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ROCKFISH ASSESSMENT STUDIES ON 

HECETA BANK, OREGON, 1980-81 

ABSTRACT 

From January 1980 t o  January 1981 approximate monthly sampling o f  a 
unique r o c k f i s h  (Scorpaenidae) f i s h i n g  area on Heceta Bank, Oregon was 
undertaken us ing acoust ic  techniques and t r aw l i ng  aboard chartered comnercial 
f i s h i n g  vessels. Rankings o f  dens i ty  o f  f i s h  s ign observed on acoust ic  
t ransects were regressed against  selected environmental var iables.  Acoustic 
abundance resu l t s  showed no seasonal f l u c tua t i ons  nor  were abundance ra t i ngs  
co r re la ted  t o  time o f  day. A s i g n i f i c a n t  c o r r e l a t i o n  was obtained between 
rock f i sh  abundance and feed abundance. A1 though regressions o f  acoust ic  
estimates were s i g n i f i c a n t  each o f  the  p r i n c i p a l  var iab les  o f  weekly upwel l ing 
index, secchi depth, t ime o f  day, barometr ic pressure, feed abundance and 
t i d e  f l u c tua t i ons  accounted for  on ly  a small p a r t  of the variance. 

A r e l a t i onsh ip  between t r aw l  catch r a t e  ( I  b l h r )  and season o r  t ime o f  
day was not  observed. Catch ra tes  were co r re la ted  w i t h  bottom temperature, 
maximum t i d e  change and t i d e  change dur ing t he  tow. Qua r t e r l y  biomass 
estimates ca lcu la ted  by. the area-swept method var ied as much as 20-fold. 

We concluded t h a t  the method o f  ranking abundance based on acoust ic  
s igna ls  was unsuccessful. More - importantly we were unable t o  p red i c t  con- 
d i  t i o n s  dur ing which canary r o c k f i s h  ( ~ e b a s t e s  p i nn i ge r )  were ava i lab le  t o  
t rawl  able areas. 

INTRODUCTION 

The need fo r  an adequate data base t o  proper ly  manage rock f i sh  species 
(Scorpaenidae) o f  the  P a c i f i c  coast has increased over the past decade. The 
enactment o f  the  Magnuson Fishery Conservation and Management Act o f  1976 
and a cont inual  increase i n  r o c k f i s h  landings both have st imulated work on 
assessment o f  r ock f i sh  stocks (Gunderson and Lenarz, 1980). Two coastwide 
r o c k f i s h  resource assessment surveys were completed by the Nat ional  Marine 
Fisher ies Service, i n  1977 and 1980. Some r e s u l t s  o f  these surveys were 
questioned, p a r t i c u l a r l y  by indust ry ,  as we l l  as managers. I n  several 
instances survey r esu l t s  were incons is tent  w i t h  f i she ry  r e s u l t s  which l e d  
managers t o  seek a l t e r n a t i v e  stock assessment methods. 

Unfortunately, r e l i a b l e  stock abundance est imates o f  most r ock f i sh  species 
found off t he  P a c i f i c  coast are  d i f f i c u l t  t o  obtain.  T rad i t i ona l  survey 
methodology (area swept) works we l l  f o r  some other  species such as f l a t f i s h  
bu t  has no t  always resu l ted  i n  accurate abundance estimates f o r  r ock f i sh  
species. Most survey methods t o  date have r e l i e d  heav i l y  on area-swept 



expansion of catch data made from sample t rawls .  However, variance o f  
sample t raw l  data i s  u s u a l l y  high, due t o  the  aggregating nature  o f  most 
r o c k f i s h  species. 

Other r o c k f i s h  behavior c h a r a c t e r i s t i c s  a re  a l so  known t o  complicate 
assessment surveys. Many r o c k f i s h  species spend much t ime aggregated 
over areas o f  un t rawlab l  e bottom (Boeh ler t  1980, Gunderson and Sample 1980). 
Seasonal as w e l l  as sho r te r  term changes i n  d i s t r i b u t i o n  a r e  n o t  we l l  under- 
stood. These changes i n  d i s t r i b u t i o n  may a l s o  b ias  r o c k f i s h  abundance 
est imates s ince most surveys are completed dur ing  the  summer months and 
ac tua l  f i s h i n g  t ime may be weeks o r  months removed f rom the  p lann ing stage. 

The Oregon Department o f  F i sh  and Wild1 i f e  i n i t i a t e d  a study i n  1980 
t o  improve methodology f o r  assessment o f  r o c k f i s h  stocks. Two ob jec t i ves  
were establ ished.  Our f i r s t  o b j e c t i v e  was t o  determine i f  the e l e c t r o n i c  
f i s h  l o c a t i n g  equipment on board wel l-equipped commercial f i s h i n g  vesse1.s 
could be used t o  produce accurate r o c k f i s h  abundance est imates. Because 
acoust ic  instruments are  becoming an inc reas ing ly  important  t o o l  f o r  b i o l o g i s t s  
i n  es t ima t ing  f i s h  abundance i n  many f i s h e r i e s  throughout t h e  wor ld  (Forbes 
and Nakken, 1972, Dark, e t  a l ,  1980) we wished t o  examine the  p o s s i b i l i t y  of 
ob ta in ing  abundance est imates o f  demersal r o c k f i s h  species us ing  e l e c t r o n i c  
instruments as an a l t e r n a t i v e  t o  est imates made by area-swept expansion of 
sample t r a w l  catches. I f  successful ,  accuracy o f  r o c k f i s h  abundance 
est imates might  be improved. I n  recent  years, many boats w i t h i n  the  Oregon 
t r a w l  f l e e t  have acquired soph is t i ca ted  echo-sounders , f i s h  scopes, and 
sonar equipment t o  a i d  i n  f i s h  detec t ion .  This equipment, combined w i t h  
t h e  commerci a1 f ishermen's knowledge o f  the f i s h i n g  grounds and f i s h i n g  
gear, provided a unique t o o l  f o r  a study o f  r o c k f i s h  assessment methodology. 

