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i:i iK11JE RESOURCE SURVEYS Oi\J THE COlilTIIJEHTAL SHELF OFF OKEGODI, 1971-74 

ABSTRACT 

Groundfish surveys off Oregon were conducted over a four year per iod (1971-74) 
between the  Columbia River and Cape Blanco. Primary purpose of the  surveys was t o  
obta in  estimates o f  biomass o f  important groundfish occupying the cont inenta l  she l f  
and upper cont inental  slope. 

Survey design was based on a 5 x 5 N m i  g r i d  w i t h  a random s t a r t i n g  po in t .  This 
resu l ted  i n  t r aw l i ng  i n t e n s i t y  of about 1 tow per 25 N m i 2  o f  t rawlable bottom. 
Samples f o r  age, s i ze  and sex composition were taken from important species o f  f l a t -  
f ish.  bieights o f  a l l  species caught were obtained. 

Estimates o f  biomass (a1 1 species) were 283,750 metr ic  tons i n  1971-72 and 
235,117 metr ic  tons i n  1973-74. P a c i f i c  hake was the  most abundant species followed 

b y  Dover sole. Estimates of po ten t i a l  y i e l d  were determined f o r  f i v e  species of 
f l a t f i s h .  Data i nd i ca te  t h a t  on ly  pe t ra l e  so le  are  being f u l l y  exploi ted.  Increased 
y i e l d  could be obtained wi thout  increasing f i s h i n g  e f f o r t  i f  economic condi t ions 
were such t h a t  the  species caught were more completely u t i l i z e d .  

D i s t r i b u t i o n  o f  major species i s  depicted by catch maps. D i s t r i b u t i o n  o f  some 
species i s  c lose ly  a l l i e d  w i t h  depth and sediment type o r  both. No attempt was made 
t o  quant i fy  species associat ion.  

IMTRODUCTIOM 

This r e p o r t  surmiiarizes a c t i v i t i e s  from Ju l y  1, 1970 through June 30, 1974. The 
program was a comprehensive marine resource survey o f  the cont inental  s h e l f  and upper 
cont inental  slope o f f  Oregon between the  Columbia River (460101M Lat. )  and Cape 
Blanco (4Z045'b! Lat.).  Major ob ject ives were: t o  obta in  estimates o f  biomass f o r  
demersal f ishes w i t h  p a r t i c u l a r  emphasis on f l a t f i s h ;  t o  develop techniques o f  
indexing year c lass strength o f  f l a t f i s h e s  important t o  the commercial t rawl  f i she ry  
p r i o r  t o  t h e i r  recrui tment t o  the  f ishery ;  and t o  obta in  estimates o f  the populat ion 
parameters of age, growth and mor ta l i t y .  These s t a t i s t i c s  coupled w i t h  estimates of 
exp lo i t a t i on  and f i s h i n g  ra tes  provide a means o f  es t imat ing optimal l eve l s  o f  y i e l d .  

Emphasis o f  the surveys was on f l a t f i s h  because the Oregon t raw l  f i she ry  was 
based on f l a t f i s h  as i t  had been since the ea r l y  1940's. An add i t i ona l  reason f o r  
s t ress ing work on f l a t f i s h  was t h a t  i n  the  i n i t i a l  planning, i t  was hoped t h a t  the 
National Narine F isher ies  Service (N.M.F.S.) might do the o f fshore work, espec ia l l y  
on rock f i sh .  However, t h i s  d i d  no t  occur, and the  surveys therefore  were extended 
seaward t o  include the upper cont inenta l  slope i n  1973-74. 

Surveys, of the type described i n  t h i s  repor t ,  provide informat ion which i s  
d i f f i c u l t  t o  obta in  from comnercial f i she ry  s t a t i s t i c s ,  e.g., estimates o f  r e c r u i t -  
ment, because o f  the  l a rge r  mesh s ize  used i n  commercial t raw ls  and the discard of 
small unmarketable f ish.  Also surveys provide the survey pa r t y  w i t h  absolute 
con t ro l  over f i s h i n g  a c t i v i t i e s ;  thus data obtained are no t  biased by market 
condit ions, s i ze  l i m i t s  o r  the  economic need t o  f i s h  p r i m a r i l y  i n  areas of h igh 
abundance. 



Survey work o f f  Oregon s ta r ted  w i t h  shrimp (~andaZus jordani) i n  1951 (Pruter  
and Harry 1952). Other surveys fo l lowed i n  1952 (Alverson 1953), 1958 (Alverson e t  
a1 . , 1960), 1960 (Ronholt and l i a g i l l  1961), and 1961 (H i t z  and Alverson 1963), a1 1 
but  the f i r s t  conducted by the PMFS and devoted t o  both groundfish and shrimp. 
Surveys by the Oregon Department o f  F ish and I.!ildl i f e  ( former ly F ish Commission o f  
Oregon) have been conducted since 1966, a l l  funded under Publ ic  Law 88-309l/ and 
devoted t o  groundfish and shrimp. Groundfish surveys p r i o r  t o  1971 were lTmited 
mainly t o  d i s t r i b u t i o n  studies o f  j uven i l e  f l a t f i s h  i n  waters adjacent t o  the Columbia 
River (Demory 1971). A deep water survey f o r  Dover sole was conducted i n  1970 from 
the Columbia River south t o  Yaquina Say. 

METHODS AFJD !,!ATERIALS 

Survey Design 
The survey was conducted o f f  the Oregon coast (Figure 1)  between the  Columbia 

River t o  j u s t  south o f  Cape Blanco (46O10' r!! La t .  t o  42O45' N Lat . )  . These l i m i t s  
were chosen because they were, i n  par t ,  b i o l og i ca l  ba r r i e r s  (Bakun , e t  a1 . , 1974) as 
we l l  as convenient geographical boundaries and included the bu lk  of the t rawl  f ishery. 
Continuing the survey south o f  Cape Blanco would have requ i red a survey t o  a t  l e a s t  
Po in t  Sa in t  George, Ca l i f o rn i a  (41'50' N Lat . )  o r  poss ib ly  f u r t h e r  south t o  Cape 
Mendocino (40°25' N Lat.),  more area than was poss ib le  t o  do w i t h  ava i lab le  funds 
and manpower. The survey per iod was from e a r l y  September t o  ea r l y  October each year, 
the best weather i n t e r va l  o f f  Oregon. Also, stocks o f  f i s h  are r e l a t i v e l y  s tab le  
a t  t h i s  time o f  year i n  t h a t  of fshore spawning migrat ions f o r  some species have no t  
y e t  begun. 

There were survey design changes dur ing the study concerning depth 1 im i ts ,  
length  of tow, t raw l  accessories and catch processing. I n  1971-72, depths surveyed 
were l i m i t e d  t o  the cont inental  she l f  between 10 and 110 f m  (18-200111). The of fshore 
l i m i t  was extended t o  about 400 f m  (730m) i n  1973-74. The survey area was too la rge  
t o  adequately sample i n  a s ing le  year; thus two years were requ i red t o  obta in  a 
s ing le  view o f  the groundfi  sh resources, i .e., 1971-72 and 1973-74. The northern 
ha1 f h a l  f, t o  44O50' N La t  . , was surveyed i n  1971 and 1973. The southern po r t i on  was 
surveyed i n  1972 and 1974. An upper slope survey was attemped i n  1973-74 bu t  was 
only p a r t i a l l y  successful due t o  la rge  expanses o f  untrawlable bottom. The upper 
slope area from about 43O55' N Lat.  t o  43'05' PJ Lat.  was successful ly  completed i n  
1974. Except f o r  upper slope tows i n  1974, tow loca t ions  i n  1973-74 were a t  o r  near 
tow 1 ocations o f  1971-72. 

Trawling locat ions were systemat ica l ly  determined by use o f  a 5 x 5 P.4 m i  g r i d  
w i t h  a random s t a r t i n g  po in t .  Sta t ions were located by loran-A, depth and sh ip ' s  
radar. Tow length on she l f  s t a t i ons  (< I10 f m )  was 0.75 N m i  i n  1971-72 and 1.0 M m i  
i n  1973-74. Tow length was 1.5 N m i  on slope s ta t ions  i n  1974. blearly a l l  tows 
were made t o  the south because p reva i l i ng  winds were no r t he r l y  and i t  was the choice 
of the  char ter  vessel master t o  t raw l  w i t h  the wind. A l l  tows were made dur ing 
day1 i ght between 0700 and 1930 hours, on bottom, a t  a speed o f  2.0 t o  2.5 knots. 

Commercial F i  sheries Research and Development Act, PL 88-309, 1964. - 
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Figure 1. Location of trawl stations of groundfish surveys off Oregon, 1971-74. Heavy broken 
line defines survey limits (deep-water limit, lower portion, 1974 only). Sediment types 
after Byrne and Panshin (1972). PMFC statistical areas are indicated. 



ke atte~npted t o  make expendable bathythermograph (XBT) casts on a1 1 cruises . 
Technical problems precluded th is ;  however, some XBT casts were made a t  t rawl  s ta t ions  
on a l te rna te  t r ack l i nes  i n  1972-73. 

Vessel and Gear Character is t ics  

The 67- f t .  western seiner-type t raw le r  R/V Conmando, powered by a 358 h.p. engine 
was used. Doors ( o t t e r  boards), suppl ied by the vessel, were 5x7-ft and weighed 1,050 
pounds each. 

