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THE STATE OF SCIENTIFIC INFORMATION RELATING TO BIOLOGY A N D  ECOLOGY 
OF THE GORDA R I D G E  STUDY AREA, NORTHEAST PACIFIC O C E A N :  

PLANKTON 

INTRODUCTION 

Tke scope  o f  t h i s  r ev i ew  o f  s c i e n t i f i c  r e p o r t s  dea:ing u i t k  t h e  
3:anktzn of  t h e  N o r t h e a s t  ? a c i f i c  ocean  h a s  'seen i i n i t e d  p r i x a r i l y  t o  
s t 3 d i e s  c a r r i e d  o u t  i n  the r e g i o n  bcunded by 40'-45" L a t i t u d e  and 
'25"-12g0 'd l o n g i t u d e  ( h e n c e f o r t h  c a l l e d  t h e  S t u d y  Area ,  "gure ' j . The 
d i s t r i b u t i o n s  o f  ? l a n k t o n i c  o rgan i sms  a p p e a r s  l i m i t e d  by r a t h e r  na r rowly  
d e f i n e d  t o l e r a n c e s  t o  p h y s i c a l  p a r a m e t e r s ,  p a r t i c u l a r l y  w a t e r  s a l i n i t y  2x6 
t e m p e r a t u r e ,  t h a t  a f f e c t  t h e  fundamen ta l  p h y s i o l c g i c a l  p r o c e s s e s  o f  growtfi 
and r e p r o d u c t i o n .  The p h y s i c a l  and chemica l  c h a r a c t e r i s i i c s  o f  w a t e r  x a s s e s  
any g r e a t  d i s t a n c e  from t h e  S tudy  Arsa r e p r e s e n t  p l a n k t o n i c  env i ronmen t s  
t h a t  d i f f e r  markedly from t h o s e  found i n  t h e  S tudy  Area i t s e l f  (Kozlova and 
Mukhina ' 9 6 7 ,  Maruma 1967,  Semina 1972,  Semina and  Tarkhova ' 9 7 2 ) .  
E x t r a p o l a t i o n  o f  f i n d i n g s  o f  p l a n k t o n  s t u d i e s  from d i s t a n t  r e g i o n s  o f  t h e  
Northwest  P a c i f i c  t o  t h e  S t u d y  Area was t h e r e f o r e  c o n s i d e r e d  t enuous  and 
t h e s e  r e p o r t s  have n o t  been i n c l u d e d  h e r e .  Xowever, p l a n k t o n i c  a s semblages  
t h a t  a r e  t r a n s p o r t e d  i n t o  t h e  S tudy  Area from a d j a c e n t  r e g i o n s ,  p a r t i c u l a r l y  
by i n c u r s i o n s  of  s u b a r c t i c  w a t e r  masses ( P e a r c y  '9721,  have  Seen  i n c l l ~ d e c .  

The works by Anderson (1964,  1972)  and S n a i l  and C u r l  (1972)  a r e  key 
r e f e r e n c e s  t h a t  p r o v i d e  b a s i c  i n f o r m a t i o n  on p h y t o p l a n k t o n  w i t h i n  t h e  S tudy  
Area.  Ande r son ' s  (1964 ,  ' 9 7 2 )  r e p o r t s  d e s c r i b e d  t h e  hydrog raphy ,  n u t r i e n t  
c h e m i s t r y ,  s e a s o n a l  p a t t e r n s  o f  phy top lank ton  biomass and p r o d u c t i v i t y ,  and 
s i g n i f i c a n c e  o f  t h e  s u b s u r f a c e  c h l o r o p h y l l  maximum i n  t h e  n o r t h e r n  r e g i o n  o f  
t h e  S tudy  Area.  One o f  t h e  few p h y t o p l a n k t o n  s p e c i e s  l i s t s  f o r  t h e  S t u d y  
Area is z i v e n  i n  Anderson ( 1 9 7 2 ) .  Smal l  and C u r l  (1972)  p r o v i d e  a d d i t i o n a l  
i n f o r m a t i o n  on s e a s o n a l  d i s t r i b u t i o n s  of  c h l o r o p h y l l  a  a l o n g  c r u i s e  
t r a n s e c t s  o f f  Newport, OR (44' 3 9 '  N ) ,  Coos Bay, O R  (q3' 20 .5 '  N )  and 
S r o o k i n g s ,  OR ( 4 2 '  00 '  N ) ,  t h u s  encompassing a l a r g e  p o r t i o n  o f  t h e  n o r t h e r n  
r e g i o n  o f  t h e  S tudy Area. 

Lists of zoop lank ton  s p e c i e s  found w i t h i n  t h e  S t u d y  Area were found i n  
r e p o r t s  by Pea rcy  (1 9721,  Lau r s  ( ? 9 6 7 ) ,  P e t e r s o n  (1972)  and  Hubbard (1 9 6 6 ) .  
P e a r c y l s  (1972)  work c o n t a i n s  t h e  most e x t e n s i v e  l i s t  o f  z o o p l a n k t o n i c  
o rgan i sms  i n  t h e  r e g i o n ,  and d e s c r i b e s  s e a s o n a l  c a t c h  v a r i a t i o n s ,  v e r t i c a l  
d i s t r i b u t i o n s  and m i g r a t i o n s  o f  major  z o o p l a n k t o n i c  g r o u p s  found o f f  t h e  
c e n t r a l  and n o r t h e r n  Oregon c o a s t .  T h i s  work a l s o  p r o v i d e s  t h e  o n l y  
i n f o r m a t i o n  a v a i l a b l e  t o  d a t e  on p l a n k t o n  o f  mesope lag i c  d e p t h s  o f  t h e  
r e g i o n .  L a u r s  ( ' 9 6 7 )  d e s c r i b e s  s e a s o n a l  abundances  and t r o p h i c  i n t e r a c t i o n s  
o f  s e v e r a l  i m p o r t a n t  components o f  t h e  p l a n k t o n  from a  s t u d y  c a r r i e d  o u t  i n  
t h e  S t u d y  Area between 1962 and 1964.  P e t e r s o n  (1972)  r e p o r t e d  s e a s o n a l  
abundances ,  s p a t i a l  d i s t r i b u t i o n s ,  and v e r t i c a l  m i g r a t i o n s  o f  copepods  i n  
t h e  n o r t h e r n  r e g i o n  o f  S t u d y  Area.  Hubbard ' s  ( 1 9 6 6 )  r e p o r t  r ema ins  a key 
work on t h e  abundance and d i s t r i b u t i o n  o f  s a l p s  ( S a l p i d a e )  from f o u r  
o f f s h o r e  t r a n s e c t s  between Newport and Brook ings ,  O R ,  which were c a r r i e d  o u t  
between 1961 and 1964. 



Figure I .  GORDA RIDGE STC3Y AREA s h o r n  i n s i d e  d a s h s d  line. /?.ect3r?gil;ar '5lscX 
encompass a b o u t  2 . 6  n i l l i o n  a c r e s ) .  



PLANKTON 

The sho r t  l i s t  of key reports given above on the distribution and 
abundance of planktonic organisms in t h e  S t u d y  Area i l l u s t r a t e s . t w o  major  
f i n d i n g s  of this survey:  ( 7 )  most studies of the p l a n k t o n  of the Study  
Area are now t e n  t o  twenty y e a r s  o l d ;  and (2) we were u n a b l e  t o  loca te  any 
works  d e a l i n g  w i t h  f u n c t i o n a l  a s p e c t s  of t h e  p lankton ic  community, such  as  
f e e d i n g  e c o l o g y ,  s econda ry  p r o d u c t i o n ,  and reproduct ion.  Good general 
reviews of these  t o p i c s  can b e  found i n  Raymontfs (1980,  1983) monographs, 

S P E C I E S  COMPOSf T ION  AND DISTFiISUTION 

The surface c i r c u l a t i o n  p a t t e r n s  i n  and around the Gorda Ridge a re  such 
that p l a n k t o n  w i t h  a f f i n i t i e s  t o  suba rc t i c ,  t r a n s i t i o n a l ,  and c e n t r a l  o r  
equatorial  water masses occur w i t h i n  t h e  S tudy  Area (Peascy 1 9 7 2 ) .  I t  is 
t h e r e f o r e  necessary t o  briefly describe t h e  surface c u r r e n t  p a t t e r n s  t h a t  
t r a n s p o r t  s u c h  disparate p l a n k t o n i c  assemblages I n t o  t he  Study Area. 

S u r f a c e  c u r r e n t s  within the l e a s e  area are generally weak ( less than 30 
crn/sec) and variable In  speed and d i r e c t i o n  (5arnes and P a q u e t t e  1 9 5 7 ) .  The 
surface c i r c u l a t i o n  is dominated by t h e  southward-flowing C a l i f o r n i a  
Current ,  The o r i g i n  of this current is t h e  wind-driven S u b a r c t i c  Current  
which f lows  east across t h e  North Pacific n o r t h  of the Study Area. The 
Suba rc t i c  c u r r e n t  s p l i t s  into two branches a p p r o x i m a t e l y  500 k m  east  of the 
North American con t i nen t .  One branch flows north and away from the  Study 
Area, w h i l e  t h e  o t h e r  b r a n c h ,  the Cal i forn ia  C u r r e n t ,  f lows s o u t h  through 
t h e  Study Area ( B u r t  and Wyatt 1964) .  Although the Cal i fo rn i a  C u r r e n t  has 
no we l l -de f ined  western boundary i t  is t h o u g h t  t o  e x t e n d  westward a t  l e a s t  
800-1000 km from t h e  c o a s t  ( F a v o r i t e  -- e t  al. 1976).  During s p r i n g  and  
summer the i n f l u e n c e  of this current extends t o  t h e  coastline, b u t  d u r i n g  
f a l l  and winter it is d i s p l a c e d  along t h e  coast by the norther ly-f lowing 
Davidson Current ( 8 u r t  and Wyatt .  7964) .  The width  of t h e  Davidson Current 
varies, b u t  its main f l o w  o c c u r s  w i t h i n  160 km of t h e  coast o f f  Gregon 
(Wyatt  -- e t  al. 7972). 

The c u r r e n t  pa t terns  d e s c r i b e d  above  i n d i c a t e  the g e n e r a l  mechanism by 
which p lank t o n  hav ing  both n o r t h e r l y  and  s o u t h e r l y  affinities c a n  be  
transported into t h e  r e g i o n  of t h e  Gorda Ridge. S u b a r c t i c  forms c a n  be  
carrled by the southward  f l o w i n g  California C u r r e n t  i n t o  t h e  Study Area, 
while during f a l l  and winter species c h a r a c t e r i s t i c  of regions t o  t h e  s o u t h  
can be t r a n s p o r t e d  into t he  S tudy  Area by the northward-flowing Davidson 
C u r r e n t .  Other species of p l a n k t o n  found w i t h i n  the Study  Area are  endemic 
to the transitional water mass encompassing t h e  r e g i o n  between t h e  s u b a r c t i c  
u a t e r  t o  the north and t h e  e q u a t o r i a l  and cent ra l  u a t e r  masses t o  t h e  
s o u t h .  

A f i s t  05 plankton species found w i t h i n  t h e  S t u d y  Area was compiled 
from repor ts  t h a t ,  t a k e n  t o g e t h e r ,  provided good coverage of the e n t i r e  
S t u d y  Area. Although t h e  majority of data is from the n o r t h e r n  h a l f  of the 
lease area ,  several s t u d i e s  were conduc ted  along t h e  Brookings transect (42' 
N) which crosses t h e  Gorda Ridge (Cross 1964,  Cross and Smal l  1967, Hubbard 
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1967, Laurs 1967, Lee 1972, Small and Cross 1972 ) . I n  a d d i t i o n ,  several 
reports of plank  ton d i a  tribut ions i n  the a t l a s e s  assembled during the 
C a l i f o r n i a  Cooperative Oceanic Fisheries I n v e s t i g a t i o n  (CalCOFI).cover the 
sou the rn  portion of the Gorda Ridge from roughly 40' N to 42' N (Alvarino 
1965, Bowman and Johnson 1973, Br in ton  1967, 7973,  Flerninger 7964, 1967,  
McGowan 7967). A list o f  t h e  r e f e r e n c e s  t o  major taxonomic g r o u p s  of the  
plankton is given i n  Table 1 .  A more comple t e  list of t h e  p lank ton ic  
species found within the Study Area I s  presented i n  Appendf x 1 . 

Phytoplankton Abundance and Primary P r o d u c t i v i t y  

In terms of algal numbers and biomass t h e  p h y t o p l a n k t o n  community 
within t h e  S t u d y  Area is dominated by diatoms (Kilburn !36!, Semina and 
Tarkhova 7972). According t o  Sernina and Tarkhova (79721 diatoms a re  the 
major component of the  phy top lank ton  community of t h e  Xorth Pac i f i c  for the  
reg ion  ex tend ing  s o u t h  t o  approximate ly  35' t o  40° N l a t i t u d e .  South of 
this l a t i t u d i n a l  boundary diatoms are  r e p l a c e d  by p e r i d i n i a n s  a s  the main 
c o m p o n e n t s  of t h e  phytoplankton. Marumo (1967) further d i v i d e d  t h e  s p e c i e s  
of diatoms found in the Worth P a c i f i c  in to  four communities, and classiried 
:he region which includes the Gorda Ridge Study Area as  a 8hizosolenia 
community. 

S e v e r a l  est inates  of the abundance of phytoplankton, either in terms of' 
c e l l  numbers of c h i o r o p h y l l  a are  a v a i l a b l e  for the Gorda Ridge Study Area. 
As mentioned above diatoms aFe t h e  dominant component of the p h y t o p l a n k t o n  
( i n  terms of cell numbers o r  biomass) t h r o u g h o u t  t h e  year  i n  this region of 
the Northeast Pacific (Sernina and Tarkhova 1 9 7 2 ) .  Kazlova and Mukhina 
(7967)  reported t h a t  i n  t h e  fall of 1958 the diatom c o n c e n t r a t i o n s  within 
the Study Area averaged 6.3 x IO* cells/m3 from the surface t o  a d e p t h  of 25 
n and 2.2 x T O 4  cells/m3 between 50 to 100 m d e p t h ,  Silicorlagellate 
a b u n d a n c e  xas found t o  range from 2 .0  x ? a 3  t 3  2.5 x T O 4  cells/m3 in t 3 e  
water column t o  a depth af 100 rn. Similsr e s ~ i n a t e s  of' diatom abundance 
( less  than T O 6  cell$/rn3) were r epo r t ed  f o r  the Study Area i n  t h e  summers of 
1954 t o  1958 by Marumo (19671. 

