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ABSTRACT

Results are presented from the seventh triennial echo integration-trawl survey of Pacific

whiting, Merluccius productus, along the west coasts of the United States and Canada. Areal

coverage during the survey was more extensive than for earlier surveys both in increased effort

offshore and to the north. The survey was conducted from 1 July to 1 September 1995, and

extended along the Pacific coast from Point Conception, California, to Dixon Entrance, Alaska.

Aggregations of Pacific whiting were detected throughout the study area, with the heaviest Pacific

whiting echo sign observed off California near Point Arena and Cape Mendocino, off central

Oregon, over Juan de Fuca Canyon near Cape Flattery, and off northern Vancouver Island.

Trends in size composition for Pacific whiting exhibited a latitudinal cline over the study area,

with larger fish generally more abundant in the northern areas. Over 75% of the population

numbers and biomass was composed of the 1984, 1987, 1990, and 1993 year classes. The

coastwide biomass for Pacific whiting was estimated at 1.39 million t, which was similar to earlier

triennial acoustic survey biomass estimates. Acoustic backscattering was converted into

abundance estimates using a target strength (TS) to length (L) model of TS = 20 Log L - 68 rather

than the historically used model of TS = -35 dB/kg of fish. Justification for the use of the

20 Log L - 68 model is discussed, and estimates based on both models are compared.
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INTRODUCTION

Pacific whiting (Merluccius productus) is an important commercial marine fish off the

west coast of North America, with annual harvests in excess of 200,000 metric tons (t) by U.S.

and Canadian fishermen (Dorn 1996). To assess the distribution, numbers, and biomass of Pacific

whiting along the-West Coast, echo integration-trawl (EIT) surveys have been conducted

triennially since 1977 by the Alaska Fisheries Science Center (AFSC), National Marine Fisheries

Service (NMFS), Seattle. The surveys are conducted during July-September when Pacific whiting

movements are believed to be relatively localized since they are between a springtime northward

feeding migration and an autumn southward migration to their spawning areas off southern

California and Mexico (Nelson and Dark 1985). During the northward migration, the largest fish

make the longest migrations; adults migrate as far as Vancouver Island, while juveniles generally

remain off California (Dark et al. 1980, Bailey et al. 1982). Female Pacific whiting mature at an

age of 3-4 years and a length of about 40 cm (Best 1963).

Estimates produced from the EIT survey results are used with other survey and catch data

to assess the current population level (Methot 1989, Dorn 1996). An AFSC bottom trawl survey,

conducted in the summer during the same years as the EIT survey, assesses the bottom component

of the stock (Nelson and Dark 1985). Stock assessments before 1993 added abundance estimates

derived from the bottom trawl and the EIT surveys. Subsequent modeling efforts have treated

each survey time series separately in evaluating trends in the population and have considered

estimates from the 1992 and 1995 EIT surveys as representing the best estimates of population
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levels (Dorn 1996). This document summarizes the results of the seventh triennial west coast

Pacific whiting EIT survey conducted during 1995.

METHODS

Sampling Equipment

The survey was conducted using the NOAA ship Miller Freeman, a 66 m stern trawler

equipped for fisheries and oceanographic research. Acoustic data were collected with a Simrad

EK500 quantitative echosounding system (Bodholt et al. 1989). Simrad 38 kHz and 120 kHz

split-beam transducers were mounted on the bottom of the vessel’s retractable centerboard, which

was fully extended during all scientific operations. This positioned the transducers 9 m below the

ocean surface. All results presented here are based on data collected with the 38 kHz transducer.

System electronics were housed in a portable laboratory mounted on the vessel’s weather deck.

Data from the Simrad EK500 echosounder/receiver were processed using Simrad BI500 echo

integration and target strength data analysis software (Foote et al. 1991) on a SUN workstation.

Midwater echo-sign was sampled using an Aleutian Wing 30/26 trawl (AWT), a full-mesh

wing trawl constructed of nylon except for polyethylene towards the aft section of the body and

the codend. The headrope and footrope both measured 81.7 m. Mesh sizes tapered from 3.25 m

in the forward section of the net to 8.9 cm in the codend. The codend was fitted with a 3.2 cm

mesh liner. The codend was also fitted with a 4.8 mm mesh liner during the first nine midwater
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hauls of the survey. The AWT was fished with 82.4 m of 1.9 cm diameter 8 by 19 non-rotational

dandylines, 455 kg tom weights on each side, and 5 m2 “Fishbuster” doors (1,250 kg), except on

three occasions (Hauls 80, 81, and 85) when 1.8 by 2.7 m steel V-doors (1,000 kg) were used.