The t rawl  used was a 400-mesh eastern type constructed e n t i r e l y  o f  3.5-in (89mm) 
mesh, stretched measure (Appendix 1 ) .  Sweep 1 ines (10-fn br id les ,  5-fm dandy 1 ines) 
were used t o  reduce herding o f  f i s h  i n t o  the t raw l  mouth. Our and M.14.F.S. s c i e n t i s t -  
d ivers  measured the hor izonta l  and v e r t i c a l  openings and appraised the workab i l i t y  of 
the t raw l  i n  Puget Sound, Washington a t  towing speed i n  8-12 fm o f  water. Hor izontal  
and v e r t i c a l  openings were 32-ft  and 3.5- f t  respect ive ly  i n  1971-72. A change from 
the rope-wrapped footrope suppl ied w i t h  the t raw l  t o  a chain-disk footrope i n  1973-74 
reduced hor izonta l  opening t o  30-ft  and increased v e r t i c a l  opening t o  near ly 6 ft. A 
f u r t he r  change i n  footropes was made i n  1974. Tows on the upper slope were made w i t h  
the t rawl  r igged w i t h  a r o l l e r - t ype  footrope (Appendix 1). Estimated swept area 
(hor izonta l  opening x tow length) was 0.00395 N m i 2  i n  1971-72, 0.00494 N m i 2  i n  1973-74 
f o r  she l f  tows; and 0.00741 it m i 2  f o r  upper slope tows i n  1974. 

Catch Processing 

Trawl catches were dumped onto a stern-mounted so r t i ng  t ab le  6- f t2  by 1-ft deep. 
Catch was then sorted by species and weights were determined f o r  each f i s h  species 
by using a 60-lb capacity spr ing scale. An average weight was obtained f o r  a l l  species 
caught by weighing and counting whole catches o r  samples o f  catches. For Pac i f i c  
hake ( ~ e r l u c c i u s  productus), weight was determined by t o t a l  number and sample average 
weight. F l a t f i s h  (up t o  10 species) from each tow were re ta ined f o r  sampling. 

A systematic sampling design was used t o  sample f l a t f i s h  from each s ta t i on  f o r  
age and sex composition. The 1971-72 sample ra te ,  o r  the proport ion o f  the catch 
sampled, was var iable,  ranging from 5% t o  loo%, depending on the s ize  o f  the catch. 
Usual ly the catch o f  a species was small and i t  was completely (10077) sampled. I n  
1973-74, sampling was modi f ied i n  t h a t  sampling ra tes were usual ly  fixed, depending 
on the species, a t  25% t o  50%. If a catch of any species was except ional ly  large, 
( r a re l y )  sampling r a t e  was reduced t o  5%. Also, beginning i n  1972, length  t o  the 
center o f  the t a i l  was recorded t o  the nearest cm f o r  f l a t f i s h  i n  age samples. Length 
was no t  recorded i n  1971. 

To ob ta in  aging s t ruc tures ( o t o l  i ths o r  interopercles),  heads were removed a t  
sea from nine species: Engl i s h  sole ( ~ a r o ~ h r ~ s  vetulus), pe t ra l e  so le  ( ~ o p s e t t a  
jo rdan i )  , rex  so le  (~Zyptocephalus zachirus), P a c i f i c  sanddab (Ci thar ichthys sordidus), 
arrowtooth f lounder (~ the res thes  stomias), sand so le  ( ~ s e t t i c h t h  s metamst ictus),  
slender so le  ( ~ y o p s e t t a  e z i l i s ) ,  bu t t e r  so le  ( ~ s o p s e t t a  i s o l e p i s  7 , and f 1 athead so le  
(~ippogZossoides elassodon). A f i l l e t ,  w i t h  sk in  attached, was removed from the r i g h t  
s ide o f  Dover so le  (~ ic rostomus paci f icus) f o r  scales. Heads and f i  1 l e t s  (by sex) 
were placed i n  p l a s t i c  bags and frozen f o r  l a t e r  processing ashore. 



Once ashore, scales from Dover sole, in teroperc les  from English sole, and 
o t o l i t h s  from the other species were removed and stored by sex and tow. Scales 
were mounted between two glass s l ides;  interopercles were stored d ry  i n  co in  envelopes; 
add o t o l  i t h s  were placed i n  a 50% glycerine-water so lu t ion.  Age s t ruc tures were 
examined and assigned an age, i n  years, using accepted techniques. 

Estimates o f  Biomass, Usable Biomass and Potent ia l  Y ie ld  

The cont inental  shelf  area was s t r a t i f i e d  i n t o  10-fm (18m) s t r a t a  between 10 and 
110-fm (18-200m). Slope s t r a t a  were 110-199 f m  (200-374m), 200-299 f m  (366-547m) and 
300-399 fm (548-729m). This was done on C and GS charts 5902 and 5802. We used a 
planimeter t o  ca lcu la te  area of each stratum on the charts. 

Stratum areas were d iv ided by the average swept area o f  a s ing le  tow9 w i t h  the 
r e s u l t  t h a t  stratum areas were expressed i n  terms o f  t o t a l  possib le tows. 

For each stratum, mean catch per tow and i t s  variance was calculated. The 
s t r a t i f i e d  mean catch per standard tow was then calculated by weighting each stratum 
mean by the stratum area d iv ided by the t o t a l  area. Variance o f  the s t r a t i f i e d  mean 
was der ived by weighting each stratum variance i n  propor t ion t o  the stratum area and 
inverse ly  according t o  the number of tows made i n  the stratum (Cochran 1963). The 
f ormul ae are : 

where is, and s2(Jst) are the s t r a t i f i e d  mean catch per tow and i t s  variance respect ively,  
and : 

I$, = Standard tows possib le i n  the hth stratum; 

&, = mean catch per tow i n  the ha stratum; 

W = standard tows possib le i n  the e n t i r e  se t  o f  s t ra ta ;  

s = variance o f  catches i n  the hth stratum; 

nh = standard tows made i n  the h* stratum. 

Biomass equals N jst. Catchabi 1 i t y  o f  the t raw l  was assumed t o  be 1.0. The 95% 
confidence i n t e r v a l  s were : 

Populat ion mean; Jst fL t s  ( js t )  

Populat ion t o t a l  (biomass); N9,t 2 tRs ( js t )  



There were 140 (1971-72) and 147 (1973-74) usable ( t rawlab le)  s ta t ions on the 
cont inental  shelf  and 22 usable s ta t ions  deeper than 110 f m  south o f  Heceta Bank 
(Demory 1971a, 1972, 1973; Hosie 1974). Or ig ina l  biomass estimates were converted 
t o  metr ic  tons (1 metr ic  ton  = 2,206.4 pounds). 

Estimates o f  usable biomass were detemined f o r  Dover, English, pe t ra l e  and 
rex sole and P a c i f i c  sanddab, the cu r ren t  commercially iniportant f l a t f i s h  species. 
This was done by f i r s t  apport ioning the biomass t o  sex by weight r a t i o  obtained from 
samples and convert ing weight t o  numbers using average weight. Usable biomass, €3, 
was determined as B, = X (Pi fii bi) where: 

Pi = number o f  f i s h  a t  age i 

Pi = mean weight of f i s h  a t  age i 

bi = u t i l i z a t i o n  r a t e  a t  age i(TenEyck and Demory 1975). 

Usable biomass i s  defined here as t h a t  po r t i on  of the exp lo i tab le  biomass of a s i ze  
t h a t  would be landed by commercial fishermen under present f i she ry  condit ions. Usable 
biomass i s  less than t rawlab le  o r  exp lo i tab le  biomass since the l a t t e r  includes 
small f i s h  t ha t  are  normally discarded a t  sea. 

Estimates o f  po ten t i a l  y i e l d  were determined by mu1 t i p l y i n g  usable biomass by 
estimates o f  the instantaneous f i s h i n g  r a t e  (F) . 

Growth 

Growth data was obtained from samples o f  whole f i s h  frozen a t  sea and processed 
ashore. Length-weight and von Ber ta lan f fy  growth constants were determined by 
appropriate formulae (Ricker 1958) and are shov~n i n  Appendix 2. 

Instantaneous Total  [ f o r t a l i t y  Rate 

Estimates o f  t o t a l  instantaneous mortal i ty r a t e  (Z) were determined from catch 
curves using the Robson and Chapman (1961) method. To construct  the catch curves 
age samples were weighted t o  t h e i r  respect ive catches using sampling rates.  

Exp lo i t a t i on  Rate and Fishing Rate 

The exp lo i t a t i on  r a t e  ( v )  was detemined by d i v i d i n g  usable biomass by the 
commercial landings. Usable biomass was determined f o r  PMFC Areas 28, 2C and the 
southern po r t i on  o f  3A south o f  the Columbia River (Figure 1) .  Because i t  required 
two years t o  complete one complete survey, average estimates o f  usable biomass were 
ca lcu la ted f o r  the appropr iate years. The sequence was: Areas 3A and 2C, 1971 and 
1973 ; Area 2B, 1972 and 1974. Average commercial 1 andi ngs were computed accordingly. 
To determine exp lo i t a t i on  r a t e  for  the e n t i r e  survey area, average 1 andings were 
computed f o r  1971-72 and 1973-74 and d iv ided by our 1971-72 and 1973-74 survey 
estimates o f  usable biomass. 



P 2 The instantaneous f i s h i n g  r a t e  (F) was determined using the formula, F = A, 
where P i s  the exp lo i t a t i on  ra te ;  Z i s  the t o t a l  instantaneous m o r t a l i t y  r a t e  
and A i s  the  t o t a l  annual m o r t a l i t y  rate: Estiniates o f  Z used were those cos~puted 
from the combined catch curves f o r  females. Rates fo r  females were used because, 
i n  terms o f  weight, females dominate the f i shery .  Also females are  general ly  longer 
l i ved,  and estimates of Z w i l l  be less  than Z fo r  males; hence ca lcu la ted f i s h i n g  
r a t e  w i  11 be less conducive t o  over-exploi t a t i on .  

Year Class S t r e n ~ t h  .-..- 

Rela t ive  year c lass strength, expressed i n  percent frequency, was determined 
for  ten f l a t f i s h  species, for  each annual cruise.  

