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INTRODUCTION

Scientists from the Midwater Assessment and Conservation Engineering Program of the Alaska
Fisheries Science Center (AFSC) routinely conduct echo integration-trawl (EIT) surveys in the Gulf
of Alaska (GOA) during late winter and early spring to estimate the distribution and abundance of
walleye pollock (Theragra chalcogramma, hereafter referred to as pollock). Most of this effort has
been focused on the Shelikof Strait area, which has been surveyed annually since 1980, except in
1982 and 1999. Surveys were also conducted in the Shumagin Islands area in 1994-96 and 2001-03
and along the GOA shelf break east of Chirikof Island in 2002-04. Results presented here are from
EIT surveys carried out between 9 and 19 February in the Shumagin Islands and Sanak Trough
(Cruise MF 2005-01) and between 24 March and 3 April in the Shelikof Strait area and along the
GOA shelf break near Chirikof Island (Cruise MF2005-05).

METHODS
Shumagin Islands/Sanak Trough Itinerary
9 Feb Embark scientists in Kodiak, AK.
10 Feb Calibration of acoustic system in Three Saints Bay, AK.

11-19 Feb EIT survey of the Shumagin Islands and Sanak Trough.
19 Feb Inport in Kodiak, AK.

Shelikof Strait/Shelf Break Itinerary

24 Mar Embark scientists in Kodiak, AK.

24-29 Mar  EIT survey of the Shelikof Strait area.

30 Mar-3 Apr EIT survey of shelf break east of Chirikof Island.

4 Apr Calibration of acoustic system in Ugak Bay, AK.
S Apr Inport in Kodiak, AK.



Acoustic Equipment

Acoustic data were collected with a Simrad EK500' echo sounding system using a 38 kHz split
beam transducer with a Simrad ER60 quantitative echosounding system using 18, 120, and

200 kHz split beam transducers (Simrad 2001; Bodholt et al. 1989, Bodholt and Solli 1992). The
transducers were installed on the NOAA ship Miller Freeman, a 66-m stern trawler equipped for
fisheries and oceanographic research, on the bottom of a retractable centerboard extending 9 m
below the water surface. Data were logged with SonarData EchoLog 500 (v. 3.25). The 38 kHz
data were analyzed using SonarData Echoview (v. 3.25.54) PC-based post-processing software.
Data for the other frequencies were also logged using ER60 software (v.2.1.1). Results presented

here are based on the EK500 38 kHz data.

Trawl Gear

Midwater and near-bottom echosign was sampled using an Aleutian wing 30/26 trawl (AWT). This
trawl was constructed with full-mesh nylon wings and polyethylene mesh in the codend and aft
section of the body. The headrope and footrope each measured 81.7 m (268 ft). Mesh sizes tapered
from 325.1 cm (128 in) in the forward section of the net to 8.9 cm (3.5 in) in the codend. The net
was fitted with a 13 mm (0.5 in) nylon mesh codend liner for the Shumagin Island, Sanak Trough,
and Chirikof surveys and a 32 mm (1.25 in) codend liner for the Shelikof Strait survey. The AWT
was fished with 82.3 m (270 ft) of 1.9 cm (0.75 in) diameter (8 X 19 wire) non-rotational
dandylines, 113.4 kg (250 1b) or 226.8 kg (500 1b) tom weights on each side, and 5 m” Fishbuster
trawl doors [1,247 kg (2,750 Ib) each]. Vertical net opening and depth were monitored with either a
WESMAR third wire or Furuno netsounder system attached to the trawl headrope. The vertical net

opening for the AWT ranged from 15 to 33 m (49-109 ft) and averaged 23 m (76 ft) while fishing.
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Demersal echosign was sampled with a poly Nor’eastern bottom trawl (PNE) with roller gear. The
PNE is a high-opening trawl equipped with roller gear and constructed with stretch mesh sizes that
range from 13 cm (5 in) in the forward portion of the net to 8.9 cm (3.5 in) in the codend. The
codend was fitted with a 3.2 cm (1.25 in) nylon mesh liner. The 27.2 m (89.1 ft) headrope held 21
floats [30 cm (12 in) diameter]. A 24.7 m (81 ft) chain fishing line was attached to a 24.9 m

(81.6 ft) footrope constructed of 1 cm (0.4 in) 6 X 19 wire rope wrapped with polypropylene rope.
The trawl was also rigged with triple 54.9 m (180 ft) galvanized wire rope dandylines. The
rollergear was attached to the fishing line using chain toggles [2.9 kg (6.5 1b) each] comprised of
five links and one ring. The 24.2 m (79.5 ft) roller gear was constructed with 36 cm (14 in) rubber
bobbins spaced 1.5-2.1 m (5-7 ft) apart. A solid string of 10 cm (4 in) rubber disks separated some
of the bobbins in the center section of the roller gear. Two 5.9 m (19.5 ft) wire rope extensions with
10 cm (4 in) and 20 cm (8 in) rubber disks were used to span the two lower flying wing sections and
were attached to the roller gear. The net was fished with the Fishbuster trawl doors. The vertical
net opening and depth were monitored with a Furuno netsounder system attached to the headrope.

The PNE trawl vertical mouth opening ranged from 6 to 8 m (20-26 ft).

Oceanographic Equipment

Physical oceanographic data collected during the cruise included temperature/depth profiles
obtained with a Sea-Bird Electronics temperature-depth probe (SBE-39) attached to the trawl
headrope, and conductivity-temperature-depth (CTD) observations collected with a Sea-Bird CTD
system at calibration sites. Sea surface temperature, salinity, and other environmental data were

collected using the Miller Freeman's Scientific Computing System (SCS).

