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I have been asked to discuss the pelagic inverte- 
brate resources of the California Current, and this 
I will t ry  to do, but I wish first of all to make one 
reservation: it is evident to me that none of these 
resources will have anything like the same economic 
importance as our potential pelagic fish resources, and 
if we cannot decide how to utilize these latter, then 
I’m not sure we should divert too much attention 
away from the problems of their utilization onto the 
problems of less important resources. 

There appear to be three main possibilities in ex- 
ploiting the pelagic invertebrates but I shall discuss 
only two of these: ( i )  that of expanding our small 
fishery for cephalopod molluscs, and (ii) that of start- 
ing a fishery for pelagic galatheid crabs, commonly 
called “red crabs. ” Discussion of the third possibility 
-that of utilizing planktonic copepods and euphau- 
siids-I consider only a n  academic exercise a t  the 
moment, and even though mass occurrences of these 
sorts of animals are frequent in the California Cur- 
rent, I shall leave it to the future for their proper 
discussion. 

Very much of what we know about the ecoiiomically 
important cephalopods in the California Current de- 
rives from the work of Fields (1965), who studied 
the squid (Lol igo opnlescens) fishery, principally a t  
Monterey. To see if there was any probability that 
this fishery could be expanded, it seemed to me ap- 
propriate to try to place it in a world-wide perspec- 
tive; for this purpose I have surveyed summarily the 
literature, xvith the results that are set out in Tables 
1 through 4. 

Thcse show, first of all, that while almost all nations 
which have any fishery at  all catch at  least a small 
amount of cephalopods, it is only Japan for which 
this forms a significant part of the total catch. It is 
also evident that cephalopods are more important in 
certain regions than in others : in the Mediterranean 
basin and adjoining parts of the Atlantic and in the 
F a r  East they are widcly eaten ; in the North Atlantic, 
thp Scandinavians take significant amounts for  use as 
bait in other fisheries. The migration of F a r  Eastern 
and Mediterranean ppoples to other parts of the world 
has stimulated the establishment of cephalopod fish- 
eries in places such as California. 

Table 2 indicates some of the major features of the 
international trade in cephalopods ; what is important 
is that a complicated trade network exists in the F a r  
East, and that catchw of Japanese vessels are pur- 
chased by some Mediterranean countries. 

Table 3 shows that California even now dominates 
the U.S. catches; the Californian fishery, as Fields 

TABLE 1 
THE APPROXIMATE WORLD LANDINGS OF CEPHALOPODS 

F A 0  STATISTICS FOR THIS YEAR 
IN 1965, DERIVED FROM VARIOUS SOURCES, MAINLY 

1965 catches 
(Thousand Tons) 
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1.2 
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._ 
.. . 
_. 

67.4 

611.6 

showed, originated in the Chinese fishing village in 
Monterey in about 1860, from which sun-dried squid 
entered the F a r  East trade. I n  about 1900 Italian 
fishermen introduced the lampara net into the fishery 
and took it over from the fishermen of Oriental origin. 
A peak was reached in 1932 with 5.500 tons of dried 
squid going into the F a r  East trade, which was closed 
to the U.S. in 1933. A second buildup occurred after 
World War  I1 with the introduction of freezing and 
canning to the trade, but irregular, large-scale fluc- 
tuations of the fishery have been characteristic since 
then. 

Table 4 surveys briefly the major squid resources of 
the world as they presently appear. The bulk of the 
Japanese landings is formed by Todarodes pacifictcs; 
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- _ _ _ _ _ . ~ ~  

Ports 
-__-__--_ 

Monterey ....--.- 
Santa Barbara-.- ~~ 

San Pedro --... ~~~~ 

Total ... ~ ~ ~~. . . 

61 

~~ 
~ ~ . ~ _ _ _  __ ___~  ~~~ ~~ ~~ __  

Thousand Pounds 

No. of Thousand 
ressels lanrpara net dipnet Dollars 

_ 

14 8 . 8  0 . 1  202 
6 1.9 0 .1  18 

36 7 . 4  0 . 3  86 

18.7 306 I 55 
I , 

0.7 
0 .4 
2 . 3  

0.1 

0 . 1  

1 . 1  
0 . 2  
4 . 2  

n. 1 

n . 5  
0 . 3  
0 . 5  

I 

the Atlantic counterpart, T .  sagittatus is utilized 
largely for bait, and, though enormously abundant, 
has been said to be of poor flavor. Illcx illcccbrosirs 
supports a large-scale bait fishery to the south of Sew-  
foundland. The two species of Oniwastrcpkes listed 
are extremely abundant in warmer parts of the Atlan- 
tic (e.g. at Madeira) arid there form an important 
latent resource. Latent resources in the warmpr parts 
of the eastern Pacific Ocean appear to be dominated 
by Dosicliciis gigas which is at times very numerous 
in the offshore parts of the California Current and 
was, in fact utilized on one occasion in the 1930's by 
the California fishery (Clark and Phillips, 1936).  
This species appears to be the Pastern Pacific counter- 

