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The Petrale Sole 

Petrale sole  are taken commercially from Santa Barbara, California, t o  Hecate 
S t r a i t ,  Bri t ish Colu~ibia. These 1 arge deep-bodied flounders are one of the major 
contributors to  Oregon's trawl fishery, as well as those of lJashington, British 
Columbia, and California. Only the Dover and the English soles appear in greater 
quanti t ies .  This species is somet i~es  cal led " r i  ch man's sol e"--the petrale 's  si ze 
and excel l e n t  qua1 i t y  as a f i  1 l e t  product cause i t  to  command the highest price 
o f  any Pacif ic  coast f l a t f i s h ,  excepting only ha1 ibut.  

The length a t  which a petrale  sole  matures depends on the f f sh ' s  sex and where 
on the coast i t  l ives.  Fif ty percent rnaturi ty ( the length [or age] a t  which ha1 f 
the fish in an area are  mature) off  the Columbia River i s  13-3/4 inches (34.8 cm) a t  
4 years fo r  male and 15-1/2 inches (39.7 cm) a t  5 years for  feriiale sale.  Further 
south f i s h  mature a t  a s l i g h t l y  smaller s i z e  while fur ther  north they are larger  end 
older. The youngest petrale  so le  reported spawning were a 11.7 inch (29.7 cm), 
3-year-old male and a 12.5 inch (31.7 cm), 4-year-old female. A t  the other end of 
the sca le ,  a female a t  18.5 inches (47.0 cm) a t  9 years of age end a male a t  15.2 
inches (38.6 cm) a t  8 years have been found immature. 

Sexes of most f l a t f i s h ,  including pe t ra le  sole ,  can be discerned by holding the 
fish against a l igh t ,  termed "candling:'. The female's ovary can be seen as a long 
shadow extending toward the t a i l  from the stomacl~ area. 

Petral e so le  spawn between llovernber and Apri  1 , w i t h  KOS t ac t i  vS ty  occurring 
from January to ear ly Flarch. Studies on rnzrket saniples have shown that  more females 
t h a n  males occupy the s i t e s  ear ly in the season and tka t  th i s  r a t io  switches as 
the season progresses. 

A 16-1/2 inch (42 cm) female petrale  so le  produces about 400,000 eggs and a 
22-1/2 inch (57 cm) fish, over 1,200,000. 

EARLY L I F E  HISTORY 

Eggs and Larvae 

Develop~ent of the petrale  sole  i s  known largely frofn laboratory work and 
inference based on oceanographic d~ t ; . .  and com~erci a1 1 andings. Sp~i:ln?ng occurs, 
depending upon the spawning s i t e ,  i n  water about 150-250 fathogs (274-457 meters) 
deep. Fert i l ized eggs, averaging 1.25 nlm (about 1./15 inch) i n  diameter, are  less  
dense than the cold, high s a l i n i t y  water surrouoding them a t  tina-t d2pth .  Eggs are 
believed to  ascend slowly to a level i n  the watzr colum whei-e they 2 r ~  neutrally 
bouyant, a depth determined by the temperature 8nd s?l in i  ty of layer: through 
~vhich they pass. Laboratctry observations show tha t  t h i s  6epth is ~ o r a a l ' i y  i n  the 
upper layers of water. Here the eggs hatch and are trznsported by surface currents. 
Since prevailing winds a t  the time of spawning are froq the southwest, eggs end 
1 arvae are dispersed northward and i nsliore f rorn spawnirrg 1 ocati cns. In t k ?  
laboratory, eggs hatch in about 8-1/2 days a t  7 C (42.6 F). 

Larvae are about 3.0 mm (1/8 inch) long a t  t i ~ e  of hatching. Yolk sacs are 
absorbed by the tenth day following. Captures of larvae a t  sea have been sparse-- 



l e s s  than 100 during the past 18 years. Times of captures and stages of larvae taken 
point to  a 5-6 month pelagic existence. During this time the l e f t  eye migrates to  
the r i g h t  s ide of the f i sh  (a process called metasorphosis) as the baby sole are 
prepared f o r  a benthic 1 i fes ty le .  

