
PART I 

REVIEW OF ACTIVITIES 
July 1, 1959 -June 30, 1960 

REPORT OF THE CALCOFI COM4MITTEE 

INTRODUCTION 
It is the purpose of this revicw by the CalCOFI 

Committee to eliwidate the present position of the 
program and to point out tlie directions in which the 
program is developing and our  thinking is evolving. 
The ohjwtivcs aiid statements of objertives of the 
CalCOF I prograiii have b ~ e n  given much thought 
aiid expression during the life of the program, and, 
naturall.v, have evolved. I n  August 1960, the CalCOFI 
Committee reformulated the objecatives as follo1 

To acquire knowledge and understanding of the 
factors governing the abundaiiw, distributioii, and 
variation of the pelagic marine fishes. The oceano- 
graphic and biological factors affecting the sardine 
and its ecological associates iii the California Cur- 
rent Systeni will be given resmrch emphasis. It is 
the ultimate aim of the investigations to obtain an  
uiitlerstanding sufficient to predict, thus permitting 
eficieiit ultilization of tlie species, arid perhaps 
iiiaiiipulation of the population. 
This statement formalizes some aspects of such re- 

search that have long been recognized: first, that  no 
pelagic fish, such as the sardine, can be studied in 
nature as a creature isolated from his natural  associ- 
atrs ; second, that  there is ail ultimate responsibility 
of such research to the ncwk of society and that this 
responsibility takes the form of an ultimate goal of 
attaining an understanding sufficient for the guidance 
of society in the utilization of the resource. 

To examine this matter farther,  it  is a responsibility 
of the scientist to ask qixestions of nature. I n  this case, 
to ask questions about pelagic fish : what is their food? 
how does it vary?  what ultimately kills them? how 
is their spawning carried out ? how successful is their 
spawning? what is the water like in which they live 
and how does it affect these creatures? aiid a myriad 
of similar important inquiries. 

I n  addition, scientists in a program such as this 
have two further essential tasks. The first is to weld 
their findings with previous knowledge, thus further- 
ing the general o r  basic understanding of the way 
nature functions in order that  future questions ran 
be formulated more meaningfully. A t  the same time, 
the scientist must be in a position to answer the 
questions of society to the best of his knowledge. Yet 
the needs of society change, and it is essential that  
these questions change to fit the changing needs. For  
example, what was once the important question to 
the CalCOFI program: how large will be the avail- 
able sardine stock next year ?-perhaps is not now 

so immediately important as is: what can be expected 
of the sardine stocks in the more distant f u t u r e ? ;  
and:  are there under-utilized stocks of fish that  are 
coiiiplemeiitary to the sardine, that  is stocks that in- 
crease a t  a time of diminution of the sardine stocks 
and vice versa. Surely the changing answers that so- 
caiety iteeds in this area can best be drawn from the 
most general kiiowledge, extensive yet intimate knowl- 
edge 011 the stocks of pelagic fishes off our coast, their 
Iiuiiibers, biology, needs, habits, fluctuations, and 
their fishery. 

This matter of the dual obligatioiis of the scientist 
who must integrate the fiiidings, the scientific synthe- 
sk t ,  has been discnssed above a t  some length for it 
is this position of research that is occupied by the 
CalCOFI Committee, with an  attendant duality of 

masters. ’ ’ As the research progresses, the nienibers 
of the CalCOFI Coinmittre niiist look in both direc- 
tions aiid attempt to  answer both questions : how does 
a fiiicliiig or line of inquiry help us understand the 
pelagic enviroiinieiit of the California Current Sys- 
tem? and how docs it help 11s answer the questions 
of society ? 

Rephrasing these thoughts to the conduct of re- 
search, the following emerges. Specialized research 
to answer a n  immediate question posed by society is 
a coiisiimer of basic knowledge and understanding. 
This specialized research will be most successful when 
there is adequate basic knowledge, and, as a corol- 
lary, failure of the specialized research to supply so- 
ciety with significant practical results is most likely 
ascribable to inadequate basic understanding. I t  fol- 
lows that the principal tasks of the CalCOFI Com- 
mittee are to:  develop projects to answer questions 
posed by the pitblic to the extent that  there is suffi- 
cient basic kiiowleclge ; and encourage research in dis- 
ciplines and areas where lack of basic knowledge 
blocks the siiccess of the program. 