A Methot trawl was used for sampling smaller organisms. The mouth of the Methot trawl

is a rigid square frame with 2.3 m sides. A 1.83 m dihedral depressor modified from an Isaacs-

Kidd midwater trawl was suspended below the frame. Mesh sizes were 2 by 3 mm in the main

part of the net and 1 mm in the codend. The Methot trawl was attached to a single cable fed

through a stern-mounted A-frame. The volume of water filtered was measured with a calibrated

General Oceanics flow meter attached to the mouth of the net. A Marinovich trawl was used for

one haul. Mesh sizes for this net measured 7.6 cm forward, 3.2 cm in the codend, and 3.2 mm in

the codend liner. Headrope and footrope lengths were each 9.1 m, and the trawl was fished with

the 1.8 m by 2.7 m steel-V doors.

Near-bottom echo-sign was primarily sampled with a nylon Nor’eastern (NNE) trawl

except on three occasions when a modified poly Nor’eastern trawl (PNE) was used. Mesh sizes in

the NNE and PNE ranged from 12.7 cm in the body to 8.9 cm in the intermediate section and

codend. The codends were fitted with a 3.2 cm mesh liner. Headrope and footrope lengths for

the NNE were 27.4 m and 32.0 m, respectively, and the footrope was equipped with 36 cm

diameter roller gear. The NNE was fished with the “Fishbuster” doors. The PNE was used once.

with the 1.8 m by 2.7 m steel V-doors (Haul 72) and twice with the “Fishbuster” doors (Hauls 77

and 79). The PNE headrope and footrope lengths were 27.2 m and 24.9 m, respectively, and the
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footrope was equipped with 50.8 cm split tires in the bosom of the trawl and fitted with 45.7 cm

rockhopper discs and steel bobbins along the wings.

All trawl hauls except for Methot tows were monitored with a WesMar “third wire” trawl

sonar or a Furuno-wireless net sounder system attached to the headrope of the trawl. Vertical net

opening, depth, and temperature at depth were measured. The AWT and NNE vertical mouth

openings averaged 27 m and 6 m, respectively.

Water temperature and salinity profile data were collected with a Seabird conductivity/

temperature/depth (CTD) system. Temperature and depth profile data were collected during trawl

hauls by attaching a micro-bathythermograph (MBT) to the trawl headropes or frame.

Expendable bathythermograph (XBT) data were collected at several sites. An acoustic Doppler

current profiler (RD Instruments) was slaved to the EK500 to avoid interference, and it operated

continuously throughout the cruise. To avoid interference, the transmissions of the two systems

were synchronized.

Sampling Techniques

The area of operations during the EIT survey extended along the west coast of North

America from Point Conception, California, to Dixon Entrance, Alaska (Fig. 1). An exploratory

survey effort on young-of-the-year Pacific whiting off Southern California also occurred during

the survey but will be reported elsewhere (A. Hollowed, NMFS, NOM, 7600 Sand Point Way
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NE, Seattle, WA 98115, pers. commun.). Areal coverage during the EIT survey was more

extensive than for earlier surveys. There was increased effort offshore and to the north,

particularly when compared to EIT surveys conducted prior to 1992. Echo integration data were

collected along parallel transects with the exception of the first three transects, where a zig zag

pattern was followed. Transects were spaced 18.5 km apart except in inshore waters near the

U.S./Canada border where spacing was reduced to 9.3 km to more closely correspond to the

survey pattern used by Canadian scientists, and off the Queen Charlotte Islands where spacing

was increased to 27.8 km (Fig. 1). Depths at the near-shore end of transects were usually

between 40 and 75 m, while the offshore extent often ended in waters deeper than 1,500 m.

Transects were extended into deeper water when fish sign was found at or near the predetermined

transect outer endpoints. Typical vessel speed was about 20-22 km/hour when running transects.

Echo integration data were collected with a horizontal resolution of about 9 m and a vertical

resolution of l-2 m.

Scientific operations were conducted 24 hours a day. Transects were run during daylight

hours (about 15 hours per day). Nighttime hours were used on an opportunistic basis to collect

Pacific whiting target strength data, to conduct trawl hauls on echo-sign observed during the day,

to investigate aggregations of other midwater fishes and macrozooplankton, and to conduct other

ancillary projects.

Trawl hauls were made on selected echo-sign to provide information on Pacific whiting

and to identify the biological composition of associated fish and other organisms. Standard catch
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sorting and enumeration procedures were used to process the catches (sensu Hughes 1976).