Evaluation of Sanpling Techniques 

A systematic sampl i n g  scheme was used t o  sample f i s h  f o r  age composition. The 
r a t i o  o f  number o f  f i s h  sampled t c  number o f  f i s h  caught va r ied  inverse ly  t o  catch 
size. I n  1972 t es t s  ware conducted t o  determine d i f fe rence  i n  s i ze  composition and 
sex r a t i o .  S i z ~  composition o f  samples was tes ted against  s i ze  composition o f  the  
catch by a x2 t e s t  o f  hqmogeneity (P=0.05). There were 38 t es t s  made: Dover sole, 
20; Engl ish sole, 4; r e x  sole, 9; and sanddab, 5. Sex r a t i o  was tes ted by x2 (Pt0.05). 
There were only 16 t es t s  made since no t  a l l  catches were sexed. 

Evaluation o f  a Small Mesh Trawl 

I n  1972 a t rawl  constructed o f  2.5-in mesh was tes ted t o  determine i t s  a b i l i t y  
t o  capture smaller f i sh ,  espec ia l ly  Dover sole, than were caught by our standard 
3.5-in mesh survey t rawl  . The smal ler-mesh t raw l  was r igged the same and was the 
same ove ra l l  s i ze  as, the survey t raw l .  Testing was done a t  two d i f f e r e n t  depths 
t o  account f o r  d i f fe rences i n  depth d i s t r i b u t i o n  o f  some species. Where species 
overlapped by depth, data were combined, thus depth was no t  a var iable.  A 2.5-in 
mcsh codend attached t o  the body of the 3.5-in mesh survey t rawl  was a l so  tested. 

Length o f  Tow Experiments 

I n  1972 an aLtempt was made t o  t e s t  the e f f e c t  o f  tow length  on mean leng th  of 
capture f o r  selected f l a t f i s h  species. The n u l l  hypothesis was t h a t  length  o f  tow 
would no t  in f luence mean length. Tow lengths were 0.75 N m i  and 1.5 M m i .  

RESULTS AND DISCUSSIOii 

Estimates o f  Biomass 

The t o t a l  biomass estimate (a1 1 speci cs) f o r  the she l f  survey i n  1973-74 was 
235,117 met r i c  tons, a reductson o f  17% from the est imate o f  1971-72 (Table 1). 
Pac i f i c  hake was the most abundant species (by weight) a t  68,177 m.t., about one-half 
the 1971-72 estimate o f  132,626 m.t. 



Table 1. Estimates o f  biomass (m.t.)  o f  p r i n c i p l e  species on the Continental 
she l f  and upper slope between the Columbia River and Cape Blanco, 
Oregon, 1971-74. Confidence l i m i t s ,  95%, are expressed as 2%. 

Biomass ( m e t . )  % change 
Continental She1 f Continental Slope from 1971-72 

~ p e c i e s ~ /  1971-72 1973-74 k% 1 9 7 w  2 4  s  he1 f on ly  
- - - 

Spiny dogf ish 
Skates 
Ra t f i sh  
Pac i f i c  cod 
Pac i f i c  hake 
Rockfish 

Bocaccio 
Widow rock f i sh  
Black rock f i sh  
Ye l l on ta i l  r ock f i sh  
Canary rock f i sh  
Blackmouth rock f i sh  
Redstr i  pe rock f i sh  
Pac i f i c  oceanperch 
S t r i p e t a i l  r ock f i sh  
Spl i tnose rockf ish  
Flag rock f i sh  
Sharpchin rockf ish  
Greens tri ped rock f i sh  
Rosethron r o c k f i s h  
Ye1 1  omout  h  roclcf i s h  
Long jaw rock f i sh  
Roug heye rock f  i sh 
Aurora rock f i sh  
Turkey-red rock f i sh  
Shortspi ne thorny head 

Sablef ish 
L i  ngcod 
F l a t f i s h  

Pac i f ic  sanddab 
Arrowtoot h  f 1  ounder 
Slender so le  
Pet ra le  so le  
Flathead so le  
Sand so le  
Bu t te r  so le  
English so le  
Rock so le  
Dover so l  e  
Rex so le  
S ta r ry  flounder 
Curl t i n  so le  
P a c i f i c  h a l i b u t  

Tota 1  283,750 - 235,117 

!ockf ish 
F l a t f i s h  

Common and s c i e n t i f i c  names are shown i n  Appendix 
2/ Survey l i m i t :  43' 57.5' N Lat. - 43' 2.5' N Lat. - 



Biomass o f  the f l a t f i s h  group amounted t o  about 80,000 m.t .  i n  1973-74, down 
5% from 1971-72. Dover so le  biomass decl ined 13% from 26,128 m.t .  i n  1971-72 t o  
22,835 m. t .  i n  1973-74. Other important f l a t f i s h  showing a decrease from 1971-72 
were pe t ra le  so le  which decl ined by 31% t o  3,980 met .  and r e x  so le  which dropped 
11% t o  10,843 m e t .  Two important f l a t f i s h  increased by 10% i n  biomass i n  1973-74: 
Engl ish so le  t o  19,713 m. t .  and Pac i f i c  sanddab t o  11,988 m. t .  

The r o c k f i s h  group (Scorpaenidae) i n  1973-74 showed an 82% increase ( t o  30,14b 
m. t. ) over 1971-72. The increase was p r i m a r i l y  a t t r i b u t e d  t o  one catch of canary 
r o c k f i s h  (&bastes p inn ige r )  i n  1973-74 t h a t  accounted f o r  about 90% of the t o t a l  
catch fo r  t h i s  species and about 46% o f  the  t o t a l  catch of a l l  rock f i sh  species on 
the cont inenta l  she1 f. biomass o f  semi pelagic species were under-estimated because 
our type o f  gear was no t  e f f i c i e n t  f o r  catching semipelagic species (Alverson and 
Pereyra 1969). 

The 1974 survey a lso  included the upper cont inenta l  slope south o f  Heceta Bank 
(Figure I ) ' / .  This area supports a major f i shery ,  p r ima r i l y  fo r  Dover sole. Of the 
three most-important species, Dover so le  biomass was estimated a t  4,391 m.t. wh i le  
pe t r a l e  and rex  so le  amounted t o  52 m.t .  and 819 m.t. respec t i ve ly  (Table 1). The 
upper slope estimates a re  no t  d i r e c t l y  comparable w i t h  s h e l f  estimates because r o l  l e r  
gear used on the slope apparently al lowed substant ia l  escapement from the t rawl .  
Based on s i x  comparative tows the mean catch r a t e  of Dover so le  was near ly f ou r  times 
greater  w i t h  the chain-disk footrope. However, no adjustments t o  data were made t o  
compensate f o r  the  apparent differences i n  catch ra te .  

Estimates o f  Usable Bioinass 

Estirnates o f  usable biomass f o r  the f i v e  major species o f  f l a t f i s h  ranged from 
23,266 m.t .  o f  Dover so le  (1973-74) t o  2,885 m. t .  o f  pe t r a l e  so le  (1973-74). 
Estimates were less  i n  1973-74 f o r  English, pe t r a l e  and rex  so le  than i n  1971-72 
(Table 2). The est imate f o r  Dover so l e  was greater  i n  1973-74, bu t  t h i s  included 
f i s h  from the upper slope, which was n o t  surveyed i n  1971-72. 

Table 2. Estimates o f  usable biomass, po ten t i a l  y i e l d  and landings from the 
survey area, 1971-74. A l l  values i n  met r ic  tons. 

Usable Biomass Po ten t ia l  Y ie ld  Average Landings 
Species 1971-72~/ 1973-742/ - F 1971-721/ - 1973-7421 1971-7Z1/ - 1973-743/ - 

Dover so le  22,219 23,266 0.15 3,333 3,490 1,950 1,769 

Engl ish so le  7,448 6,551 0.21 1,564 1,376 635 4 74 

Pet ra le  sole 3 , 743 2,885 0.28 1,048 808 544 862 

Rex so le  7,304 6,195 0.21 1,534 1,301 272 395 

Pac i f icsanddab 3,303 4,266 0.30 991 1,280 272 9 1 

Continental s h e l f  only. - 
2/ Includes slope est imate south o f  Heceta Bank. - 
3/  Includes slope landings south o f  Heceta Bank. - 

1/ The large untrawlable area near the center o f  the  survey area. - 



Total  Instantaneous M o r t a l i t y  Rate 

Estimates o f  t o t a l  instantaneous mortal i t y  ra tes  var ied widely between species 
and i n  some cases among species. There were a l so  considerable dif ferences between 
sexes o f  the same species (Table 3). A complicat ing f ac to r  was t h a t  estimates were 
based on catch curves contain ing several year classes ra ther  than on separate year 
classes. For example, estimates o f  Z f o r  Engl ish sole females based on survey data 
ranged from 0.35 t o  0.48. The combined estimate was 0.43. An estimate for  females 
based on samples from commercial landings i n  the Columbia River area was 0.56. This 
estimate was cor~~puted by the method of Jackson (1939) on the combined 1960-62 year 
classes. For Dover sole, the combined survey-based estimate was 0.45 and 0.31 f o r  
males and females, respect ive ly .  Estimates o f  0.35 and 0.25 f o r  males and females, 
respect ive ly  were determined based on samples o f  commerci a1 1 andi ngs. There i s  some 
evidence t h a t  estimates o f  Z f o r  Cover so le  males, based on age data, might lead t o  
erroneous conc1usions regarding mortal i ty ra tes  i n  t h a t  ma1 es may be underaged 
(Oemory 1972a). Another compl i c a t i n y  f ac to r  regarding Dover so le  i s  t h a t  mature 
males tend t o  congregate i n  deep water o f f  the  cont inental  shelf  (Westrheim and 
Cloryan 1963). Therefore, estimates o f  Z f o r  males obtained only from she l f  waters 
might wel l  overestimate Z f o r  the male stock as a whole. 

