
REVIEW OF ACTlVlTlES 

1 July 1956-1 January 1958 

I n  April, 1947, representatives of the California 
Academy of Sciences, California Department (then 
Division) of Fish and Game, the South Pacific Fish- 
ery Investigations of the U. S. Fish and Wildlife 
Service, and the University of California’s Scripps 
Institution of Oceanography met and drafted a docu- 
ment that  has since served in a sense as the charter of 
activities under the California Cooperative Oceanic 
Fisheries Investigations. 

To this enterprise they brought a distinguished his- 
tory of research. As long ago as 1920, W. F. Thompson 
of the Division of Fish and Game had drawn u p  a 
long-term program of research on the sardine (W.  F. 
Thompson, ‘ ‘  The proposed investigation of the sar- 
dine,” California Fish and Game, vol. 6, no. 1, pp. 
10-12, January,  1920). The State’s investigations 
along these lines revealed much information on the 
fishery, all of which has served as part  of the strong 
foundation upon which the CCOFI program has been 
built. 

From April, 1929, to September, 1932, the early 
life history of the sardine was subject to an  intensive 
oceanographic-biological survey by the combined 
efforts of the California Division of Fish and Game 
and Hopkins Marine Station of Stanford University. 
A great deal was learned about the early life history 
of the sardine and the distribution of its eggs and 
larvae (Eugene C. Scofield, “Ear ly  life history of the 
California sardine (,!Cardinn caerulea) with special 
reference to distribution of eggs and larvae, ” Fish 
Bull., no. 41, 48 pp., 24 figs., 1934). 

I n  1937 the California Division of Fish and Game 
cooperated with the Scripps Institution of Oceanog- 
raphy in a study of surface currents off the southern 
California coast (Richard B. Tibby, “Report on re- 
turns of drift  bottles released off Southern California, 
1937,” Fish Bull., no. 55, 36 pp., 22 figs., 1939). 

By the 1930s, the sardine fishery had become the 
largest in  the country. In 1937, the U. S. Bureau of 
Fisheries (now a part  of the U. S. Fish arid Wildlife 
Service) established a laboratory a t  Stanford to work 
in this field. From this group came another influential 
paper on methods of studying the sardihe (Oscar E. 
Sette, l 1  Studies on the Pacific pilchard or sardine 
(Sardiizops caerzdea) I : Structure of a research pro- 
gram to determine how fishing affects the resource,” 
U. S. Fish and Wildlife Service, Special Scientific 
Report N o .  19, 1943). 

From 1939 through 1941, the Fish and Wildlife 
Service cooperated with the Scripps Institntion of 

Oceanography in  additional combined oceanographic- 
biological cruises off our coast. Though small in scale 
as compared to the CCOFI cruises, all these earlier 
cruises have provided invaluable data to the present 
investigations (H. U. Sverdrup and the staff of the 
Scripps Institution of Oceanography, ‘ ‘  Oceanographic 
observations on the E. TV. Scripps cruises of 1940 and 
1941,” Univ. Calif., Scripps Inst. Oce., Records of 
Ohserzsations, vol. 1, nos. 3 and 4, pp. 161-408, and 
Oscar E. Sette and Elbert N. Ahlstrom, “Estimations 
of abundance of the eggs of the Pacific pilchard 
(Xardinops caerulea) off southern California during 
1940 and 1941.” J .  Mar .  Res., vol. 7, no. 3, pp. 511- 
542, 4 figs., 1948). 

The University of California’s Scripps Institution 
of Oceanography was brought into the conference be- 
cause of the recognition that  it would be impossible 
fully to understand pelagic fisheries without a look 
a t  the ocean for an explanation of variations not ex- 
plained by biology and the statistical analysis of the 
catch and fishery. 

The California Academy of Sciences was repre- 
sented in this conference since the facilities of Stein- 
hart  Aquarium could be used to study such matters 
as the schooling habits of sardines and their reactions 
to  light and electricity. 

I n  writing of such a meeting it is regrettably easy 
to ignore the fact that  human beings, not cold institu- 
tional entities, were the participants. Three persons 
of remarkable abilities were the chief architects of the 
CCOFI program. None is connected with the Investi- 
gations now. Dr.  Oscar E. Sette of the Ti. S. Fish 
arid Wildlife Service is chief of the service’s Ocean 
Research group. Dr. Frances N. Clark, for  many years 
the Director of the Department of Fish and Game’s 
State Fisheries IJaboratory, retired in 1957. Dr. Har- 
ald IJ. Rverdrup, the world’s greatest physical ocea- 
nographer, then Director of the Scripps Institution 
of Oceanography, died in his native Norway in Au- 
gust, 1957. 

The program drawn u p  by these scientists has been 
printed before (Progress Report, California Coopera- 
tive Oceanic Fisheries Investigations, 1 July 1953-31 
March 1955), but since it is germane to the present 
review, it is reprinted below : 

BIOLOGICAL RESEARCH 
I. Recruitment. 

a.  Measurement of amount of spawning. 
b. Measurement of the abundance of larvae. 