Catches less than 900 kg were completely sorted, while larger catches were subsampled. Total

weights and numbers were determined for all species. Pacific whiting were further subsampled to

determine length composition by sex, as well as to collect stomachs, otoliths, and length-weight

measurements of individual fish. Sexual maturity was determined by visual inspection using a

5-stage scale. Stomach samples were preserved in 10% formalin. Individual fish were weighed to

the nearest 2 g on an electronic scale. Fork lengths of fish greater than 8 cm were measured to

the nearest centimeter. Standard lengths of young-of-the-year Pacific whiting (<8 cm) were

measured to the nearest millimeter.

CTD casts were made at selected trawl haul locations, and also at two or three stations on

every second or third transect (0.2°-0.5° lat) during most of the survey. One station was located

at the offshore end of the transect and the second was located over a nominal bottom depth of

400 m along the same transect. A third CTD cast was sometimes made between these two CTD

stations.

Data Analysis

The echo integration data were examined for Pacific whiting sign between the transducer

and within 0.5 m of the bottom, or within the upper 500-1,000 m when in deep water.

Considerable quantities of small, non-whiting scatterers were typically encountered throughout

much of the water column in the Monterey, Eureka, and Columbia International North Pacific



7

Fisheries Commission (INPFC) statistical areas. To avoid including significant quantities of non-

whiting scatterers in biomass estimates, the acoustic volume backscattering (Sv) threshold value

used for these regions was -58.5 dB. An Sv value of -69 dB was used for the more northerly

areas, where small scatterers were less abundant. This was the same procedure that was applied

to the 1992 west coast EIT Pacific whiting survey data (Dorn et al. 1994).

Absolute estimates of pollock abundance were derived from the echo-integration and

trawl data in the following manner. All of the echo-integration data were initially partitioned into

ten geographical-length sample strata based on the distributional patterns in the echo-integration

data and size composition catch data. These strata segregated aggregations of Pacific whiting

with similar size distributions. The mean area backscattering estimate attributed to Pacific whiting

within each stratum was extrapolated to each sample stratum area. These estimates were scaled

to age- and length-specific biomass and numbers using Pacific whiting size compositions, a

length-weight relationship, age-length keys derived from trawl catches, and a previously derived

relationship between target strength (TS) and fish length. (See following discussion on the

selection of the most appropriate TS to fish length model.) Estimates of age- and length-specific

biomass and numbers were then summed across sample strata to provide estimates for each

INPFC area and a total coastwide estimate. Because few hauls were conducted inside of the 200

m depth contour off Vancouver Island (Fig. l), length data from that area were supplemented
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with length data collected by Canadian scientists at or near the same time as our survey of that

region’.

Target Strength

Target strength is a measure of acoustic reflectivity and is used to scale relative acoustic-

based estimates of abundance to absolute abundance estimates. For previous Pacific whiting EIT

surveys, a target strength value of -35 dB/kg was used to scale the echo-integration data. This

value is based on a literature review of target strength measurements for gadoid species of similar

size and shape to Pacific whiting (Dark et al. 1980). The analysis of in situ target strength data by

Traynor (1996) however, suggests a target strength to length (L; in cm) relationship of TS =

20 log L - 68 (Fig. 2). Although more data are needed to confirm that the “best” relationship is

20 log L -68, this model is believed to be an improvement over the -35 dB/kg model. The slope

term of the equation has a theoretical foundation and is generally accepted as appropriate (Foote

1987, MacClennan and Simmonds 1992). There is more uncertainty in the intercept value of

-68 dB, which is based on nighttime measurements of dispersed fish and may not be appropriate

for daytime aggregations of Pacific whiting with possibly different behavior and depth

adaptations. There are also no measurements for Pacific whiting less than 40 cm. Unfortunately,

attempts to collect additional target strength measurements during the 1995 survey were

unsuccessful (see Target Strength Data Collection Section). Nevertheless, acoustic estimates for

‘Data were supplied by M. Saunders, Pacific Biological Station, Department of Fisheries and Oceans,
Nanaimo, British Columbia, Canada.
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the 1995 survey were scaled to absolute estimates of abundance using the 20 log L - 68

relationship. Estimates based on both TS models for the 1992 and 1995 triennial EIT survey are

presented in the Appendix for comparative purposes.

Acoustic System Calibration

The acoustic system was calibrated by suspending copper spheres with known

backscattering characteristics below the transducer and measuring the acoustic returns following

the procedure outlined by Foote et al. (1987). Sphere diameters were 60 and 23 mm for the

38 kHz and 120 kHz transducers, respectively. Split-beam target strength and echo-integration

data were collected to describe acoustic gain parameters and transducer beam pattern

characteristics. System gain parameters were adjusted to produce the echo-integration and target

strength measurement values equivalent to the corresponding theoretical values for each sphere.