Exp lo i ta t ion  Rate and F ish ing Rate 

Exp lo i ta t ion  rate,  u, ranged from 0 f o r  sanddabs i n  PNFC Area 2C t o  0.37 f o r  
pe t ra l e  so le  i n  PMFC Area 2B. I n  near ly  a l l  cases, exp lo i t a t i on  ra tes  were higher 
i n  Area 2B than i n  other areas (Table 4). The exception was i n  Area 3A where rex 
so le  was exp lo i ted a t  a higher r a t e  than i n  other areas. When the survey area, a l l  
species, as a whole was considered, exp lo i t a t i on  ra tes  ranged from about 0.01 (sanddab) 
t o  0.24 (pe t ra le  sole). 

There are possib le sources o f  e r ro r  associated w i t h  the estimates o f  u: market 
l i m i t s  (catch l i m i t s )  would suppress exp lo i ta t ion ;  the survey est imate may no t  be 
accurate, changes i n  d i s t r i b u t i o n  might a f f e c t  a v a i l a b i l i t y  t o  the trawl; and there 
a re  1 im i ta t ions  on accuracy and completeness of data t o  fisherman logbooks from which 
area o f  commercial catch i s  obtained. 

Instantaneous f i s h i n g  m o r t a l i t y  F, ranged from 0 f o r  sanddabs i n  Area 2C t o  0.43 
f o r  pe t ra l e  sole i n  Area 2E (Table 5).  F ishing ra tes  were highest i n  Area 28. It 
appears t h a t  an increase i s  possib le i n  f i s h i n g  r a t e  f o r  a1 1 species except pe t ra le  
sole. However, an increase i n  F f o r  some species may be detr imental  t o  other species. 
Although the data ind ica te  t h a t  sanddab, r ex  so le  and Engl ish so le  could sustain 
increases i n  F i n  most areas the data are misleading because o f  market conditions; 
f i s h  are caught, thus subject  t o  f i s h i n g  mor ta l i t y ,  but  are  not  always u t i l i z e d .  

Pet ra le  sole appear t o  be i n  need of p ro tec t ion  i n  Area 2B since F exceeded Z. 
Several factors may be opera ti ng here, however. I f  biomass was underestimated, then 
F w i  11 necessar i ly  be overestimated, the est imate o f  Z may not  be correct; and stock 
d e f i n i t i o n  i s  not  wel l  known. On the surface t h i s  appears t o  be a problem, but  
Ketchen and Forrester  (1966) and Pedersen (1975) concluded t h a t  year c lass s t rength 
was more important than f i s h i n g  i n  reducing stock size. Pedersen (op. c i t )  a l so  
pointed ou t  t h a t  species 1 i k e  pe t ra l e  so le  ( low abundance, h igh value) may we1 1 be 
kept a t  low l eve l s  of abundance i n  the i n t e r e s t  of opt imiz ing y i e l d  from a mult ispecies 
t rawl  f i she ry  where other less valuable b u t  more abundant species dominate the catch. 



Table 3. Estimates o f  t o t a l  instantaneous n i o r t a l i t y  r a t e  Z f o r  f l a t f i s h  
taken on groundf i s  h surveys, 1971-74. 

Species Instantaneous M o r t a l i t y  Rate 

Year :!ales Age range Females Age r a n l e  

Dover s o l  e 

Engl ish s o l e  

Pe t ra le  s o l e  

Rex s o l e  

P a c i f i c  sanddab 

1971 0.43 8-17 0.33 10-22 
1972 0.47 8-18 0.46 10-21 
1973 0.36 7-17 0.32 8-2n 
1974 0.42 7-17 0.31 8-25 

Combi ned 0.45 8- 18 Q. 31 8-25 

1971 0.36 5- 16; 0.45 5-14. 
1972 0.43 4-15 0.47 4-15 
1973 0.43 5-17 0.35 3-16 
1974 0.33 2-14 0.46 4-13 

Combi ned 0.42 5- 17 0.43 4-16 

1971 0.52 5- 12 0.4.5 5-13 
1972 0.66 6- 13 0.34 6-16 
1973 0.55 5- 12 0.44 6-15 
1974 0.38 4-14 0.26 3-18 

Corn b i ned 0.53 5- ln 0.38 5-18 

1971 0.45 7-16 0.40 7-15 
1972 0.49 6-16 0.38 6-18 
1973 0.66 7- 14 0.58 7-16 
1974 0.54 6-13 0.80 8-14 

Combi ned 0.56 7-16 0.5n 7-18 

197 1 0.66 5-10 0.79 6-13 
1972 0.65 6-10 0.59 6-12 
1973 0.77 6-12 0.86 7-12 
1974 0.76 7- 12 0.72 7-13 

Combined 0.62 6-12 0.80 7-13 

Arrowtooth f lounder 1971 0.36 4-12 0.32 4-15 
1972 0.46 4- 11 0.37 4-16 
1973 0.57 6-20 0.47 6-19 
1974 0.75 7-10 0.51 7-22 

Combined 0.37 4-20 0.34 4-22 

Sand so le  

S l  ender so le  

B u t t e r  s o l e  

Flathead s o l e  

Combi ned 0.55 3-10 0.51 3-10 

Combi ned 0.68 6-lI? 0.65 In-17 

Combined 0.87 6-12 C. 61 5-11 

Combi ned 0.53 7- 12 0.35 5-15 
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Table 4. Exp lo i ta t ion  r a t e  u f o r  selected species o f  f l a t f i s h  by PMFC 
area and the survey area. \!eight u n i t s  are  met r i c  tons. 

PHFC Area Survey Area 

Speci es 3A 2C 2B 1971-72 1973-74 

Dover sole: 
Usable biomass 5511.2 5112.0 11973.6 22199.5 23245.5 
La ndi ngs 192. L! 52.2 1556.5 1953.2 1580.5 

Enqlish sole: 
Usable biomass 889.4 3597.8 1842.7 7441.2 6545.5 
Landi ngs 135.8 200.3 315.7 628.0 598.2 

Pet ra le  sole: 
Usable biomass 861.8 1592.& 781.9 3733.9 2882.0 
Landings 197.8 151.7 286.0 547.6 676.5 

Rex sole: 
Usable biomass 1955.9 1695.0 2736.5 7300.0 6189.4 
Landi ngs 173.5 3.9 85.1 273.3 266.7 

P a c i f i c  sanddab 
Usable biomass 630.5 951.8 2346.6 3300.5 4262.1 
Landings 3.2 0 57.4 24.9 77.2 



Table 5. Instantaneous f i s h i n g  r a t e  F f o r  selected species o f  f l a t f i s h  
by PMFC Area, 1971-74. 

F ish ing Rate 
v Survey Area 

Spec i es a 3A 2C 28 3A 2C 28 1971-72 1973-74 

Dover so 1 e 0.31 0.27 0.035 0.010 0.130 0.04 0.01 0.15 0.10 0-08 

Engl ish so le  0.43 0.35 0.156 0.056 0.171 0.19 0.07 0.21 0.10 0.11 

Pet ra le  so le  0.38 0.32 0.230 0.095 0.366 0.27 0.11 0.43 0.17 0 , 2 8  

Rex so le  0.50 0.39 0.089 0.002 0.031 0.11 0.003 0.04 0.05 0.06 

Pac i f i c  sanddab 0.80 0.55 0.005 0 0.024 0.007 0 0.03 0.01 0.03 

1/ Combined estimates for  females only, from Table 3. - 

Poten t ia l  Y i e l d  

Estimates o f  po ten t i a l  y i e l d  were obtained by m u l t i p l y i n g  F by usable biomass. 
Values o f  F (from Table 5, i n  pa r t )  were: 

Species 

Dover so le  
Engl ish so le  
Pet ra le  so le  
Rex so l e  
Sanddab 

F (Area) 

0.15 (PfrlFC Area 2B) 
0.21 (PMFC Area 2B) 
0.28 (1973-74 survey est imate) 
0.21 ( a r b i t r a r y )  
0.30 ( a r b i t r a r y  ) 

Estimates o f  annual po ten t i a l  y i e l d  ranged from near ly  3,500 m. t .  f o r  Dover so le  
t o  about 800 ma t .  f o r  pe t r a l e  so le  (Table 2). Estimates f o r  Dover, pe t r a l e  and rex  
so le  f o r  1973-74 are  underestimated s ince estimates inc lude catches made using the 
t raw l  r igged w i t h  the r o l l e r  type footrope. Wheil est i r~ lates o f  po ten t ia l  y i e l d  are  
compared t o  the survey area landings there i s  substant ia l  room f o r  increasing the  
catch w i t h  the poss ib le  exception o f  pe t r a l e  sole.  The species o f f e r i n g  the  greatest  
po ten t i a l  a re  Engl ish sole, r ex  so l e  and sanddab. Increases i n  y i e l d  could be 
obtained by e f f e c t i n g  changes i n  market cond i t ions which would encourage u t i l i z a t i o n  
o f  species ( o r  s izes) t h a t  are  present ly  discarded ra the r  than by increasing F. 
E f f e c t i v e l y  t h i s  would mean increasing exp lo i t a t i on  ra te .  

D i s t r i b u t i o n  

D i s t r i b u t i o n  o f  major species was h i gh l y  var iab le ,  not  on ly  between survey periods 
b u t  a l so  w i t h i n  survey periods. Examination of the catch maps (Figures 2-13) r e a d i l y  
shows d i s t r i b u t i o n  o f  most species. Two prominent features are  apparent: the area 
near the Columbia River and the area adjacent t o  Heceta Bank south t o  about 43'30' N 
Lat .  were high-catch regions. Th is  pa t t e rn  preva i led i n  both survey periods. Con- 
versely, the area nor th  o f  Heceta Bank was usua l l y  sparsely populated. 



