


Preamble

This report is a peer review of the scientific basis for the Northeast Region Standardized Bycatch
Reporting Methodology (SBRM) (NMFS 2007). NOAA and the New England Fishery
Management Council released a document outlining a SBRM in June 2006 that was revised in
response to earlier public comment. NOAA has requested comment on it by September 24™. So
far there appears to have been no independent scientific review of the SBRM. The chief goal of
my report is to provide a review of the scientific basis in the SBRM report. The terms of
reference for my review are provided below.

Terms of reference:

» Conduct a review of the National Marine Fisheries Service’s proposed Standardized
Bycatch Reporting Methodology to determine whether the methods will result in
observer coverage levels that can be extrapolated to provide statistically significant catch
and bycatch information to fisheries managers. The review should address the following
points and consider the questions below:

o Isthe observer and other data used to calculate the recommended observer
coverage levels for each fishery robust enough to be the foundation of this
program?

o Isthe SBRM'’s treatment of the accuracy issue valid or are there ways to improve
the analysis now or with additional data over time?

0 Isthe filtering process scientifically sound?

» An independent scientific paper that either confirms the analysis and recommended levels
of observer coverage contained in the SBRM or points out where it falls short and how it
would need to be improved in order result in scientifically sound recommendations for
observer coverage levels. This review should include a discussion of specific high profile
fisheries, including:

o0 NE Groundfish- discard mortality of groundfish in the fishery;
o NE/Mid-Atlantic Scallops- sea turtle and yellowtail flounder discards;
o NE Mid-water Trawl- bycatch of fish and protected species;
o Mid-Atlantic Trawl — bycatch of sea turtles in trawl nets
Some additional questions for the Reviewer to consider:

1) Will the Standardized Bycatch Reporting Methodology program described and analyzed in
the EA provide estimates of bycatch with the expected precision (CV=30%)?

2) Will the SBRM provide discard and mortality information which can be used to monitor,
enforce and regulate a fishery that is governed by Annual Catch Limits/Hard TAC’s that are
required under the recently reauthorized MSA?



3) Does this reporting methodology account for rare bycatch events such as protected species?

4) Will the proposed methodology be sufficient to account for the change in fishing behavior
caused by a fisheries observer (the observer effect)?

5) Is the apparent reliance on vessel trip reports, which are notoriously inaccurate, scientifically
valid?



Executive Summary

The goal of the Standardized Bycatch Reporting Methodology (NMFS 2007) is to design a
methodology that can be applied to all commercial and protected species in the Northeast region
to estimate bycatch. My general conclusion is that | have serious reservations about the apparent
low degree of scientific rigor in the determination of the SBRM.

First, the SBRM report describes the fisheries sampling programs currently in place that provide
data on bycatch obtained by the large number of different fishing fleets in the Northeast Region.
It evaluates the potential merits, limitations, and evidence for potential bias in the bycatch data
obtained in the observer program. The observer data is identified as the most reliable dataset
with which to estimate bycatch and the authors use this data as the foundation for the
Methodology. The SBRM report concludes that this is appropriate because the available
evidence strongly supports the hypothesis that any bias in the observer data is negligible.
However, many of the key conclusions reached are inconsistent with the reported results.
Considerable evidence of differences between observer data and FVTR data, FVTR data and
dealer records, the spatial distribution of observed and unobserved trips suggest potential for bias
in the FVTR and observer datasets. Yet the majority of the results suggesting potential bias are
overlooked or explained away as unimportant. Despite the large amount of evidence suggesting
systematic differences in records between observed and unobserved trips and between FVTR
data and dealer data, the SBRM report concludes that if there is bias, it is negligible and that
these data can be used as if they are unbiased.

Secondly, the SBRM describes six alternative statistical methods to estimate bycatch for each
protected species and commercial species and species group from the observer records of
bycatch. Some of these methods also use the FVTR estimates of total kept biomass for a given
fishing gear type and region to expand the observer estimates to a similar scale. The SBRM
report analyses the assumptions in each of the statistical methods and compares the estimates of
bycatch provided by each of the methods against each other. The report concludes that the best
bycatch estimation method is the combined ratio method, which uses the ratio of bycatch to kept
biomass per trip from the observer database and multiplies it by the FVTR estimate of total
discards kept to obtain the total bycatch per fishing gear type (fishing mode) and species.
However, the key assumptions of the preferred statistical method do not hold in the vast majority
of datasets shown in the report. This leaves open the possibility for there to be serious bias in the
estimates provided. Additionally, the results showed that one of the statistical methods not
chosen for application, the simple expansion method, provided bycatch estimates more precise
than those given the preferred method. This simpler method could be expected to be more robust
to the common lack of a linear relationship between discard and kept biomass observations and
high frequency of zero discard observations. My conclusion is thus that the SBRM makes an
inferior choice for the statistical method. This may seriously compromise the reliability of
observer coverage recommendations and the reliability of discard estimates that will be provided
from the currently proposed SBRM.

The methodology used to prescribe the necessary observer coverage for a given fishing gear type
in a given region is largely "math-driven™. Based on the target level of precision of 30%, the
formulae for precision in the bycatch estimate and the existing data on discards and kept
biomass, the number of observed trips can be calculated directly. This is done for each species



for which there is sufficient data. Where no such data exist, either a prescription for observer
coverage is computed using an ad hoc rule to create a pilot survey with a fixed small percentage
of the coverage already present for a given gear and region. The recommended amount of
observer coverage for a given fishing fleet in a given region is set at the largest amount of
coverage necessary to give a CV of no more than 30% in the bycatch estimate for each species.
Some filters are applied to prevent highly impossible and highly unlikely gear-species
combinations (e.g., baleen whales in crab pots) from dominating the determination of observer
coverage for each given gear type. Other filters are applied to prevent species that have very low
bycatch in a given gear type or contribute a very tiny amount to known fishing mortality from
dominating the determination of observer coverage.

It is common to simulate datasets with the observed properties in the data obtained and apply a
newly proposed estimation method to these simulated data to see whether it gives acceptably
precise and accurate results. This was not done in this report. In my view statistical estimation
methods such as the ones proposed in the SBRM should be simulation evaluated with simulated
test data and found to have acceptably low bias (the average value for the estimates obtained is
acceptably close to the true value) and acceptably high precision (the amount of variability in the
estimates obtained is acceptably low). Additionally, the reliability of the prescriptions for
sampling coverage would also need to be evaluated with simulated data. It is only methods that
are found to perform acceptably after thorough simulation testing that could be proposed as
candidates for the SBRM. This has not been done, and the current SBRM should not be
accepted for implementation until this has been carried out with an acceptable degree of rigor.

My main conclusions and their implications for the acceptability of the SBRM are listed below:

1. I found a number of serious flaws in the estimation method chosen to be applied in the
SBRM. This is serious because the resulting recommendations for observer coverage that could
be obtained from the proposed SBRM could potentially lead to excessive wastage of government
funds because unnecessarily high numbers of observer days could potentially be specified by the
SBRM. Because of insufficient quality control testing of the proposed SBRM, the one proposed
could equally well end up prescribing unacceptably low levels of observer coverage. The SBRM
should have but did not provide sufficient assurances that the bycatch estimates obtained could
be expected to have sufficiently high accuracy and meet the target level of precision. For
example, without having applied conventional protocols for quality control testing of the
proposed methods, it remains possible that point estimates of biomass could still vary wildly
from year to year, despite the current SBRM's assurances that this variability will be acceptably
low.

2. The SBRM failed to adequately evaluate the statistical properties of the six different bycatch
estimation methods proposed in the report. The SBRM report's evaluations of whether the key
assumptions of the statistical method chosen for the SBRM held showed that these assumptions
did not hold for the vast majority of instances in which this method is to be applied. Yet, these
violations in both key assumptions were ignored in the decision to choose this estimator for
bycatch estimation and the calculation of the number of observer days required. Furthermore,
comparisons between the precision in the bycatch estimate provided by each method showed one
other method had higher precision than the chosen method in the majority of the instances shown
in the report. Thus, the SBRM appears to have chosen a statistical method with inferior



precision and in which the key assumptions do not hold for the vast majority of combinations of
fishing gears, regions and species where it is to be applied. It has done this despite the well-
established principle that applying a statistical method to data for which the method's
assumptions do not hold and severe violations of assumptions are extensively apparent can result
in severe bias in the estimates obtained.

3. The two key assumptions of the chosen statistical method, i.e., the "combined ratio method",
which applies the ratio of discards to kept biomass from observed fishing trips were not met in
the vast majority of fishing method — species combinations shown in the SBRM report and in
most instances, there appear to be marked violations of these assumptions. Failure to have these
assumptions met could result in serious bias in bycatch estimates in the vast majority of fishing
method — species combinations, bias in the estimates of precision in the bycatch estimates, and
specifications for observer coverage that may in practice fail to meet the target levels of
precision in future estimates of discards.

4. One of the proposed estimation methods that was not chosen, the simple expansion method
(which does not use any ratios e.qg., of discards to kept biomass), gave for the majority instances
shown lower CVs in bycatch estimates than the other methods. This method also does not suffer
the same lack of robustness to the nonlinearity and high proportion of zeros in the discard data as
do the ratio estimation methods. This method could potentially serve as a candidate bycatch
estimator before further study reveals estimators more suitable to the available data. A key
problem that should have been acknowledged in the SBRM is that the available evidence
suggests that there may be bias in the discard estimates obtained from observed trips. But at
present, the amount of bias in the observer estimates of discards is unknown and impossible to
accurately assess.

5. Itis surprising that no simulation evaluations were conducted to evaluate the potential
reliability of the proposed bycatch estimation methods, as this is standard protocol in quality
control testing of proposed new statistical methods, and has been applied for decades in fisheries
stock assessment. It is recommended that simulation testing of the bycatch estimation methods
(i.e., estimators) should be carried out to evaluate the potential bias and precision in the
candidate estimators of bycatch. Only those methods found to perform acceptably should be
considered for implementation.

6. |1 could find nothing seriously wrong with the filtering methods adopted in the SBRM. These
appeared to be scientifically sound and could be expected to reduce considerably the amount of
observer effort without compromising the quality of data required for bycatch estimation.

