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Stock abundance of Atlantic surfclam, as described in [Northeast Fish-
eries Science Center, 2017] is uncertain. The trend in stock abundance is
however, relatively well defined. The stock assessment working group there-
fore elected to remove absolute scale from Atlantic surfclam reference points,
and from decisions regarding stock status. The assessment was accepted for
management by the Stock Assessment Review Committee (SARC) panel and
there is little doubt that the Atlantic surfclam stock is near its target biomass
and lightly fished. Estimates of absolute abundance are no longer required
to determine the stock status of Atlantic surfclam, but removing them from
the assessment has caused some difficulty in setting an absolute Overfishing
Limit (OFL), an important task of the Mid Atlantic Fisheries Management
Council’s Scientific and Statistical Committee (MASSC). This document is
intended to provide some additional support for the process of setting an
OFL.

The SSC incorporates uncertainty into the process of setting an OFL.
Therefore a method exists by which the current estimates of stock abun-
dance from the assessment could be used to set OFL. Those estimates are
provided here along with some empirical measures of stock abundance in-
tended to provide additional support for the accuracy of the estimates from
the assessment.
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2017 Assessment Results

The biomass estimates provided in the assessment (e.g. Table 7 in North-
east Fisheries Science Center 2017) are based on spawning stock biomass
and therefore not comparable to the empirical abundance estimates provided
below, which ignore maturity, or the abundance estimates from previous as-
sessments, which estimated fully selected biomass. Therefore the abundance
estimates from the assessment reported here will be the biomass of age 6+
Atlantic surfclam, which makes them comparable to both empirical estimates
that ignore selectivity (see below) and previous assessments. This should pro-
vide information to the MASSC that is consistent with information provided
in the past, allowing a simple comparison between this, and previous OFL.

In the 2017 assessment, biomass estimates were used to produce esti-
mates of the probability of being overfished and overfishing (Figures 1 - 2).
The probability of overfished status incorporated the positive correlation be-
tween the reference point, which was based on the model estimate of unfished
biomass, and the terminal estimate of biomass. The the probability of being
overfished was low even though the uncertainty around both the terminal
biomass and the reference point was high (Figure 1).

The assessment also provided estimates of the OFL based on model re-
sults (Figure 4). These included uncertainties in both the biomass estimate
and the fishing mortality reference point. The OFL calculations in the as-
sessment however, are not directly comparable to the OFL calculations be-
low. The OFL in the assessment are based on the fishing mortality reference
point calculated in the assessment. That reference point was designed to
scale with the assessment model and is a function of the estimated biomass.
Without running the model it is impossible to duplicate the reference point
used. Therefore the empirical analyses below will use the reference point
from [Hennen et al., 2018].

Empirical Results

The empirical analyses presented here incorporate swept area biomass esti-
mates. These were made using NEFSC clam survey data for all years in which
instrumentation allowed a precise measure of tow distance (1997-2016). The
catch, in clams per m2, was determined by dividing the catch within each
strata by the area swept in that strata, expanded by the area of each strata,
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and then summed over strata to generate an estimate for each region (eq.
1; Table 2; Figure 7). The stock assessment model used a prior distribution
to help estimate catchability, which provides much of the information about
the scale of abundance to the model. The prior distribution for catchability
is based on depletion experiments and had high variance (Figure 5). For the
purposes of this analysis, catchability was assumed to be either one, or taken
from the depletion experiments. In either case, no selectivity was applied.
Thus, the biomass estimate here should be considered either a lower bound
on true biomass, as no fishing gear captures all animals it encounters, or an
estimate of the biomass of fully selected animals. Swept area biomass is

B̂t,a =
∑
i

[
Ii,t,a
Ai,t,a

Ri,a

]
q (1)

where B̂t,a is the estimated biomass in region a in year t, Ii,t,a is the weight
captured in survey tows in stratum i, Ai,t,a is the total area swept by tows
in stratum i, Ri,a is the total area of each stratum in area a and q is the
catchability, (q = 1 or 0.67). The coefficient of variation (cv) shown in Table
2 was derived from the variance of the stratified mean density observed in
the survey. The variance observed in each strata was weighted by the area
of the strata and then combined. All variance components were combined as

