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7.0 ENVIRONMENTAL CONSEQUENCES — ANALYSIS OF
IMPACTS

7.1 BIOLOGICAL IMPACTS

The biological impacts discussed in this section focus on expected changes resulting from selection of
each of the proposed alternatives and were developed using qualitative and quantitative methods. In this
section, biological impacts are discussed in relation to impacts on regulated multispecies (groundfish) —
target and non-target — and non-groundfish species — incidental catch and bycatch of other species.
Impacts on protected resources and essential fish habitat are discussed in separate sections.

Overall biological impacts of improved monitoring

The biological impacts from improvements in monitoring will depend on the amount of unknown
mortality that is currently caused by missing catch. Improvements in monitoring should reduce the
amount of unknown missing catch and this catch will then get accounted for through the output control
management system which will also improve catch data streams feeding into stock assessments.
Biological impacts are difficult to assess because we do not know the true amount of missing stock
specific removals through time. If missing catch is a relatively important component of total mortality for
a stock, then improvements in monitoring may yield substantial biological impacts. The true biological
impacts also depend on the implications of missing historical catch on potential changes to the stock
assessments. For example, shifts to empirical based assessments due to unknown removals from the past
will likely lead to unknown biological impacts. However, if stock assessments are static with the present
ABCs/ACLs then improvements in monitoring (higher total catch from improved monitoring of missing
catch) in the short-term could limit fishing effort further depending on the amount of bias in the catch
data. This will sequentially result in positive biological impacts. Regardless of the stock status, if fishing
effort is reduced then this should result in a positive biological impact for the stock. The many unknowns
associated with improvements in monitoring makes the quantitative determination of biological impacts
difficult if not impossible to predict. We can only qualitatively rank alternatives relative to each other
while also assuming improvement in monitoring will not fundamentally change how the assessments are
done in the short-term. For example, increases in coverage rates that result in less bias through missing
catch should result in less fishing effort and therefore produce a positive biological impact under the
present catch limits.

In summary, the biological impacts are dependent on how improvements in monitoring will affect fishing
effort regardless of what is known or unknown about the stock from the stock assessment. How exactly
improvements in monitoring will affect fishing effort on each stock is unknown. Comprehensive
improvements in monitoring will likely influence two different factors with regards to the biological
impacts; 1) it could potentially have positive biological impacts by lowering fishing effort on stocks that
are overfished due to higher total catch reporting from improved monitoring of missing catch and 2)
improvements in monitoring should also improve stock assessments, stock status determination and the
ability to quantify biological impacts in the future. However, improvements to the stock assessments
though improvements in monitoring will likely be different in the short-term relative to the long-term.

Biological impacts are broken down by short and long-term impacts because stock assessments rely on
historical data for the determination of stock status, management reference points, and catch advice.
Therefore, if improvements in catch monitoring produce a perceived change in catch then improvements
in the stock assessments in the short-term may be limited due to the assessments’ reliance on historical
catch data. We defined short-term as up to five years but this could be longer depending on the potential

DRAFT Amendment 23 — January 2020 4



bias and the ability to estimate such a bias in the historical time series. In the long-term, which we defined
as greater than five years, a better estimate of removals should result in improvements in the stock
assessments. However, the realized improvements to stock assessments may take much longer than five
years. It is not clear, where a distinction should be made between short-term and long-term. This time
frame may also differ among stocks depending on the assessment.

In conclusion, improvements in monitoring which reduce fishing mortality through better catch
accounting should produce positive biological impacts in the short-term. In the longer-term analytical
assessments should improve with better catch data which should lead to subsequent improvements in
groundfish catch advice and management.

The following is an overview of possible short- and long-term impacts of 100% monitoring of all sector
trips on regulated groundfish species.

e Short-term (upon implementation and up to five years)

0 Improved accuracy of catch attribution at the stock-level

0 Increased accuracy of the magnitude of catches for discard-only stocks

0 Reduce the likelihood of overfishing because in-season catch monitoring would improve
—such that the “true” catch would be better known for the sector fishery

0 Reduce the likelihood that illegal discarding would occur because monitoring would have
an ancillary benefit of increasing compliance. This should better control fishing
mortality.

o0 Create a level playing field where all participants are equally held accountable to
available ACE

0 Increased accuracy and precision of commercial sector catch going into the assessments

e Long-term (greater than five years)

0 Improved estimation of fishing mortality and stock biomass

0 Increase the likelihood of rebuilding overfished stocks by constraining the true catch to
be consistently lower than ACLs. Increased accuracy of catch data can also lead to
reduced uncertainty in the stock assessments.

0 Improvements in model diagnostics if monitoring shows that missing catch was a
significant issue in the past.

o Allow for consideration of a wider-range of stock assessment approaches — for example
shifting from low information content empirical approaches to the development of full
analytical assessments.

o Improvements in groundfish management through the more accurate catch advice from
assessments.

7.1.1 Commercial Groundfish Monitoring Program Revisions (Sectors
Only)

Amendment 16 to the Groundfish FMP implemented monitoring and enforcement provisions for sector
fishing activity, which is primarily controlled by limits on how much the sector can catch — ACE. These
are “hard” limits- sectors must stop fishing before they exceed these limits. There are two components to
catch — landings and discards. In order to ensure that sector catches are actually limited to the ACE, both
landings and discards must be accurately monitored. To increase confidence that sector catches are
accurate Amendment 16 implemented the requirement that sectors land all legal-sized fish to discourage

DRAFT Amendment 23 — January 2020 5



sectors from discarding catches to avoid exceeding ACE. Amendment 16 reported that while admittedly
difficult to monitor or enforce, this measure does encourage sectors to land all catch of legal-size. If
adhered to, this measure may reduce discards of legal fish. Amendment 16 also required that sectors are
able to prove they can attribute landings to a specific stock area, in order to reduce the likelihood sector
catches will be applied to the wrong stock. If adhered to, this could lead to indirect biological benefits as
improved attribution of catch to stock areas may lead to better management and assessment of the stocks.

The current groundfish monitoring program collects fishery-dependent data from multiple sources
including the vessel monitoring system (VMS), the interactive voice response (IVR) system, vessel trip
reports (VTR), dealer reports, industry-funded at-sea monitors (ASM), and Northeast Fishery Observer
Program (NEFOP) observers (see Section 6.5.10.1 Affected Environment Groundfish Monitoring Data).
The current monitoring system includes these uncertainties:

e Unreported and misreported catches (landings and discards) by species/stock
Disagreement between data sources (vessel trip reports [VTR]/Dealer; VTRs/vessel monitoring
system [VMS])

e The majority of analytical groundfish stock assessments contain a retrospective pattern, which
may be caused in part by missing catch. Some analytical stock assessment models have been
rejected, and missing catch may have contributed in part to the poor performance of those stock
assessments.

o Lack of an independent verification of landings may lead to catch reporting conspiracy/collusion
between a dealer and a vessel, and has occurred

e Fishermen behave differently when observers are on-board, and

¢ Incentives exist in any quota-based system for misreporting/non-reporting of catch (landings and
discards).

Discrepancies in catch reporting

The measurement of fishing effort and estimation of catch are subject to a variety of errors that can
compromise accuracy. Because fish are not equally distributed throughout the ocean, it is impossible to
know exactly where they are caught during a fishing trip. Self-reported activity may provide a useful
approximation to true activity but will be affected by competing objectives. Without incentives to report
accurately or efforts to correct the record, some information may be particularly unreliable (e.g.,
discarded catch).

Statistical area fished - While the technology exists to record a spatial coordinate the moment gear is
pulled onboard, we rely on self-reported location for apportioning catch to stock areas. Palmer (2017)
identified discrepancies between stock-area apportioning of catch as reported on vessel trip reports
(VTRs) with that as estimated by vessel monitoring system (VMS) data; the latter provided an
approximation of the spatial distribution of fishing effort according to vessel speed. The differences were
most pronounced starting in 2010 with implementation of the quota-based system for groundfish, after
which incentives for misreporting of quota-limited stocks increased. Palmer (2017) suggested that while
overall error was small and unlikely to substantially impact resource monitoring, the error could be
particularly large in certain years for some individual stocks. Additionally, the error was
disproportionately attributed to a small number of vessels, but these vessels tend to be the larger, higher
volume trip vessels. Potential misreporting could be reduced with improved catch monitoring.

Kept catch - Even with reasonable diligence, self-reported catch is unlikely to exactly match the weight
reported by a dealer using scales on land. Among many possibilities, accuracy could be affected by
differences in how species are dressed and stored. Delayed recording of the catch could result in poor
recollection of catch amounts. And visual estimation can have worse precision than other methods
depending on the total amount of the catch. Further, the weight of fish changes based on the method of
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storage (e.g., seawater slurry v. iced) and dealers often make deductions from measured weights to
account for assumed weights of totes, ice, and slime.