7. The conclusions drawn asserting that there is no evidence of bias in the observer data were
inconsistent with many of the test results obtained in evaluations of the potential for there to be
bias in the bycatch data obtained from observed fishing trips. In contrast, there is considerable
evidence suggesting that the observer data on discards are not representative of unobserved trips.
However, it is not possible with the information available to quantify the direction or magnitude
of the potential biases in the observer estimates of discards.

8. The conclusions drawn asserting that the Fishing Vessel Trip Report (FVTR) provide
accurate estimates of kept biomass were inconsistent with many of the results obtained in
evaluations of the potential for there to be bias in the FVTR records of kept biomass of various
species by the different fishing methods. In contrast there is considerable evidence in the SBRM
report that the FVTR estimates of landings may be biased. Yet this information has not been



"If the observed and unobserved trips within a stratum measure the same underlying fishing
processes, one would expect not to detect a significant statistical difference in the average
catches (and the standard deviations) between the FVTR and observer datasets. An examination
of the distribution of these differences (Appendix B, Figures B-8 and B-9), by species group,
indicates no evidence of systematic bias and general symmetry in the pattern of positive and
negative differences"”.

Apart from the general claim of "symmetry" in the histograms shown for differences between the
FVTR and observer records and for differences in their SDs, the report does not indicate what
aspects of the visual inspection lead its authors to conclude no evidence of systematic bias.
There are a number of aspects of the histograms that could be inspected visually to look for bias.
One is to see whether the position of the mode (highest point of the frequency distribution) lines
up with zero. Another is whether the tails on either side of the mode appear to be symmetric
(mirror image tails on either side of the mode) or asymmetric (the length/ thickness of the tails
are noticeably different on either side of the mode). While most of the plots show modal values
at zero difference, in many of the plots for differences in average values (Figure B-8) and
differences in the SDs (Figure B-9), the tails appear to be asymmetric suggesting possible
systematic differences in kept biomass between observed and unobserved trips for many of the
species groups (see Table 1 above).

It should be noted that the report does not indicate what order of difference in kept biomass
would be of concern. For example, would a bias of the order of 5% or more in kept biomass be
of concern? Without an objective quantitative basis to judge whether an apparent difference is of
concern, the evaluation of potential bias applied in the report appears to be rather arbitrary. To
provide a more objective basis to evaluate potential for bias in the observer data, statistical tests
would need to be carried out, for example, to test the null hypothesis that the means and SDs
from these two sources do not differ. These were carried out (see below for my comments on
these). Tests could also be applied to evaluate skewness of the distributions of differences, but
this was not done.

The results of hypothesis tests for the differences in kept biomass by species group between
observed and unobserved trips are shown in report table 56. It is stated on p. 145 of the Report:

"The average difference in catch, by species, between the observed and unobserved trips was
generally small as a proportion of total catch, and the average catch rates between the two
datasets were not significantly different from zero in 12 of the 14 comparisons (Table 56)."

The report concludes on p. 145:

"These results suggest that average catch rates on observed trips were not significantly different
from average catch rates reported on FVTRs, indicating no evidence of bias in the observer data
based on the measure of average catch rate."

Even if there were differences found, in the average kept biomass of a given species type per
trip, it is unclear whether this difference reflected a real difference in the kept biomass between
observed and unobserved trips, or just reflected some bias in reporting between observed and
unobserved trips when there really was no difference. This latter hypothesis seems to be a
possibility given the large fraction (2/3) of species groups for which percent differences between
FVTR and dealer based landings ranged between -10% and -40%, suggesting possible under
reporting of landings in FVTR data.
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i. The report incorrectly uses these results to support the position that observed
trips provide unbiased information about unobserved trips.

In my view, the report incorrectly uses these results to support the position that observed trips
provide unbiased information about unobserved trips. Firstly, the report misstates the case for
there being no statistical difference. In Table 56, there were 11 out of 14 (not 12 out of 14)
comparisons that were not significantly different from zero. Secondly, significance at a rate of
three out of fourteen cases (21%) is higher than expected from the alpha error rate of 5%, i.e.,
higher than expected by chance variation alone if there really was no difference. Thirdly, using
only null test results (i.e., failures to reject null hypotheses) to assert that no differences exist
does not follow conventional statistical hypothesis testing protocol. Null results cannot be used
to assert that no difference exists without also showing that the statistical power of the tests was
acceptably high (Toft and Shea 1983; Peterman 1992). It is commonplace to require that
statistical power be computed when no significant differences are found and when it is of interest
to accept the null hypothesis that there is no difference. Fourthly, no data on average kept
biomass in VTR vs. Obs. trips were shown to support claim that the differences were a small
proportion of average catch. Given these various shortcomings, the report fails to meet
conventional peer review standards in arriving at its conclusions that there was no evidence to
indicate bias issues in the observer data.

il. The reported statistical values do not match the stated conclusions.

Two other sets of results suggest differences between in the data collected from observed and
unobserved trips. Firstly, a paired t-test of the stratum-specific standard deviations (SDs) of
pounds kept showed significant differences in six of the 14 comparisons (i.e., 43% of the species
groups tested showed differences in the SD in the pounds kept between observed and unobserved
trips). Secondly, it was found that the difference in SDs between observed and unobserved trip
length was significantly different. This single hypothesis test was performed for all 14 species
groups in aggregate. In contrast hypothesis tests for differences in the average kept biomass per
trip (and also the SD in kept biomass per trip) between observed and unobserved trips was
performed separately for 14 different species groupings. It is not explained why the tests for
difference in mean trip length and differences in SD in trip length were performed for all species
(and all fishing mode types) in aggregate only. The evaluation for potential bias would have
been better informed if the tests for differences in mean trip length and SD in trip length between
observed and unobserved trips had been performed on a species grouping basis, or perhaps, even
more appropriately, a fishing fleet mode basis, rather than lumping data from all fishing fleet
types together in one single test.

The difference in mean trip length was found to be not significant at a p-value of 0.167 and it is
concluded on p. 146 that:

"The results also suggest that average trip durations were similar between the observed trips
and the FVTR trips, indicating no evidence of bias in the observer data based on the measure of
average trip length."

This conclusion is inadequately supported since statistical power was not computed to indicate
the chance of correctly detecting a difference if it existed (Toft and Shea 1983; Peterman 1990).
As mentioned above, it would have been also more informative if statistical tests were carried
out for each of the main fishing modes rather than doing a single test with data across all fishing
modes lumped together in a single test. Indeed, it could potentially be found that when tests are
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done for single fishing modes, that significant differences could be found at this level but due to
some modes having positive differences and others negative differences, a single test all modes
could show no significant difference in average trip length across all fishing modes.

ii. Similarities in kept biomass, trip length and landings data are not
representative of bycatch data

Also, while patterns in biomass kept per trip and trip length might be similar between observed
and FVTR trips, this does not guarantee that discarded biomass and species composition will
also be similar between observed and unobserved trips. Thus, a finding of similarity in landings
indicates only indirect suggestive evidence about the key variable, discards, and the potential for
there to be differences in discards between observed and unobserved trips.

The general conclusion from these analyses stated on p. 146 is:

"Overall, these results indicate that observer trips are generally similar to FVTR trips and there
are no bias issues evident.” (p. 146.)

This conclusion is made despite 21% of the tests showing significant differences in the mean
values for kept biomass per trip between observed and unobserved trips, 43% of the tests
showing significant differences in the SDs for kept biomass per trip between observed and
unobserved trips, and a significant difference in the SD in trip length between observed and
unobserved trips. Only one of the four sets of tests, i.e., for a difference in mean trip length
showed no significant difference. In none of the instances were no significant difference was
obtained was statistical power computed. Yet the set of negative test results obtained was used
to assert that "there are no bias issues evident". The report does not explain why significant
differences in the kept biomass per trip, SDs in kept biomass per trip, and SDs in mean trip
length do not present bias issues in the observer data. Further tests for individual fishing modes
could have been carried out to evaluate differences in the average trip length and SD in trip
length per fishing mode.

B. Tests for differences in the spatial distribution of observed and unobserved trips

i. The conclusion that there is a strong coherence in spatial distribution between
observed and unobserved trips is incongruent with the test results.

Testing for differences in spatial distribution between observed and unobserved trips could also
provide indications of bias in the observer data on discards. The occurrence of discards in
fishing trips is highly likely to have strong spatial dependency, and any significant differences
found in the spatial distribution of fishing effort between observed and unobserved trips could be
taken to indicate the potential for there to be bias in observer trip data on discards.
Appropriately, there was some testing for such differences reported.

On p. 146. it is stated:

"Two measures of spatial coherence were also examined. Within stratum h (fleet and quarter)
the expected number of observer trips by statistical area j (Ejh) as the product of the proportion
of FVTR trips in statistical area j and stratum h (Vjh) and the number of observed trips in
stratum nh. Thus, Ejh= Vjh * nh. These expectations can then be compared to the actual
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frequencies (Ojh) of observed trips by statistical area. Results of these analyses indicate that the
spatial distribution of fishing effort for trips with observers on board closely matches the spatial
distribution of trips for the stratum as a whole (Table 57). It was possible to compute chi-square
statistics for 86 strata. The null hypothesis of observer proportions equal to FVTR proportions
was rejected (P<0.05) in 38 of the 86 comparisons, which suggests that there are some spatial
differences in the observed data compared with the FVTR data. This analysis included data
collected on trips used for training observers, as well as quota-monitoring trips which have
disproportionate higher rate of observer coverage than other observed trips, and this may
explain the significant differences observed for otter fleets."

It is concluded on p. 147.

"Overall, these comparisons suggested strong coherency between these two independent
measures of fishing locations; therefore, there is no evidence of bias in the observer data."

This conclusion is incongruent with the test results and there is also inaccuracy in the reporting
of spatial test results. Firstly, the text on p. 146 inaccurately reports the test results in Table 57.
In Table 57, 48 out of 86 comparisons (not 38 out of the 86 comparisons™ as reported in the text
on p. 146) show significant differences at the alpha level of 0.05. Secondly, rather than only
44% as suggested in the text, 55% of all of the tests carried out showed significant differences in
the spatial distribution of fishing effort between observed and unobserved trips. This is far
higher than could be expected from the specified alpha error rate of 5% if there really were no
differences and would appear to provide strong evidence of differences in the spatial distribution
of fishing effort between observed and unobserved trips. In contrast, it would appear perverse to
suggest that finding only 44% (38/86) of all tests showing significant differences provides
evidence of strong coherency in fishing location between observations.

ii. The report’s conclusion that “there is no evidence for bias in the observer data” is
inconsistent with the many results showing potential for there to be bias.