σ̂a, t =

√∑
i

σ2
i,t,a (2)

where σt,a was the std. deviation of the mean density in year t and region
a, and σ2

i,t,a was the variance in stratum i, year t and region a. Additional
variation was included to account for uncertainty in the stock area (based on
the difference between the survey footprint and the area where the upper 99
% quantile of animals occur - see Hennen and Jacobson in press described
below), uncertainty in the estimated usable habitat within each area (based
on the proportion of untowable ground observed in the survey in each area;
[Northeast Fisheries Science Center, 2017]), uncertainty in the distance cov-
ered by a standard tow (derived from estimates of tow distance from each
strata in the survey, weighted by strata area), and uncertainty in the esti-
mate of q being used (either 0, when q = 1, or derived from the variance
estimated in depletion experiments; see Northeast Fisheries Science Center
2017). All cv were combined using the formula
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ĉv1,...,n =
√
cv21 + ...+ cv2n (3)

where cv1, ..., cvn were the n cv being combined.
The estimate of exploitation rate, Êt was equal to the catch in each year

divided by the minimum swept area biomass estimated in that year summed
across regions.

Êt =
Ct∑
a B̂t,a

(4)

where Ct is catch in year t. It was only possible to make this calculation
directly for years in which the entire stock was surveyed, 1997-2011 (Table
3).

It is possible to approximate an Over Fishing Limit (OFL) calculation
using the lower bound on swept area abundance, B̂t,a, as derived in eq. 1 as

ˆOFL =
FMSY

FMSY +M

∑
a

B̂t,a

(
1 − e(−(FMSY +M))

)
(5)

where FMSY = 0.12, and M = 0.15 (values taken from Northeast Fisheries
Science Center, 2017, Hennen et al., 2018). Estimates of OFL (Table 6) using
Eq. (5) were derived from pooling the ĉv (eq. 3) over area. The timing of
the survey and the assessment make it necessary to use t = 2016 for Georges
Bank and t = 2015 for the southern area (Southern Virginia to Southern
New England) to make the calculation in eq. 5. The probability of over-
fishing (Fterminal > FMSY ) can be approximated by comparing a lognormal
distribution of the exploitation rate, (with mean equal to Et, and cv equal
to the cv of B̂t,a; Eq. 4), to a lognormal distribtion of FMSY (with a mean
of 0.12 and a cv of 100%). This comparison indicated a very low probability
of overfishing (Figure 8), until catch was increased above the current quota
(Figure 9).

There is reason to believe that the stock area used here may be an overes-
timation of the current Atlantic surfclam stock area. There are no data with
sufficient spatial resolution to precisely describe the stock area for Atlantic
surfclam and the stock area may be undergoing range shifts [Powell et al.,
2017, Weinberg, 2005, Weinberg et al., 2005]. There was however, a recent
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attempt to restratify the NEFSC clam survey to more accurately reflect the
current stock area (see Hennen and Jacobson, in press described below), in
which the survey strata were reduced to the strata that encompassed 99% of
the observed stock density over the last decade. The new survey footprint
is about 70% of the old survey footprint (Table 7). Although the calcula-
tions presented here already account for this difference in the uncertainty
bounds, under the assumption that the new survey footprint more precisely
reflects the stock are of Atlantic surfclam, the point estimate of the swept
area biomass and the OFL presented here would be reduced to about 0.7 of
current values.

The results of this analysis are consistent with the findings of the 2017
Atlantic surfclam stock assessment. The median OFL shown in Figure (4)
are within the confidence bounds of the empirical OFL shown in Table (6).
NEFSC intends to supply empirical estimates of stock abundance in future
assessments in order to facilitate the deliberations of the MASSC.

Reducing Uncertainty

Difficulty in estimating stock abundance stems largely from the lack of a
precise estimate of abundance for the northern (Georges Bank) segment of
the stock (see appendix for additional discussion). The northern area has
been essentially unfished for the last three decades, and only recently (2011)
opened to fishing. A lack of fishing results in a lack of contrast between
measures of fishing and observations of stock condition from the survey. In
addition, there is less survey data for the northern area. Although the survey
began in 1982, the northern area has always been more difficult to survey
and was often undersampled or skipped. In addition, the survey platform
changed in 2012. The previous survey platform used relatively inefficient gear
and resulted in a noisy survey index. At the time the stock assessment was
completed, there was one survey observation using the new, more efficient,
survey platform in the northern area. Increased precision is expected over
time as additional survey data accumulates, and fishing continues. An update
of the current Atlantic surfclam stock assessment should provide a more
precise estimate of abundance due to the accumulation of data alone.

