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ABSTRACT

Species biomass estimates for eastern Bering Sea groundfish are calculated
using data collected in the Resource Assessment and Conservation Engineering
Division’s annua demersal trawl survey. These data are analyzed with a stratified
statistical sampling model. The survey is divided into 10 strata; a common
stratification scheme is used for all species. In this study, the use of species-
specific stratification Schemes was examined to study how great a reduction in the
variance of the biomass estimator might be achievable. New stratification schemes
were developed by visually examining the distribution of catch per unit effort
(CPUE) data averaged over severa years. Geographically contiguous strata were
drawn by grouping sampling stations with similar mean CPUEs. Reductions in the
variances were achieved, but their magnitude was not large enough to yield
biologically meaningful reductions in the sizes of the estimated confidence intervals
of the species biomass. The use of non-geographically contiguous strata was also
examined. Using this type of a stratification- scheme resulted in even smaller

reductions in the variance estimates.



INTRODUCTION

The Resource Assessment and Conservation Engineering (RACE) Division of
the Alaska Fisheries Science Center, National Marine Fisheries Service, annually
conducts a demersal groundfish trawl survey in the eastern Bering Sea. Data
collect&| in the survey are analyzed to estimate the total species-specific biomass in
the survey area, the variances of the biomass estimates, and confidence intervals for
the biomass estimates. A sampling model, with the same stratification scheme for
all species, is used to analyze the data (Armistead and Nichol, 1993). The
objective of this study was to see if a species-specific stratification, rather than a
single stratification scheme, could reduce the estimate of the variance of the

biomass estimate.

The annua eastern Bering Sea groundfish survey consists of bottom trawl
samples collected at 329 stations located on a regular grid with 20 nautical mile
(nmi) intervals, both north-south and east-west (Armistead and Nichol, 1993). The
grid extends from Bristol Bay north to just north of Nunivak and St. Matthew
Idands and west to the 200 m depth contour. Twenty-six additional trawl stations
are located in an area around the Pribilof 1slands and in a second area south of St.
Matthew Idland. The effect of the additional trawls is to double the sampling

intensity in those aress.
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Currently, the eastern Bering Sea survey area is divided into three areas
containing 10 strata (Fig. 1). The three areas are based on depth: roughly the
shoreline to 50 m, 50 - 100 m, and 100 - 200 m. These areas were selected based
on the cluster analyses of trawl data done by Walters and McPhail (1982) and
Walters (1983). Bakkala (1993) found that the eastern Bering Sea continental shelf
is divided into three distinct environmental domains and that the boundaries
between these domains are approximately at the 50 m and 100 m isobaths, lending

further support to the appropriateness of divisions.

62 — —_— —_ . 62

PRIBILOF IS.

54

54 ~—T

180 175 170 165 160

Figure 1. Map of the survey area, the target locations of the trawl stations,
and the currently used stratification scheme. The heavy, solid lines show the
primary strata, the dashed lines mark the high-intensity sampling aress.



3

The three areas are subdivided into six primary strata by a line that runs
roughly southwest to northeast through the middlie of the sampling area. This line
was originally established to divide the areas inhabited by separate stocks of fish
into different strata (Kashkina, 1965; Maida, 1972). It was believed (at present,
the assumption is debatable) that there were two separate stocks of walleye pollock
(Theragra chulcogramma) and two separate stocks of yellowfin sole (Pleuronectes
asper) in the eastern Bering Sea.  The six primary strata were first used in the 1986
eastern Bering Sea survey (Halliday and Sassano, 1988); prior years data were

reanalyzed using this stratification scheme.

Overlaying the six primary strata is the two double-intensity sampling areas,
each of which is divided into two strata by the aforementioned stratum divisions,
The result is six low-intensity sampling strata (approximately one trawl station per
400 nmi? ) and four high-intensity sampling strata (approximately one trawl station

per 200 nmiz).

The biomass of each species is estimated by first calculating a mean catch
per unit effort (CPUE) for each stratum. The catch is measured in kilograms of
biomass, the effort is measured as the area trawled. The area trawled for a specific
trawl is measured as the wingtip to wingtip spread of the net times the length of the

trawl. Thus, multiplying the mean CPUE by the area of the stratum produces an
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estimate of total species biomass for the stratum. A primary assumption of the
model is that 100% of the fish in the areas trawled are caught and that no fish from

outside the trawled area are caught.

Stratification is used in statistical sampling as a method to reduce the
variance of the statistical estimator and hence the size of confidence intervals.
Strata are defined so that observations within a stratum are similar and so that the
stratum means differ. In estimating biomass in the eastern Bering Sea, the ideal
strata are such that the CPUE is relatively constant across each stratum and so that
the mean CPUE varies from stratum to stratum. The objective is maintain an
unbiased estimate of the species biomass while reducing the variance of that

estimate.