While the report carries out tests for differences in the spatial distribution of fishing effort and
thus provides an apparently objective basis with which to judge whether evidence of for bias
exists, the report deviates from conventional standards in the use of evidence from statistical
tests to evaluate the plausibility of alternative hypotheses. Typically, rejections of the null
hypothesis at a rate greater than the accepted alpha level should provide evidence against the null
hypothesis of no difference. However, the authors or the report clearly do not apply this
convention. The authors do not justify why they deviate from this convention in their judgment
and do not indicate or justify the exceptionally high rate of rejection of the null hypothesis that
must occur before the authors might concede that may be bias.

Thus a key question for the authors is what standard of evidence would they deem appropriate
for the making of conclusions regarding the coherency in fishing locations between observed and
unobserved trips? Indeed, what rejection rate would have lead to the authors of the report to
conclude that there is evidence of bias in the observer data, a rejection rate of 55% (the rate
actually obtained), 80%, 100% of all tests performed? As indicated above convention would
have it that a rejection rate of more than the specified alpha rate of 5% would suggest that
differences exist and require also that findings of no statistical difference be accompanied by
statistical power calculations. With the apparent pronounced deviation from standard scientific
conventions for the use of evidence, it appears unlikely that the report's conclusions would be
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changed if it had instead correctly assessed 48/ 86 rejections of the null hypothesis of no
difference. The report's conclusion that "there is no evidence for bias in the observer data” is
thus inconsistent with the many results showing potential for there to be bias and in my view is
inadequately justified.

iii. Trips aboard boats using Vessel Monitoring Systems can not be categorized
as unobserved trips.

Other previous evaluations are also referred to and used as evidence to support the viewpoint that
there is no evidence to suggest differences in spatial coverage between observed and unobserved
trips. For example on p. 146 it is stated:

"A paper by Murawski et al. (2005 in press) presents information on the spatial distribution of
otter trawl fishing effort for vessels with Vessel Monitoring Systems (VMS) with the distribution
of tows on observed trips. Qualitatively, the spatial distributions match very well with high
concentrations of effort near the boundaries of the existing closed areas on Georges Bank and
within the Gulf of Maine. Moreover, the effort concentration profiles deduced from VMS data
coincided almost exactly with the profiles derived from observed trips."

While this analysis appears to provide support for the hypothesis of no difference in spatial
coverage between observed and unobserved trips, the VMS trips are another form of "observed"
trip since the vessel operators may have been influenced by the knowledge that a VMS is on
board their vessel. VMS trips, thus, are not exactly a fair representation of unobserved trips.
One could therefore expect the VMS observed trips to show similarities with actual observed
trips, and not necessarily correctly represent the behaviours of completely unobserved trips. The
apparent similarity in spatial distribution of effort between VMS and observer trips is thus not
very surprising.

iv. The question of whether bias exists in the observer data is a moot point.

It is most likely that some bias exists in some form or another in the observer data when
compared to the unobserved trip data. The key questions should be rather as follows: (1) For
each component of the data to be applied, what is the direction and magnitude of the bias in the
observer data? (2) How much bias is tolerable for data to be used as is without any correction in
the SBRM? e.g., is 1% tolerable, 5% tolerable, 10% tolerable? (3) If the assessed bias is judged
to be in excess of the levels of tolerance for any one component of the data, what should be done
about it? (a) What measures if any should be taken to correct the assessed bias in the data and/or
estimators applied that utilized the biased data? (b) What measures if any should be taken to
modify existing sampling programs to reduce to a tolerable level the biases in data obtained from
the existing sampling program?

C. Tests for differences in landings data and between FVTR data and Dealer
Records.

The FVTR data are used to define the "sampling frame" for the estimation of total bycatch by
fishing mode and species and species group. In other words, the estimates of total kept biomass
by each fishing mode for each species or species group, and estimates of total days at sea by

15



fishing mode from the FVTR data are used to expand the ratio estimates of bycatch to total
bycatch. This requires that the FVTR estimates of landings by species and days at sea are
acceptably accurate. The report compares FVTR data on landings by species and species group
with dealer records of landings. The use of the dealer landings records as an unbiased
benchmark appears to be reasonable because "[a]ll federally permitted dealers are required to
report 100 percent of their purchases” (p. 122). It is stated also on p. 122 that " These data are
generally considered to represent a near complete census of total landings”.

The report also asserts on p. 122 the following:

"The validity of using the FVTR data as a basis for developing a sampling frame is supported by
comparisons with total landings data from dealer records. ... A comparison of species landings
from FVTR and dealer records for calendar year 2004 reveals some discrepancies, by species
group, between these two sources (see Table 37). Overall, there is a 2.3 percent difference
between landings reported in the dealer and FVTR databases; however, this low percentage
difference is driven in part by a -10 percent difference for herring. If herring landings are
removed from the total, the difference between the total kept weight in the two databases is 4.7
percent."

While the report admits that there are "some discrepancies”, it appears here also that the report
dismisses results that suggest potential bias in the data used in its SBRM.

Some explanations are given for the differences found, for example, on p. 123:

"Large percentage differences for bluefish and spiny dogfish may be due to an inability to
partition out the mandatory reporting landings (reflective of the FVTR data) from the state
landings data, but this issue is unique to 2004 when mandatory electronic reporting for dealers
was first implemented.”

It is concluded on p. 123:

"total landings of bluefish and spiny dogfish represent a small fraction of the total landings of all
species and, overall, these differences are considered negligible."”

The report emphasizes the small percent difference when landings are summed across species as
part of the support of its conclusion that differences between the FVTR and dealer landings are
negligible. In contrast, the SBRM aims to provide discard estimates by species and species
group in a given fishing mode and for the bycatch to kept biomass ratios, the estimates of kept
biomass for a given fishing mode are crucial to the total bycatch estimates and the prescriptions
for observer coverage. In this light, estimates of the percent difference in landings aggregated
across species groups can be misleading, i.e., particularly for assessing the potential differences
in landings between the FVTR and dealer landings data at levels that are irrelevant to the SBRM.
Thus, contrary to the information emphasized in the SBRM report, the most important
differences to focus on are the differences at the species and species group level. While it might
have been more appropriate to make comparisons between the FVTR data and the dealer
landings data at the fishing mode level, the report points out that the Dealer landings data cannot
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be disaggregated to the fishing mode level since information on fishing mode is not a part of the
Dealer landings dataset.

The SBRM report also claims that for some of the instances where the percent difference is quite
large, e.g., for spiny dogfish and bluefish, that these results are unimportant in the bigger picture
since these landings represent a small fraction of the total landings. However, it should be kept
in mind that the estimates of kept biomass per fishing mode from the FVTR data are to be used
as expansion factors for estimated bycatch ratios. Thus, even if a FVTR landing estimate for a
particular species is small compared to the total landings, the bycatch estimate obtained could
still be substantial if the estimate of the bycatch ratio happens to be relatively high. A 30 or 40%
bias in estimated landings for a given species group in the FVTR data could potentially
propagate to a 30 or 40% bias in the estimated bycatch of a fishing mode that happens to catch
mainly this species group. Thus, discounting some of the instances of large percentage
differences because they represent a small fraction of landings may be misleading and
inappropriately dismissive of important evidence.

Generally, stock assessment biases with magnitudes (absolute values) larger than 5 or 10% are
considered to be of concern (e.g., Punt 1993; McAllister 1998). Here, the 8 out of 12 of the
reported percent differences were larger in magnitude than 10%, ranging between 10.3% and
39.9% (see Table reproduced below). Because dealer landings could be considered to be
unbiased estimates of landings, the percent difference in landings between FVTR and Dealer
reported landings could be considered to represent the percent bias in the FVTR data. The
average absolute percentage bias across all 12 species groups is 15.2%. Thus would indicate that
on a species group basis, the average absolute bias could be expected to be in the order of 15%,
which would in the field of stock assessment science would be considered to be non-negligible.

Table 2. Reproduction of Table 27 in the SBRM Final Report. The sign on the values for
difference and percentage difference have been corrected and cells shaded with yellow indicate
differences larger than 10%. Note also that Table 27 incorrectly reports the sign of the
differences and percentage differences between the FVTR and Dealer landings by species group.

Landings (mt live)

FVTR Dealer Difference Percent
difference
Atlantic Bluefish 2,357 3,423 -1,066 -31.1
Atlantic Herring 94,223 85,456 8,767 10.3
Deep-Sea Red Crab 1,733 2,041 -308 -15.1
Mackerel/Squid/Butterfish 97,400 97,083 317 0.3
Monkfish 14,643 21,185 -6,542 -30.9
Large-mesh multispecies 35,101 41,414 -6,313 -15.2
Small-mesh multispecies 8,883 9,277 -394 -4.2
Sea Scallop 242,550 243,736 -1,186 -0.5
Skate complex 13,054 16,073 -3,019 -18.8
Spiny Dogfish 600 983 -383 -39.0
Summer 11,732 13,887 -2,155 -15.5
Flounder/Scup/Black Sea
Bass
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Tilefish 1,229 1,216 13 1.1

A simple t-test with the landings data log transformed to test for differences in the mean of the
log transformed landings between FVTR and Dealer sources (i.e., whether the mean ratio of
landings between these two sources deviates from 1), leads to a rejection of the null hypothesis
of no difference with a p-value of 0.012. A 95% confidence interval for the mean ratio of FVTR
landings to Dealer landings by species group lies between 0.77 and 0.96 with the mean ratio
being 0.87 indicating that on average, FVTR data under-estimate actual landings. Note that this
result concerns the mean value for the ratio across species groups. The estimates SD in the ratio
across species groups is 0.15 thus indicating quite a bit of variability among species groups in the
potential bias in landings estimates from the FVTR data. However, the result indicates that,
unless bias corrections are applied, use of the FVTR data as bycatch ratio expansion factors will
tend to lead to under-estimates of bycatch.