Our second o b j e c t i v e  was t o  determine what f a c t o r s  a f f e c t  r o c k f i s h  
a v a i l a b i l i t y  and d i s t r i b u t i o n  w i t h i n  a survey area. By r e s t r i c t i n g  our  
survey t o  one s p e c i f i c  area and sampling throughout t h e  year,  we hoped t o  
examine environmental f a c t o r s  a f f e c t i n g  seasonal and s h o r t  term changes 
i n  r o c k f i s h  d i s t r i b u t i o n  and abundance. Th is  type o f  work should provide 
i n s i g h t  i n t o  poss ib le  biases i n  da ta  gathered dur ing  surveys conducted over  
sho r t  t ime periods. Resul ts  from a year- long sampling program might  a l s o  
prov ide  in fo rmat ion  on the  most appropr ia te  t ime t o  schedule s h o r t  i n t e n s i v e  
surveys. 

METHODS 

Study Area 

The o u t e r  edge o f  Heceta Bank was chosen as the  study area (F igure  1).  
'The survey area was located approximately 20 m i les  (37 kin) south o f  Newport, 
Oregon and 45 m i l e s  (83 km) o f fshore .  The nor thern  and southern boundaries 
were a t  44'20' and 44'02' n o r t h  l a t i t u d e ,  respec t i ve l y .  The eastern and 
western boundaries o f  t he  study area were marked by the  70 and 130 fathom 
(128-238 m) contours. 



FIGURE I .  Mop of the HscM Bank rockfish survey area. 



This  area was chosen as a study s i t e  fo r  two reasons. Heceta Bank 
has become an impor tant  comnerci a1 f i s h i n g  ground f o r  canary roc  k f i  sh, 
Sebastes p inn ige r ,  i n  recent  years and canary r o c k f i s h  was the  dominant 
r o c k f i s h  species i n  t h e  survey area, accounting f o r  over 90 percent  o f  
t h e  species co~npos i t ion  -in many catches. Because o f  the  t ime and fund ing 
ava i lab le ,  we decided t o  concentrate our  e f fo r t s  on one species. Thus, 
Heceta Bank appeared t o  be an appropr ia te  area t o  work. Secondly, t h e  
canary r o c k f i s h  f i s h i n g  ground a t  Heceta Bank were small enough t o  make 
adequate acoust ic  t ransec t  coverage feas ib le  w i t h i n  the t ime a l l o t e d  f o r  
each char te r  survey. 

We completed n ine  char tered surveys between March 1980 and January 1981 
f o r  a t o t a l  o f  18 days a t  sea. An a d d i t i o n a l  13 days a t  sea were spent i n  
a " r ide-a long" capac i ty  on commercial vessels i n  the  Heceta Bank area between 
January and December o f  1980. These t r i p s  increased t h e  data a v a i l a b l e  on 
environmental parameters and ca tch  r a t e  needed t o  accomplish o b j e c t i v e  two. 

Transects 

Each char tered survey cons is ted of 15 t ransects  ranging f rom 70 t o  130 
fathoms i n  depth. Each t ransec t  general l y  cons is ted o f  rough, untrawl ab l  e 
bottom t e r r a i n  between 70 and 85-90 fathoms (155-165 m). Smoother bottom 
t e r r a i n  and steeper slopes were c h a r a c t e r i s t i c  o f  t h e  deeper sec t i on  o f  each 
t ransect .  A l l  t ransects  were r u n  du r ing  d a y l i g h t  hours as canary rock f i sh  
school s normal l y  d isperse a t  n igh t .  

Local commercial f i s h i n g  vessels f a m i l i a r  w i t h  the  Heceta Bank area 
were char tered f o r  t h e  surveys. Echo-sounder models used i n  t h e  surveys 
inc luded an A t l a s  Echograph (611), Japanese Radio Corr~pany's Zoom Echo- 
Sounder, Model NJA-310, and a Furuno Echo-Sounder, Model ES-51/. The echo- 
sounder provided a permanent copy o f  depth, bottom t e r r a i n ,  and s ign  o f  
f i s h  and feed. A l l  boats were a l s o  equipped w i t h  f i s h  scopes f o r  a d d i t i o n a l  
i d e n t i f i c a t i o n  capabi l  i t y .  While i t  does n o t  p rov ide  a permanent copy of 
i t s  transmissions, t he  f i s h  scope provides b e t t e r  r e s o l u t i o n  between l a r g e  
r o c k f i s h  species and feed s ign  than i s  obta ined by use o f  t h e  echo-sounder 
alone. I n  the  contex t  o f  t h i s  repo r t ,  " feed s ign"  on t h e  c h a r t  recordings 
were those markings t h a t  d i d  n o t  produce s t rong f l ashes  on t h e  f i s h  scope 
and were n o t  recognizable as o the r  f i s h  species by the  sk ipper.  Therefore, 
these markings may represent  small  f i s h  species as w e l l  as squ id  o r  o the r  
inver tebra tes .  A permanent reco rd  o f  each t ransec t  was kept  f rom the 
echo-sounder, w i t h  a l l  observed s i g n  o f  f i s h  and feed schools being noted. 
D i s t i n c t i o n  between f i s h  and feed "s ign"  on the  echo-sounder was d i f f e ren -  
t i a t e d  w i t h  t h e  use o f  t h e  f i s h  scope and t h e  sk ipper ' s  exper t ise .  Whenever 
bottom t e r r a i n  permi t ted,  t r a w l  hauls were made on observed school s t o  
ob ta in  species composition. 