Estimates of phy top lank ton  abundance i n  terms of chlorophyll a in the 
Study Area were found i n  Anderson (7964, 1965, 1969,  79721, Beck l7966a, 
?966b, 1 9 6 6 ~ )  Hobson (19661, Laurs (19671, Small and Curl (1968, 19721 and 
Small and Menzies (1981). Anderson (1964, 1972) r e p o r t e d  that chlorophyll - a 
in surface watess was always low (0.1 - 0.5 mg/rn3) during 1961 t o  1962 i n  
t h e  northern po r t i on  of the S tudy  Area. Small and Cur l  ( t 9 6 8 )  a l s o  reported 
that the concentration of ch lo rophy l l  over  the Gorda Ridge a long a t r a n s e c t  
a t  42' N d u r i n g  t h e  summer of 1962 was less than 0.5 mg/m3. The best 
coverage of ch lorophyl l  concentrations in t h e  euphotic zone of the Study 
Area is g i v e n  by Small and Curl ('972). Their s t u d y ,  conduc ted  from A p r i l  
1962 t o  August 7965,  reports ch lo rophy l l  concentrations along t r a n s e c t s  o f f  
Newport ( 4 4 '  39' N), Coos Bay ( 43 '  20.5' N), and Brookings (42' 001 N ) .  
Mean chlorophyll c o n c e n t r a t i o n s  were highest i n  s p r i n g  (0 -85 mg/m" and 
l o w e s t  dur ing summer (0.39 mg/m3 1 . The mean concentrat ion for all areas and 
a l l  seasons was 0.82 mg/m3. 
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Table  1. List of references t a  major planktonic taxa repopted to occur 
w i t h i n  the Gorda Ridge Study Area. References are l i s t e d  i n  a lphabe t i ca l  
order for each taxonomic group. 

PHYTOPLANKTON 

D i v i s i o n :  Bacillariophyceae 
7 .  Anderson ( ? 9 7 2 )  
2. cupp  (1943)  
3. Hasle ( '9761 
4. Hobson ( 1966 )  
5. Kozlova and Mukhina ( 1967 ) 
6. Marumo (1967)  
7 .  Semina ( ' 9 7 2 )  
8. Semina and Tarkhova ( 1972) 

Div i s ion :  Chrysophyceae 
1 .  Hobson ( 7 9 6 6 )  
2. Kozlova and Mukhina 6 39673 

ZOOPLANKTON 

Phylum: Annelida 
Class : Polychaeta 

7 .  Pearcy ( 1 9 7 2 )  
2. Peterson and Anderson ( 1966) 
3. Peterson and Miller (1976)  

Phylum: drthropoda 
Order: Anahipoda 

1 .  Laura (1967)  
2. Lee (79721 
3. Meyers (79751 
4. Pearcy (1972) 

Order: Copepoda 
7 ,  Bowman and Johnson ( 1973) 
2. Brodskii (1967) 
3. Cross (7964) 
4 ,  Cross and Small (19671 
5. Davis (1949)  
6. Fleminger ( 7964 )  
7. Fleminger (1967) 
8. Hebard ( 1 9 6 6 )  
9. Laurs (1967)  

TO. Lee ( 1 9 7 2 )  
1 1 .  Meyers (1975) 
12. Pearcy (7972) 
13. Peterson (19721 
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14.  P e t e r s o n  and Anderson (1966)  
15. P e t e r s o n  and M i l l e r  (1976)  
16.  Smal l  and Cross  (1972)  
17.  Smith ( 1 9 7 4 )  

Orde r :  Euphaus iacea  
1 .  B r i n t o n  ( 1 9 6 7 )  
2 .  & i n t a n  ( ' 9 7 3 )  
3. Yebar3 ( ' 9 6 6 )  
4. Laur s  ('357) 
5 .  Pearcy  ;1972)  
6 .  P e t e r s o n  and 2 i l l e r  ; 1976) 

Orde r :  Xys idacea  
1 .  Pearcy  (1972)  

3 r d e r :  S s t r a c o d a  
. Pearcy  (7972)  

Phylum: Chae togna tha  
1 .  A l v a r i n o  ( 7965) 
2 .  B i e r i  ( 1 9 5 9 )  
3. Meyers (1975)  
4 .  Pearcy  ( ' 9 7 2 )  
5 .  P e t e r s o n  and M i l l e r  ( 1 9 7 6 )  

Phylum: Chorda t a  
C l a s s :  Larvacea  

1 .  Lee ( 1 9 7 2 )  
2.  Meyers (7975)  
3. Pearcy  ( 1 9 7 2 )  
. ?e t ; r son  and M i l l e r  ('976: 

C l a s s :  T h a l i a c e a  
Order :  D o l i o l i d a  

1 .  Lee ( 1 9 7 2 )  
2. Pearcy  (1972)  

Orde r :  Pyrosomida 
1 .  Pearcy  (1972)  

Order  : S a l p  i d a  
1 .  Hubbard (1967)  
2. Laur s  ( 1 9 6 7 )  
3.  Pearcy  (1972)  

Phylum: C o e l e n t e r a t a  
1 . Pearcy  ( 1  972)  

Phylum: ~ t e n o p h o r a  
1 .  Pearcy  (1972)  
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Phylum: Mollusca 
Class : Gastropoda 

1 . McGowan ( 1  9 6 7 )  
2 .  Meyers (1975)  
3. Pearcy (1972)  
4.  Peterson and Mil ler  ( 1  6 7 )  

Class:  Heteropoda 
1 . NcGowan ( 1967)  
2 .  Pearcy ( 1 9 7 2 )  
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An o v e r v i e w  o f  t h e  d a t a  g i v e n  i n  s t u d i e s  m e n t i o n e d  a b o v e  s u g g e s t s  t h a t  
t h e  d i s t r i b u t i o n  o f  c h l o r o p h y l l  i n  t h e  S t u d y  Area is p a t c h y .  P a t c h y  
c h l o r o p h y l l  d i s t r i b u t i o n s  a r e  p a r t i c u l a r l y  a p p a r e n t  i n  t h e  d a t a  p r e s e n t e d  by 
Beck ( 1 9 6 6 a ,  !966b,  1 9 6 6 ~ )  f o r  5 6  s t a t i o n s  a l o n g  t r a n s e c t s  i n  t h e  n o r t h e r n  
p o r t i o n  o f  t h e  S t u d y  Area.  P a t c h i n e s s  i n  c h l o r o p h y l l  e x t e n d s  bo th  
h o r i z o n t a l l y  and v e r t i c a l l y .  Dur ing  t h e  summer t h e  l e a s e  a r e a  is 
c h a r a c t e r i z e d  by a  w e l l - d e v e l o p e d  s u b s u r f a c e  c h l o r o p h y l l  maxinum b e n e a t h  t h e  
s e a s o n a l  p y c n o c l i n e  (Anderson  1 9 6 9 ,  1 9 7 2 ) .  T h i s  f e a t u r e  is  g e n e r a l l y  f c u n d  
between 55  and 65 m below t h e  s u r f a c e  and below t h e  o e p t h  o f  1 %  s u r f a c e  
l i g n t  i n t e n s i t y .  C h i o r o p h y l l  c o n c e n t r a t i o n s  w i t h i n  t h i s  l a y e r  a r e  t y p i c a l l y  
b e t . ~ . e e n  ' t o  3 e g / 3 i 3 ,  o r  3 t o  10  t i m e s  t h e  v a l u e s  found  i n  s u r f a c e  w a t e r s  
(Anderson  1969 ,  ' 9 7 2 ) .  The s u b s u r f a c e  c h l o r o p h y l l  maximum d e v e l o p s  i n  e a r l y  
summer and p e r s i s t s  u n t i l  November o r  December when t h e  s e a s o n a l  p y n o c l i n e  
b r e a k s  down. C h l o r o p h y l l  v a l u e s  t h e n  become more u n i f o r m  w i t h  d e p t h  i n  
n e a r - s u r f a c e  v a t e r s .  

E s t i m a t e s  o f  p r i m a r y  p r o d u c t i v i t y  o f  p h y t o p l a n k t o n  i n  t h e  Gorda Ridge 
S t u d y  Area a r e  g i v e  by Anderson ( 1 9 6 4 ,  1965 ,  1 9 7 2 ) ,  Beck ( 1 9 6 6 a ,  1966b,  
1 9 6 6 c ) ,  Koblents-Miske ( 1 9 6 5 ) ,  L a r r a n c e  ( 1  971 1 ,  S m a l l  and C u r l  ( ' 9 6 3 ) ,  S m a l l  
e t  a l .  ( 1 9 7 2 ) ,  and S m a l l  and Menzies  ( 1 9 8 ' ) .  These s t u d i e s  i n d i c a t e  t h a t  -- 
t h e  s e a s o n a l  c y c l e  o f  p r i m a r y  p r o d u c t i o n  w i t h i n  t h e  S t u d y  Area f a i 1 3 w s  t h a t  
found  i n  o t h e r  t e m p e r a t e  l a t i t u d e s  o f  t h e  o c e a n  (Anderson  1964 ,  Raymont 
1980 ,  3 y t h e r  1 9 6 9 ) .  C o n c e n t r a t i o n s  o f  p l a n t  n u t r i e n t s  a r e  h i g h  d u r i n g  t n e  
w i n t e r ,  b u t  p r i m a r y  p r o d u c t i o n  r e m a i n s  low b e c a u s s  o f  t h e  d e p t h  o f  t h e  a i x ? d  
l a y e r  and iow i n c i d e n t  s o l a r  r a d i a t i o n .  I n  t n e  s p r i n g  t h e  w a t e r  column 
b%corr.es s t r a t i f i e d  a s  s u r f a c e  w a c e r s  warm and low s a l i n i t y  w a t e r  f rom ?he  
E o l u n b i a  R i v e r  s p r e a d s  s o u t n  i n t o  t h e  r e g i o n .  These f a c t o r s  i n i t i a l l y  
e n h a n c e  p h y t o p l a n k t o n  growth .  P h y t o p l a n k t o n  p r o d u c t i o n  is maximal d u r i n g  
t h i s  t i m e ,  and t h e n  d e c r e a s e s  t h r o u g h o u t  t h e  summer a s  n u t r i e n t  s u p p l i e s  
d i m i n i s h  i n  t h e  s t r a t i f i e d  s u r f a c e  mixed l a y e r .  A s l i g h t  i n c r e a s e  i n  
?reduction o c c u r s  i n  t h e  f a l l  when s t r a t i f i c a t i o n  o f  t h e  w a t e r  c o l u m  b r e a k s  
d3xn and  a new s u p p l y  o f  n u t r i e n t s  is i n j e c t z d  i ? t o  t h e  p h o t i c  z o n e .  
E s t i n a t e s  of  t 3 t a l  a n n u a l  p r i m a r y  p r e d u c t i o n  f o r  t h e  l e a s e  a r e a  r a n g e  from 
60 gc/m2 (Anderson  19641 ,  72 - 8 5  gc/m2 ( L a r r a n c e  1971 ) , 90 - 240 gc/mZ 
(Koblen ts -Miske  ' 9 6 5 ) ,  t o  1 2 5  gc/m2 (Anderson  ' 9 7 2 ) .  

Summaries o f  Zooplankton  Abundance i n  t h e  S t u d y  Area by Taxonomic Groups  

Phylum: Anne1 i d a  
C l a s s :  P o l y c h a e t a  

Two s t u d i e s  ( L a u r s  1967;  P e t e r s o n  and Anderson 1 9 6 6 )  were  l o c a t e d  which 
c o n t a i n  i n f o r m a t i o n  on t h e  abundance  o f  p e l a g i c  p o l y c h a e t e s  w i t h i n  t h e  S t u d y  
Area .  i a u r s  ( 1 9 6 7 )  found  t h e  r e l a t i v e  abundance  o f  p e l a g i c  p o l y c h a e t e s  
a l o n g  a  t r a n s e c t  o f f  B r o o k i n g s  ( 4 2  ?i) be tween  August  1962 and A p r i l  1964  
h i g h e s t  i n  s p r i n g  and l o w e s t  i n  f a l l  when t h e y  c o m p r i s e d  5% and  I % ,  
r e s p e c t i v e l y ,  o f  t h e  b iomass  o f  s e c o n d a r y  c o n s u m e r s  ( t r o p h i c  l e v e l  111) i n  
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t h e  p l a n k t o n i c  community. P e t e r s o n  and  Anderson ( 1 9 6 6 )  r e p o r t e d  a  r a n g e  o f  
mean a b u n d a n c e  o f  p o l y c h a e t e s  i n  t h e  e u p h o t i c  z o n e  o f  0.4/m3 t o  79/m3 d u r i n g  
1961 and  1962 f o r  s e v e r a l  s t a t i o n s  be tween  41' 1 5 '  N a n d  45' N l a t i t u d e .  