Figure 2. Distribution and relative abundance (weight) of Dover sole in September lm-72 

and V73-74 off O l l e p  as determined by g d  s w e y s .  Heavy bmken line is limit 
of survey. 



F i p  3. Distribution and relative abundance (weight) of English sole in September 1971-72 and 

1973-74 off Oregon as determined by gmun&h surveys. Heavy broken line is limit of 
survey. 



Figure 4. Distribution and relative abundance (weight) of petrale sole in September 1971-72 and 
1973-74 off Oregon as determined by groundfish surveys. Heavy broken line is limit of 
survcy. 



Figure 5. Distribution and relative abundance (weight) of Rex sole in September 1971-72 and 
1973-74 off Oregon as determined by groundfish surveys. Heavy broken line is limit of 
survey. 



Figure 6. Distribution and relative abundance (weight) of Pacific sanddab in September 1971-72 
and 1973-74 off Oregon as determined by groundf~h surveys. Heavy bmken line 
is limit of survey. 



Figure 7. Distribution and relative abundance (weight) of arrowtooth flounder in September 1971-72 
and 1973-74 off Oregon as determined by gmundfish surveys. Heavy broken line is limit of 
survey. 



Figure 8. Distribution and relative abundance (weight) of rockfish in September m-72 and 
1973-74 off Oregon as determined by gmundfish sweys. Heavy broken line is limit of 
survey. 



Figure 9. Distribution and relative abundmce (weght) of lingcod in September 1971-72 and 
1973-74 off Oregon as determined by groundfish surveys. Heavy bmken line is 
limit of survey. 



Figure LO. Distribution and relative abundance (weight) of sablefish in September 1971-72 and 
1973-74 off Oregon as determined by groundfish surveys. Heavy broken line is limit of 
survey. 



Figure 11. Distribution and relative abundance (weight) of spiny dogfish in September 1971-72 
and 1973-74 off Oregon as determined by groundfish surveys. Heavy broken line is limit of 
alncy. 



Fig= 12. Distribution and relative abundance (weight) of skates in September 1971-72 and 
1973-74 off Oregon as determined by groundfish surveys. Heavy broken line is 
limit of survey. 



F i p ~  13. Distribution and relative abundance (weight) of ratfish in September 1971-72 a d  
1973-74 off Oregon as determined by groundfish surveys. Heavy broken line is 
limit of survey. 



I f  catch maps are compared w i t h  d i s t r i b u t i o n  o f  sediment types (Figure 1) i t  
i s  apparent t h a t  Engl ish so le  and sanddab occurred mostly inshore over sand sediments, 
whereas Dover sole, arrowtooth flounder and sablef ish were most abundant over mud 
sediments i n  deeper water. 

Another view o f  d i s t r i b u t i o n  was obtained by p l o t t i n g  biomass against sediment 
type and depth. benthic s t ruc tu re  f o r  the Oregon cont inental  s h e l f  have been 
del ineated by major sediment types (Byrne and Panshin 1972). For the purpose o f  
t h i s  r epo r t  only mud and sand were used. For the area south o f  Heceta Bank a t  depths 
greater than 200 f m  sediment type was assumed t o  be mud although sand patches do 
occur. There i s  a marked dec l ine i n  the amount of sand w i t h  increasing depth and, 
conversely, a marked increase o f  mud w i t h  increasing depth (Figure 14, top l e f t ) .  
When biomass o f  major species was categorized by depth and sediment type, d e f i n i t e  
preferences were shown by some species whi le  o ther  species were less  a f fec ted  by 
sedinient type o r  depth. 

Dover sole, arrowtooth f lounder and sab le f i sh  were most abundant over mud sedi- 
ment and depths greater than 60 fathoms. Engl ish sole, pe t ra l e  so le  and sanddab 
were more abundant a t  lesser depths where sand sediment was dominant. Other species 
of f l a t f i s h ,  not  shown i n  Figure 14, bu t  l i m i t e d  t o  shallow depths and sand sediments 
were b u t t e r  sole, sand so le  and s t a r r y  f lounder ( ~ Z a t i c h t h ~ s  s t e l l a t u s ) .  Flathead 
sole and slender so le  (not  shown) were most o f ten  encountered over mud sediment i n  
deeper s t ra ta .  The other species shown i n  Figure 14 were more cosmopolitan, w i t h  
depth, bu t  r a t f i s h  ( ~ y d r o l a ~ u s  coZZtet) were more abundant over sand sediment. 

Although Figure 14 shows d i s t r i b u t i o n  by depth as wel l  as abundance w i t h  depth 
and sediment type we s t i l l  do no t  know which o f  the two fac to rs  cont ro l  d i s t r i b u t i o n .  
Since the amount o f  mud increases w i t h  depth, inverse ly  t o  sand, i t  was no t  possib le 
t o  separate the i n f l  uence o f  depth from bottom sediment type on species d i  s t r i  but ion. 
For example, do Engl ish so le  respond t o  shallow depth o r  t o  sand sediment? We 
suspect t h a t  other var iab les  such as temperature, o r  more importantly, food ava i l -  
abi  1 i t y  o r  preference have greater i n f l  uence i n  determining d i s t r i b u t i o n .  The 1 a t t e r  
fac tors  may no t  be independent of depth o r  sedinient e i t he r .  Unfortunately the bottom 
temperatures taken d i d  not  a l low co r re l a t i on  w i t h  d i s t r i b u t i o n  and we have inadequate 
data on food habi ts  and prey d i s t r i b u t i o n  t h a t  would show us why species occur as 
they do. 

Year Class Strength 

A r e l a t i v e  i nd i ca to r  o f  year c lass (brood year)  s t rength was ind icated by 
fo l lowing year classes f o r  the ten f l a t f i s h  species over the four year survey period. 
A strong 1966 year c lass was common for  f i v e  o f  the ten species. The 1968 year 
c lass showed wel l  f o r  English, petra le,  rex, and b u t t e r  sole. For pet ra le ,  and 
bu t t e r  so le  the 1970 year c lass a lso appeared t o  be strong (Figure 15). The 1961 
year class, even though on 10-13 year o l d  f i sh ,  was s t i l l  not iceable i n  Dover, English, 
petra le,  rex, and f la thead sole. This year c lass was the strongest  f o r  Dover so le  
o f f  Oregon s ince the 1942 year class. For arrowtooth f lounder, the 1967 and 1969 
year classes appeared t o  be prominent. The 1969 year c lass was also abundant i n  sand 
sole. No prominent year c lass was apparent f o r  slender sole. 
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Evaluation o f  Survey Design 

As stated previously, the survey design was a systematic 5x5 M m i  g r i d  (a 
s t r a t i f i e d  random design was considered). A problem inherent  i n  the systematic 
design i s  t h a t  hidden p e r i o d i c i t i e s  may a l i g n  w i t h  sampling locat ions.  Also, an 
unbiased estimate o f  populat ion variance cannot be obtained. However, f o r  samples 
of the same size, systematic sampling provides a more precise est imate o f  the 
populat ion mean than does random sampl i n g  i f  there are consistent  trends (gradients)  
o r  c l us te r i ng  of the values o f  y; t ha t  i s ,  i f  values o f  y are not  randomly d i s -  
t r i b u t e d  throughout the populat ion (Sampford 1961). I n  our opinion, t raw l ing  i n t e n s i t y  
was suck t h a t  s t a t i s t i c a l  requirements were adequate f o r  est imat ing biomass. Density 
of s ta t ions  ranged from 1 tow per 14 N m i 2  t o  34 11 m i 2  i n  1971-72 and from 1 tow per 
11 il m i  t o  50 N m i  i n  1973-74 (Tab1 e 6) . Overal l  , sampl i ng densi ty was about 1 tow 
per 27 M m i 2  and 25 N m i 2 ,  respect ively,  i n  1971-72 and 1973-74. 

The biomass estimates may be precise, but  s ince confidence i n te r va l s  are over- 
estimated by the systematic sample (assuming use o f  random sampling formulae) our 
a b i l i t y  t o  detect  actual  populat ion changes was reduced (Cockran sp. c i t . ) .  

Evaluation o f  Sampling i4ethods 

During the 1972 cruise, a ser ies  o f  tows was made where the e n t i r e  catch o f  
selected f l a t f i s h  species was sexed and measured. The purpose o f  the experiment 
was t o  t e s t  the a b i l i t y  o f  the systematic sample t o  est imate sex r a t i o  and length  
composition. 

There were no s i g n i f i c a n t  d i f fe rences i n  s i ze  composition between samples and 
the catch from which they were drawn (38 t es t s ) .  A1 though age composition o f  the 
sample vs. age composition o f  the catch was no t  tested, i t  was assumed tha t  i f  s ize  
composition was estimated, then age composition was a lso estimated. There were no 
s i g n i f i c a n t  d i f fe rences i n  sex r a t i o .  

The a b i l i t y  o f  the systematic sample t o  est imate number caught was no t  s t a t i s -  
t i c a l l y  tested. Because number caught was equal t o  the number i n  the sample 
m u l t i p l i e d  by the sample ra te ,  a 1 i m i t  o f  55 f i s h  was s e t  as acceptable f o r  
est imat ing t o t a l  catch. Numbers caught were estimated w i t h i n  l i m i t s  o f  +5 f i s h  
i n  33 o f  38 cases tested. I n  fac t ,  i n  30 o f  the 38 cases, numbers caught were 
estimated w i t h i n  l i m i t s  o f  52 f i s h .  There were f i v e  cases where numbers estimated 
were i n  e r ro r ,  a1 1 a t t r i b u t a b l e  t o  human e r ro r .  The e r ro r  ranged from over- 
est imat ing the catch by 69 f i s h  t o  underestimating the catch by 83 f i s h .  The mean 
d i f fe rence  was -5 f i sh .  Weight caught was no t  tested, bu t  i t  was assumed t h a t  if 
numbers caught were accurately estimated then weight caught would be accurately 
estimated. O f  the f i v e  cases o f  sampling e r r o r  j u s t  c i t e d  the e r r o r  i n  weight 
ranged from -7.9 pounds t o  +45.6 pounds. The mean d i f fe rence  was +13.3 pounds. 