When the program was initiated it was realized 
that the principal lack was basic knowledge, so even 
though there was a most alarming and serious fisher- 
ies crisis, the originators and sponsors established the 
research on a broad fundamental basis. Because of 
this we are now approachiiig the answers to the orig- 
inal questions. Even more important we are also ap- 
proaching R position from which we can answer a 
broad spectrum of questions about our pelagic re- 
sources. This is a n  iniportaiit and happy aspect of 
this program of investigation, and its t ruth will be 
increasingly apparent in the discussion to follow. 

‘ (  
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FINDINGS 
What have been the major findings and what is the 

picture that has emerged and is emerging froni this 
inquiry ? 

W e  know that  the sarclilie has not recently been a 
major component of the pelagic fish fauna of the 
California Current. It lias often b e m  a coiispicuous 
component because of its habit of  schooling relatively 
close to shore, but many other species of fish have been 
and are now greatly more abundaiit in the California 
Current waters. This iiicludes several spwies of eco- 
logirally important deep-sea smelts, lantern fish, 
and the anchovy, hake, and jack niackercil, which 
are also commercially importatit. 

Froni the years up to 1949 the sardinr n ia i~~ta ined  
a population comparatively larger than in more 
recent years, although the years of the earlier period 
were rnarkeclly varying in char;tctc.r, with warin and 
(.old years and years of other rhararter in alternation. 
Daring this period the populatiotls of sardinrs and 
anchovies were about the same size, with anchovies 
possibly in slightly greater abundance. 

The years of the decade beginning about 1948 to 
1957 were, however, of a different charactcr, relatively 
colder, but not so cold as some of the cold years of thc 
previous two c1ecadt.s that  produccd good ycm calassrs 
of sardines. The ontstaiiding charactcv-istic2 of this 
recent decade was its relatively 1nonoto11ous steadi- 
ness of temperature, winds and salinity. Dnring this 
period, tlie population of sardines off California ft.11 
to new lows while the population of anrlioviw ap- 
parently reached new highs. l’lankton volnnies 
reached very- high values during this latter (le(’ade, 
but it is doubtful if the food material iii the plwIikto11 
that  is of value to the sardine increasetl siniilarly. In 
other words, much of the increased planktoil ronsistetl 
of jellies, salps, doliolids atid pyrosonies that have 
little food value in  themselves and, that  as a matter of 
fact, compete with tlie sariline and anchovy for 1)lank- 
tonic food. 

Why then should the aiivhovy population increasc 
while that  of the sardine dec~lined, and why should 
this occur when previonsly an  occasional nioderatc1ly- 
cold year produced a good year class ? 

This is possibly so because the anchovy spawiis at a 
somewhat 1owc.r temperatnre than the sartliiie and at 
a more favorable season with respwt to zooplankton 
food. In addition the anchovy may bc bettcr fitted to 
feed oii phytoplankton than is the sardine, and, henc~) ,  
can better compete with salps and other cold-water 
plankton. 

I n  addition an  important factor in the survival o f  
sardine larvae is their opportunity to niigratc. to the 
coastal nursery grounds. That is, iiiii(*ti of their larval 
mortality may coli t o f  their being snept  away into 
inhospitable waters from which they cwiiiot return. 
The aiichovy with its niore northerly distribution 
along the l’acific Coast, lias a greater opportunity for  
its spawn to remain in  the California Current as lar- 
vac cluring periods of strong currents. 

That these factors may be important ones i? sup- 
ported by a number of findiugs: Snialler year classes 

wew produced during the years 1949-56, when the 
California Current was strong and steady and the 
good year classes w r ’ e  produced when the California 
Current was often wcak aiid unsteatly. I n  the period 
when sardine spawning was general along the entire 
I’ac.ific Coast. the sardine larvae had a much improved 
opportuiiity to remain in the California Current arid 
to reach thc iiursery grounds, much to the same degree 
i t s  the anchovy now does, and sardine spawning was 
1110re successful. 