Environment Var iables 

Measurable environmental parameters were recorded on each t ransec t  and 
t r a w l  haul. Other .env i  ronniental measurements were l a t e r  obta ined from o the r  

Names o f  t he  manufacturers product  does n o t  c o n s t i t u t e  endorsement. - 



sources and a l s o  examined f o r  c o r r e l a t i o n s  w i t h  f i sh '  and/or feed abundance 
(Table 1). The "upwel l ing  index" v a r i a b l e  used i n  t h i s  ana lys is  was a c t u a l l y  

Table 1. Var iables Used i n  Analys is  o f  Rockf ish 
Abundance and D i s t r i b u t i o n  o f  Heceta 
Bank Roc k f  i sh Survey. 

Va r iab le  - 

Month 

Time of day 

Bottom temperature** 

Surface temperature 

Wind v e l o c i t y  

Wave h e i g h t  

Surface c u r r e n t  v e l o c i t y  

Surface c u r r e n t  d i r e c t i o n  

Cloud cover 

L i g h t  i n t e n s i t y  a t  sur face 

Secchi depth Upwell i n g  index* 

Barometr ic pressure on sampling day 

Change i n  barometr ic  pressure from previous day 

Maximum t i d e  change* 

Tide change du r ing  sample* 

Feed abundance, est imated f rom c h a r t  recorder  

Feed abundance/upwel 1  i ng i ndex 

Feed abundance/l i g h t  i n t e n s i t y  

* See t e x t  f o r  exp lanat ion  
** Trawl data o n l y  

a  measurement o f  wjnd v e l o c i t y  and i t s  n o r t h e r l y  o r  sou the r l y  component, as 
measured by Oregon S ta te  U n i v e r s i t y  a t  the south j e t t y  o f  Yaquina Bay. 
Cumulative averages from one t o  14 days before t h e  day o f  sampling were 
examined f o r  bes t  c o r r e l a t i o n  w i t h  f i s h  abundance ra t i ngs .  The average of. 
seven days before  sampling produced the bes t  c o r r e l a t i o n  and was thus used 
i n  f u r t h e r  m u l t i p l e  regression analyses w i t h  o t h e r  environmental var iab les .  

No measure o f  on-bottom c u r r e n t  pa t te rns  o r  v e l o c i t y  was ava i l ab le .  
Stevenson (OSU doctora te  thes i s ,  1966) and C o l l  i n s  (OSU doctora te  thes is ,  
1967) both i n d i c a t e d  t i d a l  changes could s i g n i f i c a n t l y  a f f e c t  cu r ren t  pa t te rns  



. . 

of fshore, a1 though t i m i n g  and magnitude a r e  n o t  y e t  we1 1  def ined.  commercial 
fishermen sometimes a s s e r t  t h a t  t i d a l  f l u c t u a t i o n s  seem t o  a f f e c t  ca tch  ra tes .  
We there fore  i nc luded  two measures o f  t i d a l  movement i n  ' the ana lys is .  The 
v a r i a b l e  "maximum d a i l y  t i d e  change" was a  measure of t h e  maximum t i d e  change 
f o r  t h e  day o f  sampling, regard less  o f  whether t h e  t i d e  was incoming o r  ou t -  
going. The v a r i a b l e  " t i d e  change d u r i n g  sample" rep resen ted  t h e  t i d e  c h a ~ g e  
t h a t  occu r red  a t  t h e  ac tua l  t ime  o f  t h e  t ransec t .  This  va lue was g iven a  
negat ive  s ign  i f  t h e  t i d e  was outgoing and a  p o s i t i v e  s i g n  i f  t h e  t i d e  was 
incoming. 

Bottom temperature was obta ined f rom a  modi f ied mechanical bathythermograph 
at tached t o  t h e  headrope o f  t h e  t raw l .  

A  q u a l i t a t i v e  r e l a t i v e  abundance rank o f  1-4 was es tab l i shed  f o r  f i s h  
and feed s ign  from t h e  echo-sounder record ings .  Rank 1 represented no s ign  
observed; rank 2 represented a  few sca t te red  i n d i v i d u a l s  o r  smal l  schools; 
rank 3 represented moderate abundance; and rank 4  represented l a r g e  abundance. 
C r i t e r i a  f o r  each rank ,were  based on t h e  bottom expansion sca le  o f  t h e  echo- 
sounder, and notes taken on t h e  response o f  t h e  f i s h  scope t o  each s igh t i ng .  
The r e l a t i v e  abundance rank  was a p p l i e d  t o  rough bottom and smooth bottom 
t e r r a i n  f o r  each echo t ransec t .  