Survey Design

Parallel transect designs were used, except where it was necessary to reorient tracklines in order to
maintain a perpendicular alignment to the bathymetry. A random start position was generated for
the first transect for all surveys. The Shumagin Islands survey was conducted between 11-14 and

16-19 February using transects spaced 9.3 km (5 nautical miles (nmi)) apart within Shumagin
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Trough, 1.9 km (1 nmi) apart east of Renshaw Point, and 4.6 km (2.5 nmi) apart elsewhere (Fig. 1).
Bottom depths did not exceed 220 m along any transect, and transects generally did not extend into
waters less than about 50 m depth. The Sanak Trough survey was conducted between 15 and 16
February using transects spaced 3.7 km (2 nmi) apart. Bottom depths did not exceed 160 m along
any transect, and transects generally did not extend into waters less than about 50 m depth (Fig. 1).
The Shelikof Strait sea valley was surveyed from north of Kuliak Bay on the Alaska Peninsula to
south of Chirikof Island between 24 and 29 March using 13.9 km (7.5 nmi) transect spacing

(Fig. 2). Bottom depths did not exceed 340 m along any transect, and transects generally did not
extend into waters less than about 100 m depth. The survey of the shelf break southeast of Chirikof
Island to near the mouth of Barnabas Trough was conducted between 30 March and 3 April along
transects spaced 11.1 km (6 nmi) apart between the 200 and 1,000 m depth contours. All surveys

were conducted 24 hours per day.

Trawl hauls were conducted to identify echosign and to provide biological samples. Average
trawling speed was approximately 1.5 m/s (3 kts). Pollock were sampled to determine sex, fork
length (FL), body weight, age, maturity, and ovary weight of selected females (Tables 1 and 2).
Pollock were measured to the nearest centimeter. An electronic motion-compensating scale was
used to weigh individual pollock. For age determinations, pollock otoliths were collected and
stored in a 50% ethanol-water solution. Maturity was determined by visual inspection and was
categorized as immature, developing, pre-spawning, spawning, or post-spawning. All data were
electronically recorded using the Fisheries Scientific Computing System (FSCS) developed by
NOAA'’s Office of Marine and Aviation Operations to digitally collect data aboard research vessels.
Data were stored in a relational database. Additional samples of pollock tissue and ovaries were
collected for ongoing research by AFSC scientists. Whole fish were frozen for training specimens

for the AFSC Fisheries Monitoring and Analysis Division’s Observer Program.

Standard sphere acoustic system calibrations (Foote et al. 1987) were conducted to measure acoustic
system performance for the EK500 (38 kHz) and for the ER60 (all frequencies). During the

calibrations, the Miller Freeman was anchored at the bow and stern. Weather, sea state conditions,



and acoustic system settings were recorded. A tungsten carbide sphere (38.1 mm diameter) and a
copper sphere (64 mm diameter) were suspended below the centerboard-mounted transducers. The
tungsten carbide sphere was used to calibrate the 38, 120, and 200 kHz systems. The copper sphere
was used to calibrate the 18 kHz system. After each sphere was centered on the acoustic axis, split
beam target strength and echo integration data were collected. Transducer beam characteristics
were modeled by moving each sphere through the beam and collecting target strength (TS) data
using Simrad EKLOBES software.

Data Analysis

Echo integration data were collected between 14 m of the surface and 0.5 m of the bottom, except
where the bottom exceeded 1,000 m, the lower limit of data collection. Echosign data identified as
pollock were stored in a relational database. Pollock length data were aggregated into strata based
on echosign type, geographic proximity of hauls, and similarity in size composition data. Estimates
of pollock backscattering strength for each stratum were then calculated using the sy threshold of
—70 decibels (dB). The echo integration values were summed and scaled using a previously derived
relationship between TS and fish lengths (TS = 20 Log L - 66; Traynor 1996) and the length
composition data to produce estimates of pollock numbers by length. Mean weight-at-length was
estimated from the trawl data when there were more than five pollock for that length; otherwise
mean weight was estimated from a linear regression of the natural logs of all the length-weight data.
Age-specific estimates of biomass and numbers were generated for the Shelikof Strait area. These
estimations will be generated for the Shumagin Islands, Sanak Trough, and the GOA shelf-break

surveys after the otolith samples are aged.

Relative estimation errors for the acoustic data were derived using a one-dimensional geostatistical
method (Petitgas 1993, Williamson and Traynor 1996, and Rivoirard et al. 2000). Relative
estimation error is defined as the ratio of the square root of the estimation variance to the estimate
of acoustic abundance. Geostatistical methods are used for computation of error because they

account for the observed spatial structure in the fish distribution. These errors quantify only



transect sampling variability. Other sources of error (e.g., target strength, trawl sampling) are not

included.

RESULTS and DISCUSSION

Calibration

Acoustic system calibrations were conducted before, during, and after the winter EIT surveys in the
Bering Sea and Gulf of Alaska (Table 3). The EK500 38-kHz collection system showed no
significant differences in gain parameters or transducer beam pattern characteristics between

calibrations, thus confirming that the acoustic system was stable throughout the surveys.

Shumagin Islands

Biological Sampling

Biological data and specimens were collected in the Shumagin Islands from six AWT trawl hauls
and four bottom trawls (Tables 1, 4 and Fig. 1). Pollock was the most abundant species in the
midwater trawl catches, comprising 99.5% by weight (Table 5). Pollock comprised 69% by weight
of the bottom trawl catches (Table 6). Pacific sleeper shark (Somniosus pacificus) and arrowtooth
flounder (Atheresthes stomias) were the next most abundant species by weight in the bottom trawl

catches, comprising 16% and 11% of the catch, respectively.

Trawl catches contained generally unimodal length distributions of mostly adults (Fig. 3). The
lengths were similar for the fish caught off Renshaw Point, in West Nagai Strait, and in Stepovak
Bay with a mean of 47 cm FL. The fish were slightly larger in Unga Strait, where the mean length
was 48 cm FL. Shumagin Trough yielded slightly smaller pollock with a mean of 46 cm FL. Few

fish shorter than 40 cm FL were observed anywhere in the Shumagin Islands area.



The unweighted maturity composition for males longer than 40 cm FL was 0% immature, 12%
developing, 49% pre-spawning, 33% spawning, and 7% spent (Fig. 4a). The female maturity
composition of fish longer than 40 cm was 0% immature, 8% developing, 64% pre-spawning, 5%
spawning, and 23% spent (Fig. 4b). Because of the lack of fish shorter than 40 cm, a logistic model
could not be fitted to the female maturity at length data (Fig. 4c). The average GSI (gonadosomatic
index: ovary weight/body weight) of pre-spawning females was 0.13 (Fig. 4d), which was similar to

previous Shumagin Island surveys.

Distribution and Abundance

Acoustic data were collected along 723 km (390 nmi) of tracklines. The densest aggregations were
off Renshaw Point and in northern Unga Strait (Fig. 5). Pollock were distributed both demersally as
well as in dense, midwater schools. Little echosign was detected outside the Renshaw Point and

northern Unga Strait areas.