Figure 1 illustrates density distributions of the differences (log10-transformed live pounds) in landings
amount (dealer — VTR) across 9 allocated groundfish species from the 2010-2017 fishing years. Density
that falls to the left of O indicates over-reported catch (VTR > dealer), while density on the right of 0
indicates under-reported catch (VTR < dealer), under the assumption that dealer amounts were accurate.
Patterns differ across species, and for some species, across years.

Figure 1- Density distributions of the differences (log10-transformed live pounds) in landings amount (dealer
—VTR) across 9 allocated groundfish species from the 2010-2017 fishing years,
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Analytical stock assessment models for New England groundfish often have retrospective patterns,
which may be caused by missing catch (landings and discards).

Retrospective patterns are systematic changes in estimates of population size or fishing mortality, which
arise in analytical assessment models as more years of data are added to the model (Hurtado-Ferro et al.,
2015; Miller and Legault, 2017). Retrospective error in the models occur when there is an underlying
conflict among the trends in the input data (estimated removals and indices of abundance, along with size
or age structure trends) in conjunction with the input biological information (life history) with the
species/stock within the model. Retrospective patterns are a major concern for sustainable fisheries
management. For example, when an assessment consistently overestimates stock biomass and
underestimates F (the common trend for New England groundfish), catch advice (which is meant to be
precautionary) may be set at levels that are too high, leading a subsequent assessment to estimate that
overfishing has been occurring (e.g. GB cod). This is especially problematic for New England fisheries,
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where assessments are typically not performed annually, and projection results are used to set catch levels
for the next two to five years into the future and up to 10 years when considering rebuilding projections.
At the GARM 3 benchmark assessments in 2008, it was determined that the models were not acceptable
for catch advice without accounting for the retrospective issues. A rule of thumb was developed at
GARM 3 to approximate the bias and adjust for it within the projections for catch advice (OFLs, ABCs).
Retrospective adjustments (rho adjustments) are applied to terminal estimates of SSB and F in assessment
models for New England groundfish for the recommended status determination, and the adjustments are
made to the t+1 numbers at age within the projections when the retrospective bias falls outside of the 90%
confident intervals of the model uncertainty estimates. These adjustments are intended to account for the
magnitude of retrospective pattern, and to provide appropriate management advice.

During the 2017 Operational Assessments, 11 groundfish stocks were assessed using an age-structured
analytical assessment model (e.g., VPA or ASAP). Major retrospective patterns (rho-adjusted values of F
and SSB outside of 90% confidence regions for model estimates) were present in 8 of the 11 analytical
assessments (See Table 9 of NEFSC 20171 for a full description). During the 2019 Operational
Assessments, every analytical model exhibited a retrospective pattern. These major retrospective patterns
required a retrospective (“rho”) adjustment (at the discretion of the peer review panel). In all cases except
for one, the retrospective adjustments lead to a more pessimistic perception of resource productivity (i.e.,
lower biomass and increased F), and in some cases resulted in changes to designations of stock status
(e.g., from not overfished to overfished).

It should also be noted that some regional groundfish stocks which were formerly assessed using an

analytical assessment model (e.g., GB cod, witch flounder, GB yellowtail flounder) are now assessed
using an empirical approach. For these stocks, the analytical assessment models were rejected during
prior peer reviews, in part due to the magnitude of retrospective error that were present in the models.

Analytical stock assessment models generally need to make a number of simplifying assumptions in order
to reduce the number of parameters that are estimated in the model. For example, these models assume
that important parameters such as natural mortality, catchability, and sometimes selectivity are constant
over time. In addition the projections also assume that growth is constant into the future. However, if
any of these parameters change over time in a consistent manner, it can lead to a retrospective pattern in
the model. Retrospective patterns in analytical stock assessments can be caused by a number of factors
including: changes in survey catchability (resource availability and/or gear efficiency), changes in natural
mortality, or unreported catch (Hurtado-Ferro et al, 20152, NEFSC, 2017). To a lesser extent,
retrospective patterns can also arise to due to changes in fishery selectivity or growth, although nearly all
analytical assessment models for groundfish attempt to account for these changes. Unfortunately, the true
cause of the retrospective pattern is never known in practice (Miller and Legault, 20173). In the case of
New England groundfish, several factors may be acting in concert to contribute to the retrospective
patterns, which confounds efforts to identify a single unifying cause. However, the persistence of

! Northeast Fisheries Science Center (NEFSC). 2017. Operational Assessment of 19 Northeast Groundfish Stocks,
Updated Through 2016. US Dept Commer, Northeast Fish Sci Cent Ref Doc. 17-17; 259 p. Available from:
National Marine Fisheries Service, 166 Water Street, Woods Hole, MA 02543-1026, or online at
http://www.nefsc.noaa.gov/publications/

2 Hurtado-Ferro, F., Szuwalski, C.S., Valero, J.L., et al. 2015. Looking in the rear-view mirror: bias and
retrospective patterns in integrated, age-structured stock assessment models. ICES Journal of Marine Science, 72(1):
99-110.

3 Miller, T.J., and Legault, C.M. 2017. Statistical behavior of retrospective patterns and their effects on estimation of
stock and harvest status. Fisheries Research, 186: 109-120.

DRAFT Amendment 23 — January 2020 8



retrospective patterns across the majority of groundfish assessment suggests that there may be a common,
regional-scale driver(s) that is responsible for the retrospective patterns.

Missing catch (landings and discards) has often been implicated as a potential cause of the retrospective
pattern in groundfish assessments (see NEFSC, 2017), and some assessment scientists have attempted to
guantify the magnitude of missing catch that is needed to “fix” the retrospective effort in the model. For
example, during the 2016 witch flounder assessment (SAW 62), it was estimated that the magnitude of
reported witch flounder catch would need to be increased by 300-500% to fix the retrospective problem in
the assessment, but did not assert missing catch was the sole cause of the retrospective pattern. During the
2017 Operational Update assessments, it was estimated that the “recent catches” of Gulf of Maine cod
would need to be roughly doubled in order to alleviate the retrospective pattern in the model. During the
2016 TRAC assessment, it was estimated that recent catches (or natural mortality) would need to be
increased by 300 to 500% in order to remove the retrospective pattern in the VPA model that was
formerly used to assess Georges Bank yellowtail flounder.

Trawl fisheries in New England are required to use large mesh codends, which are designed to reduce the
capture and retention of sub-legal fish. Some proportion of fish which encounter a trawl net, but are not
ultimately retained by the gear, may suffer acute or delayed mortality. This is referred to as “escapee
mortality.” Escapee mortality is a form of missing catch, and may contribute to the retrospective pattern
in some assessments. However, neither the current monitoring system, nor any of the alternatives under
consideration would enable the magnitude of escapee mortality to be quantified.

It is interesting to note that retrospective errors are present in assessment models for stocks that are
considered to be constraining to the fishery (e.g., GB cod, plaice), where the incentive to misreport or
underreport catches would be particularly strong. At the same time, retrospective errors are also present
in assessments for stocks with low utilization rates and relatively large quotas (e.g., pollock, redfish, and
GB haddock), where the incentive to misreport landings would presumably be much lower, or perhaps
even non-existent.

Missing catch may be contributing to the retrospective patterns that are present in the New England
groundfish assessments. However, there is not sufficient evidence at this time to understand whether
missing catch is the primary contributing factor to the retrospective problem. Further work is needed to
determine whether non-stationarity (e.g., variable M, changing catchability, etc.) may be contributing to
the retrospective patterns that are present in the stock assessments.

Catch reporting collusion between a dealer and a vessel is possible, and has occurred — no independent
verification of landings

Currently, landings data for the groundfish fishery comes from dealer reports and vessel trip reports
(VTRs). VTRs require that the vessel captain reports all species caught during the trip and the weight of
the catch, as well as statistical areas fished and gear used. Dealer reports include data about the date a
catch was landed, the name of the vessel that brought it in, the grade, species, price and weight of the fish,
and the number of the trip report that corresponds to the catch. There is no independent verification of
landings.

There was a dockside monitoring (DSM) program in the groundfish fishery from 2010-2011, which was
intended to verify landings of a vessel at the time it is weighed by a dealer and to certify the landing
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weights are accurate as reported on the dealer report.* However, the DSM program was later discontinued
in part because landings information is already provided through the dealer reporting system and by
eliminating the program, sector operating costs would be reduced and redundant accounting would be
avoided.® The Council’s rationale was that as long as unreported landings do not occur, the dealer reports
can be used to monitor sector landings and there is little advantage to having dockside monitors verify
these reports. NMFS determined that dealer reporting combined with dockside intercepts by enforcement
personnel were sufficient to monitor landings of sector catch at the time. However, after the removal of
the DSM program there have been incidents of unreported and misreported landings, including collusion
between vessels and dealers.