Three system calibrations were completed (Table 1). The vessel was anchored fore and aft during

the calibrations in Port Susan, Washington, and Kendrick Inlet, B.C., but was not anchored during

the calibration near Santa Cruz Island, California. During the Santa Cruz Island calibration, only

on-axis target strength measurements at 120 kHz were collected. The 120 kHz acoustic system

exhibited a negative trend in target strength and volume backscattering (S,) gains with time, while

the 38 kHz system remained stable (Table 1).
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U.S./Canadian Acoustic Systems Comparison

An inter-ship comparison study of the scientific echosounding systems aboard the NOAA

ship Miller Freeman and the Canadian research vessel W.E. Ricker was conducted during 19-22

August. Both a Biosonics 101 and a Simrad EK500 scientific acoustic system operated at 38 kHz

aboard the Canadian vessel. Descriptions of these acoustic systems are available elsewhere

(Cooke et al. in press; R. Kieser, Pacific Biological Station, Department Fisheries and Oceans,

Nanaimo, pers. commun.). Acoustic data were collected along 24 east-west oriented transects in

an area about 28 km northwest of Cape Flattery, Washington, (48°27.3’N, 125°09.3’W) and an

area near Nootka Sound, B.C., (48°38.6’N, 125°58.7’W). Data from three transects were

discarded because of equipment problems. Transects were 5.6 to 14.8 km in length and were

conducted over bottom depths between 100 and 800 m. One vessel followed about 0.9 km

directly astern of the other along each transect. The vessel taking the lead position changed after

each pair of transects. Vessel speeds were about 1 l-l 5 km/hour.

Target Strength Data Collection

In situ target strength data were collected and nine hauls were made to verify the echo-

sign on five different nights off the coast of northern Washington and Vancouver Island (Table 2).
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RESULTS

Biological and Oceanographic Results

Data to describe the abundance and distribution of Pacific whiting were collected during

1 July to 1 September 1995, along the west coasts of the U.S. and Canada. About 7,000 km of

acoustic transect lines were run during the survey (Fig. 1). A total of 78 midwater trawls and 17

bottom trawls (Fig. 1, Table 2) were conducted to identify echo-sign and collect biological data.

Geographical boundaries of the areas used for the analysis of survey data are listed in Table 3.

Pacific whiting was the dominant fish species by weight and by number in the midwater

and bottom trawls (Tables 4 and 5). Yellowtail rockfish (Sebastes flavidus, 2.4% of the total

midwater catch by weight) and redstripe rockfish (S. proriger, 2.4%) were the most common

bycatch species in the midwater trawls. Yellowtail rockfish were only caught in the Vancouver

INPFC area, with 91.6% of the catch occurring in Haul 83. Virtually all the redstripe rockfish

were caught in Hauls 44 (Oregon) and 92 (Dixon Entrance, AK), which contained 64.1% and

35.8%, respectively, of the total catch for that species. The most common bycatch species in the

bottom trawl hauls were shortbelly rockfish (S. jordani, 5.7%), stripetail rockfish (S. saxicola,

4.6%) sablefish (Anoplopoma finzbria, 4.6%) redstripe rockfish (3.4%) and splitnose rocktish

(S. diploproa, 2.0%). As with the midwater trawls, the major bycatch species caught in bottom

trawls occurred mostly in 1 or 2 hauls. These hauls were located off California and Oregon. For

shortbelly rockfish, 85.3% of the catch occurred in Haul 7. Stripetail rockfish were mostly caught



in Hauls 7 (42.2%) and 16 (39.7%), sablefish in Haul 35 (88.0%) redstripe rockfish in Haul 39

(97.6%), and splitnose rockfish in Hauls 7 (42.2%) and 42 (39.7%). Twenty-six Methot trawls

were conducted on echo-sign believed to be primarily macrozooplankton (Fig. 3).

The physical oceanographic data consisted of 78 CTD, 4 XBT, and 141 MBT casts.

Details pertaining to the CTD and XBT casts (e.g., time, location, associated trawl hauls) are

listed in Tables 6-7 and Figure 4. 

Pacific Whiting Distribution and Abundance

Aggregations of Pacific whiting were generally detected throughout the study area except

in the extreme northern and southern areas. The heaviest Pacific whiting echo-sign was observed

off California near Point Arena and Cape Mendocino, off central Oregon from 43º to 45ºN, in

Juan de Fuca Canyon near Cape Flattery, and off northern Vancouver Island (Fig. 5). No echo-

sign was attributed to Pacific whiting north of 5 1 °N or south of about 38°N. Although Pacific

whiting were sometimes caught south of 38°N, the dominance of small scatterers in this area

prevented identification of Pacific whiting echo-sign. The coastwide estimates of Pacific whiting

abundance were 3.026 x 109 fish weighing 1.388 x 109 t.