Other teiitativc fiiidiiigs indirectly support this gcan- 
c>ral pic+urc. I t  appears that large sardine larvae are 
very spottily t l istr ibutd.  Thus, it is possible that 
good survival of tlw sardine larvae is not the result 
of geiimil eiivironniental conditions, but the combilia- 
tioii of nialiy favorable c~onclitions and fcw unfavor- 
ablr conditions i i i  sniall patches in the ocean. One 
woiilil espc‘ct, siich patchincw of favorable and nn- 
favorable cdoiiil it ions to bv inore rorrinion in  rapiclly 
varying yc’ars thiiii ill steady ywrs. 

I Iow does this hypothesis stand up under the most 
rcwiit history! \VP brlieve that the y a r s  1957 and 
19.X w ( ~ r ( ~  years niii(:h like those of the early period 
w h i i  sarciiiic. rc~cruitiiieiit was strong. That is, they 
w’re  variahlr years, iv;trni(~r than average, with a 
tlecvased streiigth of the California Current, and a 
tlecrrase of thc iiorthcrn forms. Yet in  these two 
yc’ars the sardine apparently had only modest year 
classes ! 

i2pparently a rewrsion to 111~11y of the conditions 
wider whicdh the sartline previonsly m.as successful 
dit1 iiot result ill a retiirn of S I I ~ C  
The coiltinlied presriice of a large popidation of 
iiIlchovi(1s w a s  one conspicuous condition that did not 
rc’verse, and it is possible that this and other competi- 
tors are obstacles to the returii of the sardine’s SIIC- 

Kuperiniposed on  these physical aiid biological con- 
tlitions is? of wiirse, thc eflect of the fishery. ,\lthough 
the fishuy niay h a w  little rffcct o n  the total amount 
of all forage fish, thc selectirr nature of the fishery 
probably favors the survival of competitors of the 
sardiiie to soiiie niikiiown clcgree. 

This experienw has led also to  a greater under- 
stwiitliiig of tlir relationships between tlie large preda- 
woiis fishes that cwiistitutr one trophic level and the 
sartlinr aiitl other plaiiktoii-feediii~ forage fish that 
constitiite a 1ow.r trophic level. Thc yellowtail, bar- 
racuda, and bonito appear to be as abundant as ever. 
\\’hen tlie waters w ~ r n i e d  iip in 1 9 5 i  these three 
spwies became available by moving into the range 
of thc sportfisher)-, ~ v ~ i i  thouyh the  sardine popula- 
tioii aiid sarcliiie fishery rcmaincd a t  a low level. The 
sardiiic. populatioii shiftcd i iorth~vard o n e  year later 
iii 1958 and the conniiercial ratch rose to 107,000 tons. 
Thiis t h e  predators i i i  1 9 5 i  inovt~d north in the virtual 
abstwce of sardines, presiiniahly content with the 
other forage fish and the increased temperatures. 
Apparently these predators caii do  well if the total 
foragt>-fish population is adequate, that  is they are 
not specifitl in their forage-fish associations. 

Perhaps it is not inappropriate to reiterate here 
that it takes more than a large population of fish to 

cess. 
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guarantee good fishing, the fish must be where they 
can be caught. Apparently the populations of yellow- 
tail, barracuda and bonito were just  as high during 
the cool years, but they were abundant only off Mex- 
ico. Similar to many of the game species, sardines 
are located farther north during warm years and 
farther south during cool years. For example, the 
outstanding 1939 year class of sardines may have ap- 
peared larger than it actually was because it was so 
available as two-year old fish during the hot year, 
1941. Clearly, availability of pelagic fishes is influ- 
enced by water temperatures. 

Other vital parts of this picture are emerging; 
marly of them long anticipated. 

A particularly important finding is the verification 
of the existence of two genetically-separated popula- 
tions of sardines-a northern group and a southern 
group. Tt has long been suspected that sardines off 
the central and lower Baja California Coast and the 
fish from the northern Baja and California Coasts 
were distinct stocks. Subsequently it has been found 
that some of the sardines in the southern area were 
fall spawners while those in the north spawned in  the 
spring and summer. These may be the stocks that 
constitute the two genetically-distinct groups of sar- 
dines as determined by blood type. 