Historicaly, the same stratification scheme has been used to estimate the
biomass of each species in the survey (Wilson and Armistead, 1991; Bakkala et al.,
1992; Armistead and Nichol, 1993). The species distributions across the eastern
Bering Sea, however, vary greatly from species to species. Thus, the optimal
stratification scheme will usually vary from species to species. The objective of the
current study was to examine the effect of species-specific stratification on the size
of the estimated variance. No change in the distribution of sampling effort has

been considered, only a change in the stratified model used to analyze the data.



METHODS

The data used in this anaysis were taken from the eastern Bering Sea
demersal trawl surveys from 1982 to 1991. Survey data from earlier years were
available, but changes in the survey protocol indicated that those data should not be
included. The distributions of three commercially important species were

examined: walleye pollock, yellowfin sole, and rock sole (Pleuronectes bilineatus).

The standard method for analyzing the eastern Bering Sea demersal trawl
data uses the BiomAss program at the Alaska Fisheries Science Center (AFSC) (see
Armistead and Nichol, 1993). For this anaysis, a Microsoft QuickBAsic program
was written to emulate that portion of the Biomass program that calculates estimates
of the species biomass and the population numbers plus the associated variances and
confidence intervals. The program uses the standard haul file data, the standard
catch file data (with catch data from only one species per program run), and a

modified stratum/area file.

The variable of primary interest in this analysis was species biomass. It was
estimated by first caculating a mean CPUE for each stratum with effort measured

in units of area trawled. The biomass was estimated as the product of the mean
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CPUE times the total area of the stratum. The stratum biomass estimates were then
summed, as were the variance estimates, to yield an estimate of the eastern Bering
Sea bhiomass of the species of interest and an estimate of the variance of the

biomass estimate.

-Five different geographically contiguous stratification schemes were
examined for the three species. 1) unstratified; 2) 2 strata, in which the survey
area was divided into areas of high- and low-intensity sampling; 3) 6 strata, using

the 6 primary stratashown in Figure 1; 4) al 10 strata shown in Figure 1; and
5) species-specific schemes (6 to 8 strata) based on an examination of patterns in
the mean CPUE. Three geographically non-contiguous stratification schemes were

also examined.

All 355 trawl stations of the annual eastern Bering Sea survey were included
in the analysis. Of these, 329 were located on the regular 20 nmi by 20 nmi grid.
The remaining 26 stations were located near the Pribilof 1slands and south of St.
Matthew Island in two areas of higher intensity sampling (see Fig. 1). To maintain
a uniform sampling intensity across each stratum, the 26 high-intensity stations

were omitted from the analyses based on the first and third stratification schemes.
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The species-specific stratification in the analysis using the fifth scheme was
based on historical CPUE data. The mean CPUE for each species at each trawl
station was calculated and then maps were drawn (one for each species) to
summarize the distribution of mean CPUES. Mean CPUES were calculated using
only the even years (1982, 1984, 1986, 1988, and 1990). This permitted analyses
of the odd-year sampling data that were independent of the data used to construct

the stratification schemes.

Strata were defined subjectively, based on an inspection of each map,
looking for contiguous regions with similar mean CPUE vaues. When appropriate,
the high- and low-intensity sampling areas were retained as separate strata. Thus,
data from all 355 stations could be used in the species-specific analyses. Maps of
the means of the even-year CPUES and the selected stratifications by species are

shown in Figure 2.

To examine whether the species-specific stratification yields a significant
reduction in the estimated variance of the biomass estimate, the estimated variance
was calculated for the five stratification schemes (devel oped with data from the
even years) for each of the five odd years (1983, 1985, 1987, 1989, and 1991).
The effect of the species-specific stratification was analyzed with a two-way

analysis of variance model (with stratification scheme and year as the main effects).
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Figure 2. Species-specific stratification scheme; the numbers on the map are the

means of the even-year CPUES at the stations.
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As there was no replication possible, a model without an interaction term was used.
Fisher's least-significant difference test was used to specificaly test for a
statistically significant difference between the various species-specific schemes and

the conventiona lo-stratum approach.

In some ways, using post-stratification would seem to be the best way to
develop an optimal stratification scheme. But in the context of estimating the
biomass of a species in the eastern Bering Sea survey area, using the observed
CPUE figures for a particular year to define the strata used to anayze the data for
that year does not fit within the framework of the usual post-stratification model
(Kish, 1965). To post-stratify in this situation is likely to introduce a negative bias
in the estimate of the variance of the biomass estimate (i.e., the variance will likely

be underestimated).