In addition to the potential for unreported and misreported landings, the lack of independent verification
of landings in the groundfish fishery creates a situation in which catch reporting collusion between a
dealer and a vessel is possible. The dealer reports and VTRs have intentional overlap, which allows
NOAA to use the dealer reports as a check on the information vessels submit on trip

reports, and vice versa. If the species and weight listed on the dealer report does not match the
corresponding trip report, the discrepancy may be evidence of fraud in one or both reports. Therefore, to
perpetrate an ongoing fraud regarding the species or weight of a given catch, the vessel operator and the
dealer must collude. Additionally, there is that nothing prohibits a person from owning both the vessels
and the wholesale dealer operation that buys fish from the vessels.

Such catch reporting collusion between a dealer and a vessel occurred in the case of United States vs.
Carlos Rafael.® On March 30, 2017, Carlos Rafael, a.k.a. the Codfather, pleaded guilty to federal criminal
charges involving falsely reporting catch information on dealer reports and vessel trip reports. He was
initially arrested and charged in February 2016. Rafael, the owner of Carlos Seafood Inc., based in New
Bedford, Mass., owned 32 fishing vessels through independent corporate shells and 44 permits, which
amounted to one of the largest commercial fishing businesses in the United States.

In September 2017, Rafael was sentenced by U.S. District Court Judge William G. Young to 46 months
in prison and three years of supervised release, during which time he is banned from working in the
fishing industry.” The Court also ordered Rafael to pay a fine of $200,000 and restitution to the U.S.
Treasury of $108,929. Four of his vessels were forfeited. A civil action against Rafael by NOAA was
resolved in August 2019.8 As a part of this settlement, NOAA is seeking a $3,010,633 civil money
penalty, and has given Rafael until Dec. 31, 2020 to sell his fishing permits along with the many fishing
vessels he owns or controls through transactions reviewed and approved by the agency. Rafael was also
required to relinquish his seafood dealer permit by Sept. 1, 2019. Additionally, 17 captains who
previously worked for Rafael and were part of the civil settlement received suspensions and probationary
periods of varying lengths, the longest suspension being 200 days, along with 36 months of probation.

4 New England Fishery Management Council. Oct. 16, 2009. Amendment 16 to the Northeast Multispecies FMP.
http://s3.amazonaws.com/nefmc.org/091016_Final_Amendment_16.pdf

5 New England Fishery Management Council. (Feb. 26, 2013). Framework 48 and EA to the Northeast Multispecies
FMP. http://s3.amazonaws.com/nefmc.org/130307_FW48_Figures_Repaired.pdf

6 United States District Court, District of Massachusetts. Sept. 20, 2017. United States of America vs. Carlos Rafael
Government’s Sentencing Memorandum

7 United States Attorney’s Office, District of Massachusetts. Sept. 25, 2017 news release.
https://www.justice.gov/usao-ma/pr/owner-one-nation-s-largest-commercial-fishing-businesses-sentenced-
falsifying-records

8 Details of the Settlement of the Government’s Civil Case Against Carlos Rafael and his Fishing Captains. August
19, 2019. NOAA memorandum
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During the probationary periods, the captains are subject to additional monitoring requirements (e.g. more
frequent VMS polling, haul-by-haul reporting.

In this particular case, Rafael owned both the vessels and the dealer, Carlos Seafood, to which those
vessels sold fish. As he freely admitted to the agents, this system of vertical integration is largely what
enabled Rafael to commit long-term fraud without detection: he made sure that abundant, “high quota”
fish like haddock was listed on trip reports instead of what his boats actually caught, i.e., “low quota,”
high value fish like cod. Rafael then made sure that Carlos Seafood, Inc.’s, receipts from “buying” the
fish from his boats matched the fraudulent trip reports and, more importantly, that the dealer reports he
submitted weekly to NOAA matched the fraudulent trip reports as well. It should be noted that collusion
between a dealer and a vessel can still occur when these are not the same owner, and that a vertically
integrated dealer/vessel business does not guarantee collusion or fraud will occur.

Observed trips are not representative of unobserved trips

Section 6.5.10.4, Summary of PDT Monitoring Analyses, provides an overview of Appendix V. Briefly,
the PDT prepared four analyses to support the development of Amendment 23. Specifically, PDT
members analyzed discard incentives, observer effects, and landings ratios; and developed models to
predict groundfish catch on unobserved trips using observed trip information (see Appendix V for more
information on each analysis). These four analyses were reviewed by a subgroup of the SSC in April 2019
(see SSC sub-panel report, in Appendix V) in order to determine the scientific rigor of each approach as
well as the sufficiency of each analysis to inform the development of Amendment 23 and analysis of
different alternatives (see Terms of Reference, SSC sub-panel report, page 21, in Appendix V).

The overall conclusion from the PDT was that observed trips are not representative of unobserved trips.
The dimensions where observed trips differ from unobserved trips include: Gulf of Maine cod catch rates,
groundfish landings to effort ratios, trip duration, pounds of kept groundfish, pounds of total kept catch,
and trip revenue. Documented differences in the stock landing to effort relationships reflect differences in
illegal discarding of legal sized fish on unobserved trips relative to observed trips. The discard incentive
model describes one mechanism to explain differences between observed and unobserved trips: the sector
system increases the incentive to illegally discard legal-sized fish on unobserved trips. Discard incentives
have varied across time and stock and reflect changes in the relative size of quotas and availability of fish
to the fleet. After full sector implementation, the accountability of discards and the application of
sector/gear specific discard rates to unobserved trips, together with the potential catch of constraining
stocks, increased the incentive to not comply with retention regulations. The SSC concluded the current
precision standard is not an appropriate method to set at-sea monitoring coverage levels, without at least
some change, because the assumption that observed trips are representative of unobserved trips is false.
Further the SSC concluded that *...the analyses, taken comprehensively, create a weight of evidence that
disproves the null hypothesis, namely that there is no effect from the presence of an observer on a fishing
trip. In other words, the work taken collectively show that there is an observer effect, and therefore
managers need to account for this when basing management off information derived from observed trips.
The analyses suggest that estimates of discards on unobserved trips derived from discards rates on
observe trips may not be accurate, and likely to be an underestimated reflection of actual discards.”
These analyses cannot quantify the differences between observed and unobserved trips in a way that
allows for either a mathematical correction to the data or a survey design that resolves bias. Additional
details are provided in Appendix V.
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7.1.1.1 Sector Monitoring Standards (Target Coverage Levels)

Groundfish catch estimation under various levels of observer coverage and bias

These analyses examined how various levels of observer coverage (25— 100%) would influence the
estimation of groundfish catch. In the absence of bias, an increase in sampling will result in a subsequent
increase in precision and, assuming the stratification is appropriate with random sampling, an increase in
accuracy. In the presence of bias, precision is a less useful measure of accuracy. When observed trips are
not representative of all groundfish trips, bias is manifested by having estimates of discards that are
different from the actual catch (inaccurate). Low variability around a discard estimate with non-
representative sampling will only suggest that the discard estimate is precisely wrong.

We simulated how inferences regarding annual catch (landings + discards) for groundfish stocks would
be affected under various levels of observer coverage, and what happens in the presence of observer bias.
Here, we assumed that observer bias results in the true discard rate on unobserved trips being some
inflated factor of the observed discard rate (e.g., truth = observed x10). As coverage increases to 100%,
the effective bias of unobserved trips reduces to zero. Therefore, observer bias is expected to be most
problematic at low levels of observer coverage.

Methods

We used the observed and estimated discards on all groundfish trips from 2010-2017 to serve as the
population of actual discards during this period. Note, discards in this case refer to any discarded fish as
recorded by the observer (e.g., sub-legal, legal-sized unmarketable fish [LUMF], illegal). While illegal
discarding of legal-sized fish can and has been observed, its occurrence is relatively rare in the observer
data. For this reason, the observer data cannot provide any context for the amount of illegal discarding
that may occur on unobserved trips and how that affects total catch estimation.

For each combination of 5 levels of coverage (10%, 25%, 50%, 75%, 100%) and 4 levels of bias (1x, 2x,
5%, 10x), we re-sampled the trips 500 times using a non-parametric bootstrap to estimate total discards.
The “sampled” trips were assigned their perceived discard quantity (whether originally observed or
projected according to a rate) while the unsampled or unobserved trips were assigned a discard quantity
that inflated their perceived quantity according to the bias level for the given simulation. For example, if a
trip had an observed/projected discard quantity of 100 Ibs for haddock, that quantity would be inflated to
100 Ibs (1x = no bias), 200 Ibs (2x), 500 Ibs (5x), or 1000 Ibs (10x). The bias levels we explored were for
illustrative purposes.

