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I n v e s t i g a t i o n s  o f  predator-prey r e l a t i o n s h i p s  t h a t  have considered 
aspects of prey d i s t r i b u t i o n  and a v a i l a b i l i t y  have, w i t h  few exceptions, 
been conf ined t o  we l l  de f ined s i t e s  o r  areas where p rec i se  sampling 
and/or d i r e c t  observat ions can be made. Most such s tud ies  have been 
conducted nearshore, where l o g i  s t j c a l  problems are  reduced and where 
d i r e c t  observat ions a re  o f t e n  f e a s i b l e  (e.g. Hobson 1968, 1974: Hnhwn 
and Chess 1976; Van B lar icom 1977; and C a i l l i e t  e t  a l .  1979). 
i n v e s t i g a t i o n s  have d e a l t  most o f t e n  w i t h  organisms l i k e  f l a t f i s h e s  t h a t  
l i v e  on t h e  sea f l o o r  where methods f o r  c o l l e c t i n g  benth ic  predators and 
prey species a re  r e l a t i v e l y  p rec i se  (e.g. Pearcy and Hancock 1978; 
Gabr ie l  and Pearcy 1981). 
problems a r i s e  which are  n o t  encountered i n  most nearshore o r  o f f sho re  
benth ic  s tud ies .  

bo th  predators and prey i n  t h i s  l a r g e  th ree  dimensional environment 
c o n t r i b u t e  t o  i ncons is ten t  sampling, e s p e c i a l l y  o f  t h e  predators.  
Furthermore, because o f  t h e  dynamics o f  t h e  water column and t h e  patchy 
d i s t r i b u t i o n  o f  t he  p lank ton  and p lank t ivores ,  t h e  i n t e r p r e t a t i o n  o f  
p lank ton  samples t h a t  a re  intended t o  represent prey a v a i l a b i l i t y  i s  
o f t e n  d i f f i c u l t ,  i .e.  do t h e  samples adequately r e f l e c t  t h e  ac tua l  prey 
i tems a v a i l a b l e  t o  t h e  predators.  

Comparable 

When o f f sho re  midwater sampling i s  requ i red ,  

The v a r i a t i o n s  i n  temporal and s p a t i a l  d i s t r i b u t i o n  pa t te rns  o f  

Shor tbe l l y  Rockf ish 

The s h o r t b e l l y  rock f i sh ,  Sebastes j o r d a n i ,  i s  a l a r g e  un f ished 
resource i n  waters o f f  C a l i f o r n i a .  
however, t he re  has been a growing i n t e r e s t  i n  t h e  development o f  a 
f i s h e r y  by f ishermen and processors (Lenarz 1981). 

Dur ing t h e  past several  years  

A major  p o r t i o n  o f  t h e  s h o r t b e l l y  popu la t ion  occurs between l a t i -  
I n  t h i s  area they  tude 36O56' and 37O21' (Gunderson and Sample 1980). 
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appear t o  aggregate on the  con t inen ta l  s h e l f  and s lope near submarine 
canyons o r  steep d ropo f f s  a t  depths between 128 and 275 meters. 

maximum s i z e  o f  about 33 cm (Lenarz 1981), an appropr ia te -s ized  forage 
species f o r  l a r g e r  predators.  Th is  species i s  known t o  be an impor- 
t a n t  i t em i n  t h e  d i e t  o f  k i n g  salmon o f f  San Francisco (Merkel 1957). 

Determining t h e  va lue  o f  s h o r t b e l l i e s  as a fo rage species f o r  
o the r  l a r g e  predators  and understanding t h e  dynamics o f  i t s  own preda- 
t o r y  a c t i v i t i e s  i s  impor tan t  be fore  a l a r g e  s h o r t b e l l y  f i s h e r y  i s  
es tab l i shed.  
va luab le  species has a r i s e n  p r i o r  t o  i t s  e x p l o i t a t i o n .  