Pacific whiting were observed over bottom depths of 50-1,500 m, although the density by

bottom depth varied throughout the survey area. In the southernmost INPFC areas (Monterey,

Eureka, and South Columbia), as well as in the Charlotte area, significant amounts of echo-sign
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extended over bottom depths exceeding 1,000 m. In contrast, echo-sign in the North Columbia,

U.S. Vancouver, and South Vancouver INPFC areas was primarily restricted to bottom depths

less than 500 m.

Trends in size composition for Pacific whiting differed over the study area (Tables 8 and

9; Fig. 6). Smaller fish (       40 cm) were generally more abundant in the southern areas, whereas

larger, adult fish (>40 cm) were generally more abundant in the northern areas. The modal length

for adult fish, for example, was 44 cm in the Monterey INPFC area, 46 cm in the Eureka INPFC

area, 45 cm in the South and North Columbia INPFC areas, and 48 cm in the Vancouver and

Charlotte INPFC areas, A similar latitudinal trend in length was not observed for l-year-old fish.

Modal lengths were largest (28 cm) for 1-year-olds captured in the North Columbia and U.S.

Vancouver INPFC areas, and smaller (25-26 cm) in other INPFC areas to the north and south.

Age-specific distributions for Pacific whiting exhibited similar patterns to those based on

length data (Fig. 7; Tables 10 and 11). Age-l fish (1994 year class) were found in all areas except

the Charlotte INPFC area. Age-l fish were also caught in several hauls conducted south of 38°N.

Nearly 71% of the total estimated number of age-l fish were found in the Eureka and South

Columbia INPFC areas. The distribution of 2-year-olds (1993 year class) was more localized.

About two-thirds of the age-2 fish were located in the Monterey INPFC area, with most of the

remainder found in the Eureka INPFC area (30%). Adult fish (age 3+) were present throughout

the survey area. In terms of biomass, 2-year-old fish formed the dominant age class in the

Monterey and Eureka INPFC areas, whereas 5-year-old fish (1990 year class) were dominant in
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the Columbia INPFC areas and 11 -year-olds (1984 year class) were dominant in the areas north of

the Columbia INPFC area. Eight-year-olds (1987 year class) were the second most abundant age

class in all INPFC areas except Monterey and Eureka. Overall, over 75% of the population and

biomass was composed of the 1984, 1987, 1990, and 1993 year classes.

Young-of-the-year Pacific whiting were caught in low numbers in five trawl hauls (Hauls

1-3, 5, 6) in the southern California region. Young-of-the-year Pacific whiting were also caught

prior to the EIT survey during the exploratory survey for juvenile Pacific whiting. However, it

was not possible to distinguish acoustic backscattering attributed to young-of-the-year Pacific

whiting.

Target Strength Data

Catch data from hauls made during nights of in situ TS collections suggested that suitable

target strength measurements could be collected for Pacific whiting. For example, Pacific whiting

catches exhibited unimodal size distributions (not shown) for most of the TS hauls (i.e., hauls 71,

76-77, 80-8 1, 84-85). In addition, Pacific whiting made up 93-99% of the catch in numbers from

all TS hauls. Post-cruise analysis of the in situ target strength data, however, indicated that

targets from smaller scatterers other than Pacific whiting likely contaminated the TS data and

invalidated the results. Unfortunately, no hauls were made with small mesh nets to verify the

presence of “contaminant” scatterers (e.g., euphausiids) during these nights.
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Canadian Acoustic Systems Comparison

Results from the inter-ship comparison indicated that area acoustic backscattering

estimates (S,) averaged over each transect based on the Canadian Biosonics system were

generally greater than those based on the U.S. Simrad system (Fig. 8). Because only a few

comparisons occurred at large mean SA values (i.e., mean SA>2,500), transect data were

reanalyzed to isolate areas along each transect that were characterized by high-density scattering.

Mean SAvalues were determined using only these “high-density” portions of the transects. This

increased the number of comparisons for large SA values (Fig. 9). The zero-intercept regression

equation that was fitted using least squares to the reanalyzed SA estimates between the U.S.

Simrad (US) and Canadian Biosonics (CanBS) systems was CanBS=l.46*US (r2=0.58), whereas

for the U.S. and Canadian Simrad (CanEK) systems, the fitted equation was CanEK=O,89*US

(r2=0.63). The fitted zero-intercept regression for the two Canadian systems was

CanEK=0.59*CanBS (not shown, r2=0.94). (Abundance estimates from the Canadian survey

conducted during July-September were based on the Biosonics sounder because the newly

acquired Simrad sounder was undergoing field trials by the Canadian scientists at the time [R.