The abundance estimate for the Shumagin Islands area is 64 million pollock weighing 52,000 metric
tons (t). The area off Renshaw Point accounted for 56% of the biomass. The relative estimation

error of the biomass based on the one-dimensional analysis of echosign was 11.5%.

The abundance of pollock in the Shumagin Islands has declined since the mid-1990s. The 2005
biomass is the lowest in survey history and is only 18% of the 1995 estimate of 290,000 t

(Table 7, Fig. 62). Inference about abundance trends, however, is difficult to make for several
reasons. Only the 1995, 2001-03, and 2005 surveys covered the entire Shumagin Islands area.
Also, it is unknown whether changes in abundance reflect variation in the timing of peak spawning
or actual changes in the population. With the exception of the 1994 survey, which occurred in
March well after peak spawning had occurred, the dates of the Shumagin Island survey have been
similar between years but the timing of peak spawning has not. For example, for the 2001 survey,

52% of the adult females were pre-spawning whereas 15% were spawning and 30% were spent,

2Previously published Shumagin Island abundance estimates for 2001 included an adjustment for contamination by
eulachon (Thaleichthys pacificus). See Shelikof Strait Results section for discussion.

7



which suggested that the peak had already occurred and that some fish might have already left the
area. The Shumagin Islands surveys also may not provide predictions of future pollock abundance
in the Gulf of Alaska. For example, over one-half of the adult pollock numbers in 2001 consisted of
the 1993, 1994, and 1995 year classes; however, these year classes were detected in low numbers or

were absent entirely as juveniles during the 1994, 1995, and 1996 surveys (Fig. 7).

Sanak Trough

Biological Sampling

Biological data and specimens were collected in Sanak Trough from five AWT trawl hauls and one
bottom trawl haul (Tables 1 and 4; Fig. 1). Pollock was the most abundant species in the midwater
trawl catches, comprising 95% by weight (Table 8). Pacific cod (Gadus macrocephalus) was the
next most abundant species caught comprising 5% of the catch by weight. Pollock comprised 79%
by weight of the bottom trawl catch (Table 9). Pacific cod was the next most abundant species,

comprising 17% of the catch.

Most of the pollock in Sanak Trough exceeded 40 cm FL (Fig. 8). Of the few shorter than 40 cm

FL, most were from 25 to 29 cm FL.

The unweighted maturity composition for males longer than 40 cm FL was 0% immature, 2%
developing, 32% pre-spawning, 59% spawning, and 6% spent (Fig. 9a). The female maturity
composition of fish longer than 40 cm FL was 0% immature, 6% developing, 70% pre-spawning,
7% spawning, and 17% spent (Fig. 9b). The high percentage of post-spawning fish suggests that the
survey timing was late. A similar result was obtained for the 2003 Sanak Trough survey, in which
27% of the females were spent. A logistic model fit to the female maturity-at-length data predicted
that 50% of females were mature at 36 cm FL (Fig. 9c), which is similar to 2003 (34 cm FL).
However, the fit was poor because of a lack of fish shorter than 40 cm FL. The average GSI for pre-

spawning females was 0.15 (Fig. 9d).



Distribution and Abundance

Acoustic data were collected along 200 km (108 nmi) of tracklines. The densest aggregations were
detected in the southern part of the trough off Sanak Island (Fig. 5). Similar to the Shumagin
Islands area, pollock were distributed both demersally as well as in dense, midwater schools.

The abundance estimate for Sanak Trough is 72 million pollock weighing 66,000 t. The relative
estimation error of the biomass based on the 1D analysis of echosign was 7.4%. Most of the
biomass was detected in the southern part of the trough off of Sanak Island, which differs from the
2003 survey, where most of the biomass was observed in the northern part of the trough. The
biomass in 2005 was less than the 2003 estimate of 82 thousand t, which was the only other survey
of Sanak Trough (Table 7). Both the 2003 and 2005 survey estimates contained few age-1 or age-2
pollock.

Shelikof Strait

Biological Sampling

Biological data and specimens were collected in Shelikof Strait from 22 AWT trawl hauls and 1
bottom trawl (Tables 2, 10 and Fig. 2). Pollock and eulachon (Thaleichthys pacificus) were the
most abundant species by weight in midwater trawl hauls, comprising 75% and 20%, respectively,
of the total catch (Table 11). Pollock comprised 94% of the catch in the bottom trawl, with

arrowtooth flounder forming most of the bycatch (6%, Table 12).

Trawl hauls conducted in near-bottom pollock echosign between Kuliak Bay and Cape
Unalishagvak on the western side of the Strait contained fish mostly from the 1999 and 2000 year
classes (35 to 50 cm FL, Fig. 10a). Trawl hauls conducted in near-bottom pollock echosign south of

Cape Ikolik as well as on the Kodiak Island side of the Strait caught significant amounts of 1-and



2-year old pollock (9-16 and 17-24 cm FL, respectively), although adults dominated by weight
(Fig. 10b). Hauls conducted in mid-water layers caught mostly 1-year old pollock (Fig. 10c).

The unweighted maturity composition in the Shelikof Strait area for males longer than 40 cm FL
was 0% immature, 3% developing, 24% mature pre-spawning, 72% spawning, and 0% spent

(Fig. 11a). The female maturity composition of fish longer than 40 cm FL was 0% immature, 16%
developing, 75% pre-spawning, 7% spawning, and 1% spent (Fig. 11b). These results are similar to
previous survey results in terms of low numbers of spawning and spent female fish, which suggests
that the survey timing was appropriate. A logistic model provided a reasonable fit to the female
maturity at length data and predicted that 50% of females were mature at 41 cm FL (Fig. 11c¢),
which is similar to most estimates since 1985 but longer than the 2004 estimate of 34 cm FL. The
average GSI for pre-spawning females of 0.15 (Fig. 11d) was similar to the mean GSI in 2004
(0.16), but greater than the mean GSIs for 2002 (0.12) and 2003 (0.11). The current mean is also
similar to the mean GSIs (0.14-0.19) reported for other recent (1992-2001) surveys.