There is reason to believe that it is the northern 
stock which has decreased most over the last decade. 
The southern group also migrates north, but in  
greater or  lesser amounts depending on oceanographic 
conditions. The migrants contribute at least to the 
southern California fishery. 

Also, it has been found that the major fluctuations 
of the oceanographic coiiditions of the California 
Current undoubtedly are a par t  of fluctuations involv- 
ing most of the North Pacific if not the entire Pacific. 
These, in  turn,  appear to  result from or to be associ- 
ated with, major changes in the atmospheric circula- 
tion. Apparently, the events that  trigger these changes 
take place some distance from the California Current 
System and as much as a year passes before the 
changes are fully felt on this coast. This gives real 
hope for prediction of oceanographic conditions, in  a 
general way perhaps a year ahead. 

There exists a basic aspect of the sardine problem 
that requires other answers intimately related to the 
public need. The most frequent question is: can man 
influence the fnture size of his catch or the population 
by voluntarily changing the harvest? That is, for 
example, by catching fewer or more sardines. This 
has been studied longer and with less satisfactory 
results than any other aspect of the sardine problem. 
The problem is very difficult because it involves pri- 
marily the relation between the numbers of spawners 
and the numbers of progeny. Obviously, an animal 
that spawns many thousands of eggs per year does 
not have a simple, steady relation between numbers 
of parents and numbers of young. An additional com- 
plexity is that  removal of adult fish does more than 
decrease the spawning stock of the species. Such re- 
moval tends to enhance the survival rate of its own 
young, but similarly, it may also allow competitors 
of the species to be more successful by increasing the 

food supply available to them and other effects. On 
the other hand it may divert predators to the com- 
peting species. 

Thus the problem on the relation between numbers 
of parents and numbers of progeny is very complex, 
and it has never been successfully resolved with 
respect to any marine fish. Most of the studies of 
marine fish, and the regulations, involve managing the 
age a t  which recruits are harvested, not managing the 
numbers of recruits, and our research clearly shows 
there is nothing to be gained by managing the age of 
harvesting the sardine. Theory states there must be 
some relation between spawning stock size and the 
numbers of recruits. Yet, me know there is no simple 
relation. W e  need to define the extent of this relation 
and to define the extent to which it will yield point to 
point predictions. This latter will, of course, involve 
the interplay of the population and the environment. 

The attempts to understand the environment have 
already been discussed. In order to focus on the effect 
of the fishery we need to know the catch in detail, a 
routine project for a number of years. I n  addition we 
need to  know the size of the spawning population and 
the size of the recruited population. The present pro- 
gram of sampling the fishery provides much of this in- 
formation and can perhaps provide more in the future 
if additional information is gathered. Spawning stocks 
have been estimated from egg surveys, and have and 
are being estimated from “fish surveys.” When all 
these data are fully available, which will be soon under 
present plans, we should have a fresh look a t  the popu- 
lation problems insofar as the direct influence of man 
is concerned. 

SUMMARY 
The picture that emerges from these results is that 

the sardine, a rather minor par t  of the biomass, can 
prosper when there is much variation in the environ- 
ment, but  that  under steady conditions, or a t  least 
under steady cool conditions, the sardine, perhaps 
abetted by the pressure of man, gives way to its com- 
petitors. However, with the firm establishment of com- 
petitors in the habitat of the sardine, a brief return 
of -otherwise favorable environmental conditions is in- 
adequate to re-establish stocks of sardines in the more 
northerly portions of its range, although in  warm 
years the southern stocks become available to Cali- 
fornia fishermen. 

It is also clear that shifts in  the relative abundance 
among sardines and other forage fish has little effect 
on the population of predators. 

With this picture developing from the inquiries of 
the CalCOFI program we must slowly change the pro- 
gram to make the most of our  new understanding. 
Since we must understand the broad changes of the 
oceanic conditions, the routine surveys are being ex- 
panded. Siiice we can recognize the types of oceano- 
graphic changes from fewer data, the major surveys 
are being made less frequently (quarterly) and the 
lines farther apart .  The ship time so released is being 
used for more direct studies of the environment, the 
conditions and competitors in  the sardine spawning 
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area, spottiness of larvae and plankton, countercur- 
rents, etc. 