A  r e l a t i v e  abundance rank was a l s o  es tab l i shed  f o r  each t r a w l  haul taken 
du r ing  the  survey and r i de -a long  t r i p s  us ing  t h e  same c r i t e r i a  as those estab- 
l i s h e d  f o r  t h e  t ransec ts .  

The catch r a t e  of a l l  tows was c a l c u l a t e d  as pounds p e r  hour towed. Catch 
r a t e s  were es tab l i shed  f o r  canary r o c k f i s h  and f o r  a l l  r o c k f i s h  combined. These 
two ca tch  r a t e s  were s - i ~ i i l l a r  because most catches cons is ted  o f  g rea te r  than 90 
percent  canary rock f ish .  Some tows were stopped premature ly  because o f  t he  
t r a w l  hanging up on t'he bottom; the re fo re ,  o n l y  tows l a s t i n g  over 10 minutes 
were used f o r  t h i s  ana lys is .  Tows from char te red t r i p s  and r i de -a long  t r i p s  
were combined, g i v i n g  a  t o t a l  o f  62 tows w i t h  usab le  catch.  ra tes .  . ' 

We 'used m u l t i p l e  regress ion  ana lys i s  t o  h e l p  analyze f a c t o r s  a f f e c t i n g  
f i s h  abundance seen on t h e  t ransec ts .  M u l t i p l e  regress ion  ana lys i s  was again 
used t o  examine environmental parameters and standardized t r a w l  ca tch  data 
du r ing  t h e  c h a r t e r  and r i de -a long  t r i p s .  Regressions were c a l c u l a t e d  f o r  
a l l  t r ansec ts  combined (1-15) and f o r  o n l y  t ransec ts  1-9 because t ransec ts  
10-15 showed low abundance throughout  t h e  e n t i r e  survey. 

P rec i s ion  o f  CPUE as an Index o f  Abundance 

Since a  l a r g e  number o f  tows were completed w i t h i n  a  small geographic area, 
t he  survey prov ided an o p p o r t u n i t y  t o  examine t h e  p r e c i s i o n  o f  CPUE est imates 
obta ined by t r a w l i n g .  Once t h e  v a r i a b i l i t y  i n  ca tch  r a t e  was known we ca lcu-  
l a t e d  t h e  number o f  tows needed t o  reach a  g i ven  l e v e l  o f  p rec i s ion .  

To examine t h i s  problem we c a l c u l a t e d  power curves f o r  t h e  80% conf idence 
i n t e r v a l  o f  mean ca tch lhour  o f  t r a w l  caught canary r o c k f i s h .  Separate curves 
were generated fo r  tows made a s  p a r t  o f  ou r  r o c k f i s h  survey and f o r  those tows 
made du r ing  r i de -a long  commercial t r i p s .  Th is  was done because some'survey 



tows were conducted i n  areas where t h e  e l e c t r o n i c  equipment i n d i c a t e d  few 
r o c k f i s h  were a v a i l a b l e  i n  order  t o  o b t a i n  samples throughout the  survey area. 
Trawl ing done on comnercial t r i p s  was u s u a l l y  r e s t r i c t e d  t o  those occasions 
where e l e c t r o n i c  equipment i n d i c a t e d  r o c k f i s h  were present  i n  s u f f i c i e n t  
q u a n t i t y  t o  make t r a w l i n g  economical ly worthwhi le. The power curves were 
generated using the  formula: 

CV = c o e f f i c i e n t  o f  v a r i a t i o n  (standard d e v i a t i o n )  
( sample mean ) 

N = number o f  survey u n i t s  

t20 : students t value associated w i t h  N - 1  d . f .  

RESll LTS 

Factors A f f e c t i n g  Acoust ic  Abundance Est imates 

No seasonal f l u c t u a t i o n  i n  canary r o c k f i s h  abundance was ev ident  over 
e i t h e r  rough o r  ~11100th t e r r a i n  us ing  acoust ic  est imates o f  abundance. Greater 
abundance was observed over rough t e r r a i n  than over  smooth t e r r a i n  (F igure  2) .  
The abundance rankings , . were a l s o  n o t  c o r r e l a t e d  t o  t ime o f  day (F igure  3) .  

There was a  s i g n i f i c a n t  p o s i t i v e  c o r r e l  a t i  on between r o c k f i s h  abundance 
and feed abundance over  both rough and smooth ground (Tables 2  and 3 ) .  The 
v a r i a b l e  o f  feed abundance/upwell i n g  index was a l s o  p o s i t i v e l y  c o r r e l a t e d  w i t h  
r o c k f i s h  abundance over smooth t e r r a i n  when a l l  t ransects  were combined i n  the  
analys is .  However, i n  no case was more than 20% o f  the  v a r i a b i l i t y  i n  f i s h  
abundance explained. 