,s 

c. 

(1. 

e. 

llleasurciiiciit of the relative abmiclance of 
year-claw brfore it enters the fishery. 
Measureinciits of the sizes of year-classes in 
the conrinercial fishery. 
Studies of the spawning stock o n  the spawn- 
ing grounds. 

11. Availability of the stock to the fishermen. 
a.  Analysis of the commercial catch. 
b. Exploratory work on and off the fishing 

c. Exploratory food studies. 
I I I. Investigation of rapid methods of plankton col- 

lection aiid analysis. 
IV. Physiological studies of behavior, feecling, and 

nutrition. 
V. Dyiianiics of the sardine population and fish- 

eries. 

grounds during the fishing season. 

PHYSICAL AND CHEMICAL OCEANOGRAPHY 
(No  detailed program in oceanography was 

d r a w l  u p  a t  this time.) 

After the establishineiit of the Marine Research 
Coniniittee, a Technical Advisory Committee was 
appointed by the Marine Research Committee. It coil- 
sisted of oiie member from each of the four (later 
five) cooperating agencies. At  a meeting of the Tech- 
iiical Advisory Committee 011 10-11 Julie 1953 the 
following amplified consensus of CCOFI objectives 
aiicl problems was reached : 

CCOFI objectives : 
To determine what coiitrols variations in popu- 
lation size and availability in oceanic fishes off 
the west coast of Korth America. 

The atteiidaiit problems, solution of which is neces- 
sary to attaiiinieiit of these objectives, are, in br ief :  

(1) IIow many subpopulatioiis are there? 
( 2 )  What is the size of each subpopulation? 
( 3 )  What controls variation in  the growth rate 

of individual fish ? 
(4 )  What controls variation in year-class size? 
( 5 )  What controls variations in  mortality rates 

( G )  What controls variations in the availability 

These objectives and problems are now being criti- 
cally reviewed in the light of recent findings. 

I n  1951, the ITopkiiis Marine Station of Stanford 
University agreed to conduct studies of the ocwmog- 
raphy of RIonterey Kay, a type of highly detailed 
oceanographic study not feasible nnder the broader 
sort of investigations being vonducted at  the Scripps 
Institution. 

I n  the eiisuiiig paragraphs, each agency reports on 
its recent work uiider the CCOFI  program. 

of the adult fish? 

of the fish to the fishery? 

CALIFORNIA ACADEMY OF SCIENCES 
Effects of Light and Darkness on Schooling Behavior 
of the Pacific Sardine (Sardinops caerzilea) 

The experinieiits of 1955 and 1936, coiiclucted in 
1,000 galloii tanks, showed that iiiaiiiteiiaiice of the 
school as a unit and the moveiiient of the school iii a 
circular path (so-called ( ‘  circling ” or ‘(milling ”) are 
mediated through the fish’s eye. Yision thereforc ap- 
pears to be the most important factor in svhooliiig 
behavior of the sardine. Experiments shon PCI that a 
sudden darkening of the tank at  night noulcl ininie- 
diately result in brealriiig u p  the school, caiising tlir 
fish to clisprrse in all directions. At such times the 
sardines, being scattered throughont the tank, seemed 
to swim about aimlessly a t  inuch reduced speed. Their 
swimming had no oriented direction, and resulted in 
complete disorganization of the school. At such times 
each fish seemed to be independent of any other as a 
point of reference. In total darkness ally fish might 
occupy any stratigraphir position in the tank froin 
the very bottom to the very surface. There n a s  110 

coiiceiitration a t  any particular levrl. 
A striking pheiionieiioii of loss of body ecjnilibriiini 

has usually been noted iiiiiiietliately after ttiriiing off 
the light. Up to 90 percent of the sardines in a school 
have exhibited a definite eEect of thr sndd(w darlriiess. 
A series of flash photographs revraled thriii “ statid- 
iiig on their tails” aiid slowly progressiiig head-up- 
ward toi\arcl the surface. This behavior lasted only a 
few ininutcs-up to 10 a t  a niaxiniun-after n hich a 
noriiial swimming position was resumed. But in no 
case were tlieg able to form a school in complete dark- 
new. When illuniiiiatioii was again provided the sar- 
dines required from 5 to 10 minutes to resume normal 
schooling behavior, including the characteristic cir- 
cling mowment a t  normal speed. 

Effect of an Intermittent Beam of Light 
The experiment was tried of directing an intermit- 

tent beam of light of low iiiteiisity through the iiiicldle 
of a tank of sardines otheruise in total darkiiess. The 
light was directed from front to rear of the tank, and 
flashed at  a rate of 60 times per minnte. This appeared 
to frighten the sardines and effectively prevented 
their re-forming a school. 