This intensification of effort also is being devoted to 
the sardine itself, the conditions of its eggs, i ts  light 
preferences, its distribution and associates as larvae 
and juveniles, and its growth rate as associated with 
the strength of year classes. 

It is clear that  we soon will have considerable de- 
tailed understanding of the actual conditions under 
which sardines and perhaps other pelagic fishes ex- 
perience high survival. 

To date in this program there have been extensive 
scientific results. There has been a long period of pi- 
oneering and exploration and the slow development of 
a picture of the place of the pelagic fishes in the 
California Current System. With this development of 
perspective, there is increasing opportunity to feed 
the findings back toward more meaningful research 
and greater opportunity to answer the question of 
society. 

Perhaps the most important product of the pro- 
gram is a perspective of the sardine and its associates. 
We know that the sardine was once a conspicuous and 
valuable component of the population. Well may it be 
again. But  we now realize that the sardine is like the 
gold of California, a conspicuous, valuable, easily- 
harvested element in the midst of less-conspicuous 
riches of far greater potentialities but requiring pain- 
staking development.-E. H. Ahlstrom, J. D. Isaacs, 
G. I. Murphy, and J. Radovich. 

AGENCY ACTIVITIES 
California Academy of Sciences 

Studies on the behavior and reactions of sardines 
and related species were continued, utilizing one 
investigator and assistance as needed. Specific investi- 
gations during the year included studies on the re- 
sponses of anchovies to ultraviolet and infra-red radia- 
tion, and their responses to gradients of white light. I n  
addition, further tests were completed on the re- 
sponses of anchovies, jack mackerel, Pacific mackerel, 
and sardines to various electrical fields. Studies on the 
schooling of anchovies were conducted at  Marineland. 

California Department of Pish and Game 
The Department of Fish and Game continued its 

basic monotoring of the pelagic wet fish fisheries of 
California. This includes : sampling sardines, an- 
chovies and Pacific and jack mackerel, t o  determine 
the age and length composition of the catch; inter- 
viewing fishermen t o  obtain information on fishing 
localities and fishing effort ; and working with the 
Department of Fish and Game statistical unit to in- 
sure that the catch records are accurate. 

The department also continued its fish survey work 
which, in effect, extends the type of information ob- 
tained from the fishery t o  areas beyond those presently 
occupied by the fishing fleet. The pelagic species are 
sampled a t  sea and information is obtained on the 
distribution and relative abundance of fish. The fish 

are aged and measured, live samples are saved for 
genetic studies by the U. S. Bureau of Commercial 
Fisheries, and other fish are preserved for further 
study ashore by the Department. 

These two routine projects for four species repre- 
sents most of the Department’s effort in the CalCOFI 
program. Although routine, they are basic to the needs 
of the entire program, since before causes of variation 
in abundance and availability can be investigated, the 
variation must be described. 

I n  addition to the routine work, measurements 
were made for morphometric studies on about 2,500 
sardines. This is part of a study to determine if suffi- 
cient differences can be recognized in fish from differ- 
ent regions of the coast to enable one to recognize 
“types” and thereby, follow sardine movements from 
year to year. One other aspect of the morphometric 
study is to look critically a t  samples of fish whose 
blood has been typed to see if phenotypic differences 
can be detected which correspond with the genetic 
separation obtained from serological work. 

The live bait catch sampling was continued as was 
the airplane surveys of the anchovy population. Stud- 
ies on the effect of water temperatures on fish distribu- 
tion continued and the results will be published. 