Product and country 

~~ 

Tons of cephalopods 
in thousands 

(excluding octopus) 

-. -~ ~~ _ _ ~  

Species 
- ------ ~ _ _  

Todarodes pacificus-. . . . . 

T. sagittatus-. . . . ~ ~ ~ ~. ~ 

Ommastrephes carol, and 
0. ptvropus-  . ~ ~ ~ ~ ~ ~ ~. . . 

TABLE 4 
THE SQUIDS THAT APPEAR MOST LIKELY T O  BE O F  

COMMERCIAL IMPORTANCE IN THE WORLD FISHERIES, 
BASED VERY LARGELY ON DATA FROM CLARKE, 1966 

_ 
~~ ~~ 

Range 
_- 

N. 7T. Pacific 

Atlantic 

Subtropical 
Atlantic, 

Si/mpfectoteuthis spp.---. ~ 

I h i d i c u s  gigas ...-- ~ 

Loligo opalescens- - ~ ~~ 

\V, Indo-Pacific 

E. Pacific 

California 

_ _ _ _ ~  ~ ~~ -~ ~~ 

Fishery 

Bulk of Japanese landings 
'roin N. Pacific. 
Lightly utilized. largely for 
3ait hut sonie for liunian 
'ood. 

Sorrie fished a t  Atlantic 
dands; latent oceinic fishery. 

Bait fishery on Grand Ranks 
tnd elseahere. 

[ncreasing but low utilization 
in Australia (Rlediterranean 
iwlnigrants), 

Latent oceanic resource 

Latent oceanic resource 

1,ightly utilized in coastal 
fishery. 

Latent neritic resorirce. 

part, c.cologically, of various species of Omnaastrepl'lcs 
and XUnzplcctotezcthis, and appears near the surface 
at  night in oceanic regions, sometimes in vast num- 
bers. The more neritic Gonatzls f abricizcs may also 
form a latent resource in the California Current. 

It is also quite evident that the population of Lol igo  
opalescens could be fished to a far  greater extent than 
it is a t  present; few of the inany known rpgular 
spawning concentrations are utilized. If m t r y  into 
iiew markets, or expansion of present markets, could 
be achieved, there is no doubt whatcvr  tlixt the latent 
resources of the California Current could be 1i;~rvested 
at a much higher level of yield. 

In gener,rl, ceplialopod fislierir5 are prosecuted 
either by some form of multi-hook jig (hand or n it- 
chine operated) or by various forms of round-haul 
nets ; in both methods, night fishing, with concentra- 
tion of squids by lielit, is nornial. Such niethods a r e  
well kiiown and r a d y  used by the California fishing 
community. 

Let us turn now to the red or pelagic crabs, Plczi- 
roncocles plaiaipes of the California Current, where 
we a r e  on less firm ground concerning the  utility of 
the resources. 



About five species of galatheids occur in niassive 
concentrations, either as pelagic or benthic individ- 
uals, and one of these is our Plezcroncodes planipes .  
These forms are all typical of eutrophic regions of 
the ocean, where they often occur under conditions 
of very low dissolved oxygen. They are able to graze 
directly on blooms of phytoplankton, mainly large 
diatoms, and wherever they occur they figure largely 
in the diet of a wide range of large predators, from 
sea-birds to whales. 

Off Chile, two of these species are harvested a s  an 
anxiliary catch by the shrimp boats when shrimp arc 
not available ; thew species arc Pleiiroiicodes 1110120- 

don and Cervini i inida johni, together known to the 
Chilean trade a s  “liingostino.” Starting in 1953 the 
langostino fishery has dereloped to its present level 
of landings in excess of 12  thousand tons per anninn 
(Table 5) .  