The MASSC requested a “description of the short-term and long-term
research and analyses NEFSC is planning to conduct to improve our under-
standing of survey catchability and reduce the uncertainty in the absolute
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estimates [of abundance].” It is the opinion of the NEFSC that the problem
of uncertainty in abundance in the Atlantic surfclam stock assessment does
not primarily result from a lack of understanding of survey catchability. In
fact survey catchability is probably better understood (empirically) in the
NEFSC clam survey that in most of the other fishery surveys in the world.
NEFSC has conducted more than 20 depletion experiments in order to esti-
mate survey catchability and uses the results of these studies to inform prior
distributions around survey catchability in the assessment model [Northeast
Fisheries Science Center, 2017]. Estimating absolute abundance imprecisely
is common in fisheries with low fishing intensity and relatively little contrast
in the time series of stock abundance indices. These endemic challenges are
not typically correctable through research or analysis, which cannot generate
additional fishing pressure, or induce contrast in the survey indices. NEFSC
has, however, undertaken to improve the precision of the estimates of abun-
dance from the survey. A nearly 2 year project to redesign the NEFSC clam
survey with the goal of providing increased precision is currently in press at
NEFSC and will be published as a Center Reference Document in 2018 or
early 2019 (Hennen and Jacobson in press). A survey of the southern area
using the survey protocols developed during this process took place in Au-
gust of 2018. The proposed changes to the survey are expected to increase
the precision of survey abundance estimates.
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Table 1: Whole stock age 6+ biomass (1000 mt) for Atlantic surfclam for the
2017 assessment.

Year Biomass CV lci uci
Virgin 7712.4 0.42 3510.7 16942.8
1984 4828.8 0.61 1608.1 14500.0
1985 5270.8 0.61 1750.8 15868.0
1986 5673.2 0.61 1881.0 17110.7
1987 5794.4 0.61 1919.8 17488.4
1988 5680.8 0.61 1882.3 17144.4
1989 5608.4 0.61 1858.1 16928.8
1990 5435.9 0.61 1798.7 16427.8
1991 5146.1 0.61 1701.4 15565.5
1992 4970.9 0.61 1640.2 15065.3
1993 4800.6 0.61 1592.3 14473.3
1994 4789.0 0.61 1598.3 14349.4
1995 4827.9 0.60 1618.9 14397.9
1996 4873.7 0.60 1638.2 14498.8
1997 5414.3 0.60 1822.9 16081.4
1998 6816.2 0.60 2297.7 20220.6
1999 6925.9 0.60 2343.8 20465.8
2000 6863.5 0.60 2326.9 20245.1
2001 6587.9 0.60 2234.1 19426.8
2002 6241.5 0.60 2116.5 18406.3
2003 5872.0 0.60 1992.2 17307.7
2004 5623.7 0.60 1909.4 16563.4
2005 5269.9 0.59 1793.5 15484.6
2006 4814.1 0.59 1643.5 14101.5
2007 4344.3 0.59 1489.2 12673.4
2008 3916.6 0.59 1343.7 11415.6
2009 3527.7 0.59 1213.5 10254.8
2010 3234.0 0.58 1121.9 9322.2
2011 3021.2 0.58 1052.1 8675.9
2012 2897.5 0.58 1002.1 8377.7
2013 2869.2 0.59 980.8 8393.2
2014 2986.7 0.61 984.8 9058.7
2015 3149.2 0.63 1007.0 9848.9
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Table 2: Minimum swept area biomass estimates of Atlantic surfclam by
stock assessment region. Estimates are based on expansion of observed
NEFSC survey density to area of stock in each region. Catchability was
assumed to be 1 and all sizes were assumed to be fully selected. Therefore,
the estimates shown here should be considered a lower bound on biomass.

Region Year Biomass (1000 mt) cv
GBK 1997 146.47 0.32
GBK 1999 138.83 0.39
GBK 2002 124.64 0.49
GBK 2008 191.66 0.24
GBK 2011 176.61 0.28
GBK 2013 107.21 0.51
GBK 2016 109.15 0.30
SVAtoSNE 1997 505.30 0.20
SVAtoSNE 1999 341.69 0.22
SVAtoSNE 2002 369.40 0.21
SVAtoSNE 2005 201.02 0.24
SVAtoSNE 2008 203.85 0.21
SVAtoSNE 2011 221.20 0.23
SVAtoSNE 2012 731.18 0.23
SVAtoSNE 2015 651.19 0.26

Table 3: Minimum swept area biomass estimates, catch (landings*1.12 to ac-
count for incidental mortality) and approximate exploitation rate of Atlantic
surfclam in selected years.

