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I n t r o d u c t i o n  

P r i o r  t o  1978, widow r o c k f i s h  land ings  were an i n s i g n i f i c a n t  com- 
ponent o f  t he  Northeastern P a c i f i c  Groundfish Fishery,  b u t  s ince  then, 
these land ings  have grown from below 1,000 m t  t o  an es t imated  28,000 m t  
i n  1981. 
t h e  commercial land ings  o f  r o c k f i s h  i n  the  area o f f  C a l i f o r n i a ,  Oregon 
and Washington (PFMC 1981). Now t h e  immediate ques t ion  i s  how these 
people t h a t  a r e  i n  t h i s  h i g h l y  compet i t i ve  business cou ld  have over- 
looked t h i s  vas t  resource a l l  t h i s  t ime. There are  many reasons b u t  
t h e  p r i n c i p a l  one i s  t h a t  t h e  widow f i s h e r y  i s  fundamental ly d i f f e r e n t  
f rom t r a d i t i o n a l  r o c k f i s h  f i s h e r i e s .  The t r a d i t i o n a l  r o c k f i s h  f i s h e r y  
i s  a daytime bottom t r a w l  opera t ion  w h i l e  t h e  widow f i s h e r y  i s  a n i g h t -  
t ime midwater f i she ry .  Obviously i t  i s  impor tan t  t o  understand these 
d i f f e rences  i n  behav io r  o f  t h e  widow r o c k f i s h  ( a  noc turna l  aggregat ing 
species) f rom t h e  t r a d i t i o n a l  commercial ly impor tan t  r o c k f i s h  species 
which aggregate d i u r n a l l y .  
ques t ion  s ince  i n  most f i s h  species t h a t  aggregate i n t o  schools and 
disperse, i t  i s  the  dispersed stage when t h e  f i s h  i s  feed ing  t h a t  i s  
t h e  d r i v i n g  f o r c e  o f  t h i s  day-night c y c l e  (Hobson 1973). 

D iu rna l  Feeding 

i n  t h e  Eureka area, supplemented w i t h  o the r  samples f rom Northern 
C a l i f o r n i a  s p o r t  and commercial catches. Host were f i s h  taken i n  t h e  
n i g h t t i m e  midwater f ishery.  
salps, f i s h ,  ( p r i m a r i l y  myctophids) shrimp and euphausi ids (Table 1). 
These f o u r  groups a re  rough ly  equal i n  t h e  d i e t  and make up over 90% 
o f  t h e  t o t a l  d i e t  volume. 
i s  h y p e r i i d  amphipods. 
na ted  t h e  d i e t  o f  widow r o c k f i s h .  

Th is  dramat ic inc rease i n  t h e  f i s h e r y  has more than doubled 

A c t u a l l y  t h i s  i s  r e a l l y  t h e  converse o f  t h e  

Stomach sample data were taken p r i m a r i l y  f rom commercial land ings  

The d i e t  o f  t he  widow r o c k f i s h  cons is t s  of 

The o n l y  o t h e r  commonly occu r r i ng  prey  group 
P h i l l i p s  (1964) f e l t  t h a t  these amphipods dom- 

A l l  these prey groups represent  
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organisms t h a t  migra te  t o  the  sur face  a t  n i g h t  w h i l e  t h e  widow r o c k f i s h  
i s  aggregated near the  bottom. So probably these prey are taken du r ing  
the  day i n  t h e i r  submerged stage (Adams i n  prep). 

and n i g h t  stomach samples f rom members o f  t he  same populat ion.  
data would be used t o  examine t h e i r  p a t t e r n  o f  gu t  f u l l n e s s .  
attempted i n  con junc t ion  w i t h  a NWAFC research c r u i s e  t h a t  was at tempt-  
i n g  t o  make biomass est imates o f  t he  widow r o c k f i s h  popu la t ion  o f f  
Oregon. The vessel used i n  t h e  c r u i s e  was the  R / V  Chapman, a new s t e r n  
end t r a w l e r  which i s  equipped w i t h  t h e  most recent  e l e c t r o n i c  and 
mechanical f i s h i n g  gear, b u t  even us ing  t h i s  boat, we were unable t o  
c o n s i s t e n t l y  ca tch  f i s h  i n  midwater. Midwater f i s h i n g  i s  very sophis- 
t i c a t e d .  Besides ex tens ive  techno log ica l  gear, i t  requ i res  a g rea t  
deal o f  f i s h i n g  experience p lus  cu r ren t  feedback on the  l o c a l  f i s h e s  
schoo l ing  behavior. It i s  quest ionable whether any research vessel, 
no ma t te r  how s u i t a b l y  equipped, can success fu l l y  f i s h  i n  midwater 
w i t h o u t  ex tens ive  p r i o r  experience. Nevertheless, we need t h i s  type  
o f  data t o  answer t h e  day-night feeding question. 