When a coiistant beam of light of the same intensity 
was directed through the tank, the sardines resumed 
iiornial schooling behavior aliiiost as quickly as if the 
tank were fully illuminated. At first they avoided the 
direct beain of light, circling in areas of the tank 
tliiiily illuriiiiiated by light scattered or reflected froin 
the brmii, but gradually they mol ed more aiid more 
into the brightly illuininatecl area aiid sooii were mill- 
ing without regard to brighter and darker zones, pass- 
ing freely through both. 

The fact that  sardines avoid a flashing beam of 
light is in accord with the practice of sardine fisher- 
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men of using a flashing light to prevent the escape 
of sardines from a purse seine as the net is being 
closed. The principle seems likely to be of considerably 
wider practical application in altering or directing 
the movements of fish. 

Effect of Colored Lights on Sardine Behavior 
Lights of the primary colors, red, blue, and green, 

of various measured intensities and of known wave- 
length, were experimentally applied to illuminate a 
tank containing sardines. Neither blue nor green light 
produced any significant change in  behavior, but the 
red light, regardless of its intensity over the rather 
wide range used, produced an  immediate reaction, 
initially similar to the behavior in total darkness de- 
scribed above. At  the moment of switching from white 
to red light, the school came to a complete halt. This 
was followed by a state of confusion and loss of body 
equilibriuni, referred to above as " standiiig 011 their 
tails. " 

At first it was surmised that the fish might simply 
be unable to see in red light, but this was not borne 
out by their subsequent behavior. The state of con- 
fusion as a rule rapidly disappeared and the school 
re-formed, but the fish appeared excited or alarmed. 
Although the experiments with the red light were con- 
tinued a n  hour a t  a time, the school never settled 
down to normal behavior, but swam a t  an  accelerated 
speed with frequent change of direction and pattern 
of formation. 

This suggested a further experiment in which the 
sardines might have a choice of red, blue, green or 
white light, or darkness. Small groups of sardines 
(six at a time) were placed in a long tank, different 
segments of which were differently illuminated. In- 
tensity and wavelength of the incident light were 
carefully controlled, although the factor of brightness 
as registered through the eye of the fish was not taken 
into consideration. A t  first three choices were per- 
mitted, then the several alternatives were carefully 
checked in  pairs. 

The series of experiments shows that sardines pre- 
fer blue or green light to white light, but they showed 
no preference for blue over green or vice versa. Red 
light was definitely avoided when offered as an  alter- 
native to blue, green, or white, but  when'the fish were 
offered only the alternatives of red light or darkness, 
they preferred the red light. It may be concluded that, 
under the conditions of this experiment, sardines are 
positively phototropic, and that they have a t  least 
some degree of color discrimination. 

Behavior of the Sardine and Herring 
in an Electrical Field 

In an  earlier publication * it was suggested but not 
definitely proved that the current density required to 
* Loukashkin, A. S., and N. Grant, 1954 .  Further studies on the 

behavior of the Pacific sardine, Snrdinops caentlea,  in an 
electrical field. Proc. Cal i f .  Acad. Sci., vol. 25, pp. 323-337. 

produce controlled directional swimming of sardines 
in ail elevtrical field varies inversely with the size of 
the fish. This has now been definitely demonstrated, 
using sardines ranging from 100 to 230 mni in length, 
and subjecting them to the effect of half-wave recti- 
fied 60-cycle alternating current, with an average cur- 
rent density from less than l milliampere u p  to 13 
milliamperes per square inch of cross-sectional area 
of the water. The results are shown in the following 
table : 

L e n g t h  of fish 
100-114 mm . . . . . . . . . . . . . . . . . . . . .  9-11 mil 
140 mm . . . . . . . . . . . . . . . . . . . . . . . . .  7- 9 m n  
1.50-155 mm _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ 6- 8 mil 
170-180 mm _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  5- 7 ma 
200-230 mm _ _ _ _ _ _ _ _ _ _  _ _  - _ _ _  _ _ _ _ _  3- 5 inii 

O p t i n i n l  current d e i i s i f y  

Pacific herring (Clicpea pallosi)  tested in an  elcc- 
trical field displayed patterns of response closely sim- 
ilar to those of the sardine. The relatioilship between 
the size of the fish and the curreiit density required 
to produce controlled directional swiniming was found 
to be identical for the two species. 

The northern anchovy (Engraidis nzordaz) behaved 
erratically aiid failed to show any coiisisteiit response 
to an  electrical current. Oiily young fish 60 to 95 mni 
long were available for testing. Further  experimeiits 
should be made with different size groups to deter- 
mine the pattern of response iii this species. 

I t  is interesting to note that data obtained in these 
investigations have been used by Keith A. Sinith * in 
a successful experimental catch of herring under sea 
conditions. 

