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SEASONAL AND GEOGRAPHIC CHARACTERISTICS 
OF FISHERY RESOURCES 

California Current Region--VIII. Zooplankton 

David Kramer  and Paul E. Smith 

Plankton is defined in  most  dictionaries 
simply a s  the passively floating or weakly 
swimming animal and plant life of a body of 
water (zooplankton and phytoplankton, r e -  
spectively). Such an uninteresting definition 
in  no way acknowledges the important ro l e s  
of such organisms inthe food chains in bodies 
of water and their  tremendous variety in 
species  and morphology. 

In the California Current region alone, it 
has  beenestimated that, for zooplankton only, 
there  a r e  at  least  546 invertebrate species  
(Isaacs,  Fleminger and Miller, 1971) and ap-  
proximately 1,000 ver tebrate  species,  that 
is, as fish larvae.  Such larvae and, in  some 
instances,  their  eggs were the bases  of the 
f i r s t  seven r epor t s  in this s e r i e s  (Kramer  
and Smith, 1970a, b, c, d, 1971a, b, c ) .  The 
variety of species  in this region, just  for a 
par t  off central  Baja California, w a s  shown 
by Ahlstrom and Thrailkil l  (1963, Table 5). 
They l isted about 145 invertebrates and 36 
ve r t eb ra t e s  in only 12 plankton samples .  
Another example of variety of species  found 
near our survey pat tern was reported by 
McGowan and Fraundorf (1966, Table 7 )  for 
a sma l l  a r e a  southeast of Cabo San Lucas 
near the northern l imits  of the zooplankton 
fauna of the equatorial water mass. This 
report  on zooplankton diversity l isted 69  
species  of invertebrates and 81 species  of 
fish larvae collected in  24 plankton samples .  

Zooplankton's Essential  Role 

Zooplankton is not reported here  a s  a 
f ishery,  but in  recognition of the essent ia l  
par t  i t s  vast  community plays in relation to  
the fish r e sources .  In worldwide f isher ies ,  
i t s  supply fo rms  the ent i re  diets of plankton 
f eede r s  such a s  anchovies, herr ings,  pi l -  
chards ,  and menhaden. Certain of i t s  con- 
stituents, possibly including some phyto- 

plankton, a r e  essent ia l  foods for  most  s tages  
of larval  fishdevelopment. One of the g r e a t -  
es t  phenomena of marine -animal development 
is that of the growth of baleen whales, which 
feed exclusively on plankton, somet imes  only 
on the shrimplike plankter "krill", a large 
euphausiid. One example inpart icular  is the 
blue whale 's  growth. At birth, this whale is 
about 7 m long and 2,000 kg in weight (21-23 
ft, 2+ tons). Seven months af ter  birth, it is 
about 16 m long and weighs 23,000 kg (48-52 
ft, 25 tons)--feeding only on k r i l l !  (Rice, 
1972 .) 

This report  deals  with the seasonal and 
geographic character is t ics  and variations of 
zooplankton biomass in the California Cur -  
rent  region. Organizations, a r e a  of investi-  
gation, and treatment of data were presented 
inthe f i r s t  report  of this s e r i e s  (Kramer  and 
Smith, 1970a). In addition, we will discuss  
the annual cycles (variation) for  different 
pa r t s  of the survey a r e a  north t o  south and 
inshore -offshore. 

Data Process ing  

Our previous descriptions of process ing  
data did not include discussion of the meth-  
ods used t o  collect and p rocess  plankton. 
Detailed descriptions of the methods for col-  
lecting and processing data in the California 
Current region w e r e  described by Kramer ,  
e t  al. (in p r e s s )  and in some detail  by Smith 
(1971). 

F o r t h e  data 1951 -60, the following meth-  
ods were used t o  collect plankton. Each 
sample was taken with the standard CalCOFI 
net constructed of s i l k  mesh  (bolting cloth), 
mouthdiameter  1 m, and mesh  s ize  approxi- 
mately 0.55 mm. Occasionally a nylon net of 
the same mouth opening and mesh  s ize  w a s  
used. A flow me te r  in the mouth of the net 
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pe rmi t t ed  calculat ion of the amount of water  
s t r a ined .  Each  tow was  made  by s inking the 
net a t  50 m p e r  minute  to a depth of about 
140 m (200 m of wi re  out, depth permi t t ing)  
and r e t r i e v i n g  it a t  2 0  m p e r  minute  while 
maintaining a wire  angle of 45 d e g r e e s .  The 
s h i p ' s  speed  dur ing  a tow w a s  about 2 knots .  