TABLE 5 
THE DEVELOPMENT OF THE CHILEAN LANGOSTINO FISHERY, 

BASED O N  DATA SUPPLIED BY FAO, ROME (DONALD A. 
HANCOCK A N D  M. N. MISTAKIDIS, 

PERSONAL COMMUNICATION) 
~~ 

0 . 5 9  
1 .20  
1 .10  
3 . 5 7  
0 .73  
0 .22  
0 . 8 0  
0 .83  
0 . 6 5  
0 .94  
0 . 9 4  
0 . 9 1  
1 .a2 
0 . 7 8  

Thousand Tons 

0.17 
0 . 5 8  

~~ 

.. 
3.82  
6 . 3 3  
.i .02 
6 . 0 2  
6 .89  
6 . 6 9  
7.91 
9 . 0 3  

1R.31 
12.18 

~- 

Total 
ratrli 

0 . 9 3  
2 . 6 4  
2 . 0 5  
5 . 7 1  

11.38 
12.88 
6 . 7 5  
8 . 1 2  
8.15 
7.99  
9 .25  

10.67 
15.35 
13.37 

Consiirued 
fresh 

~ . ~~ 

0.29  
0 . 8 5  
0 . 7 8  
1 .61  
4 . 2 7  
5 .37  
0 . 9 3  
1 .22  
0 . 6 2  
0 . 3 6  
0 . 2 0  
0 . 6 8  
0 .44  
0 .39  

Frozen 
Canned tails 

What is striking about this fishery is that the crabs 
on which it is based are quite small, averaging a 
carapace length of 0.79-1.57 inches (20-40 mm) and 
a total net weight of 0.88 ouiiced (23  grams). The 
meat yield for tails is less than 10 percent. One 
wonders how such ii fishery can be economic, but it 
evidently is, perhaps due to rather low labor costs. 

Our California Plcicroncodcs planipes differs from 
those species exploited off Chile in having both ti 
benthic and pelagic phase instead of merely a benthic 
phase, and occurs in both phases in massive numbers. 
It has been shown (Longhurst, 1967) that the pelagic 
concentrations occur close to upwelling sites, and that 
their distribution is very sensitive to climatic raria- 
tions and. mas3 transport rariationr in thc California 
Current. 

The mean density of pelagic crabs in the southern 
part of the CalCOFI area in a normal year has been 

measured by &Iaurice Blackburn (personal comniuni- 
cation) froin a series of 3-foot net tows taken a t  
stanclard CalCOFI stations. Extrapolated to  a float- 
ing otter trawl with 326 ft2 (30-nL2) month ( a  rea- 
sonable size for a s ilall vessel) fished entirely ran- 
tlonily in this area, we get an estimate of about 0.25 
ton per hour. Anybody mho ha\ obscrvccl Plcinron- 
codcs swarms at  sea knows how niassivc. thcsc are 
relntivc to the “backgrouncl” densities of the animal, 
and it is obrious that selwtiw fishing ~vou1cI raise this 
estiniatc> by a factor of at lcast 10. 

Pel  igic I’lcirroncockc a r c  :,m:iller than  the lango- 
stiiios exploited in Chile, so it is probable that a fish- 
ery would concentrate on the benthic phase. \\hose 
indirid.uals a re  larger and are equivalent to those 
taken in the Chilean fishery. These benthic individ- 
uals occur in massive concentrations, mainly under 
upwelling arP<is ant1 at depths corresponding to the 
depth of the oxygrn niiriiinuni (Boyd, 1 9 6 i  ) . 

T ~ P  sinall ainount of information whicli wc hare a t  
Iiantl snggests extremely high catch rates of the order 
of more than 2t5 tons per hour with a 10-in lieadropc 
(32.8 f t )  demersal otter trawl. Tn fact, during a 
trawling silrrey for rovkfish carried out ii few years 
ago by the Bureau of Coniiiiercial Fisheries, it was 
found to br impracticable to trawl for fish at depths 
which benthic Plezcroncodes favored, because the net 
filled so rapidly and was torn by the migh t  of crabs 
(Herbert Perkins, personal communication). This 
supposition iq  also confirmed by the very recent re- 
ports from the Soviet factory trawlers, which took 
5 000 tons of Plenroncodes in an experimental fishery 
in 1967 off Baja California. It is presumed that these 
were reduced but we do not know for certain. 

I t  appears quite evident, then, that there is a very 
large latent resource present, but i t  is much less clear 
what use can be made of it. If a satisfactory meal 
can be mniinfacturcd-perhaps of a specialty type, 
as for instance, an ad.ditive to trout food to give de- 
sirable flesh coloration and flavor-then it is probable 
that a fishery of local importance could be developed. 
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