Distribution and Abundance

Acoustic data were collected along 1,761 km (950 nmi) of tracklines. Significant amounts of
mature, pre-spawning pollock were detected from Cape Unalishagvak to Kuliak Bay (Fig. 12),
although the abundance was lower than in the mid-to late-1990s. Significant quantities of adult
pollock were detected south of the mouth of the Strait (between Cape Ikolik and Wide Bay) to about
56°N. Mid-water layers of age-1 pollock were detected in the southern portion of the survey area

(Fig. 13).
The abundance estimate for Shelikof Strait is 2.3 billion pollock weighing 356,000 t. The estimates

include adjustments for backscattering attributed to eulachon. The relative estimation error of the

biomass based on the one-dimensional analysis of echosign was 4.1%.

10



Previously reported abundance estimates for the 1992-2004 Shelikof Strait and 2001 Shumagin
Islands surveys included a reduction for eulachon. In areas where the eulachon catch weight was
high, typically greater than 5% of the pollock catch, the pollock acoustic sign was reduced in a
manner described by Hollowed et al. (1992). However, when using Gauthier and Horne’s (2004)
TS-to-length relationship of TS =20 Log L — 84.5, which is typical for fish without a swim bladder
(Foote 1980, Misund and Beltestad 1996), eulachon are virtually undetectable. For example, when
applying MacLennan and Simmond’s (1992) method for partitioning echosign between two species
to the 2000 Shelikof Strait survey, which was a year of high eulachon bycatch, the pollock biomass
is 448,000 t, which is 99.85% of the 449,000 t obtained when making no adjustment for eulachon.
Given this minimal reduction, the abundance estimates were recalculated making no reduction for

eulachon and are shown in Figures 6 and 14.

The 1994 year class, which represented the largest estimate of 1-year old pollock (10.7 billion fish)
in the history of the Shelikof Strait area EIT surveys and dominated abundance estimates through
1998, effectively disappeared by 2003 (Figs. 15 and 16). The 1999 year class (4.5 billion fish in
2000) was the second largest 1-year old estimate in survey history and has dominated biomass
estimates since 2001. The estimate of 1-year old pollock in 2005 of 1.6 billion fish is one of the
highest estimates in recent survey history and suggests that the 2004 year class is strong. The
historic numbers and biomass at age through the year 2004 are displayed in Tables 13 and 14,
respectively. The historic numbers and biomass at length through the year 2005 are displayed in

Tables 15 and 16, respectively.

The pollock biomass in Shelikof Strait declined dramatically in the 1980s, falling from 2.8 million t
in 1981 to 290,000 t in 1989 (Fig. 14). The biomass gradually rose in the 1990s, reaching 777,000 t
in 1996. The biomass then declined to an all-time low of 257,000 t in 2002. Since then, the
population has gradually increased to its current level of 356,000 t (Table 7).
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Shelf Break Area Near Chirikof Island

Biological Sampling

Biological data and specimens were collected along the Gulf of Alaska shelf break near Chirikof
Island from six AWT trawl hauls (Tables 2, 10 and Fig. 2). No bottom trawls were conducted in
this area. Pollock was the most abundant species by weight, comprising 84% of the catch

(Table 17). Pacific ocean perch (Sebastes alutus) and shortraker rockfish (S. borealis) were the next
most abundant species, comprising 9% and 5% of the catch, respectively. Myctophids also

contributed 22% of the catch by numbers.

Most pollock captured ranged from 40 to 50 cm FL (Fig. 17), which was similar to the 2004 survey.
In contrast, most of the pollock captured during the 2002-2003 surveys in this area were longer

than 50 cm FL.

The unweighted maturity composition in the Chirikof Island area for males longer than 40 cm FL
was 0% immature, 1% developing, 17% mature pre-spawning, 60% spawning, and 21% spent
(Fig. 18a). The female maturity composition of fish longer than 40 cm FL was 0% immature, 12%
developing, 47% pre-spawning, 8% spawning, and 33% spent (Fig. 18b). The high percentage of
spawning and post-spawning females indicates that peak spawning may have already occurred and
that some fish might have already left the area. Because of lack of fish, a logistic model could not
be fitted to the female maturity length data (Fig. 18c). The average GSI for pre-spawning females
was 0.17 (Fig. 18d) and was similar to the 2002-2004 surveys.

Distribution and Abundance

Acoustic data were collected along 300 km (162 nmi) of tracklines. Most of the echosign attributed

to pollock occurred in midwater layers between 275-500 m depth near longitude 154° W over
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bottom depths of 350-800 m (Fig. 12). Substantial acoustic backscattering was attributed to
myctophids and other micronekton species, which occurred along the offshore portions of the
transects at about 200-300 m depth. This myctophid scattering layer, which occurred mostly over

bottom depths from 800 m to deeper than 1,500 m, may have obscured low densities of pollock.

The abundance estimate for the Chirikof Island area is 95 million pollock weighing 77,000 t. The
relative estimation error of the biomass based on the one-dimensional analysis of echosign was
20.7%. The biomass in 2005 was greater than the 2004 and 2003 estimates of 30,000 and 31,000 ¢,
respectively, and was similar to the 82,000 t estimated in the same area in 2002 (Table 7). Forecasts
of future pollock abundance are not possible due to the absence of age-1 and age-2 pollock during

these surveys.

ACKNOWLEDGMENTS

The authors would like to thank the officers and crew of the NOAA ship Miller Freeman for their

contribution to the successful completion of this work.

13






CITATIONS

Bodholt, H., H. Nes, and H. Solli. 1989. A new echo sounder system. Proc. Instit. of Acoust. 11(3):
123-130.

Bodholt, H., and H. Solli. 1992. Split beam techniques used in Simrad EK500 to measure target
strength, p.16-31. In World Fisheries Congress, May 1992, Athens, Greece.

Foote, K.G. 1980. Importance of the swimbladder in acoustic scattering by fish: a comparison of

gadoid and mackerel target strength. J. Acoust. Soc. Am. 67: 2084-2089.

Foote, K.G., H.P. Knudsen, G. Vestnes, and E.J. Simmonds. 1987. Calibration of acoustic
instruments for fish density estimation: a practical guide. ICES Cooperative Research

Reports, International Council for the Exploration of the Sea, No. 144. 69 p.

Gauthier, S. and J. K. Horne. 2004. Acoustic characteristics of forage fish species in the Gulf of
Alaska and Bering Sea. Can. J. Aquat. Fish. Sci. 61: 1839-1850.

