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Quantitative acoustic surveys off the central Oregon ooast produced 

estimates of squid (LOligo opalescens) distrirution and abmdance from a 10 

km2 area. S}uid resided in the mi<ldle of the water colum early in the 

study and in the upper one-thir d later. The center of spawning activity 

iroved southward and shoreward with tini!. Maxinun volllllletric densities of 

S]Uid in any 200 m segnent of transect ranged from 2.1 to 83.9 squid/m3• 

MaXiiwm areal densities in any file ranged from 8.8 to 178.9 squid/n?- of 

surface area. Average areal dens.ities for an entire transect ranged from 

0.8 to 19.2 S]Uid/m2 • 

.Anru.ysis of weight to length ratios of squid commerciaJ.ly harvested in the 

study area indicated that two different groups of squid entered the study 

area over the five week study period. The largest school observed covered 

a surface area of 2 .1 km2 and contained an estimated 31 . 4 million squid. 

Bianass of the largest school was estinated to be 1714 mt. IncJ.uding 

commercial harvest, the lower and upper bicmass estinates were 2108 and 

3735 mt, respectively. 
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INrRClXJC:TION 

A COIJlllJ;!rcial fishery for LOJ.igo opalescens began off Oregon in 1982 and has 

expanded each year; landings tripled from 1982 to 1984. Over 400 ut; were 

landed in 1984. The fishery raised questions aboot the size of the 

spawning population; squid were known to occur off the coast, rut in 

1.Stknown quantities. The Oregon Fish and Wildlife camdssion. responding to 

staff concecns about the potential for over-harvest given an 1.Stknown 

quantity of squid, enacted stringent harvest guidelines in 1984. Managers 

were especially concerned aboot the over-harvest of individual squid 

schools, and in 1985 recoamended fishing on specific schools be suspended 

after 454 mt were harvested (Starr and McCrae 1985) . An accurate bianass 

estimate is needed to evaluate fishery managenent strategies and 

regulations and thus effectively manage the rESOUrce. This study 'Wi3S 

designed to J.rtdroaooostically estinete the bianass of large schools of 

spawning L. q:wescens off the Oregon coast and provide a data base for 

management of the fishery. 

Traditional stock assessnent techniques are unsuitable or unreliable for L. 

opalescens; pd.11Brily because of the short life span of the species and the 

problem; estinating paraneters such as mortality, anmal recruitment, 

fishing effort, and catchability (caddy 1983) • In the absence of reliable 

biological data for ·fisheries modelling, sato and Hatanaka (1983) suggested 

direct estimation of stock size by fishing surveys.. Direct estination of 

school size by fishing techniques has bem 1.Stsuccesstul for ~ opalescens 

and other schooling species, oowevet, becanse the relationship betweEn 

abmdance and catch per I.Slit effort is often t.nclear. 



The weaknesses inherent in traditional stock assesSQeilt methods led 

researchers to try aa>ustical techniques which have proven usefUl for 

estimating fish abmdance {Forbes and Nakken 1972; Ulltang 1977; BU.rczynski 

1979; Craig 1984). Mo6t studies to date have demonstrated the usefuJ.ness 

of a<X>UStics to locate squid, tut not to assess squid ab.mdance. Shibata 

and Flores (1972) and Kawaguchi and Nazami (1972) suggested a(X)Ustic 

equipnent could identify Omnastrepbes slami pacificus. SUZuki {1975) 

reported the use of ectiosounders for locating Todarodes f8:Cificus, and 

Bernard {1980) described the use of ecb:>sounders to locate several species 

of squid off British coluni:>ia, canaaa, incJ.uding L. opalescens. 

The most sucoessfUl studies only identified school shapes and sizes from 

ecoograns. Sllzuki (1975) suggested a method to roughly estlllfite ~uid 

abundance using an estimate of school size, bUt Vaughan and Recksiek {1978, 

1979) suggested that esti.mating al:undance using school sizes wwld be 

diffirult because of the small school sizes and patchiness of L . 

opalescens. vaugban (1978) reported bis target strength estimates CXltlld 

scale ecb:>integrator cutputs to estinate al::.undance. 

Jefferts ~ al. {1984) conducted a pilot study off the Oregon mast to 

develq:> ~riate a(X)UStic techniques for calrulating squid biQllaSs. The 

project proved to be successful. They used a dual bean a(X)Ustic system to 

estimate in situ target strength of squid, and used the results to scale 

integrator outputs. we used similar equipnent in 1985 to analyze the 

distribution and ab.llldance of large {coimercially harvestabl.e) squid 

schools. 
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Target Strength 

Target strength estimates are crucial to the acoustical esti.mation of squid 

ablmdance. Matsui et al. (1972) reported target strength estimates frOIII 

the dorso-ventral direction of the roll plane in a tethered squ,id. They 

insonified a .12 an long (dorsal mantle length (IML)) Docyteuthis bleekeri 

with 50 and 200 kHz trans:iuoers. Maxi!d,IDl target strengths were -45 dB and 

-42 dB, respectively. \TaUJban (1978; \TaUJhan and Recksiek 1978) reported 

dorsal aspect target strengths for L. opuescens ranging fran -49 .3 dB to 

-38.8 dB using a 200 kHz transducer. Bis measuranents cane frQm eleven 

different squid, ranging in size from 4 . 5 to 16 an IM., tethered singly in 

an anechoic tank. 

Shibata and MaSthawee (1980) went a step further than earlier studies and 

described target strengths from squid suspended in a field envirOnnent. 