This simulation exercise produced 2 quantities for each stock: total estimated discards and total true
discards. The estimated discards were a summation of the sampled and projected (based on sampled rate)
discards on observed and unobserved trips, respectively. The true discards were a summation of the
sampled and inflated discards on observed and unobserved trips, respectively. In the absence of bias, the
mean estimated discards — across all 500 simulations — are equivalent to true discards and uncertainty is
dictated by coverage. In the presence of bias, estimated discards are no longer representative of the truth.
Therefore, it is more useful to examine how true discards vary as the ratio of observed/unobserved trips
changes with coverage rate.

Total catch (estimated and true) was then calculated as the summation of discards and landings. Due to
differences in the relative magnitude of catch across stocks, and even within stocks across years,
comparisons can be difficult to make depending on the scales being portrayed. We present the results in 2
phases:

1) effects of coverage rate (no bias) on the precision of estimated catch
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2) effects of coverage rate & bias on the true catch

The variation in total catch (both estimated and true) across all 500 simulations is expected to be lowest
for highly utilized stocks with total catch comprised mostly of landings (e.g., winter flounder, cod) and
highest for those comprised mostly (or entirely) of discards (e.g., ocean pout, wolfish, windowpane
flounder).

To allow for better illustration of relative differences, the results for estimated catch are displayed for
only the past 3 years (2015-2017). True catch is displayed for all sector years (2010-2017) so that
relative variation by coverage rate and bias level is displayed within the context of temporal differences.

Results

Figure 2 displays the variable uncertainty (95% confidence) in estimated catch across all 22 stocks (20
stocks plus 2 management units) as observer coverage is varied, in the scenario where there is no bias.
Mean estimated catch is the same across coverage rates within a year, but means vary across years and
uncertainty increases with decreasing coverage.

Figure 3 to Figure 24 display the simulated true catch (with 95% confidence intervals) separately for each
stock from 2010-2017, with 4 panels for each level of bias and colored lines for each level of observer
coverage. The lowest coverage levels are plotted last and will obscure higher levels when they match
closely. Note that uncertainty intervals are often very small and appear absent.

It is clear that for highly utilized stocks where catch is comprised mostly of landings, the effects of
observer coverage and bias are relatively low. For all stocks, with no bias present (bias = 1x) the mean
estimated catch is not affected by level of observer coverage. Under high levels of bias (10x) and low
levels of coverage (10-25%), simulated true catch for some stocks was significantly inflated over the true
catch that occurs with no bias.
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Figure 2- Total estimated catch (with 95% confidence intervals) under varying observer coverage.
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Figure 2 continued - Total estimated catch (with 95% confidence intervals) under varying observer coverage.
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Figure 2 continued - Total estimated catch (with 95% confidence intervals) under varying observer coverage.
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Figure 2 continued - Total estimated catch (with 95% confidence intervals) under varying observer coverage.
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Figure 3- Eastern GB cod, total 'true’ catch under varying observer coverage and bias.
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Figure 4- Western GB cod, total 'true’ catch under varying observer coverage and bias.
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Figure 5- GOM cod, total 'true’ catch under varying observer coverage and bias.
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Figure 6- Southern windowpane flounder, total ‘true’ catch under varying observer coverage and bias.
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Figure 7- Northern windowpane flounder, total 'true' catch under varying observer coverage and bias.
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Figure 8- GB winter flounder, total ‘true' catch under varying observer coverage and bias.
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Figure 9- GOM winter flounder, total ‘true’ catch under varying observer coverage and bias.
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Figure 10- SNE/MA winter flounder, total ‘true’ catch under varying observer coverage and bias.
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Figure 11- Eastern GB haddock, total ‘true' catch under varying observer coverage and bias.
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Figure 12- Western GB haddock, total ‘true' catch under varying observer coverage and bias.
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Figure 13- GOM haddock, total ‘true’ catch under varying observer coverage and bias.
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Figure 14- Atlantic halibut, total 'true' catch under varying observer coverage and bias.
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Figure 15- White hake, total ‘true’ catch under varying observer coverage and bias.
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Figure 16- Ocean pout, total ‘true’ catch under varying observer coverage and bias.
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Figure 17- American plaice, total ‘true’ catch under varying observer coverage and bias.
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Figure 18- Pollock, total "true’ catch under varying observer coverage and bias.
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Figure 19- Redfish, total 'true' catch under varying observer coverage and bias.
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Figure 20- Witch flounder, total ‘true’ catch under varying observer coverage and bias.
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Figure 21- Wolffish, total "true' catch under varying observer coverage and bias.
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Figure 22- CC/GOM yellowtail flounder, total "true' catch under varying observer coverage and bias.
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Figure 23- GB yellowtail flounder, total ‘true’ catch under varying observer coverage and bias.
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Figure 24- SNE/MA yellowtail flounder, total ‘true’ catch under varying observer coverage and bias.
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Magnitude of potential 2018 missing Gulf of Maine cod discards

A sub-panel of the SSC reviewed PDT analyses showing evidence of an observer effect and concluded
that observed trips are not representative of unobserved trips in the groundfish fishery (see Section
6.5.10.4 and Appendix V). However, the magnitude of the missing removals that results from illegal
discards across the entire fishery was not quantified at the SSC review (the PDT does provide an estimate
of potential magnitude of missing removals for GOM cod on gillnet trips; see Section 6.5.10.4 and
Appendix V, “Predicting Gulf of Maine (GOM) cod catch on Northeast Multispecies (groundfish) sector
trips: implications for observer bias and fishery catch accounting”). The reviewers did suggest that further
investigation into quantifying the missing catch should be done. Using GOM cod as the focal stock, the
PDT undertook analyses to investigate the potential magnitude for missing legal-sized discards in 2018.

The PDT acknowledges that there is considerable uncertainty surrounding a potential estimate of the
magnitude of unreported legal-sized GOM cod discards. GOM cod was used as an example for two
reasons. First, this stock was highly constraining from 2015 to 2018 which produces economic incentives
for sector fishermen to discard legal-size fish (see Section 6.5.10.4 and Appendix V, “Modeling Discard
Incentives for Northeast Multispecies (Groundfish) Stocks”). In 2012 the GOM cod ABC was 6700 mt
and in 2013 was lowered to 1550 mt. The ABC became much more constraining after 2014 and was set at
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703mt in 2018. Second, the GOM cod stock size estimate when the quota was less constraining in 2012
and 2013 was similar to the 2018 estimate when the quota should have been constraining. The relative
change in stock size over this time period (2012-2018) can be seen in Table 1 below which shows the
estimates of spawning stock biomass (SSB) from the 2019 GOM cod stock assessment.

Table 1 - Spawning stock biomass (SSB) estimates for GOM cod from the M=0.2 and M-ramp model from
the 2019 operational groundfish stock assessment. The rho adjusted SSB estimates are also shown. The
relative change in the SSB from 2012 and 2013 to the terminal year are shown on the right. An average of the
estimated SSB changes is also given as an approximation for a stock size adjustment.
SSB SSB Relative Change
year ABC m=0.2 rhoadj mramp rho adj m=0.2 rhoadj mramp rho adj Average

2011 9,012 6,723 8,009

2012 6,700 3,524 4,221 1.06°  0.70 0.91 0.71 0.84
2013 1,550 1,874 2,361 2007 132 1.63 1.26 1.55
2014 1,550 1,263 1,809
2015 386 1,439 2,164
2016 500 2,258 3,023
2017 500 3,051 3,593

2018 703 3,752 2468 3,838 2976

The PDT calculated the ratio of observed GOM cod landings to effort (days absent) in 2013, which was a
fishing year where cod was less constraining to the total effort. This ratio was multiplied by the observed
fishing effort in 2018 (3 days absent) to estimate the potential magnitude of discarding of legal-size GOM
cod. This estimate only accounts for potential legal-size discards of GOM cod which should have been
landed. Therefore, sublegal discards are not part of this calculation and the PDT is referring to this as a
“potential landings estimate”.

Potential Landings Estimate =Y 2013 GOM cod landings/Y’ 2013 Days Absent (DA) * Total 2018 Days
Absent

The potential landings estimate was also done using 2012 data for the ratio in the equation above. The
magnitude of the missing landings through unreported discards of legal-size was summarized as a
multiplier relative to the 2018 fishing year GOM cod commercial landings of 480mt (Landings
estimate/2018 dealer landings of 480mt). The estimator was limited to GOM groundfish sector trawl trips.
The multiplier gives an indication of the magnitude of the potential for missing landings relative to the
total dealer landings that were recorded in 2018. This estimate does not include possible missing GOM
cod landings through stock area misreporting or through potential missing GOM cod from unreported
dealer landings. Any stock area misreporting or unreported dealer landings will also produce error for this
estimate of the missing GOM cod discards.