Hollowed, A.B., B.A. Megrey, and W.A. Karp. 1992. Walleye pollock. in Stock Assessment and
Fishery Evaluation Report for the 1993 Gulf of Alaska Groundfish Fishery, November 1992,
Prepared by the Gulf of Alaska Groundfish Plan Team, North Pacific Fishery Management
Council, 605 W. 4™t Ave, Anchorage, AK 99510.

MacLennan, D. N., and E.J. Simmonds. 1992. Fisheries Acoustics. London, Chapman and Hall.
325 p.

Misund, O. A., and Beltestad, A. K. 1996. Target-strength estimates of schooling herring and
mackerel using the comparison method. ICES J. Mar. Sci. 53: 281-284.

15



Petitgas, P. 1993. Geostatistics for fish stock assessments: a review and an acoustic application.

ICES J. Mar. Sci. 50: 285-298.
Rivoirard, J., J. Simmonds, K.G. Foote, P. Fernandez, and N. Bez. 2000. Geostatistics for
estimating fish abundance. Blackwell Science Ltd., Osney Mead, Oxford OX2 OEL,

England. 206 p.

Simrad. 2001. Simrad EK60 Scientific echo sounder instruction manual - base version. Simrad AS,

Strandpromenenaden 50, Box 111, N-3191 Horten, Norway.

Traynor, J. J. 1996. Target strength measurements of walleye pollock (Theragra chalcogramma)

and Pacific whiting (Merluccius productus). ICES J. Mar. Sci. 53: 253-258.

Williamson, N., and J. Traynor. 1996. Application of a one-dimensional geostatistical procedure to

fisheries acoustic surveys of Alaskan pollock. ICES J. Mar. Sci. 53: 423-428.

16



SCIENTIFIC PERSONNEL

Shumagin Island and Sanak Trough Surveys

Name Position Organization
Michael Guttormsen Chief Scientist MACE
Scott Furnish Computer Spec. MACE
Taina Honkalehto Fishery Biologist MACE
Robert Self Fishery Biologist MACE
Kresimir Williams Fishery Biologist MACE
Tyler Yasenak Fishery Biologist MACE
Carwyn Hammond Fishery Biologist MACE
Steve de Blois Fishery Biologist NWESC

Shelikof Strait and Shelf Break Area Near Chirikof Island Surveys

Name Position Organization
Michael Guttormsen Chief Scientist MACE

Alex De Robertis Fishery Biologist MACE
Tyler Yasenak Fishery Biologist MACE
Kresimir Williams Fishery Biologist MACE
Robert Self Fishery Biologist MACE
Annette Brown Fishery Biologist FOCI
Teresa A’mar Student Intern Uuw

MACE - Midwater Assessment and Conservation Engineering Program, RACE, AFSC, Seattle, WA
FOCI - Fisheries Oceanography Coordinated Investigations, RACE, AFSC, Seattle, WA

NWESC - Northwest Fisheries Science Center, Seattle, WA

UW - University of Washington, Seattle, WA

17






Table 1.--Numbers of biological samples and measurements collected during
the winter 2005 echo integration-trawl survey of walleye pollock in
the Shumagin Islands area (hauls 1-9 and 16) and Sanak Trough
(hauls 10-15) in the Gulf of Alaska.

Pollock
Haul Weights Ovary Eulachon  Eulachon
No. Lengths and maturity weights Otoliths lengths weights
1 217 111 -- 50 137 81
2 366 77 20 45 -- --
3 424 100 -- 50 24 --
4 327 84 69 50 -- --
5 387 67 22 45 140 76
6 334 68 20 68 34 --
7 287 71 13 33 -- --
8 265 66 28 34 26 --
9 330 98 39 50 38 --
10 354 107 55 75 -- --
11 268 62 10 35 -- --
12 292 57 17 34 4 4
13 290 63 26 63 -- --
14 281 105 67 105 -- --
15 307 96 46 51 -- --
16 116 40 12 40 -- --
Totals 4845 1272 444 828 403 161
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Table 3.--Simrad EK500 38 kHz acoustic system description and settings during the late

winter/early spring 2005 echo integration-trawl surveys of walleye pollock in the Gulf
of Alaska and results from standard sphere acoustic system calibrations conducted
before and after the surveys.

Calibrations
Survey 10-Feb 8-Mar 3-Apr
system settings Three Saint's Bay,  Captains Bay, Ugak Bay,
Alaska Alaska Alaska
Echosounder: Simrad EK 500 -- -- --
Transducer: ES38B -- -- --
Frequency (kHz): 38 - - -
Transducer depth (m): 9.15 -- -- --
Absorption coefficient (dB/km): 10 -- -- --
Pulse length (ms): 1.0 (medium) -- -- --
Band width (kHz): 3.8 (Wide) -- -- --
Transmitted power (W): 2000 -- -- --
Angle sensitivity: 21.9 -- -- -
2-Way beam angle (dB): -20.8 -- -- --
TS transducer gain (dB): 25.50 25.64 25.72 25.78
Sv transducer gain (dB): 2543 25.66 25.50 25.53
3 dB beamwidth (deg)
Along: 7.1 6.82 6.89 6.86
Athwart: 6.8 6.80 6.86 6.85
Angle offset (deg)
Along: 0 -0.38 -0.36 -0.36
Athwart: 0 0.02 -0.02 0.00
Range (m): 1000 -- -- -
Post-processing Sv threshold (dB): -70 -- -- --
Standard sphere TS (dB) -- -42.22 -42.19 -42.18
Sphere range from transducer (m): -- 23.1 20.2 20.3
Water temp (°C):
at transducer: -- 4.6 4.2 4.1
at sphere: -- 53 4.5 4.1

Note: Gain and beam pattern terms are defined in the "Operator Manual for Simrad EK500

Scientific Echo Sounder (1993)" available from Simrad Subsea A/S , Strandpromenaden 50,
P.O. Box 111, N-3191 Horten, Norway.