Ob jec t ives  o f  t h e  Study 

of t he  s h o r t b e l l y  were t o  determine: a. i t s  importance as a forage 
species, b. d i e l  feeding pa t te rns  and prey s e l e c t i v i t y ,  c .  seasonal 
d i s t r i b u t i o n  and prey,  d. depth /s ize  r e l a t i o n s h i p s ,  and e. the  v a r i a -  
t i o n s  i n  prey s e l e c t i v i t y  w i t h i n  var ious  s i z e  c lasses. 

The s h o r t b e l l y  reaches m a t u r i t y  a t  about 16.5 cm and a t t a i n s  a 

It i s  unusual t h a t  t h e  oppor tun i t y  t o  study a commercial ly 

O r i g i n a l l y ,  t he  ob jec t i ves  i n  s tudy ing  the  t r o p h i c  r e l a t i o n s h i p s  

, 

A l l  b u t  t he  f i r s t ,  con t inue t o  be goals o f  t h e  study. The 
c o l l e c t i o n  o f  guts f rom t h e  l a r g e r  p redatory  f i s h  f rom t r a w l  samples 
proved u n s a t i s f a c t o r y  because o f  r e g u r g i t a t i o n  o f  gu t  contents du r ing  
t r a w l  r e t r i e v a l .  So t h e  r o l e  o f  s h o r t b e l l i e s  as a fo rage species i s  
be ing  considered i n  another segment o f  t he  o v e r a l l  program t h a t  samples 
these predators  f rom s p o r t f i s h i n g  boats. 

Study Areas 

Beginning i n  t h e  s p r i n g  o f  1979, when sh ip t ime was o f f e r e d  by  t h e  
Northwest Alaska F i she r ies  Center, at tempts were made t o  l o c a t e  
s p e c i f i c  s i t e s  where s h o r t b e l l i e s  aggregated. Our s tudy  o f  d i e l  feed- 
i n g  p a t t e r n s  and prey a v a i l a b i l i t y  i s  cen tered  i n  an area o f  about 
17 square k i l omete rs  on t h e  s h e l f  j u s t  west of Ascencion submarine 
canyon ( 3 7 O O O '  N, 122O27' W ) .  
120 and 200 meters. 
b u t i o n  pa t te rns  and v a r i a t i o n s  i n  prey s e l e c t i v i t y  w i t h  shor tbe l  l y  
s i z e  and depth a re  taken i n  an area l e s s  we l l  de f i ned  near Pioneer 
Canyon (37020' N, 23000' W )  where depths vary f rom about 120 t o  275 
meters. 

The bottom depths vary between about 
Our c o l l e c t i o n s  t o  determine s ize /depth  d i s t r i -  

Vessel s 

Twice du r ing  the  f i r s t  yea r  o f  t he  study we used the  NOAA s h i p  
Oregon. Th is  vessel, however, was a t r a w l e r  and n o t  equipped t o  tow 
p lank ton  nets.  So no "prey samples" were obtained. I t was w e l l  r i gged  
and manned f o r  t r a w l i n g  opera t ions ,  though, and va luab le  data were 
gathered on d i s t r i b u t i o n  pa t te rns  o f  s h o r t b e l l i e s .  Also, du r ing  t h e  
f i r s t  year  we were ab le  t o  use t h e  NOAA s h i p  M i l l e r  Freeman f o r  3 days. 
Th is  s h i p  had bo th  t r a w l i n g  c a p a b i l i t i e s  and e labora te  acous t i ca l  f i s h  
mon i to r i ng  equipment, i n  a d d i t i o n  t o  standard oceanographic equipment. 
It enabled us t o  c o l l e c t  our  f i r s t  sample se r ies  o f  s h o r t b e l l i e s  and 
t h e i r  prey.  
s h i p  David S t a r r  Jordan on an approximate q u a r t e r l y  schedule. 
ship,  a wel l -equipped oceanographic vessel, had on ly  l i m i t e d  t r a w l i n g  

Since t h e  f a l l  o f  1980 we have had t h e  use o f  t he  NOAA 
Th is  



capabi l i t i es  during the f i r s t  three cruises .  
has dramatically increased i t s  trawling capabi l i t i es ,  with improved net 
ree l ,  door stanchions, hydroacoustic and navigational equipment. 