The estimated multipliers calculated from 2012 or 2013 landings per days absent (CPUE) and applied to
the total effort in 2018 (3 days absent) are shown in Table 2. The landings multipliers are relative to the
total landings in 2018 (480mt).

As a sensitivity check, the PDT explored the effects of removing a proportion of the 2012 and 2013 trawl
trips that had the greatest landings of GOM cod. Percentages signify the 2012 and 2013 trips used to
estimate the multipliers. For example, 75% indicate that 25% of the highest cod landings trips were
eliminated in estimation of the multiplier. The multiplier estimate is sensitive to the unknown targeting
and avoidance behavior in the overall fishery.
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Estimation of the multiplier by statistical area was also done since there was spatial shift in fishing effort
(inshore to offshore) over this time period when cod became more constraining. This did result in the
slight reduction in overall estimated multipliers. Most GOM trips (~90%) are made up of single statistical
area trips. For trips that reported effort in multiple statistical areas, the catch and effort was apportioned
equally between each area.

Table 2 - Estimated multipliers calculated for all trips and for trips by statistical area. Sensitivity of the
estimate to elimination of the top 25% and 50% of GOM cod trips is also shown.

Total By Stat Area
year 100% 75% 50% 100% 75% 50%
2012 3.84 2.99 2.15 3.03 2.42 1.82
2013 1.71 1.32 0.92 1.67 1.32 0.95

This estimate of an upper bound of the potential magnitude for missing legal sized discards of GOM cod
is an approximation of the potential magnitude since there are several assumptions inherent in this
approach. Due to these assumptions there is considerable unquantified uncertainty surrounding the
estimate. However, this estimate is perhaps a more realistic bound on the potential missing catch for
GOM cod relative to multipliers that are much higher since total fishing effort will limit the potential for
missing discards. To estimate this bound the PDT first assume the stock size for years where the estimate
of landings per unit of effort (e.g. 2012 and 2013) is similar to 2018 where the PDT applied that landings
per unit effort estimator. The sensitivity to this assumption is discussed in the next paragraph. The second
assumption is that the targeting behavior of the fishery was identical in 2012/2013 and 2018. The ability
of the fishery to preferentially target certain stocks is a difficult factor to account for in estimating the
bound of missing catch since the fleet’s true ability to avoid constraining stocks on groundfish trips is not
known, nor is it known what the true fishery avoidance behavior is for constraining stocks when a trip is
unobserved because of the potential targeting of non-constraining stocks in areas of high catch per unit
effort (CPUE) that may also overlap areas where cod are caught. To help bound this issue we used all of
the trips (no targeting behavior change) in the estimator and also eliminated some of the highest cod
landing trips (approximate a change in targeting behavior) from the estimate. Not surprisingly, the
estimate of potential missing cod is sensitive to the elimination of the trips that caught the highest amount
of cod.

For example, if we eliminate the top 50% of the total GOM cod landings trips from the estimator
(landings per unit effort) in 2013 then the predicted landings were below the actual reported landings.
This estimate is not realistic since one would not expect actual landings to be below the reported landings.
Using all trips in the estimator may also not be realistic but this may give a sense of a bound for the
missing catch given all of the other assumptions.

For further refinement the multipliers on missing GOM cod landings were adjusted by the relative
average SSB change from the stock assessment (2012 SSB estimate/2018 SSB estimate = 0.84 and 2013
SSB estimate/2018 SSB estimate = 1.55). Adjusting for the change in SSB estimated by the assessment
would bring the 2012 and 2013 estimates slightly closer together between years which can be seen in
Table 3.
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Table 3 - Estimated multipliers calculated for all trips and for trips by statistical area which were also
adjusted for the relative average SSB change from the stock assessment (2012 = 0.84 and 2013 = 1.55).

Total By Stat Area
year 100% 75% 50% 100% 75% 50% Max min average median
2012 3.24 2.53 1.82 2.56 2.04 1.54 3.24 1.54 2.31 2.29
2013 2.65 2.05 2.59 2.05

In conclusion, both the average and median rough multiplier on an upper bound of potential missing
GOM cod are about 2.3 which would equate to roughly 1,100mt (with a rough uncertainty range of 1.5 to
2.5, or about 700 to 1,200mt) given the many assumptions of this analysis, the assumed changes in stock
size over this period and with some consideration for GOM cod avoidance behavior in the fishery.

7.1.1.1.1 Sector Monitoring Standard Option 1: No Action

Impacts on regulated groundfish

Option 1/No Action would maintain the current CV method for determining the annual total monitoring
coverage. The average realized coverage rate for years FY2010-FY2017 was 22%. Specifically, target
and realized coverage levels from FY2010-FY2017 have ranged from 14-38%, and 14-32%, respectively,
resulting in an average target and realized coverage level of 25% and 22%, respectively. As documented
above in Section 7.1.1, there are a number of uncertainties within the current monitoring program related
to low levels of monitoring coverage. In particular, PDT analysis (see Section 6.5.10.4 and Appendix V)
has shown that observed trips are not representative of unobserved trips. Under the low levels of
monitoring that have been realized under Option 1/No Action, the majority of groundfish trips would
have estimates of discards that are not accurate. Therefore, Option 1/No Action is likely to continue to
have negative biological impacts on regulated groundfish.

Additionally, compliance scores, which follow a qualitative analytical approach based on assessing the
risk of noncompliance of alternatives (Section 7.4.2.6 in Economic Impacts Analysis), provide some idea
of the risk of non-compliance with different fixed rates of at-sea monitoring coverage as a percentage of
trips. As described in Section 7.4.2.6, the risk of non-compliance depends on the coverage rate selected,
and because the compliance score depends on both the opportunity to be noncompliant and the economic
incentive to be noncompliant, as discussed in PDT analyses (see Section 6.5.10.4 and Appendix V,
“Modeling Discard Incentives for Northeast Multispecies (Groundfish) Stocks™), there is less compliance
risk for violations at sea when the at-sea monitoring coverage rate is higher. The coverage levels under
Option 1/No Action (average target and realized coverage level of 25% and 22%, respectively) have a
score of ‘low’ compliance since there is high risk of non-compliance. This is due to the opportunity on the
majority of trips for misreporting or illegal discarding of certain stocks that are constraining, which could
mean the majority of groundfish trips would not have accurate estimates.

Compared to the four options for fixed coverage of trips under Option 2, Option 1/No Action would have
similar/neutral biological impacts to 25% monitoring coverage, since the average realized coverage rate
for years FY2010-FY2017 was 22%. Option 1/No Action would have negative biological impacts
compared to the options for 50%, 75%, and 100% coverage of trips. Compared to the four options for
fixed coverage of catch under Option 3, Option 1/No Action would have negative biological impacts
compared to the options for 25%, 50%, 75%, and 100% coverage of catch, as a simulation analysis shows
that overall coverage of trips will have to be set higher in order to achieve the target catch percentage for
each allocated groundfish stock (see Section 7.1.1.1.3 for more details).
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Impacts on other species

Under Option 1/No Action, the average realized coverage rate for years FY2010-FY2017 was 22%.
Under the low levels of monitoring that have been realized under Option 1/No Action, there is less
assurance that sector vessels do not exceed their ACE. As such, there is less opportunity for fishing effort
to be reduced. Therefore, Option 1/No Action is likely to have negative biological impacts on other
species.

Compared to the four options for fixed coverage of trips under Option 2, Option 1/No Action would have
similar/neutral biological impacts to 25% monitoring coverage, since the average realized coverage rate
for years FY2010-FY2017 was 22%. Option 1/No Action would have negative biological impacts
compared to the options for 50%, 75%, and 100% coverage of trips. Compared to the four options for
fixed coverage of catch under Option 3, Option 1/No Action would have negative biological impacts
compared to the options for 50%, 75%, and 100% coverage of catch, as a simulation analysis shows that
overall coverage of trips will have to be set higher in order to achieve the target catch percentage for each
allocated groundfish stock (see Section 7.1.1.1.3 for more details).

7.1.1.1.2 Sector Monitoring Standard Option 2: Fixed Total At-Sea Monitoring
Coverage Level Based on Percentage of Trips

Impacts on regulated groundfish

As described above in Section 7.1, improvements in monitoring through higher levels of monitoring
coverage have positive biological impacts on groundfish species, both in the short- and long-term. In the
short-term, improvements in monitoring which reduce fishing mortality through better catch accounting
should produce positive biological impacts. In the longer-term analytical assessments should improve
with better catch data which should lead to subsequent improvements in groundfish catch advice and
management. The four options for a fixed total monitoring coverage level based on a percentage of trips
(25, 50, 75, and 100%) are analyzed and qualitatively ranked relative to each other. When possible,
additional analyses are referred to that provide further comparative ranking of the four options for
monitoring coverage. Compared to No Action, this option is expected to have neutral to positive
biological impacts for regulated groundfish species.