They suspended U>J.igo formosana squid with ioomfilanent f\Ylon line fr~ a 

frane attached to a vessel in waters deEper than 20 m. using a 50 kHz 

ecbosounder, the ll to 19 an oo. squid had target strengths ranging fran 

- 47 . 5 dB to -37 . 5 <13. 

The most i.np>rtant achievement of Jefferts et al. (1984) was an estimation 

of the in situ target strength of Loligo qia].escens. Target strEl'lgth 

estimates of ~ - opalescens provided by earlier studies came frQn artificial 

comitions and yielded estimates near that of the reflectivity of a 

piJlg-pong ball (-42 dB). Jefferts et !!• (1984) reasoned that squid 

without air bladders should ba\Te a llllch 6m:lll er target strength than a 

ping-pong ball, and suggested that the -56 .8 dB value they obtained was 

more realistic than higher Values obtained from Vaughan• s (1978) laboratory 

measurenents. 
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we chartered a conmercial fishing vessel for acoustic sun,eys. The 18 m 

long vessel was an active nB!i)er of the fishing fleet with the electronic 

capability of locating squid and two purse seires to verify insonified 

targets. Navigational equipnent on board the chartered vessel i.J¥:luded 

radar, satellite navigational. systems, and LOMN c. AcOUStic equiprent 

included a 50 kHz echosounder with Sitex rolor display and a Furino 

si~scanning sonar. We most often identified acoustic targets by test 

fishing with a i;urse seine that was 450 m long by 36 m deep, l:Ut 

occasionally used a smaller seine 275 m long by 18 m deep. 

We located squid schools with the ship's electronic equipl8lt, then used a 

scientific quality ecb:>SOUl'ICliDJ system to collect dual bean and 

ecoointegration data. The system i.J¥:luded a BioSalics, me. 120 kHz dual 

beam ceranic trmsduoer with nanmal beam widths of 10 and 22 degrees, towed 

in a V-fin body about 2 m below the surface, a Bioscnics Model 101 echo 

sounder with dual 20 log R and 40 log R ti~aried-gain {TIIG) reoeiver 

board. a Tektronix, me. oscillosoope, a modified R06s Laborat:ocies, Inc. 

echogran recorder, and an Awle lle microcomputer. Miitionally, a 

BioSonics Model 171 tape recorder interface with a Smy digitizer and beta 

tape recorder system recorded dual beam data. After the field season, 

BiOSCllics analyzed the dual beam data with a Model 181 cl.lal bean processor 

to provide in situ target strength estinates. Specifications of the system 

are presented in Table 1. 
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Table 1. Specifications of the acoustic systan. 

Pulse rate 

Pulse length 

Power 

Bandwidth 

Attenuation 

Source level 

Receiver sens. 

Receiver gain 

Digitizing int. 

3.3 piJ¥Js/sec 

0.5 ms 

250 w (-6 dB transnit gain) 

5 kHz 

120 kHz 

222.3 dB 11 uPa at O dB trananit gain 

-134.1 dB 11 uPa at O dB receiver gain 

+6 dB foi: scattered targets 
O dB for small schools 
-6 dB foe dense schools and dual bean work 

0.14 ms 
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The Ag>le lle microoomputer contained a time card, an anaJ.oge to digital 

converter, and echoprocessing, echointegration, and data plotting software 

designed~ CMI-cascade, Inc. foe the AI:Ple lle. Tle ecb:)processing 

software included a BASIC language driver progrc111 foe file handling and 

entry of aoousticaJ. sampling paraneters and a machine language progran that 

sampled and stored data. 

Processed echoes were not integrated in real time; profiles of average ech:> 

amplitudes, intensities, and squared intensities were stored as binacy 

files on flOl'Rf disk. Tle sampling scheme and disk storage of data enabled 

the relatively slow AI:Ple lle to f111ction as an acoustic data processor. 

stored echo voltage profiles were integrated in user-defined dE{lt.h 

intervals at. a later time. 

Sampling Design 

Acoustic surveys occurred oooe a week from April 17 through June 16, 1985 , 

in a 10 1an2 area near Heceta H.ead, Oregon (Fig. 1) , that was actively being 

fished 00111112rcially. On each cruise, we used the vessel's echosoonder to 

qualitatively survey for Equid while travelling along the 37 m isobath from 

the hane p>rt of Yaquina Bay to the study area. Once in the study area we 

qualitatively surveyed the area betwem the 15 and 40 m isobaths from Cape 

Perpetua to Heceta Head to locate Equid schools. 

- 6-
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NEWPORT 

WAUJl'ORT 

CAPE PERPETUA 

Fig. I. Location of hydroacoustic surveys. April 25 through May 9, 
1985. 
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we conducted two types of quantitative sw:veys of squid schools using the 

scientific echosounder. First, when squid schools were i;atchy or 

dispersed, long transects were rm parallel to isobaths. Orienting the 

transect on an isobath reduced bottan tracking problems in data analysis. 

We continued on the track line mtil the oscilloscope showed no targets and 

the vessel was out of the area of oaierved squid activity. At that point 

the vessel changed course and JOOl1ed either shallower or deeper to an 

adjacent isobath, and proceeded in the opposite dired:ion until no targets 

were apparent. Second, when schools were extremely dense and oomi;act, 

transects delineated the boundaries then sectioned the school. In these 

cases transects were not aligned with isobaths. 

We periodically recorded tine, water depth, sea coalitions, and location as 

defined by LCR\N c coordinates. PUrse seine sets occurring after the 

acoustic sw:vey verified specific insonified targets. Dorsal mantle 

lengths and whole weights were neasured from squid colled:ed on each 

cruise. 