Each  s a m p l e  was  p r e s e r v e d  in 57'0 fo rma l in  
and buffered with sodium bora te .  The s a m -  
p l e s  w e r e  brought back t o  the  l abora to ry  and 
m e a s u r e d  by the d isp lacement  method de-  
sc r ibed  by Ahls t rom and Thra i lk i l l ( l 963) ,  or 
by a method developed by Thra i lk i l l ,  d e -  
s c r i b e d  by K r a m e r ,  e t  al .  ( i n  p r e s s ) .  Both 
methods  a r e  accu ra t e  t o  2 1 m l .  Smi th  (1971) 
d i scussed  the va r i a t ions  due t o  shr inkage  and 
in t e r s t i t i a l  liquid a s  previously r epor t ed  by 
Ahls t rom and Thra i lk i l l (1963) .  Twovolumes ,  
r epor t ed  a s  m l /  1,000 m 3  wa te r  s t r a ined ,  w e r e  
de t e rmined  fo r  each  sample :  f i r s t ,  the to ta l  
volume and, second,  the to ta l  volume l e s s  
l a r g e  o r g a n i s m s - - 5  m l  o r  g r e a t e r - - u s u a l l y  
j e l l i e s  or je l lyl ike o rgan i sms .  (Juveni le  and 
s m a l l  adult f i shes  captured  by the net a r e  not 
cons idered  planktonic . )  Each  s a m p l e  was 
t h a n s o r t e d  f o r  all f i s h e g g s  and l a r v a e .  The 
s o r t e d  s a m p l e  was  s tudied fu r the r  fo r  se- 
lec ted  inve r t eb ra t e s  (e .g . ,  I s aacs ,  e t  a l . ,  
1969, 1971). Also see the i r  Table  1 i n  each  
volume, which cites inves t iga tors ,  t h e i r  pub-  
l ic  a t  ions,  and inte r e  st s. 

Our t r ea tmen t  of the da t a  is f o r  zooplank- 
ton  only in  t e r m s  of to ta l  vo lumes  of a l l  o r -  
g a n i s m s  with no  sepa ra t ion  by cons t i tu ten ts  
o r  groups .  I s aacs ,  e t  al. (1969)  r epor t ed  on 
the seasona l  and annual var iab i l i ty  among  17 
funct ional  groups  of zooplankton fo r  the sp r ing  
(Apr i l  c r u i s e s )  and f a l l  (October  c r u i s e s )  fo r  
1955 through 1959. In 1971, they r epor t ed  on 
winter  var iab i l i ty  fo r  J anua ry  in 1955 through 
1959. 

Seasonal  and Geographic  Dis t r ibu t ion  

The va r i a t ions  in  seasona l  and geographic  
d is t r ibu t ions  fo r  1951 -60, shown i n  I:igures 
1 and 2, a r e  s i m i l a r  even though the d i a g r a m s  
a r e  f r o m  two s e t s  of da ta  and a r e  p re sen ted  
i n  somewhat  different  ways.  F igure  1 shows 
s u m m a r i e s  of plankton volumes  only for  o r -  
g a n i s m s  less than  5 ml ,  expres sed  a s  medians  
of v o l u m e s p e r  1,000 m 3  of water  s t r a i n e d - -  
the  m e d i a n s  r e p r e s e n t  the c e n t r a l  va lues  of 
s u i t e s  of s a m p l e s .  F igu re  2 s u m m a r i z e s  
p lanktonvolumes  only f o r  o r g a n i s m s  g r e a t e r  
t han  5 ml ,  expres sed  a s  pe rcen tages  of oc-  
c u r r e n c e s  in  plankton hauls .  Smith (1971, 

F igu re  2 )  p re sen ted  the  s a m e  da ta  in  a figure 
of re la t ive  abundances in  a n  a t l a s  of plankton 
volumes  f o r  eve ry  su rvey  conducted by the 
CalCOFI f r o m  1951 through 1960. The  b a s i c  
da ta  for  a l l  su rveys ,  1951 through 1966, 
w e r e  r epor t ed  by the Staff, South Pac i f ic  
F i s h e r i e s  Invest igat ions (1 952, 1953, 1954, 
1955, 1956) and Thra i lk i l l  (1957, 1959, 1961, 
1963, 1969, MS). 

Eachf igu re  ind ica tes  the t r e n d s  t o  be ex -  
pected dur ing  a y e a r ' s  product ion of plankton, 
where in  peaks  of a b u n d a n c e  occur  from 
s p r i n g  t o  s u m m e r  and d e c r e a s e s  occur  in  
f a l l  and win ter .  (Data  w e r e  insufficient fo r  
s u m m a r i e s  t o  be made  fo r  August, Septem-  
be r ,  and November.)  