Thus, a perhaps more careful inspection of the comparisons between FVTR and Dealer records
of landings by species groups would lead to conclusions other than those obtained in the SBRM
report, e.g., on p. 122"

"The validity of using the FVTR data as a basis for developing a sampling frame is supported by
comparisons with total landings data from dealer records."

In contrast, the results reported in Table 37 and further analyses of these results suggest that for
the majority of species groups, substantial biases exist in the FVTR estimates of landings by
species group. If these FVTR data are applied without correction, it is conceivable that biases in
estimates of discard with magnitudes up to about 40% could potentially result and biases of
similar magnitude in the prescriptions for observer coverage could also propagate, since the
bycatch estimates and FVTR kept biomass estimates are also used in computing CVs in bycatch
estimates and the CVs in bycatch estimates are used in estimating the desired amount of observer
coverage. It is stated on p. 124 that:

"The above comparisons of dealer and FVTR-based landings estimates suggest that some of the
expansion factors for estimating total discards, and the weighting factors for d/k ratios will be
underestimated slightly."

However, the conclusion that where they may occur, underestimates will be slight is inconsistent
with the fairly substantial apparent biases in the FVTR estimates of landings.

While comparisons of FVTR and Dealer estimates of landings are presumably applied to
evaluate whether bias exists in the FVTR data and it is acknowledged that some differences
between the FVTR and dealer estimates of landings were found, the report down-weights
findings of differences in its conclusions. It is worrying that apparently conventional standards
for judging bias were not followed and in their place no explicit criteria were offered with which
to objectively apply the findings in arriving at a conclusion over whether bias exists in the FVTR
data. Thus, conventional standards used in stock assessment were set aside, and considerably
more extreme standards of evidence appear to have been applied. By conventional standards for
example, it would appear to be perverse to conclude that overall, the differences in landings
between FVTR and dealer records are negligible when in two thirds of the comparisons made,
biases of magnitudes larger than 10% and up to 40% were found. A key question thus for the
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authors of the report is what standard of proof would they require to lead to the conclusion that
there is evidence of bias in the FVTR data? 80% of the results showing absolute differences
larger than 10%, 100% of the results showing absolute differences larger than 10%, 50% of the
results showing absolute differences larger than 50%? 50% of the results showing absolute
differences larger than 100%?

Again, it appears to be a moot point, whether bias is present in the FVTR landings estimates.
More important questions are as follows: 1) How large is the magnitude of the potential bias in
the FVTR data for each species grouping (bias by fishing mode cannot be assessed due to
information on fishing mode not being included in the dealer landings data)? 2) What is the
direction of the bias for each species grouping? 3) What level of assessed bias should be
considered sufficiently high to require some action to be taken to attempt to reduce the effects of
the bias in the SBRM? 4) What particular measures, if any, should be taken to reduce the effects
of assessed bias in the FVTR data on bycatch estimates, standard error in bycatch estimates, and
prescriptions for observer coverage?

Accepting that some of the FVTR estimates of landings may be biased, one corrective measure
that could potentially be taken is to utilize the dealer landings data to estimate the potential bias
in the FVTR landings data by species and species group and if at all possible, region and/or
fishing mode. A bias-correction factor could then be applied to the FVTR estimates of landings
to attempt to correct for the bias in these data. It is however problematic that the dealers
landings data base does not include sufficient detail on fishing mode. This could mean that the
bias correction factors obtained from the dealer landings and FVTR landings comparisons might
not precisely apply to a particular fishing mode. The bias in the FVTR data on landings for a
given fishing mode could be expected to deviate from the average bias found in the mode —
aggregated comparisons between the FVTR and dealer landings data. It is likely however that
applying a bias correction factor and the species / species group level across modes to the FVTR
estimates of kept biomass for a given fishing mode could reduce the bias in discard estimates.
As suggested below, the potential reductions in bias from such a bias correction approach should
really be evaluated through Monte Carlo simulation of simulated data with known specifications
that mimic as best as possible the properties of the existing data.

D. Summary points on the robustness of data used in the SBRM

1) The observer data on bycatch appear to be the best available data on bycatch by species and
fishing fleet type. No other data exist with the extent of coverage of bycatch species, landed
species and fishing mode. As to the robustness of the observer data with regards to bycatch
estimation, the fraction of combinations of species and species groups by fishing mode by
quarter that have coverage too low to permit estimation of bycatch, is relatively small. There
appears to be sufficient data in the vast majority of species-fishing mode-quarter cells to permit
the computation of a bycatch value and standard error in the estimate. No other type of data
collected comes close to providing the high level of coverage offered by the existing observer
dataset.

2) A non-unsubstantial fraction of the estimates of bycatch already provided gave precision
within the target level of a CV of 30%, indicating that the existing observer database has
potential to provide bycatch estimates with the desired level of precision. For example it is
stated on p. 143-4:
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"For the 28 fishing modes for which a CV could be estimated, 19 (68 percent) had CVs less than
or equal to 30 percent for all species combined (Table 44 and Table 45)....Looking at the non-
gray cells for which there was observer coverage, the majority (58 percent) had either no
discards or CVs of 30 percent or less. By definition, those cells that had either no discards or
CVs less than 30 percent were of sufficient quality to meet the performance standard proposed to
be implemented through this amendment."

3) There are some potential robustness issues concerning whether observed trips are
representative of unobserved trips. The various empirical tests for potential differences reveal
significant differences in the average landings per trip, SD in landings per trip, SD in trip length,
and spatial coverage between observed and unobserved trips.

4) There are also some potential robustness issues about potential biases in the biomass kept
expansion factors obtained from the FVTR data with about two thirds of the comparisons
showing magnitudes of bias between 10 and 40%.

IS THE SBRM’S TREATMENT OF THE ACCURACY ISSUE VALID OR ARE THERE
WAYS TO IMPROVE THE ANALYSIS NOW OR WITH ADDITIONAL DATA OVER
TIME?

There are two dimensions to the accuracy issue in the SBRM, as adroitly pointed out in SBRM
report and Appendix A. For example on p. 117 of the report it is stated:

"There are generally two primary potential sources of bias in a sampling program

such as the at-sea observer program: Non-representative sampling; and the statistical
properties of the consistency of the estimators (Rago et al. 2005). Non-representative
sampling means that the targets of the sampling program (i.e., the vessels and trips on
which an observer is present) are distinct and different from the overall population for
which an estimate is desired. For example, if observers were placed only on small

vessels fishing just offshore using a single gear type, these trips would not be
representative of the variety of vessels, fishing gears, trip lengths, and fishing locations
that comprise the wider fleet. The following section addresses the many ways in which

the NEFOP strives to ensure that the observer program samples (observes) the Northeast
Region fishing fleets in a representative manner. Later sections of this chapter address

the statistical properties of the estimators, and provide evidence that there is very little
bias associated with the data collected by the at-sea observers."

In the next section | comment further on the issue of how the SBRM deals with the issue of
potential bias from non-representative sampling. In the following section, | comment on the
issue of how the SBRM deals with the issue of potential bias from "“the properties of the
consistency of estimators”.

I. ADDRESSING ACCURACY IN DATA, |.E., ARE THE DATA OBTAINED AND
APPLIED REPRESENTATIVE?

There are at least two key potential sources of bias resulting from possible non-representative
sampling in the SBRM report. One is in terms of the potential bias in the FVTR estimates of the
sample frame. A second is in terms of the potential bias in estimates of bycatch from observed
fishing trips. In the previous section, | addressed the issue of whether the SBRM's treatment of
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the accuracy issue is valid for the first two sources of bias. In both cases, my answer is no. | do
not agree with the viewpoint on p. 117 stating the evidence reviewed suggests "that there is very
little bias associated with the data collected by the at-sea observers". Where tests revealed
potential bias in the observer and FVTR data, these results were downplayed. Some analyses
suggesting no difference were inappropriately used to support the hypothesis of no bias, for
example, the use of null results in significance tests for potential differences without
accompanying statistical power tests, the use of percent differences in results aggregated across
species and species groups, when what really matters is at the species group level. There's also
the use of results from studies that show no difference when in fact the supposed control group is
inappropriately identified, e.g., the assumption that VMS trips provide unbiased representations
of observed trips.

Despite a large amount of evidence obtained suggesting potential bias in the FVTR and observer
data, the SBRM report asserted that there was no evidence to suggest bias and that any
differences obtained were negligible. | do not believe these conclusions of negligible bias are
adequately justified given the many different results suggesting bias. As I've indicated above, |
believe the SBRM would be better served by accepting that bias is likely to exist in various
components of the FVTR and observer data and to formulate protocols to reduce as much as
possible the impacts of the assessed bias in the FVTR and observer data.

Some possible ways to improve the analysis now include the following:

(1) As stated above, the dealer landings data could be utilized to estimate the potential bias in the
FVTR landings data by species and species group and, if at all possible, region and/or fishing
mode. A bias-correction factor could then be applied to the FVTR estimates of landings to
attempt to correct for the bias in these data. It is however problematic that the dealers landings
data base does not include sufficient detail on fishing mode. This could mean that the bias
correction factors obtained from the dealer landings and FVTR landings comparisons might not
precisely apply to a particular fishing mode. The bias in the FVTR data on landings for a given
fishing mode could be expected to deviate from the average bias found in the mode —aggregated
comparisons between the FVTR and dealer landings data. It is likely however that applying a
bias correction factor and the species / species group level across modes to the FVTR estimates
of kept biomass for a given fishing mode could reduce the bias in discard estimates. As
suggested below, the potential reductions in bias from such a bias correction approach should
really be evaluated through Monte Carlo simulation of simulated data with known specifications
that mimic as best as possible the properties of the existing data.

2) While differences were found in the average landings per trip, the SD in landings per trip, and
the length of the trip between observed and unobserved trips, this does not pertain directly to the
key variable utilized in the observer database, the discarded amount of a given species or species
group per trip. Thus, a mean difference in the landings per trip between observed and
unobserved vessels for a given fishing mode and species type, does not necessarily imply that the
same percentage bias will occur for the discards between observed and unobserved trips. The
same goes for any differences found in the SD in the landings per trip between observed and
unobserved trips. That differences are found in the landings data, indicates however that there is
potential for there to be differences in the bycatch.