In all surveys we defined file length, or horizontal sample interval, to be 

2S5 µuses, the uaxilllllll file size ·available on the system. At a typical 

µuse repetition rate of 3 .3 pulses per second each file irx:luded al::lQlt 1 .3 

min of data. We towed the triil'lsducer at aboot 3 meters per second, thus 

each file rq;>resented a coverage of aoout: 200 m of the bottom. Each 

transect contained from 14 to 191 files . 

Transnitter gain was most often set to -6 decibels (dB) relative to 1 

micro-pascal , the maxilDIID linear~ setting for the Model 101 

echosounder with 15 m. of shielded cable to the triil'lsducer. Echoes were 

amplified with a 20 log R TVG. Receiver gain was set at various levels so 
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that the reoeiver ootput wool.d be aboot 5-6 volts (l~IS) when a dense school 

was encountered (Fig. 2), or about <m1rba:lf of the effective dynamic range 

of the receiver. 

Data analysis 

The echointegrator converted echo intensities to densities and abmdances. 

It integrated files over selected depth intervals, and produced grand 

averages and varianoes of densities an,d abmdances. The echo intensities 

were oonverted to squid density by applying a scaling facta: that was 

derived fran the calibration oonstants of the electronic equipte1t, 

equipnent settings, and the average target strength of squid. 

The scaling factors were all known oonstants except fa: squid target 

strength. we taped echoes anp].ified with. a 40 LOg R TIIG three till2S on ore 

night for a total of 2 h. Sil:x:e only individual targets can be used for 

analysis, we reoorded non-overlapping targets by slowly cruising around the 

perimeter of a large school and by a.ttracting squid to the vessel with 

lights on a calm night. Biosati.cs, Inc. analyzed the data using harQorare 

and software described in gmeral by EhrEllberg (1984) and by Jefferts et 

al. (1984) for LOligo opalescens specifically. 

In all files squid eel¥> intensities were integrated over 2 m depth 

intervals starting l m below the transducer. we deleted files that did not 

reflect squid clusters or aggregations as determired from field notes or 

verification sets of the purse seine. Total density estimates are thllS 

conservative mininun estimates because only squid clusters were included 

and sparsely distdb.Jted squid may not have been counted. 

- 9-
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Fig. 2. Echo profile of file 2, transect TR5.2.B . The transducer 1s about 
2 m below the surface, and sampling began l m below the transducer. 
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The integrator converted squid vol1J1Detric densities to areal densities by 

llllltiplying the mean density of each depth stratum by the depth extent of 

the stratum. The areal densities of each stratum were then sllllllJed to the 

bottan to provide a cunw.ative areal density for; each file. The resulting 

values were plotted on a chart of the transects. we then drew generalized 

boundaries around files containing similar densities. Chart depths were 

adjusted to mean lower low water (~ using local tide tables. 

Areal densities of all files in a transect were averaged and converted to 

abmdance by llul.tiplying the average areal density by the surface area 

enc:arp:ISSed by the transe<:t. Abmdance estimates were co.nverted to biaiass 

using the average weight of the squid collected on the day of the transect. 

we collected a total of abrut 2 b of dual bean data and 23 h of 

echointegration data from five cruises over a five week period off Beceta 

Head. An explocatory cruise from Newp:>rt to the Colunbia River provided 

additional qualitative information. The five cruises off eeceta Head 

yielded ab.mdance estimates from eight transects. Squid schools were not 

located or positively identified on the first and last cruises, and the 

rest of the transects from the middle three cruises were not analyzed due 

to lack of squid, adverse weather and sea coooitions, or because we were 

experimenting with gain settings. 

Integrator scaling variables cane from the dual bean data and the 

biological characteristics of squid caUCJht on each cruise. Target strength 

estimates ranged from -55 .0 dB to -56 .8 dB (Table 2) . Overall in situ 
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'l'oble 2, Biological, ~Sica.11 .tnd IICDUlt.ic:al eetimatll of par.,.tera umplld from April 2!, l.9BS thCOU'iJh )lay 9, 1985. 

Ctuiao Ko, 2 2 J J 3 . 4 4 4 

'l'ranle<:t 'Ill 4,25,D '1114,26,A 1!R 5.1,A-P ,at 5.2.A D 5.2.8 'IA5,8.A G 5.8.AX TR 5,9.A 

llote 4-,,5-111 +-26-85 5-1-as 5-2-85 s-2-111 5-8-as 5-e,.111 5-9-85 

Avg. wt. of squid (gm) 54.7 54,7 46,4 46,4 46.4 40.9 40,9 40.9 

TIM of day l310-l34S 0525-0725 1513-1914 0208--0455 0955-1030 1903-2221 2325-0030 ~09-o829 

Mean depth 1111) 24 26 24 25 22 20 22 2.2 

Area (.Zu06) 1.4 2,1 3,7 7 .2 o.4 6 .7 0,6 4,J 

Ar<ll density (t/rn? ) 7,15 14,6' l.~ ,83 19,62 4,18 32,19 7.17 

- 951 a < ct/Jo' ) 2.18 2.37 ,24 .22 4.22 ,93 7,98 1,24 

Cluator 951 a I : t /m2) 6,87 7,'4 l,l4 ,39 4,14 2.35 lS.63 2 ,84 

I .Peal< arHl density It/ml) 27,18 l.Sl,O 8.8 9,5 71.9 81,4 178,9 75.7 .... 
"' I Pl&lc val, density 11/•~ J.26 17 .53 2..l 2.5 26 .2 17 .9 8),9 ll,l 

.tJ:ounaence ( lllillion) ,.1 31.4 4,0 ,.o 8.7 24.2 19 .9 Jl,l 

81- (IE) Sl2 1714 lB3 278 404 1154 817 1275 

Target streo,,1:11 Eat:1'11 .. 