‘[Men wonoq uIsed JoN Ajod = AN ‘[men Suim uenndly = LMV

81 1594 911 6 vy (47 91¢ [4Y4 6C 11091 ¥S°CISS €l 0I°€C 92491 dANd 91
0 0 L8S 0cs (474 LY Il 01 €€9¢€ 91 PP 8T S € €5'¢ qd 91 IMV SI
6C 29 08¢ LET vy 6V 601 LOT 60'1¥ 791 TO'CE ¥vS 6 0I°0 92491 dANd VI
SI €91 LOY'T STH'T vy v 144! 0cI 8€9¢ T91  SO'LE VS 14 ST0C 9d ST LMV €1
9¢ 6S Ty 6£S°E 194 v 6Cl 48\ CTLETIT  TT6E VS € €Ll A ST LMV TI
Sl 1 (Y7 €y 0y 194 o€l 96 SELETIL VTEV VS 9 9P €l Q4 ST 1MV 11
§3 981 Sy vSTY L€ 0y 66 L8 67'SS 91 €5°¢h SS 0l LEOT 924 ST 1MV 01
0S L1 GE0°T 976 0y LY 8¢1 LTI 8CT'8C 091 19T €SS 81 968 PIyL LMV 6
€61 801 128 SIL 9'v -- 891 891 7’61 091 LY 0Og€ SS S 00°€C 924 €l dNd 8
0 0 099°¢ 700°¢ vy -- €81 911 ITLT 09T SO°CESS € CEIT QA el LMV L
09 1T 0¢6 6SL I'v 0s L6l 8Y1 6v'ST 091 TEeeSS [4 [0:LT 92d €T dANd 9
8743 0¢C 786 61L I'v 8V €81 9¢1 PP C1 091 91°¢g S¢S €C YOyl Q4 ¢l LMV ¢S
8 0 01€°€ 768°C (474 8V 061 (474! 0¥’ 91 091 ¥Tve SS 1 SI'6  9d €1 LMV ¥
S9 9 1<4%4 88%°1 vy 6V L81 LET 1€81 091 8S¢€E S¢S € €0'L 9 €l LMV €
61 14 0L0°T £68 ) : I ’ : ! G L id|

828 T LTT 81 ﬁw&‘« 30 w@ O oamfw (s ﬁ-myﬂsmmm.wwmm# L VMW%WWU% ! _uqm%m. i mm@mmoﬁvwg Sl

wnu 3 doepms adonooy wonoq adonooy (M) ‘Syg

TqUINg 5y mwﬁO 19q

0180 YI01[0]

—O-Fopydwer (upmpdeg

e

1

TisofNdee 1 (somui) (LND) (LND) 2d& ~ou
uonein( duwiJ,

Ieon) [neH

urdewnyg 9y} JO SASAINS [MBI}-U0NBIZAUI 042 }oo[[0d (7 Y} WOIJ BIEp [JIed pue [Men) JO ATewwunS--'4 9[qe],

22



Table 5.--Summary of catch by species in six midwater trawls conducted during the 2005
pollock echo integration-trawl survey of the Shumagin Island area.

Common name Scientific name Weight (kg) Percent  Numbers Percent
walleye pollock Theragra chalcogramma 9,921.3  99.5% 12,183 96.2%
Pacific herring Clupea pallasi 28.0 0.3% 13 0.1%
eulachon Thaleichthys pacificus 8.5 0.1% 405 3.2%
chinook salmon Oncorhynchus tshawytscha 8.3 0.1% 5 <0.1%
northern rock sole Lepidopsetta polyxystra 14 <0.1% 2 <0.1%
flathead sole Hippoglossoides elassodon 09 <0.1% 3 <0.1%
shrimp unident. Decapoda (order) 03 <0.1% 46 0.4%
capelin Mallotus villosus 02 <0.1% 9 0.1%
Total 9,968.8 12,666

Table 6.--Summary of catch by species in four bottom trawls conducted during the 2005
pollock echo integration-trawl survey of the Shumagin Islands area.

Common name Scientific name Weight (kg) Percent Numbers Percent
walleye pollock Theragra chalcogramma 1,750.7  69.1% 2,084  65.6%
Pacific sleeper shark Somniosus pacificus 400.0 15.8% 2 0.1%
arrowtooth flounder Atheresthes stomias 266.6 10.5% 431 13.6%
Pacific cod Gadus macrocephalus 43.2 1.7% 7 0.2%
flathead sole Hippoglossoides elassodon 24.2 1.0% 55 1.7%
longnose skate Raja rhina 14.4 0.6% 11 0.3%
chinook salmon Oncorhynchus tshawytscha 10.6 0.4% 4 0.1%
rex sole Glyptocephalus zachirus 7.1 0.3% 19 0.6%
Pacific halibut Hippoglossus stenolepis 6.6 0.3% 1 <0.1%
eulachon Thaleichthys pacificus 6.0 0.2% 289 9.1%
shrimp unident. Decapoda (order) 1.6 0.1% 219 6.9%
smooth lumpsucker Aptocyclus ventricosus 1.3 0.1% I <0.1%
sidestripe shrimp Pandalus dispar 0.6 <0.1% 40 1.3%
harlequin rockfish Sebastes variegatus 02 <0.1% I <0.1%
Oregon triton Fusitriton oregonensis 0.1 <0.1% 2 0.1%
crab unident. Decapoda (order) <0.1 <0.1% 2 0.1%
capelin Mallotus villosus <0.1 <0.1% 7 0.2%
Tanner crab Chionoecetes bairdi <0.1 <0.1% I <0.1%
Total 2,533.3 3,176
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Table 8.--Summary of catch by species in five midwater trawls conducted during the

2005 pollock echo integration-trawl survey of Sanak Trough.

Common name Scientific name Weight (kg) Percent  Numbers Percent

walleye pollock Theragra chalcogramma 10,151.7  95.2% 11,259  99.1%

Pacific cod Gadus macrocephalus 508.1 4.8% 71 0.6%

rock sole sp. Lepidopsetta spp. 1.2 <0.1% 6 <0.1%

eulachon Thaleichthys pacificus 02 <0.1% 26 0.2%
Total 10,661.2 11,362

Table 9.--Summary of catch by species in the one bottom trawl conducted during the

2005 pollock echo integration-trawl survey of Sanak Trough.

