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CRUISE PERIOD, AREA, AND SCHEDULE 

Scientists from two groups within the Alaska Fisheries Science 
Center (AFSC) conducted an echo- integration trawl (EIT) survey 
(Acoustics Group) and recruitment study [Fisheries-Oceanography 
Coordinated Investigations (FOCI) Group] directed at walleye 
pollock (Theraara chalcoaramma) in the Gulf of Alaska (GOA) . The 
research was conducted aboard the NOAA ship Miller Freeman from 
March 11 to April 9, 1994, for a total of 30 sea days. The 
cruise began in Dutch Harbor immediately following the EIT survey 
work in the Bering Sea (MF94-02). Changes in the scientific 
party were made in Kodiak and Larsen Bay. Areas of operation 
included the Shumagin Islands and Shelikof Strait areas. 

The itinerary for the Miller Freeman was follows : 

March 10 Embark scientists in Dutch Harbor 

March 11-12 Transit to Shumagin Islands area; en route conduct 
EIT survey along shelf break 

March 12-14 Conduct EIT survey of Shumagin .Islands area 

March 15-23 Pass 1 EIT survey of Shelikof Strait area 

March 23-24 Deploy FOCI moorings (M4, M3) and occupy Line 8 
stations 

March 24-26 Pass 2 EIT survey of Shelikof Strait; Kuliak Bay 
sphere calibration 

March 26-27 Deploy FOCI mooring (M2) ; transit to Kodiak to 
exchange portion of scientific party 



March 28- 
April 1 

April 1 

April 2-8 

April 8-9 

Deploy FOCI mooring (MI); conduct FOCI operations 
within Shelikof Strait 

Larsen Bay touch and go to disembark portion of 
scientific party; sphere calibration 

Pass 3 EIT survey of Shelikof Strait area 

Conduct FOCI operations within Shelikof Strait; 
transit to Kodiak; disembark scientists 

OBJECTIVES 

The primary objectives of the cruise are divided into those of 
the ~coustics Group and those of the FOCI Group. 

\ 

The objectives of the Acoustics Group were to: - 

1. collect echo-integrator data and midwater and bottom trawl 
data necessary to determine the distribution, biomass, and 
biological composition of walleye pollock in the areas of 
operations; and 

2. calibrate the scientific acoustic system using standard 
sphere techniques. 

The objectives of the FOCI Group were to: 

1. continue acquisition of long-term biological and physical 
time series; 

2. conduct an ichthyoplankton survey in Shelikof Strait to 
determine the horizontal patterns cf distribution and 
abundance of walleye pollock eggs in relation to spawning 
adults; 

3. spawn mature pollock and rear the eggs for larval studies in 
Seattle, Washington, and Newport, Oregon; 

4. investigate vertebrate and invertebrate predation on pollock 
eggs ; 

5. deploy surface moorings containing physical and biological 
sensors at four locations in the study area; 

6 .  calibrate chlorophyll absorbance meters on the four surface 
moorings and a single subsurface mooring; 

7. obtain female copepod/egg ratio samples in parallel with 
walleye pollock egg samples to examine match/mismatch of food 
production with first feeding larvae; 



8. obtain discrete sea surface chlorophyll samples in the 
Shelikof Strait area for mapping spatial patterns; and 

9. conduct vertical casts with a video camera/light system to 
observe small-scale distribution patterns of walleye pollock. 

Secondary objectives of the cruise, submitted by other researchers 
on a not-to-interfere basis, were to: 

1. collect ovary tissue samples for genetic stock structure 
studies, 

2. collect bile samples from pollock in several GOA areas for 
comparison with those from Prince William Sound (PWS) (PWS 
samples not collected during MF94-03) to determine fish 
exposure levels to petroleum, 

3 .  collect various fishes and invertebrate specimens for use in 
teaching collections and marine mammal diet studies, 

4. collect stomach samples from several fish species which are 
considered potential predators of pollock, 

5. collect tissue samples from potential marine mammal prey 
species for use in a stable isotope study to determine 
important prey of several marine mammal taxa, and 

6. photograph pollock gonads to document developmental stages. 

The Acoustic Group's EIT survey operations and preliminary 
results are described below and followed by those for the FOCI 
group. 

VESSEL, ACOUSTIC EQUIPMENT, AND TRAWL GEAR 

The survey was conducted on board the NOAA ship Miller Freeman, 
a 66-m (216-ft) stern trawler equipped for fisheries and 
oceanographic research. Acoustic data were collected with a 
quantitative echo-sounding system (Simrad ~K500~). A Simrad 
38 kHz split-beam transducer was mounted on the bottom of the 
vessel's centerboard. With the centerboard fully extended, the 
transducer was 9 m below the water surface. System electronics 
were housed in a portable laboratory mounted on the vessel's 
weather deck. Data from the Simrad EK5OO echo sounder/receiver 

l~eference to trade names or commercial firms does not constitute 
U.S. Government endorsement. 



were stored and processed using the Simrad BISOO echo-integration 
and target-strength data collection and analysis software on a 
SUN workstation. 

Midwater echosign was sampled using a modified Northern Gold 
864 midwater rope trawl (NET Systems, Inc., Bainbridge Island, 
Washington). The trawl was constructed with ropes in the forward 
section and stretch mesh sizes ranging from 163 cm (64 in) 
immediately behind the rope section to 8.9 cm (3.5 in) in the 
codend. It was fished in a bridleless configuration and was 
fitted with a 3.2-cm (1.25-in) mesh codend liner. Length of the 
headrope was 94.5 m (310 ft) when measured between. the attachment 
points at the breastline. Length of the footrope was 50 m 
(164 ft) when measured between the tom weight attachment points. 
The breastlines measured 79.4 m (260.5 ft). The net was fished 
with 1.8-m X 2.7-m (6-ft X 9-ft) steel V-doors [1.,000 kg (2,200 
lb)] and 227-kg (500-lb) tom weights on each side. Vertical net 
opening, depth, and temperature at depth were monitored with a 
Furuno wireless net sounder system attached to the headrope of 
the trawl. 