T e m p e r a t u r e  and Zooplankton 

T e m p e r a t u r e s  a t  10 m,  s u m m a r i z e d  fo r  
the 10 y e a r s  i n  the s a m e  pooled a r e a s  ( F i g -  
u r e  3 ) - - s e e  K r a m e r  and Smith,  1970a, F i g -  
u r e  2-- indicate  the t r e n d s  of c e n t e r s  of 
g rea t e s t  plankton abundance within a p a r t i c -  
u l a r  range  of low t e m p e r a t u r e s ,  12O-15' C. 
(The 1 0 - m  depth i s  r ega rded  as mid-depth 
o r  ave rage  of s t r a t u m  between su r face  and 
the rmoc l ine ,  T e n - m e t e r  t e m p e r a t u r e s  have 
been published in  a t l a s e s  fo r  1949 through 
1969 f o r  a l l  CalCOFI s u r v e y s  (Anonymous, 
1963; Wyllie and Lynn, 1971) . )  

Zooplankton product ion in  " w a r m r 1  and 
"cold" y e a r s  bea r  out the t r e n d s  t o  be e x -  
pected f r o m  the da ta  depicted in  F i g u r e s  1, 
2, and 3. Reid (1962, F igu re  5) showed that  
f o r  each  yea r ,  1949 through 1960, plankton 
volumes  were  high with low t e m p e r a t u r e s  
and low with high t e m p e r a t u r e s .  He a l s o  
depicted two f igu res  f r o m  Thra i lk i l l  (1 959, 
1961) showing a v e r a g e s  of high volumes  in  
1956, a cold yea r ,  and low volumes  in 1958, 
a w a r m  y e a r .  Ahls t rom and Thra i lk i l l  (1963) 
c i ted  the w a r m  y e a r  1959 and the fac t  that  
plankton volumes  then  were  the lowest i n  a 
decade .  

Annual Cycles  

Another i l lus t ra t ion  of s easona l  and geo-  
graphic  changes i s  in the s u m m a r i z a t i o n  
of da ta  t o  show annual cyc le s  by reg ion  and 
pooled a r e a  (F igu re  4). Here ,  m o n t h l y  
median  volumes a r e  p re sen ted  fo r  s ix  re -  
gions, north t o  south, a t  40-mi le  in t e rva l s  
onshore-offshore.  Each  cu rve  is an  annual  
cycle  beginning in  e a c h  Janua ry  (J), s u m -  
m a r i z e d  over  the 10 y e a r s ,  1951-60. E a c h  
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Fig. 4 - Annual cycles of plankton volumes (monthly medians) collected in survey area 
of California Cooperative Oceanic Fisheries Investigations (CalCOFI), 1951-60. (See 
text.) There are no curves shown for offshore areas, Punta San Q u  I n t i n, and south 
because there were no significant annual cycles In monthly median volumes in t h o s e  
regions. 
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v e i t i c a l  l ine in  each  cu rve  r e p r e s e n t s  June 
and each  hor izonta l  l ine is the  annual  a v e r -  
age .  Here ,  a s  i n  F i g u r e s  1 and 2 ,  high abun-  
dance  o c c u r s  in m i d - y e a r  when day length is 
longest  and t e m p e r a t u r e s  a r e  low, as shown 
i n  Figure 3 .  

Dete rminan t s  of Zooplankt on Concent ra t ions  

Zooplankton concent ra t ions  a r e  e s t a b -  
l i shed  by the  r a t e s  of product ion of t he i r  
components ,  t he i r  growth r a t e s ,  t h e i r  na tu ra l  
mor ta l i ty ,  and preda t ion  on the i r  populations.  
Very little is known about any of these  s ince  
our  da t a  a r e  based  only on that propor t ion  
re ta ined  by our  r a t h e r  c o a r s e - m e s h  net.  A 
l a r g e  p a r t  of the plankton e s c a p e s  through 
th i s  net-- those i m m a t u r e  s t a g e s  that  a r e  
s m a l l e r  t han  our  p r i m a r y  t a r g e t s ,  f i sh  eggs  
and l a r v a e .  It is highly probable  that  a ve ry  
l a r g e  p a r t  of the escaping  plankton is the 
food in  s i z e s  needed by the f i sh  l a r v a e w e  

co l l ec t - - fo r  example ,  a s  l i s ted  fo r  anchovy 
l a rvae  by K r a m e r  and Zweifel  (1 970, Table  
2) .  

It has been  hypothesized that  high plank-  
ton  concent ra t ions  a r e  the r e s u l t  of (1) high 
nutr ient  content, ai,d (2)  t r a n s p o r t  of plank-  
tondur ing  c e r t a i n  seasons .  Reid, Roden and 
Wyllie (1 958) observed that  dense  plankton in  
s u m m e r  months  and high phosphate -phos - 
phorous  (PO4-P) content coincide with low 
t e m p e r a t u r e s  i n  the  Cal i forn ia  Cur ren t  r e  - 
gion. Reid r epor t ed  in  1962 that  dense  zoo- 
plankton might  be the r e su l t  of i t s  t r a n s p o r t  
into the reg ion  by the west  wind dr i f t  f r o m  
dense  s u b a r c t i c populations.  Our m a j o r  
problem in  th i s  s tudy is that  e s t i m a t e s  and 
predic t ions  of r a t e s  of water  movement ,  and 
life h i s to r i e s  of plankton that a r e  not wel l  
known, a r e  inadequate t o  show what p a r t s  in  
the i r  different  s t a g e s  of development  d r i f t  
i n  and out of, or s tay  in, the reg ion .  
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