CALIFORNIA DEPARTMENT OF 
FISH ANDGAME 

The Department conducts investigations and col- 
lects catch statistics on almost all the commercial and 
sportfishes found off the California coast. The pelagic 
species, Pacific mackerel, jack mackerel, herring, 
squid, anchovies, and sardines, are investigated by the 
Department's Pelagic Fisheries Investigations. There- 
fore, this report of the Department's activities relat- 
ing to the CCOFI program is essentially a report of 
the Pelagic Fisheries Investigations, coupled with per- 
tinent information obtained from certain other inves- 
tigations of the Department. 

Since the s tar t  of the CCOFI, the activities of the 
Pelagic Fisheries Investigations have been directed 
toward obtaining information on the following phase.; 
extracted from the research outline given earlier : 

(1) Measurement of the relative aburidaiice of 
year-class before it enters the fishery. 

(2) Measurements of the sizes of year-classes in the 
commercial fishery ( in  cooperation with Fish 
and Wildlife Service). 

* Smith, K. A. 1955. Use of an electric attracting and quicling cle- 
vice in experiments with a "fish pump." Coniniercinl FzslLerres 
Revleu?, vol. 1 7 ,  no. 2, pp. 1-7. 



Analysis of the eoinnic~cial catch. 
Exploratory work on and off tlic1 fisliiiig 
grounds. 
Exploratory food studies (bqyiii  by the  I)(>- 
partmelit, continued by Mcripps Institution of 
Oceanography aiid now being conducted by tlicl 
11. S. Fish and Wildlife Service). 
1)ynariiics of tlie sartline population and fish- 
eries. 

A description of the fishery and a report of the> 
activities and some of the findings of tlie Ilepartmrnt ’s 
Pelagic Fisheries Iiivestigatiolis siiicc ,July, 1!)X 
f OllO\\-S : 

The Sardine Fishery in 1956-57 
As in the previous two stawiis, coiiceiitrations of 

sardines appeared off‘ the  IIuencme-Santa Barbarit 
areas in August. IIowever, by tlie niiddlr of Sipptcm- 
her 1936, the fish sehools J\ ere less concwitrated tliaii 
during the sanie periotl iii (>ither 1931 or 19X5 I3y 
September, 1956, the sarcliiic schools were observed 
spreadiiig out and nioviiig do\vii the coast. Iiy thc bc- 
ginning of the sardine fishing wasoii iii soiitlierii Cali- 
fornia, 1 October, the southerly nioveni(1nt of fish \\ a s  

well devclopecl. 
hlthongh th(1 lack of a priw settlement kept niwt 

of the Sail I’edro fleet from fishing until thv iiight of 
8 October, a f e n  San I’edro ~essels  and soin(’ froni 
the north fished with the Santa Z:arbara-I~iieiierii(i 
boats aiid by 8 October had landcd over  5,000 tons of 
sardiim. During this period there vas H iiotablc shift 
of fish toward the south ; more and niore catehrs u ( w  
being niadp south of IInencnie. 

011 8 October, af ter  a. price settlenie~it had ~ ( Y ~ I I  

made, the Sail Pedro fleet began fishing ant1 c8atcllc.s 
were made at n idely scatteretl locatioiis froiil Iliic1- 
nenie to Oceanside. Comniciiciiig 10 October laii(liiig?s 
at IIuencnic dropped markedly. Apparently it siih- 
staiitial portion of the fish froni the IIiit~iieme iww 
had moved into the closed area of Santa JIoiiica Iiiiy. 

During the night of 11 October the fleet colivergcitl 
on  the sardines inoviiig out of Saiita Monica Bay aiitl 
caught over 3,000 tons in  the viciiiity of I’t. Ticelite. 
Although a large par t  of the fleet retiirned to the 
same area the following  light, the catch droppetl to 
less than a third. 

After 12  October the fish were difficult to filid. 
Landings were poor and catches were niatle froni 
various areas, mostly south of Sail I’edro. On 16 Oc- 
tober, the last night of the dark, catches totaliiig 5,000 
tons, the largest of the sea~on,  werp macle just north 
of the Mexicaii Border from a soutlierlg nioviiig coli- 
centration of fish. 

The end of the first dark virtually marked the end 
of sardine fishing, sirice 77 percent of the 1!)5637 
catch of 32,648 tons was taken during the first clarlr. 

Anchovies 
f l  I he c.oniiiicrc~ia1 laiidings of aiicliovies fell short of 

tht. :lc5.000-ton Iiiiiit diiring the S C ~ W I I  1 April 1956 
through 31 March 1 9 5 i  ; the catcdli  vas 22,598 tons. 
Thcl 1! l r5 i  T ~ ~ g i 4 a t i i r r  failcd to w i i ~ ~ ~  the qnota for 
tlir 1955-58 s(~isoii. By late 5priiig of 1!15‘i, the inrtrlret 
deinand for anchovies had iniprowcl, thereby giving 
impt i i s  to substantial lantliiigs. 111 the first six 
months of 11157, approximatelj- 12.500 tons of an- 
cho\ ic\ were dclivercd, almost 2,000 tons more t11i111 

diiriiig the sanie period in 19.56. 
Rontiiic sainplinp of the  two principal fi\hiiig areas, 

central ant1 soutliern California, indicated that  in  
each arcla two-year-old fish contributed well over half 
of the niunbers of fish vanght. Of the incoming year- 
classes. the 1936 group does not appear to be out- 



standing off central California or o f f  southern Cali- 
fornia. The 1935-class in the latter area appears very 
strong at  present and should aid materially in main- 
taining a relatively high poptilation of anchovies in 
the forthcoming season. Early indications point to a 
strong 1957-class of anchovies off central California. 