Kieser, Pacific Biological Station, Department Fisheries and Oceans, Nanaimo, pers. commun.])

DISCUSSION

Comparison of abundance trends based on the triennial EIT survey results for Pacific

whiting is difficult because of different areal coverage northward and offshore. For example, the
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1983, 1986, and 1989 surveys only sampled seaward to about the 366 m depth contour, while the

1977 and 1980 surveys generally remained inside of the 458 m depth contour. Previous to 1992,

the northern limit of the surveys ranged from 48° 15’N (in 1983) to 50°N (in 1977, 1980, and

1989). Dorn ( 1996) however, provides a time series of adjusted biomass estimates for the entire

survey history by scaling the 1977-89 survey results to account for differences in areal coverage,

as well as adjusting these results to reflect the use of a 20 log L - 68 target strength relationship.

These adjusted coastwide biomass estimates based on the triennial EIT survey results do not

exhibit any dramatic trends between 1977 and 1995 (Fig. 10). The largest change in biomass

during the time series occurred between 1983 and 1986.

The distribution of l-year-old fish extended farther to the north during the present survey

than that reported in previous surveys (Fig. 11). In the past, no 1-year-olds were detected in the

Vancouver areas and only minimal amounts were reported in the Columbia areas. The previous

EIT surveys were not conducted during years when strong year classes of Pacific whiting (i.e., the

1977, 1980, 1984, and 1987 year classes) were present as 1-year-olds. However, there is not

enough evidence at this time to assess the relative magnitude of the 1994 year class, and whether

the distribution pattern of these 1-year-olds is a result of year-class strength or the result of other

biological and physical factors acting upon the population.

A significantly higher proportion of the biomass was observed off the U.S. coast than off

Canada in 1995 compared to 1992. In 1995, 85% of the biomass was observed in U.S. waters,

whereas 62% was observed in 1992. It is unlikely that large quantities of Pacific whiting were
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missed by the survey in Canadian waters. Concurrent with the U.S. survey, Canadian scientists

conducted survey operations in two additional areas not covered by the United States (R. Kieser,

Pacific Biological Station, Department Fisheries and Oceans, Nanaimo, pers. commun.).

Approximately 30-40,000 t of Pacific whiting were found by the Canadians in Goose Island Gully

in Queen Charlotte Sound, and no Pacific whiting were reported from their transects in Hecate

Strait.
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Table 1 .--Summary of sphere calibrations associated with the 1995 Pacific whiting echo integration-trawl survey of the
U.S. and Canadian west coasts. TS represents target strength and Sv represents volume backscattering.

*The transducer was located approximately 9 m below the surface.

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 , Standpromenaden 50, P.O. Box 111 N-3 191 Hot-ten, Norway.



Table 2.--Summary of trawl stations and catch data from the 1995 Pacific whiting echo integration-trawl survey of the U.S. and Canadian west
coasts.

Haul INPFC Gear Date Time Start Position Depth (m) Temp. (deg. C) P. whiting (>80 mm)

No. area’ type2 (1995) (GM-0 Latitude (N) Longitude (W) Gear Bottom Gear Surface (kg) Numbers Other (kg)



Table 2.--Continued.



Table 2.--Continued.
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Table 4.--Summary of catch by species from 77 Aleutian Wing and 1 Marinovich mid-water
trawl hauls conducted during the 1995 Pacific whiting echo integration-trawl survey
of the U.S. and Canada west coasts.
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Table 4.--Continued.
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Table 5 .--Continued.
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Table 6.--Summary of conductivity-temperature-depth casts conducted during the 1995 Pacific
whiting echo integration-trawl survey of the U.S. and Canadian west coasts.

l
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*Expl refers to hauls conducted during the exploratory juvenile Pacific whiting.
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Table lO.--Estimated biomass at age (in 1,000s of metric tons) of Pacific whiting by area for
the 1995 West Coast echo integration-trawl survey. Area boundaries are defined
in Table 3.

a
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Table 1 l.--Estimated numbers at age (1,000,000s of fish) of Pacific whiting by area for the
1995 West Coast echo integration-trawl survey. Area boundaries are defined
in Table 3.
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Figure 1 .--Survey trackline with haul locations for the
Aleutian wing trawl, Nor’eastern bottom trawl
(B), and Marinovich trawl (M) during the 1995
Pacific whiting echo integration-trawl survey
of the U.S. and Canadian west coasts. The
dotted line represents the 200 m bottom contour.
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Figure 2.--Summary of in situ target-strength (TS) measurements for Pacific
whiting (modified from Traynor 1996).

a
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Figure 3.--Methot trawl locations for the 1995 Pacific whiting echo
integration-trawl survey of the U.S. and Canadian west
coasts.