When feed abundance va r iab les  were removed f rom t h e  ana lys is ,  no corr~bina- 
t i o n  o f  environmental parameters could e x p l a i n  more than 12% of t h e  v a r i a t i o n  
i n  r o c k f i s h  abundance. When a l l  t ransec ts  were combined, r o c k f i s h  abundance 
over rough t e r r a i n  was p o s i t i v e l y  and s i g n i f i c a n t l y  c o r r e l a t e d  t o  t h e  weekly 
upwel l ing  index, secchi depth, and t ime o f  day, and was ne a t i v e l y  and 
s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  barometr ic  pressure (Table 2 3 . Surface l i g h t  
i n t e n s i t y  was t h e  on ly  v a r i a b l e  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  r o c k f i s h  abundance 
over smooth t e r r a i n  when a l l  t ransec ts  were inc luded i n  t h e  analys is ,  bu t  t h i s  
regression expla ined on ly  10% o f  t h e  v a r i a b i l i t y  i n  f i s h  abundance (Table 3).  
Omi t t i ng  t ransec ts  10-15 caused sur face temperature t o  be s i g n i f i c a n t l y  
c o r r e l a t e d  w i t h  f i s h  abundance, bu t  t he  c o e f f i c i e n t  o f  determinat ion dropped 
t o  0.066 (Table 3 ) .  

Factors A f f e c t i n g  Trawl Catch Rate 

No r e l a t i o n s h i p  was ev ident  between catch r a t e s  o f  r o c k f i s h  and month o r  
t ime o f  day (Figures 4 and 5). The t ime o f  day measurements again on ly  represent  
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Figure 2. Re la t i ve  abundance of r o c k f i s h  observed by month on 
the  acoust ic  t ransects .  Numbers i n d i c a t e  frequency 
o f  abundance rankings. As ter isks  i n d i c a t e  'more than 
n ine  data po in ts .  
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F'igure 3. R e l a t i v e  abundance o f  r o c k f i s h  observed by t ime. o f  
day on a c o u s t i c  t ransec ts .  Numbers i n d i c a t e  frequency 
o f  abundance rankings.  A s t e r i s k s  i n d i c a t e  more than 
n i n e  da ta  po in t s .  



Table 2. Mu1 t i p l e  Regression of  Fac tors  Affec t ing  Rockfish Abundance i n  t h e  Rough Te r ra in  Por t ion  
of t h e  Heceta Bank Survey Area i n  1980-81. Abundance Est imates  Obtained from E l e c t r o n i c  
Fish Locating Equipment . 

Dependent Independent Regress i on P a r t i  a1 
v a r i a b l e  Comnents N R~ v a r i a b l e  c o e f f i c i e n t  t 

Rockfish abundance Transec ts  1-15 112 0.152 Constant 
over rough t e r r a i n  All v a r i a b l e s  Feed abundancea 

Rockfish abundance Transec ts  1- 15 112 0.120 Constant  57.400 2.02 * 
over rough t e r r a i n  Envi  r. va r i ab l e s  Weekly upwel l i ng indexC 0.079. 3.68 ** 

Secchi depth 0.034 2.96 ** 
Time of day 0.065 2.05 * 
Barometric pressure  -0.056 -1.99 * 

Rockfish abundance Transec ts  1-9 7 0 ,209 Cons t an  t 
over  rough t e r r a i n  A1 1 v a r i a b l e s  Feed abundance 

Rockfish abundance Transec ts  1-9 70 .053 Constant  
over  rough t e r r a i n  Envi r. v a r i a b l e s  Tide f l  uctuat ionC 

a Feed abundance over rough bottom. Abundance es t imated  from e l e c t r o n i c  equipment 
b Feed abundance va r i ab l e s  removed from model 
c See t e x t  f o r  explanat ion 
* Ind ica t e s  s i g n i f i c a n c e  a t  t h e  95% leve l  
** Ind ica t e s  s i g n i f i c a n c e  a t  the 99% leve l  



Table 3. M u l t i p l e  Regression o f  Factors A f f e c t i n g  Rockf ish Abundance i n  t h e  Smooth T e r r a i n  P o r t i o n  o f  
t h e  Heceta Bank Survey Area i n  1980-81. Abundance Est imates Obtained from E l e c t r o n i c  F i s h  
Locat ing  Equipment. 

Dependent Independent Regression P a r t i  a1 
v a r i a b l e  Comments N R~ v a r i a b l e  c o e f f i c i e n t  t 

Rockf ish abundance Transects 1-15 112 0.151 Constant 1.154 16.80 ** 
over smooth t e r r a i n  A l l  va r i ab les  ( feed abund) (weekly upwel l  i ng index) 0.0001 4.43 ** 

Rockf ish abundance Transects 1-15 112 0.100 Constant 
over smooth t e r r a i n  Envi r .  v a r i a b l e s  Surface l i g h t  i n t e n s i t y  

Rockf ish abundance Transects 1-9 70 0.108 Constant 
over smooth t e r r a i n  A l l  va r i ab les  Feed abundance 

Rockf ish abundance Transects 1-9 70 0.066 Constant 
over  smooth t e r r a i n  Envi r .  va r i ab les  Surface temp. 

+ * Ind i ca tes  s i g n i f i c a n c e  a t  95% l e v e l  I 

** Ind i ca tes  s ign i f i cance  a t  99% l e v e l  
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F igu re  5. Catch p e r  hour o f  canary r o c k f i s h  by t ime o f  day on 
Heceta Bank. 



day l ' igh t  hours, s ince canary r o c k f i s h  schools genera l l y  d isperse a t  n i g h t  
and no comnercial f i s h i n g  i s  normal ly  done. 