Mackerel 
During the season from July,  1936 to June, 1937 

coniniercial landings of Pacific mackerel were approxi- 
mately 28,000 tons-100 percent inore than in the pre- 
vious season. Imidings of jack mackerel were over 
46,000 tons-30 percent higher than in the 1935-56 
seasoil. 

The heaviest landings occnrred in the five-month 
period froni October through February,  when 70 per- 
cent of the tonnage of each species was taken. In 
cornpariso~i, 57 percent of the tonnage of each species 
was taken during the same five-month period of the 
1955-56 season. The increase in laiicliiigs in this five- 
month period is due to fluctuations of the niarlret 
deniand. The subsidiary role the mackerel play in re- 
lation to the sardine landings is quite apparent since 
the niarket demand for the two mackerel species is 
inversely affected by that of the sardine. During the 
sardine season, October through February, orders are 
placed for alternate species when sardines are not 
amilable in sufficient tonnage, thus distributing the 
daily workload a t  the processing plants. 

During the first half of the season the price per ton 
of Pacific mackerel was $45.00 while that of jack 
mackerel was $42.50. On 4 January a new price of 
$42.50 per ton for either species was agreed on by the 
canners and fishermen. 

Nearly half of the tonnage of Pacific mackerel was 
taken in the offshore areas between 1% Fermiii and 
Oceanside. About 20 percent was taken in  the vicinity 
of Santa Cataliiia Island and about the same tonnage 
was taken in the area from Pt .  Ferniin north to P t .  
Dume. The remaining 15 percent of the catch was 
about equally distributed, by point of origin, from 
Oceanside to the Mexican border, the area around 
Santa Cruz Island, Port  Huenenie, and in the vicinity 
of Sail Clemeiite Island. This distribution of catch 
localities holds also, in a large measure, for jack 
mackerel. 

Approximately 160 boats, using purse seines and 
lampara nets, caught the major portion, 84 percent, 
of the mackerel catch. The landings of the 50 or so 
scoop boats were composed alniost entirely of Pacific 
mackerel, accounting for 16  percent by weight of the 
total deliveries of this species. About one percent of 
the mackerel landings was caught by nearly a score 
of assorted skiffs and power boats using hook and line. 

Studies of the age composition of the catch, fecuii- 
dity, and food of the Pacific mackerel are now being 
conducted. 

Sauries 
N'ith the scarcity of sartlines in the latter part of 

the 1956-37 season soiiie fishiiig effort n as directed 
tonard anchor\- fishing ; however, the anchovy catch 
was limited by iiiarliet deniaiids, and other fish were 
sought. Therefore, it was not snrprising, although 
certainly very interesting, that several small loads 
(froni 1 to  20 tons) of Pacific sauries were delivered 
to a t  least two canners in the Long Beach-San Pedro 
area in January of 1937. 

The fish were located by airplanes and caught by 
purse seiners. Althonph used alniost entirely for pet 
food, the sauries, preliminary reports indicated, were 
substantially higher in protein value than most other 
cannery fish. 

Previous progress reports of the California Coop- 
erative Oceanic Fisheries Investigations have iiidi- 
catecl that sauries are quite numerous and that they 
could support a substaiitial fishery. These reports also 
stated that the Japanese land considerable tonnages 
of this species annnally. Alnch interest has keen ex- 
pressed in the possibility for future exploitation of 
this species off the California coast. 

19 5 6 Young-Fish Surveys 
Five cruises were macle to assess the relative abund- 

ance of sardines. Two thousand and eighty nautical 
miles were scouted during 76 nights. Three hundred 
and sixty-six light stations were occupied ; 34 samples 
of sardines were obtained. The sardines were largely 
concentrated in the area between Ballenas Bay and 
Pt. Eugenia, Baja California. In this area 28 percent 
of all stations occupied yielded sardines. Preliminary 
age analysis of the fish reveals that about 70 percent 
were of the 1956-class. 