Date 5-8-85 5+85 s-9-85 

Tia 222!Htl2S Ol31HXlOO Ol21HXl50 

Mode Cruiaing Drifti"!I Drifti"9 

No. ot t.rgeta 2663 6'15, 2557 

AY9. '-'II ($) -56 .4 -55.0 -!Iii ,8 

951 a ( ,..,, 0,2 0,1 0.2 

,... -
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target strength averaged -55. 7 dB. The average weight of squid decreased 

wring the study period fran. a high of 54 .7 gm to a low of 40.9 gm (Table 

2 ) . ThUs, the value used to transform squid ab.mdance to bianass changed 

fran 18.3 squid per kilOgrall early in the study to 24.4. fqllid per kilograu 

for later transects. 

The first cruise took place on April 17 . Ore loog zig-zag traisect line 

began in the late afternoon near Heceta Head and ended 4 h later near Cape 

Perpetua. The track line oovered a depth range of 18 to 45 m. Integrator 

files were not &mlJi!d because we did not p>sitively identify squid in any 

location. 

We located two large schools of squid on separate transects on the second 

cruise, AprlJ. 25 and 26. In both transects we first delineated the school 

dimensions then bisected it to obtain density estinates (Table 2) • '1R 

4.25.D, the fourth transect of April 25, provided a nighttine estiuete of 

squid distribution. Squid were clustered in the nocthem and southern 

p>rtions of the transect (Fig. 3) with 50% of the integrator files 

containing areal densities of 5-20/m2 of sw:faoe area • 

Maxi11uro average volumetric densities in '1R 4.25.D occurred between 17 and 

22 m (Fig. 4) , and the peak squid density in any file occurred at a depth 

of 18 m. Most squid resided in the mid to lower third of the water col 1.11111'l 

(Fig. 5) . !llltiplying the average areal density by the transect area 

produced an ab.mdance estimate of 9 .7 million squid and a bianass estio:ate 

of 532 mt (Table 2) • 

'JR 4 . 26 .A covered an extremely large school in the early ioocning hours of 

April 26. This transect contained the largest area of concentrated squid 

- 13-



TR4.26.A 

TR4.25.D 

111111111 .. ...... -...... ... ....... , ... -..... ~ 

___ _ _ _ ...,_JJIN1-_ _ _ _ 

+ 

. ... -.... 

+ 

... 

Fig. 3. Distribution and areal densities of squid insonified on 
April 25 and 26, 1985. General boundries were drawn around files 
with sir.iilar density intervals. Track lines and depth (m) at 
selected locc1tions are displayed ~,ith LORAN C lines of positi on. 
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Fig. 4. Average squid volumetric density and variance as a function of depth 
from transects conducted April 25 through May 9, 1985. 
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that fishermen have seen since conmercial fishing foe squid off Oregon 

began in 198'l . About 10% of the integrator files contained areal densities 

as high as 60 to 100 squid/m2 (Fig. 3) . This trcS1sect produced the secord 

highest peak areal density for: a file and the third highest peak volumetric 

density. 

Maxinun average volumetri c densities occurred between 10 and 20 m (Fig. 4), 

and the peak squid density in any file occurred at a depth of 16 m. Squid 

were spread throughout the water collllDll starting abwt 6 m below the 

surface (Fig. 5). The area enaimr;essed by transect 'IR 4.26.A contained an 

estimated 31.4 million squid, representing a bianass o.f 1714 mt. 

The third cruise took place on May l and 2 , and yielded three useful 

transects. The first two transects were long transects r:tn wer small 

patches of squid schools. The thitd transect covered a anall l::ut very 

dense concentration of squid. 

The first long transect, 'JR 5 .1 .Fr-F, occurred in the afternoon on May l . 

Squid were i:atchily distrit:uted in sirall groups straddling the 24 m isobath 

(Fig. 6) • Maldnun average volumetric densiti es occurred between 10 and 14 

m (Fig. 4) , but there were few squid in the water coll.llDD (Fig 5) • The 

maxiDUD squid density in a given file occurred at a depth of 8 m. This 

transect contai.lV!d the lowest peak file density (Table 2). Al::undance 111c1S 

estimated to be 4 . 0 lllillion squid, and bianass 183 mt. 

Before dawn on May 2 we completed TR 5.2.A, the longest transect of the 

study. This transect was the longest and also contained the least anount 

of squid. The average density profile irdicates that the few squid 

encountered were located beb1een 10 and 15 m deep (Fig. 4) . The maxim.Do 
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squid density in any file occurred at a depth of 8 m. Tre few squid 

aggregations that were ooserved were also situated along the 24 m isobath 

(Fig. 6) . 

The delsity of 'IR 5.2.A was the lowest of any trcl'lsect, but multiplying the 

low density by the large area of the transect yielded an abJndance estimate 

of 6 million squid. '!be resUlting biQDaSs of 278 mt is larger than the 

bianass estimate from 'IR 5.1.A, although it cane £ran a density estimate 

that was 20% lower. 

'l11e third pr:odtictive transect on this cruise was the shortest of the study. 

In the morning on May 2 we sw:veyed a very dense school. over one-half of 

the files in the transect contained squid areal densities of 20-60/m2 (Fig. 

6) . S}uid again resided in the middle of the water cx:>11.11'1'1 (Fig. 4), but 

-were tightly packed, and provided a JDea'I areal density lai:ger thcl'l any 

measured on the second cruise. Mald.nlllll density in a given file ocau:red at 

a depth of 14 m. Although the sUiface area oove)'.ed by 'IR 5 .2 . B was only 

6-llt that of the biO longer transects on the third cruise, the estills.tes 

of abundance and bianass were the highest of the cruise. 