M i  stakes i n  recording p ropo r t i  on sampled and mistakes i n  counting the number 
t o  be sampled have the po ten t i a l  o f  serious e r ro r .  For example, dur ing the 1971-72 
surveys 32 Engl ish so le  catches were sampled i n  t h e i r  en t i re ty ;  these catches 
represented 30% o f  the Engl ish so le  sampled, bu t  only 8% o f  the Engl ish so le  caught. 
A t  the other extreme, catches o f  Engl ish so le  sampled a t  an i n t e n s i t y  o f  1:10 
occurred n ine times; the number o f  f i s h  sampled was 18% o f  the t o t a l  Engl ish sole 



Table 6. Trawlable area ($1 n i 2 )  hy depth s t r a ta ,  percent mud by s t ra ta ,  
and area a l located per to!#! from Columbia River t o  Cape Blanco, 
1971-74. 

Depth Trawl a b l  e X 
s t r a  t a i l  area21 b? LI d R\ m i  2/ tort! 

"0. o f  ?lo. o f  
tows 1971-72 tows 1973-74 

Total  4291,. 7 - 140 - 149 - 
mean 26.7 25.4 

11 Continental slope l i m i t s  (>I10 fm.), 43" 57.5' Lat. t o  43" 2 .5 '  F.l Lat. 

21 There were 606.4 P! m i 2  o f  untrawlable area on the cont inental  shelf. 



sampled, b u t  i n  terms o f  ca tch  those n ine  samples represented near ly  50% o f  t h e  t o t a l  
Eng l ish  so le  caught (Table 7). 

Dur ing c ru ises  i n  1973-74, sample r a t e  was l e s s  va r iab le .  Proport ions most 
f requent ly  used were 1:4 and 1: 5  (Table 8). For the  surveys as a  whole mean sample 
s i z e  ranged f rom 42 f o r  Dover s o l e  i n  1971-72 (Table 7) t o  12 f o r  p e t r a l e  so le  i n  
1973-74 (Table 8). 

I n  rev iewing the  1  i t e r a t u r e ,  i t  was apparent t h a t  sampling methods have t o  be 
t a i l o r e d  t o  f i t  ob jec t i ves  o f  t he  program, bear ing i n  mind t h a t  ca tch  s ize,  s t a t i o n  
pat te rn ,  manpower, etc., a1 1 have t o  be considered. We be1 ieve our method was 
adequate t o  f i t  our needs. The few r e a l l y  l a r g e  catches t h a t  occurred were r e a d i l y  
handled by the  systematic scheme. As t h e  t e s t s  showed, the  systematic sample was 
ab le  t o  d e p i c t  c e r t a i n  a t t r i b u t e s  o f  t h e  ca tch  f rom which i t was drawn, b u t  sample 
s i z e  was f a i r l y  large,  rang ing f rom 26 t o  79 f i s h .  Smaller samples may n o t  have 
given sirni l a r  r e s u l t s .  

Evaluat ion o f  Small Mesh Trawl 

I n  i n i t i a l  p lanning i t  was decided t o  omi t  a  f i n e  mesh l i n e r  from t h e  codend o f  
t he  survey t raw l .  The r a t i o n a l e  was t h a t  3.5-in mesh would s u f f i c e .  I t  was n o t  
c e r t a i n  what mini~ilum s i z e  o f  f i s h  would be caught b u t  mesh s i z e  s e l e c t i o n  s tud ies  
(Best 1961, Jurkovich 1954) i nd i ca ted  t h a t  t he  3.5-in mesh would be a  reasonable 
compromise. I n  1972 a  small  mesh t r a w l  (2.5- in mesh throughout) and a  2.5-in mesh 
codend at tached t o  t h e  body o f  the  3.5- in mesh survey t raw l  was tes ted  aga ins t  the  
3.5-in mesh t r a w l .  The purpose o f  t he  2.5-in mesh codend was t o  s imulate a  l i n e r .  

The smal ler  mesh t r a w l s  usua l l y  caught smal ler  f i s h  than d i d  the  3.5-in mesh 
t raw l .  The except ion was f o r  slender sole, where t h e  smal ler  f i s h  were caught by 
the  l a r g e r  mesh. U i  t h i n  species, 1  ength frequency d i s t r i b u t i o n s  o f  f i s h  re ta ined  
by t h e  two smal ler  mesh t r a w l s  were s i m i l a r .  Length frequency d i s t r i b u t i o n s  o f  
arrowtooth f lounder  showed the  l e a s t  d i f f e r e n c e  between mesh s izes.  Another f a c e t  
considered was how much a d d i t i o n a l  work was requ i red  t o  process l a r g e r  catches o f  
smal ler  f i s h .  For Dover sole, mean catch  (per  0.75 M m i  tow) was 51, 100 and 228 
f i s h  f o r  t h e  3.5-in, 3.5x2.5-in, and 2.5-in t r a w l s  respect ive ly ,  an increase o f  
2  t o  4 tirnes t h a t  o f  t h e  survey t r a w l  (F igure  16). The ca tch  o f  Eng l ish  so le  
increased by near l y  th ree  times when t h e  smal ler  mesh was used w h i l e  t h e  ca tch  o f  
sanddab increased by 8  and 10 t imes f o r  t h e  3.5x2.5-in and 2.5-in mesh t raw ls  
respec t i ve l y .  Catches o f  r e x  so le  and arrowtooth f lounder  increased by about tw ice  
when the  smal ler  mesh was used. It was decided t h a t  t h e  a d d i t i o n a l  work l oad  imposed 
by the  use of a  smal ler  mesh t r a w l  was n o t  worth the  a d d i t i o n a l  e f f o r t  because the  
a1 t e r n a t i v e  was t o  s a c r i f i c e  tows o r  develop a  method t o  subsample t h e  catch 
(unsuccessful l y  attempted i n  1970). 

A f i n a l  view regard ing mesh s i re ,  i s  what m igh t  happen t o  est imates o f  biomass 
and y i e l d  i f  a  smal le r  mesh was used. L e t  us assume t h a t  the  3.5x2.5-in mesh t r a w l  
would approximate a  t r a w l  w i t h  a  codend l i n e r  and l e t  us f u r t h e r  assume t h a t  t h e  
Eng l ish  so le  catch f o r  t h e  3.5x2.5-in mesh t r a w l  (F igure 16) was from a square 
nau t i ca l  mi le.  Resul ts  a r e  as fo l l ows :  

Plesh S ize  Biomass Usable Biomass F Y i e l d  

3.5-in 80 l b s .  29 l bs .  0.21 6 l b s .  
3.5x2.5-in 158 Ibs .  32 l bs .  0.21 6.8 lbs .  



Table 7. Percent o f  t o t a l  number sampled, percent  of t o t a l  catch, mean sample 
s i z e  and frequency o f  use o f  sampling r a t i o s  employed on qroundf ish  
survey, 1971-72. 

Species 

Rat io  o f  
sample: catch Dover s o l e  Engl i s h  s o l e  

% o f  % o f  mean % o f  % of mean 
Freq. sample catch n Freq. sample ca tch  n 

1/20 - - - - - - - - 
Tota l  85 3,530 7,886 42 8Q 3,187 12,205 40 

Pe t ra le  s o l e  
% o f  X of Mear 

Freq. sample ca tch  n 

% of t o t a l  
ca tch  sampl ed 45 



Table 7. Continued. 

Species 
Rat io of 
sample: catch Rex so le  Pac i f i c  sanddab Arrowtooth f lounder 

% o f  % o f  mean % o f  % o f  mean % o f  % o f  mean 
Freq. sample catch n Freq. sample catch n Freq. sample catch n 

% o f  t o t a l  
catch sampl ed 3 8 



Table 8. Percent o f  t o t a l  number sampled, percent  o f  t o t a l  catch, mean sample s i z e  
and frequency o f  use o f  sainpl i n g  r a t i o s  employed on groundf ish  surveys, 1973-74. 

Species 

Ra t io  o f  
Sampl e : catch  Dover s o l e  Eng l i sh  s o l e  P e t r a l e  s o l e  

% o f  % o f  Uean % o f  % o f  Mean ' % o f  % o f  Mean 
Freq. sample ca tch  n Frea. sample ca tch  n Freq. sample ca tch  n 

Tota l  147 3,355 9,626 22 75 2,321 16,592 31 83 986 1,540 12 

" f t o t a l  
ca tch  sampl ed 34.1 

Rat io  o f  Rex s o l e  P a c i f l c  sanddab f l rrowtoot$ f lounder  
sampl e : catch  % o f  % o f  FSean % o f  ' X  o f  Mean % o f  % of Mean 

Freq. sample ca tch  n Freq. sample ca tch  n Freq. sample ca tch  n 

% o f  t o t a l  
ca tch  sampled 16.4 
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F igure  16. Length-frequency d i s t r i b u t i o n s  o f  selected species o f  
f l a t f i s h  caught by th ree  d i f f e r e n t  mesh s izes,  September 
1972. n = mean number caught/0.75 N m i  tow. Number o f  
tows i n  parentheses. 
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Figure 16. Continued. 