As the survey progressed up  the coast sardines ap- 
peared in less abundance. Froni Pt. Eugenia to the 
Border, sardines were sampled a t  only 17  percent of 
the s t a t i h s  occupied, and 64 percent of these fish 
were of the 1956-class. From the Border to Pt. Con- 
ception, sardines were quite scarce. Only 2.5 percent 
of the stations occupied yielded sardines ; 20 percent 
of these were the 1956-class. Although spawning suc- 
cess was better south of P t .  Eugenia the fish of the 
year were less abundant in 1956 than in 1955. I n  1955, 
90 percent of the fish sampled in this area were fish 
of the year. 

Pacific mackerel were sampled more often than any 
other species during the 1956 survey. They were pres- 
ent a t  13 percent of all stations occupied, being most 
abundant along the Baja California coast, notably in 
Todos Santos Bay and the area from Pt. Eugenia to 
Ballenas Bay. 

With the condemnation of the Yellowfin in May, 
1956, experiments in electro-fishing were transferred 
to the N .  B .  Scofield. On 1 February 1957, work was 
begun installing and checking the electrical equip- 
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Year 

_-__--_ 

nient and by 1 May experiments were under way a t  
the level left off on the Yellowfia. 

Wild schools of jack mackerel were night-lighted 
and successfully sampled with a new positive elec- 
trode. A gill net stretched over the electrode acted as 
a collecting device. Future  work will be channeled 
toward development of a device to entrap fish about 
the electrode. 

Young sardines (firecrackers) Adult sardines Anchovies 
Live-bait cztch __ ___ ___ hfiscellaneous 

in tons fish 
Tons 1 Percent Tons 1 Percent Tons 1 Percent percent _------- _---___- _____--_ _____-__ 

Aerial Surveys 
Analyses of the first three years’ airplane census 

data have proved most encouraging and the Depart- 
ment has intensified its aerial program. Methods of 
determining the area of fish schools from the air  have 
been worked out. Results show that the large masses 
of fish that occur in  the summer and fall are best 
measured by photographic methods, whereas the 
smaller, more uniform schools present in spring and 
any schools that  are dim or barely visible are more 
efficiently measured by a telescope with a graduated 
reticle. Alterations are now being made to the Depart- 
ment’s plane to accommodate special aerial photo- 
graphic equipment. 

The large anchovy concentration reported along the 
coast of California in  the spring of 1956 continued to 
build u p  during the summer and fall in  the southern 
California and Baja  California areas. The peak of 
abundance in  southern California occurred in  late 
September. Results of the first two flights in 1957 
showed a decrease of anchovies along the coast, espe- 
cially in  central California ; however, there are good 
indications that the 1957-class should be a strong one, 
particularly off central California. 

It is noteworthy that on Flight 57-2 (14-24 May) 
a school group of sardines appeared in the area 
around the Coronados Islands and 1%. Loma. These 
fish were reported about 1 May by commercial aerial 
spotters and samples of live bait collected a t  Sari 

32.06  
27.98 
19.71 
1.68 

. 1 5  
1.01 

.65 1 .12 

Diego proved them to be nearly all of the 1955-class. 
Over the past three seasons sardines were not seen on 
aerial flights until late in June.  

2,802.4 
3,823.8 
5.111.9 
(i.810.4 
6.391 .5 
6.686.0 
6.125.4 
6,331.8 

Bait Sampling 
Although the Department has recorded the live-bait 

catch since 1939, it was not until 1949 that records 
were kept of the amounts of young sardines less than 
one year old that were caught for live bait. The re- 
ports from bait haulers indicate the numbers of 
“scoops1’ of various species taken and these values 
are converted to weights, based on the average scoop 
weight of each bait hauler. Young sardines less than 
a year old have been reported as “firecrackers1’ since 
1949. 

I n  general, adult anchovies and very young sardines 
(firecrackers) are the preferred live-bait fish. Species 
making u p  niinor amounts of the catch such as white 
croaker, queenfish, and smelt are referred to collec- 
tively as *‘ junk fish.” Jack mackerel, Pacific mackerel, 
and Pacific herring also are frequently referred to as 
“junk fish” because of their relatively small contri- 
bution to the total live-bait catch. 

In 1955, routine bait sampling was inaugurated to 
improve the estimates of species composition of the 
live-bait catch, to determine the size and age composi- 
tion of the anchovies and adult sardines, and to at- 
tempt to obtain an index of the strength of the incom- 
ing year-class of anchovies and sardines in southern 
California. During the heaviest sportfishing months, 
April to October, a sample of bait has been received 
once each week from bait haulers operating from the 
major sportfishing ports between San Diego and 
Morro Bay. 

The amounts and percentages of young sardines, 
adult sardines, anchovies, and miscellaneous species 
(junk fish) in the bait catch from 1949 through 1956 
are shown in the following table. 

1919.. . . . . .. 
1950- __. ~ ~ ~~ 

1951 .--..... 
1962- -...... 
1953. -. . . . . . 
1954. .... .. 
1955._-.-..- 
1956* ....-.- 

7i182.4 
6.488.9 
6.835.9 
8,242 .7 
6,364.1 

0 .5  
2 .1  
1 . 9  

12 .8  
5 .7  
1 . 4  

18.6 
0 .1  

.01 

.01 

.03 

.18 

.09 

.02 

.30 . 00 

1.454.1 
1,546.8 
1.303 . (i 

113.8 
9 9  . .. 