Common name Scientific name Weight (kg) Percent Numbers Percent
walleye pollock Theragra chalcogramma 236.5  79.2% 280  90.6%
Pacific cod Gadus macrocephalus 50.0 16.7% 10 3.2%
Anthozoa (class) Anthozoa (class) 33 1.1% 7 2.3%
Pacific halibut Hippoglossus stenolepis 2.9 1.0% 1 0.3%
arrowtooth flounder Atheresthes stomias 1.5 0.5% 1 0.3%
chinook salmon Oncorhynchus tshawytscha 1.4 0.5% 1 0.3%
flathead sole Hippoglossoides elassodon 1.0 0.3% 3 1.0%
yellow Irish lord Hemilepidotus jordani 1.0 0.3% 2 0.6%
rock sole sp. Lepidopsetta spp. 0.6 0.2% 2 0.6%
Pacific ocean perch Sebastes alutus 0.4 0.1% 2 0.6%
Total 298.5 309
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Table 11.--Summary of catch by species in 22 midwater trawls conducted during the
2005 pollock echo integration-trawl survey of the Shelikof Strait area.

Common name Scientific name Weight (kg) Percent  Numbers Percent
walleye pollock Theragra chalcogramma 7,827.8  74.8% 30,753 29.2%
eulachon Thaleichthys pacificus 2,097.6  20.0% 71,342 67.7%
salmon shark Lamna ditropis 262.0 2.5% 2 <0.1%
Pacific sleeper shark Somniosus pacificus 129.2 1.2% 4 <0.1%
chinook salmon Oncorhynchus tshawytscha 43.9 0.4% 23 <0.1%
squid unident. Teuthoidea (order) 31.2 0.3% 1,261 1.2%
Majestic squid Berryteuthis magister 24.9 0.2% 31 <0.1%
Pacific herring Clupea pallasi 11.0 0.1% 168 0.2%
Pacific cod Gadus macrocephalus 8.8 0.1% 2 <0.1%
arrowtooth flounder Atheresthes stomias 8.5 0.1% 16 <0.1%
shrimp unident. Decapoda (order) 5.6 0.1% 1,503 1.4%
northern smoothtongue  Leuroglossus schmidti 48 <0.1% 289 0.3%
shortraker rockfish Sebastes borealis 2.7 <0.1% I <0.1%
chum salmon Oncorhynchus keta 26 <0.1% I <0.1%
jellyfish unident. Scyphozoa (class) 14 <0.1% 5 <0.1%
smooth lumpsucker Aptocyclus ventricosus 0.7 <0.1% I <0.1%
flathead sole Hippoglossoides elassodon 0.5 <0.1% 3 <0.1%
capelin Mallotus villosus 02 <0.1% 23 <0.1%
Myctophidae Myctophidae <l <0.1% 8 <0.1%
Total 10,463.5 105,436
Table 12.--Summary of catch by species in one bottom trawl conducted during the
2005 pollock echo integration-trawl survey of the Shelikof Strait area.
Common name Scientific name Weight (kg) Percent Numbers Percent
walleye pollock Theragra chalcogramma 532 93.9% 73 72.3%
arrowtooth flounder Atheresthes stomias 3.2 5.7% 2 2.0%
eulachon Thaleichthys pacificus 0.2 0.4% 23 22.8%
shrimp unident. Decapoda (order) <1l <0.1% 3 3.0%
Total 56.7 101
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Table 17.--Summary of catch by species in six midwater trawls conducted during the
2005 pollock echo integration-trawl survey of the Gulf of Alaska shelf-break
near Chirikof Island.

Common name Scientific name Weight (kg) Percent  Numbers Percent
walleye pollock Theragra chalcogramma 1,531.9  84.4% 1,754.0  352%
Pacific ocean perch Sebastes alutus 155.4 8.6% 281 5.6%
shortraker rockfish Sebastes borealis 83.1 4.6% 16 <0.1%
arrowtooth flounder Atheresthes stomias 9.1 0.5% 12 <0.1%
giant grenadier Albatrossia pectoralis 6.7 <0.1% 2 <0.1%
Myctophidae Myctophidae 58 <0.1% 1,104.0 22%
eulachon Thaleichthys pacificus 54 <0.1% 171 3%
rougheye rockfish Sebastes aleutianus 52 <0.1% 2 <0.1%
jellyfish unident. Scyphozoa (class) 51 <0.1% 6 <0.1%
chinook salmon Oncorhynchus tshawytscha 43 <0.1% 2 <0.1%
northern smoothtongue  Leuroglossus schmidti 1.0 <0.1% 47 1%
shrimp unident. Decapoda (order) 0.8 <0.1% 1,557.0 31%
salps unident. Thaliacea 02 <0.1% 7 <0.1%
squid unident. Teuthoidea 02 <0.1% 25 1%
Pacific lamprey Lampetra tridentata <l <0.1% I <0.1%
capelin Mallotus villosus <1l <0.1% 1 <0.1%
Total 1,814.2 4,988.0
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Figure 2.--Transect lines and distribution of trawls in the Shelikof Strait area and along the Gulf

of Alaska shelf break near Chirikof Island echo integration-trawl surveys,
24 March - 3 April 2005.
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Figure 3.--Size distribution of pollock (numbers) (a) off Renshaw Point,
(b) in Unga Strait, (c) in West Nagai Strait, (d) in Stepovak
Bay, and (e) in Shumagin Trough for the 2005 echo integration-
trawl survey of the Shumagin Islands.

37



"BYSe[V JO JIND) 9y} ul spue[s] urdewnys

JO AoAIs [men-uoneI3NUI 013 SO0 Y} SuLnp paurwexd sopewdy surumeds-oxd 10§ xopur orjewosopeuos (p)
pue yoor[od orewdy 103 dnoid 9zis wo-| £q drmewr uorzodoad (9) “yooqjod opewdy (q) pue drew () J0j sa3e)s ALnmIBN--" 9In31,]

(wd) Y3ud 10 (wo) YP3ud[ 104
0L S9 09 6§ 0SS Sy Oy s¢ 0¢€ SC 0T SI 01 S9 09 99 0S 9% ov Se 0¢ Y4 0¢ Sl
| | | | O O | | | | | | o ,m,q., Sy v o
Yt - S00 Q 1 N
@u wu - - 01
- 10 a L
mmu % o SI'0 M
(¢] 5 L
©oa @ %w 0 g 0z
. wou%d B 0§ - 5T
(o] O (o] B . o axmyewry 0 - 0¢
o 061 =u 0 5
o . a Surdojoraq g L G¢
8¥Y00=ds | €0 A.X_U Sutumedsaid | 6rec=u L op
9CI°(0 = ueawt . 3 d REJENER |
o p | S€0 wumeds s
uads | q
70 0¢
0L S9 09 ¢SS 05 Sy oy ¢S¢€ 0¢€ SC 0C SI Ol S9 09 SS 0¢ Sy ov 93 0¢ N4 0¢ Sl
,,,,W,,,,W,,,,W,,,,W,,,,W,,,,W,,,,W,,,,W,,o,ﬁ,,,,e,,,,ﬁ,,,,\Oo.o ,,,,,n,,, I — | ,“,,,,,,,,,,,,,,,,,,,,,,,,, O
L Sl K o
oo 3 i ‘
L Q AR
I = | - 0€
L o .
080 m - op
i mv amyeww] ] - 0S
= Surdojersq g
o ik SL0 Surumedso1d [ Lly=u 09
o OOO OO 5 i Surumeds g SOleN | oL
° 5 L - Juads ¢
o co0—0 ©oo0 00'1 08