The fourth cruise, on May 8 and 9, again yielded three useabl.e trcl'lSE!cts. 

Ql May 8 squid schools were relatively dense but widely distributed. In 

the late afternooo a long trcl'lsect nm parallel to the shore delineated the 

entire group of schools. That night we echointegrated a particularly dense 

school, and the following morning again surveyed a relatively large school. 

'IR 5 .8.A took place just before dawn on May 8 . S}uid were closer to the 

surface (Fig. 4), in shallower water (Fig. 7), and further south than on 

any of the previous cruise.s. The average areal density was a sarewhat 
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higher value than those obtained from the long transects of May 1 and 2, 

bJt: still not as high as values from the transects that bisected dense 

squid schools. Maxiuurn voll.llDetric density occurred at a depth of 8 m. 

Althoogh squid density was relatively low on TR 5.8.A, the ahmdance 

estimate of 28.2 million squid was high because this transect was the 

secooo lai:gest transect of the study. 

After oollecti.ng dual bean infacmation on Kay 8 we acoustically surveyed a 

dense school. TR 5.8.AX covered a Sll):lli area, rut this transect oontained 

the densest ooncentration of squid observed during the study. The average 

areal density was 60\ greater than the highest average density of the 

previous week. The vertical distrirution of squid was similar to that of 

TR 5.8.A; squid were QenSest in the upper third of the water ex>lunn (Fig. 

4). 

Maxim.Im volunetric density of any one file was the highest reoordeQ and 

ocau:red at a depth of 6 rn. The peak areal density was also the highest 

reoorded in this stlldy. Over 151 of the integrator files generated in this 

transect rontained areal densities greater than 100/mZ of sw:£ace area 

(Fig. 7). Although 'IR 5.8.AX contained the densest school of squid, it was 

a small transect and produoed an intermediate ab.mdance estinate of 19.9 

million squid, resulting in a biomass estimate of 817 mt. 

In the early rorning on May 9 we duplicated the southern p:>rtion of the 

previous night's long transect. ~id were well distriruted on TR 5.9.A; 

231 of the integrator files oontained squid areal densities of 5- 20/m2, 81 

displayed densities of 20-60/m2 (Fig. 7). S}uid resided deeper in the 

water col1m1 than the previous night (Fig. 4) , wt were less dense. The 

rnaxildJIII volunetric densi ty of any one file occurred a t a depth of 20 m. 
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1R 5.9.A produced the second largest awndance estillate of 31.1 million 

squid, resUlting in a bianass estimate of 1275 mt. 

The last cruise in the aeceta Bead area produced no useable data. we 

echointegrated targets in a dense band close to the bottan from 0345 h to 

0600 h oo May 16. TeSt fishing proved that the targets were smul fish. 

we searched for squid in the oocnal study area and up to 8 Ian south of the 

area, but located no squid. 

The two day exploratory cruise between Yaquina Bay and the Col1m>ia River 

did provide usefuJ. information. Sll8ll schools suspected to be squid 

api:eared on the chicmo6cope off most of the headlands. l'k>ce ill{ortantly, 

oowever, the cruise stressed the reed to verify aooustic data. On one 

ooc:asion we aooustically sutVeyed a dense band of targets for 2 h, ooly to 

catch mnall fish in the verification sets. 01 a second occasion a dense 

school of jellyfish produced eclx> profiles very similar to those obtaired 

from loose aggregations of squid. The test fishing again prevented an 

erronea.JS calclllation of squid abmdance. and emphasized that aooustic 

surveys without target verification are highly suspect. 

DISOJSSIOO 

Distribution and movements 

we observed no ex>nsistent p,.ttern of squid distribltion relative to time of 

day, but in all the cruises squid densities were generally high in the 

early morning and generally lw in the aftecnoon. Nightti!U:! densities were 

variable. The vertical distribltion of squid, h:Jwwer, did change with 

time. During the April 25 and May 2 cruises squid resided prinarily in the 

middle of the water coltmn. By May 8 and 9 the highest s:;iuid densities 
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occurred in the upper one-third of the water colU1111. The location of squid 

schools also changed, the center of activity llOVed awroximately 5 km sooth 

and 1 km sooreward fran the 26 m to 20 m isobath 011er the two week period 

between the second and foorth cruises (Fig. 8). 

The 1110Venent of the center of squid concentration may have been ciJe to the 

influx of a new scoooJ. of squid into the study area. In 1984 squid 

biological characteristics indicated a progression of sp:iwning in a school 

(Starr and McCrae 1984). The sex amp>sition of fisher.y IIBJ'.ket samples 

cbinJed f_ran predominately females to males as females spawned then died. 

The percentage of spawned females in the samples smoothly progressed fran 

0-lOOI in aboUt 12-15 d. With the ir¥:rea.se in percentage of spawned 

females came a corresponding decrease in the weight to length ratio of 

females. Wing the percentage of spawned fenales and the average weight to 

length ratios, starr and McCrae (1984) identified the influx of three 

separate groups of spawning squid into an area. 

In 1985 we again otserved eviden':e of several groups of squid entering the 

stUdy area at different tines (Starr and Md:rae 1985). The sex COll(X)Sition 

cbanged with time: the samples contained prinerily naJ.es tOliards the end of 

the season. The percentage of spawned females fluctuated early then 

graduaJ Jy increased with tine. J\lSt before the samples contained 100% 

spawned fenales, the spawning curve quickly declined and began another 

increase (solid line, Fig. 9.B). The shape of the curve can be explained 

by an initial small group of squid moving into the area to spawn followed 

shortly by a llllCh l arger influx of a new group of squid. J\.ISt prioi: to the 

CQl()letion of sIBWJ1ing of the first two groups a third group moved in to 
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the area to splW!l. This scenario is graphically presented by the circles 

in Fig. 9.A. 

