshore catch, 000's t

120




Density

40
30
20

10

Simulated catch over offshore biomass

Option 48, 2012

Option 4B 2011

Option 4B-alt 2, 2010

Option 4B-ali 1, 2010

e

W

i <~

0.10

T I
0.15 0.20

ratio catch over offshore biomass

0.25

40

30

20

10

40
30
20
10



Density

0.015

0.010

0.005

0.000

0.015

0.010

0.005

0.000

Simulated offshore biomass

|
Option 48, 2012

0.015

0.010

0.008

0.000

Option 48 2011

]
i

Option 4B-alt 2, 2010

Option 4B-ait 1, 2010

I I R e R

0.015

H— 0.010

— 0.005

— 0.000

I
400 450

offshore biomass 000's tons

500

-

550




NEW ENGLAND FISHERY MANAGEMENT COUNCIL

2010-2012 Atlantic Herring Fishery
Specifications

APPENDIX III:

OPTION 5



Intentionally Blank



Density

Simulated inshore removals

I 1 | 1 i I

Option 5, 2012
- i : — 0.10
_ : — 0,08
- { — 0.06
- i -~ 0,04
- : —~ 0.02
- ‘ . — - 0.00
Option 5 2011
0.10 — -
0.08 — L
0.06 — =
0.04 - =
0.02 — -
0.00 — -
Option 5-alt 2, 2010
- P - 0,10
. L - 0.08
- - 0,06
- - 0.04
- - 0.02
- - 0.00
Option 5-alt 1, 2010
0.10 — T »
0.08 v o
0.06 — =
0.04 - -
0.02 — -
0.00 — |

i
10 20 30

catch in 000's tons



Density

O =2 N W oo

o L T /- B O+ 1]

Simulated catch over inshore biomass

l
Option 5, 2012

L A e L

Option 5 2011

Option 5-2ait 2, 2010

- e o e s/ -

Optlon 5-alt 1, 2010

0.2 0.4 0.6

ratio catch over inshore biomass

0.8

QO - N W o

[ L 7 ¢ ]



Density

0.015

0.010

0.005

0.000

0.015

0.010

0.005

0.000

Simulated inshore biomass

{

Opfion 5, 2012

/

Option § 2011

Option §-alt 2, 2010
; ¥

|

Option 5-ait 1, 2010
1
1
\ [

I
100

inshore biomass, 000's t

160

0.015

0.010

0.008

0.000

0.015

0.010

0.005

0.000



Simulated offshore catch

I
Optioh 5, 2012

Option 5 2011

Option5-at 2, 2010

Density

0.3

0.2

0.1

0.0

0.3

0.2

0.1

0.0

Option 5~alt 1, 2010

0.3 — i B
02 -

0.1 —

0.0

i 1 1 i |
60 70 80 S0 100 110 120

offshore catch, 000's t



Density

Simulated catch over offshore biomass

| i J

Option 5, 2012

- — 100

- — 80

- - 60

- - 40

- — 20

- — 0
Option 5 2011
Option 5-alt 2, 2010

~ 100

- 80

—~ 60

- 40

— 20

~ 0
Option 5-ait 1, 2010

100 — L
80 — -
60 — -
40 — -
20 - ..
0 - |

! 1 1
0.15 0.20 0.25

ratio catch over offshore biomass



Density

0.015

0.010

0.005

0.000

0.016

0.010

0.005

0.000

Simulated offshore biomass

{
Option 8, 2012

Option s 2011
rl

Option 5-alt 2, 2010

Option §-alt 1, 2010

350

I
400 450 500 550

offshore biomass 000's tons

0.015

0.010

0.005

0.000

0.015

0.010

0.006

0.000



NEW ENGLAND FISHERY MANAGEMENT COUNCIL

2010-2012 Atlantic Herring Fishery
Specifications

APPENDIX III:

OPTION 6



Intentionally Blank



Density

0.10
0.08
0.06
0.04
0.02
0.00

0.10
0.08
0.06
0.04
0.02
0.00

Simulated inshore removals

i
Option 8, 2012

Option 6 2011

Opuon g-alt 2, 201 0

Opfion 6-alt 1, 2010

10

20 30 40

catch in 000's tons

0.10
0.08
0.06
0.04
0.02
0.00

0.10
0.08
0.06
0.04
0.02
0.00



Density

-

L= 7 B G |

Simulated catch over inshore biomass

1
Opfion 6, 2012

Option 6 2011

N W Boo»

.

Option 6-alt 2, 2010

Option 6=-alt 1, 2010

0.2

0.4 0.6
ratio catch over inshore biomass

0.8

W s

N s o

-



Density

0.020

0.015

0.010

0.005

0.000

0.020

0.015

0.010

0.005

0.000

Simulated inshore biomass

i A I

Option 6, 2012

Option 6 2011

Option 6~alt 2, 2010
1

Option 6-alt 1, 2010

50 100 150

inshore biomass, 000's t

0.020
0.015
0.010
0.005

0.000

0.020

0.015

0.010

0.005

0.000



Density

0.6

04

0.2

0.0

0.6

0.4

0.2

0.0

Simulated offshore catch

1
Option 6, 2012

Option 6 2011

Option 6~alt 2, 2010

Option 6-alt 1, 2010

60

70

1 1 |
80 80 100

offshore catch, 000's t

110

0.6

0.4

0.2

0.0

0.6

0.4

0.2

0.0



Density

80

60

40

20

Simulated catch over offshore biomass

i
Option 6, 2012

Option 6 2011

Option 6-alt 2, 2010

Option 6-alt 1, 2010

|
0.156

I
0.20 0.26

ratio catch over offshore biomass

80

60

40

20

80

60

40

20



Density

0.020

0.015

0.010

0.008

0.000

0.020
0.016
0.010

0.005

0.000 -

Simulated offshore biomass

I
Option 8, 2012

Option & 2011
[

Option 6-alt 2, 2010

Option 8-alt 1, 2010

| i
350 400 450 §00 550

offshore biomass 000's tons

0.020

0.015

0:.010

0.005

0.000

0.020

0.015

0.010

0.005

0.000