Fish on and near bottom were sampled with a polyethylene 
Nor1eastern high-opening bottom trawl equipped with roller gear. 
The trawl was constructed with stretch mesh sizes that ranged 
from 13 cm (5 in) in the forward portion of the net to 8.9 cm 
(3.5 in) in the codend. It was fitted with a nylon codend liner 
with a mesh size of 3.2 cm (1.25 in). 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 the 24.9-m (81.6-ft) 
footrope which was constructed of 1-cm (0.4-in) 6 x 19 wire rope 
wrapped with polypropylene rope. 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 roller gear was atcached to the fishing line using chain 
toggles [2.9 kg (6.5 lb) each] which were comprised of five links 
and one ring. The trawl was rigged with triple 54.9-m (180-ft) 
galvanized wire rope dandylines. The net was fished with 
1.8-m X 2.7-m (6-ft X 9-ft) steel V-doors [1,000 kg (2,200 1b)l. 
Vertical net opening, depth, and temperature at depth were 
monitored with a Furuno wireless net sounder system attached to 
the headrope of the trawl. 

vertical profile measurements of water temperature and salinity 
were collected at most trawl stations and the calibration sites 
using a Seabird CTD (conductivity/temperature/depth) system. 
Temperature profile data were collected at two sites using 
expendable bathythermographs (XBT). The acoustic Doppler current 
profiler was slaved to the EKSOO and operated continuously - 



throughout the cruise in the water profiling mode because 
attempts to detect the bottom when in the bottom tracking mode 
were unsuccessful. 

SURVEY METHODS 

Echo-integration trawl surveys were conducted in two areas within 
the GOA. An exploratory survey was conducted in the Shumagin 
Islands area to determine whether significant spawning 
aggregations of pollock were present. The survey was primarily 
composed of zig-zag transects over water depths that generally 
ranged between 50-250 m (Fig. 1). In the Shelikof. Strait area, 
three survey passes were conducted to assess the distribution, 
abundance, and biological characteristics of pollock. (The 
"Shelikof Strait area" refers to Shelikof Strait and the area 
surveyed between Middle Cape and Chirikof Island.) The survey 
transects were oriented parallel to one another on all passes. 
During the first survey pass, transects were spaced about 14 km 
(7.5 nmi) apart except in the area along the western side of the ' 

Strait where 7 km (3.7 nmi) spacing was used (Fig. 2). Greater 
sampling effort was allocated to the western side of the Strait 
since it has historically contained most of the pollock spawning 
biomass. The second survey pass covered only the western side of 
the Strait and was composed of transects spaced 7 km (3.7 nmi) 
apart (Fig. 3). The third survey pass trackline was identical to 
that for pass 1 (Fig. 4 ) .  Transects generally did not extend 
into waters less than about 75 m in depth. All passes began in 
the southern Strait area. 

Survey operations were conducted 24 hours a day. Vessel speed 
averaged about 11 knots during transecting, although it varied 
between 5 and 13 knots depending upon weather conditions. Severe 
weather during the first Shelikof Strait survey pass required 
skipping several of the transect lines near Sitkinak Strait and 
then completing them near the end of the pass. 

The acoustic system was used to collect echo-integration and in 
situ target-strength data during survey operations. Estimates of 
absolute pollock abundance will be derived from the former data 
after they are appropriately scaled. 

Midwater and bottom trawl hauls were made at selected locations 
to identify echosign and provide biological samples during all 
survey passes. Additional biological samples were collected from 
midwater trawl hauls made during FOCI operations between survey 
passes 2 and 3. The average trawling speed was about 3 knots. 
The vertical net opening for the midwater rope trawl averaged 
about 21 m (range 19-24 m). The Poly Norfeastern trawl vertical 
mouth opening was about 6 m (range 5-8 m) . When the Nor1eastern 
bottom trawl was fished in midwater, vertical net opening . 

averaged 7 m (range 7-8 m) . 



Standard catch sorting and biological sampling procedures were 
used to provide weight and number by species for each haul. 
Pollock were further sampled to determine sex, fork length (FL), 
age, maturity, and body and ovary weights. An electronic 
platform scale was used to determine all weights taken from 
individual pollock specimens. Fish lengths were usually taken 
with a Polycorder measuring device. Ovary tissue samples for 
stock structure (genetic) studies and cephalopod and fishes for 
marine mammal studies were frozen. Fecundity samples were placed 
in Gilsonls solution. 

Standard sphere calibrations were conducted in Kul.iak Bay on 
March 26 and Larsen Bay on April 1. A partial calibration was 
conducted in Missak Bay on March 31 to determine if a drop in 
transmit power had occurred during the previous night. On all 
calibrations, measurements were made on the acoustic properties 
of a copper sphere suspended below the transducer. The standard 
sphere (60.0 mm diameter) has a known target strength of -33.6 dB. 
Split-beam target-strength and echo-integration data were collected 
with the Simrad EKSOO system to describe transducer beam pattern ' 

characteristics and system gain parameters. In Missak Bay, 
however, only on-axis target strength measurements of the sphere 
were made. 

PRELIMINARY RESULTS 

Bioloaical, Phvsical Data, and Acoustic Svstem Calibration 

Biological data were collected at 58 trawl locations in the 
Shumagin Islands and Shelikof Strait areas (Figs. 1-5). Trawl 
station and catch data are summarized for all hauls in Table 1. 
Biological data collected for pollock are tallied in Table 2. A 
total of 2 successful XBT and 41 CTD casts were made at all but 
the first trawl location during the Acoustics Group's operations 
(Tables 3, 4). Additional CTD casts were made by the FOCI Group 
at the FOCI trawl locations, as well as at other locations within 
Shelikof Strait (see FOCI Results Section). 

Results of the standard sphere calibration work indicated that 
the acoustic system parameters were similar to those estimated 
during earlier cruises. The partial'calibration at Missak Bay 
also produced normal results. 