The i n i t i a l  biomass was near ly  doubled by use o f  the  smaller mesh bu t  usable biomass 
and y i e l d  (F from Table 5) were s im i l a r .  Th is  simple example i s  no t  meant t o  j u s t i f y  
our no t  using a l i n e r .  'The ob jec t ives o f  the program ri~ust d i c ta te ,  i n  part ,  whether 
o r  no t  a l i n e r  i s  used. We chose no t  t o  use a codend l i n e r  even though we compromised 
our a b i l i t y  t o  c o l l e c t  be t t e r  data on recru i tment  and be t t e r  index incoming year 
classes. On the c r e d i t  s ide  we were ab le  t o  mainta in a higher l eve l  o f  e f f o r t  
(number o f  tows) which we f e l t  was the over - r id ing  c r i t e r i o n .  

Length o f  Tow Experiments 

The purpose o f  the length  o f  tow experiments wa's t o  t e s t  whether length  o f  tow 
would in f luence length  o f  f i s h  caught. There was some i n d i c a t i o n  t h a t  t h i s  was 
possib le (Clark 1963). This view was a l so  expressed by some commercial fishermen. 

Results were inconclusive. Regarding the 3.5-in mesh t rawl ,  mean length  o f  f i s h  
from a 1.50 W m i  tow was greater  f o r  5 o f  6 species (Table 9). Three species showed 
a s i gn i f i can t  increase i n  mean length. Regarding the 3.5x2.5-in mesh t rawl  there 
were on ly  two cases where mean length  was greater  wi-Lh the longer tow, but  fou r  cases 
( a l l  s i g n i f i c a n t )  where the mean length  was less.  klean length  o f  f i s h  caught on the 
longer tow by the 2.5-in mesh t rawl  was greater  i n  three cases (two were s i g n i f i c a n t )  
and i n  three cases mean length  was less  (one was s i g n i f i c a n t ) .  

Between t raw l  types, on ly  Dover so l e  showed a greater  mean length  associated 
with the longer tow. 14ean length  o f  the  o ther  species showed both a greater  and 
lesser mean length associated w i t h  the 1 onger tow. 

Table 9 a lso  shows number o f  f i s h  caught by the  two d i f f e ren t - l eng th  tows f o r  
the three t raw l  types. I n  a l l  cases the longer tow caught more f i s h .  I n  f i v e  cases, 
the catch was doubled o r  more so. Overal l ,  the  catch from the longer tow increased 
by a fac tor  of 1.2 t o  1.6. 

Costs 

Costs o f  the program by f i s c a l  year (FY) a re  shown below: 

Budget Category FY 1372 FY 1973 FY 1974 FY 1975 

Personal Services $43,552 $44,255 $43,634 $43,691 

Contractual Services 25,205 23,994 22,136 21,282 

Equipment & Supplies 5,762 2,324 8,499 3,399 

Over head 8,000 7,630 10,161 10,140 

Miscellaneous 4,019 4,688 1,164 3,302 

To t a  1 $86,538 $82,891 $85,594 $81,814 



Table 9. Summary of length  of tow experiments: mean length  (cm) a t  two tow lengths f o r  three d i f f e ren t  
mesh sizes and number o f  tows and f i sh ,  September 1972. 

Speci es Trawl Ves h S i  ze 

3.5- in mesh 3.5x2.5-in mesh 2.5-in mesh 
Lengtn o t  TOW  en tn or TOW Lengtn OT row 

0.75 m i  1.50 iY m i  ~ e v . g  0.75 ?! mi 1.50 M m i  - Dev. 0.75 PI mi 1 . 5 0 N m i  - Dev. 

Plean Lenqth Mean Length Fkan Length 

Dover so le  36.0 37.0 + l .  0 34.5 34.8 +O. 3 34.9 36.0 + l .  l* 
Engl ish sole 26.2 25.5 +0.3 23.0 23.8 +O. 8* 24.6 24.1 -0.5* 
Rex so le  30.1 30.9 +O. 8* 28.5 27.1 -1.4* 28.2 27.6 -0.6 
P a c i f i c  sanddab 22.8 22.4 -0.4 21.6 21.4 -0.2 21.2 21.3 +0. 1 
Arrowtooth flounder 42.9 34.2 +4. G* 30.0 28.4 -1.6* 29 .5  28.8 -0.7 
S l  ender so le  18.2 19.4 +1.2* 21.3 2fl, 1 -1.7* 20.2 2P. 7 +O. 5* 

?lo. tows/ffo. f i s h  pro. torhls /No . f i s h P!o. to\vs/P!o. f i s h  I 
-P 
w 

4/153 4/ 260 ( 1 . 7 0 ) /  4/398 4/504 (1.25)&/ 4/913 411,972 ( 2 . 1 6 ) ~ /  
I 

Dover so le  
Engl ish so le  3/602 3/912 (1.51) 2/1,179 ?/1,244 (1.06) 2/1,274 2/2,217 (1.74) 
Rex so le  4/ 116 4/138 (1.19) h/281 4/415 a1201 4/409 
P a c i f i c  sanddab 3/119 3/237 (1.99) 2/637 2/855 [ I  2/825 2/1,7/10 
Arrowtooth f 1 ounder 1/68 1/101 (1.49) 2/287 2/426 (1.48) 2/263 2/399 

[;::;I 
(1.52) 

Slender so le  1/70 1/164 (2.34) 2/605 1/72!? (1.20) 2/810 2/1,259 (1.59) 

Total  f i s h  1,128 1,812 (1.61) 3,387 4,173 (1.23) 4,286 7,026 (1.64) 

* S ign i f i can t  a t  95% 

11 Deviat ion: 1.50 m i  tow - 0.75 m i  tow 

2/ Numbers i n  parentheses i s  magnitude o f  increase i n  catch s i ze  o f  1.50 m i  tow over 0.75 mi tow. - 



A comprehensive marine resource survey was conducted on t h e  Cont inenta l  she l f  
and upper con t inen ta l  slope o f f  Oregon from 1971-74. Object ives were t o  est imate 
biomass of species suscept ib le  t o  capture by an on-bottom t rawl ,  w i t h  p a r t i c u l a r  
emphasis on f l a t f i s h ;  t o  index year c l a s s  s t reng th  of important  f l a t f i s h ;  and t o  
ob ta in  est imates o f  age composition, growth and m o r t a l i t y .  

The survey was a systematic design based on a 5x5 M m i  g r i d  w i t h  a random 
s t a r t i n g  p o i n t .  Catches of f l a t f i s h  were sampled sys temat ica l ly .  

Estinlates of biomass were determined by f i r s t  s t r a t i f y i n g  the  survey area i n t o  
depth s t ra ta ,  then c a l c u l a t i n g  t h e  s t r a t i f i e d  mean catch per standard tow by weight ing 
each st ratum mean by t h e  st ratum area d i v ided  by t h e  t o t a l  area. 

Estimates o f  usable o r  marketable biomass were determined by app ly ing  an age- 
s p e c i f i c  u t i l i z a t i o n  r a t e  and age-speci f ic  mean weight  t o  est imated biomass. Estimates 
of y i e l d  were determined by mu1 t i p l y i n g  usable biomass by est imated instantaneous 
f i s h i n g  m o r t a l i t y  r a t e ,  F. 

To ta l  biomass ( a l l  species) was est imated a t  283,750 n1.t. i n  1971-72, and 235,117 
m. t .  i n  1973-74. F l a t f i s h  comprised 30 and 34% o f  t h e  t o t a l  biomass i n  1971-72 and 
1973-74 respec t i ve l y .  Dover so le  was t h e  major species. Usable biomass f o r  p r i n c i p a l  
species o f  f l a t f i s h  ranged from 23,266 m a t .  f o r  Dover so le  t o  2,885 m. t .  f o r  p e t r a l e  
sole. 

Estimates of p o t e n t i a l  annual y i e l d  ranged from 3,500 m. t .  f o r  Dover so le  t o  
800 m.t .  f o r  p e t r a l e  sole.  Species o f f e r i n g  the  g rea tes t  p o t e n t i a l  increase were 
Eng l ish  sole, rex  so le  and P a c i f i c  sanddab. We concluded t h a t  increases i n  y i e l d  
could be obtained withou-t i nc reas ing  f i s h i n g  r a t e  i f  species caught were more 
i n t e n s i v e l y  u t i  1 ized. 

D i s t r i b u t i o n  o f  some species i n d i c a t e d  d e f i n i t e  preferences f o r  depth and 
sediment type, o r  both, w h i l e  o ther  species d i d  not.  Eng l ish  so le  and P a c i f i c  sand- 
dab occurred most ly  over  sand sediments i n  shal lower water w h i l e  Dover so le  and 
arrowtooth f lounder  occurred most ly  over mud sediments i n  deeper water. 

Strong year classes were ev ident  f o r  most species. The year classes o f  1961, 
1966, and 1968 were most prominent. 

The systematic design o f  t he  survey coupled w i t h  t h e  i n t e n s i t y  o f  sampling was 
adequate t o  re1  i a b l y  est imate abundance. Confidence 1 i m i  ts ,  though usual l y  l e s s  
than +50% f o r  major species, were probably over-est imated by t h e  systematic design; 
thus our a b i l i t y  t o  de tec t  popu la t ion  changes was reduced. 

Catch sampling methods were tested.  S i ze  composition, sex r a t i o  and numbers 
caught were adequately estimated. 

Tests conducted w i t h  small mesh t r a w l s  i nd i ca ted  i n i t i a l  est imates o f  biomass 
might  double, b u t  usable biomass and y i e l d  would be s i m i l a r  when compared t o  
est imates based on t h e  survey t r a w l .  We concluded t h a t  t h e  a d d i t i o n a l  work requ i red  
t o  process l a r g e r  catches made by t h e  small mesh t r a w l s  would e f f e c t  an unacceptable 



s a c r i f i c e  i n  the  number o f  tows made. The survey t raw l  caught adequate numbers o f  
j u v e n i l e  f i s h  t o  enable indexing o f  incoming year  classes. 