3) One correction factor could potentially be applied to the observer data estimates of kept
biomass of a given species type in observed trips. If there was some quantitatively assessed bias
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in the kept biomass per trip for a given species in a given fishing mode, a bias correction factor
could be derived for the observer based estimates of kept species per trip. However, there
appears to be no objective or reliable basis to estimate the potential bias in kept biomass in
observed trips, because the standard against which the bias would be assessed, the FVTR data,
could themselves be biased, as suggested above.

4) For the longer term, if the dealer landings records could for each landings obtained also record
the fishing mode, as defined in this SBRM, this could provide a far more accurate set of data,

i.e., the dealer landings data, on kept biomass per fishing mode, than the FVTR data. This could

lead to the use of more reliable, more accurate expansion factors for bycatch estimation and more
accurate estimates of bycatch and the observer coverage needed.

I1. ADDRESSING POTENTIAL BIAS FROM THE STATISTICAL PROPERTIES OF
THE CONSISTENCY OF THE ESTIMATORS

The SBRM report correctly identifies bias from the statistical properties of the consistency of the
estimators as one potential source of bias in bycatch estimates. However, my overall impression
is that the report did not take appropriate and sufficient measures to evaluate this form of bias in
the estimators proposed in the report. This section reviews the six bycatch estimation methods
formulated and the SBRM report's analysis of the properties of the estimators that lead to a
choice of the best estimator. Various analyses in Chapter 5 of the SBRM report were intended to
assess the potential for bias in the estimators and to compare the precision in bycatch estimates
offered by the estimators. The steps taken achieve this included evaluating how well
assumptions of the methods were met, and comparing the standard errors and CVs (SE divided
by the estimate) in estimates provided by the estimators, and to compare the estimates provided
by the different estimators. The inspection of assumptions is standard practice and is necessary
to evaluate the potential for bias since bias typically arises when model assumptions are not met.
For example, when X-Y data show a strongly curved relationship, and a linear model is applied,
the linear model will produce biased results.

Six alternative methods to estimate bycatch were formulated and evaluated in the SBRM report.
On p. 135 it is stated:

"Three methods were examined to estimate annual total discards, precision, and coverage
necessary to achieve a 30 percent CV for fleets and species/species groups: (1) A separate ratio
method; (2) a combined ratio method; and (3) a simple expansion method (mean discard per
trip). Cochran (1963) discusses these three methods in greater detail. Each method utilized
quarterly estimates of bycatch rates (d/k and d/da) and associated CV, and the number of sea
days necessary to achieve a CV of 30 percent. In these analyses, stratum is defined as fleet and
species group. Significant improvements in discard estimation may be possible through a variety
of species-specific refinements. These might be accomplished via use of additional covariates,
post stratification, or other model-based approaches.”

The first two methods are applied to two different ratios, i.e., (i) the ratio of bycatch to days at
sea, (ii) the ratio of bycatch to kept biomass. The third method, the bycatch rate per trip, is
applied in two different ways, i.e., to data formulated (i) from the days at sea and (ii) the kept
biomass sampling frames which are not 100% overlapping.
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While the formulation of a total of six alternative estimators appears to be a reasonable number
to evaluate and choose from, this is a relatively limited set of alternatives to chose from, as
indicated in the report which provides references to several other bycatch estimation methods
also. My general impression is that these particular estimators are not very well suited to the
bycatch and effort data presented in the report (see below for further details). On this basis, |
would hesitate to argue that simply more or different estimators of discard should have been
formulated and applied as alternative candidates. Instead, | would advocate that some further
careful inspection of the bycatch data (e.g., as shown in Appendix plots B-1 (non-protected
species) and B-2 (protected species)) be carried out to formulate and apply estimators of bycatch
that more accurately model the observer bycatch data at the very least and bycatch and effort
data, if at all possible.

I11. COMMENTS ON THE SBRM'S EVALUATION OF ASSUMPTIONS OF THE
RATIO ESTIMATORS

When a new estimator is proposed to be applied to some data, it is common practice to evaluate
whether the known assumptions of the estimator are satisfied with regards to the available data.
The report appropriately proceeds to evaluate whether ratio estimator assumptions are satisfied in
the observer data set. It considers two different sets of assumptions, one concerning the degree
of correlation between the numerator and denominator of the ratio applied, and another
concerning the linearity assumptions of the ratio.

A. Assumption 1: correlation between discards and the measure of effort

One of the identified requirements of a ratio estimator is that a positive correlation exists
between the numerator and denominator of the ratio. When there is a significant positive
correlation between these two variables, this can help to reduce the variance in the estimate of
the total bycatch compared to an estimator that does not used the ratio, e.g., the simple expansion
method. The report evaluates the correlations between observer discards and the two different
measures of effort, kept biomass and days at sea (das). Table 42 shows these correlations by
gear type for the various species and species groups. Table 43 does so for the various gear type
by protected species. General conclusions offered in the report on p. 134 are that:

"Overall, the correlation coefficients were low but the exceptions are important and notable."”

| agree that overall correlations were low. However, the authors do not specified explicitly what
values they consider to be unacceptably low so that a ratio estimator would be inappropriate, or
acceptably high such that ratio estimator would be appropriate. Is 0.2, sufficiently high? Is 0.5
sufficiently high? Should the estimate of the correlation coefficient be significant at the 0.05
alpha level? None of this information was provided and this makes it difficult to use the
information in Tables 42 and 43 to evaluate in which instances, ratio estimators would be
applicable and in which instances not. Moreover, Tables 42 and 43 do not provide indications of
which estimates of correlations are significant. Providing estimates of whether a correlation
estimate is significantly different from zero would help in evaluating which once are reliably
obtained.

Presuming that correlations of 0.5 or 0.7 could imply that the ratio estimator might be
appropriate, this still leaves very few instances where a ratio estimator would be more suitable
than for example the simple expansion method. For example, in Table 42, if | have tallied
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correctly, 199 cells (combinations of fishing modes and species group (non-protected)) have
estimates of the correlation between discards and discard to kept. Of these, 20 cells (roughly
10% of the correlations) have correlation coefficients larger than 0.5, and 8 cells (roughly 4%)
have correlation coefficients larger than 0.7. Given the fact that 75% of the cells have fewer than
30 data points as noted on p. 134, I'd suspect that the correlation coefficient would need to be
quite high before the correlation was found to be significant. Also, a correlation coefficient of
about 0.7 would imply that about 49% of the variance in discards can be explained by variation
in kept biomass. If a correlation of approximately 0.7 or higher was significant and implied that
a ratio estimate could be suitable, the fraction of significant correlations is approximately equal
to the 5% alpha level, i.e., the faction of instances in which you'd expect to get a significant
correlation by chance alone.

In contrast, the report on p. 134 points to a number of instances where it claims there are
"exceptions”. In some instances, these have correlation coefficients of 0.2, in others, 0.32, and in
yet others, 0.48. These benchmark values still seem pretty low and there's no indication of
whether the estimated coefficients are significantly different from zero. It is concluded on p. 134
that:

"The evidence indicates strong relationships for the three primary fisheries (large-mesh otter
trawls, extra-large-mesh gillnets, and scallop dredges)".

This is misleading. For large-mesh otter trawls 2/13 have correlation coefficients larger than 0.5
in the NE and 0/11 have correlation coefficients larger than 0.5 in the MA. For extra-large mesh
gillnets none in the NE and MA have correlation coefficients larger than 0.5. For scallop
dredges only 3 in 62 instances have correlation coefficients larger than 0.5. In contrast, though
its not stated, the MA small sink-anchor-gillnet has correlation coefficients over 0.95 for the
three species groups where the coefficients are computed, i.e., of 0.993 for mackerel, squid and
butterfish, 0.981 for dogfish, and 0.993 for fluke, scup, black sea bass. The MA large sink-
anchor-gillnet has correlation coefficients over 0.5 for all four species where the coefficients are
computed, i.e., of 0.575 for bluefish, 0.507 for NE multispecies, 0.652 for skate and 0.664 for
dogfish. However, in none of the 22 other gear types, where there are three or more species
groups, are more than 50% of correlation coefficients larger than about 0.5. Thus, which ever
way you look at it, the results in tables 42 and 43 suggest that the vast majority of correlations
are low and by this standard the ratio estimator would not be appropriate in the vast majority of
cases.

B. Assumption 2: linearity assumptions.
On, p. 135 the following is stated:

"The ratio estimator assumes that a zero intercept regression is an appropriate model of the
relationship between discard and kept (or days absent). ... [U]sing a fourth root transformation,
examples of the comparison between discard and kept (or days absent) are illustrated by thirteen
fish species groups in otter trawl and gillnet gears by mesh sizes (presented in Appendix B,
Figures B-1a to B-1xx) and by five protected species groups for longline, otter trawl, gillnet and
scallop dredge (Appendix B, Figures B-2a to B-2j). Departures from linearity are often
controlled by large numbers of trips with zero discards. When trips with zero discards are
removed, improvement in linearity occurs. Examples of these are given for large-mesh
groundfish discarded in the otter trawl and gillnet fleets (Appendix B, Figures B-3a to B-3d).
Rho and sample size analyses (using power = 0.80, alpha = 0.10; alternative hypothesis = ‘not
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equal’ and null value = 0) indicated that a low percentage of fleets and species groups had
linear relationships using a ratio estimator (d/k or d/da)."

Many of the plots in B-1 and B-2 (with fourth root transformation of the data) show many zero
observations over many different values for trip durations and kept biomass, and where positive
bycatch occurs, either no apparent relationship (correlation not different from zero) or some
potentially positive correlation with kept biomass (k) and days at sea (das). It is thus correctly
pointed out that "a low percentage of fleets and species groups had linear relationships using a
ratio estimator (d/k or d/da)". This provides further evidence that a ratio estimator is not
appropriate for the observer bycatch and kept biomass data. Thus, both key assumptions of the
ratio estimator, that there is sufficiently large positive correlation (though not adequately defined
in the report) between observer bycatch values and kept biomass, and that there is a significant
positive linear relationship that intersects zero, do not hold in the vast majority of fishing mode —
species group instances. Despite this, the report puts aside the one non-ratio estimator that could
have still been appropriate, i.e., the simple expansion method, and applies the combined ratio
estimator with discard to kept ratio in all instances. Because two key ratio method assumptions
do not hold for the vast majority of instances, yet a ratio method is still applied, this could
introduce serious bias in the bycatch estimates, CVs, and prescribed levels of observer coverage
in the SBRM.