Shumaain Islands Area 

About 740 km (400 nmi) of survey trackline were completed in 
the Shumaqln Islands area between March 12-14 F .  1 .  Dense 
pollock echosign was patchily distributed throughout the survey 
area (Fig. 6). The aggregations were often in midwater and often 
over relatively shallow water depths (i.e., less than about 
200 m) .  t total of four midwater trawl hauls sampled regions 



where the most dense aggregations were found; immediately south 
of the Shumagin Islands, between Unga and Nagai Islands in West 
Nagai Strait, immediately west of Cape Kupreanof in Stepovak Bay, 
and in the Shumagin Gully (Figs. 1, 6). Pollock was the dominant 
fish species captured; all other species composed less than one 
percent of the catch (Table 5). The pollock captured in the 
first three hauls were characterized by unimodal size 
distributions with modal lengths centered around 45 cm (Fig. 7). 
In contrast, fish taken over deeper water in the Shumagin Gully 
produced a bimodal size distribution with modal lengths centered 
around 45 and 33 cm. Unweighted, random samples of female and 
male pollock greater than 40 cm FL indicated that most were in a 
post-spawning-(wspent") stage of maturity development (Fig. 8). 
The sex ratio was not markedlv different from 0.5 for anv haul 
(range 0.4-0.6) . The gonado-somatic index (GSI ; gonad 
weight/total body weight) for mature, prespawning females did not 
exhibit a positive association with length (Spearman r = -0.003, 
P > 0.05, Fig. 9). 

A CalVET net and bongo net tow were conducted slightly to the 
west of Cape Kupreanof (see FOCI section) prior to detecting 
pollock echosign in this region. These tows were made to provide 
indirect evidence on whether significant pollock spawning had 
occurred earlier in the area (i.e., presence/absence of eggs in 
water column). Support for spawning pollock was observed on 
February 18, 1994, when the Miller Freeman transited across 
extremely dense and spatially-extensive echosign in this area 
while en route from Seattle to Dutch Harbor (Dan Twohig, pers. 
comm.) . Unfortunately, no tows were made on the echosign at that 
time. Pollock eggs were caught in both the CalVET and bongo net 
tows during MF94-03, however. These results, as well as the 
occurrence of post-spawning pollock in the area, indicate the 
presence of potentially-important spawning aggregations in the 
Shumagin Islands area. 

Shelikof Strait Area 

Biological data were collected at 44 midwater (41 rope and 3 
bottom trawls fished in midwater) and 9 bottom trawl locations in 
the Shelikof Strait area during the three survey passes and the 
FOCI operations between survey passes 2 and 3 (Table 1). Pollock 
was the dominant fish species captured in midwater trawl hauls, 
although substantial numbers of eulachon (Thaleichthvs pacificus) 
were also caught south of Uyak Bay (Tables 1, 6). Pollock ranked 
first in numbers and weight among fishes captured in the bottom 
trawl hauls (Table 7). Arrowtooth flounder (Atheresthes stomias) 
and eulachon were the next most common species in these hauls. 

The first survey of Shelikof Strait took place between 
March 15-23 and comprised about 1,575 km (850 nmi) of acoustic 
transects and 17 trawl hauls (Fig. 2). A distributional plot of 
the acoustic backscattering attributed primarily to pollock for 



this survey pass is presented in Fig. 10. Moderate pollock 
echosign was observed in the southernmost region of the Strait 
area along several transects between Chirikof Island and Sitkinak 
Strait (Figs. 2, 10). Most of this echosign was observed within 
about 50-100 m of the bottom. Midwater trawl hauls in this 
region of the Strait area caught pollock between 9-65 cm FL with 
modal lengths around 12, 23, 33, and 47 cm (Fig. 11). The 
smaller modal lengths were largely absent in the more northerly 
regions of the Strait, as described below. 

The densest pollock aggregations during pass 1 were broadly 
distributed near Capes Kekurnoi and Kuliak along the west side of 
the Strait (Figs. 2, 10). This area has historically contained 
the greatest densities of pollock during surveys conducted'in 
March. Again, most fish were detected within 50-100 m of the 
bottom. Midwater tows within this area produced fish that ranged 
in size from 9-65 cm with modal lengths often 46 cm or more 
(Fig. 11). Pollock size distributions based on the bottom trawl 
hauls exhibited similar patterns to those from midwater catches 
(Fig. 12). 

The second survey pass through Shelikof Strait took place between 
March 24-26 and comprised about 370 km (200 nmi) of acoustic 
transects and 4 trawl hauls (Fig. 3). This pass was designed to 
better describe the spatio-temporal distributional patterns for 
pollock within the area of the Strait where the largest densities 
of spawners were detected during the first pass. A 
distributional plot of the acoustic backscattering attributed 
primarily to pollock for this survey pass is presented in 
Fig. 13. Most pollock echosign was detected within 50-100 m of 
the bottom and broadly distributed around Cape Kekurnoi and 
particularly Cape Kuliak. The size distribution plots of pollock 
from this pass were generally similar to those produced from 
trawl catches in this area during other times of the survey 
(Fig. 11). 

The third survey pass through the Shelikof Strait area was 
conducted between April 2-8 and incluCed 22 successful trawl 
hauls (Fig. 4 ) .  The trackline pattern was similar to.that 
completed during pass 1. However, preliminary acoustic results 
for this last survey pass are not yet available. Pollock size 
compositions showed similar patterns to those observed on earlier 
passes (Fig. 11). Thus, younger, smaller-size classes of pollock 
were relatively common south of about Middle Cape but declined 
in abundance to the north along the west side of the Strait. 
Midwater tows within this area of relatively high spawner 
densities along the west side of the Strait caught fish that 
ranged in size from 9-66 cm with modal lengths of 46 cm or more 
(Fig. 11). Pollock size compositions based on the bottom trawl 
hauls generally exhibited similar patterns to those from the 
midwater catches (Fig. 12) . 