Juveni les  

Bottom-dwel 1 ing post-metamorphosi s petrale  sole  are found almost as infrequently 
as  larvae. The few captures, off  Fdewport, Oregon, Crescent City and San Francisco, 
Cal i f o m i a ,  and off Bri t ish Columbia, indicate tha t  these young f-ish inhabit shallow 
to mid-shelf depths of about 20 to 90 fathoms (36 to  G6 m.)  during summer rnznths 
following metamorphosis. I t  i s  possible t h a t  juvenile p2tral e sole  are n o t  r e s t r i  ctsd 
t o  a benthic existence, or t h a t  most of t h e i r  time is  spent on bottoms too  rocky 
f o r  trawl ing. 

ADULT LIFE HISTORY 

Distribution and Abundance 

Petral e so le  range from northern Baja Cal i fornia to northwast A1 aska; however, 
they occur i n  su f f i c i en t  density to  support comnercial f i sher ies  between S ~ I - , ,  . ilzrbara, 
California, and Hecate S t r a i t ,  Brit ish Columbia. 

Depth of occurrence i s  seasonal. From roughly April t o  October they ars  taken 
between 20-100 fathoms w i  th  heaviest commerci a1 catches occurring a t  49-70 fathom. 
In winter (T!ovember through ?-larch) the most cornmoil depth range i s  170-250 fathom. 

An Oregon Department of Fish and LJi 1 dl i f e  (ODF1.J) traw; survey, conducted i n  1 a te  
summer and early auturnn of 1971-74 off the Oregon coast ncrth of Capo Blanco, found 
more petrale sole  over sand than over mud bottom with many taken adjscei~t  to  untra't~l- 
able areas. Petrale sole  a t  winter spawning depths occur o8:er predcrninc?ntly n;ud 
bottoms. 

In Oregon commercial trawl landings of petrale  sa l e  rank thi  rd aicong the f l a t -  
fish a f t e r  Oover and English soles. The previously m n t i o ~ e d  Oregon trawl surv?y 
found an estimated 9-13 mi 11 ion pounds (4033-5900 r, t. ) of petrale  sole  out of 176- 
188 mi 11 ion pounds (79,855-55,300 m. t. ) of combined f l a t f i s h  irthab?'tr;d the contincntz? 
she1 f and upper slope off the Oregon coast. 

Feeding Habi ts 

The petrale  is  a large-mouthed floundar wi ti? a strong dotlble rcjw of teeth i n  the 
upper jaw and a s ingle row i n  the lower. I t  takes primarily f i sh  2nd pelcg-i c 
invertebrates as i t s  food. For much of the coast 's  population, the :;,st corrimt~ fox! 
i tern i s  Euphausi ds o r  "kri  11 ' I ,  whi ch are srnal 1 shrimp-1 i ke aniral  s often occurrir g 
i n  great  abundance i n  the water column. Other important food items icclude her-Srrg, 
shrimp, juvenile rockfish, and, in the northern part  of t h z i r  range, s c ; l  lancc. 
Off California, anchovies, juvenile hake, and other f l a t f i s h  also figure prominently 
i n  t h e i r  diet .  

Age and Growth 

Aging  of petrale  so le  i s  accomplished by counting winter "bands" on the i r  o to l i ths ,  
or  ea r  bones. A1 ternate trans1 ucent and opaque bands, l i ke  rings on a t ree ,  appear 



as the f i s h  grows. Each t rans lucent  band corresponds t o  a  w in te r  season, a t ime of 
slow growth. 

Both male and female pe t ra l e  grow r a p i d l y  f o r  the f i r s t  few years. Sole as 
young as two years (7.5-9.5 inches, o r  19-24 cm) are seen i n  the commercial catch, 
b u t  most f i s h  do no t  become la rge  enough t o  be re ta ined  by normal t r aw l i ng  gear 
u n t i  1  age four o r  f i v e  (12.5-14 inches, o r  31.7-35.5 cm). The bu lk  o f  Oregon 
commercial landings cons is ts  o f  p e t r a l e  aged 5-8 years and 14-17 inches (35.5-43.2 cm) 
long. 

The o l des t  recorded pe t ra l e  so le  were a  25.25 inch  (64 cm) female aged 25 years 
and a 19.75 i nch  (50 cm) male aged 19 years, The longest  f ish ,  ages unknown, were 
a  27.5 i nch  (70 cm) female and a 2 1  inch  (53 cm) male. 