Year Min. Biomass (1000 mt) Catch (1000 mt) Catch
Biomass

1997 651.77 18.61 0.03
1999 480.53 19.58 0.05
2002 494.04 24.01 0.05
2008 395.51 22.51 0.06
2011 397.82 18.84 0.05
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Table 4: Efficiency corrected swept area biomass estimates of Atlantic sur-
fclam by stock assessment region. Estimates are based on expansion of ob-
served NEFSC survey density to area of stock in each region. Catchability
was derived from depletion experiments all sizes were assumed to be fully
selected.

Region Year Biomass (1000 mt) cv
GBK 1997 625.95 1.36
GBK 1999 593.31 1.38
GBK 2002 532.66 1.41
GBK 2008 819.08 1.34
GBK 2011 754.76 1.35
GBK 2013 159.02 0.56
GBK 2016 161.90 0.38
SVAtoSNE 1997 2159.40 1.33
SVAtoSNE 1999 1460.22 1.34
SVAtoSNE 2002 1578.64 1.34
SVAtoSNE 2005 859.06 1.34
SVAtoSNE 2008 871.14 1.34
SVAtoSNE 2011 945.32 1.34
SVAtoSNE 2012 1084.56 0.32
SVAtoSNE 2015 965.91 0.34

Table 5: Efficiency corrected swept area biomass estimates, catch (land-
ings*1.12 to account for incidental mortality) and approximate exploitation
rate of Atlantic surfclam in selected years.

Year Biomass (1000 mt) Catch (1000 mt) Catch
Biomass

1997 2785.35 18.61 0.01
1999 2053.53 19.58 0.01
2002 2111.30 24.01 0.01
2008 1690.22 22.51 0.01
2011 1700.08 18.84 0.01
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Table 6: Estimates of the overfishing limit (OFL) based on swept area
biomass estimates, using FMSY = 0.12 and M = 0.15. The lower bound
estimates are not corrected for efficiency q = 1, while the efficiency corrected
estimates use q = 0.67. The confidence intervals (Lower and Upper) are
assymmetric approximations based on the estimated coefficienct of variation
(cv).

OFL (1000 mt) cv Lower (1000 mt) Upper (1000 mt)
Lower bound 80 0.28 47 137
Efficiency corrected 119 0.36 60 235

Table 7: The difference in area (nm2) between the survey strata used from
1982-2016 and the strata used after 2017 by area.

Old New Change
North 5772 5028 0.87
South 16983 10750 0.63
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Figure 1: Probability distributions of B2015

BThreshold
and F2015

FThreshold
, using the recommended reference points. The

probability of overfished status during 2015 is equal to the area of the red, upper curve that is less than
BThreshold. The probability of overfishing status during 2015 is equal to the area of the blue, lower curve
that is greater than FThreshold. The probability of overfished and overfishing status can be approximated
by the elevation (y axis scale) at which the solid line representing the cumulative probability distribution
crosses the dashed vertical line representing the reference point in each plot. The probability distributions
presented in this figure account for the positive correlation between the reference points (BThreshold = B0

4

and FOFL = FThreshold = F ∗ FMSY

F ∗
Max

) and the fishing mortality and biomass estimates in 2015, as well as the

uncertainty in the estimation of both the point estimates and their respective reference points.
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Figure 2: The time series of the ratio of fishing mortality estimates to the recommended F threshold, with
the 50, 80, 90, and 95 % lognormal confidence intervals in shades of gray. The confidence intervals account
for the correlation between F and FThreshold. Over fishing would occur if the ratio exceed 1.0.
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Figure 3: The time series of the ratio of biomass estimates to the unfished biomass (B0), with the 50, 80,
90, and 95 % lognormal confidence intervals in shades of gray. The confidence intervals account for the
correlation between B and B0. Overfished status would occur if the ratio went below 0.25.
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Figure 4: Distribution of catch (landings + incidental mortality) at the Over Fishing Limit (OFL) from
2016-2025 for Atlantic surfclam.
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Figure 5: Panel A) Individual modified commercial dredge (MCD) capture efficiency estimates with coeffi-
cients of variation compared to median values for the MCD and the survey dredge used from the research
vessel (RD) as well as the specific dredge used on the current survey (Pursuit). Panel B) A comparison
of median values values incoprorating the pooled cv for each dredge where each is shown as a truncated
lognormal distribution. The MCD and Pursuit dredge had higher and more precisely estimated capture
efficiency than the RD.
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Figure 6: Trends in minimum swept area biomass estimates for Atlantic surfclam in thousands of metric
tons. The NEFSC survey switched to a commercial platform in 2012, creating a separate index which is
shown in red. The confidence intervals are asymmetric 95% approximations based on the coefficient of
variation shown in Table 2.