Phylum: Ar thropoda  
O r d e r :  Amphipoda 

Data  on t h e  abundance  o f  p e l a g i c  amphipoas  . x i t h i n  t h e  S t u d y  Area were 
r e p o r t e d  by F l e m i n g e r  e t  a l .  ( 7 9 7 4 1 ,  I s a a c s  e t  a l .  ( ' 9 6 9 ) ,  L a u r s  (''3671, 
P e a r c y  ( 1 9 7 2 )  and  P e t e r s o n  and Anderson ('960). L a w s  ( ' 9 6 7 )  f 3 u n c  t h a t  
amphi?ods c o m p r i s e d  5.8% o f  t h e  t o t a l  b iomass  o f  p l a n k t o n i c  s e c o n d a r y  
consumers  ( t r o p h i c  l e v e l  11:) a l o n g  a  t r a n s e c t  o f ?  3 r o o k i n g s  ( 4 2 '  N )  t h a t  
was o c c u p i e d  between August 1962 and A p r i l  1964 .  The r e l a t i v e  a b u n d a n c e  o f  
amphipods  was l o w e s t  i n  t h e  l a t e  w i n t e r  and s p r i n g ,  i n t e r m e d i a t e  i n  t h e  
summer, and h i g h e s t  i n  t h e  f a l l .  The a b u n d a n c e  o f  smphipods was i n  s u m e r  
!958 ( J u n e  and J u l y )  r e p o r t e d  by F l e m i n g e r  e t  a l .  ( 1 9 7 4 )  was l e s s  t h a n  0 . 3 1 6  
g  d r y  w t . / m 3  i n  t h e  r e g i o n  between 40' and 42' N l a t i t u d e .  I n  c o n t r a s t ,  
I s a a c s  e t  a l .  ( 1 9 6 9 )  found  a b u n d a n c e s  l e s s  t h a n  0.001 g  d r y  w t . / m 3  d u r i n g  
t h e  summer o f  1959 i n  t h e  same r e g i o n .  P e a r c y  ( 1 9 7 2 )  r e p o r t e d  t h a t  amphipod 
a b u n d a n c e  was a p p r o x i m a t e l y  0 . 0 0 2  g  d r y  w t . / m 3  a t  a  s t a t i o n  45 m i l e s  w e s t  o f  
Newport ( 4 4 '  39 '  N )  . P e t e r s o n  and  Anderson ( 1 9 6 6 )  p r o v i d e  t h e  o n l y  
volume-based e s t i m a t e s  o f  amphipod a b u n d a n c e  a v a i l a b l e  f o r  t h e  S t u d y  Area .  
They r e p o r t  t h e  mean a b u n d a n c e  o f  amphipods i n  t h e  e u p h o t i c  z o n e  be tween  42' 
N and  45' N a s  r a n g i n g  be tween  0 . 2  t o  3 1 . 5  a n i m a l s / m 3 .  However, much h i g h e r  
c o n c e n t r a t i o n s  ( 5 5 6 / n 3 )  were found  a t  o n e  s t a t i o n  ( 4 3 '  4 5 '  N, 126 '  3 4 '  ii) o n  
J u l y  1 3 ,  1962 .  T h i s  o n e  s a m p l e  u n d e r s c o r e s  t h e  n o n - u n i f o r m , .  o r  p a t c h y ,  
d i s t r i b u t i o n  o f  amphipods i n  t h e  r e g i o n .  T h i s  f e a t u r e  o f  amphipod abundance  
had been  a l s o  n o t e d  by L a u r s  ( 1 9 6 7 ) .  

Phylum: A r t h r o p o d a  
O r d e r :  Copepoda 

T w e l . ~ e  s t u d i e s  were l o c a t e d  which t a k e n  t o g e t h e r  p r o v i d e  a  relative:! 
c o m p l e t e  p l c t u r e  o t  t h e  abundance  o f  copepods  i n  t h e  Coraa  Ridge  S t u d y  
Area .  I t  s h o u l d  be  n o t e d ,  however ,  t h a t  a l l  o f  t h e s e  e f f o r t s  were  c o n d u c t e d  
p r i o r  t o  1970.  sowman and J o h n s o n  ( 7 9 7 3 )  d e t e r m i n e d  t h e  a b u n d a n c e  o f  
copepod s p e c i e s  w i t h i n  t h e  l e a s e  a r e a  f rom 40' t o  42' N f rom 1949  t o  1950.  
F l e m i n g e r  ( 1 9 6 4 ,  1 9 6 7 )  c o n d u c t e d  a  s i m i l a r  s t u d y  i n  t h e  same r e g i o n  be tween  
41' 1 5 '  N and  45' N d u r i n g  1961 and 1962 ,  and P e t e r s o n  ( 1 9 7 2 )  d e t e r m i n e d  
copepod  a b u n d a n c e  d u r i n g  t h e  same p e r i o d  f o r  t h e  r e g i o n  be tween  43' N and 
45' N .  C r o s s  ( 1 9 6 4 )  d e t e r m i n e d  copepod s p e c i e s  a b u n d a n c e s  a l o n g  t r a n s e c t s  
o f f  Newport (44 '  3 9 '  N ) ,  Coos Bay (43 '  2 0 . 5 '  N ) ,  and B r o o k i n g s  ( 4 2 '  OO'N) 
d u r i n g  1962. L a u r s  ( 1 9 6 7 )  measured  copepod a b u n d a n c e  a l o n g  t h e  B r o o k i n g s  
t r a n s e c t  f rom 1962 t o  1964 ,  and Hebard ( 1 9 6 6 )  c o n d u c t e d  a  s i m i l a r  s t u d y  
d u r i n g  t h e  same p e r i o d  a l o n g  t h e  Newport t r a n s e c t .  Lee ( 1  9 7 2 )  measured  
copepod a b u n d a n c e  o v e r  t h e  Gorda Ridge  ( 4 2 '  0 9 '  N - 42' 3 0 '  N) d u r i n g  August 
1963.  The a b u n d a n c e  o f  i n d i v i d u a l  s p e c i e s  o f  c o p e p o d s  r e p o r t e d  i n  t h e s e  
works  were  u s e d  t o  c o m p i l e  d a t a  on  t h e  s e a s o n a l  r a n g e  o f  copepod s p e c i e s  
a b u n d a n c e s  l i s t e d  i n  T a b l e  2 .  I n  a d d i t i o n  t o  t h e s e  s t u d i e s ,  f o u r  s t u d i e s  
c o n d u c t e d  a s  p a r t  o f  t h e  CalCOFI c r u i s e s  i n  t h e  r e g i o n  be tween  40' N and  42' 
N d u r i n g  1951 t o  1969 r e c o r d e d  t h e  t o t a l  abundance  o f  Copepoda ( F l e m i n g e r  
a l .  1 9 7 4 ,  I s a a c s  e t  a l .  1969 ,  S m i t h  1 9 7 1 ,  1 9 7 4 ) .  I n  g e n e r a l ,  t h e  r e l a t i v e  - -- 



PLANKTON 

a b u n d a n c e  o f  c o p e p o d s  w i t h i n  t h e  Gorda  Ridge  r e g i o n  is low i n  t h e  w i n t e r ,  
i n t e r m e d i a t e  i n  summer, a n d  h i g h  i n  t h e  s p r i n g  a n d  f a l l  ( L a u r s  1 9 6 7 ) .  Due 
t o  t h e  p a t t e r n  o f  c u r r e n t  c i r c u l a t i o n  w i t h i n  t h e  lease area ,  i n d i v i d u a l  
s p e c i e s  may o n l y  b e  p r e s e n t  w i t h i n  t h e  lease a r e a  d u r i n g  o n l y  a p o r t i o n  o f  
t h e  y e a r ,  w h i l e  o t h e r  s p e c i e s  a p p e a r  t o  b e  endemic  t o  t h i s  t r a n s i t i o n a l  
r e g i o n  ( P e t e r s o n  1 9 7 2 ) .  

Thylum: A r t h r o p o d a  
O r d e r  : E u p h a u s i a c e a  

? e a r c y  ( 1 9 7 2 )  r e p o r t e d  t h e  a v e r a g e  b i o m a s s  o f  e u p h a u s i i d s  a t  a  s t a t i s n  
o n  t h e  e a s t e r n  e d g e  o f  t h e  l e a s e  a r e a  o f f  Newport  (44' 3 9 '  N) a s  3.5 mg d r y  
w t / m 3 .  F l e m i n g e r  e t  a l .  ( 1 9 7 4 )  e s t i m a t e d  t h a t  t h e  b i o m a s s  o f  E u p h a u s i a c e a  
b e t w e e n  40'  N a n d  Q2' N d u r i n g  t h e  summer o f  1958  was 6 4  - 256 mg w e t  w t / m 3 .  
E l 3  - 51 mg d r y  w t / m 3  u s i n g  a  20% d r y  w t / w e t  w t  c o n v e r s i o n  g i v e n  by  P a r s o n s  
a n d  T a k a h a s h i  ( ' 9 7 3 ) ; .  I s a a c s  e t  a l .  (1969) p r o v i d e d  a n  e s t i a a t e  o f  b - ' 6  ng -- 
wet w t / n 3  ( 3 . 8  - 3.2 g d r y  w t / n 3 )  d u r i n g  O c t o b e r  1959 f o r  t h e  same r e g i o n .  
P e t e r s o n  a n d  Anderson  ( 7 9 6 6 )  r e c o r d e d  a  maximum a b u n d a n c e  o f  1 4 8  
e u p h a u s i i d s / m 3  d u r i n g  1967 t o  '962 f o r  t h e  l e a s e  r e g i o n  b e t w e e n  42'  N a n d  
45' N .  L a u r s  ( 1 9 6 7 )  a l s o  m e a s u r e d  e u p h a u s i i d  a b u n d a n c e  a l o n g  a  t r a n s e c t  o f f  
a r o o k i n g s  ( 4 2 '  0 0 '  N )  b e t w e e n  1962 t o  1964 ,  a n d  r e p o r t e d  t h a t  t h i s  g r o u p  
c o m p r i s e d  7 2 %  o f  t n e  t o t a l  b i o m a s s  o f  p l a n k t o n i c  p r i m a r y  c o n s u m e r s  ( t r o p h i c  
l e v e l  11). The r e l a t i v e  a b u n d a n c e  o f  e u p h a u s i i d s  a p p e a r s  t o  b e  l o w  i n  t h e  
midsurfimer, i n t e r m e d i a t e  i n  t h e  s p r i n g  and  l a t e  summer, and  h i g h  i n  t h e  i a t e  
w i n t e r  ( i a u r s  ' 9 6 7 ) .  I n  a d d i t i o n ,  e x i s t i n g  d a t a  s u g g e s t  a n  i n v e r s e  
r e l a t i o n s h i p  b o t h  i n  time a n d  s p a c e  b e t w e e n  t h e  s t a n d i n g  s t o c k s  o f  c o p e p o d s  
a n d  e u p h a u s i i d s .  

T h r e e  s t u d i e s  w e r e  l o c a t e d  which r e c o r d e d  t h e  a b u n d a n c e s  o f  i n d i v i d u a l  
e u p h a u s i i d  s p e c i e s  w i t h i n  t h e  S t u d y  Area .  Hebard  ( 1  9 6 6 )  r e c o r d e d  t h e  
a b u n d a n c e  o f  e u p h a u s i i d  s p e c i e s  a l o n g  a  t r a n s e c t  o f f  Newport  f r o m  1962  t o  
' 9 6 4 ,  and  E r i n t o n  ( 1 9 6 7 ,  1 9 7 3 )  e s t i a a t e d  e u p h a u s i i d  s p e c i e s  a b u n d a n c e s  I n  
t h e  r e g i o n  o f  -46' !J - 42' N d u r i n g  t h e  p e r i o d  f r o m  l 9 k 9  t~ 1 2 6 3 .  These  s a c a  
were  u s e d  t o  c o m p i l e  t h e  d a t a  o n  e u p h a u s i i d  s p e c i e s  a b u n d a n c e s  r e p o r t e d  i n  
T a b l e  3 .  
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Table 2. Range of abundance of copepod species found in the Corda Ridge 
Study Area. See text for sources of data. 

Range of abundance 
(number /m ) 

Suborder : Zalanoida 

Fsnily: Acartiidae 

Acartia tonsa 
Acartia Negligens 
Azartia clausii 
Acartia danae 
Acartia longiremis 

Family: Aetideidae 
Aetideopsis pacifica 
Aetideus armatus 
Aetideus pacificus 
Chirundina streetsi 
Euchirella curticauda 
Euchirella galeata 
Euchirella pulchra 
Euchirella rostrata 
Gaetanus miles 
Caetanus secundus 
Caetanus simplex 
Gaidius brevispinus 
Caidius pungens 
Caidius tenuispinus 
Gaidius variabilis 
Pseudochirella polyspina 
Undeuchaeta intermedia 
Undeuchaeta major 
Undeuchaeta plumpsa 

Family: Arietellidae 
Arietellidae plumifer 
Arietellidae setosus 

Family : Augaptilidae 
Centraugaptilus porcellus 
Haloptilus pseudoxycephalus 

Family: Calanidae 
Bathycalanus jradyi 
Calanus cristatus 
Calanus glacialis 
Calanus lenvicornis 

Unknown 
0 - 8  
Unknown 
o - 0.03 
0 - 0.05 
0 - 0.05 
0 - 0.18 
o - 0.30 
0 - 0.50 
Unknown 
o - 0.03 
o - 0.03 
0 - 0.10 
0 - 8.90 
0 - 0 . 3 3  
0 - 0.001 
0 - 0.02 
0 - 0.03 
0 - 0.04 

0 - 0.003 
Unknown 

Unknown 
Unknown 

Unknown 
0 - 40 
0 - 0.05 
Unknown 
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Calanus marshallae 
Calanus pacificus 
Calanus plumchrus 
Calanus tenuicornis 

Family: Candaciidae 
Candacia bipinnata 
Candacia columbiae 

Family: Centropagidae 
Centropages bradyi 
Centropages rncmurrichi 

Family: Eucalanidae 
Eucalanus attenuatus 
Zucalan~s bungii 
Eucaianus elongatus nyalinus 
Mecynocera clausii 
Rhincalanus nastus 

Family: Euchaecidae 
Euchaeta spinosa 
Paraeuchaeta abyssalis 
?waeucnaeta Sirostrata 

Family: tieterornabdidae 
Heterorhabdus clausi 
Heterorhabdus papilliger 
Heterorhabdus tanneri 
Heterostylites longicornis 

Family: Lucicutiidae 
Lucicutia bicornuta 
iucicutia flavicornis 

Family: Metridiidae 
Gaussia princeps 
Metridia curticauda 
Metridia lucens 
Metridia pacifica 
Pleuromamra abdominalis 
Pleuromamma borealis 
Pleuromamma guadrungulata 
Pleuromamma scutullata 
Pleuromamma xiphiaa 

Family: Paracalanidae 
Calocalanus styliremis 
Calocalanus tenuis 
Paracalanus parvus 

Unknown 
0 - 1102 
0 - 318 
0 - 2034 

Unitnown 
Unknown 
Unknown 
0 - 232  

Unknown 
0 - 295 

o - 0.003 
Unknown 
0 - 462 
0 - 500 
0 - 17 
0 - 5  
0 - 5  
0 - 0.04 
0 - 5  
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Family: Thaennidae 
Mixtzcalanus robustus 
Phaenna spinifera 

Family: Pontellidae 
Epilabidocera amphitrites 
Epilabidocera longipedata 

"amily: Pseudocalanidae 
Clsusocalanus arcuicornis 
Clausocalanus duoius 
Clausocalanus furcatus 
Clausocalanus jobei 
Clausocalanus mastigophorus 
Z1ausocalanus parapergens 
Clausocalanus paululus 
Clausocalanus pergens 
Ctenocalanus vanus 
Microcalanus pusillus 
Pseudocalanus minutus 