A total of 6,061 pollock were sampled for maturity from the 
demersal and midwater catches during the survey. No females 
less than 30 cm FL, or males less than 28 cm FL, were mature 
(Figs. 14-15) . Gonado-somatic indices exhibited a slight 
positive correlation with length-for mature, prespawning females 
(Spearman r = 0.130, P < 0.05; Fig. 16). The unweighted maturity 
compositions of randomly-sampled female pollock greater than 
35 cm FL differed over the survey period. Most fish were in a 

' mature stage of development during passes 1-2 (March 15-26), were 
spawning during the FOCI 'effort (March 29-31), and were spent by 
pass 3 (April 2-8, Fig. 17). Maturity data from pollock taken in 
midwater trawls have not been compared with those from bottom 
trawls at this time. 

FOCI O~erations/Results 

Most FOCI operations were conducted within the Shelikof Strait 
area. Four CalVET net tows and one bongo net tow were conducted 
in the Shumagin Islands area and one mooring was deployed near 
Gore Point (see below). After each midwater and bottom trawl 
haul, a CalVET net was attached to the wire above the CTD rosette 
to collect walleye pollock eggs (0.500 mm mesh) and copepod 
nauplii (0.053 mm mesh). A CTD cast was done at mooring site 
94-43 to calibrate the mooring CTD probes. Moorings M2 through 
M4 were deployed during Passes 1-2. Triplicate CalVET tows and 
bongo tows were made in the general area of Moorings M3 and Ma 
and followed with a CTD cast which also collected chlorophyll 
samples. Line 8 time' series stations (FOX 56-61) were occupied 
on March 23-24. At each station CTDs, chlorophylls, micro- 
zooplankton, nutrients, and 20- and 60-cm bongos equipped with 
0.153 and 0.333 mm mesh, respectively, were collected. A Seacat 
CTD was incorporated into the bongo array to provide physical 
data during the tow. 

Following the inport in Kodiak to exchange scientists, the M1 
mooring was deployed off Gore Point. A CalVET/CTD cast was 
conducted to calibrate the M1 sensors. Seven acoustic transects 
were then run in the northern part of Shelikof Strait off Cape 
Kuliak to confirm that the dense pollock spawning aggregations 
detected during survey pass 1 were still at this location. Once 
confirmed, a site-intensive study was conducted in the area over 
the next 72 h to examine die1 predation on walleye pollock eggs. 
Collections were made of zooplankton predators on pollock eggs 
using a 1 m2 Tucker trawl in areas of high egg abundance. 
Samples were taken from between depths of 0-150 m and 150-250 m 
during both daylight and nighttime hours from March 29-31. A 
small plankton net (Clarke-Sumpus) was suspended within the 
Tucker trawl to verify the presence and estimate the abundance 
of eggs. The midwater rope trawl was used to collect adult 
pollock for examination of egg cannibalism. Adult pollock were 
successfully spawned, and the fertilized eggs were transported 



to Seattle and Newport. A C~~VET/CTD cast was also made within 
each diel period to collect information on egg density and water 
column structure. 

During the third survey pass through the Strait, additional 
CalVET samples were collected at each trawl station, as well as 
stomachs of adult pollock for predation studies. Time was also 
allotted on the last day to complete a series of gear comparisons 
and to collect more invertebrate predators and live samples for 
shipboard experiments. A tally of the operations completed 
during the survey is presented in Table 8, and a summary of 
operations for each station is presented in Table 9. Locations 
of midwater trawls are presented in Fig. 5 and for other FOCI 
sampling operations in Figs. 18-22. 

In cooperation with the Acoustics Group scientists, in situ 
orientation and behavior of spawning adult pollock were examined 
.by deploying a low-light level video camera in spawning 
aggregations during the diel study and at other times during the 
cruise. Using the camera in a real-time mode did not provide 
clear pictures due to scattering by particulate matter in the 
water column. Using the camera in a playback mode on the CTD 
rosette provided a better picture of fish images. 

FOCI Summarv 

Spawning aggregations of adult pollock were found in the deep 
trough along the Alaska Peninsula side of Shelikof Strait off 
Cape Kuliak and Cape Kekurnoi. Initial examination of the egg 
distribution data suggests that spawning was confined mainly to 
the western side of Shelikof Strait but some eggs were present 
on the Kodiak side. Analysis of the CalVET samples will be 
necessary before further interpretation of the results are 
possible. Spawning of adult pollcck was still in progress at 
the end of the cruise but appeared to peak during late March 
and early April. The various studies utilizing pollock eggs 
which were initiated on board the ship are currently in progress 
in Seattle. 
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Sex/ Embark/ 
Name Nationality Position Organization Disembark 

Chris Wilson 
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Dan Twohig 
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Lynn Faughnan 
Taina Honkalehto 
Scott McEntire 
Jimmie Traynor 
Ric Brodeur 
Jay Clark 
Nazila Merati 
Kevin Kinsey 
Doug Schleiger 
Amy Hirons 

Ch.ief Scientist 
Electronics Tech. 
Electronics Tech. 
Fish. Biologist 
Fish. Biologist 
Fish. Biologist 
Fish. Biologist 
Fish. Biologist 
Fish. Biologist 
Fish. Biologist 
Fish. Biologist 
Field Oper. Spec. 
Field Oper. Spec. 
Graduate Student 

AFSC 
AFSC 
AFSC 
AFSC 
AFSC 
AFSC 
AFSC 
AFSC- 
AFSC/FOCI 
AFSC/FOCI 
AFSC/FOCI 
PMEL/FOCI 
PMEL/FOCI 
UAF 

Mar 10/Apr 9 
Mar 10/Apr 9 
Mar 10/Apr 9 
Mar 10/Apr 9 
Mar 10/Apr 9 
Mar 10/Apr 9 
Mar 27/Apr 1 
Mar 10/Mar 27 
Mar 27/Apr 9 
Mar 10/Mar 27 
Mar 27/Apr 9 
Mar 10/Mar 27 
Mar 10/Mar 27 
Mar 10/Mar 27 