17



Figure 7: Trends in efficiency corrected swept area biomass estimates for Atlantic surfclam in thousands
of metric tons. The NEFSC survey switched to a commercial platform in 2012, creating a separate index
which is shown in red. The confidence intervals are asymmetric 95% approximations based on the coefficient
of variation shown in Table 2.
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Figure 8: Probability distribution of F2017

FThreshold
, using FThreshold = 0.12. The probability of overfishing status

during 2017 is equal to the area of the blue curve that is greater than FThreshold. The probability of overfishing
status can be approximated by the elevation (y axis scale) at which the solid line representing the cumulative
probability distribution crosses the dashed vertical line representing the reference point. Panel (A) shows
the results when swept area biomass calculations assume catchability=0.67 and in panel (B) catchability
=1.0. The probabilities presented in this figure account for the uncertainty in the estimation of both the
point estimate and reference point.
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Figure 9: The probability of overfishing given different levels of catch. The blue line the results from swept
area biomass where catchability=0.67 and for the red line, catchability =1.0. The probabilities presented
in this figure account for the uncertainty in the estimation of both the point estimate and reference point.
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1 Appendix: A closer look at Georges Bank

The estimates of minimum abundance on Georges Bank (GBK or northern
area) are lower after 2012 than before. Given that the industry platform is
much more efficient than the gear used before 2012 (Figure 5), the estimates
of abundance should be substantially higher after 2012 if the population has
been approximately stable (this is evident in the southern area; Figure 7).
The implied reduction in biomass is not likely due to fishing removals which
are thought to be low [Northeast Fisheries Science Center, 2017]. Therefore
the GBK survey was examined closely to determine potential causes of this
unexpected behavior.

The swept area estimates for GBK have high cv relative to swept area
estimates from the southern area (Table 2). In general, GBK is more dif-
ficult to survey than the southern area due to various factors including the
presence of rocks, rough bottom, strong currents and patchiness of the re-
source. Certain strata were frequently missed due to time constraints (GBK
was typically surveyed after the southern area) or broken equipment. Indi-
vidual strata on Georges Bank appeared unstable during the period of no
fishing (prior to 2011; Figure 10). This indicates poor survey performance as
changes in swept area biomass cannot be due to fishing activity. Atlantic sur-
fclam density on GBK has relatively high spatial variance. Patchy resources
require relatively high sample sizes to reduce uncertainty. The NEFSC clam
survey has measured high uncertainty in strata on GBK in most years (Fig-
ure 11). The high uncertainty probably reflects inadequate sampling efforts,
as the number of tows is inversely proportional to the variance of the mean
in a stratum [Cochran, 1977]. In some years, such as 2008 and 2011, the
strata that made the largest contribution to swept area biomass had very
few tows (Figure 12). Increasing the number of tows per stratum was a goal
of the NEFSC clam survey starting in 2011 (see Figure 10 for a trend over
all strata). The number of tows per stratum should increase further starting
in 2018 due to the reduction in the number of strata in each area resulting
from the redesign of the survey. For example, there are 6 strata in the north
and the south currently, while previously there were 14 and 41 respectively.

Patterns in individual strata can provide insight to the patterns in overall
swept area biomass. Strata 72 contributed 51% of the total biomass in 2008,
but only 15% in 2011. That decline in only 3 years is unlikely given the lack of
substantial removals by the fishery over that period. During the same period,
strata 69 went from 0 to 23% of the total biomass. Also unlikely given that
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the population should be near equilibrium biomass after almost 30 years
without fishing and should not be able to sustain such a large increase in
biomass. It should be noted that stratum 69 was sampled only once in both
years, while stratum 72 was sampled 4 times in 2008 and 5 times in 2011.
Both were probably undersampled in both years.