THE FISHERY 

Oregon's t rawl  f i s h e r y  expanded g r e a t l y  i n  the l a t e  1930's and dur ing World War 11. 
A t  t h i s  tinre the p e t r a l e  f i she ry  was a  sumrer inshore operation. Catch pat terns 
va r ied  f o r  s p e c i f i c  areas b u t  genera l ly  P a c i f i c  coast landings were a t  t h e i r  peak i n  
pos t-war years and decl ined s tead i  l y  throughout the  e a r l y  1950's. 

A boost  t o  the northern f l ee t s  t raw l  1  andings came w i t h  the discovery by the 
Washington t rawlers  o f  the Es teban Deep w i n t e r  spawning grounds o f f  southern Vancouver 
Is land.  Because o f  the heavy spawning concentrations, l a rge  numbers o f  f i s h  were 
taken i n  a  very few weeks. The inshore f i s h e r i e s  continued t o  dec l ine t o  such an 
ex ten t  t h a t  an i n te rna t i ona l  agreement was reached i n  1957 t o  r e s t r i c t  w in te r  f i sh i ng  
on pe t ra l e  spawning aggregations. By t h i s  t ime fishermen no longer sought pe t ra le  
so le  excl  us ive ly ,  b u t  had begun the mu1 t i -spec ies e f f o r t  s t i  11 i n  e f f e c t  today. The 
r e s t r i c t i o n  was l i f t e d  i n  1967, avrlen i t  was decided t h a t  the w in te r  f i she ry  had 
probably n o t  been the cause of the dec l i n i ng  summer inshore f ishery. The primary 
f a c t o r  governing abundance of pe t ra l e  so le  i s  thought t o  be n a t u r a l l y  caused 
f l  uctuat ion i n  annual spawni ng-recrui tment success, 

Subsequent d iscover ies of o ther  spawning grounds such as the LJil lapa Deep, off 
southern Nashington, and the Heceta Bank Deep, o f f  cen t ra l  Oregon, have augmented 
the catch t o  sore extent. However, i t  has never approached the peak o f  the l a t e  1940's. 

Oregon's catch o f  p e t r a l e  so le  has v a c i l l a t e d  between 1.6 and 2.7 m i l l i o n  pounds 
( i n  1968 and 1974, respec t i ve ly )  i n  the per iod  between 1966-1975, w i t h  a  ten-year 
man  of 2.1 m i  1  l i o n  pounds (952 m. t,). Landings i n  1976 were 1.7 m i l  1  i o n  pounds 
(771 rn. t.) ou t  o f  a  P a c i f i c  coast t o t a l  est imate of 7.8 m i l  l i o n  pounds (3,540 m. t. ). 

EIIGRATIOi4S AtiD TAGGE IIIG 

In format ion regarding migrat ion pa t te rns  o f  f i s h  species i s  obtained by tagging 
experiments. Pe t ra le  so le  taggings have been conducted i n  a l l  areas where they are 
o f  commercial irrrportance. They are performed l a r g e l y  t o  f i n d  ou t  where summer inshore 
populat ions go t o  spawn, and where spawning stocks move f o r  t h e i r  sumer  feeding 
migrat ions . 

V i r t u a l l y  a l l  tag  re turns show t h a t  these f i s h  are d iv ided  i n t o  r e l a t i v e l y  
d isc re te  (separate) populat ions which genera l ly  assemble t o  spawn a t  the same s i t e  
year a f t e r  year and disperse northward and inshore dur ing sp r i ng  and summer months 



to' feed. Populat ions ,nix f requent ly  during feeding migrat ions i n  summer but  few 
ind iv idua l s  spawn a t  s i t e s  o t h e r  than t h a t  of t h e i r  own group. Pedersen (1975) 
del inea ted  the  migration t e r r i  t o r i e s  o f  the spawning populat ions o f  Esteban, bfi l l  apa, 
and Cape F l a t t e r y  S p i t  Deeps (Figure 1). 