Family: Scoleci thr ic idae 
Amallothrix valida 
Axallothrix vorax 
Lophothrix frontalis 
Racovitzanus antarcticus 
Racovitzanus pacificus 
Racovitzanus porrecta 
Scaphocalanus brevicornis 
Scaphocalanus echinatus 
Scaphocalanus magnus 
Scaphocala?.us medius 
Scaphocalanus minutus 
Scaphocalanus subelongatus 
Scolecithricella dentata 
Scolecithricella minor 
Scolecithricella ovata 
Scolecithricella persecans 
Scottocalanus sedatus 

Family: Tortanidae 
Tortanus discaudatus 

Suborder : Cyclopoida 
Family: Corycaeidae 

Corycaeus amazonicus 
Corycaeus anglicus 

Family: Oithonidae 
Oithona plumifera 
Oithona sirnilis 

Unknown 
0 - 5.0 

Unknown 
Unknown 
Unknown 
i'fikxown 
0 - 0.05 
0 - 6'86 
0 - 3'35 
0 - 231 
0 - 8977 

Unknown 
0 - 0.004 
0 - 0.05 
0 - 50 
iinKn0wn 
0 - 0.027 
0 - 1 1  
0 - 50 
Unknown 
LTnknown 
0 - 0.015 
0 - 0.015 
0 - 0.5 
0 - 296 
0 - 8  
0 - 0.5 
Unknown 

Unknown 
0 - 12 

Unknown 
0 - 3500 
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Oithona spinirostris 

Family: Oncaeidae 
Lubbockia squillimana 
Onacaea borealis 
Onacaea conifera 
Onacaea dentipes 
Onacaea media hymena 
Onacaea meditteranea 
Onacaea suktilis 
Snacaea tenella 

Suborder: Harpacticopida 
Family: Aeg isthidae 

Aegisthus mucronatus 

Faxily: Cly te~~estridae 
Clytemnestra rostrata 

Family: Ectinosomidae 
Microsetella norvegica 
Yicrosetella rosea 

0 - 2  
0 - 3  
0 - 46 
Unknown 
0 - 170 
3n~nown 
0 - 3  
c - 3!31 

Unknown 

Unknown 
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T a b l e  3. Abundance o f  p l a n k t o n i c  e u p h a u s i i d s  r e p o r t e d  i n  t h e  Gorda Ridge 
S t u d y  Area.  Data  c o m p i l e d  from Hebard ( 1 9 6 6 ) ,  and B r i n t o n  ( 1 9 6 7 ,  1 9 7 3 ) .  

Range o f  Abundance 
(number/m3 

Fami ly :  3 e n t h e u p h a u s i i d a e  
B e n t h e u p h a u s i a  amblyops Z n ~ n o w n  

Fami ly :  E u p h a u s i i d a e  
E u p h a u s i a  2 a c i f i c a  0 - 50 
E ~ p h a u s i a  g i b b o i d e s  0 - 0 . 0 5  
E u p h a u s i a  r e c u r v a  0 - 0 . 0 5  
N e m a t o s c e l i s  d i f f i c i l i s  0  - 0.5 
Nematobrach ion  f l e x i p e s  0 - 0.001 
N y c t i p h a n e s  s i m p l e x  0 - 0 .05  
S t y l o c h e i r o n  a b b r e v i a t u m  0 - 0 .05  
S t y l o c h e i r o n  l o n g i c o r n e  0 - 0.5 
S t y l o c h e i r o n  maximum 0 - 0 . 0 5  
T e s s a r a b r a c h i o n  o c u l a t u s  0 - 0.5 
T h y s a n o e s s a  g r e g a r i a  0 - 5  
T h y s a n o e s s a  i n s p i n a t a  0 - 0.235 
T h y s a n o e s s a  l o n g i p e s  0 - 5  
T h y s a n o e s s a  p a r v a  Unknown 
T h y s a n o e s s a  r a s c h i i  Unknown 
T h y s a n o e s s a  s p i n i f e r a  0 - 0 . 5  
Thysanopoda a c u t i f r o n s  Unknown 
Thysanopoda a g r e g i a  Unknown 
Thysanopoda c o n u t a  Unknown 

Phylum: C h a e t o g n a t h a  

S i x  s t u d i e s  were l o c a t e d  which c o n t a i n e d  d a t a  on t h e  a b u n d a n c e  o f  
C h a e t o g n a t h s  i n  t h e  S t u d y  Area.  The a v e r a g e  b i o m a s s  o f  c h a e t o g n a t h s  a t  a  
s t a t i o n  45 m i l e s  west o f  Newport a l o n g  t h e  44' 3 9 '  N h y d r o l i n e  was 0.8 mg 
d r y  w t / m 3  ( P e a r c y  1 9 7 2 ) .  F l e m i n g e r  e t  & ( 1 9 7 4 )  e s t i m a t e d  t h a t  t h e  
a b u n d a n c e  o f  C h a e t o g n a t h a  be tween  ~ O ~ N  and  42' N was less t h a n  ! mg wet  
w t / m 3  [ o r  l e s s  t h a n  0.1 mg d r y  w t / m 3  u s i n g  a 10% d r y  w t / w e t  w t  c o n v e r s i o n  
( P a r s o n s  and  T a k a h a s h i  1 9 7 3 ) l  d u r i n g  t h e  summer o f  1958 .  I s a a c s  e t  & 
( 1 9 6 9 )  e s t i m a t z d  c h a e t o g n a t h  b i o m a s s  a t  l e s s  t h a n  64 mg wet  wt/mr(6.4 mg 
d r y  wt/m3) d u r i n g  O c t o b e r  1959 w i t h i n  t h e  same a r e a .  C h a e t o g n a t h  b i o m a s s  i n  
t h e  S t u d y  Area would t h e r e f o r e  a p p e a r  t o  r a n g e  f rom 0.1 t o  6 mg d r y  w t / m 3 .  
Maximum abundance  o f  c h a e t o g n a t h s  i n  t h e  r e g i o n  be tween  42' N a n d  45' N 
d u r i n g  1961 and  1962 was r e p o r t e d  by P e t e r s o n  and  Anderson ( 1 9 6 6 )  t o  b e  157  
a n i m a l s / m 3 .  Only two s t u d i e s  were  l o c a t e d  which r e c o r d e d  t h e  a b u n d a n c e  o f  
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i n d i v i d u a l  C h a e t o g n a t h  s p e c i e s  i n  t h e  S t u d y  Area ( B i e r i  1959;  A l v a r i n o  
' 9 6 5 ) ,  b o t h  o f  whicn were  c o n d u c t e d  p r i o r  t o  7959. These  e s t i m a t e s  o f  
C h a e t o g n a t h  s p e c i e s  abundance  a r e  c o m p i l e d  i n  T a b l e  4. 

T a b l e  4. Range o f  a b u n d a n c e  o f  c h a e t o g n a t h  ( a r r o w  worm) s p e c i e s  i n  t h e  
Gorda Ridge  S t u d y  Area .  Data  c o m p i l e d  f rom r e p o r t s  by B i e r i  ( 1 9 5 9 )  a n d  
Alvar  i n o  ( 1965 ) . 

E u k r o h n i a  b a t h y p e l a g i c a  
Z u k r o h n i a  f o w l e r i  
Eukrohnia  hamata 

P t e r o s a g i t t a  d r a c o  
S a g i t t a  b i e r i i  
S a g i t t a  d e c i p i e n s  
S a g i t t a  e l e g a n s  
S a g i t t a  e n f l a t a  
S a g i t t a  e u n e r i t i c a  
S a g i t t a  h e x a p t e r a  
S a g i t t a  m a c r o c e p h a l a  
S a g i  t t a  macima 
S a g i t t a  minima 
S a g i t t a  s c r i p p s a e  
S a g i t t a  z e t e s i o s  

3ange  3f  Abundance 
i n u m b e r / n 3 )  

Unknown 
Unknown 
0 - 0.05 
0 - 0.05 
0 - 0 .05  
0 - 5- 
Unknown 
0 - 1  
0 - 0.C5 
0 - 5  
0 - 0.05 
LTnknown 
0 - 0.05 
0 - 5  
0 - 5  
Unknown 

Phylum: C h o r d a t a  
C l a s s :  L a r v a c e a  

T h r e e  r e p o r t s  were l o c a t e d  which d i s c u s s e d  t h e  a b u n d a n c e  o f  L a r v a c e a  
w i t h i n  t h e  S t u d y  Area .  P e t e r s o n  and  Anderson ( 1966)  g a v e  a  maximum 
a b u n d a n c e  o f  435 l a r v a c e a n s / m 3  f o r  t h e  r e g i o n  be tween  42' N a n d  45' N d u r i n g  
1961 and  '962 .  F l e m i n g e r  e t  a l .  ( 1 9 7 4 )  e s t i m a t e d  t h a t  t h e  b i o m a s s  o f  
L a r v a c e a  i n  t h e  r e g i o n  be tween  40' N and  42' N was 0 - 4 mg wet  w t / m 3  d u r i n g  
June  and  J u l y  1958 ,  and I s a a c s  e t  a l .  ( 1 9 6 9 )  e s t i m a t e d  a n  a b u n d a n c e  o f  0 t o  
0.016 mg wet  wt/m"or t h e  same r e g i o n  d u r i n g  O c t o b e r  1959 .  

Phylum: C h o r d a t a  
C l a s s :  T h a l i a c e a  

S i x  r e f e r e n c e s  were  l o c a t e d  which d i s c u s s e d  t h e  a b u n d a n c e  o f  T h a l i a c e a  
w i t h i n  t h e  S t u d y  Area.  F l e m i n g e r  e t  a l .  ( 1 9 7 4 )  e s t i m a t e d  t h a t  t h e  a b u n d a n c e  
o f  t o t a l  T h a l i a c e a  i n  t h e  r e g i o n  be tween  40' N and  42' N was 0 - 1024 mg wet  
w t / m 3  d u r i n g  J u n e  and  J u l y  1958 ,  and I s a a c s  e t  a l .  ( 1 9 6 9 )  e s t i m a t e d  a n  
a b u n d a n c e  o f  0 - 64 mg wet  w t / m 3  f o r  t h e  same r e g i o n  d u r i n g  O c t o b e r  1959.  
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The r e m a i n i n g  f o u r  r e p o r t s  r e f e r e n c e s  d e a l t  e x c l u s i v e l y  w i t h  t h e  o r d e r  
S a l p i d a e .  P e a r c y  ( 1  9 7 2 )  r e p o r t e d  t h a t  t h e  a v e r a g e  a b u n d a n c e  o f  s a l p s  was 
1 . 8  mg d r y  w t / m 3  a t  a  s t a t i o n  45 m i l e s  w e s t  o f  Newport ( 4 4 '  3 9 '  N). 
P e t e r s o n  and  Anderson ( 1 9 6 6 )  o c c u p i e d  a s e r i e s  o f  s t a t i o n s  be tween  42' N and  
45' N d u r i n g  1961 and 1962 and r e c o r d e d  a maximum a b u n d a n c e  o f  208 s a l p s / m 3 .  
Hubbard ( 1 9 6 7 )  examined  t h e  abundance  o f  S a l p i d a e  a l o n g  t r a n s e c t s  o f f  
Newport ,  Coos Bay and  B r o o k i n g s  d u r i n g  1961 t o  1964 and  c o n c l u d e d  t h a t  
S a l p a f u s i f o r m i s  was t h e  most a b u n d a n t  s a l p  ( i n  t e r m s  o f  a n i m a l s  c a u g h t  p e r  
tow)  i n  t h i s  r e g i o n  t h r o u g h o u t  t h e  y e a r .  L a u r s  ( ' 9 6 7 )  f3und  t h a t  s a i p s  
c o m p r i s e d  a b o u t  1 3 %  o f  t h e  t o t a l  b iomass  o f  p l a n k t o n i c  s e c o n d a r y  c o n s u m e r s  
( t r o p h i c  l e v e l  IIi) found  a l o n g  h i s  t r a n s e c t  o f f  B r o o u i n g s ,  CFi (42' 0 0 '  Y )  
d u r i n g  1962-1364. The r e l a t i v e  abundance  o f  t h e  s a l p s  was g e n e r a l l y  low i n  
summer, w i n t e r ,  a n d  f a l l ,  and  h i g h e s t  i n  s p r i n g .  

Phyium: C o e l e n t e r a t a  
O r d e r :  S i p h o n o p h o r a  

T h r e e  r e f e r e n c e s  t o  t h e  abundance  o f  C o e l e n t e r a t a  i n  t h e  S t u d y  Area 
were  l o c a t e d  and i n  e a c h  d e a l t  e x c l u s i v e l y  w i t h  t h e  S i p h o n o p h o r a .  Flerninger  
e t  a l .  ( 1 9 7 4 )  e s t i m a t e d  t h a t  t h e  a b u n d a n c e  o f  S i p h o n o p h o r a  be tween  40' N -- 
and 42' N ,  d u r i n g  J u n e  and  J u l y  1958 was 0 - 1 6  mg wet w t / r n 3 .  I s a a c s  e t  a l .  
( 1 9 6 9 )  e s t i m a t e d  t n e  a b u n d a n c e  o f  S i p h o n o p h o r e s  f o r  t h e  same r e g l o n  d u r i n g  
O c t o b e r  1959 was 0 - 64 mg wet w t / m 3 .  P e t e r s o n  and  Anderson ( 1 9 6 6 )  r e p o r t e d  
maximum a b u n d a n c e  o f  18  a n i m a l s / m 3  i n  t h e  r e g i o n  be tween  42' N and  45' N 
d u r i n g  '361 t o  1962.  

Phylum: Ctenophora  

Two works  were  found  which p r o v i d e  d a t a  on  t h e  a b u n d a n c e  o f  c t e n o p h o r e s  
w i t h i n  t h e  S t u d y  Area .  F le rn inger  e t  a l .  ( 1  9 7 4 )  e s t i m a t e d  t h a t  t h e  a b u n d a n c e  
o f  C t e n o p h o r a  was 0 - 1 6  mg wet  w t / r n 3  d u r i n g  J u n e  and  J u l y  1958 be tween  40" 
Y and  4 2 9 .  I s a a c s  e t  a l .  ( 1 9 6 9 )  e s t i m a t e d  a n  a b u n d a n c e  o f  3 - 0.25  mg -- 
wet ut /3i3 f s r  t h e  same r e g i o n  d u r i n g  O c t o b e r  1959 .  