AFSC - Alaska Fisheries Science Center, Seattle, Washington 
FOCI - Fisheries-Oceanography Coordinated Investigations, Seattle, 

Washington 
PMEL - Pacific Marine Environmental Laboratory, Seattle, Washington 
UAF - University of Alaska, Fairbanks 

For further information contact Dr. Gary Stauffer, Director, Resource. 
Assessment and Conservation Engineering Division, Alaska Fisheries Science 
Center, National Marine Fisheries Service, 7600 Sand Point Way NE., 
Building 4, BIN C15700, Seattle, WA 98115-0070. Telephone (206) 526-4170. 



sble 1. Summary of trawl stations and catch data from the Shumagin Islands and Shelikof Strait areas during 
be 1994 pollock echo integration-trawl survey, Miller Freeman cruise 94-03. 

Haul Survey Date Tlma Start Poelllon Depth (ml T e m ~  (dea C) Catch (kglno) 
No. Pase I1 004)  (Local) Lat. (deg. N) Long. (deg. W) Gear Bottom Gear Surlaca Pollock Eulachon 

Shumagln 
Shumagin 
Shumagln 
Shumagh 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 

FOCl 
FOCI 
FOCl 
FOCl 
FOCI 
FOCl 
FOCI 



Haul Survey Date Time Start Poeltlon Depth (rnl Temp Idea C) Catch (kglno) 
No. Paee (1 004) (Local) Lat. (deg. N) Long. (deg. W) Gear Bottorn Gear Surface Pollock Eulachon Other 

3 3 FOCI 31 -Mar 1 1 60-1 1 63 68 01.19 
34 FOCI 31-Mar 1630-1631 68 00.98 
36 FOCI 31 -Mar 22 18-2222 68 00.82 

36 b 
3 2-Apr 0367-0407 66 03.06 

37 3 2-Apr 1927-1947 66 32.68 
38 3 3-Apr 0704-0734 66 47.31 
.39 3 3-Apr 2303-231 3 67 08.10 
4 0  3 4-Apr 0033-0063 67 07.06 
41 3 4-Apr 1600-1 626 67 30.60 
42  3 4-Apr 2 167-22 10 67 37.68 
43 3 6-Apr 0406-0436 67 34.62 
44  3 6-Apr 11 16-1246 67 37.73 

46 b 
3 6-Apr 1822-1831 67 46.79 

46 9 6-Apr 2 106-2 107 67 44.80 
47 3 6-Apr 01 12-01 16 67 49.06 
48 3 6-Apr 0638-0646 67 63.29 
49 3 6-Apr 1126-1 128 67 69.67 
60  3 6-Apr 1608-1 663 68 04.14 
6 1 3 6-Apr 21 26-21 32 68 10.06 
62 : 3 6-Apr 2340-2348 68 11.87 
6 3 3 7-Apr 0132-0137 68 09.03 
64 3 7-Apr 11 18-1 126 68 23.14 
66 3 7-Apr 1924-1 939 67 68.83 
66 3 7-Apr 2230-231 9 67 64.06 
67 ""' HAUL UNSATISFACTORY" " ' 
68 3 8-Apr 0606-06 1 6 67 47.39 

I 
1-3 represent8 the first, eecond, and third paasee tt~rough Shelikof Streit. Also lncludee the Fisherlee Oceanography Coordlneted lnveetlgatlone (FOCI) effort. 

b .  
Indicetee bottom trawl. 

a 
lridlcatee bottom trewl fished In mldwater. 



Table 2. Summary of pollock biological samples and measurements collected from the Shumagin Islands and Shelikof Strait areas during the 1994 
echo integration-trawl survey, Miller Freema0 cruise 94-03. 

tlaul 
No. Maturity 

136 
125 
145 
136 
114 
2 1 
25 
82 

122 
1 04 
113 
99 
9 1 
9 8 

107 
9 2 
9 3 

125 
1 00 
93 

1 00 
1 00 
111 
1 03 
9 8 

121 ' 

112 
9 3 

105 
115 
136 

Otolith 

136 
125 
145 
136 
11 1 
2 1 
2 5 
8 2 

122 
1 04 
113 
99 
-- 

98 
107 
9 2 
93 

125 
1 00 

-- 
1 00 
1 00 
55 
3 

5 0 
4 9 
4 9 
38 
5 1 
5 0 

102 

Fish 
Wt. 

136 
125 
145 
136 
114 
2 1 
25 
82 

122 
1 04 
113 
99 
9 1 
98 

107 
9 2 
93 

125 
100 
9 3 

100 
100 
111 
103 
98 

121 
112 
9 3 

105 
115 
136 

Ovary Tissue Caloric 
Wt. Genetics Fecundity Stomachs Isotopes Study Bile 

2 2 -- -- 20 12 -- 10 

16 15 -- 20 -- -- -- 
11 20 -- 20 -- -- -- 
4 12 -- 20 16 -- -- 

29 -- -- 20 -- -- 
-- -- -- -- -- -- -- 
-- -- 4 -- -- -- -- 

2 1 -- 9 19 -- -- -- 
16 -- 2 1 20 -- -- -- 
30 -- 7 20 16 -- 10 
37 11 *- 20. -- -- -- 
5 9 2 7 1 20 -- -- me 

I-' 
tb 

54 -- 7 17 -- -- -- 
80 -- 2 20 -- me 

-- 
16 14 -- 20 -- -- -- 
5 5 10 -- 20 12 -- -- 
2 1 -- -- 20 12 -- -- 
34 9 -- 20 6 -- -- 

. 8 18 -- 20 -- -- -- 
3 4 , -- -- -- -- -- -- 
2 5 18 -- 20 -- -- -- 
2 2 -- 20 -- -- -- -- 
18 -- -- 20 -- -- -- 
23 -- -- 20 -- -- -- 
69 -- -- 20 -- -- -- 
24 -- -- 2 1 -- 11 -- 

7 -- -- 37 -- -- -- 
14 -- -- 30 -- 1 -- 

, 30 -- -- 33 -- -- 
2 1 -- . -- 25 -- 3 -.. 