Aouanbaig



“BY[SE[V JO JIND) Y} ur y3noi] yeues pue spue[s] urdewnys

oy} JO SAQAINS [MEBI)-UOIIBISIIUL 019 GO JoIuIm Y} Sumnp sour yoen Suofe ssewolq yoofjod ynpy---g 231

opmI3uo]
3__9@0@2 3:0.@002 3..0,@&2 B.b_wﬁ&f B:o.womf
| \ ey , R puejsy
/Jnojuod = ! S \ N ,.,, xmqmm

o
Joueaxdnyy ?

pues|
1e3eN | s

Lowoor

N.L0.0oSS

=
g
=)
a.
@
]
T 1000°1
-N.L0:0:9S
ssewolq soofjod ynpy

39



Biomass (t)

350,000
300,000
250,000 -
200,000 -
150,000
|
100,000
o >
(D] o
g % > > > > >
o o o o o
50,000 { =2 =z g g g 2 g
S = 2 2 32 2 5
g E o o o o o
[ A~ Z Z Z Z p4
0 T T T T T T T T T T T T
<t V) O >~ o0 N S — o on <t v
AN (@) AN (@) AN (@) S () S () S ()
(@) (@) (@) (@) (@) (@) S S S S S S
— — — — — — (e\ (@\| (@\] (@\] (@\] (@\]
Y ear

Figure 6.--Summary of annual pollock biomass estimates based on echo integration-trawl
surveys of the Shumagin Islands. The black bar shows the increase in biomass

for the 2001 survey by not adjusting for eulachon (see text).
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Figure 7.--Pollock size composition estimates for the Shumagin Islands area based on
echo integration-trawl surveys during 1994-96, 2001-03, and 2005.
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Figure 8.--The size distribution of pollock (numbers) for the 2005 echo integration-trawl survey
of Sanak Trough.

42



"BYSe[V JO JIND) 9y} ul YSnoi] Jeues JO ASAINS [MBI-UONBISIUI 0429 SO0T
IouIm 9y} SuLmnp paurwexd sojewd) urumeds-a1d 10y xapur dnewosopeuos (p) pue yoo[jod arewdy 10y dnoid az1s

wo-1 Aq amjew uontodoid pue uonouny o1sI30[ panty e (9) oorod srewdy (q) pue orew () 10J Sa3e)s ALNIBN--"6 2IN31]

(wo) P3u9y 10
0L 9 09 S¢ 0¢S 9% (014 9 0¢ Y4 0¢
o L
o o. © .
[e] OO o w
(S
o (o) .
@ o “o @O@WO (e}
° o OOm 1% o L
®o o ©° o %9
w clr=u
9€0'0=dS |
o) 0SI'0=Ueawr |
P
SL 0L S§9 09 SS 0§ Sy Oy <S¢ 0¢ <S¢ 0C SI Ol
PP e [
[enjoe O T
o I
o wo 9¢ = "0 g i
%O o

0

S00

o

S1'o

0

§Co

€0

ceo

000

§Co

050

SLO

00°1

Opeuon)

XOpul O1JBUIOS

amjew uonzodoig

(wo) Y3u9[ 10

197

o <s¢€ 0¢€ ¢SC 0¢

Sl

aInjeww] 0
Swidojasog g
Surumedsaid (g
Surumeds g
wads

Syc=1u
SoTRWIO, ]

q

aImjewuw] 0
Surdoparaq g
Surumedsaig g

Surumeds g
Juads |

99

0S

Sy

oy Ss¢ 0¢ 6C 0¢C

Sl

TR

A AT

AT, PP

E

AT AT AT TTTTTIS TR

LIc=1
SoTe]N

01

SI

0¢C

194

01

Sl

0¢

4

Kouanbaig

43



Number (millions)

67,119t

5 10 15 20 25 30 35 40 45 50 55 60 65

400

350

300 ~

250 ~

200 ~

150

100 ~

50 +

300

280,874 t

250 -

200 -

150 -

100

50 1

8,123 t

5 10 15 20 25 30 35 40 45 50 55 60 65

Fork length (cm)

Figure 10.--The size distribution of pollock (by numbers) in (a) the spawning aggregation

along the west side of the Strait (b) near-bottom layers in the southern strait and
off Kodiak Island, and (c) the mid-water age-1 layer during the 2005 echo
integration-trawl survey of the Shelikof Strait area.
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Figure 12.--Near-bottom pollock biomass along transects from the 2005 echo
integration-trawl survey of the Shelikof Strait area and all pollock along
the Gulf of Alaska shelf break near Chirikof Island.
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Figure 13.--Mid-water pollock biomass (subadult) along transects from the 2005 echo
integration-trawl survey of the Shelikof Strait area.
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Figure 14.--Summary of annual pollock biomass estimates based on echo
integration-trawl surveys of the Shelikof Strait area. The black
bars show the increase in biomass for the 1992-1998 and
2000-2005 surveys by not adjusting for eulachon (see text).
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Figure 15.--Annual pollock size composition estimates for the Shelikof Strait area based on echo
integration-trawl surveys conducted from 1995 to 2005. Note: area was not surveyed
in 1999.
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Figure 16.--Annual pollock age composition estimates for the Shelikof Strait area based on echo
integration-trawl surveys conducted from 1995 to 2005. Note: area was not
surveyed in 1999.
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Figure 17.--The size distribution of pollock (numbers) of the shelf-break area near Chirikof

Island during the 2005 echo integration-trawl surveys in the Gulf of Alaska.
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