While, the statement, "[w]hen trips with zero discards are removed, improvement in linearity
occurs...", is true, it appears that significant positive linear relationships emerge in only a small
fraction of the instances shown (e.g., only two of sixteen plots in Figures 4). Moreover, the ratio
estimators applied still presumably include the zeros and do nothing to account for their high
frequency. The point about the improvement in linearity when zero discard observations are
removed thus appears to be a moot point.

Quite worrisomely, none of the six bycatch estimators applied account for the large frequency of
zero bycatch observations in most of the plots bycatch against k and das in Figures B-1 and B-2.
For the last few decades, it has been common in fisheries data analysis, to apply for example,
delta-lognormal GLM method estimators, where there appears to be a larger-than-expected
fraction of zero observations (e.g., ICCAT 2003). Delta-negative binomial GLM methods have
also been applied in estimation of red snapper bycatch in shrimp trawl fisheries in the Gulf of
Mexico to account for the high frequency of zero bycatch observations, the over-dispersion in
the bycatch observations and to utilize covariates in the estimation of bycatch (Nichols 2004).
Such methods model the chance of a zero response together with the value for positive responses
as a function of various covariates. The commonly applied delta-lognormal method estimator
models the chance of a zero observation using the binomial distribution, and the values of
positive observations using some form of GLM model. In this particular instance, the majority
of the bycatch datasets could potentially be modeled more accurately with some form of delta-
lognormal or delta-negative binomial model.

It should be noted however, that in many instances, even if a delta-lognormal model approach
were to be applied, with a GLM model fitted to the positive bycatch observations, there may be
no underlying positive relationship between the positive observations for discards and the
utilized measures of fishing effort, i.e., das or k. One possible explanation in some instances for
the lack of positive correlation between bycatch and say kept biomass is that there may be a gear
saturation effect at high bycatch levels, such that when kept biomass happens to be high, the gear
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is saturated with kept biomass and there's little room in it for bycatch. Such potential
explanations for the lack of positive relationship between bycatch and effort observations were
not mentioned anywhere in the report. Gear saturation effects are plausible for gillnets, traps and
trawl nets and correlations of close to zero despite large numbers of positive observations can be
seen for each of these gear types (e.g., in Figs. B 1hh, 1ll, 1jj, 1nn, 1pp).

Thus, at present, it appears that the choice of a ratio estimator for discards is not appropriate for
the majority of fishing mode-species group instances. It could be appropriate in a few instances,
e.g., where the assumptions are met, but these are a very small minority of the instances. One
possible improvement would thus be to apply the simple expansion method to all instances
where the two key ratio assumptions are found not to hold, and a ratio estimator to those few
instances in which the two key assumptions are well supported. It may also be appropriate to
identify and investigate the usefulness of bycatch estimators that are appropriate to instances in
which there is a large number of zero observations, as is the case in most of the fishing mode-
species group instances (e.g., as in Nichols 2004).

IV. COMMENTS ON THE CHOICE OF THE COMBINED RATIO METHOD USING
THE DISCARDS TO KEPT POUNDS RATIO

It is reported that a combined ratio method, using discards to kept pounds ratio, was selected and
applied to all fishing modes, species and species group combinations.

p. iv (Executive Summary): "In the end, the combined ratio method was selected using discard
to- kept pounds. Data for kept pounds are more easily verified than data for days absent, and
the combined ratio method better utilized information associated with kept pounds."

In general, I've found that (1) the criteria that the authors of the SBRM report applied to choose
among the six alternative were not very well explained or justified, (2) the criteria that appeared
to be applied to choose a bycatch estimator did not appear to be applied in a consistent manner in
the final choice of an estimator of total bycatch, (3) the section in Chapter 5 that compares the
results from the different estimators and goes on to apparently choose an estimator, did not
provide a clear statement about which estimator was chosen for application and precisely why it
was chosen over and above the other candidate estimators, and (4) the overall approach taken to
evaluate and choose among the estimators falls below the standards of rigor usually applied in
evaluations of alternative estimators.

The only statement | could find in Chapter 5 that indicates the combined estimator as the method
of choice is as follows:

p. 143: "The tables presenting precision (Table 44 and Table 45), ranking of total discards
(Table 46, Table 47, Table 48, and Table 49), and the sea days and trips necessary to achieve a
CV of 30 percent (Table 50-Table 55) are based upon the variance of the composite annual total
discards using the combined ratio method (method 2)."

This statement does not reveal as it should the authors' choice also of the discards to kept in
pounds ratio; nor is a clear summary statement provided about why this particular bycatch
estimator was chosen. Also, the estimation method applied to produce the results in the Tables
referred to in this paragraph is not mentioned anywhere in the Table captions for these Tables.
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Apparent supporting statements about the combined ratio estimator and discards-to-kept ratio
include:

p. 142-143. "In general, results in Figures B-5h to B-5n of Appendix B suggested a greater
degree of dispersion among methods 1 to 3 when days absent was used as a measure of fishing
effort. Since days absent does not account for variations in steam time versus fishing time nor the
effects of soak time for fixed gear, it was judged to be less useful than estimators based on a
discard-to-kept ratio. In particular, estimators based on the separate ratio method were more
variable than those based on the combined ratio method."

The report here does not refer to any results (Tables or Figures) that would support the
conclusion that "estimators based on the separate ratio method were more variable than those
based on the combined ratio method." Though it is not pointed out, Appendix B, Figures B-5h
plot CVs in estimate of bycatch obtained from the six different estimators. In three out of seven
instances, these show that the CVs from the combined ratio method are lower than those from
the separate ratio method. In the other four instances, the CVs appear to be identical between the
two methods. There are results presented in Fig. B 6a -B6g that allow comparisons of the CVs in
the discard estimates between the combined ratio method and the simple expansion method.
Why weren't similar figures produced for the comparison of separate ratio method and combined
ratio method (D1, D2)? This would have provided additional information helpful for evaluating
whether this conclusion was justified.

I found that the comparisons made between the combined ratio and simple expansion methods to
be inaccurate. It is stated on p. 143.

"Closer examination of the comparison of precision from the combined ratio method and the
simple expansion method are presented in Appendix B, Figures B-6a to B-6g, for four major
gear types (longline, otter trawl, gillnet, and scallop dredge). In these figures, the identity line
and a reference line representing a 30 percent CV are given; the symbol represents a
species/species group and mesh size. There is general symmetry above and below the identity
line, except for Mid-Atlantic otter trawl where coverage is low and precision estimates are
higher, consequentially leading to higher coverage.”

From my inspection of Figures B-6a to B-6g, | was unable to verify the statement: "There is
general symmetry above and below the identity line, except for Mid-Atlantic otter trawl™. In
contrast, the most common pattern is asymmetry with the majority of the points resting above the
identity line. For example, Figures B-6b, B6c, B6d, B6e, B6f, B6g all show that for eleven of
fourteen cases shown, i.e., three of the otter trawl plots (except for one of four plots here, the NE
dda ratio estimator), the four scallop dredge plots, and the four gillnet plots, substantially more
than 50% of the CVs from the simple expansion method were less than the CVs from the
combined ratio method. Only for three of fourteen cases, i.e., NE long line DDA and DK and
NE otter trawl for the DDA ratio, was there apparent symmetry. This means that in the vast
majority of fishing method-species group combinations, the CVs in bycatch estimates are lower
for the simple expansion method than for the combined ratio method. Here, there is direct
evidence of this, and yet it is incorrectly claimed that there is general asymmetry when in fact,
the simple expansion method is providing more precise estimates in the vast majority of
instances than the combined ratio method. And while it is argued on p. 143 (without any
reference to supporting evidence) that the combined ratio method provided more precise
estimates of bycatch than the separate ratio method and is thus preferable to the separate ratio
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method, a method with yet higher precision in the majority of cases shown is rejected over an
estimator that has lower precision.

Despite the higher precision offered in the majority of the instances by the simple expansion
method compared to the combined ratio method, the reason for choosing the combined method
over the simple expansion method was not made clear (I was unable to locate the precise
explanation). It seems that it may have been based on the apparently incorrect presumption of
symmetry in CV estimates above and below the identity line in the CV plots shown in Figures B-
6a-B6g and the presumption that the ratio method can provide higher precision due to the
presumption of a positive correlation between the variables in the numerator and denominator of
the ratio, as considered on p. 133-134 of the report (see above).

Thus, the criteria applied in the selection of an estimator appear to be inconsistently and
incorrectly applied. The two key assumptions for the ratio estimators do not hold in the majority
of fishing mode-species group instances, i.e., it appears that no significant positive correlation of
a sufficiently large magnitude holds for the vast majority of instances (Tables 42 and 43) and that
in only a small fraction of instances does a positive linear model fit the observer discards and
kept data (Figures B-1, B-2. B-3). For example, the SBRM report, indicates that the chosen
estimator, i.e., the combined method with the discard to kept ratio, is an inappropriate choice for
an estimator and indicate that further research is required to identify estimators that are more
appropriate to the available data.

V. COMMENTS ON WHAT'S MISSING IN THE EVALUATION OF ESTIMATORS.

It is common practice in stock assessment and the field of statistics to evaluate the potential bias/
accuracy and precision in proposed estimators using data simulated from models with fixed
properties that plausibility mimic the data and situation to which the models are proposed to be
fitted (e.g. Punt 1993). This is analogous to safety and quality control testing methods applied to
new proposed items for mass consumption by the public such as new cars. A rigorous battery of
tests is applied to ensure that new proposed cars function as intended and meet national safety
standards.

Simulation of mock datasets to test estimators is such a commonly applied approach to test for
bias in proposed estimators that there is no need to go into a lot of detail here about this. Itis
surprising that the report does not show any such attempts to simulation evaluate the potential
accuracy in the six alternative estimators. In my judgment, the SBRM is not complete until such
simulation evaluations have been carried out and at least one estimator is identified that performs
satisfactorily in the simulation evaluations.