134 131 128 125 122 119

Figure 4.--Conductivity-temperature-depth and expendable bathy-
thermograph (XBT) cast locations for the 1995 Pacific
whiting echo integration-trawl survey of the U.S. and
Canadian west coasts. XBT casts are labeled with an “X”.



Figure 5 .--Acoustic backscattering attributed to Pacific whiting along transects off the U.S.
and Canadian west coasts during the 1995 echo integration-trawl survey.



Length (cm) Length (cm)

Figure 6.--Biomass and numbers at length of Pacific whiting by area for the 1995 West Coast
echo integration-trawl survey. Area boundaries are defined in Table 3. Note
different axis scales for numbers and biomass.

a
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Figure 7.L-Biomass and numbers at age of Pacific whiting by area for the 1995 West Coast
echo integration-trawl survey. Area boundaries are defined in Table 3. Note
different axis scales for numbers and biomass.





Figure 8.--Comparison of mean SA values by transect for U.S.
EK500, Canadian EK500, and Biosonic 101 acoustic
systems. Canadian EK500 data for some transects
were unavailable.



Figure 9.--Comparison of high-density SA values of U. S. EK500 with
Canadian EK500 and Biosonic 101 acoustic systems.
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Figure IO.--Pacific whiting acoustic-trawl survey biomass estimates.
Estimates for 1977- 1989 are adjusted for the increased
offshore and northward coverage beginning in 1992 and
the change of the target strength model from -35 dB/kg
to TS=20 Log L - 68 (From Dorn 1996).



Figure 11 .--Acoustic backscattering attributed primarily to age- 1 Pacific whiting off the U.S.
and Canadian west coasts during the 1995 echo integration-trawl survey. The
areas north of 5 1 °N and south of 38°N are not shown because no Pacific whiting
echo-sign was assigned in those areas (see Discussion).
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APPENDIX

Comparison of the 1992 and 1995 EIT survey results based on two target strength models



l
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Target strength (TS) is a measure of the acoustic reflectivity of fish and is necessary to

scale relative estimates of fish abundance based on acoustics to absolute estimates of abundance.

Historically (1977-92) a TS of -35 dB/kg of fish was used to scale the acoustic data for Pacific

whiting from the triennial EIT surveys along the U.S. and Canadian west coasts. Recent evidence

suggests that a more appropriate TS model for Pacific whiting is TS = 20 log L - 68, where L

represents fish fork length in centimeters (see Methods). Results presented below compare

estimates of fish abundance based on the two TS models for the 1992 and 1995 EIT Pacific

whiting surveys.

Abundance estimates based on 20 Log L - 68 were less than those based on -35 dB/kg.

The total estimated biomass for 1995 based on 20 log L - 68 was 1.39 x l06 t, which was 45 %

less than the 2.53 x l06 t based on -35 dB/kg (Figs. Al, A2; Tables Al-A4). When the 1992

survey was reanalyzed using 20 log L - 68, the estimate was 1.47 x l06 t, which was 44% less

than the estimate of 2.62 x l06 t using -35 dB/kg. (Figs. A3, A4; Tables A5-A12). The results of

these comparisons were used to evaluate an approximate method for adjusting the earlier

(1977-89) triennial EIT survey results (See Discussion; Dorn 1996).
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Appendix Table 2.--Estimated numbers at age (in 1,000,000s of fish) of Pacific whiting by area
for the 1995 West Coast echo integration-trawl survey based on a target
strength relationship of -35 dB/kg. Area boundaries are defined in Table 3.
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Appendix Table 4.--Estimated  numbers at length (in 1,000,000s of fish) of Pacific whiting by
area for the 1995 West Coast echo integration-trawl survey based on a
target strength relationship of -35 dB/kg. Area boundaries are defined in
Table 3.
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Appendix Table 5.--Estimated biomass at age (in 1,000s of metric tons) of Pacific whiting by
area for the 1992 West Coast echo integration-trawl survey based on a
target strength relationship of -35 dB/kg. Area boundaries are defined in
Table 3.