Phylum: M o l l u s c a  

Only o n e  r e p o r t  (McCowen 1 9 6 7 )  p r o v i d i n g  e s t i m a t e s  t h e  abundance  o f  
p l a n k t o n i c  M o l l u s c a  w i t h i n  t h e  S t u d y  Area.  T h i s  s t u d y  was c o n d u c t e d  d u r i n g  
November 1949  as p a r t  of t h e  CalCOFI c r u i s e s  and s a m p l e s  were c o l l e c t e d  i n  
t h e  r e g i o n  be tween  40' N and  45' N .  The a b u n d a n c e  o f  p e l a g i c  M o l l u s c a  
o b t a i n e d  i n  t h i s  s t u d y  a r e  l i s t e d  i n  T a b l e  5. 
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Tab le  5 .  Range of abundance of p l a n k t o n i c  mol luscs  found i n  t h e  Study 
Area between 40' N and 45' N l a t i t u d e  by McGowan (1967) .  

C las s :  Gastropoda 
Crde r :  Gymosomata 

C l ione  l imac ina  

Order:  Thecosomata 
Family:  C a v o l i n i i d a e  

r -  , , d v o l i ~ a  u n i c i n a t a  
Cavol ina  s p e c t a b i l l s  

F a a i l y :  Limacinidae 
C l i o  ba iant ium - 
C l i o  pyramidata  - 
Limacina h e i i c i n a  - - 

Limacina i n f l a t a  

C l a s s :  Heteropoda 
Order :  Megastropoda 

Family: C a r i n a r i i d a e  
Zaranar i a  j apon ica  

Family: P t e r o t r a c h e i d a e  
A t l a n t a  pe ron i  
' t e r o t r a c h e a  s c u t u t a  

Range of Abundance 
(number /m ' ) 

Unknown 
3 - 0.05 

VERTICAL DISTRIBUTION OF THE PLANKTON 

Three s t u d i e s  were l o c a t e d  t h a t  examined t h e  v e r t i c a l  d i s t r i b u t i o n  of 
zooplankton i n  t h e  Study Area. Pearcy ( 1972) r e p o r t e d  t h e  ave rage  v e r t i c a l  
d i s t r i b u t i o n  o f  t h e  s t a n d i n g  s t o c k  o f  macroplankton i n  t h r e e  dep th  s t r a t a  
r ang ing  from t h e  s u r f a c e  t o  1000 m i n  t h e  n o r t h e r n  p o r t i o n  o f  t h e  Study 
Area. His d a t a  were c o l l e c t e d  between 1962 and 1964. Both dayt ime and 
n i g h t t i m e  s t a n d i n g  s t o c k s  o f  macroplankton were h i g h e s t  between 0  and 150 m.  
The wet weight biomass w i t h i n  t h i s  depth  s t r a t a  was h i g h e r  a t  n i g h t  (51.9 mg 
wet wt/mg3) than  du r ing  t h e  day (10.1 mg wet w t /m3) ,  t h u s  i n d i c a t i n g  t h a t  
d i e l  v e r t i c a l  m i g r a t i o n  was o c c u r r i n g .  The remaining two s w d i e s  d e a l t  
s o l e l y  wi th  t h e  v e r t i c a l  d i s t r i b u t i o n  of copepods.  Pe te r son  and Anderson 
( 1 9 6 6 )  r eco rded  t h e  abundance o f  copepods c o l l e c t e d  a t  f o u r  d e p t h s  between 
t h e  s u r f a c e  and 100 m a t  a  s e r i e s  of  s t a t i o n s  between 42' N and 45' N .  No 
e f f o r t  was made t o  d i s t i n g u i s h  d i f f e r e n c e s  between day and n i g h t  
d i s t r i b u t i o n s .  Pe te r son  (19721, a l s o  examined s e a s o n a l  and d i e l  v e r t i c a l  
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m i g r a t i o n s  o f  t h e  common c o p e p o d s  f o u n d  i n  t h e  n o r t h e r n  p o r t i o n  o f  t h e  l e a s e  
a r e a .  I n  c o n t r a s t  t o  P e a r c y  ( 1 9 7 2 1 ,  h e  c o n c l u d e d  t h a t  d i e l  v e r t i c a l  
m i g r a t i o n  u s u a l l y  c o u l d  n o t  be  d e m o n s t r a t e d  f o r  many common copepod s p e c i e s .  
A l t h o u g h  d i e l  v e r t i c a l  m i g r a t i o n  was a p p a r e n t  f o r  some o f  t h e  l e s s  common 
s p e c i e s ,  t h e  a c t u a l  number o f  copepods  t h a t  a p p e a r e d  t o  u n d e r g o  d i e l  
v e r t i c a l  m i g r a t i o n  when e x p r e s s e d  a s  a  p e r c e n t a g e  o f  t h e  t o t a l  number o f  
c o p e p o d s  was v e r y  low. 

FEEDING ECOLOGY 3 F  Y A J O R  Z30PLANKTONIC GROUPS F3UND IN T3E SORDA 213GE 3T33Y 
A R E A  

No s t u d i e s  a r e  a v a i l a b l e  t o  d a t e  t h a t  d e a l  s p e c i f i c a l l y  w i t h  
z o o p l a n k t o n  c o l l e c t e d  w i t h i n  t h e  Gorda Ridge  S t u d y  Area .  T h e r e  a r e ,  
however ,  s t u d l e s  o f  t h e  f e e d i n g  e c o l o g y  o f  z o o p l a n k t o n  s p e c l e s  from o t h e r  
l o c a t i o n s  t h a t  a l s o  o c c u r  i n  t h e  S t u d y  Area.  I n  p a r t i c u l a r ,  Raymont 's  
( 1 9 8 3 )  monograph p r o v i d e s  a  good r e v i e w  t h i s  t o p i c  and  is  t h e  s o u r c e  o f  much 
o f  t h e  i n f o r m a t i o n  t h a t  f o l l o w s .  

Phy lum: A n n e l i d a  
C l a s s :  P o l y c h a e t a  

Al though  l i t t l e  is known o f  t h e i r  f o o d  p r e f e r e n c e s  t h e  p e l a g i c  
p o l y c h a e t e s  a r e  c o n s i d e r e d  t o  be  o p p o r t u n i s t i c  c a r n i v o r e s .  T o m o p t e r i s  sp., 
a  common p e l a g i c  p o l y c h a e t e  found  w i t h i n  t h e  l e a s e  a r e a ,  is c l a s s i f i e d  a s  a  
s e c o n d a r y  c a r n i v o r e  by 3aymont ( 1 9 8 3 ) ,  and  h a s  been  o b s e r v e d  t o  f e e d  on 
d i a t o m s ,  c o p e p o d s ,  c h a e t o g n a t h s ,  and l a r v a l  h e r r i n g s  ( B i g e l o w  1924 ,  Lebour 
1 9 2 2 ,  1923 ,  N i c o l  1 9 6 0 ) .  

?hylum: Ar t h r o p o d a  
O r d e r :  Amphipoda 
S u b o r d e r  : Hy p e r i  i d e a  

Amphipods a r e  u s u a l l y  r e g a r d e d  t o  b e  c a r n i v o r o u s  ( B i g e l o w  1 9 2 4 ,  Kane 
1 9 6 3 ,  Lebour 1922 ,  Rayrnont 1 9 8 3 ) .  However, o n e  o f  t h e  p e c u l i a r  a n d  
c h a r a c t e r i s t i c  f e a t u r e s  o f  h y p e r i i d  amphipods t h a t  a f f e c t s  t h e i r  f e e d i n g  
e c o l o g y  is t h e  p r e d e l i c t i o n  f o r  t h e  g r o u p  t o  l i v e  commensa l ly ,  o r  p e r h a p s  
p a r a s i t i c a l l y ,  on  o t h e r  z o o p l a n k t o n .  Such a s s o c i a t i o n s  h a v e  b e e n  o b s e r v e d  
b e t w e e n  h y p e r i i d s  a n d  c n i d a r i a n s  ( i n c l u d i n g  medusae a n d  s i p h o n o p h o r e s ) ,  and 
p e l a g i c  t u n i c a t e s  ( s u c h  a s  Pyrosoma,  s a l p s ,  and  d o l i o l i d s )  ( R a y m n t  
1 9 8 3 ) .  

F a m i l y :  H y p e r i i d a e  

The H y p e r i i d a e  a r e  o f t e n  a s s o c i a t e d  w i t h  medusae a n d  c t e n o p h o r e s  
( R a y m n t  1 9 8 3 ) .  They a r e  a p p a r e n t l y  c a r n i v o r o u s ,  a l t h o u g h  Conover ( 1960) 
o b s e r v e d  t h a t  t h e  g e n u s  H y p e r i a ,  r e p o r t e d  t o  b e  p r e s e n t  w i t h i n  t h e  S t u d y  
A r e a ,  c a n  f e e d  on  b o t h  l i v i n g  a n d  dead  p l a n k t o n .  



Family: Lanceol idae  

L i t t l e  is known about  t h e  f eed ing  ecology of  t h i s  deep-water f ami ly .  
Bowman and Gruner (1973)  b e l i e v e  t h a t  they feed on t h e  t i s s u e s  of  deep-water 
s iphonophores  and medusae. No in fo rmat ion  is a v a i l a b l e  on t h e  f eed ing  
ecology of t h e  one member of t h i s  family  r e p o r t e d  t o  be p r e s e n t  w i t h i n  t h e  
Study Area. 

Family: i y c a e i d a  

No in fo rmat ion  is a v a i l a b l e  on t h e  f eed ing  ecology of t h l s  family  in  
t h e  Study Area. Raynont (1983)  s t a t e s  t h a t  members of t h i s  f ami ly  a r e  o f t e n  
found a s s o c i a t e d  wi tn s a l p s  ana may feed on t h e  s a l p s '  t i s s u e s .  

Family: Oxycephal idae  

No in fo rmat ion  is a v a i l a b l e  on t h e  f eed ing  ecology of t h e  
Oxycephalidae w i t n i n  t h e  Study Area. "embers of t h i s  family  a r e  a s s o c i a t e d  
wi th  c tenophores  and a r e  r e p o r t e d  t o  a c t i v e l y  f eed  upon t h e  t i s s u e s  of t h e s e  
organisms {Harbison e t  a l .  ('978). 

Family: Paraphroninidae  

Members of t h i s  i'amily a r e  a s s o c i a t e d  with s iphophores  (Raymont 
19831,  however l i t t l e  is known of t h e i r  f eed ing  ecology.  No in fo rmat ion  is 
a v a i l a b l e  on t h e  f eed ing  ecology of t h i s  group i n  t h e  Study Area. 

Family: Thromidae 

The only  member of t h i s  family  found wi th in  t h e  l e a s e  a r e a  is 
Phronima s e d e n t a r i a .  The l a r v a e  of t h i s  s p e c i e s  e n t e r s  s a l p s  and l i v e s  
p a r a s i t i c a l l y  u n t i l  metamorphosis i n t o  p l a n k t o n i c  a d u l t s .  (Raymont 1 9 8 3 ) .  
From t h e  examinat ion o f  t h e  a d u l t s '  mouthpar ts  Shih  ( 1 9 6 9 )  b e l i e v e s  t h a t  
t h i s  amphipod is  omnivorous. 

Family: V i b i l i d a e  

Three s p e c i e s  of  t h e  genus V i b i l i a  a r e  found w i t h i n  t h e  l e a s e  a r e a .  
Madin and Harbison (1977)  r e g o r t e d  t h a t  V i b i l i a  f e e d s  on t h e  food m a t e r i a l  
c o l l e c t e d  by s a l p s .  

Order : Copepoda 
Suborder :  Calanoida 
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Fami ly :  A c a r t i i d a e  

S t u d i e s  on t h e  f e e d i n g  e c o l o g y  o f  t h e  A c a r t i i d a e  found  w i t h i n  t h e  
l e a s e  area c o n c l u d e  t h a t  members o f  t h i s  f a m i l y  a r e  omnivorous .  Anraku and  
Omori ( 1 9 6 3 )  showed t h a t  t h e  m o u t h p a r t s  o f  A c a r t i a  were  c h a r a c t e r i s t i c  o f  
copepods  consuming b o t h  p h y t o p l a n k t o n  and a n i m a l  p r e y .  Omnivorous f e e d i n g  
o f  t h i s  g e n u s  h a s  a l s o  b e e n  d e m o n s t r a t e d  i n  l a b o r a t o r y  e x p e r i m e n t s .  

Fami ly :  A e t e i d a e  

Members o f  t h i s  f a m i l y  a r e  t h o u g h t  t o  be  c a r n i v o r e s  o r  o m n i v o r e s  
(3aymont  1 9 8 3 ) .  The g e n e r a  A e t i d e u s ,  C h i r u n d i n a ,  E u c h i r e l i a ,  G a e t a n u s ,  
C a i d i u s ,  and  U n d e u c h a e t a ,  a l l  o f  which a r e  found  w i t h i n  t h e  S t u d y  A r e a ,  

P 

have  n o u t h p a r t s  c h a r a c t e r i s t i c  o f  o m n i v o r e s  o r  c a r n i v o r e s .  Yany h a v e  S e e n  
f m n d  t o  c o n t a i n  b o t h  p h y t o p l a n k t o n  and a n i m a l  r e m a i n s  i n  t h e i r  g l i t  ( E s t e r l y  
' 9 1 6 ,  N u i l i n  1966 ,  Raymont 1 9 8 3 ,  Timonin ' 9 7 1 ) .  

Fami ly :  A r i e t e i l i d a e  

Members o f  t h i s  f a m i l y  a r e  b e l i e v e d  t o  b e  p r i m a r i l y  c a r n i v o r e s  o r  
o m n i v o r e s  (Raymont 1 9 8 3 ) .  No i n f o r m a t i o n  is a v a i l a b l e  o n  t h e  f o o d  
p r e f e r e n c e s  o f  t h e  two s p e c i e s  found  w i t h i n  t h e  S t u d y  Area .  

Fami ly :  A u g a p t i l i d a e  

Members o f  t h i s  f a m i l y  a r e  t h o u g h t  t o  b e  c a r n i v o r e s  o r  o m n i v o r e s .  
Accord ing  t o  P e t i p a  e t  a l .  ( 1 9 7 3 ) ,  t h e  g e n u s  H a l o p t i l u s  a p p e a r s  t o  b e  -- 
s o l e l y  c a r n i v o r o u s ,  w h i l e  Raymont ( 1 9 8 3 )  l i s ts  t h i s  g e n u s  a s  omnivorous .  