Seasonal Feedi ng  

j u s t  t h e  f o u r  major groups mentioned e a r l i e r ;  euphausi ids, shrimp, 
salps and f i s h .  
f o r  between 82 and 97 percent o f  t h e  q u a r t e r l y  d i e t  volume), b u t  t h e  
d i s t r i b u t i o n  o f  d i e t  volume among t h e  f o u r  major groups i s  d i f f e r e n t  
du r ing  the  year  (F igure  1 ) .  
t he  w in te r ,  t h e  major prey a re  shrimp. I n  t h e  summer quar te r ,  t he  
widows are  feeding on euphausi ids and f i s h .  
o n l y  pe r iod  when salps are a major p a r t  o f  t he  d i e t .  
sumner a re  the  o n l y  t ime o f  t he  year  when euphausi ids a re  important.  
The sp r ing  quar te r  i s  a l so  the  pe r iod  o f  h ighes t  absolute volume o f  
p rey  per  f i s h  and a l s o  o f  t h e  h ighes t  number o f  prey ca tegor ies  per  
f i s h .  

The obvious nex t  s tep  i s  a d i r e c t e d  f i s h i n g  e f f o r t  t o  ob ta in  day 
Th is  

Th is  was 

There a re  a l so  s t rong  seasonal d i f f e rences  i n  t h e  d i e t  cons ider ing  

These f o u r  major groups dominate the  d i e t  (account ing 

During t h e  f a l l ,  f i s h  dominate, w h i l e  i n  

The sp r ing  quar te r  i s  t h e  
Th is  pe r iod  and 

Th is  p a t t e r n  i s  s i g n i f i c a n t  s ince  the  widows are feeding most 
h e a v i l y  j u s t  a f t e r  they have f i n i s h e d  p a r t i t i o n  ( re lease o f  young) 
du r ing  w i n t e r  months (T. Echeverr ia per. corn.) .  There i s  a h igh  
demand f o r  energy dur ing  reproduct ion,  and f o l l o w i n g  t h i s  a c t i v i t y  
s to red  energy i s  a t  i t s  lowest l e v e l .  I n  o the r  species, na tu ra l  
m o r t a l i t y  i s  concentrated du r ing  t h i s  pe r iod  (Shul 'man 1974), and 
perhaps t h i s  i s  a l s o  t r u e  f o r  widow r o c k f i s h .  

Discussion 

Random sampling i s  r a r e l y  poss ib le  i n  feeding studies;  t he re fo re  
i t  i s  impor tan t  t o  understand the  r e l a t i o n s h i p  between d i f f e r e n t  types 
o f  sampling and the  e r r o r  involved. How stomach samples are  gathered 
cannot be considered independent o f  the  intended quest ions t h a t  are 
going t o  be asked o f  t h a t  data. Samples used here were gathered both 
from research c ru i ses  ( d i r e c t e d  sampling) and from conmercial p o r t  
sampling ( i n c i d e n t a l  sampling). Average values o f  t he  amount o f  a 
p a r t i c u l a r  type o f  prey i t em w i l l  d i f f e r  from t r u e  popu la t ion  values 
because o f  v a r i a t i o n  and b ias .  V a r i a t i o n  i s  t he  spread ( o r  d ispers ion)  
o f  t he  observed sampled values around the  mean. The enormous v a r i a t i o n  
t y p i c a l  o f  food h a b i t a t  data i s  due l a r g e l y  t o  i t s  patchy o r  contagious 
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nature.  
skewed and have a l a r g e  p ropor t i on  of empty sample elements. That i s ,  
i t  i t  common f o r  a prey i t em t o  occur i n  o n l y  a few f i s h ,  b u t  f o r  those 
few f i s h  t o  be stuf fed w i t h  them. 
importance of t h i s  type  o f  v a r i a t i o n  i n  both d i r e c t  and i n d i r e c t  
sampling, I looked a t  the  degree o f  patchiness i n  a research t r a w l  
versus a commercial land ing  using L loyd ' s  (1967) mean crowding index. 
For t h e  d i f f e r e n t  major prey groups, t he  patchiness i nd i ces  are very 
s i m i l a r ,  w i t h  t h e  commercial data c o n s i s t e n t l y  l ess  patchy (Table 2 ) .  
E s s e n t i a l l y  t h i s  means t h a t  t he  r e l a t i o n s h i p  between the  mean and the  
variances i s  s i m i l a r ,  and al though n e i t h e r  o f  these data se ts  a re  
normal ly d i s t r i b u t e d ,  there  i s  no t  a g rea t  deal o f  d i f f e r e n c e  i n  t h i s  
aspect o f  t he  data between these two types o f  sampling. 