While using the current year’s data to define strata is inappropriate, there is
nothing wrong with using the previous year's data to define strata. Thus, another
approach to defining non-geographically contiguous strata that was examined was to
sort the trawl stations by the previous year's CPUE data and then assign the stations
to strata based on the sorted order. Three-year and five-year moving averages of

the station CPUE data were also used to sort the stations and then to define strata.
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For example, to construct strata to analyze the 1991 data, the stations were

ranked by the 1990 CPUE data. Regardless of their geographic locations, stations
with the largest 1990 CPUE values were defined to be in the first stratum. Stations
with somewhat smaller 1990 CPUE values were defined to be in the second
stratum, etc. Stations with the smallest 1990 CPUE vaues were defined to be in
the last stratum. No fixed rule was used to define the CPUE values used to
Separate one stratum from the next. The objective was not to develop an optimal
stratification rule. Rather it was to simply look at the genera effect on variance
estimates of using such a stratification scheme. Somewhat arbitrary stratum
separation values were selected in an attempt to keep the strata small when there
was large within-stratum CPUE variability while alowing for larger strata when

there was very little CPUE variability.

Additional analyses of the 1991 data were conducted by calculating the
average CPUE for 1988 to 1990 and the average CPUE for 1986 to 1990 and then
stratifying the stations by using the ranked average CPUEs. The 3-year and 5-year
averages were selected in an attempt to reduce the effect of annual within-station
CPUE variability on the process of defining homogeneous (with respect to CPUE)

Strata.
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RESULTS

The geographic pattern of the means of the even-year CPUES in the eastern
Bering Sea varied by species. The number of strata into which the survey area was
divided also varied from species to species. For walleye pollock, the area was
divided into eight strata; for yellowfin sole, the area was divided into seven strata;

and for rock sole, the area was divided into six strata.

For al three species, the estimated variance of the biomass estimate
decreased as the number of strata into which the survey area was divided increased.
However, the statistical significance of the differences in estimated variance among
the stratification schemes varied from species to species. Of particular interest was
atest of the null hypothesis H,: the variance of the biomass estimate using species-
specific stratification is equal to the variance obtained with the presently used
10-stratum scheme against the one-sided aternative hypothesis H,: the variance of
the biomass estimate using species-specific stratification is less than the variance

obtained with the presently used 10-stratum scheme.

For walleye pollock, the observed decrease in the variance of the biomass

estimate (when going from the currently used lo-stratum stratification to the
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species-specific stratification) was very highly significant (P = 0.001). In contrast,

for the other two species, the differences are not statistically significant (for

yellowfin sole, P = 0.3 and for rock sole, P = 0.17).

For walleye pollock, the two-stratum and six-stratum models both resulted in
a 4% reduction in the predicted standard deviation when compared to the standard
deviation from the unstratified model. The 10-stratum model resulted in a 7%
reduction in the standard deviation and the contiguous, species-specific stratification
in
a 13% reduction - 7% less than the predicted 10-stratum model standard
deviation (Fig. 3). Overal, the species-specific stratification resulted in a predicted
variance that was significantly smaler (P = 0.05) than the variance predicted using
the other stratifications. Variance estimates from the unstratified model were
significantly larger than the variance estimates from any other stratified model.
The differences among the variances from the 2-, 6-, and lo-stratum schemes-and

the species-specific stratification were not statistically significant.

For yellowfin sole, the same reductions in the predicted standard deviations
relative to those from the unstratified model were 3 %, 22%) 24 % , and 27 % - with
a 4% reduction in the species-specific model standard deviation when compared to

the lo-stratum results (Fig. 3). The difference between the variance of the
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estimated biomass from the
unstratified model and the two-
stratum model was not significant.
Likewise, the differences among the
variances from the 6-stratum, the
|0-stratum, and the species-specific
stratification models were not
significant. But the difference in
variances between the unstratified or
2-stratum model and any one of the
6-stratum, the 10-stratum, or the
species-specific stratification models
was, however, statisticaly

significant.

For rock sole the 2-, 6-, and
|0-stratum models and the species-
specific stratification model resulted
in reductions of 6%, 14%, 24%, and
29%) respectively, in the standard

deviations, relative to the predicted
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standard deviation in the unstratified model (Fig. 3). The species-specific

dratification standard deviation was 5% less than that from the |10-stratum
dratification. The differences in the variances between the unstratified and the
2-stratum models, between the 2- and 6-stratum models, between the 6- and
|0-stratum models, and between the N-stratum and the species-specific
stratification models were not statistically significant but the differences in variances

between any other pair of models were significant.