68.8 
40.5 
7 .8  

61.79 
69.16 
77 .74  
94.82 
98.50 
97.81 
98.12 
99.49 

6.14 
2.82 
2.52 
3.42 
1 .26  
1.16 

.93 

.39 

* Prdirniiiary figures 

I t  is interesting to note that in 1949, 1950, and dominated the commercial catch for the past two 
seasons. 

I n  1953, the percentage of firecrackers was some- 
what less than in 1952 but better than in the years 
19-29 through 1951. Thus far,  analyses of commercial 
landings reveal that the 1953-class is somewhat weaker 

1951, the percentage of firecrackers in the bait was 
very small and subsequently these year-classes were 
relatively weak in the commercial sardine catch. I n  
1952, the percentage of firecrackers in the live-bait 
catches increased niaterially and t h e  1952-class has 



than the 1952-class. I t  is too early to tell the contri- 
bution to the catch of j-ear-classes siiice 1953 bat, i f  
percentages of firecrackers in the bait indicate the 
relative year-class strength, the 1955-class ilia>- be 
stronger than the 1952-class. 

Since a substantial amount of the total anchovy 
catch is taken by the live-bait fishery, the bait sani- 
pling program inaugurated in 1955 should also prove 
to be a valuable asset in understanding the dynamics 
of the anchovy populations off California. The follow- 
ing table shows the tonnages of anchovies caught by 
the commercial fleet and the lire-bait fleets since 1939. 

Year 

1947 ......................... 
1948 ......................... 
1949 ......................... 

COMMERCIAL LANDINGS AND LIVE BAIT 

Catch of Anchovies in Tons in California, 1939-56 

(Live-bait Catch 1943-45 Not Recorded) 

Barracuda 
-___---- 

077,449 
384.03i 
36ii.423 

Coinmercial 
Year 1 landings 

_______-_ 

1950 ......................... 
1951 ......................... 
1952 ......................... 
1953 ......................... 
195 4.. ....................... 

1939 ............... 
1940 ............... 
1941.-. ............ 
1942 ............... 
1943-.. ~. ~ ~ ~ ~ ~. ~ ~ ~ ~ 

1944.--. ........... 
1945 ............... 
1940 ............... 
1917 ............... 
1948.. ............. 
1949 ............... 
1950 ............... 
1951 .............. 
1952--- ........... 
1953 ............... 
1954----  ........... 
1955 ............... 
1956* .............. 

256.3fi7 
209,545 
330.550 
170.550 
282.552 

1.073.9 
3,158.8 
2,052,  0 

847.1 
785.4 

1.945.5 
808.4 
900.8 

9,470.2 
5,417.9 
1,fiiil. 1 
2,439.3 
3,477.4 

27,891.4 
42,917.7 
21,205.1 
22,345.7 
22,598.0 

Lire bait 

1,503.2 
2,006.0 
1,581.7 

257. 0 
.. 
~. 

a,;.&. 1 
2.854.0 
3,725.5 
2,802.4 
3,823.8 
5,141.9 
0,810.4 
6,391 . 5  
li,08ti. 0 
6,125.4 
6,331 .8 

Total 

2.577.1 
5,164.8 

1,104.7 
3.034.3 

.. 

.. 

3,?68.9 
12,324.2 
9,143.4 

ii.2fi3. 1 
8,019.3 

34,701.8 
49,309.2 
27,891 1 
28.471.1 
28,929.8 

4,403.5 

Percent 
li, e bait 

58.3 
38 .8  
43 .5  
23.3 _ _  
.. 

74: i 
23.2 
40.7 
ii2.8 
01 .1  
59.7 
19 .ii 
13.0 
24.0 
21.3 
21 .9  

I n  1957, there has been an eiiornious ilivrcasc ill thc 
pereelitage of y01111g sardiiics ( f i r c c ~ ~ ~ ~ l i ~ r ~ )  iii the 
bait. I"irni figures are not J e t  a1 ailable, but it appear> 
tliat firecraC1ier.s in the bait may csccctl  G perwiit (as 
against 0.30 for 1955, the best previous year) .  Evrii 
more Ggiiificant is the fact that  sardines of the 1937- 
class have been taken by the live-bait fleet off all sport- 
fishing ports from Sail Diego north to Morro Ray. T n  
addition, sardines of the year have been collected from 
illonterry Bay for the first t h e  in several years. 

I t  is apparent that  1957 is a year of unusually high 
water temperatures compared to the others since 1949. 
Aside from the obviously better survival of the 1957- 
class of sardines, there has been a phenomenal increase 
in  the catch of many sportfish. 