M u l t i p l e  regression ana lys i s  showed t h a t  ca tch  r a t e  o f  canary r o c k f i s h  
was s i g n i f i c a n t l y  and nega t i ve l y  c o r r e l a t e d  w i t h  bottom temperature and was 
s i g n i f i c a n t l y  and p o s i t i v e l y  c o r r e l a t e d  w i t h  maximum t i d e  change and t i d e  
change dur ing  t h e  tow (Table 4). However, o n l y  a  small amount o f  the  v a r i -  
ab i  1  i ty .  i n  ca tch  r a t e  was accounted f o r .  Cor re la t i on  c o e f f i c i e n t s  were 0.27 
f o r  canary r o c k f i s h  and 0.26 f o r  ' t o t a l  r o c k f i s h .  

Comparison o f  Trawl CPUE w i t h  E l e c t r o n i c  Abundance Estimates 

~ c o u s t i c  abundance est imates were a l so  made on echo-sounder c h a r t  recordings 
of each tow. Regression ana lys i s  o f  ca tch  r a t e  o f  canary r o c k f i s h  and t o t a l  
r o c k f i s h  on the  acoust ic  abundance est imates were s i g n i f i c a n t  b u t  expla ined 
on ly  25 and 28 percent  o f  t he  v a r i a b i l i t y  i n  ca tch  ra te .  

F ish  School ing Behavior 

Observations o f  school he igh t  and d is tance off  the  bottom were made f o r  
both r o c k f i s h  schools and feed schools on a l l  t ransects .  No s i g n i f i c a n t  
c o r r e l a t i o n s  cou ld  be found between these nieasurements and the  environmental 
parameters i n  Table 1. 

Prec is ion  o f  CPUE as an Index o f  Abundance 

Power curves f o r  e i t h e r  survey o r  commercial tows showed t h a t  even w i t h  
l a r g e  .numbers of tows (>75), t h e  g rea tes t  p r e c i s i o n  t h a t  could be obta ined 
was t o  est imate the  mean catch lhour  o f  canary r o c k f i s h  w i t h  +50% about 80% 
o f  t h e  t ime. '  If t h e  number of tows i n  the  area was less  than 25, the  a b i l i t y  
t o  de tec t  a  change i n  the  mean catch r a t e  diminished r a p i d l y  (F igure  6) .  

Although' no seasonal change i n  CPUE was observed d u r i n g  the  survey, power 
curves were a l so  constructed f o r  two s h o r t  t ime i n t e r v a l s  t o  reduce the  
p o s s i b i l i t y  o f  CPUE v a r i a b i l i t y  being a t t r i b u t e d  t o  seasonal changes in .  
abundance. Adequate tows were made between J u l y  8-10 and again between 
September 26-28 (14 and 13 tows, r e s p e c t i v e l y )  t o  a l l ow  such an est imate o f  
var iance t o  be ca lcu la ted.  The power curves generated from each o f  the  t ime 
per iods showed t h a t  a  l a r g e  number o f  samples (>50 tows) would be needed t o  
est imate the  mean CPUE w i t h i n  +50% about 80% o f  t h e  t ime (Figure 7) .  The 
catch r a t e  o f  tows made i n  J u l y  was l e s s  v a r i a b l e  than those made i n  September, 
and the re fo re  showed a  h igher  degree o f  p r e c i s i o n  f o r  a  given sample s i z e  
(Figure 4).  Th is  d i f f e r e n c e  was caused p r i m a r i l y  by one extremely l a r g e  
ca tch  f rom t h e  September se r ies  o f  tows. 

DISCUSS I O N  

The r o c k f i s h  survey a t  Heceta Bank f e l l  s h o r t  o f  o u t l i n i n g  an acceptable 
methodology f o r  s tock assessment surveys o f  r o c k f i s h  species. However, by 
examining one f i s h e r y  ground over an e n t i r e  year, we hope some i n s i g h t  has 
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Figure 6. The re1 a t i  onship between the 80% confidence i n t e r v a l  expressed 
as a percent o f  the mean catch/hr of canary r o c k f i s h  and the 
number o f  tows made dur ing the Heceta Bank Rockfish Survey and 
dur ing commercial f i s h i n g  t r i p s .  
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Figure 7. The r e l a t i o n s h i p  between the  80% confidence i n t e r v a l  expressed 
as a  percent  o f  t h e  mean c a t c h l h r  o f  canary r o c k f i s h  and the  
number o f  tows made dur ing  two. d i f f e r e n t  t ime per iods i n  1980. 



been given t o  t h e  problems associated w i t h  present  surveys. Conclusions 
g iven i n  t h i s  sec t i on  apply s p e c i f i c a l l y  t o  our  present  survey on Heceta 
Bank, bu t  some may be app l i cab le  t o  o t h e r  r o c k f i s h  species along t h e  P a c i f i c  
coast. 

We found i t  impossib le t o  o b t a i n  r e l i a b l e  q u a n t i t a t i v e  est imates o f  
abundance of r o c k f i s h  w i t h  t h e  e l e c t r o n i c  equipment avai  lab1 e  on t h e  surveys. 
The p r i n c i p a l  problem was t h e  i n a b i l i t y  t o  accu ra te l y  count i n d i v i d u a l  rock-  
f i s h  school s  and determine the  school s ize .  A1 though canary r o c k f i s h  sometimes 
produced dense, e a s i l y  recognizable schools on t h e  echo-sounder, they were 
o f ten  sca t te red  on o r  near the  bottom w i t h  l a r g e  amounts o f  feed. I n  t h i s  
case, " f i s h  s ign"  was o f t e n  impossib le t o  d i f f e r e n t i a t e  from " feed s ign"  
w i thou t  re ference t o  the  f i s h  scope. Even w i t h  t h i s  inst rument ,  i t  was 
irnpossible t o  assign a  percentage o f  f i s h  t o  feed, o r  e s t i ~ i i a t e  the  t o t a l  
area o f  t he  school sca t te red  across the  bottom. Therefore, a  q u a l i t a t i v e  
index o f  abundance was t h e  o n l y  est imate o f  abundance made f o r  t h e  t ransects.  