Impacts on other species

Improvements in monitoring through higher levels of monitoring coverage have positive biological
impacts on other species, in particular species that are caught incidentally as bycatch in the commercial
groundfish fishery. Improved monitoring through higher monitoring coverage levels ensures that sector
vessels do not exceed their ACE. As such, fishing effort may be reduced with higher levels of monitoring
coverage which produces positive biological impacts for other species. The four options for a fixed total
monitoring coverage level based on a percentage of trips (25, 50, 75, and 100%) are analyzed and
gualitatively ranked relative to each other. Compared to No Action, this option is expected to have neutral
to positive biological impacts for other species.
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7.1.11.2.1 Sub-option 2A — 25 percent

Impacts on regulated groundfish

The 25% monitoring coverage option would not improve monitoring relative to the No Action since the
average realized coverage rate for years FY2010-FY2017 was 22%. Specifically, target and realized
coverage levels from FY2010-FY2017 have ranged from 14-38%, and 14-32%, respectively, resulting in
an average target and realized coverage level of 25% and 22%, respectively. Therefore a 25% fixed
percentage coverage rate is expected to have neutral biological impacts relative to the No Action, and
would continue to have negative impacts on regulated groundfish. Further, 75% of the groundfish trips
would not have accurate estimates of discards since PDT analysis (see Section 6.6.10.3 and Appendix V)
has shown that observed trips are not representative of unobserved trips.

Additionally, compliance scores, which follow a qualitative analytical approach based on assessing the
risk of noncompliance of alternatives (Section 7.4.2.6 in Economic Impacts Analysis), provide some idea
of the risk of non-compliance with different fixed rates of at-sea monitoring coverage as a percentage of
trips. As described in Section 7.4.2.6, the risk of non-compliance depends on the coverage rate selected,
and because the compliance score depends on both the opportunity to be noncompliant and the economic
incentive to be noncompliant, as discussed in PDT analyses (see Section 6.5.10.4 and Appendix V,
“Modeling Discard Incentives for Northeast Multispecies (Groundfish) Stocks™), there is less compliance
risk for violations at sea when the at-sea monitoring coverage rate is higher. The 25% coverage option has
a score of ‘low’” compliance since there is high risk of non-compliance. This is due to the opportunity on
the majority of trips for misreporting or illegal discarding of certain stocks that are constraining, which
could mean the majority of groundfish trips would not have accurate estimates.

Impacts on other species

The 25% monitoring coverage option would not improve monitoring relative to the No Action since the
average realized coverage rate for years FY2010-FY2017 was 22%. Therefore, this option is expected to
have neutral biological impacts for other species compared to the No Action. Since observer bias is still
expected to be an issue under the 25% option, there are unknown impacts on discard estimation for other
species since observed trips are not representative.

7.1.1.1.2.2 Sub-option 2B - 50 percent

Impacts on regulated groundfish

The 50% monitoring coverage option would establish slightly higher coverage rates relative to the No
Action (average coverage rate for years FY2010-FY2017 of 22%). This option is expected to have low
positive biological impacts relative to the No Action alternative. This option would provide accurate
estimates of groundfish landings and discards for half of all the groundfish trips. However, half of the
groundfish trips would not have accurate estimates of discards since PDT analysis (see Section 6.5.10.4
and Appendix V) has shown that observed trips are not representative of unobserved trips.

However, compliance scores (Section 7.4.2.6 in Economic Analysis) demonstrate that the risk for
noncompliance at 50% monitoring coverage might be more similar to the risk of noncompliance at 25%
coverage, and less similar to 75% coverage. This is due to economic incentives to misreport catch or
discard illegally on the unobserved portion of trips, and since an observer is on board 50% of the trips
there is less opportunity to discard illegally than at a lower coverage levels, while there is simultaneously
a potential for the incentive to misreport catch or landings to increase substantially if it means catch of
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certain stocks is more constraining some proportion of the time. Therefore, if an observer is not onboard,
the incentive to illegally discard, may be higher and just as, if not more catch may be discarded at 50%
coverage as at the 25% coverage rate, when the incentive effect isn’t as strong (see Section 7.4.2.6). 50%
coverage level is scored as “‘low’ compliance since there is a high risk of non-compliance. This strong
incentive to misreport on the unobserved trips at 50% coverage could lead to increased illegal discards on
the unobserved trips.

Impacts on other species

The 50% monitoring coverage option would have slightly higher coverage rates relative to the No Action
(average coverage rate for years FY2010-FY2017 of 22%). This option is expected to have low positive
biological impacts for other species relative to the No Action alternative. Since observer bias is still
expected to be an issue under the 50% option, there are unknown impacts on discard estimation for other
species since observed trips are not representative.

7.1.1.1.2.3 Sub-option 2C - 75 percent

Impacts on regulated groundfish

The 75% monitoring coverage option would have higher coverage rates relative to the No Action
(average coverage rate for years FY2010-FY2017 of 22%). This option is expected to have positive
biological impacts relative to the No Action alternative. Since 75% of all groundfish trips will have
accurate estimates of discards this option has positive biological impacts relative to the 50% monitoring
coverage option. With the 75% fixed coverage rate, 25% of the groundfish trips will likely have
inaccurate estimates of discards due to the observed trips not being an accurate representation of
unobserved trips (see Section 6.5.10.4 and Appendix V).

Referring to compliance scores (Section 7.4.2.6 in Economic Impacts Analysis), at 75% coverage, a
potentially strong incentive effect to misreport or behave differently is counteracted by a lower
opportunity. As described in Section 7.4.2.6, under such coverage levels misreporting or illegal discarding
behavior can now occur only on a minority of trips, which limits the amount of potential illegal activity
somewhat, but not entirely. While some alteration of pre-catch behavior depending on whether an
observer is onboard or not is possible, it becomes much more difficult to maintain profitable business
operations if it is dependent on illegal activity on a minority of trips. Therefore, risk of non-compliance is
likely lower at 75% coverage compared to 50% or 25% coverage. The 75% coverage level option is
scored as ‘medium’ since there is some risk of non-compliance. It should be noted that this is likely
conservative, as there is expected to be a strong incentive to misreport on the unobserved portion of trips
under 75% coverage, which could lead to inaccurate catch estimates from the 25% of groundfish trips that
are unobserved.

Impacts on other species

The 75% monitoring coverage option would have higher coverage rates relative to the No Action
(average coverage rate for years FY2010-FY2017 of 22%). This option is expected to have positive
biological impacts for other species relative to the No Action alternative since the majority of trips will
have accurate estimates of discards.
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711124 Sub-option 2D — 100 percent

Impacts on regulated groundfish

The 100% monitoring coverage option will provide an accurate estimate of groundfish discards on
groundfish trips since an estimate for unobserved trips is not needed (with the exception of instances such
as unobserved hauls or waivers issued). This will provide accurate estimates of discards on groundfish
trips which will result in positive biological impacts since discard mortality will be fully accounted for in
the groundfish fishery. Section 7.1 lists potential biological impacts from 100% monitoring of all sector
trips on regulated groundfish, both in the short- and long-term. Compared to the No Action, the option for
100% monitoring coverage would have positive biological impacts. Similarly, 100% monitoring coverage
would have positive biological impacts when compared to 25% and 50% coverage and would have low
positive impacts compared to 75% coverage.

Impacts on other species

The 100% monitoring coverage option will provide comprehensive in-season monitoring on groundfish
trips which ensures that sector vessels do not exceed their ACE. As such, fishing effort may be reduced
with higher levels of monitoring coverage. Compared to the No Action, the option for 100% monitoring
coverage would have positive biological impacts for other species. Similarly, 100% monitoring coverage
would have positive biological impacts when compared to 25% and 50% coverage and would have low
positive impacts compared to 75% coverage.

7.1.1.1.3 Sector Monitoring Standard Option 3: Fixed Total At-Sea Monitoring
Coverage Level Based on Percentage of Catch

Impacts on regulated groundfish

As described above in Section 7.1, improvements in monitoring through higher levels of monitoring
coverage have positive biological impacts on groundfish species, both in the short- and long-term. In the
short-term, improvements in monitoring which reduces fishing mortality through better catch accounting
should produce positive biological impacts. In the longer-term analytical assessments should improve
with better catch data which should lead to subsequent improvements in groundfish catch advice and
management. The four options for a fixed total monitoring coverage level based on a percentage of catch
(25, 50, 75, and 100%) for each allocated groundfish stock are analyzed and qualitatively ranked relative
to each other. Compared to No Action, this option is expected to have low positive to positive biological
impacts for regulated groundfish species. Compared to Option 2, this option is expected to have low
positive to positive biological impacts to regulated groundfish species, because achieving a target percent
coverage of catch of each allocated groundfish stock will require a higher overall monitoring coverage
level, due to the variation among stocks (see Section 7.4.3.1.3 in the Economic Impacts Analysis).