Collecting Samples 

daytime aggregations of shortbel l ies  disperse u p  into the water column 
a t  night. To determine diel  feeding patterns,  g u t  samples a re  needed 
from both dis t r ibut ion modes, from periods immediately preceding day- 
break and dark. Depth s t r a t i f i e d  plankton samples a re  a lso needed from 
midday and midnight periods t o  determine the diel dis t r ibut ion patterns 
of potential  prey species.  

col lect ing shortbell  ies  for  g u t  analysis and an opening/closing Tucker 
net w i t h  1 m2 e f fec t ive  opening i s  used fo r  plankton col lect ing.  

Sampl i ng Problems 

around our inabi l i ty  t o  consistently co l lec t  adequate samples of short-  
be l l i e s .  

A recent r e f i t t i ng  however, 

We have determined from hydroacoustic t racings,  tha t  nearbottom , 

A three-bridle midwater trawl with 100 f t  headrope i s  used f o r  

During t h i s  investigation the problems encountered center primarily 

Locating shortbelly aggregations. 
shor tbe l l ies ,  hydroacoustic t ransects  a re  made, usually in a zigzag o r  
bathymetric pattern within the study area.  Daytime shortbelly aggrega- 
t ions usually show a charac te r i s t ic  si1 houette on sounder paper, being 
dense, round-topped and extending several t o  about 30 m from the  bottom. 
Discrete nighttime aggregations are  more d i f f i c u l t  t o  ident i fy .  
shortbel l ies  disperse into the water column, sometimes moving u p  as  f a r  
as the  lower portions of the near surface deepscattering layer ,  where 
they mix with other f i sh  species tha t  r i s e  into the water column a t  
night.  

The acoustic resolution i s  variable with the different  qual i ty  
sounders on the various vessels,  so the interpretat ion of target  
strength and shape and identifying them as shortbel l ies  has often been 
a problem. A Simrad sc i en t i f i c  sounder EK400 with high resolution has 
recently been ins ta l led  aboard the Jordan and in the  future  should help 
us locate  and ident i fy  f i sh  aggregations. Scanning sonar helps con- 
siderably in  locating f i sh  aggregations b u t  has been available t o  us 
only twice, once aboard the Miller Freeman and again aboard a chartered 
fishing vessel (Colintino R O ~ . ~  

If  no acoustic ta rge ts  are found  pr ior  t o  the 
sampling period, “blind” trawl se t s  a re  usually made a t  locations near 
where f i sh  were previously found. 
j u s t  as successful in obtaining samples during these blind s e t s  as 
when se t t ing  on acoustic ta rge ts .  
been one or  a combination of the following: delays i n  se t t ing  due t o  
deck gear problems, navigational l imitat ions i n  returning t o  the target  
posit ion,  or  f i sh  movements and d r i f t  due t o  currents o r  wind. 

With the recently instal led p lo t te r  aboard the Jordan, our a b i l i t y  
t o  return t o  specif ic  ta rge ts  has been great ly  improved. The p lo t te r  
i s  coupled w i t h  the  Loran C navigational system and plots the track of 
the ship on paper, allowing return t o  any previously marked posit ion.  

To locate aggregations of 

The 

Sett ing the trawl. 

As i t  has turned out ,  we have been 

Reasons fo r  missing ta rge ts  have 
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The deck gear problems associated w i t h  t r a w l  s e t  delays have l a r g e l y  
been so lved by t h e  recent  i n s t a l l a t i o n  o f  a s p l i t  ne t  ree l ,  moving t h e  
ne t  r e e l  a f t  and cons t ruc t i ng  door stanchions. 