Although t h e  acoust ic  abundance est imates made dur ing  t r a w l s  were s i g n i f -  
i c a n t l y  c o r r e l a t e d  t o  the  ac tua l  ca tch  r a t e  f o r  the  same tow, they expla ined 
o n l y  25 t o  28 percent  o f  t he  v a r i a b i l i t y  i n  canary r o c k f i s h  and t o t a l  r o c k f i s h  
catch ra tes .  Several explanat ions a re  possib le.  F i r s t ,  even t h e  qua1 i t a t i v e  
est imates o f  r e l a t i v e  abundance assigned t o  t h e  r o c k f i s h  "s ign "  on the cha r t  
recordings may be inaccurate.  Secondly, t r a w l  catches may n o t  always take a  
representa t ive  sample o f  what i s  seen on t h e  c h a r t  recorder .  Th is  may r e s u l t  
from gear mal func t ion  o r  r a p i d  d i spe rsa l  o f  f i s h .  Currents may a l s o  push the  
t r a w l  t o  t h e  s ide  o f  t h e  f i s h i n g  vessel, so the  t r a w l  i s  no longer  f i s h i n g  
d i r e c t l y  i n  the  path  o f  t h e  echo-sounder. More soph is t i ca ted  e l e c t r o n i c  gear 
may prov ide b e t t e r  reso lu t i on ,  a1 though accurate abundance est imates using 
e l e c t r o n i c  equipment may remain e l u s i v e  f o r  demersal species such as canary 
r o c k f i s h .  

The envi  ronmental parameters measured cou ld  e x p l a i n  o n l y  a  small p o r t i o n  
o f  v a r i a b i l i t y  i n  canary r o c k f i s h  abundance and d i s t r i b u t i o n  i n  t h e  survey 
area. Th is  study was l i m i t e d  t o  several  days a t  sea each month and had 
l i m i t e d  equipment t o  measure environmental parameters. I d e a l l y ,  measurements 
o f  1  i g h t  i n t e n s i t y ,  temperature, c u r r e n t  d i r e c t i o n  and c u r r e n t  v e l o c i t y  should 
have been taken i n  t h e  water  column where the  f i s h  were located.  Future 
s tud ies  t o  c o r r e l a t e  r o c k f i s h  d i s t r i b u t i o n  pa t te rns  t o  environmental para- 
meters should use equipment t h a t  w i  11 prov ide  these measurements.. 

Accurate survey methodology f o r  canary r o c k f i s h  cannot r e l y  s o l e l y  upon 
expansion o f  t r a w l  catches. Catches o f  canary r o c k f i s h  were o f t e n  low du r ing  
our  surveys, n o t  because f i s h  were n o t  present  i n  the  survey area, b u t  because 
they remained over untrawlable bottom t e r r a i n .  Catch r a t e s  were seen t o  change 
d ramat i ca l l y  as schools of f i s h  occas iona l l y  moved t o  t rawable areas. The 
f i s h i n g  e x p e r t i s e  o f  the  sk ipper  and f a m i l i a r i t y  w i t h  the  grounds were a l so  
extremely impor tant  i n  determining catch. These short - term changes i n  avai 1  - 
a b i l i t y  of canary rock f i sh  appeared t o  be more p reva len t  than long term 
seasonal f l u c t u a t i o n s  i n  a v a i l a b i l i t y .  

Because o f  t h e  h igh v a r i a b i l i t y  i n  ca tch  r a t e  o f  canary rock f i sh ,  over 
75 tows would be needed t o  ob ta in  an es t imate  w i t h i n  50% o f  the  t r u e  mean 80% 



o f  t h e  time. I f  catch  r a t e  o f  o the r  demersal r o c k f i s h  a re  as v a r i a b l e  as 
they were f o r  canary. r o c k f i s h  on Heceta Bank, the re  a re  ser ious i m p l i c a t i o n s  

f o r  o the r  r o c k f i s h  surveys t h a t  r e l y  on expansion of catch r a t e  t o  est imate 
biomass. To i l l u s t r a t e  t h i s  p o i n t  we ca lcu la ted  biomass by the  area-swept 
method, 

8 = (A) x  where: 
(a) 

A = t o t a l  t raw lab le  area 

a  = area swept/naut ical m i l e  
- 

CPUE = mean catch  r a t e l n a u t i c a l  m i l e  

Biomass. was est imated f o r  f o u r  seasonal per iods se lec ted t o  correspond t o  
important  phases i n  t h e  l i f e  h i s t o r y  o f  canary rock f i sh .  The November-January 
pe r iod  represents the  spawning per iod.  