A s tudy  o f  Oregon's major p e t r a l e  s o l e  populat ion,  tagged during spawning on the  
Heceta Bank Deep by ODFU ( sou theas t  of  Heceta Bank o f f  cen t ra l  Oregon), shows t h a t  
t h i s  group adheres t o  a simi 1 a r  pa t t e rn .  i4os t summer m i  g rants  (84%) bearing these  
tags  were taken from waters inshore o f  t h e  spawning s i te  t o  of f  Cape F l a t t e r y ,  
Mashington, A l l  spawning ground r-ecoveries cane from the  Heceta Bank Deep, 

Two taggings of inshore f i s h  i n  s p r i n g  wgre a l s o  conducted by the  ODFW. One was 
just inshore  o f  Heceta Bank Deep and t h e  o t h e r  about 75-90 nau t i ca l  miles (139-166 km) 
north of t h e  spawning ground. Spawning ground recover ies  from these  i n d i c a t e  t h a t  
Heceta Bank Deep and Eureka Deep ( o f f  Eureka, ~ a l i f o r n i a )  spawnzrs zra shar ing  ifi- 
s h w e  feeding grounds i n  s p r i n g  and summer, y e t  a r e  probzbly re turning t o  t h e i r  cwn 
sites f o r  spawning. Returns from autumn inshore  taggings o f f  northern Ca l i fo rn ia  
by the Ca l i fo rn ia  Department o f  Fish and Gane s u b s t a n t i a t e  t h i s  conclusion. 

Fish from a l l  t h r e e  Oregon s t u d i e s  were found on spawning s i t e s  i n  win te r  up t o  
four  y e e r s  a f t e r  tagging had taker? place. One f i s h ,  caught i n  the summer inshore 
f i s h e r y ,  remained f r e e  f o r  11 years--long enough f o r  t h e  number t o  have worn o f f  the  
tag. 

Piost tagging st!:dies have shoen no preference  by p e t r a l e  s o l e  of o x  age-class 
o r  g e n d ~ r  t o  migrate 2s a group. The exception is  the p;-eviously noted tendency f o r  
females t o  a r r i v e  a t  2nd depar t  from the  ry-.:!ring s i te  e a r l i e r  than m?;es, 

Tagging s t u d i e s  have y ie lded  estimates o-i speed cf m l ' g r a t i ~ n  f o r  p e t r a l e  so le ,  
These ari? obtained by dSviding th2 number o f  rn'les t r a v e l e d  by the n u d e r  of days of 
f r ~ e d o g  o.? Pish cap t t~ red  soon a f t e r  re1 eas2. Resul ts from various s t u d i e s  i n d i c a t e  
a s::?ed o f  1.0-3.8 ~ i l c s  p2r day. This  is  a minimua spezd,  a s  f i s h  a r e  unl ike ly  t o  
t i -awl  i n  a s t r a S g h t  l in2 .  

Fish tagging s t u d i e s  a r e  only as  v a l i d  a s  the i n f ~ r r z a t i o n  returned.  Flotation of 
da te  and a r e a  of  capture ,  tcg  number and length  o f  a recovered taggzd f i s h  help 
b i o l o g i s t s  bus ld  a p i c t u r e  o f  a populat ion which can i n  turn  a i d  i n  de? re lcpxn t  of 
g w d  management p rac t i ces .  I t  i s  a l s o  helpful  t o  give the taggzd f i s h  tc~ the  t353ing 
agency f o r  dztern-ination o f  age and sex. 

I n f o r ~ n t i o n  f o r  t h i s  r epor t  was gathered from t h e  following: pub1 i c a t i o n s  2nd 
repor t s  of the  Washingt~n Departmcnt o f  F-isheries , P a c i f i c  Marine F i shc r i e s  Cenr;.i s s ion ,  
O r e p  Departmcnt o f  Fish and b i l d l i f e ,  F i she r i e s  Research Eoard o f  C a n a d ,  znd 
C2l ~ i l o r n i a  Department of Fish and Gane. Gra t i tude  i s  extendxi  t o  the many trawl 
fishermen who h a w  re turned tagged f i s h  t o  appropr ia te  a~encies- -wi  tkout  who3 1 i t t l e  
knowledge of  m i  gratoi-y behavior would be poss ib le .  
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Oregon 

F i g u r e  1. Deepwatllr spakininy grounds o-f ~i ;a jor  petrzle sols groups occurring off  the  
northern Pac i f i c  coast. Lines extending From each ci rcle d27 i nea te  p r imary  
range or" surnrwr.tim occurrence o f  adu? t s  from each spawn-ing group. Proposed 
range o f  d i s t r i b u t i o n  o f  Hecat2 Bank group i s  based cn pr21 irninary t a g  
recov6ry analysis. 