Estimates o f  t he  t r a w l  f i s h i n g  depths were 
i n i t i a l l y  made by n o t i n g  t h e  presence o r  absence o f  benth ic  organisms. 
Adjustments t o  t h e  t r a w l  warp l eng th  were made i n  a t tempt ing  t o  p lace  
t h e  n e t  j u s t  o f f  t h e  bottom. The warp length/depth r a t i o s  t h a t  devel- 
oped were l a t e r  mod i f ied  by use o f  a t ime/depth recorder.  
u n t i l  we were ab le  t o  use a shipboard n e t  mon i to r ing  system, w i t h  an 
acous t ic  l i n k  w i t h  t h e  ship,  were we ab le  t o  observe t h e  ac tua l  pos i -  
t i o n  o f  t he  t r a w l  i n  r e l a t i o n  t o  t h e  bottom, surface and f i s h  ta rge ts .  
Th is  Furuno 200 ne t  sonde has al lowed us t o  more e f f e c t i v e l y  f i s h  t h e  
t r a w l  and w i t h  a s i n g l e  except ion (when about 25,000 l b s  o f  sho r t -  
b e l l i e s  were c o l l e c t e d  du r ing  a 12 minute pe r iod ) ,  t o  monitor f i s h  
en te r ing  t h e  t r a w l  and thus  l i m i t  t r a w l i n g  t ime  i n  o rder  t o  avo id  
unreasonably l a r g e  samples. 
p o s i t i o n  t h e  t r a w l ,  by vary ing  warp l eng th  o r  sh ip  speed t o  t h e  depth 
o f  t a r g e t s  which are  detected by t h e  shipboard sounder. 

Experience l e v e l  o f  personnel. Another important f a c t o r  c o n t r i -  
b u t i n g  t o  our sample c o l l e c t i n g  l i m i t a t i o n s  invo lves  t h e  l a c k  o f  t r a w l -  
i n g  experience o f  our  b i o l o g i s t s  and techn ic ians .  Aboard the  Oregon 
( a  NOAA t r a w l e r )  and t h e  C o l i n t i n o  Rose I 1  (a  char te red  f i s h i n g  vessel)  
we u s u a l l y  had no problem ca tch ing  s h o r t b e l l i e s .  Both o f  these sh ips  
were r i gged  and manned f o r  f i s h i n g  w i t h  experienced captains d i r e c t i n g  
f i s h i n g  operat ions.  
c ru i se  l eader  has t h a t  r e s p o n s i b i l i t y ,  and i n  our  case, t h e  c r u i s e  
leaders have been r e l a t i v e l y  inexperienced, and have had d i f f i c u l t y  
i n  ca tch ing  f i s h .  
6 weeks per  year.  
naive t o  an experienced fisherman; however they have f r u s t r a t e d  our  
f i e l  d e f f o r t s  s i  gni  f i cant1 y . 
Conclusions 

Mon i to r i ng  t h e  t raw l .  

But no t  

It a l s o  provides the  oppor tun i t y  t o  

Aboard t h e  Jordan, an oceanographic vessel , t h e  

Experience comes s lowly  when one f i shes  o n l y  5 o r  
The problems considered i n  t h i s  r e p o r t  m igh t  seem 

Most oceanographic vessels are poo r l y  r i gged  f o r  t r a w l i n g  opera- 
t i o n s .  The spec ia l i zed  gear requirements f o r  these opera t ions  are 
o f t e n  incompat ib le  w i t h  t h e  sh ip  design and r e f i t t i n g  may be imprac t i -  
ca l  as w e l l  as c o s t l y .  The e l e c t r o n i c  equipment used i n  f i n d i n g  f i s h  
and mon i to r ing  t r a w l s  i s  c o s t l y  and a f f o r d i n g  s ta te -o f - the -a r t  i n s t r u -  
mentat ion i s  ou t  o f  t h e  ques t ion  f o r  many s c i e n t i f i c  programs. 
t o  c o n s i s t e n t l y  c o l l e c t  f i shes  near bottom o r  i n  midwater w i t h  a t r a w l ,  
a vessel t h a t  i s  p roper l y  designed and equipped f o r  t h a t  purpose i s  
requ i red .  