Fami ly :  C a l a n i d a e  

Members o f  t h i s  f a m i l y  a r e  c o n s i d e r e d  t o  be  p r i m a r i l y  h e r b i v o r o u s  
( B e k l e m i s h e v  ' 9 5 4 ,  M a r s h a l l  and  Orr 1955 ,  W i c k s t e a d  1 9 6 2 ) .  T h i s  d e s i g n a t i o n  
is  b a s e d  on e x a m i n a t i o n  o f  m o u t h p a r t  s t r u c t u r e  ( A r a s h k e v i c h  a n d  Timonin 
1970 ,  M u l l i n  1 9 6 6 )  a n d  o n  t h e  r e m a i n s  o f  p h y t o p l a n k t o n  f o u n d  i n  t h e  g u t  . .  . - 
( A r a s h k e v i c h  and  Timonin 1 9 7 0 ) .  The d e e p e r  l i v i n g  g e n u s  B a t h y c a l a n u s  is 
t h o u g h t  t o  b e  omnivorous  (Raymont 1 9 8 3 ) .  

F a m i l y :  C a n d a c i i d a e  

Members o f  t h i s  f a m i l y  a p p e a r  t o  be  e n t i r e l y  c a r n i v o r o u s  ( P e t i p a  g 
a l .  1 9 7 3 ) .  - 
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Family : Centropagidae  

Members of this f a m i l y  are thought  t o  be  omnivores. Thfs'designatien 
comes from an  examination of t h e i r  mouthpar t  s t r u c t u r e  (bnraku and Omri 
1963) and feeding experiments (Lebour 7 9223 . 

F a m i l y :  Eucalanidae 

Mouthpart and g u t  c o n t e n t  analyses suggest t h e  Zucalanidae a re  
p r i m a r i l y  herb ivo rous  (Arashkevich and Timnin ' 9 7 0 ,  3aymont 7 9 8 3 )  . 

F a m i l y :  Euchaetidae 

The Euchaetidae a re  thought t o  be s o l e l y  carn ivorous  ( r e t i p a  et al, 
1973, Fiaymont 1983). 

Family: Heterorhabdidae 

Members of t h i s  family are b e l i e v e d  t o  be primarily carnivoraus 
(Raymont 1983). 

Fami ly  : Luc icut iidae 

There i s  little known about ther feed ing  ecology of this f a m i l y .  
Their d i s t r i b u t i o n  with depth suggests t h a t  they a r e  carnivores or omnivores 
(Flaymnt 19831. 

Family: Yztridiidae 

Mouthpar t  structure, gut content analysis, and feeding experiments 
ind ica te  t ha t  aembers of t h i s  family are omnivores (Rraskevich and Tornonin 
1970, Xaq 7967, Mullin 1966, Raymnt 19831. 

Family: Paracalanidae 

Members of t h i s  f a m i l y  are  thought t o  be  p r i m a r i l y  h e r b i v o r o u s ,  
a l t h o u g h  i n  times of s c a r c i t y  they may feed on small zooplankton ( R a y m n t  
1983,  Timanin 19711. 

Fami ly :  Phaennidae 

L i t t l e  is known about t he  feeding ecology of t h i s  family. Nothing is 
known about t h e  feeding preferences of the two species reported t o  occur 
w i t h i n  the S t u d y  Area. 
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F a m i l y :  P o n t e l l i d a e  

The P o n t e l l i d a e  a r e  t h o u g h t  t o  b e  e x c l u s i v e l y  c a r n i v o r o u s  (Raymont 
1 9 8 3 ) .  

Fami ly :  P s e u d o c a l a n i d a e  

Y o u t h p a r t  and g u t  c o n t e n t  a n a l y s l s  s u g g e s t  t h e  T s e u d o c a l a c l o a e  a r e  
p r l r n a r i l y  h e r b i . f o r o u s  ( A r a s h ~ e v i c h  and Tirnonin '970, C o r k e t t  and McLaren 
1978). 

Fami ly :  S c o l e c  i t h r i c i d a e  

L i t t l e  is known a b o u t  t h e  f e e d i n g  e c o l o g y  o f  t h i s  f a m i l y  o f  copepods .  
A t  l e a s t  one  s p e c i e s  found  w i t h i n  t h e  S t u d y  A r e a ,  S c o t t o c a l a n u s  p e r s e c a n s ,  
a p p e a r s  t o  b e  a  c a r n i v o r e  b a s e d  o n  t h e  a b u n d a n t  r e m a i n s  o f  c o p e p o d s  found  i n  
t h e  g u t  ( E a s t e r l y  191 6). 

F a m i l y :  T o r t a n i d a e  

T o r t a n u s  d i s c a u d a t u s  i s  t h e  o n l y  s p e c i e s  w i t h i n  t h i s  f a m i l y  r e p o r t e d  
t o  b e  p r e s e n t  w i t h i n  t h e  S t u d y  Area .  T h i s  copepod  is b e l i e v e d  t o  b e  
e x c l u s i v e l y  c a r n i v o r o u s  (Landry  1 9 7 8 ) .  

S u b o r d e r :  C y c l o p o i d a  

No i n f o r m a t i o n  is a v a i l a b l e  o n  t h e  f e e d i n g  e c o l o g y  of C y c l o p o i d  
copepods  found  i n  t h e  S t u d y  Area.  Raymont (1983)  s t a t e s  t h a t  t h e  g e n e r a  
O i t h o n a ,  Oncaea ,  and  C o r y c a e u s ,  which  a r e  f o u n d  w i t h i n  t h e  S t u d y  A r e a ,  a r e  
p r i m a r i l y  c a r n i v o r o u s .  

O r d e r :  E u p h a u s i a c e a  

The E u p h a u s i a c e a  found  w i t h i n  t h e  S t u d y  Area h a v e  d i v e r s e  f e e d i n g  
b e h a v i o r s .  They h a v e  b e e n  r e p o r t e d  t o  f e e d  o n  p h y t o p l a n k t o n ,  sm l l  
c r u s t a c e a n s  s u c h  a s  c o p e p o d s ,  p r o t o z o a n s  s u c h  a s  G l o b i g e r i n a ,  r a d i o l a r i a n s ,  
t i n t i n n i d s ,  o r  d e t r i t u s  ( H i c k l i n g  1925 ,  M a r s h a l l  1954 ,  Ponomareva 1954 ,  
1963 ,  Tchinodonova  1 9 5 9 ) .  Of t h e  s p e c i e s  r e p o r t e d  t o  o c c u r  w i t h i n  t h e  S t u d y  
Area .  E u p h a u s i a  p a c i f  i c a ,  ~ e s s a b r a n c h i o n  o c u l a t u s ,  T h y s a n o e s s a  l o n g i p e s ,  
and r a s c h i i  a r e  a l l  b e l i e v e d  t o  b e  p r i m a r i l y  h e r b i v o r e s .  However, t h e s e  
s p e c i e s  c a n  a l s o  a p p a r e n t l y  s w i t c h  t o  c a r n i v o r o u s  f e e d i n g  when s u f f i c i e n t  
z o o p l a n k t o n  p r e y  is a v a i l a b l e  ( L a s k e r  1966 ,  Raymont 1 9 8 3 ) .  The g e n e r a  
Nematobrach ion  and  S t y l o c h e i r o n  a r e  t h o u g h t  t o  b e  c a r n i v o r o u s  (Raymcnt 
1 9 8 3 ) ,  w h i l e  t h e  g e n e r a  B e n t h e u p h a u s i a  and  N e m a t o s c e l i s  h a v e  been  found  t o  
c o n t a i n  a  l a r g e p o i  i m r  D s N t o  

S a j o  1968  aymt1983.  
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Phylum: C h a e t o g n a t h a  

The C h a e t o g n a t h a  a r e  g e n e r a l l y  c o n s i d e r e d  p r i m a r y  o r  s e c o n d a r y  
c a r n i v o r e s .  Copepods a r e  r e g a r d e d  a s  a  major  component  o f  t h e i r  d i e t  
(Raymont 1 9 8 3 ) .  Copepods e x c e e d i n g  1 mm i n  l e n g t h  a r e  mos t  o f t e n  consumed 
and t h e r e  is e v i d e n c e  t h a t  t h e  s i z e  o f  p r e y  s e l e c t e d  i n c r e a s e s  w i t h  t h e  s i z e  
o f  t h e  p r e d a t o r  (Fiaymont ' 9 8 3 ) .  They w i l l ,  however ,  consume many o t h e r  
members o f  t n e  z o o p l a n k t o n  i n c l u d i n g  a m p h i p o c s ,  o s t r a c o d s ,  s m a l l  
e u p h a u s i i d s ,  o t h e r  c h a e t o g n a t h s ,  and l a r v a l  h e r r i n g  ( B i g e l o w  1 9 2 4 ,  3 a r d y  
1956 ,  Lebour 1 9 2 2 ,  !!arshall 1954 ,  P a r r y  1947 ,  Tchinodonova  ' 9 5 9 ) .  
E x p e r i m e n t s  by Reeve (19663 i n d i c a t e  t h a t  c h a e t o g n a t h s  a r e  a b l e  t o  d e t e c t  
t h e  novements  o f  t h e i r  p r e y .  V i b r a t i o n s  a r e  a p p a r e n t l y  d e t e c t e d  by 
s t i m u l a t i o n  o f  n o n - m o t i l e  c i l i a - l i k e  s t r u c t u r e s  on  t h e  c h a e t o g n a t h l s  body.  

Phylum: C h o r d a t a  
C l a s s :  L a r v a c e a  

O i k o p l e u r a  is t h e  o n l y  o r g a n i s m  w i t h i n  t h i s  c l a s s  r e p o r t e d  t o  be  
p r e s e n t  w i t h i n  t h e  l e a s e  s i t e .  The f i l t e r - f e e d i n g  e c o l o g y  o f  t h i s  o r g a n i s m  
i s  b a s e a  .n its a b i l i t y  to  s e c r e t e  a  m u c o p o l y s a c c h a r i d e  t e s t  o r  vhouse l ' .  
The w a t e r  p a s s i n g  i n t o  t h e  house  is d i r e c t e d  t o  two f i l t e r  food  t r a p s  
s 1 ; u a t e d  r i g h t  and l e f t  o f  t h e  o r g a n i s m ' s  chamber.  Very m i n u t e  p a r t i c l e s ,  
i n c l u d i n g  n a n o p l a n k t o n  and  b a c t e r i a ,  a r e  c o l l e c t e d  o n  t h e  f i l t e r s  ( S o r o k i n  
' 9 7 ' ) ,  and a r e  d i r e c t e d  v i a  a  f u n n e l  t o  t h e  mouth o f  t h e  o r g a n i s m  (Raymont 
1 9 8 3 ) .  

O r d e r :  S a l p i d a e  

The S a l p l d a e  a l s o  f e e d  by t r a p p i n g  p a r t i c l e s  i n  a  s e c r e t i o n  o f  mucus 
and a r e  c o n s i d e r e d  t o  b e  p r i m a r i l y  h e r b i v o r e s  ( F o x t o n  1 9 6 1 ,  F r a s e r  1 9 6 2 ,  
Hubbard 1966 ,  L a u r s  1967 ,  M a r s h a l l  1954 ,  Raymont 1983 ,  Yount 1 9 5 8 ) .  Madin 
( 1 9 7 4 )  examined  t h e  f e e d i n g  o f  s i x  s p e c i e s  o f  s a l p s  i n c l u d i n g  o n e .  T h a l i a  
d e m o c r a t i c a ,  which is  p r e s e n t  i n  t h e  S t u a y  Area .  Al though  t h e  minimum s i z e  
o f  p a r t i c l e s  r e t a i n e d  by t h e  s a l p s  was a r o u n d  1 w, t h e r e  a p p e a r e d  t o  be  no 
a c t i v e  s e l e c t i o n  o f  v a r i o u s  f o o d  p a r t i c l e s  o f  s p e c i f i c  s i z e s .  H a r b i s o n  and  
C i l m e r  ( 1 9 7 6 )  examined  t h e  f e e d i n g  o f  Pegea c o n f e d e r a t a ,  a l s o  f o u n d  w i t h i n  
t h e  S t u d y  A r e a ,  and c o n c l u d e d  t h a t  t h i s  s p e c i e s  c o u l d  r e t a i n  p a r t i c l e s  a s  
s m a l l  a s  0.7 urn. 

Phylum: C o e l e n t e r a t a  
C l a s s :  Hydroza 
O r d e r :  Chondrophora  

V e l e l l a  v e l l e l l a  i s  t h e  o n l y  s p e c i e s  o f  t h i s  o r d e r  r e p o r t e d  t o  b e  
p r e s e n t  w i t h i n  t h e  S t u d y  Area.  Raymont ( 1 9 8 3 )  lists members o f  t h i s  g e n u s  
a s  b e i n g  c a r n i v o r o u s :  a b o u t  10% o f  t h e i r  d i e t  c o n s i s t s  o f  c o p e p o d s ,  t h e  
r e m a i n d e r  c o n s i s t s  o f  f i s h  e g g s  and  small l a r v a l  c r u s t a c e a n s .  
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Order:  Siphonophora 

There is no in fo rmat ion  on t h e  f eed ing  p r e f e r e n c e s  of  Siphonophores 
r e p o r t e d  t o  be p r e s e n t  w i t h i n  t h e  Study Area. Raymont (1983) c l a s s i f i e s  
members of t h i s  o r d e r  a s  c a r n i v o r e s  t h a t  f eed  on a  wide range of 
zooplankton,  inc lud ing  copepod n a u p l i i ,  decapod c r u s t a c e a n s ,  and s i n a l l  
f i s h .  

C l a s s :  Schyphozoa 

Schyphozoa a r e  r e p o r t e d  t o  be c a r n i v o r e s  t b a t  f eed  on a  v a r i e t y  of 
zooplankton inc lud ing  copepods,  amphipods, o t h e r  c r u s t a c e a n s ,  eggs ,  
p t e ropods ,  sma l l  c t enophores ,  and l a r v a l  f i s h  (Raymont 1983) .  However, no 
in fo rmat ion  is a v a i l a b l e  about  t h e  f eed ing  ecology of t h e  members of t 5 e  
t h r e e  f a m i l i e s  of deep-sea Schyphozoa r e p o r t e d  t o  occur  w i t h i n  t h e  Study 
Area. 