Length o f  tow experiments were, i n  par t ,  - inconclusive, however, r e s u l t s  i nd i ca ted  
t h a t  increas ing leng th  o f  tow i n  some cases, increased the  mean leng th  o f  f i s h  
captured. We concluded t h a t  a d d i t i o n a l  work i s  requ i red  t o  develop standardized 
survey techniques. 

Sex-speci f ic  est imates o f  age s t r u c t u r e  f o r  ten  species o f  f l a t f i s h  (Dover, 
Engl is l i ,  rex,  pe t ra le ,  slender, bu t te r ,  f l a thead  and sand sole; P a c i f i c  sanddab and 
arrowtooth f lounder )  were obtained. For  a l l  bu t  f l a t h e a d  and b u t t e r  sole, 
von B e r t a l a n f f y  growth constants (La, K, t o )  ; 1 ength-wei h t  r e 1  at ionships;  t o t a l  and 
f i s h i n g  m o r t a l i t y  r a t e s  (Z,F); and e x p l o i t a t i o n  r a t e s  (u  3 were estimated. By sub- 
t r a c t i o n  (Z-F), est imates o f  instantaneous n a t u r a l  m o r t a l i t y  r a t e  (M) can be obtained. 

Recommends ti ons 

1. We recornmend t h a t  t he  surveys o f  t he  type described i n  t h i s  r e p o r t  be 
repeated b i e n n i a l l y  w i t h  a reduced sampling i n t e n s i t y .  Surveys o f  t h i s  type can 
more r e l i a b l y  measure stock s ta tus  than the  t r a d i t i o n a l  use and ana lys i s  o f  commercial 
f i s h e r y  s t a t i s t i c s .  

2. Add i t i ona l  work should be done on s tandard iz ing  and t e s t i n g  survey methods, 
e s p e c i a l l y  l eng th  o f  tow and type o f  foo t rope.  

3.  The systematic sampling design i s  more convenient than random sampling; i t  
i s  adequate f o r  t he  purpose o f  documenting demersal f i s h  stock status,  and should 
be u t i l i z e d  i n  f u t u r e  such surveys; i t  i s  e s p e c i a l l y  use fu l  i n  species assemblage 
(Personal Corn., A.V. Ty ler ,  Oregon Sta te  Un ive rs i t y ) .  

We e s p e c i a l l y  thank the  cap ta in  and crew of t he  B/V C ommando: Tom Oswald, 
Olaf Rockness, and Rod Uahl , for  a superb job .  We want t o  acknowledge Jim Meehan's 
assis tance i n  t h e  i n i t i a l  planning, support  for,  and admin i s t ra t i on  o f  t h e  p r o j e c t .  
Gennadi Uduev, v i s i t i n g  s c i e n t i s t ,  U.S.S.R., p a r t i c i p a t e d  i n  1972. Personnel o f  
N.1vi.F.S. gave d i v i n g  support and keypunched the  data. Me g r a t e f u l l y  acknowledge the  
assistance o f  twenty persons f rom Oregon Department o f  F i sh  and M i  l d l  i f e ,  Washington 
Department o f  F isher ies,  and Oregon Sta te  Un ive rs i t y ,  f o r  t h e i r  p a r t i c i p a t i o n  a t  sea. 
Lou Fredd provided valuable s t a t i s t i c a l  assistance. Funding was granted through 
PL 88-309, Commercial F i she r ies  Research and Uevelopment A c t  o f  1964, under annual 
cont rac ts  : 1971, N 208-0072-72(W); 1972, 04-3-208-57; 1973, 04-4-208-6; 1974, 
04-4-208-6. 
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Appendi x 1. Continued. Specif i c a t i  ons of t raw l  used on Oregon groundf i s h  
surveys, 1971-74. 

Type : 400 mesh eastern 

Ilinys, square, be1 ly: 3.5-in mesh (stretched measure), 42 thread nylon. 

I nterniedi ate : 3.5-in mesh, 60 thread nylon. 

Codend : 3.5-in mesh, 96 thread nylon, 

Sweep 1 ines: 

Headrope : 

Floats: 

br id les ,  10 f m  x 3/8-in wire; dandy l ines,  5 f m  x 3/8-in 
wire. 

60 - f t  4- in  plus eyes, 3/8-in galvanized wire rope wrapped 
w i t h  l / 4 - i  n polypropylene. 

8-in, spherical,  evenly spaced on headrope. Eleven used 
i n  1971-72, 12 i n  1973, 13 i n  1974. I n  1974 on tows >I10 
fm 20 8 - in  and 2 10-in f l o a t s  were used. 

Footrope : 7 7 - f t  p lus eyes, 1/2-it1 galvanized w i re  rope wrapped w i t h  
3/8-in polypropylene. I n  1971-72 50 pounds of chain 
attached. I n  1973-74 a second footrope of 3/8-in chain 
threaded through 4.5-in rubber discs was used. Ro l le r  
gear used i n  1974 was made up o f  2, 18-in rubber wheels, 
10, 14-in wing bobbins and 1, 18-in bobbin attached t o  
each wing t i p  (Gunderson, 1969). 

T i ck l e r  chain: 70 - f t  x 5/16-in attached t o  each wing t i p .  



Appendix 2. Prel iminary estimates o f  Length-Weig h t  and Von Berta lanf fy Age-Lenqtk 
Growth Constants of F l a t f i s h  Taken on Groundf i s  h Surveys ; 1971-74. 

Length-Weight Constants Von Ber ta lan f fy  Age-Length Constants 
Species a b L aL, K to 

Dover so le  
'la 1 es -1.873n 2.8911 44.08 0.2186 -0.02 
Ferna 1 es -1.9927 2.9655 60.70 0.1110 -0.18 

English so le  
?.!a 1 es -2.1067 3.0132 36.30 0.2560 -1.08 
Fema 1 es -2.6579 3.4003 46.7n 0.143Q -4.. 67 

Petral  e so le  
;la 1 es -2.3947 3.2812 45.40 0.2018 -1.82 
Fema 1 es - 2.5264 3.3760 54.40 9.2119 +O. 08 

Rex sole 
Ma 1 es 
Femal es 

Arrowtoot h f 1 ounder 
P'la 1 es - 2.0566 2.9822 43.10 0.3n8l -1.37 
Fema 1 es -2.5727 3.3160 68.80 0.1562 -0.46 

Pac i f i c  sanddab 
Ma 1 es -2.3662 3.2323 24.60 0.3801 +O. 16 
Fema 1 es -2.6072 3.4703 29.50 0.3073 +Q. 13 

Sand so le  
Ma1 es - 1.7681 2.8484 41.70 0.4328 +0.34 
Fema 1 es -2.1839 3.1285 46.10 0.4565 +0.31 

Slender so le  
Males -2.5770 3.2440 27.40 0.1634 -2.17 
Femal es -2.6083 3.2632 29.50 0.1833 -1.44 

But ter  so le  
Ma1 es I n s u f f i c i e n t  data I n s u f f i c i e n t  data 
Femal es -1.9891; 2.9424 I n s u f f i c i e n t  data 

F l a t  head sol  e I n s u f f i c i e n t  data 



Appendix 3. L i s t  o f  Common and S c i e n t i f i c  F!ames. 

Common ij!ame Sc ien t i f i c  Name 

Spiny dogf ish 
Big skate 
Black skate 
Long nose skate 
R a t f i s l ~  
Pac i f i c  hake 
Pac i f i c  cod 
Rougheye rock f  i s h 
Pac i f i c  ocean perch 
Aurora rock f i sh  
Redbanded rockf ish  
S i  l vergrey rock f i sh  
Darkblotched rock f i sh  
Spl i tnose rockf ish  
Greens tri ped roc kf i s  h 
Llidow r o c k f i s h  
Ye1 1  owtai 1  rockf ish  
Rosethorn rockf ish  
Black rock f i sh  
Bocacci o  
Canary 
Reds tri pe roc k f  i s  h 
Ye1 l o~mou th  rock f i sh  
Turkey-red rock f i sh  
S t r i p e t a i l  r ock f i sh  
Sharpchin r ock f i sh  
Shortspine thornyhead 
Sablef ish 
L i  ngcod 
Pac i f i c  sanddab 
Arrowtooth f lounder 
Pet ra le  so le  
Rex so le  
Flathead so l  e 
But ter  so le  
Rock so le  
Slender so le  
Dover so 1  e 
English so le  
S ta r ry  f lounder 
C u r l f i n  so le  
Sand so le  
Ha 1  i but 

Squa Zus acanthias 
Raja binom Zatu 
R. kincaidi 
R. rhina 
Hydro Zagus co Z Ziei 
MerZuccius productus 
Gudus macrocephaZus 
Sebastes aZeutianus 
S .  aZutus 
S. aurora 
S. babcocki 
S.  brevispinis 
S. crameri 
S. dipZoproa 
S. eZongatus 
S. entome Zas 
S. fZavidus 
S. he Zvomacu Zatus 
S. me Zanops 
S. paucispinis 
S. pinniger 
S. proriger 
S. reedi 
S. ruberrimus 
S. saxicota 
S. zacentrus 
Sebasto Zobus a Zascanus 
Anop Zopoma f imbria 
Ophiodon elongatus 
Cithmichthys sordidus 
Atheresthes stornias 
Eops e t ta  jordani 
GZyptocephaZus zachirus 
fl<ppogZosso<des eZascodon 
Isopsetta i so  Zepis 
Lepidopsettu b i  Zineata 
Lyopsetta exi Zis 
Micros t o m s  paci f icus 
Parophrys re tu  Zus 
PZatichthys steZZatus 
PZeyronichthys decurrens 
Psettichthys meZanosticus 
Hippog Zossus steno Zepis 