The o the r  poss ib le  source o f  e r ro r ,  sample b ias  i s  s imp ly  when 
c e r t a i n  i n d i v i d u a l s  i n  t h e  popu la t ion  have a grea ter  chance o f  being 
inc luded than others.  Bias i s  unre la ted  t o  v a r i a t i o n .  Confidence 
l i m i t s  can be very narrow, b u t  s t i l l  s t r o n g l y  biased. B ias  u s u a l l y  
r e s u l t s  when t h e  sample coverage of t h e  popu la t ion  i s  inadequate i n  
some area. I n  F igure  2 ,  t he  l a r g e  d i s t r i b u t i o n  i s  t h e  lengths  o f  
f i shes  used i n  a l l  of stomach samples from p o r t  sampling; t h e  small  
d i s t r i b u t i o n  i s  t he  lengths o f  a l l  widows taken i n  midwater hauls 
du r ing  t h e  A p r i l  research c ru ise .  Even though t h e  research c r u i s e  
sample represents almost 200 f i s h  versus around 500 f o r  t h e  p o r t  
sampling, t he  range o f  leng ths  i n  t h e  research survey data covers o n l y  
a small p o r t i o n  o f  t he  l eng th  range o f  t he  p o r t  samples. 
samples a re  biased i n  d i f f e r e n t  ways. I n  common usage, t h e  term bias,  
i n  corrmon usage, has negat ive connotat ions imp ly ing  a f a u l t y  sampling 
design. But b i a s  i s  r e a l l y  a problem o n l y  when i t  i s  unrecognized. 
Attempts t o  i d e n t i f y  b i a s  must be independent o f  attempts t o  reduce 
variance. 

These types of data have sampling d i s t r i b u t i o n s  which a re  

I n  order t o  evaluate the  r e l a t i v e  

Both o f  these 

Of  t he  two types o f  sampling, p o r t  sampling has the  advantage o f  
much lower costs. 
t i v e  in fo rmat ion  about the  t a r g e t  populat ion,  an example be ing  t h e  
seasonal d i s t r i b u t i o n  o f  food o f  t h e  widow rock f i sh .  However, except 
i n  unusual circumstances, t h i s  type  o f  data i s  no t  adequate f o r  hypo- 
t h e s i s  t e s t i n g .  
groups o f  t he  t a r g e t  popu la t ion  t o  v e r i f y  hypothesis, a d i r e c t e d  sam- 
p l i n g  e f f o r t  i s  needed. 

The widow r o c k f i s h  o f f e r s  a t y p i c a l  example o f  t h e  e v o l u t i o n  o f  
management o f  a species. Usually,a f i she ry  develops exp los i ve l y .  As 
w i t h  t h e  widow rock f i sh ,  u s u a l l y  l i t t l e  o r  no previous i n to rma t ion  i s  
a v a i l a b l e  p r i o r  t o  t h e  onset o f  the  f i she ry .  Management plans based 
completely on age and growth s tud ies  are  developed a f t e r  in tense 
f i s h i n g  has taken place. T r a d i t i o n a l l y  feeding s tud ies  had no impact 
on these plans. I have thought about why t h i s  i s  so and the re  are  two 
poss ib le  reasons. The f i r s t  i s  t h a t  feeding i s  an unimportant aspect 
o f  t h e  f i s h e s '  b io logy .  My s tud ies  and the views expressed a t  t h i s  
workshop, i n d i c a t e  t h i s  i s  untrue. Th is  leaves the  second reason t h a t  
feeding s tud ies  have f a i l e d  t o  p rov ide  t h e  k i n d  o f  i n fo rma t ion  t h a t  i s  
necessary f o r  management. 
What k i n d  o f  in fo rmat ion  i s  needed by management? 

I n c i d e n t a l  sampling o f  t h i s  s o r t  can prov ide  descr ip -  

When data are needed t o  de tec t  d i f f e rences  between sub- 

I f  t h i s  i s  so, t he  obvious quest ion i s :  