Phylum: Ctenophora 
Order : Beroida 

Beroe cucumis is  t h e  only  s p e c i e s  of  t h i s  o r d e r  r e p o r t e d  t o  be 
p r e s e n t  in  t h e  Study Area. This  s p e c i e s  i s  c l a s s i f i e d  a s  a  secondary 
c a r n i v o r e  t h a t  f e e d s  a lmos t  e x c l u s i v e l y  on l o b a t e  c t enophores  (Raymont 
1983) .  

Order :  Cydippida 

P leu robrach ia  p i l e u s  i s  the only  s p e c i e s  of t h i s  o r d e r  r e p o r t e d  t o  be 
p r e s e n t  in  t h e  Study Area. Raymont (1383)  c l a s s i f i e s  t h i s  s p e c i e s  a s  a  
non-se lec t ive  t e r t i a r y  c a r n i v o r e  t h a t  f e e d s  mainly on copepods,  f i s h  eggs ,  
f i s h  l a r v a e ,  and chae togna ths .  

Phylum: Mollusca 
C lass :  Gastropoda 
Order:  Gymnosomata 

C l ione  l imac ina  is t h e  on ly  s p e c i e s  o f  t h i s  o r d e r  r e p o r t e d  t o  be 
p r e s e n t  w i t h i n  t h e  Study Area. Raymont ( 1 9 8 3 )  s t a t e s  t h a t  t h e  v e l i g e r s  of  
t h i s  s p e c i e s  a r e  he rb ivorous  and t h a t  t h e  a d u l t s  f e e d  l a r g e l y  a s  c a r n i v o r e s  
on s h e l l e d  p teropods .  
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O r d e r :  Thecosomata  

The thecosomes  a r e  p r e d o m i n a n t l y  h e r b i v o r o u s  p l a n k t o n  f e e d e r s  t h a t  
g r a z e  o n  d i n o f l a g e l l a t e s  and d i a t o m s  o f  s u i t a b l e  s i z e  a n d  s h a p e .  The 
f e e d i n g  is a  c o m b i n a t i o n  o f  c i l i a r y  t r a n s p o r t  w i t h  mucus s e c r e t i o n  (Raymont 
1 9 8 3 ) .  No i n f o r m a t i o n  is a v a i l a b l e  r e g a r d i n g  t h e  f e e d i n g  e c o l o g y  o f  t h i s  
g r o u p  i n  t h e  S t u d y  Area.  

The h e t e r o p o d s  a r e  c a r n i v o r e s .  Some s p e c i e s  e a t  c h a e t o g n a t h s ,  
c o p e p o d s  and  o t h e r  z o o p l a n k t o n  i n c l u d i n g  f i s h  l a r v a e ,  c t e n o p h o r e s ,  
s i p h o n o p h o r e s ,  and o t h e r  p e l a g i c  g a s t r o p o d s ,  b u t  t h e y  a p p e a r  t o  a c t i v e l y  
s e l e c t  s a l p s  (Raymont 1 9 8 3 ) .  No i n f o r m a t i o n  is a v a i l a b l e  o n  t h e  f e e d i n g  
e c o l o g y  3 f  t h i s  g r o u p  i n  t h e  S t u d y  Area. 

DATA GAPS 

The p i c t u r e  o f  t h e  ? l a n k t o n i c  community o f  t h e  Gorda Ridge S tudy  Area 
t h a t  e m e r g e s  f rom t h i s  s u r v e y ,  w h i l e  n o t  c o m p l e t e l y  b l a n k ,  g e n e r a l l y  l a c k s  
c o h e s i v e n e s s  and d e t a i l .  I n  s i m p l e  n u m e r i c a l  t e r m s ,  9 3  r e p o r t s  were 
i d e n t i f i e d  t h a t  d e a l t  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  w i t h  t h e  p l a n k t o n  o f  t h e  
s t u d y  r e g i o n .  The i d e n t i t y  a n d  numbers  o f  t h e  major  g r o u p s  of e p i p e l a g i c  
n e t  p h y t o p l a n k t o n  ( d i a t o m s ,  i n  p a r t i c u l a r )  and  n e t  z o o p l a n k t o n  ( T a b l e s  5 and 
6) h a v e  been  e s t a b l i s h e d  w i t h i n  bounds t h a t  a r e  n o t  u n r e a s o n a b l e  a  somewhat 
a r b i t r a r i l y - d e f i n e d  r e g i o n  o f  t h e  n o r t h e a s t  P a c i f i c  Ocean. A t o t a l  o f  263 
t a x a  o f  p l a n k t o n i c  o r g a n i s m s  were  i d e n t i f i e d  a s  b e l o n g i n g  o r  l i k e l y  t o  
b e l o n g ,  t o  t h e  p l a n k t o n i c  a s s e m b l a g e  found  o v e r  t h e  Gorda Ridge  ( A p p e n d i c e s  

and 2 ) .  

T h e r e  a r e ,  however ,  major  g a p s  i n  t h e  d a t a  n e e d e d  t o  a s s e m b l e  a  
c o m p r e h e n s i v e  o v e r v i e w  o f  t h e  s t r u c t u r e  a n d  f u n c t i o n  o f  t h e  p l a n k t o n i c  
c c ~ m u n i t y  o f  t h e  S t u d y  Area.  A b e g i n n i n g ,  b u t  n o t  n e c e s s a r i l y  e x h a u s t i v e  
l i s t  o f  s u c h  work would i n c l u d e  t h e  f o l l o w i n g :  

1 .  Nanno- and  B a c t e r i o p l a n k t o n  
V i r t u a l l y  a l l  s t u d i e s  o f  p l a n k t o n  i n  t h e  Corda Ridge  S t u d y  Area d e a l t  

w i t h  members o f  t h e  community t h a t  c o u l d  be  c o l l e c t e d  i n  n e t s .  We f o u n d  no 
i n f o r m a t i o n  o n  t h e  nanno- and  b a c t e r i o p l a n k t o n .  The taxonomic  d i v e r s i t y  o f  
t h e s e  g r o u p s  a s  w e l l  a s  t h e i r  c o n t r i b u t i o n s  t o  p r i m a r y  p r o d u c t i o n  and  
n u t r i e n t  c y c l i n g  n e e d  t o  b e  a s s e s s e d .  

2 .  C o m p o s i t i o n  o f  t h e  P h y t o p l a n k t o n  
With t h e  e x c e p t i o n  o f  d i a t o m s  found  i n  t h e  S t u d y  A r e a ,  t h e  s p e c i e s  

c o m p o s i t i o n  o f  t h e  p h y t o p l a n k t o n  i s  n o t  known. 

3 .  Temporal  and s p a t i a l  v a r i a t i o n s  i n  p l a n k t o n  numbers  and  b iomass  
S e v e r a l  s t u d i e s  were  l o c a t e d  which r e p o r t e d  numbers  and  b iomass  o f  

v a r i o u s  components  o f  t h e  p l a n k t o n .  Much o f  t h i s  work, however ,  was c a r r i e d  
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o u t  p r i o r  t o  1969. More r e c e n t  d a t a  is needed .  F u r t h e r m o r e ,  knowledge o f  
s e a s o n a l  v a r i a t i o n s  i n  t h e  c o m p o s i t i o n  o f  t h e  p l a n k t o n i c  community is f a r  
f rom c o m p l e t e .  T h e r e  is no i n f o r m a t i o n  on t h e  s e a s o n a l  o r  d i e 1  v e r t i c a l  
d i s t r i b u t i o n  of  p l a n k t o n  o t h e r  t h a n  t h e  c o p e p o d s  and  a  f e w  e u p h a u s i i d s .  
L i t t l e  is known a b o u t  t h e  p l a n k t o n  o f  m e s o p l e g i c  and  b a t h y p e l a g i c  d e p t h s .  
On a n o t h e r  t e m p o r a l  s c a l e ,  we were  u n a b l e  t o  f i n d  any l o n g - t e r m  d a t a  s e t s  t o  
a s s e s s  v a r i a b i l i t y  i n  t h e  p l a n k t o n  o v e r  a  r e l a t i v e l y  l o n g  p e r i o d  of  t i m e ,  
o n e ,  f o r  e x a m p l e ,  t h a t  would a l l o w  u s  t o  examine  t h e  i n f l u e n c e  o f  a n  E l  Nino 
e v e n t  on  p r i m a r y  p r o d u c t i v i t y  o r  z o o p l a n k t o n  s p e c i e s  compos i  t i o n .  

4. Pr imary  P r o d u c t i o n :  r a t e s  and limits 
Given  c u r r e n t  c o n c e r n s  a b o u t  r e a s s e s s m e n t s  o f  r a t e s  o f  p r i m a r y  

p r o d u c t i o n  i n  wor ld  o c e a n ,  t h e  d a t a  a v a i l a b l e  f o r  t h e  S t u d y  Area n e e d s  t o  be  
v e r i f i e d .  F a c t o r s  t h a t  l i m i t  p r i m a r y  p r o d u c t i o n ,  and t h e  f a t e  o f  p r i m a r y  
p r o d u c t i o n ,  t h a t  i s ,  its t r a n s f e r  t h r o u g h  v a r i o u s  components  o f  t h e  p e l a g i c  
food  web, need  t o  b e  d e t e r m i n e d .  

5 .  T r o p h i c  I n t e r a c t i o n s  
Almost n o t h i n g  is known, on  a  f  i r s t - h a n d  b a s i s ,  a b o u t  t h e  f e e d i n g  

e c o l o g y  o f  t h e  z o o p l a n k t o n  i n  t h e  S t u d y  Area .  E s t i m a t e s  o f  f e e d i n g  r a t e s ,  
e v e n  on a  s e a s o n a l  b a s i s ,  a r e  u n a v a i l a b l e  f o r  e v e n  t h e  mos t  common 
z o o p l a n k t e r s  o f  t h e  r e g i o n .  A t  b e s t ,  l i t e r a t u r e  v a l u e s  c a n  be  found  f o r  t h e  
i n g e s t i o n  r a t e s  o f  some s p e c i e s  t h a t  o c c u r  w i t h i n  r e g i o n .  C o n s t r u c t i o n  o f  
food  webs and  e n e r g y  f l o w  models  f o r  t h e  r e g i o n ,  b a s e d  on t h e  i n f o r m a t i o n  
now a v a i l a b l e  would b e ,  by n e c e s s i t y ,  h i g h l y  g e n e r a l i z e d  and  c o n j e c t u r a l .  

6 .  S e c o n d a r y  P r o d u c t i o n  and  t h e  V e r t i c a l  T r a n s p o r t  o f  O r g a n i c  M a t t e r  
P e r h a p s  t h e  most  s e r i o u s  d e f i c i e n c y  i n  t h e  d a t a  a v a i l a b l e  f o r  t h e  

S t u d y  Area is t h e  c o m p l e t e  l a c k  o f  s t u d i e s  a s s e s s i n g  r a t e s  o f  s e c o n d a r y  
p r o d u c t i o n  i n  t h e  p l a n k t o n .  Such d a t a ,  t o g e t h e r  w i t h  e s t i m a t e s  o f  t h e  
downward f l u x  o f  o r g a n i c  m a t t e r  t h r o u g h  t h e  w a t e r  co lumn,  a r e  n e e d e d  b e f o r e  
a  c r e d i b l e  model o f  t h e  p l a n k t o n i c  community c a n  be  a s s e m b l e d .  
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T a b l e  6. Summary o f  d a t a  on t h e  abundance  and  p r o d u c t i v i t y  o f  p h y t o p l a n k t o n  
i n  t h e  Gorda Ridge  S t u d y  Area. 

R e f e r e n c e  

Numbers ( il/m3) 
Diatoms 2 . 2  - 6 . 4  x 10 '  Kozlova and  M u ~ h l n a  ' 9 6 7  

106 Yarlumo '957 
S l ; ~ c o f l a g e l l a t e s  2 . 0  - 2 . 5  x 1 0 6  Kozlova and  2u&?ina 136: 

3 l o m a s s  a s  c h l o r o p h y l l  2 (mg/m3) 
S u r f a c e  w a t e r s  0 . '  - 0 . 5  Anderson 1964 ,  ' 972  

0 . 5  . S m a l l  and C u r l  ' 9 6 3  
0.39 - 3 . 8 5  S m a l l  and C u r l  1972 

5 ~ c s u r f a c e  max. 1 - -  1 3  Anaerson  ' 3 6 9 ,  ' 9 - 2  

Annual P r o d u c t i v i t y  (gC/m2) 
E u p h o t i c  z o n e  60 

72 - 85 
30 - 240 
125 

Anderson '964  
L a r r a n c e  1971 
Koblents-Miske 1965 
Anderson 1972 

T a b l e  7 .  Summary o f  e s t i m a t e s  o f  t h e  numbers  and b iomass  o f  major  g r o u p s  o f  
z o o p l a n k t o n i c  o r g a n i s m s  found  i n  t h e  Gorda S i d g e  S t u d y  Area .  R e f e r e n c e s  f o r  
e a c h  g r o u p  c a n  be found  i n  t h e  t e x t  u n d e r  t h e  c o r r e s p o n d i n g  taxonomic  
h e a d i n g .  Biomass is i n  g rams  d r y  w e i g h t  u n l e s s  n o t e d .  