Sampling was particularly poor in 2002 and 2008. In 2011 stratum 69
had the highest observed biomass and was sampled once. Removing 2002,
2008 and substituting the long term average value for stratum 69 into 2011
yields a more reasonable trend in swept area biomass (Figure 13). The new
survey platform still yields lower overall biomass estimates than expected,
however, and the difference seems unlikely to be due to fishery removals.
Approximately 23,000 mt of meats were removed form GBK between 2011
and 2016. Adding those removals back into the population would not be
sufficient to bring the new survey totals high enough to meet expectations of
increased efficiency and stable population.

It is possible that the survey noise is real and the population has expe-
rienced large swings that have left no evidence visible to the survey. It is
also possible that the new survey platform is not more efficient than the old
survey platform under the fishing conditions on GBK. Neither of these sce-
narios however are more likely than the alternative. That is, that the survey
on GBK has performed poorly.

In general, the survey of the northern area probably does not accurately
index population abundance. The population on GBK should have been
relatively stable over the period it was surveyed. There was no evidence of
recent mass mortality, such as a disproportionate abundance of articulated
but empty shells. Likewise there was no evidence of an usually large recruit-
ment event, such as a strong signal in the size composition data for the area
(see [Northeast Fisheries Science Center, 2017]). Given the lack of evidence
for a large scale shift in the population, the noise in the survey index is un-
likely to be real. It is possible that the low densities observed in 2013 and
2016 are more accurate than the densities observed in earlier years. Future
surveys using improved strata and efficient gear should reduce the noise in
the GBK index.
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Table 8: Mean (Mean) kg per tow with relative standard error (se/mean) (Rse), by strata and year on
Georges Bank. Only years where tow distance was known are included.

1997 1999 2002 2008 2011 2013 2016
Mean Rse Mean Rse Mean Rse Mean Rse Mean Rse Mean Rse Mean Rse

54 0.28 1.00 0.28 1.00 0.02 1.00 0.87 1.00 16.41 0.79 0.01 0.74
55 0.14 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.66 0.00 1.00
57 0.36 0.59 0.00 0.00 0.00 0.00 0.00 0.00 1.15 0.93 0.01 1.00 0.07 0.57
59 0.81 0.94 5.02 1.00 5.32 0.71 12.74 0.93 15.53 0.62 21.58 0.55 4.63 0.45
61 0.01 0.97 0.02 1.00 0.00 0.00 0.01 1.00 3.20 1.00 0.00 0.00 0.00 0.00
65 0.04 1.00 0.17 0.80 0.58 0.00 0.18 0.20 0.18 0.20 0.18 0.85 0.86 0.78
67 5.12 0.99 5.12 0.99 0.02 1.00 0.00 0.00 5.39 1.00 22.93 0.66
68 21.06 0.68 21.06 0.68 39.57 0.63 39.57 0.63 1.85 0.83 23.33 0.78
69 9.68 0.91 4.56 0.53 4.56 0.53 0.63 0.63 45.88 0.00 2.19 0.69 1.54 0.30
70 0.55 0.55 0.15 0.66 0.27 1.00 0.15 0.48 10.95 0.40 0.17 0.71 2.44 0.77
71 18.04 0.46 21.24 0.00 0.12 1.00 22.85 0.00 1.50 0.51 15.61 0.85 10.86 0.89
72 61.15 0.37 77.25 0.67 77.25 0.67 111.65 0.12 29.54 0.37 53.47 1.00 15.60 0.35
73 45.29 0.69 20.65 0.37 32.18 0.57 28.99 0.43 31.68 0.87 0.41 0.49 29.62 0.35
74 3.91 0.82 2.24 0.87 0.00 0.00 0.99 0.16 20.65 0.37 4.53 1.00 12.16 0.81
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Figure 10: GBK swept area biomass by strata.
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Figure 11: GBK swept area biomass and approximate 95% asymmetric confidence region, by strata.
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Figure 12: GBK swept area biomass and the number of tows taken in the survey in each strata, by year.
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Figure 13: Swept area biomass by region. GBK swept areas were modified. Some years with low sampling
rates (2002 and 2008) were removed and an observation from a strata that was sampled only once in 2011
was replaced with a long term average observation for that strata.
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