To strengthen the hypothesis that three group. roved into the study area to 

spawn, '-'e plotted the average weight to length ratios of fEIDille squid in 

each sample (Fig. 10). Fran an analysis of m:>rplxlnetric relationships 

Starr and M~rae (1984, 1985) detennined that sp:iwned squid balle 

significantly smaller weight to length ratios than mspawned squid. This 

relationship is true for all squid larger than about 95 11111. As the 

percentage of sp:lWDed squid in the fOPUlation increases, the mean weight to 

length ratio decreases. Thus, an increase in the mean weight to length 

ratio of a sample indicates that squid in an earlier spawning stage moved 

into the area. 

The weight to length relationships of females only are used because Fields 

(1965) reported that for larger squid, males have a greater weight to 

length ratio than fenales. Osing the average ratios of all anim:ll.s to 

explain differences in the percentage of spawned fenales in a sample wwld 

thus bias the data. An increase in the J1Ea11 weight to length ratio could 

be attri.ruted to a change in spawning oordition when it was really due to a 

change in the sample sex ratio. 

If no new iquid move into an area one would expect the weight to length 

ratios to gradual Jy decrease with tine. If a new group of squid enters an 

area, however, one WQlld expect the sample ratios to gradually decline then 

quickly increase as squid in an earlier spawning stage ~ar in the 

samples. The mean sample ratios should slilsequently decline at 

approximately the same rate as the initial group. If a third group of 
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squid enters an area the mean ratio wcold again increase, then begin to 

decrease as the new squid spawned. 

The resuJ.t should be three relatively E9rallel lines or curves that woold 

be offset by a factor influenced by the ilIIOWlt of new squid moving into an 

area, and the relative spawning states of the existing and entering group; 

of squid. The offset ptraJ.lel lines of nean weight to length ratios in 

Fig. 10 indicate that there indeed were three groups of squid in different 

spawning comitions that entered the study area to SpiWll at different 

times. Qtly S11111ples ex>llected with purse seines were plotted to avoid bias 

introduced by the use of different gear types. 

Density 

we qualitatively surveyed the entire 10 km2 study area each cruise with the 

chartered vessel• s ech:>sounder and side scanning sonar. The surface area 

of the densest squid schools ranged frQII 0.3 1cm2 to 3.75 kmz, values 

similar to the area of a large school obsetved by cailliet and Vaughal 

(1983) off Santa catalina Island, caJ.ifocnia. The maxinuo llUllber of 

contiguous files in~ traisect containing squid r·aiged £ran 4 to U, 

representing a distance of 800 to 2400 m. This value is t.1'IO to six times 

larger than the 450 m maxiJlllm value far school diameter rE()Orted by Vaughan 

and Recksiek (1978) , but the difference nay be due to the fact that the 

schools we measured were rectangular instead of circuJ.ar. 

The average and peak volumetric densities measured this year CXll!Plre 

favorably with the densities rE()Orted by Vaughan and Recksiek (1978) and 

cailliet and Vaughan (1983). They estimated average squid densities to be 

26.5/m3 in dense areas and 3.2/m3 on the fringes of the school on one 
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night, and 7 .3/m3 withoUt lights and 99 .6/m3 with lights on a second night. 

Similarly, our estimates of average densities ranged from 0.4. to 16.9 

squid/m3, and peak density was 83 .. 9 squid,lm3• 

Few researchers have reported squid densities in teons of areal densities. 

In this study, average areal densities ranged from 0.8 squid/m2 of sucface , 

area over extremely small and patchy clusters of squid to 32 .2 squid/m2 

over dense coooentrations, The average areal density estinete reported by 

Jefferts et al. (1984) for a similar study area was oonq;arable to the 

lowest mean density estimate we obtained on a long transect on May 2 OU'er 

extremely small and patchy clusters of squid. 

our results sU3(3eSt that to obtain accurate estimltes of density and 

abundance of spawning schools, it is in{lerative to intensively survey 

schools in an area. A large zig-zag transect is useful for identifying 

presence or absence of squid in a large area, but has only a EiUll.l chance 

of locating and adequately quantifying large schools (vaughan 1978, Slt>tton 

and Bazigos 1984). we conducted a zig-zag transect on our first cruise, 

and although the averacJe density estimates were essentially zero, we knew 

squid were in the study area because we were able to attract thElll to lights 

at night. Later we obsetved that squid clusters were oriented parallel to 

isobatbs and decided that shorter and closer tr211sects, parallel to 

isobaths, better sampled spawning schools. 

Also, to estiuate nexiDun density and abundance, it is iqortant to sample 

rEl)eatedJ.Y over the spawning period, Dense squid aggregations were not 

ai;plrent at all ti.meS on each cruise and oould easily be missed witbollt 

repeated acoustic coverage of an area. For in.Stance, taken by itself the 
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density estinate of the May 2 searching survey wwld have IA'lderestinated the 

highest average £quid density by 39 tines, and underestimted peak abmdance 

by a factor of five. 

Thus, if the study objective is to estinate maxinun density and ab.mdance of 

spawning schools, then the best aroust:ic sampling design contains a 

qualitative survey of a large area and a quantitative suxvey of squid 

schools. &Jrveys should be c:omucted r epeatedly during the SPM'!ing season. 