Impacts on other species

Improvements in monitoring through higher levels of monitoring coverage have positive biological
impacts on other species. Improved monitoring through higher monitoring coverage levels ensures that
sector vessels do not exceed their ACE. As such, fishing effort may be reduced with higher levels of
monitoring coverage which produces positive biological impacts for other species. The four options for a
fixed total monitoring coverage level based on a percentage of catch (25, 50, 75, and 100%) for each
allocated groundfish stock are analyzed and qualitatively ranked relative to each other. Compared to No
Action, this option is expected to have low positive to positive biological impacts for other species.
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7.1.1.1.3.1 Sub-option 3A — 25 percent

Impacts on regulated groundfish

25% monitoring coverage as a percentage of catch for each allocated groundfish stock would likely result
in some improvement to monitoring relative to Option 1/No Action. As demonstrated in a simulation
exercise described in Section 7.4.3.1.3 in the Economic Impacts Analysis in order to investigate what
overall coverage levels would be necessary to achieve a given coverage rate of total catch for any given
allocated stock, a higher overall coverage level is needed in order to reliably achieve the target percent
coverage of total catch for each allocated groundfish stock. The simulations show that 50% randomized
observer coverage across all FY2018 sector trips would result in a 90% probability that at least 25% of
the total catch of every allocated stock (and halibut) was observed (Figure 42, Table 66 in Section
7.4.3.1.3 in the Economic Impacts Analysis). 25% monitoring coverage as a percentage of catch for each
allocated groundfish stock would, therefore, result in improvements to monitoring when compared to
Option 1/No Action, since the average realized coverage rate for years FY2010-FY2017 was 22%.
Specifically, target and realized coverage levels from FY2010-FY2017 have ranged from 14-38%, and
14-32%, respectively, resulting in an average target and realized coverage level of 25% and 22%,
respectively. Therefore a 25% percentage coverage rate of total catch of each allocated groundfish stock
is expected to have low positive biological impacts for regulated groundfish relative to the No Action.
However, there are still concerns that the unobserved portion of groundfish trips would not have accurate
estimates of discards since PDT analysis (see Section 6.5.10.4 in the Affected Environment and Appendix
V) has shown that observed trips are not representative of unobserved trips.

Impacts on other species

25% monitoring coverage as a percentage of catch for each allocated groundfish stock would likely result
in some improvement to monitoring relative to Option 1/No Action. As demonstrated in a simulation
exercise described in Section 7.4.3.1.3 in the Economic Impacts Analysis in order to investigate what
overall coverage levels would be necessary to achieve a given coverage rate of total catch for any given
allocated stock, a higher overall coverage level is needed in order to reliably achieve the target percent
coverage of total catch for each allocated groundfish stock. The simulations show that 50% randomized
observer coverage across all FY2018 sector trips would result in a 90% probability that at least 25% of
the total catch of every allocated stock (and halibut) was observed (Figure 42, Table 66 in Section
7.4.3.1.3in the Economic Impacts Analysis). 25% monitoring coverage as a percentage of catch for each
allocated groundfish stock would, therefore, result in improvements to monitoring when compared to
Option 1/No Action, since the average realized coverage rate for years FY2010-FY2017 was 22%.
Specifically, target and realized coverage levels from FY2010-FY2017 have ranged from 14-38%, and
14-32%, respectively, resulting in an average target and realized coverage level of 25% and 22%,
respectively. Therefore a 25% percentage coverage rate of total catch of each allocated groundfish stock
is expected to have low positive biological impacts for other species relative to the No Action. However,
there are still concerns that the unobserved portion of groundfish trips would not have accurate estimates
of discards since PDT analysis (see Section 6.5.10.4 in the Affected Environment and Appendix V) has
shown that observed trips are not representative of unobserved trips.

7.1.1.1.3.2 Sub-option 3B — 50 percent

Impacts on regulated groundfish
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50% monitoring coverage as a percentage of catch for each allocated groundfish stock would result in
higher monitoring coverage relative to Option 1/No Action. As demonstrated in a simulation exercise
described in Section 7.4.3.1.3 in the Economic Impacts Analysis in order to investigate what overall
coverage levels would be necessary to achieve a given coverage rate of total catch for any given allocated
stock, a higher overall coverage level is needed in order to reliably achieve the target percent coverage of
total catch for each allocated groundfish stock. The simulations show that increasing coverage rates to
70% of trips would confer roughly a 90% chance that 50% of total catch was observed for each allocated
groundfish stock, with many stocks having a 100% chance of meeting that catch target if effort and stock
availability remained identical to 2018. (Figure 43, Table 66 in Section 7.4.3.1.3 in the Economic
Impacts Analysis). 50% monitoring coverage as a percentage of catch for each allocated groundfish stock
would, therefore, result in improvements to monitoring when compared to the No Action (average
coverage rate for years FY2010-FY2017 of 22%). Therefore a 50% percentage coverage rate of total
catch of each allocated groundfish stock is expected to have positive? biological impacts relative to the
No Action. However, there are still concerns that the unobserved portion of groundfish trips would not
have accurate estimates of discards since PDT analysis (see Section 6.5.10.4 in the Affected Environment
and Appendix V) has shown that observed trips are not representative of unobserved trips.

Impacts on other species

50% monitoring coverage as a percentage of catch for each allocated groundfish stock would result in
higher monitoring coverage relative to the No Action. As demonstrated in a simulation exercise described
in Section 7.4.3.1.3 in the Economic Impacts Analysis in order to investigate what overall coverage
levels would be necessary to achieve a given coverage rate of total catch for any given allocated stock, a
higher overall coverage level is needed in order to reliably achieve the target percent coverage of total
catch for each allocated groundfish stock. The simulations show that increasing coverage rates to 70% of
trips would confer roughly a 90% chance that 50% of total catch was observed for each allocated
groundfish stock, with many stocks having a 100% chance of meeting that catch target if effort and stock
availability remained identical to 2018. (Figure 43, Table 66 in Section 7.4.3.1.3 in the Economic
Impacts Analysis). 50% monitoring coverage as a percentage of catch for each allocated groundfish stock
would, therefore, result in improvements to monitoring when compared to the No Action (average
coverage rate for years FY2010-FY2017 of 22%). Therefore a 50% percentage coverage rate of total
catch of each allocated groundfish stock is expected to have positive biological impacts for other species
relative to the No Action.

7.1.1.1.3.3 Sub-option 3C - 75 percent

Impacts on regulated groundfish

75% monitoring coverage as a percentage of catch for each allocated groundfish stock would result in
higher monitoring coverage relative to the No Action. As demonstrated in a simulation exercise described
in Section 7.4.3.1.3 in the Economic Impacts Analysis in order to investigate what overall coverage levels
would be necessary to achieve a given coverage rate of total catch for any given allocated stock, a higher
overall coverage level is needed in order to reliably achieve the target percent coverage of total catch for
each allocated groundfish stock. The simulations show that increasing coverage rates to 90% of trips
would confer roughly a 90% chance that 75% of total catch was observed for each stock (Figure 44, Table
66 in Section 7.4.3.1.3 in the Economic Impacts Analysis)). 75% monitoring coverage as a percentage of
catch for each allocated groundfish stock would, therefore, result in improvements to monitoring when
compared to the No Action (average coverage rate for years FY2010-FY2017 of 22%). Therefore a 75%
percentage coverage rate of total catch of each allocated groundfish stock is expected to have positive
biological impacts relative to the No Action. However, there are still concerns that the unobserved portion
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of groundfish trips would not have accurate estimates of discards since PDT analysis (see Section 6.5.10.4
in the Affected Environment and Appendix V) has shown that observed trips are not representative of
unobserved trips.

Impacts on other species

75% monitoring coverage as a percentage of catch for each allocated groundfish stock would result in
higher monitoring coverage relative to the No Action. As demonstrated in a simulation exercise described
in Section 7.4.3.1.3 in the Economic Impacts Analysis in order to investigate what overall coverage levels
would be necessary to achieve a given coverage rate of total catch for any given allocated stock, a higher
overall coverage level is needed in order to reliably achieve the target percent coverage of total catch for
each allocated groundfish stock. The simulations show that increasing coverage rates to 90% of trips
would confer roughly a 90% chance that 75% of total catch was observed for each stock (Figure 44, Table
66 Section 7.4.3.1.3 in the Economic Impacts Analysis). 75% monitoring coverage as a percentage of
catch for each allocated groundfish stock would, therefore, result in improvements to monitoring when
compared to the No Action (average coverage rate for years FY2010-FY2017 of 22%). Therefore a 75%
percentage coverage rate of total catch of each allocated groundfish stock is expected to have positive
biological impacts for other species relative to the No Action.