Perhaps equa l l y  important as t h e  vessel and r i g g i n g  i s  t h e  presence 
o f  experienced personnel. I n  t h e  s h o r t b e l l y  i nves t i ga t i on ,  t he  presence 
o f  a q u a l i f i e d  fisherman, h i r e d  t o  d i r e c t  operat ions and t o  t r a i n  t h e  
s c i e n t i f i c  p a r t i c i p a n t s  e a r l y  i n  the  program, would s u r e l y  have improved 
our successes and saved a grea t  deal o f  va luab le  sh ip  t ime. 

study as we l l  as t h e  recent  mod i f i ca t i ons  and equipment add i t i ons  t o  
t h e  Jordan however, have improved our f i s h i n g  successes. 

However, 

The experiences gathered by a l l  concerned w i t h  t h i s  s h o r t b e l l y  

61 



LITERATURE CITED 

C a i l l i e t ,  G, B.  S.  Antr im, and D. Ambrose. 
1979. 
and nearby waters. In: C.A. Simenstad and S.J. L ipovsky 
(eds.) F ish  Food H a b E  Studies. 
Workshop. 

1980. 
p a c i f i c u s  Lockington) o f f  Oregon. Fish.  B u l l .  79: 

Trophic Spectrum Ana lys is  o f  Fishes i n  Elkhorn Slough 

Proc. 2nd P a c i f i c  Technical  
U. Wash. Sea Grant, Sea t t l e ,  pp 118-128. 

Gabr ie l ,  W.L. and W.G. Pearcy 
Feeding S e l e c t i v i t y  o f  t h e  Dover Sole (Microstomus 

749-763. 

Gunderson, D.R. and T.M. Sample 
1980. 
Oregon, and C a l i f o r n i a  Dur ing  1977. 

D i s t r i b u t i o n  and Abundance o f  Rock 
Mar. 

1980. pp 2-16. 

Hobson, E.S. 
1968. Predatory Behavior o f  Some Shore F 
C a l i f o r n i a .  U.S. F ish W i l d l .  Serv., Res. 

i s h  o f f  'Washington, 
Fish.  Rev. Mar-Apr. 

shes i n  t h e  Gulf o f  
Rep. 73, 92 p. 

Hobson, E.S. 
1974. 
i n  Kona, Hawaii. Fish. Bu l l . ,  U.S. 72:915-1031. 

Feeding Re la t ionsh ips  o f  Teleostean Fishes on Coral Reefs 

Hobson, E.S. and J.R. Chess 
1976. Troph ic  I n t e r a c t i o n s  Among Fishes and Zooplankters 
Nearshore a t  Santa Catal i n a  Is land,  C a l i f o r n i a .  Fish. Bu l l . ,  
U.S. 74~567-597. 

Lenarz, W.H. 
1980. 
Resource i n  Waters o f f  C a l i f o r n i a .  Mar. Fish. Rev. 
Mar-Apr. 1980. pp 34-40. 

1957. 
(Walbaum), i n  t h e  V i c i n i t y  o f  San Francisco, C a l i f o r n i a .  
C a l i f .  F i s h  Game 43:249-270. 

Shor tbe l l y  Rockfish, Sebastes j o r d a n i :  A Large Unf ished 

Merkel, T.J. 
Food Hab i ts  o f  t h e  King Salmon Onchorhynchus tsawytscha 

Pearcy, W.G. and D. Hancock 
1978. 
and Pac i f i c  Sanddab i n  a Region o f  Diverse Sediments and 
Bathymetry o f f  Oregon. 

Feeding Habits o f  Dover Sole, Rex Sole, Slender Sole 

Fish. B u l l  ., U.S. 75:641-651. 