An intensive survey of a known squid school also helps alleviate the 

acoustic problen of discriminating fish from squid. This problan is 

virtually eliminated in c:omJ,:act spawning schools that are al.mo6t 100% squid. 

For these reasons, the density estimtes provided by Jefferts et al. (1984) 

are probably not good indicators of the peak density of SE8WJ1ing squid off 

Heceta Head in the 1984 spawning season. They covered a large area with a 

broad zig-zag pattern and did not have the time oc JOOney to adequately 

replicate their survey. Also, despite multiplying the mean areal density by 

.a large survey area, their estinate of ablndance probably does not 

accurately reflect the peak rn.mt>er of spawning squid. Nevertheless, their 

survey design was fine foe develq>ing methods, and is useful if the pcoject 

objective is to estimate squid density in a large area. 

Ab.mdance 

The five cruises romp].eted in the Heceta Head area produced eight different 

non-zero estimtes of abmdance. For resource umiaganent, ally one estimte 

of the range of total abmdance is desirable, b:>wever. A logical way to 

reduce the lllllliler of estimates from eight to three is to lump the transects 

from each cruise to provide one peak abmdance estinate for each week. 
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Nielson and Geen (1981) presented one met.hod of evaluati ng ab.mdance 

estimates of fish on spawning grounds, The method essentially integrates a 

cutve described by estimates of abmdance to derive a total mmber of 

fi.slH!ays. Tbe total mmber of fish-days is divided by the average nuuber 

of days an iirlividual. stays in the spiwning locale to arrive at a total 

llUld)er of fish that sp;nmed.. Tbe technique bas proven useful for sallllonids 

(Beidler and Nickelson 1980), rut depeuds heavily up>n a large oout>er of 

data points and an accurate estimate of the time of residence on the 

sp:IW1ling grounds. Cbfortunately, the three non-:i:ero and two null data 

pointS derived from this study 1o1ere not sufficient to obtain a meaiingful 

estimate using the area-lmder-the-curve technique, 

we can ass1111e there were at least as many squid in the study area as were 

hatvested and as were oounted on any given day, Therefore, an estioate of 

the 1llininun bianass of squid present in the study area can be obtained by 

adding the peak estillate of bianass from any of the cruises to the amount 

of 93uid roamercially harvested prior to that time. A tr5isect on April 26 

produced the largest acousti c biamlSS estimate of 1714 nt:, Tbe aooustic 

estimate OOllbined with the 394 n: of squid landed before that date provides 

an overall m:iniJlun bianass estimate of 2108 mt. S.imilarly, a seoom 

estimate of the mioiuun biomass comes from a tr5isect on May 9, It 

provided a peak estimate a little lower than the transect on April 26, rut 

with the addition of 746 mt tons landed by that date resulted in a minillUII 

estimate of 20~ mt. 

A maxiJrun estimate of overall 9:Iuid ablndance can be obtained by assuming 

that the two peaks of aoondance measured represent two different grol.lpS of 

9:Iuid, The biological data collected during the season indicate that there 
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were at least two groups of squid in the area with different ioorphological 

characteristics. .Assllllle the first group arrived on April 18, stayed on the 

spawning gt'Olilds about 15 d, then died before the May 9 aa:,usti c sUIVey. 

Next, based on the biological data, assane the second group entered the 

study area sometime after the April 26 survey and again stayed on the 

spawning grOIZlds 15 d before dying. If we assllllle the aooustic bianass 

estimates of April 26 and May 9 represent the peaks of abrodance of the two 

groups of spawning squid, and no squid were aiunted twice. then a bianass 

estimate can .be obtained 1:¥ adding the anoont of squid counted on those two 

days with the amount of squid l anded prior to those days. The result is a 

bianass estimate of 3735 mt. This value should .be treated as a 

a:,nservative maxinun estimate of abmdance in the study area during the 

study period. 

variance 

It is i.np>rtant to have an mderstanding of the acairacy and precision of 

the biauass estimates if they are to be used foc managing the resource. 

Bias and variability oome from electronic, acoustic, biological, and data 

expansion sources (Ehrenberg and LyUe 1977) • Total variance can be quite 

large, and is the swject of attention of a .lllllltler of researchers. Bazigos 

(1975, 1981) , SIX>tton (1981) , and sootton and Bazigos (1984) provide 

excellent summaries of concerns to be addressed in acoustic study design 

and ways to evaluate and reduce variation. A numer of scientists are 

working to reduce bias 1:¥ creating new aooustic equiprent and methods to 

increase the precisiqn of estimates (Craig 1984) • Also, several papers 

have been pti>lished whi<;:h discuss the statistical aspects of variability in 

acoustic bianass assesSlllellt <LOzlow 1977; .Bodh>lt 1977; Killlura and Lan.berg 
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1981; willianson 1982). It is beyon:i the srope of our study to thoroughly 

quantify all aspects of variation in our bianass assessment, .l:1tt a general 

dj so•ssion of variability is warranted. 

variation inherent in the electronic equiprent is probably the Sllillle.st 

CXllJP)nent of variability. Electronic errors generated by sea OJooitions, 

the ship's electrical field, aDd ambient noise were minimized by 

transnitting at a high power. 

Acoostic error introduced by the variation in the rc11dom scattering process 

ma:y be large. Large variations can ocrur in the pba6e relationship. 

between echoes from indiviwal targets (eodholt 1977) • This variation in 

the sound intensity received by the trmsducer may be caused by the chimge 

in orientation or character of the reflecting surface (squid), by 

transducer side-lobe reflection, or by shaoowing or additive effects of 

targets densely scl¥>oled. 