7 -- -- 2 8 -- -- -- 



Table 2. (cont.) 

Haul Fish Ovary Tissue Caloric 
No. ~ength'  Maturity Otolith Wt. Wt. Genetics Fecundity Stomachs Isotopes Study Bile 

3 2 31 8 100 0 1 00 4 -- -- 25 -- -- -- 
3 3 333 119 0 119 10 -- -- 20 -- -- -- 

0 2 30 34 236 95 95 -- -- -- -- -- 
3 5 344 113 0 113 1 -* -- 30 -- -- -- 
3 6 328 88 50 88 3 -- -- 2 5 -a 

-- -- 
3 7 360 168 42 158 3 1 -- -- 20 -- -- -- 
38 374 106 50 106 22 -- -- 20 -- -- -- 
39 443 100 0 100 5 -- -- 20 -- -- 10 
40 333 101 50 101 12 -- -- -- -- -- 
4 1 333 116 5 6 116 4 -- -- 20 -- -- -- 
42 347 100 50 100 3 -- -- 20 -- -- -- 
43 422 100 50 1 00 5 -- 20 -- -- -- 
44 307 132 0 132 2 -- -- 20 -- -- -- t-' 

4 5 36 1 120 39 120 7 -- -- -- -- -- -- (n 

46 377 102 0 102 9 -- -- 20 -- -- -- 
47 329 105 60 105 0 -- -- 20 -- -- -- 
48 325 112 0 112 1 -- -- 20 -- -- -- 
4 9 338 119 3 119 2 -- -- 20 -- -- -- 
50 234 98 67 9 8 0 -- -- 20 -- -- -- 
5 1 328 101 60 101 3 -- -- 20 -- -- -- 
5 2 33 1 107 0 107 0 -- -- 20 ..- -- -- 
5 3 293 103 50 1 03 1 -- -- 20 -- -- -- 
5 4 41 7 104 5 4 104 8 -- -- . 20. -- -- -- 
55 129 128 2 128 5 -- -- -- -- -- -- 
5 6 33 1 113 62 113 4 -- -- 20 . -- -- -- 
57 4 4 .  haul performance unsatisfactory 

58 492 106 6 106 1 -- -- -- -- -- -- 
Total 19,707 6,061 3,212 6,061 952 1 54 5 1 1,080 73 ' 16 30 

Includes samples for random length frequency only. 



Table  3. I n v e n t o r y  of CTD casts c o n d u c t e d  during t h e  w i n t e r  1994 pollock echo in tegrat ion- t rawl  su rvey  of 
t h e  Shumag in  Islands and Shel ikof  St ra i t  areas, Miller Freeman cru ise 94-03. 

Haul 
2 

Calvet 12 
3 
4 
5 

718 
9 
11 

1211 3 
14 
15 
18 
17 
18 

19/20 
21 
2 2 
23 
24 
2 5 

Calibratlon 
Calibratlon 

3 6 
37 
3 8 

39/40 
4 1 
4 2 
43 
44 

45/48 
47 
48 
49 
60 
51 

62/53 
54 
55 
5 8 
57 

Date 
(1 9941 
13-Mar 
13-Mar 
13-Mar 
14-Mar 
15-Mar 
18-Mar 
1 &Mar 
18-Mar 
1 8-Mar 
19-Mar 
19-Mar 
19-Mar 
21 -Mar 
21 -Mar 
22-Mar 
23-Mar 
25-Mar 
25-Mar 
25-Mar 
28-Mar 
28-Mar 
1 -Apr 
2-Apr 
2-Apr 
3-Apr 
4-Mar 
4-Apr 
4-Apr 
5-Apr 
5-Apr 
5-Apr 
6-Apr 
8-Apr 
8-Apr 
8-Apr 
8-Apr 
7-Apr 
7-Apr 
7-Apr 
8-Apr 
8-Apr 

Time 
(Local) 
01  24 
1805 
2148 
1712 
0525 
0547 
1948 
1207 
2042 
0504 
1041 
1735 
1135 
1832 
0712 
0220 
021 8 
1224 
1855 
0544 
1150 
1441 
0510 
2054 
0858 
0233 
1840 
2313 
0304 
1345 
1958 
0254 
0748 
1258 
1752 
2228 
0255 
1243 
2036 
0029 
0703 

Poeition 
Latltuda (N) Longitude (W) 

54 43.0 160 28.4 
55 35.3 180 03.2 
55 38.1 159 48.8 
55 23.8 159 16.0 
55 42.2 158 24.4 
58 ' 20.0 158 14.1 
68 33.3 155 54.8 
57 44.8 154 58.2 
57 53.3 154 53.5 
57 59.8 154 23.5 
68 08.4 154 09.3 
58 13.9 154 03.3 
67 37.7 154 39.8 
57 40.7 155 17.5 
57 09.7 155 02.1 
58 54.1 155 46.2 
67 40.1 155 01.7 
57 58.7 154 29.9 
58 01.8 154 20.8 
58 15.1 153 58.7 
58 10.2 154 15.0 
57 33.5 153 54.2 
58 03.9 156 12.3 
58 32.5 155 55.5 
58 48.8 155 53.2 
57 07.7 155 30.0 
57 31.2 155 30.9 
57 37.8 155 19.4 
67 34.7 154 45.2 
57 39.9 165 08.7 
57 45.9 154 59.1 
57 49.0 154 56.8 
57 53.7 154 32.1 
57 59.7 154 23.2 
58 03.7 154 07.8 
58 11.1 154 04.4 
58 09.2 154 01.5 
68 22.8 153 49.3 
57 58.2 154 01.9 
57 53.3 153 53.0 
57 47.8 154 18.7 