122000’ 
~ ~~ - 

Monterey Bay, showing cruise pattern and 
station locations. 
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Hopkins Marine Station, Stanford University 
Throughout the year the Hopkins Marine Station 

has continued to keep a finger on the pulse of the 
Pacific in  the central California area through a pro- 
gram of three correlated activities: 1) Daily shore 
temperatures were taken a t  Pacific Grove and Santa 
Cruz. 2) A t  approximately weekly intervals, depend- 
ent upon the weather, cruises were made covering six 
stations in  Monterey Bay. At each of these stations re- 
versing thermometer temperatures and  water samples 
for salinity determinations were taken a t  the surface 
and 15 meters. A bathythermograph was also lowered 
to 50 meters, except a t  stations 1 and 5 where shallow 
water limited the depth of the casts to 30 and 20 
meters respectively. Vertical hauls for  phytoplankton 
and zooplankton were also made a t  each station. 3)  
Each month 26 shore temperature stations were occu- 
pied between Monterey and Islay Creek, 20 miles south 
of Morro Ray on a day during or  close to the period 
when CalCOFI ships were operating off-shore in the 

the preceding two years. A t  Santa Cruz the tempera- 
ture differences were much less; they were about equal 
to  those of 1957 and  averaged only 0.2" C colder than 
those of 1958. During each of these first five months 
the temperatures were equal to or warmer than those 
of one of the preceding two years, and in  August they 
were warmer than both. 

During the next six months from December, 1959 
through May, 1960, the situation changed markedly. 
A t  both extremes of Monterey Bay, the average tem- 
perature in each of these months was markedly colder 
than that of the corresponding months of the two pre- 
ceding years. A t  Pacific Grove this period averaged 
1.30" C colder than that of 1957-58 and 0.7" C colder 
than that of 1958-59. The situation was similar a t  
Santa Cruz ; the corresponding values were 1.2" C and 
0.9" C June  provided what might be considered a re- 
tu rn  to warm water conditions with temperatures 
above those of 1959, but below those of 1958. It should 
be mentioned here, that  although winter and spring 

same latitudes. 

SHORE TEMPERATURES - PACIFIC G R O V E  

I , , , , , : , , , ,  
J I S O N D J C M I Y ?  

S H O R E  T E M P E R A T U R E S  - S A N T A  C R U Z  

J L S O N D J F M A Y J  

COASTPL TEMPERATURES-MONTEREY to MORRO BAY 

were characterized by water colder than that of the 
prior two years, temperatures between October and 
February were still higher than those prevailing in  
1956-57 just before the onset of warmer conditions 
along the California coast. 

The temperature situation in Monterey Bay, as out- 
lined above and based on daily observations, was ex- 
tremely well corroborated by the averages of 26 shore 
stations occupied a t  monthly intervals along the coast- 
line to  the south. Here, too, the summer and  fall of 
1959 appeared to be typical of the recent warm-water 
period, but the following winter and  spring yielded 
temperatures markedly colder than in  the preceding 
two years. The warming noted in  June  in  Monterey 
Bay, took place somewhat earlier toward the south and 
the curve of the coastal run  approached that of 1957- 
58 in May as well as in  June. 

The abrupt decline in surface temperatures during 
the winter and sprii1.g is perhaps more strikingly 
shown by monthly averages of the data collected on the 
weekly cruises. These are not so strongly influenced by 
shallow-water warming as are those taken along shore. 
They show clearly that the surface temperatures are 
depressed well below those of 1957-58 and 1958-59. I n  
fact, the surface temperatures during these months are 
comparable to the very cold period of 1955-56. 

Bathythermograph temperature averages showed 
little change over those of the previous year in  the 
first half of the period under discussion, although 
there was a slight lowering a t  all depths in September, 
October and January.  However, with the onset of up- 
welling in February, there was a concomitant overall 

- = 1959-60 

= 1958-59 _ _  
= 1957-58 __.- 

During the early par t  of the period covered by this 
report ( J ~ l y  1959-June 1960), monthly averages of 
daily shore temperatures taken a t  Pacific Grove and 
Santa Cruz indicated conditions only slightly cooler 
than those of the warm-water periods prevailing dur- 
ing the previous two years. A t  Pacific Grove the 
period averaged about 0.6" C colder than in  1957 and 
about 0.4" C colder than 1958, but during August and 
October the water was actually somewhat warmer than 
during the corresponding month in  one or the other of 