To start with, a data simulator would need to be constructed that could simulate data with the
same patterns seen in the observer bycatch and kept biomass data in Appendix B Figures B-1 and
B-2. The high frequency of zeros in such datasets should be modeled as well as the apparent
lack of positive linear relationship with kept biomass in the non-zero observer bycatch data.
Some underlying true value for total bycatch for a given fishing mode-species group would need
to be formulated and plausible models for how this translates to discards per biomass kept on a
trip by trip basis. The error variability seen in the actual data should also be captured in the
"mock" data simulator. Since the proposed estimators are relatively simple, it should be possible
to simulate thousands of mock datasets from the underlying assumed true model for bycatch and
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kept biomass per trip (or days at sea), fit each estimator to each of these datasets and then inspect
the bias, mean square error in the estimate, precision in the estimates and accuracy of the percent
coverage of the true value by the estimated 95% confidence intervals (or probability intervals)
obtained from each of the proposed by catch estimators. Standards of acceptable performance
would need to be defined beforehand, to outline what could be considered to be acceptable levels
of precision and accuracy in estimates of bycatch and estimates of precision.

I thus conclude that an SBRM should not be approved until the proposed estimators of bycatch
and the methods to estimate SEs in the SBRM are simulation-tested for their accuracy and
precision and found to perform acceptably according to predefined tolerance levels for accuracy
and precision.

IS THE FILTERING PROCESS SCIENTIFICALLY SOUND?

I have reviewed the filtering processes proposed, and in my view they are scientifically sound. 1
have no issues at all with the filtering methods proposed in the SBRM. They appear to be well-
founded and sensible from a scientific point of view and in my view could lead to very little
compromise in the quality of information provided yet considerably keep to reasonably low
levels the amount of observer coverage required to meet the target levels of precision for the
various bycatch species. My only comment concerns the fraction of fishing mortality rate filter.

p. 188. Itis stated in one of the report given examples that

"[@]pplying the mortality ratio filter (fourth level) at a threshold of 98 percent reduces the
observer sea days necessary for this fishing mode to 1,229 days, which is the target level for sea
turtles. Bluefish (2,231 sea days) is filtered at this stage as the discards of bluefish associated
with this fishing mode contribute only 0.16 percent of the total fishing mortality on bluefish
(including all commercial and recreational landings plus discards)."

This ignores uncertainty in the discard estimates from existing observer datasets. e.g., discards
of bluefish associated with this fishing model contributes only 0.16 percent of the total F on
bluefish. If bycatch estimates are already imprecise due to low observer coverage, the use of
point estimates e.g. if CVs are 0.3 or more give rather quite variable estimates of bycatch upon
which to form a species filtering algorithm. This could lead to some species which are on the
border of the tolerance level of e.g., 98 percent, being actively included in the observer coverage
calculations in some years and not in others. This could have the undersirable result of yielding
bycatch data that may swing between being highly imprecise to the target levels of precision and
overall produce some time series with very poor quality. The fraction of instances in this
category should be assessed to make sure that such instances are only a very small minority and
that data for species of concern are not unduly impacted.

Part 2: An independent scientific paper that either confirms the analysis and
recommended levels of observer coverage contained in the SBRM or points out where it
falls short and how it would need to be improved in order result in scientifically sound
recommendations for observer coverage levels. This review should include a discussion of
specific high profile fisheries, including:

0 NE Groundfish- discard mortality of groundfish in the fishery;
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o NE/Mid-Atlantic Scallops- sea turtle and yellowtail flounder discards;
o NE Mid-water Trawl- bycatch of fish and protected species;
o Mid-Atlantic Trawl — bycatch of sea turtles in trawl nets

Time was too short to allow me to address in detail the four particular fisheries mentioned. | can
however provide some summary comments on "how the SBRM would need to be improved in
order result in scientifically sound recommendations for observer coverage levels™.

(1) The current SBRM is seriously flawed because it utilizes a ratio estimator to all fisheries
mode-species group combinations when in the vast majority of them, the two key assumptions of
ratio estimation do not hold, i.e., significant positive correlation between the denominator and
numerator in the ratio and the ratio data are adequately modeled by a linear model that goes
through the origin. This can be seen to be the case for all gear types in all regions including
groundfish and other trawl discards in Appendix B, Figures B1 whereby in only a tiny fraction of
the instances shown were the linearity assumptions of the ratio estimator reasonably satisfied
(i.e., a linear model fitting through the positive discard data and also the high frequency of zero
discards data). This was seen for all results for protected species including turtles in both regions
for caught in all forms of fishing gear (e.g., Figures B2a and B2b). Based on results in Tables 42
and 43 (NMFS 2007) indications of the fraction of instances for these four fisheries in which the
requirement for there to be a positive correlation between bycatch and kept biomass might be
met are provided below. This, however, arbitrarily presumes that a correlation coefficient (p) of
0.5 for values of bycatch and kept biomass is acceptable. Note that the particular level of p that
might be considered acceptable for the application of a ratio estimator remains unclear.

NE Groundfish- discard mortality of groundfish in the fishery
Commercial species
- NE otter trawl, small: 1/ 13 species had a p > 0.5.
- NE otter trawl, large: 2/ 13 species had a p > 0.5.
Protected species
- NE otter trawl, small: 0/ 2 species had a p > 0.5.

Conclusion: The assumption of a positive correlation appears to be met in very few instances
and the estimation method may be unreliable

NE/Mid-Atlantic Scallops- sea turtle and yellowtail flounder discards
Commercial species

- NE: 3/ 31 instances had p > 0.5.

- MA: 1/ 31 instances had p > 0.5.
Protected species

- NE : 0/ 7 instances had p > 0.5.
- MA : 0/ 4 instances had p > 0.5.
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Conclusion: The assumption of a positive correlation appears to be met in very few instances
and the estimation method may be unreliable

NE Mid-water Trawl- bycatch of fish and protected species;
Fish
- 0/10 instances had p > 0.5
Protected species

- 0/4 instances had p > 0.5

Conclusion: The assumption of a positive correlation appear to be met in none of the
instances shown and the estimation method may be unreliable

Mid-Atlantic Trawl — bycatch of sea turtles in trawl nets
- Otter trawl: p = 0.044 (too low).
- Scallop trawl: p = 0.981 (0k).

Conclusion: Only for the scallop trawl would the discard to kept ratio method appear to be
reliable

(2) The ratio estimators could thus be considered for application in only those few instances in
which the two key assumptions of ratio estimators are satisfactorily met. These ratio estimators
could also be applied only in those instances in which the fraction of zero bycatch observations is
very low with the bench mark level to be determined by simulation evaluation as suggested in
recommendation 3 below. Given the data presented in Figure B-2 for various protected species
this would be in fact in none of instances, due to there being no instances in which positive linear
relationships that go through the origin and also the positive bycatch observations.

(3) The prescriptions for sampling coverage for protected species in virtually all of the fisheries
are likely to be unreliable due to the serious violations in assumptions of the estimators applied
to the existing data.

(4) The simple expansion method should be considered instead as estimator of bycatch and in the
amount of observer coverage necessary to obtain the desired level of precision. This is because
it does not require that the ratio assumptions be met and presumably might not be unduly
affected by the high frequency of zeros in the observer bycatch data. Results presented in the
report also indicated that it provided higher precision than the combined method with the discard
to kept ratio.

(5) All candidate bycatch estimators should be simulation-tested with simulated data with known
properties that mimicked plausibly the currently available data to evaluate whether these
estimators could provide acceptable accuracy and precision in estimates of bycatch in the full
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variety of fishery mode and species group combinations in the mid-Atlantic and NE Atlantic
regions.

(6) Only estimators that are quality control tested and found to meet commonly required
standards of performance may be considered as provisional candidates for the SBRM. Such
candidates should be found to perform acceptably well in all simulation test evaluations of

precision and accuracy and wherever applied, it must be verified that the assumptions of the
estimators are adequately met.
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Part 3: Some additional questions for the Reviewer to consider:

1) Will the Standardized Bycatch Reporting Methodology program described and analyzed in
the EA provide estimates of bycatch with the expected precision (CV=30%)?

It is conceivable that the computed precision could meet the target level of 30%.
However, it may be the case that the estimates could have CVs quite different from 30%
because in the vast majority of instances the two key assumptions of the ratio estimator
are not met. Thus, over many years, and presuming bycatch and kept biomass levels did
not change much from year to year, and the same amount of observer coverage was
applied, the realized interannual variation in the actual point estimates obtained could be
considerably different and possibly larger than the CVs calculated using the Taylor Series
estimate of the standard error of the estimate.

Results in Figures B-5 and B-6 show that the simple expansion method could be expected
to give more precise estimates of bycatch in the majority of instances. The higher
precision of the simple expansion method could also lead to lower number of observer
days being required to meet the same target level of precision of 50%. Because this
method is more robust to poorly behaved bycatch and effort data than the ratio methods,
it could be expected that it could provide more reliable better behaved estimates of
discards and more reliable prescription for observer coverage.

2) Will the SBRM provide discard and mortality information which can be used to monitor,
enforce and regulate a fishery that is governed by Annual Catch Limits/Hard TAC’s that are
required under the recently reauthorized MSA?

CVs of 30% in total catch estimates for a given exploited population would produce a
large amount of error variability in catch estimates on an interannual basis (see Figure 1
below). Most of the commonly applied stock assessment methods such as VPA, catch-
age, and surplus production models assume that catch is known without error or with
very little error (e.g., CV < 10%). Having absolutely no error in catch estimates is almost
never the case, but in many fisheries, particularly those managed by individual
transferable quota (ITQ), catch seems to be estimated with fairly high precision and this
assumption is not badly violated. However, should the CV in the total catch approach
30%, this could cause the results from the methods and recommended TACs to vary quite
a bit from year to year due to error variability in the catch data information, and thereby
create a serious source of stock assessment error. The effect of large amounts of error
variability in landings estimates (e.g., CVs of 20 to 30%) on stock assessment and
management performance in TAC systems has to my knowledge rarely been evaluated.
Accepting a 30% CV in bycatch and possibly landings estimates could conceivably be
expected to be a major source of imprecision and possibly bias in stock assessments and
the TAC recommendations that come out of them. This would particularly be the case
for instances in which bycatch made up a substantial fraction of total catch of a particular
fish population.
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Figure 1. Graphical illustration of the expected variability in catch (or bycatch) estimates that
could be obtained if target precision for catch estimation was set at (a) 20% and (b) 30%. The
true underlying catch in each year is 100 tons. Thus simulated true catch is constant at 100 tons
for all years in each graph. The 10 trajectories in each graph show possible time series of catch
estimates that could be expected to be obtained under these two alternative target levels of
precision. Note that the amount of error variability apparent in time series with 30% CVs in
catch (or bycatch) estimates seems particularly high with many estimates being less than 50%
and larger than 50% of the true value for catch.
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3) Does this reporting methodology account for rare bycatch events such as protected species?