Age Monterey Eureka
Columbia Vancouver

south North U.S. south North Total

1 46.06 29.64 0.13 0.03 0.00 0.00 0.00 75.87
2 28.99 48.62 74.60 0.56 0.00 0.00 0.00 152.77
3 2.87 8.68 12.51 6.43 1.74 0.00 2.56 34.79
4 0.23 31.07 62.88 38.65 21.45 15.01 37.90 207.18
5 0.41 22.09 132.10 96.19 87.96 69.93 73.49 482.16
6 0.12 0.02 10.56 11.94 12.08 15.48 7.31 57.50
7 0.00 0.00 2.80 0.65 1.80 3.76 12.85 21.87
8 1.81 34.90 264.35 146.56 238.24 157.79 264.65 1,108.29
9 0.35 0.00 2.26 1.09 0.75 10.03 18.79 33.26
10 0.00 1.10 6.62 1.44 2.18 2.23 5.81 19.38
11 0.00 0.27 2.69 0.00 0.00 2.05 2.97 7.97
12 2.02 34.60 55.07 31.84 62.78 74.47 120.92 381.70
13 0.00 2.14 1.77 0.54 2.19 3.30 10.07 20.01
14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15 0.09 0.76 0.00 0.74 1.46 4.97 6.73 14.76
16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
18 0.00 0.00 0.00 1.07 2.98 0.00 0.00 4.04

Total 82.94 213.89 628.33 337.73 435.61 359.02 564.04 2,621.55
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Appendix Table 6.--Estimated numbers at age (in 1,000,000s of fish) of Pacific whiting by area
for the 1992 West Coast echo integration-trawl survey based on a target
strength relationship of -35 dB/kg. Area boundaries are defined in Table 3.

Age Monterey
1 510.10

Eureka
199.34

Columbia Vancouver
south North U.S. south North Total
0.82 0.20 0.00 0.00 0.00 710.46

2 197.57 229.78 281.94 2.11 0.00 0.00 0.00 711.40
3 1244 22.23 33.57 15.04 3.63 0.00 5.00 91.91
4 0.48 72.20 133.26 76.34 40.06 26.78 62.94 412.06
5 0.74 44.84 263.16 174.65 150.93 122.62 117.92 874.87
6 0.21 0.04 21.28 21.49 20.12 25.48 10.93 99.56
7 0.00 0.01 5.58 0.96 2.52 5.63 18.66 33.35
8 3.23 63.99 462.80 242.85 361.61 239.38 377.19 1,751.06
9 0.64 0.00 3.51 1.99 1.41 16.04 25.28 48.88
10 0.00 1.94 11.63 2.35 3.44 3.12 7.61 30.09
11 0.00 0.39 3.76 0.00 0.00 2.82 4.67 11.64
12 3.28 62.64 92.83 51.23 90.50 103.25 153.93 557.67
13 0.00 4.27 3.07 0.74 2.84 4.97 13.41 29.30
14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15 0.14 1.26 0.00 1.14 2.19 6.78 7.92 19.43
16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
18 0.00 0.00 0.00 1.66 3.94 0.00 0.00 5.60

Total 728.83 702.95 1,3 17.24 592.75 683.20 556.88 805.45 5,387.29
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Appendix Table 8.--Estimated numbers at length (in 1,000,000s of fish) of Pacific whiting by
area for the 1992 West Coast echo integration-trawl survey based on a
target strength relationship of -35 dB/kg. Area boundaries are defined
in Table 3.
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Appendix Table 9.--Estimated biomass at age (in 1,000s of metric tons) of Pacific whiting by
area for the 1992 West Coast echo integration-trawl survey based on a
target strength relationship of TS=20 log L - 68. Area boundaries are
defined in Table 3.
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Appendix Table lO.--Estimated numbers at age (in 1,000,000s of fish) of Pacific whiting by
area for the 1992 West Coast echo integration-trawl survey based on a
target strength relationship of TS=20 log L - 68. Area boundaries are
defined in Table 3.

l
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Appendix Table 11 .--Estimated biomass at length (in 1,000s of metric tons) of Pacific whiting
by area for the 1992 West Coast echo integration-trawl survey based on
a target strength relationship of TS=20 log L - 68. Area boundaries are
defined in Table 3.
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Appendix Figure 1. --Comparison of 1995 total coastwide estimates of Pacific
whiting biomass and numbers at age based on target
strength relationships of -35 dB/kg and TS=20 Log L - 68.
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Appendix Figure 2 .--Comparison of 1995 total coastwide estimates of
Pacific whiting biomass and numbers at length based
on target strength relationships of -35 dB/kg and
TS=20 Log L - 68.
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Appendix Figure 3 .--Comparison of 1992 total coastwide estimates of Pacific
whiting biomass and numbers at age based on a target
strength relationship of -35 dB/kg and TS=20 Log L - 68.
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Appendix Figure 4.--Comparison of 1992 total coastwide estimates of Pacific
whiting biomass and numbers at length based on a target
strength relationship of -35 dB/kg and TS=20 Log L - 68.
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