:u'urnber NunDers Elomass 
o f  r e p o r t s  l//rn3 mg/m3 

P o l y c h a e t e s  2 
Amph i p o d s  5 

Copepods 1 2  
Euphaus i i d s  5 

C h a e t o g n a t h s  6 

L a r v a c e a n s  3 
T h a l i a c e a n s  ( t o t a l )  2  

S a l p s  4 
C t e n o p h o r e s  2 
M o l l u s c s  1 

0.4 - 19  

0.2 - 32  1 - 16 
(856  max. 
s e e  T a b l e  2 
0 - 5 0 ,  a l s o  0.8 - 51 
s e e  T a b l e  3 
0 -157, a l s o  0.1 - 6 . 4  
s e e  T a b l e  4 
435 (max. )  0  - 4 ( w e t  w t . )  

0  - 1024 ( w e t  w t . )  
208 (max. )  1 .8 

0 - 1 6  ( w e t  w t . )  
0  - 5 ,  a l s o  
s e e  T a b l e  5 
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i n s t i t u t i o n s  v e r i f i e d  t h e  i m p r e s s i o n  g a t h e r e d  by t h e  r e v i e u  of  t n e  a u b l i s h e c  
l i t e r a t u r e  t h a t  few w o r k e r s  have  c o l l e c t e d  p l a n k t o n  s a m p l e s  w i t h i n  t h e  
r e g i o n  o f  Gorda Ridge S t u d y  Area.  E x i s t i n g  d a t a  f rom t h i s  r e g i o n  was 
g e n e r a t e d  d u r i n g  s a m p l i n g  t r a n s e c t s  a l o n g  t h e  Brook i n g s  h  y d r o l  i n e  t r a n s e c t  
a t  42' North ( e . g . ,  Lee 1971 ,  L a u r s  ! 9 6 7 ) ,  o r  t h e  Newport h y d r o l i n e  a t * "  
39' Nor th  ( e . g . ,  C r o s s  1 9 6 4 ) .  C o n s i d e r a b l y  more is known a b o u t  t h e  p l a n k t o n  
o f  t h e  C a l i f o r n i a  C u r r e n t  s o u t h  o f  t h e  Gorda Ridge  l e a s e  s i t e  and  n e a r s h o r e  
s t u d i e s  o f  t h e  p l a n k t o n  w i t h i n  t h e  u p w e l l i n g  r e g i o n s  o f f  n o r t h e r n  Oregon and 
Washington.  These  d a t a  were u s e d  i n  c o n j u c t i o n  w i t h  t h e  d a t a  c o l l e c t e d  
w i t h i n  t h e  S t u d y  Area p r o p e r  t o  p r o v i d e  a  b e t t e r  d e s c r i p t i o n  o f  p l a n k t o n  and  
? l a n k t o n i c  p r o c e s s e s  i n  t h e  r e g i o n  o f  t h e  Gorda Ridge  S t u d y  Area .  

We would p a r t i c u l a r l y  l i k e  t o  t h a n k  M a r i l y n  C u i n ,  o f  t h e  H a t f i e l d  
M a r i n e  S c i e n c e  C e n t e r  L i b r a r y ,  f o r  h e l p  i n  g e n e r a t i n g  t h e  i n i t i a l  r e f e r e n c e  
l i s t s  and  f o r  h e r  a s s i s t a n c e  i n  o b t a i n i n g  h a r d - t o - f i n d  r e p o r t s  t h r o u g h  
i n t e r - l i b r a r y  l o a n s .  h e  a l s o  t h a n k  D r .  L a r r y  S m a l l ,  o f  t h e  C o l l e g e  o f  
Oceanography a t  Oregon S t a t e  U n i v e r s i t y  f o r  h e l p  i n  l o c a t i n g  s t u d i e s  c a r r i e a  
o u t  i n  t h e  S t u d y  Region.  Thanks a l s o  go  t o  Sue  P u l l e n  f o r  p u s h i n g  and  
p u l l i n g  m a n u s c r i p t s  t h r o u g h  v a r i o u s  s t a g e s  o f  word p r o c e s s i n g .  

T h i s  work was s u p p o r t e d  by I n t e r a g e n c y  Agreement $163-630-8501 between 
t h e  Oregon Depar tment  o f  Geology and  M i n e r a l  I n d u s t r i e s  and  Oregon S t a t e  
U n i v e r s i t y .  
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APPENDIX 1 

P l a n k t o n  f o u n d  w i t h i n  t h e  Gorda R i d g e  S t u d y  Area. 

R e f e r e n c e  Code Numbers 

1 .  P e a r c y  ( 1 9 7 2 )  
2 .  P e t e r s o n  and  Miller ( 1 9 7 6 )  
3 .  Hebard ( 1 9 6 6 )  
4. H u b ~ a r d  ( 1 9 6 7 )  
5.  i a u r s  ( ' 9 6 7 )  
6 .  Lee ( 1 9 7 2 )  
7 .  C r o s s  ( 1 9 6 4 )  
8 .  C r o s s  and S m a l l  ( 1 9 6 7 )  
9 .  N e y e r s  ( 1 9 7 5 )  

1 0 .  Smi th  ( 1 9 7 4 )  
1 1 .  F l e m i n g e r  ( 1 9 6 4 )  
1 2 .  A l v a r i n o  ( 1 9 6 5 )  
1 3 .  B r i n t o n  ( 1 9 6 7 )  
1 4 .  McGowan ( 1 9 6 7 )  
1 5 .  F l e m i n g e r  91967)  
16 .  B r i n t o n  ( 1 9 7 3 )  
! 7.  aowman and  J o h n s o n  ( 1 9 7 3 )  
18 .  Anderson ( 1 9 7 2 )  
19 .  Hobson ( 1 9 6 6 )  
2 0 .  Semina a n d  Tarkhova  ( 1 9 7 2 )  
21 . Semina ( 1972)  
22.  K i i b u r n  ( 1 9 6 1 )  
23 .  Koz lova  m a  Mukhina ( 1 9 6 7 )  
24.  X a s l e  ( 1 9 7 6 )  

Z o o p l a n k t o n  S p e c i e s  L i s t  

iief e r e n c e  

Phylum: A n n e l i d a  
C l a s s :  P o l y c h a e t a  

Fami ly  A l c i o p  i d a e  
R h y n c h o n e r e e l l a  a n g e l i n a  

Fami ly  L u m b r i n e r i d a e  
Ninoe  gemmea -- 

Fami ly  Poeob i i d a e  
P o e o b i u s  meseres 

F a m i l y  Tomopter  i d a e  
T o m o p t e r i s  c a v a l l i i  
T .  n i s s e n i  - 
T. p a c i f i c a  - 
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Phylum: Arthropoda 
Order: Amphipoda 

Family Cystisomidae 
Cystisoma fabricii 

Family Dairellidae 
Dairella californica 

Pzmily Hyperiidae 
~yperia hystrix 
Hyperoche medusarum 
Parathemisto pacifica 
Phronimopsis spinifera 

?'3m11y Lance01 iaae 
Lanceola loveni 

Family Lycaeidae 
Lycaea pulex -- 
Tryphana malmi 

Family Oxycephalidae 
Oxycephalus clausi 
Streetsia challenaeri 

Family Paraphronimidae 
Paraphronima crassipes 
P. gracilis - 

Fsmily Phromidae 
?konina sedentaria 

Family Phrosinidae 
Primno abyssalis 
P. macropa - 

Family Scinidae 
Scina crassicornis burmudensis 

Family Vibiliidae 
Vibilia armata 
V. progingua - 
V. wolterecki - 

Order: Copepoda 
Suborder: Calanoida 

Family Acarti idae 
Acartia clausii 
A. danae -- 
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A. longiremis - 
A. tonsa -- 

Family Aeteidae 
~etideopsis pacif ica 
Aetideus armatus 
A. pacificaus - 
Chirundina streetsi 
Euchirella curticauda 
E. aaleata 
E. pulchra - 
E. rostrata - 
Gaetanus miles 
C. secundus - 
G. simplex - 
Gaidius 5revispinl~s 
G. pungens - 
G. tenuispinus - 
C. variabilis - 
Pseudochirella polyspina 
Undeuchaeta intermedia 
U. major - 
U. plumosa - 

Family Ar ietellidae 
Arietellus plumifer 
A. setosus - 

Family Augaptilidae 
~entraugaptilus porcellus 
Haloptilus pseudooxycephalus 

Family Calanidae 
Bathycalanus bradyi 
Calanus cristatus 
C. glacialis - 
C. lenvicornis - 
C. marshallae - 
C. pacificus - 
C.plumchruss 
C. tenuicornis - 

Family Candaciidae 
Candacia bipinnata 
C. columbiae - 

Family Centropagidae 
Centropages bradyi 
C. mcmurrichi - 

Family Eucalanidae 
Eucalanus attenuatus 



E. bungii - 
E. elongatus hyalinus 
Ecynocera clausii 
Rhincalanus nastus 

Family Euchaetidae 
Euchaeta spinosa 
Pareuchaeta abyssalis 
P. birostrata - 
?. japcnica - 

Family Heterornabdidae 
Heterorhabdus clausi 
H. papilliger - 
8. tanner i - 
Heterostylites longicornis 
H. %ajar - 

Family Luc icu ti idae 
Lucicutia biccrnuta 
L. flavicornis - 

Family Metrldiidae 
Caussia 2rinceps 
Yetridia curticauca 
M. lucens -- 
M. pacifica - 
Pleuromamma abdominalis 
P. borealis - 
P. guadrungulata - 
P. scutullata - 
P. xipnias - 

Family Paracalanidae 
Calocalanus sp. 
C. styliremis - 
C. tenuis -- 
Paracalanus parvus 

Family Phaennidae 
Mixtocalanus robustus 
Phaenna spinnifera 

Family Pontell idae 
Epilabidocera amphitrites 
E .  longipedata - 

Family Pseudocalanidae 
Clausocalanus arcuicornis 
C. dubius -- 
C. furcatus - 
C. jobei - 
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C. mastigophorus - 
C. parapergens - 
C. paululus - 

Family Scoleci thricidae 
Amallothrix valida 
A. vorax -- 
Lophothrix frontalis 
Racovitzanus antarcticas 
2 .  paci". - L lCUS 
R. porrecta - 
Scaphocalanuss brevicornis 
S. echinatus - 
S. magnus -- 
S. medius -- 
S. minutus - 
S. subelongatus - 
Scolecithricella dentata 
S. minor -- 
S. ovata -- 
Scottocalanus persecans 
S. sedatus - 

Family Tortanidae 
Tortanus discaudatus 

Suborder : Cyclopoida 

Family Corycaeidae 
Corycaeus amazonicus 
C. anglicus - 

Family Oi thonidae 
Oithona plumifera 
0. similis - 
0. spinirostris - 

Family Oncaeidae 
Lubbockia squillimana 
Onacaea borealis 
0. conifera - 
0. dentipes - 
0.  media hymena --- 
0 .  meditteranea - 
0. subtilis - ~ 

0. tenella - 
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Suborder: Xarpacticoida 

Family Aegisthidae 
Aegisthus mucronatus 

Family Cly temnestridae 
Clytemnestra rostrata 

Pzmily Zctinoscm:dae 
:!icrosetel:a sp. 

arder : Zuphausiacea 

Family Sentheuphausi idae 
aentneuohausia amblyops 

Family Euphausi idae 
Euphausia pacif ica 
E. gibboides - - 
C. r e r u r v a  

Tessarabrachion oculatus 
Thysanoessa gregaria 
T. inspinata - 
T. longipes - 
T. parva -- 

- - 

T. spinifera - 
Thysanopoda acutifrons 
T. cornuta 
R. egregia - 

Order : Mys idacea 

Family Eucop i idae 
Eucopia sp. 

Family Lophogas tr idae 
Gnathophausia gigas 
G.  ingens 

Family Mys idae 
Boreomysis rostrata 
Boreomysis 



Order: 2s :rscoaa 

Cigantocypris agassizii 

Phylum: Chaetogna tha 

Eukrohnia bathypelagica 
Z .  fowleri - 
E . halata - -- 
Krohnitta subtilis 
Pterosagitta draco 
Sagitta bierii 
S. decipiens - 
S. elegans - 
S. enflata 
S. euner i t ica - 
S. hexaptera - 
S. macrocephala - 
5. macima -- 
S. mlnirna -- 
S. scrippsae - 
S. zetesios - 

Phylum: Chordsta 
Clzss: Larvacea 

Fsmily Oikopleuridae 
3ikopleura sp. 

Class: Thal iacea 
Crder: aoliolida 

Doliolum sp. 

Order: Pyrosomida 

Pyrosoma atlanticum 

Order: Salpidae 

Helicosalpa virgula 
Iasis zonaria 
Pegea confoederata 
Salpa fusiformis 
Thalia democratica 
Thetys vagina -- 
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Phylum: Coelenterata 
Class: Hydroza 
Order: Chondrophora 

Velella velella 

2rder: Sipnonophora 
Suborder: Calycophorae 

Family Clausophy idae 
Chuniphyes moserae 
C. multidentata 

Family iliphy idae 
Chelophyes appendiculata 
Lensia conoidea 
Muggiaeta atlantica 
Sulculeolaria guadrivalvis 

Family Hippopodiidae 
Vogti spinosa 

Family Pray idae 
Praya dubia -- 
P. reticulata - 

Suborder: Physonectae 

Fam~ly Agaim~dae 
Nanomia cars 

Family Phy sophor idae 
Physophora hydrostatica 

Family Pyrostephidae 
Bargmannia sp. 

Class: Schyphozoa 
Order: Coronatae 

Family Atollidae 
Atolla vanhoeffeni 
A .  wyvillei - 

Family Paraphyllinidae 
Paraphyllina ransoni 



PLANKTON 

Family Perphyllidae 
a,3m ',. , ,,hylla n periphylla 

Phylum: Ztenophora 
Order: 3eroiaa 

Seroe cucumis 

3r~er: ?ydi?plaa 

Pleurobrachia 2ileus 

Phylum: Xollusca 
Class : Gas tropoda 
2rder: Gymnosonata 

Clione limacian 

Order: Thecosomata 

Family Cavoliniidae 
Cavolina uncinata 
Corolla spectabilis 

Family Liaacinidae 
Clio balantium 
C. ovramidata - . , ~- - -  

Lirnacina helacina 
L. inflata - 

Class: Heteropoda 
Order: Mesogastropoda 

Family Car inar i idae 
Caranaria japonica 

Family Pterotracheidae 
Atlanta peroni 
Pterotrachea scututa 
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APPENDIX 2 
Phytoplankton Species 

See Appendix 1 for Reference Code Numbers 

Reference 
Division Bacillariophyta 

Class: 3iatomatae 
Order: Centrales 

3acteriastrum delicatuilum 
Chaetoceros atlanticus 
C. compressus - 
2. concavicornis - 
C. ccnvolutus - 
C. debilis - 
C. decipiens - 
C. messanensis - 
C. radicans - 
Coscinodiscus marginatus 
C. oculus-iridis - 
C. radiatus 
~actyliosolen aedi terraneus 
Leptocylindricus danicus 
i. mediterraneus - 
Minidiscus trioculatus 
Rhizosolenia fragilissima 
3 .  alata -- 
~halassiosira aestivalis 
T. bioculata - 
T. decipiens - 
T. eccentrics - 
T. florlaana - 
T. gravida - 
T. lineata - 
T. nord~n~koildii - 
T. pacifica - 
T. subtilis - 

Order: Pennales 

Asterionella japonica 
A. kar iana - 
Detiocula seminae 
Fragilaria sp. 
Nitzschia americana 
N. bicapitata - 
N. delicatissima - 
N. pseudonana - 
N. seriata - 
Pseudoeunotia doliolus 
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Synedra ulna 
Thalassionema nitzschioides 
Thalassiothrix longissima 