The target strength estinates have associ ated error values. Ore source of 

error is caused by reflections from aide-lobes of the transducer. This 

error is m.inillBl with the BiOSCnics transducer sinc:e it has small 

side-lobes. .l\oother source of target strength variation is that the 

insonified squid vary in size and aspect so the reflective surfaces are not 

identical. Se17eral investigator:s have suggested that instantaneoos mean 

target streDC]th of schooled fish may vary:!. 1-2 dB dle to variations in 

size and aspect (Craig 1984) • A 2 dB 1mcertainty in target strength 

translates to a +501 or - 371 incertainty in an atundalloe estinate. 

SaDe sources of acoustic variation are unoontrollable, bit we minilnized 

error by transnitting a signal at high i;ower in shallow water with a high 
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puse repetition rate. c.ollecting a large m.ld:>er of targets foi: target 

strength analysis also helped reduoe variation. In this st1,1(¥ the average 

target strength had a narrow 95\ CI of ~ O . 2 dB, indicating that target 

backscattering cross sections changed little while we were oollecting dual 

beam data. A species a,mp:,sition of almost 100\ squid in the schools 

insoni£ied also helped reduoe variation in esti:llates of target strength. 

variability associated with the sp,.tial distriwtion of 9'.}Uid is 

undoubtedly a large conp:ment of error. Variability is inherent in random 

sampling of contagiously distr:ihlted anilllals. This error was minimized by 

using Bazig0s' (1975) and Itimura and Lanberg ' s (1981) suggestion that the 

precision of sample estimates could be increased by decreasing the distance 

between transects. Collecting large clDOUilts of data by limiting file sizes 

to just wer one minute also increases precision. Because of the fre:iuent 

sampling rate we assuoe variation within files is small. A bias is 

introduced at times; however, because the echoprocessor does not collect 

data when the <Xlllplter writes to a disk, a process that occurs aboot 10\ of 

the time. 

Between file variation was quantified and presented in the form of 

estinetes based on both random sampling theoi:y and cluster sampling theory. 

The random sampling estimates provided a smaller ooefficient of variation 

than the cluster sampling esti.mltes, wt Williamson (1982) po~ated that 

when files are highly oorrelated the random sampling estinate method 

underestimates varianoe. He suggested that when serial correlation is 

high, cluster sampling estimates of the varianoe are irore appropriate. 

In the long transects with splrsely distr:ihlted schools, serial correlation 

was high and the cluster sampling method of estinating the 95\ confidence 
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interval nay indeed be moce appropriate. However, the tr<S1sects that 

circumscribed, then bisected, dense squid scbools may be nae appropriately 

designated as random samples of one aggregation rather than being treated 

as a group of s:iuid clusters. In either case the random sampling esti.Jmte 

provides a liberal estinate of variation and the cluster sampling estinate 

provides a C10nsetvative estinate of variability. 

A source of error exists with the eiq:ansion of sample SIJIIIBries as well. 

I.ORAN Clines of position may be up to i;everal bmdred meters off depeooing 

upon eguipuent used and location (especially in nearsbore areas), thus 

influencing the precision of the value of the area used to transfOC1D 

density estiuetes to at:undance esti1111.tes. Error is added because the 

average weight of squid used to trcESfQ[]ll abmdance to biauass has a 

coefficient of variation on the ocder of 15%·. A possible additional sa.1rce 

of variation is due to the fact that the target strength estinetes came 

fran the end of the field season when squid mean lengths were a little 

smaller and mean weights were C10nsiderably smaller than in the beginning of 

the eeason. SPaller squid may have had a lower backscattering cro$$ 

section, resulting in an mderestilrate of squid abmdance early in the 

season. 
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Ag>roxi.mately 23 h of acoustical survey infor:mation collected over a 5 week 

period yielded estimtes of sgUid abmdance frqn a small area off the 

central Oregon coast. The best survey design included a qualitative survey 

of the entire study area using a wide bean transducer with a coloc video 

display, followed by quantitative acoustic surveys using a scientific 

echosounder and echoprocessor. Intensive surveys of discrete sgUid schools 

provided the highest estillates of sgUid density. 1mg, widely spaced or 

zig-zag transects mderestinated school abmdance. Test fishing verified 

that the targets insonified were squid; it is i.Jrp;>rtant to sample with nets 

wring acoustic surveys to avoid misinterpreting eclx>es. 

Maxiaun vol1:.1netric densities of squid in any 200 m segnent of. trar:isect 

ranged £ran 2 .1 t.o 83 . 9 sgUid/m 3. Maxi mno areal densities in any file 

ranged £ran 8 .8 to 178. 9 sgUid/m2 of sw:face area. Average areal densities 

for an entire transect ranged £ran 0.8 sgUid/m2 to 19. 2 sgUid/m 2• The 

largest school observed owered a surface area of 2 .1 km 2 ~ contained an 

estimated 31.4 million sgUid. Bianass of the largest school was estillElted 

to be 1714 a. 

We ctiose the peak atundance estiltete frOID each cr Uise to reduce the oonber 

of bianass estimates from eight to three, and suggested three methods of 

obtaining an overall estinate of squid ab.mdance. Adling the bianass 

estiltete frOID the largest school insonified to the amount of s:iuid 

COl'lllercially harvested prior to that day provided a mininun bianass 

estinate of 2108 mt. Biological infor:mation oollected indicated that two 
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groups of squid occupied the study area at different tines. we obtained a 

maxiJlun bianass estimate of 3735 m: by adding the two peak estimates of 

abmdance and by assuning they r epresented different groups of squid. 

, 
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