7.1.1.1.34 Sub-option 3D - 100 percent

Impacts on regulated groundfish

100% monitoring coverage as a percentage of catch for each allocated groundfish stock will provide an
accurate estimate of groundfish discards on groundfish trips since an estimate for unobserved trips is not
needed. This will provide accurate estimates of discards on groundfish trips which will result in positive
biological impacts since discard mortality will be fully accounted for in the groundfish fishery. Section
7.1 lists potential biological impacts from 100% monitoring of all sector trips on regulated groundfish,
both in the short- and long-term. Compared to the No Action, the option for 100% monitoring coverage
would have positive biological impacts. Similarly, 100% monitoring coverage would have positive
biological impacts when compared to 25% and 50% coverage and would have low positive impacts
compared to 75% coverage.

Impacts on other species

100% monitoring coverage as a percentage of catch for each allocated groundfish stock will provide
comprehensive in-season on groundfish trips which ensures that sector vessels do not exceed their ACE.
As such, fishing effort may be reduced with higher levels of monitoring coverage. Compared to the No
Action, the option for 100% monitoring coverage would have positive biological impacts for other
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species. Similarly, 100% monitoring coverage would have positive biological impacts when compared to
25% and 50% coverage and would have low positive impacts compared to 75% coverage.

7.1.1.2 Sector Monitoring Tools (Options for meeting monitoring
standards)

7.1.1.2.1 Sector Monitoring Tools Option 1: Electronic Monitoring in place of Human
At-Sea Monitors

Impacts on regulated groundfish

This option would not produce a change to the biological impacts on regulated groundfish relative to the
No Action assuming the data collected from electronic monitoring is equivalent to a human at-sea-
monitor. However, there are some instances where monitoring data collected by a human observer and a
camera system may not be equivalent. For example, it is difficult to differentiate between some species,
such as red and white hake, using electronic monitoring systems. In these instances, there is a potential
negative biological impact for some stocks relative to an equivalent 100% coverage rates using human at-
sea monitors. On the other hand, electronic monitoring systems can monitor every tow, which a human
observer may not be able to achieve, especially on a multi-day trip. Further, electronic monitoring
systems cannot be coerced into falsifying data, which may be a concern with human observers. In these
respects, electronic monitoring data can provide information that is superior to a human observer.

Impacts on other species

This option would not produce a change to the biological impacts on other species relative to the No
Action assuming the data collected from electronic monitoring is equivalent to a human at-sea-monitor.
This assumption is likely not met for some stocks that are difficult to identify from the video such as red
hake. There is a potential negative biological impact for some stocks relative to an equivalent 100%
coverage rates using human at-sea monitors.

7.1.1.2.2 Sector Monitoring Tools Option 2: Audit Model Electronic Monitoring Option
Impacts on regulated groundfish

Positive biological impacts on regulated groundfish will occur under a fully developed audit model
electronic monitoring option. If the audit model is correctly developed then this option should produce
biological impacts that are similar to the impacts under 100% fixed rate for human at-sea coverage since
discard estimates under this program should be unbiased and accurate. This option would have positive
biological impacts on regulated groundfish species compared to the options for lower fixed rates (25-
75%) for human at-sea coverage under Option 2. For some difficult to identify stocks from the video
review like white hake there may be some negative biological impacts relative to an equivalent 100%
coverage rates using human at-sea monitors. However, these identification issues can likely be alleviated
through targeted subsampling, and thus this alternative would still offer an improvement over the No
Action.

Impacts on other species
Positive biological impacts on other species will occur under a fully well-developed audit model

electronic monitoring option. If the audit model is correctly developed then this option should produce
biological impacts that are similar to the impacts under 100% fixed rate for human at-sea coverage since
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this would provide comprehensive coverage of groundfish trips. Comprehensive monitoring coverage
ensures that sector vessels do not exceed their ACE, and as such, fishing effort may be reduced with
higher levels of monitoring coverage. This option would have positive biological impacts on other species
compared to the options for lower fixed rates (25-75%) for human at-sea coverage under Option 2. For
some difficult to identify stocks from the video review like red hake there may be some negative
biological impacts relative to an equivalent 100% coverage rates using human at-sea monitors.

7.1.1.2.3 Sector Monitoring Tools Option 3: Maximized Retention Electronic
Monitoring Option
Impacts on regulated groundfish

Positive biological impacts will occur under a well-developed maximized retention model electronic
monitoring option. If the maximized retention model electronic option is correctly developed then this
option should produce biological impacts that are similar to the biological impacts of 100% fixed rate for
human at-sea coverage assuming the maximum retention model does not result in a shift in fishery
selectivity to younger smaller fish. This option would have positive biological impacts on regulated
groundfish species compared to the options for lower fixed rates (25-75%) for human at-sea coverage
under Option 3. A shift in fishery to targeting to smaller younger fish will likely result in negative
biological impacts since the contemporary catch limits are set assuming that the recent selectively will not
change. A shift in selectively to smaller younger fish while holding all other factors constant will result in
a decrease in the estimated overfishing mortality rate (Faomsyproxy)) (Se€ FW48 for further analysis and
discussion ). This alternative is expected to have similar biological impacts to Option 2: EM audit model.

Impacts on other species

Positive biological impacts on other species will occur under a fully well-developed maximized retention
model electronic monitoring option. If the maximized retention model is correctly developed then this
option should produce biological impacts that are similar to the impacts under 100% fixed rate for human
at-sea coverage since this would provide comprehensive coverage of groundfish trips. Comprehensive
monitoring coverage ensures that sector vessels do not exceed their ACE, and as such, fishing effort may
be reduced with higher levels of monitoring coverage. This option would have positive biological impacts
on other species compared to the options for lower fixed rates (25-75%) for human at-sea coverage under
Option 3. This assumes the maximum retention model does not result in a shift in fishery selectivity to
younger smaller fish. A shift in fishery to targeting to smaller younger fish will likely result in negative
biological impacts since the contemporary catch limits are set assuming that the recent selectively will not
change. A shift in selectivity to smaller younger fish while holding all other factors constant will result in
a decrease in the estimated overfishing mortality rate (Fsomsyproxy)) (Se€ FW48 for further analysis and
discussion). This alternative is expected to have similar biological impacts to Option 2: EM audit model.

7.1.1.3 Total Monitoring Coverage Level Timing

7.1.1.3.1 Coverage Level Timing Option 1: No Action

Impacts on regulated groundfish

Option 1/No Action would not be expected to have direct or indirect impacts on regulated groundfish
species. This measure is administrative because it only affects the timing of information availability for
business planning.
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Impacts on other species

Option 1/No Action would not be expected to have direct or indirect impacts on non-groundfish species
such as monkfish, dogfish, skates, and Atlantic sea scallops. This measure is administrative because it
only affects the timing of information availability for business planning.

7.1.1.3.2 Coverage Level Timing Option 2: Knowing Total Monitoring Coverage Level at
a Time Certain

Impacts on regulated groundfish

Option 2 would not be expected to have direct or indirect impacts on regulated groundfish species. This
measure is administrative because it only affects the timing of information availability for business
planning.

Impacts on other species

Option 2 would not be expected to have direct or indirect impacts on non-groundfish species

such as monkfish, dogfish, skates, and Atlantic sea scallops. This measure is administrative because it
only affects the timing of information availability for business planning.

7.1.1.4 Review process for Sector Monitoring Coverage

7.1.1.4.1 Coverage Review Process Option 1: No Action

Impacts on regulated groundfish
Option 1/No Action would not be expected to have direct or indirect impacts on regulated groundfish
species. This measure is primarily administrative.

Impacts on other species
Option 1/No Action would not be expected to have direct or indirect impacts on non-groundfish species
such as monkfish, dogfish, skates, and Atlantic sea scallops. This measure is primarily administrative.

7.1.1.4.2 Coverage Review Process Option 2: Establish a Review Process for Monitoring
Coverage Rates

Impacts on regulated groundfish

Option 2 would not be expected to have direct impacts on regulated groundfish species. While this
measure is primarily administrative, by establishing a review process there could be indirect positive
impacts on regulated groundfish from an evaluation of the efficacy of monitoring coverage rates to
determine, for example, whether there is evidence of bias, and whether the monitoring standards are being
met. Therefore, compared to No Action there could be indirect low positive impacts on regulated
groundfish.

Impacts on other species

Option 2 would not be expected to have direct impacts on non-groundfish species such as 