Mean ca tch lnau t i  ca l  m i l e  (1 bslnm) and correspondi ng biomass est imates 
va r ied  g r e a t l y  f o r  each t ime per iod.  However, t he  l a r g e r  est imates f o r  t he  
November-January pe r iod  and t h e  August-October per iod  were t h e  r e s u l t s  of 
one l a r g e  catch i n  each o f  these t ime periods. When these two tows were 
removed from t h e  data, t he  mean catchlnm f o r  the  November-January per iod  
dropped f rom 9,810 Ibs/nm t o  1,165 lbs/nm, and the  August-October est imate 
dropped from 3,038 lbs lnm t o  719 lbs/nm. Large catches o f  canary r o c k f i s h  
were occas iona l ly  made by the  commercial f l e e t  between February and Ju ly ,  so 
apparent seasonal d i f f e rences  were probably caused by i n s u f f i c i e n t  sampling 
r a t h e r  than seasonal changes i n  d i s t r i b u t i o n .  

The est imates o f  biomass should n o t  be used i n  a  q u a n t i t a t i v e  sense s ince 
a  bas ic  assumption o f  the  area-swept method was v i o l a t e d .  The tows were no t  
randomly selected. Most tows were t a r g e t  tows on f i s h  p rev ious l y  l oca ted  
w i t h  acoust ica l  equipment. Th is  would probably over-est imate biomass. Non- 
randomness may n o t  be a  major  problem though, because most tows occurred on 
the' o n l y  t raw lab le  bottom w i t h i n  t h e  study area. 

The purpose o f  c a l c u l a t i n g  biomass was n o t  t o  prov ide  d e f i n i t i v e  measures 
o f  abundance b u t  r a t h e r  t o  show t h e  e f f e c t s  o f  a v a i l a b i l  i t y .  Estimates ranged 
f rom 692,000 I b s  i n  e a r l y  summer t o  13,945,000 l b s  (+1,915%) i n  e a r l y  w in ter ,  
nea r l y  a  20 - fo ld  increase (Table 5) .  Th is  degree o f  d i f f e r e n c e  s e r i o u s l y  
s t r a i n s  the  c r e d i b i l i t y  o f  t he  area-swept method w i t h  respect  t o  canary 
r o c k f i s h  and perhaps o the r  h i g h l y  aggregated species as w e l l .  I f  a v a i l a b i l i t y  
cannot be predicted,  which we cou ld  not ,  o r  i f  a v a i l a b i l i t y  i s  n o t  understood 
then r e s u l t s  f rom area-swept methodology must be questioned. The cos t  and 
t ime needed f o r  adequate sampling on a  coastwide survey may be too  l a r g e  t o  
ob ta in  a  l e v e l  o f  p r e c i s i o n  s u f f i c i e n t  t o  c a l c u l a t e  meaningful biomass estimates. 



Table 5. Estimates o f  Biomass Determined by the  Area Swept 
Method f o r  Canary Rockf ish on Trawlable Area o f  
Meceta Bank i n  1980. 

Average catch, Estimates, i n  pounds 
Time ~ e r i o d  'I bs/nm n Biomass +9!i"/, CL 

Nov-Jan 9,810 7 13,945,000 23,055,000 

Feb-Apr 928 12 1,319,000 2,390,000 

May-Jul 487 25 692,000 434,000 

A1 1 per iods 
combined 2,088 59 2,968,000 2,828,000 

SUMMARY 

The purpose. o f  t h e  study was t o  irr~prove upon methodology used . i n  previous 
surveys t o  est imate abundance of r o c k f i s h  w i t h  p a r t i c u l a r  emphasis on 
canary r o c k f i s h .  

The study was conducted on the  o u t e r  edge o f  Heceta Bank ;using chartered 
commercial f i s h i n g  vessels. Chartered t r i p s  were conducted monthly i n  
most cases over a one year  per iod.  Sea t ime was extended by observing 
on r o u t i n e  commercial f i s h i n g  t r i p s  t o  t h e  same area. 

Acoust ic t r a c k  l i n e s  were r u n  on each char tered c r u i s e  t h a t  ranged from 
70-150 fms over both smooth and rough t e r r a i n .  Acoust ic  s i g n  o f  f i s h  was 
ranked on a r e l a t i v e  sca le  o f  1-4. 

Resul ts  f rom acoust ic  data d i d  n o t  show seasonal o r  d a i l y  changes i n  
abundance rankings, i .e. ,  h igh  o r  low abundance was w i thou t  trend. 

S i g n i f i c a n t  c o r r e l a t i o n s  were obta ined w i t h  the  va r iab les  o f  weekly 
upwel l ing  index, secchi depth, t ime  o f  day, barometr ic  pressure, feed 
abundance and t i d a l  f l u c t u a t i o n s  bu t  each v a r i a b l e  accounted f o r  o r ~ l y  
a small p a r t  o f  t he  variance. 

Regressions o f  t r a w l  ca tch  r a t e  aga ins t  season o r  t ime o f  day were n o t  
s i g n i f i c a n t  bu t  ca tch  r a t e s  were c o r r e l a t e d  w i t h  bottom temperature and 
t i d a l  change. 

Biomass est imates determined by t h e  area swept method v a r i e d  b y . a  f a c t o r  
o f  n e a r l y  20. 

The study was n o t  successful  i n  developing an a l t e r n a t i v e  methodology t o  
assess r o c k f i s h  abundance. A v a i l a b i l i t y  of rock on t raw lab le  bottom was 
n o t  p red ic tab le .  
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