SBRM information and results on protected species are shown in many of the SBRM
report's figures and tables separately from such for commercial species. Prescriptions of
observer effort for each of the fishing modes explicitly takes into account requirements to
meet precision requirements for estimating protected species bycatch also. The SBRM
thus considers both protected and unprotected species in its evaluations of the
assumptions of the estimation methods and the estimates produced.

The problem of there being a high frequency of zero bycatch observations however is not
adequately taken into account in the specification and evaluation of proposed bycatch
estimation methods. The ratio estimator chosen and applied in the SBRM is
inappropriately applied to protected species because in none of the instances shown in
Appendix Figure B2 does a linear model appear to adequately fit the data. Where there
are positive bycatch observations, the linear model fails to predict them because it goes
mainly through the very large fraction of zero observations over a wide range of kept
biomass values. Also, in only 3 of 59 instances in Table 43, are correlations between
discards and kept biomass larger than 0.7.

Thus a "one-shoe size fits all" approach in the current SBRM is inadequately justified and
inappropriate for the vast majority of fishing mode-protected species combinations.
Whether it would be an overall better approach to tailor bycatch estimators to each
particular species-fishing mode combination is a difficult issue. But in principle, this
approach could produce more reliable prescriptions for observer coverage and estimates
of bycatch. Such an approach however would require a lot more work than the
preparation of an SBRM like the present one that applies a single bycatch estimation
method to all instances.

4) Will the proposed methodology be sufficient to account for the change in fishing behavior
caused by a fisheries observer (the observer effect)?

Most of the empirical comparisons of landings and trip data from observed and
unobserved trips shows some differences between observed and unobserved trips,
particularly in the spatial distribution of fishing locations between observed and
unobserved trips.

However, while there are some detected differences (3 out of 11 instances) between
observed and unobserved trips in landings, the report claims that the differences are
relatively small, though no data are shown to confirm this.

There currently appear to exist no data that can enable the estimation of the potential bias
in discard estimates provided by observed trips relative to unobserved trips. Thus apart
from there being strong evidence of differences in spatial distribution of observed and
unobserved trips there remains no way to accurately assess the potential bias that may be
present in discard data from observed trips.

It appeared that by installing VMS on vessels (Muraski et al. 2005), the spatial
distributions of fishing effort became nearly identical between observed vessels and these
VMS trips. The implication here is that requiring the installation of VMS on all vessels
whether observed or not, could potentially help to reduce differences in spatial
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distribution of fishing trips between observed and unobserved trips. This could help to
reduce some of the potential differences in bycatch between observed and unobserved
trips. Requiring mandatory video monitoring of fishing operations, the obtaining of data
on presence/ absence of all bycatch species on a haul by haul basis, and comparisons
made between observed and unobserved trips could potentially have a similar effect but
the video monitoring proposition seems to be still under consideration and there are many
pros and cons that need to be weighed.

e Insummary, the current methodology does not appear to account for the change in
fishing behaviour caused by fisheries observers because it appears to assume that no such
difference exists.

5) Is the apparent reliance on vessel trip reports, which are notoriously inaccurate, scientifically
valid?

e The current SBRM bycatch estimator is a ratio estimator that is scaled up using
unadjusted kept biomass estimates from FVTR data.

e Comparisons of landings from FVTR data and Dealer landings records show that in the
majority of instances, FVTR landings data are 10 to 40% less than the Dealer records.

e The current SBRM, though revealing these systematic differences does not make any
attempt to correct for them in its combined ratio method for estimating bycatch.

e Based on this, some negative bias can thus be expected to be introduced in bycatch
estimates.

e Use of the simple expansion method estimator instead would use the records of total
numbers of trips made from the FVTR data base. Presumably, the FVTR records of total
numbers of fishing trips could be expected to be more accurate than its records of
landings and provide possibly more reliable estimates.

This last point can be checked by comparing the 3 and 2™ to last cells in the last row of Figures
Appendix B-4a — B4g which compare for various fishing methods bycatch estimates obtained by
the two discards to kept ratio methods (which use the FVTR landings data as expansion factors)
and the simple expansion method which uses FVTR data on the number of trips but does not use
the FVTR landings data. If there is no difference in the estimates of bycatch provided by the
simple expansion method and the bycatch to discard ratio methods, the lines plotted should be
the identity line and perfectly diagonal through the individual cell. Figure B4a (New England
longline) shows both lines very close to the diagonal suggesting no systematic differences in the
kept ratios estimates and the simple expansion method. Figure 4Bc (New England otter trawl)
shows lines below the diagonal suggesting some positive bias in the discard to kept ratios
estimates. Figures B4b and B4d (Mid-Atlantic otter trawl and mid Atlantic scallop dredge) Shows
lines very close to the diagonal suggesting no apparent difference between the simple expansion
and the discard to kept ratios estimates. Figure B4e (New England scallop dredge) shows both lines
very close to the diagonal suggesting no systematic differences between the discard to kept ratios
estimates and the simple expansion method. Figure B4f (Mid Atlantic gillnet) shows considerable
scatter in both plots but both lines well below the diagonal suggesting some potential strong
positive bias in the discard to kept ratios estimates (relative to the simple expansion method).
Figure B4g (New England gillnet) shows both lines very close to the diagonal suggesting no
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systematic differences between the discard to kept ratios estimates and simple expansion method
estimates.

Thus in two out of seven instances, there appear to be systematic differences in estimates
obtained between the simple expansion method and the discard to kept ratio methods. What the
comparisons of the simple expansion method and discards to kept ratio method suggest is
potential for systematic differences between estimates provided by the discard to bycatch ratio
and simple expansion method and systematic bias in at least one of these two alternative
methods. The violation of the two key assumptions in the discards to kept ratio method for the
majority of instances would suggest that in terms of bias, the expansion method is preferable.

Figures B-5h to B5n show that the CVs in estimates provided by the simple expansion method
are systematically less than those provided by the combined ratio method in six out of the seven
instances. Figures B-6a-B6g which compare the CV estimates from the simple expansion
method and the combined ratio method also show that the simple expansion method gives lower
CVs than the ratio method. Thus, based on the issues of both bias and precision, the simple
expansion method shows superior properties when compared to the discard to kept ratio and
combined method estimator. The choice of the combined method with the discards to kept ratio
method for the SBRM thus is inappropriate and the simple expansion method considered and
tested as a potential alternative candidate method.

Some additional comments

1. Other simple design-based estimators of discard could have been formulated and applied as
alternative candidates but this was not done. | would recommend that at least one or two
alternative types of estimators of bycatch be formulated together with formulae to compute their
standard error. The potential accuracy of these alternative estimators should be compared with
the proposed ratio estimators.

2. Only asingle Taylor series approximation of variance is applied to estimate the standard error
in the ratio estimators. In my view, the accuracy of this estimator of standard error should have
been simulation evaluated for its accuracy in estimating standard error in the estimator.
Bootstrap and jackknife estimators of the sampling distribution of estimators are also commonly
applied in fisheries and the results from these are often more reliable than analytically derived
approximation of standard error. | recommend that either bootstrap or jackknife variance
estimators be applied to estimate the standard error in the estimators to evaluate the sensitivity of
the estimate of SE to its method of calculation.

3. Data only from a single year was utilized to formulate a bycatch sampling protocol and it is
proposed that the sampling coverage applied be updated each year based on the previous year's
data. Given that there's been no simulation testing of the variance in the proposed estimators
from a single year and no evaluation of how the estimates obtained and the variances in estimates
obtained might vary between years, there is as yet no basis upon which to judge the reliability of
the prescriptions for sampling that are provided on an annual basis and how these prescriptions
might vary from year to year based on sampling error in the data. It could be the case the
prescribed observer coverage by mode and species might vary wildly from year to year based on
yet undetected instability in the estimators of standard error and bycatch. Further research on
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how the estimators of bycatch by species and fishing mode could be expected to vary from year
to year and how well they could be expected to track actual bycatch are thus recommended.

4. It could be expected that bycatch amounts by species and fishing mode might change as a
function of changes in fishing regulations, e.g., a change in minimum size regulations.
Computation of annual estimates of bycatch by species and fishing mode from the last five years
of historic observer data could help to enable some understanding of the ability of the proposed
estimators to detect any changes in bycatch amounts as a result of changes in regulations and
how variable bycatch estimates could be expected to be from year to year where there are no
changes in regulations and whether the realized internannual variability in annual bycatch
estimates can be seen to be a function of the amount of observer coverage in the different fishing
modes.

5. While bycatch is disaggregated to the gear-type and species level and in some instances
species group level, and also disaggregated into the New England and Mid-Atlantic regions, this
does not necessarily provide estimates of bycatch at the population level. For example, it could
be that in one region there may be more than one more or less spatially non-overlapping breeding
population of a given bycatch species (e.g., there may be two or three populations of a
commercial crab species in e.g. the mid-Atlantic region). Yet the bycatch monitored is the
region-wide bycatch and thus there will be no bycatch estimates possible at the population level.
For some particular bycatch species which may have more than one spatially non-overlapping
breeding population in a given region, it may be appropriate to disaggregate the SBRM further so
that estimates of bycatch by breeding population are obtained, rather than aggregate estimates of
bycatch across different breeding populations. Without disaggregating the sampling information
to the level of the range of a particular breeding population the impacts of bycatch on individual
populations could be assessed. This may however make the formulation of an SBRM at region-
wide levels considerably more complicated.
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