Depth(m) 
Caet Bottom 
100 107 
159 1 80 
7 1 7 1 

159 163 
237 237 
288 289 
250 256 
288 289 
216 221 
319 330 
188 205 
228 23 1 
218 223 
294 303 
198 203 
289 290 
248 253 . 
288 287 
241 244 
240 245 
7 7 7 8 
5 6 58 

209 21 4 
243 248 
303 304 
255 258 
292 299 
321 3 28 
232 240 
287 273 
294 299. 
29 1 302 
240 243 
314 3 17 
223 228 
270 278 
229 237 
208 208 
188 194 
188 193 
189 197 

Traneect 
No Traneect 
S humagin 2 1.0 
Shurnegln 24.0 
Shumagln 39.0 
Shelikof 1.0 
Shelikof 8.0 
Shelikof 8.0 
Shelikof 24.0 
Shelikof 28.0 
Shelikof 29.0 
Shellkof 32.0 
Shelikof 35.0 
Shelikof 48.0 
Shelikof 48.0 
Shellkof 52.0 
Shellkof 55.0' 
Shelikof 82.0 
S helikof 68.0 
Shelikof 71.0 
Shelikof 78.0 
Kullak Bay 
Lareen Bay 
Shelikof 4.0 
Shelikof 8 .O 
Shelikof 10.0 
Shelikof 13.0 
Shelikof 18.0 
Shelikof 19.0 
Shelikof 20.0 
Shelikof 21.0 
Shelikof 23.0 
Shelikof 25.0 
s helikof 27.0 
Shelikof 30.0 
Shelikof 32.0 
Shelikof 34.0 
Shslikof 36.0 
Shellkof 41.0 
Shelikof 43.0 
Shelikof 44.0 
Shelikof 48.0 

t-' 
0) 

Caete made during FOCl operatione are lleted in the FOCl rdeulte eactlon 



Table 4. Inventory of XBT casts conducted during the winter 1994 pollock echo integration-trawl survey 
of the Shumagin Islands and Shelikof Strait areas, Miller Freeman cruise 94-03.. 

Date Time Position Bottom 
Drop Probe (1 994) (Local) Latitude IN) Longitude (W) Depth (m) Comments 

1 T-04 16-Mar 1735 56 01.8 156 01.8 203 Sheiikof Tr. 4.0 
2 "* DROP NO GOOD "* 
3 T-04 17-Mar 2125 57 31.2 155 29.2 310 Shelikof Tr. 16.0 



Table 5. Summary of catch by species in 4 midwater trawls from the Shumagin Islands area during 
the 1994 pollock echo integration-trawl survey, Miller Freeman cruise 94-03. 

\ 

Species 

Walleye Pollock (Theragra chalcogramma) 
Pacific Cod (Gadus macrocephalus) 
Jellyfish Unidentified (Scyphozoa) 
smooth Lumpsucker (~ptocyclus ventricosus) 

Totals 

Weight 
(kg) Percent Numbers . Percent 



Table 6. Summary of catch by species in 41 midwater trawls and 3 bottom trawls fished in 
midwater from the Shelikof Strait area during the 1994 pollock echo integration-trawl survey, 
Miller Freeman cruise 94-03. 

Species 
Weight 
(kg) Percent Numbers Percent 

Walleye Pollock (Theragra chalcogramma) 
Eulachon (Thaleichthys pacif icus) 
Pacific Sleeper Shark (Somniosus pacificus) 
Arrowtooth Flounder (Atheresthes stomias) 
Pacific Cod (Gadus macrocephalus) 
Squid Unidentified (Teuthoidea) 
Salmon Shark (Lamna ditropis) 
Jellyfish Unidentified (Scyphozoa) 
Big Skate (Raja binoculata) 
Smooth Lumpsucker (~~tociclus ventricosusl - ~- -~ - - - 

Rougheye ~bckfish (s'ebastes aleutianus) 
Chinook Salmon (Oncorhynchus tshawytscha) 
Red Squid (Berryteuthis magister) 
Northern Smoothtongue (Leuroglossus schmidti) 
Black Rockfish (Sebastes melanops) 
Shrimp Unidentified (Natantia) 
Butter Sole (Isopsetta isolepis) 
Flathead Sole (Hippoglossoides elassodon) 
Rock Sole (Lepidopsetta bilineata) 
Pacific Sandfish (Trichodon trichodon) 
Pacific Herring (Clupea pallasii) 
Lanternf ish (Myctophidae) 
Capelin (Mallotus villosus) 
Yellow 1rZh Lord (Hemilewidotus iordanil 

-' 
Rex Sole (~l~~tocephalus iachirus) 
sidestripe Shrimp (Pandalopsis dispar) 



Table 6. (cont.) 

Species 

Snai,lfish Unidentified (Liparididae) 
Grenadier Unidentified (Macrouridae) 
Pandalid Shrimp Unidentified (Pandalidae) 
Pasiphaeid Shrimp Unidentifed (Pasiphaeidae) 
Eelpo'ut Unidentified (Zoarcidae) 

Totals 

Weight 
(kg) Percent Numbers Percent 



Table 7. Summary of catch by species in 9 bottom trawls from the Shelikof Strait area during 
the 1994 pollock echo integration-trawl survey, Miller Freeman cruise 94-03. 