lowering of temperatures to approximately 1" C below 
those of the previous year. Although this condition 
prevailed until June, a t  which time the temperature 
rise rioted a t  inshore area5 prevailed in  the upper 10 
meters, the persistence of relatively low values was 
probably not due to continued upwelling. Lowered 
temperatures of late winter and early spring are nor- 
mally the result of upwelling. Fpwelling is typically 
indicated by a spread between the maximum and mini- 
mum values for  any given month. This temperature 
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SURFACE T E M P E R A T U R E S  - MONTEREY BAY, CALIFORNIA 
MONTHLY AVERAGES 

difference is due to  the presence of cold freshly up- 
welled water a t  stations over or adjacent to Monterey 
Canyon, and of surface-warmed eddies a t  the extrmii- 
ties of the Ray. It is noteworthy that  between Jlarch 
and June, 1960, a period which in normal years is 
characterized by a coiispicnons spread i n  the inaximiini 
and minimum curves, thrse lines ran close together. 
Although it must be admitted that this niay throw 
doubt o n  the validity of the spreatl as a n  index of i i p  

welling, it niay also indicate that the cooling vas  tlne 
to factors other thai i  upn.r~lling. 111 this c.onnec.tioii, it 
may be pointed out that  the only sizwble planlcton 
bloom (another iiidicater of iipv elling) occiircd in 
March, just siibseqiient to the upwelling of February 
as shown by the spread of the maxininln and miiiiinuin 
in that month. No Airther sizcablc plankton prodnc- 
tioii was noted and it is probablc that no cltirichment 
from deep waters took place. Hvidently the cooling 
was not due to upwelliiig but was a result of a wide- 
spread phenomenon affecting a large area of the Sor th  
Pacific. 

Salinities in the Bay were slightly highcr from ,July 
through September over the previons year. They I\ ere 
somewhat lowered in the periocl from eJaniiary to 
March, especially in February w h c ~ i i  raiiifall and run- 
off affected surfare salinities. Tt 11 i t \  iiot pos\iblc to 
interpret differences in saliiiit iw of corre5poiiding 
months in various years as indicators of iipwelliiig 

Phytoplanktoii vo1umt.s hare remaincd low through- 
out the past year, aiid the total volume of saniplcs was 
less thaii half of that  obtili1ld ill eavh of tht. previous 
two years. The most noticeable bloom was in ,Ilarc.h, 
when hauls were fa r  abovc tliosc. of 19% and 1!)T,9, wild 
comparable to 1957 volume~,  the 1attc.r bcing the last 
year when phytoplaiikton was preseiit in niar1w(l qnan- 
t i ty in the Bay. 

Division of Marine Resources Scripps Znstitution of 
Oceanography University of California 

TTTith the complction and publication of almost t m  
years of ineasiirenients of the oceanic conditions of 
the California Current System, the Cal(’OE’I’s ocean- 

ographic program is being modified. To a great extent 
this modification is the result of the perspective and 
the broader recognition of problems presented and 
summarized in th(1 CalCOFI’s report of last year 
Volume VIT. In particnlar, the fact that  the changes 
in the local waters of the California Coast are related 
to fluctuation in conditions over much of the Pacific, 
is receiving increased recognition. The surveys are 
being extended to reach farther north and farther t o  
sea, and the iiuniber of station lines occupied is being 
rednced. Thew changes stem from : the need to obtain 
a b r o a c h  and more general look a t  the California. 
Currcint ; the ability to recognize change from fewer 
data as a result of understanding from previous 
studies ; and thc necessity to carry out concentrated 
studies on speeial featiires of the environment that 
have been pointed up. Thc modified field program 
will thus consist of a basic extensive survey plan, as 
s h o ~ v n ,  ant1 a sericJs of special oceanographic stndies 
concerned with such subjects as:  the nature of the 
countercurrriit circulation, tlirect current measure- 
ments, the ecology of spawning areas, and the nature 
of plankton sncces\ion. 

I11 the area of interpretation of the oceanographic 
data, the program is becoming inore involved with 
pretlictioii. The basic correlatioii of temperature, 
wind, and sunshilie has been worked out and the 
next step will involve dynamic prediction, that  is, 
predictioii that  considers currents. Studies of the 
broad climatology of the Eastern North Pacific are 
receiving increased emphasis. 