While the decreases in the estimated variances of the biomass estimates were
as one would expect and some of the observed reductions were statistically
significant, the magnitude of the reductions was not large enough to be biologically
meaningful. For all three species, the reduction in the standard deviation when
going from the in-common lo-stratum stratification (the stratification scheme
presently used to analyze the eastern Bering Sea demersal trawl data for al species)

to the species-specific stratification scheme was between only 4 and 7 % .

For the non-geographically contiguous stratification schemes, only the

walleye pollock data were analyzed.

When just the previous year’'s CPUE data were used to dtratify the survey

areq, the estimated variance of the biomass estimate was smaler than that from an
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unstratified analysis but larger than that from the presently used [0-stratum

anaysis. If the previous 3 years CPUE data were used to dtratify, the estimated
variance was reduced to less than that from the |0-stratum analysis and the variance

estimate was even further reduced if the previous 5 years of CPUE data were used

to stratify the sampling stations.

The smallest estimated variance, however, was obtained by using the means
of the even-year CPUE data to stratify the survey area into geographically
contiguous strata. Statistically, the variance based on the dtratification using the
CPUE means for the even-year data is significantly smaller than all of the variances
based on the non-contiguous stratification schemes (except for the difference
between the variances from the previous 5-year means and the even-year means
models where the difference is nearly, but not quite; significant at the 0.05 level).
None of those latter variances was significantly different from the variance based on
the presently used lo-stratum scheme and all were significantly smaller than the

variance obtained from an unstratified analysis.
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DISCUSSION

Eastern Bering Sea demersal trawl data from 1982, 1984, 1986, 1988, and
1990 were used to develop species-specific stratification schemes for use with
sampling theory models to estimate the species biomass. The expectation was that
new stratification schemes would reduce the estimates of the variances for the
biomass estimates. After the strata were defined, data from 1983, 1985, 1987,
1989, and 1991 were anayzed to produce estimates of the biomass and the variance

of the biomass estimate.

As anticipated, the species-specific dratification models yielded smaller
estimated variances than did the more general |o-stratum sampling scheme
currently in use. But the magnitude of the reductions in the estimated variance was
so small - a4 to 7% reduction in the standard deviation - that it does not seem to
be worth the effort to modify the current stratification scheme to achieve the

potential improvement.

In an attempt to assess the adequacy of the stratification based on the means
of the even-year CPUE data, two tasks were carried out. First, maps were drawn

using the means of the odd-year CPUE data. Those maps and the stratification that
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they suggest were not substantialy different from the maps drawn using the means

of the even-year CPUE data.

Second, using the stratification schemes based on the means of the even-year
CPUE data, the estimated variances of the biomass estimates for the even years
were calculated and analyzed. Since the stratification was based on the data being
analyzed, the strata should be in some sense optimal. Qualitatively, the results
were very similar to the results obtained by analyzing the odd-year data using the
same dtratification schemes but, surprisingly, the standard deviations calculated in
the even-year data analyses were larger than the standard deviations achieved in the
odd-year analyses. No plausible explanation for this result was apparent other than
simple random variation. It may be that ssimply by chance there was greater CPUE

homogeneity, within the strata, in the odd years.

These two analyses suggest that the stratification schemes based on the even-
year data are reasonable for the distribution of CPUE data in the odd years. While
there was a change in the distribution of catch from year to year, as well as a
change in the total catch, there does not appear to have been a substantial change in
the overall relative distribution of the three species of fish examined. The relatively
small reductions in the estimated standard deviations seem to be a result of a

somewhat patchy distribution of the fish. Patterns emerge when one looks at the
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distribution of mean CPUE, but within any contiguous area there remains
substantia variation in the density of the fish stocks so that the variance in the

estimates of biomass remains large.

The currently used lo-stratum scheme does relatively well, possibly because
while it is largely based on changes in sea depth rather than fish distribution, the
distributions of the species examined are also affected to a large extent by depth.
Thus, there are some distinct similarities between the existing stratification and the

species-specific stratifications.

The improved performance obtained using the geographically contiguous
stratification schemes and the lack of improvement using the non-geographically
contiguous schemes based on data from the catch in the previous year (or years)
indicate that there is some year-to-year continuity in the areas where fish densities
are high. The localized concentrations of fish are not, however, stable at any
specific trawl station. This observation suggests that if further studies are
undertaken to reduce the variance in the biomass estimate through the use of
improved stratification, then those studies' should focus on geographically

contiguous strata.
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