Species 

Walleve Pollock (Theraara chalcoaramma) 
~rrowtooth  lou under (~fheres thesas tomias) 
Eulachon (Thaleichthys pacificus) 
Pacific Halibut (IIippoglossus stenolepis) 
Pacific Cod (Gadus macrocephalus) 
Bia Skate (Raia binoculata] 

d - ~- . - & ~  - ~ 

Longnose Skate (Raja rhina) 
Sablef ish (Anoplopoma f imbria) 
Dover Sole (Microstomus pacificus) 
Flathead Sole (~Iippoglossoides elassodon) 
Squid Unidentified (Teuthoidea) 
Pacif ic Sleeper Shark (Somniosus pacif icus) 
Rex Sole (Glyptocephalus zachirus) 
Rougheye Rockfish (Sebastes alexianus) 
Bairdi Tanner Crab (Chionoecetes bairdi) 
Alaska Skate (Bathyraja parmifera) 
Jellyfish Unidentified (Scyphozoa) 
Bigmouth Sculpin (Hemitripterus bolini) 
Wattled Eelpout (L~codes ~alearis) 
Sidestripe Shrimp j~andalb~sis dispar) 
Shortspine Thornyhead (Sebastolobus alascanus) 
Shri~np Unidentified (Natantia) 
Spinyh,ead Sculpin (Dasycottus setiger) 
Longsnout Prickleback (Lumpenella longirostris) 
Hermit Crab Unidentified (Paguridae) 
Snail Unidentified (Gastropoda) 
Northern Smoothtongue (Leuroglossus schmidti) 

Weight 
(kg) Percent Numbers Percent 



0 0 0 0 0 0  0 
v v v v v v  0  I 

0 0 0 0 0 0  0  
v v v v v v l  0  

rlrlrlrlrlrl . . . . . .  
0 0 0 0 0 0  

v v v  

CV . 
w' 
m 
w' . 
CV 
CV 



Table 8. Summary of activities and collections as part of FOCI 
investigations during MF94-03. 

Activity Number 

Moorings Deployed 
60 cm Bongo Collections 
20 cm Bongo Collections 
CTD Casts 
Chlorophyll Samples Taken 
Microzooplankton Collections 
Fecundity Collections 
Calvet Net Collections 
Tucker Trawl Collections 
Clarke-Bumpus Collections 
Towed Camera Deployments 
Invertebrate Predators Collected 
Stomach Samples Collected 
Pollock Eggs Reared and Shipped 















154.3 154.2 1 54.1 

Longitude ( O W )  

Figure 5. Locations of FOCI midwater rope trawls conducted during 
the R/V MILLER FREEMAN cruise, 94-03. 



Figure 6. Acoustic backscattering (S*) attr ibuted to pollock along tracklines 
from the 1994 echo integration-trawl survey of the Shumagin Islands area i n  . 

the Gulf of Alaska, MF94-03. 



Ceor/Bottam Depth - 66/95 rn om Depth - 81/111 m 

Cear/Bottm Depth - 84/170 rn 

Fork Length (crn) Fork Length (crn) 

Figure 7. Pollock size compositions from midwater trawls 
made in the Shumagin Islands area during the 1994 echo 
integration-trawl survey of the  Gulf of Alaska, MF94-03. 



Fork Langth (cml 

Figure 8. Maturity-length compositions for pollock taken from the Shumagin Islands 
area during the 1 994 echo integration-trawl survey in the Gulf of Alaska, MF94-03. 
Relative proportion by size for the maturity-length composition reflects the number 
of maturity samples collected and is not necessarily indicative of the actual size 
composition of the population. 
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Figure 9. Pollock gonado-somatic indices plotted as a function of length for mature 
(pre-spawning) females from the Shumagin Islands area during the 1994 echo 
integration-trawl survey in the Gulf of Alaska, MF94-03. 
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Figure 10. Acoustic backscattering (SA) at tr ibuted primarily to pollock along tracklines 
from the  f i rs t  survey pass through the Shelikof Strai t  a r ea  during the 1994 echo 
integration-trawl survey in  the Gulf of Alaska, MF94-03. 



Survey Pass 1 
0.12 , I 

N - 513 

Goor/Eottom Depth - 218/2UI rn 
Haul 9 

0.1 0 

Survey Pass 2 

hr /Bot tom Depth - 214/2U m 

Survey Pass 3 

Survey Pass 1 

Survey Pass 3 

hor/80Hom Oepth r 243/267 m 
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Figure 11. Typical pollock size 
compositions from midwater trawl 
hauls made in the Shelikof Strait 
area during MF94-03. Hauls 15, 
24, and 49 were made in spawning 
aggregations while hauls 9 and 39 
were made in the lower density 
distributions southwest of 
the Strait. 
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Figure 12. Typical pollock size compositions from bottom trawl 
hauls made in the Shelikof Strait area during MF94-03. 
Hauls 16 and 53 were made in spawning aggregations while hauls 
20 and 40 were made in the lower density distributions 
southwest of the Strait. 



Figure 13. Acoustic backscatterirlg (SA) attr ibuted primarily to pollock along tracklines 
from the  second survey pass through the  Shelikof Strait  a rea  during the 1994 echo 
in.tegraLion-trawl survey in &he Gulf of Alaslta, MF94-03. 
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Figure 16. Pollock gonado-somatic indices plotted as a function of length for .mature 
(pre-spawning) females from the Shelikof Strait area during the 1994 echo 
integration-trawl survey in the Gulf of Alaska, ~~94-03. 
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Pass 1 
15-23 Mar 
(n = 650) 

Pass 2 FOCI Pass 3 
25-26 Mar 29-31 Mar 2-8 Apr 
(n = 168) (n = 557) (n = 1 1 27) 

Figure 17. Maturity compositions of unweighted, random samples of female 
pollock greater than 35 cm from the Shelikof Strait area during the 1994 echo 
integration-trawl survey of the Gulf of Alaska, MF94-03. 





MF94-03 b o n g o  tow l o c a t i o n s  - 
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Figure 19, Locations of bongo tows in Shelikof Strait during 
MF94-03. An additional bongo tow (station I) was made in the 
vicinity of the Shumagin Islands (not shown). 
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Figure 2 0 ,  Locations of Calvet tows i n  Shelikof Stra i t  during 
Pass 1. Several additional tows were made i n  the v i c in i ty  of the 
Shumagin Islands (Calvet 1-4)  and near the Gore Point mooring 
(Calvet 45)  which are not shown. 
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F i g u r e  21.  Locations of Tucker trawls i n  the area of Cape Kulidk 
during the FOCI die1 study. 
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Figure 22. Locations of Calvet tows in Shelikof Strait &zing 
Pass 3. 