Correlation bctn een the oceanographic conditions 
and the plankton of the areas is recaeiving attention. 
Work is proceeding on the zoogeography of the region, 
aiid all major groups of zoop lank ton  are now receiv- 
inc attention. I t  is now pos5ible to examine associa- 
tions of zooplankters, the as5ociation of zooplankton, 
and- for example, fi4i larvae, and the association of 
these organisms with the oceanographic coiiditions, 
and this is iincler way. 

In this direction, preparation of charts displaying 
the oceanographic conditions throughout the years is 
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being undertaken, to permit a inore facile comparison 
of biological conditions with the oceanographic 
weather. This is also a step in the preparation of a 
comprehensive description of the California Current 

I n  the field of instruments, progress has been made 
toward substituting moored stations for ship observa- 
tions, although these are not yet routinely in use. Nets 
to solve special problems of fish and plankton behavior 
and distributioii have been constructed, the deep-free 
vehicle has been expanded to include carrying ai1 ex- 
perimental current meter, and equipment for routine 
direct observation of the ecology of pelagic areas are 
under developnient. 

U.S. Bureau of Commercial Fisheries (BCF) 
The program of research of the La  Jolla Laboratory, 

Bureau of Commercial Fisheries, is macle up  of 10 in- 
vestigations, 8 of which center directly o n  the sardine 
and 2 that are tangential. In the former category are 

System. 

investigations of population dynamics, population size, 
year-class size, availability, age and growth, fecundity, 
genetics (subpopulations) and physiology ; the tangen- 
tial programs include plankton studies (data  on 
plankton volumes are issued anniially ) and erologi- 
ca11y associated fishes (including anchovy, jack inack- 
me1 and Pacific mackerel). 

Perhaps the most exciting research results w’re ob- 
tained in the genetic studies of snfipopulations. The 

tern, one of three blood systems that have been 
distinguished, has proven of \ralue in separating sub- 
populations of sardines. A rnorc iiorthrrly distributed 
group of sardines (off California a i d  at times north- 
ern Baja California) arerage over 133, “ C ”  positive 
individuals, while a inore southrrly distrihutcd group 
(Magdaleiia Ba>-, Raja California, to as far  north as 
San Diepo) averages less than 6% “ C ”  positive fish. 

The most recent iiivestigatioii initiated by the TAL 
Jolla Laboratory, physiology studies, is obtaining ill- 
teresting results in several fields : osmoregulation 
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and energy requirements of sardine eggs and larvae, 
organic constituents ( fa t ty  acids) of the ovary, nu- 
trition of sardine-related species and rearing of post- 
yolk sac sardine larvae. 

Availability studies are concerned with investigat- 
ing the manner in which the environment influences 
the distribution and behavior of the sardine. A phase 
of the behavior project completed during the year 
compares, on the basis of eye structure, the relative 
visual capacities of the Pacific sardine, northern an- 
chovy, Pacific mackerel, jack mackerel and some other 
fishes. The sardine has the highest visual acuity and 
the lowest sensitivity, thus should be able to discrimi- 
nate objects better than the other species in  bright 
light, but riot as well as others in dim light. Explora- 
tory behavior experiments are being started, and the 
experimental facilities are being improved. An  im- 
proved plankton pump is being built to be used in 

studies of the distribution dynamics of sardine food 
organisms. 

Sardine spawning in 1960 had the type of distribu- 
tion that has been typical of warm years since 1957. 
Spawning was less widely distributed and closer 
inshore than previously, with major centers in the 
Channel Island area of Southern California and in 
Sebastian Viscaino Bay, Baja California. Based on 
preliminary scanning of samples, the amount of 
spawning appears to be low. Fecundity studies have 
shown that during the recent warm years, sardines off 
Southern California mature a t  much smaller sizes, 
have a more prolonged spawning season and are much 
less uniform with regard to stage of ovarian develop- 
ment. A preliminary examination of sardine larval 
data for 1952-1957 indicates that larval survival after 
the yolk sac stage has been relatively constant-larger 
larvae (15.5 mm and longer) comprising between 
1.5% and 3% of the total larvae. 