My idea o f  t he  k i n d  o f  food h a b i t  data needed f o r  management i s  
r e l a t e d  t o  how f i s h  co rnun i t i es  a re  s t ruc tu red .  Eco log ica l  theory  con- 
cern ing  community s t r u c t u r e  has been dominated by t h e  Hutchinson- 
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MacArthur school o f  thought. 
views a comnunity of animals as a unidimensional resources ax i s  upon 
which species occupy some area o r  breath.  
species, a zone o f  over lap  e x i s t s  where species co-occur. 
l y i n g  assumption o f  t h i s  theory  i s  t h a t  d i r e c t  compet i t ion  i s  t h e  
p r i n c i p a l  f o r c e  i n  determining comnunity s t r u c t u r e  and the re fo re  
con t ro l s  these pa t te rns  o f  n iche  brea th  and over lap.  Th is  view regards 
feed ing  s tud ies  as s imply a means o f  i d e n t i f y i n g  p o t e n t i a l  compet i tors.  
When t h e  d i e t s  o f  o f f sho re  f i shes  a re  found t o  be w ide ly  over lapping, 
d i r e c t  compet i t ion  f o r  food, and the re fo re  feeding studies,  i s  con- 
s idered  unimportant i n  management s t ra teg ies .  
communities f o r  which these concepts were developed, t h i s  theory  has 
been w ide ly  accepted, b u t  i n  aquat ic  communities, p redat ion  has been 
found t o  be one o f  t he  most powerful i n t e g r a t i n g  concepts (Hobson 1968; 
Lowe-McConnel 1975; Paine 1966). An a l t e r n a t i v e  t o  the  Hutchinson- 
MacArthur model i s  t o  view t h e  community as a l a t t i c e ,  then t h e  
v e r t i c a l  connections would represent p redat ion  and t h e  ho r i zon ta l  con- 
nect ions would be compet i t ion.  Using t h i s  model, predator-prey 
r e l a t i o n s h i p s  can be an important f a c t o r  i n  community i n te rac t i ons .  
I f  the re  i s  ever going t o  be t r u e  mul t i -spec ies  management, feeding 
s tud ies  are  going t o  have t o  focus more toward these v e r t i c a l  con- 
nec t ions  bo th  above and below the  managed species and t h e  mechanisms 
which c o n t r o l  them. 

I n  i t s  s imp les t  form, t h i s  type  o f  theory  

When the re  a r e  m u l t i p l e  
The under- 

I n  the  t e r r e s t r i a l  
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Table 1. The d i e t  o f  widow r o c k f i s h  f rom Northern C a l i f o r n i a  
(Average TL = 464 mn, min. S ize  = 361 mm, Max. 
S ize  = 543 mm, n = 365). 

Number 

Hydromedusae 1.28 

Ctenophora 0.10 

01 i gochaeta - 

Pe lag ic  Polychaeta 0.07 

Pe lag ic  Gastropoda 0.13 

Cephal opoda 0.14 

Mys i dacea 0.01 

Isopoda 0.01 

Gammaridea 0.07 

Hyper i  idea  1.45 

Capre l l  idea  0.01 

Euphausiacea 30.88 

Natan t ia  11.78 

Ascidiacea 0.02 

Larvacea 0.11 

Thal iacea 22.98 

Chaetognatha 0.01 

F ish  5.38 

Undet. Gelat inous ma te r ia l  - 

Sand - 

Volume 

3.90 

0.84 

0.27 

0.56 

0.79 

0.91 

0.01 

0.28 

0.34 

3.77 

0.01 

21.05 

12.78 

0.22 

0.03 

16.74 

0.55 

24.80 

10.22 

0.91 
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Min. 
S ize  

1 .oo 
0.50 

90.00 

2.50 

7.00 

50.00 

1 .oo 

1.50 

1 .oo 
0.70 

1 .oo 

6.00 

0.30 

1.50 

0.30 

1 .oo 
- 

1.50 

6.00 

- 

Max. 
S ize  

4.00 

3.00 

- 
2.70 

- 
- 
- 

- 
- 

10.00 

35.00 

36.00 

7.00 

2.00 

0.68 

80.00 

- 

90.00 

- 
- 

Freq. o f  
Occurrence 

0.06 

0.01 

0.01 

0.01 

0.02 

0.03 

0.01 

0.01 

0.03 

0.18 

0.01 

0.37 

0.20 

0.01 

0.01 

0.370 

0.01 

0.403 

0.02 

0.01 



Table 2. L l o y d ' s  (1967) index  o f  patchiness f o r  major  prey 
ca tegor ies  f rom research t r a w l s  versus commercial 
1 andi  ngs. 

Comnerci a1 Research 
Prey Categor ies Landings Trawls 

2.72 2.30 Euphausi ids 

3.94 1 .34 Sal ps 

Shrimp 10.15 10.36 

.24 F i s h  10.71 

ia0.0; 
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20.0, 
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F igure  1. 
( c l e a r  bar) ,  shrimp ( l e f t - h a t c h e d  bar ) ,  euphausi ids ( r i g h t -  
hatched b a r )  and f i s h  (cross-hatched b a r ) .  

Seasonal feeding o f  t h e  widow r o c k f i s h  on sa lps 
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Figure 2. 
from port sampling (dashed l i n e )  and from the April 
research c ru i se  ( s o l i d  l i n e ) .  

This d i s t r ibu t ion  o f  lengths o f  widow rockfish 
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