The Sportfishery in 1957 

The year 1957, unquestionably, will be the best 
sportfishing year southern California ocean anglers 
have enjoyed since party boat records were re-estab- 
lished in 1947. Yellowtail have been caught off all 
southern California sportfishing ports and i l l  largr 
nnmbers south of Port  IIuene~ne, and the barrwutlw 
catch has also increased greatly over the past sewral 
years. More bonito and yellowtail have becu taken  lo:- 
party boat anglers than in aiiy year previously r(1- 
corded. 

The following table shows thc catch in numbers of 
several game species from 19-47 throngh September. 
of 1957 : 

TOTAL ANNUAL PARTY BOAT CATCH OF SEVERAL SPECIES I N  NUMBER OF FISH FROM 1947 THROUGH SEPTEMBER OF 1957 

1955 ......................... 154,902 
195 .......................... 87,G03 
1957 through Septeinber*. ..... 490.075 

* Preliminwy repoi t .  

0.948 
13,028 
17,710 
6,971 

23,721 
59.263 
27.702 
40,872 
30,468 
29,198 

17(i.849 

Bonito 

30.490 
14.519 
5,372 
2,359 

14,475 
7,1349 
li.321 

70,078 
22,409 
(i1,404 

180,387 

Even pier anglers were able to snag small (1957- 
class) sardines for bait with which to catch large 
numbers of bonito and occasioiial barracuda. 

I n  addition to the good fishing for yellowtail, bar- 
racuda, and bonito, party boats also encountered skip- 
jack and dolphinfish in greater amomits than during 
the past 10 years, and they occasionally landed yellow- 
fin tuna. 

Equally remarkable as this upsurge in  laiidiiigs of 
game fish by sportsmen is the fact that  niaiiy species 
have been taken mnch farther north than in recent 
years. White seabass have been taken off the Golden 

Yellowfin tuna 

137 
18 
11 
(i 

5fi 
34 
0 
0 
1 

78 
425 

Skipjack 

698 
460 

9 
31 

132 
38 

279 
50 
10 
13 

ii.417 

Dolphinfish 

1 5 
0 
0 
1 
0 
2 
0 

12 
0 
2 

2,805 

.knglci days 
_- 

359.4?0 
407.757 
4fi9.915 
544,202 
550,949 
562,898 
502,146 
532,190 
49i1,28fi 
523,063 

Crate in fair numbers both by sportsmen and by corn- 
mcrcial fishermen trolling for salmon. A rather sub- 
staiitiaf sport fishery for white seabass began in Moil- 
terey Bay. ?tleanwliile, commercial albacore fishermeil 
were taking skipjack, dolphinfish, and bonito 30 to 
80 miles off the Faralloil Islands and as fa r  north as 
Eureka. 

Biologists from Oregon and Washington have re- 
ported bluefin tuna taken by commercial fishermen 
off Cape Flattery, skipjack as far  north as Cape 
Blanco, dolphinfish off Grays Harbor, and white sea- 
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In addition to these ivariii w i t w  species, 1iaii i i i ic.r-  

head sharks were seen frequently iii California waters 
during 1957 aiid many were caiight. Several prt’eii scla 
turtles were talieii, espccially by bait haulers i i i  TAX 
Aiigeles Harbor, and othP1.s liwv(. becii rrportetl 
sighted as far  north as the Faralloiis. 

At I’isiiio Reach the sct of l’isiiio c.laiiis in 1!)37 w i s  
the best to occiir a t  that  locality i i i  tilt. IIiXSt 10 yc~tirs. 
This set compares far.or;ibly with thtl bcst svts siiiw 
the Departiiieiit ’s tllii1i1iil I’isiiio (’1:tiii ccliisiis 11 

angi i ra td  iii 7 923. 
Thr year 1957 is, iiiclml, niinsnal coiiiparcd n i t l i  

the last s e v t ~ a l ,  aiid sportfishiiig scwis iiiore iicbarly 
like it was iii thc. years prior to Worltl K a r  11. Thc 
qwstioii seeins to bc \\lietlier 195i is winsiial or pw- 
haps tlic only “iioriiial” y a r  iii tlic past 10. 
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HOPKINS MARINE STATION, 
STANFORD UNIVERSITY i Noiitercy Rap is historically oiie of Califorilia’s 
richest fishing grounds. I t  is broadly open to the w i ,  

a i d  coiiditioiis in the Bay therefore rcflrct to a large 
extent the coiiditioiis which occur iii the oft’4ior.e 
waters of central California. 

FIGURE 1 .  Stations occupied in regular oceanographic cruises in Mon- 
terey Bay. At each station the vessel records weather and water tem- 
peratures, and takes water samples and plankton hauls far analysis. 



Mince 1951 thc 11 opkiiis ,Ilarine Statioii of Stanford 
University has operated for CCOFI  what amoimts to 
an oceanographic " w ~ a t h e r  station" oii Noiiterey 
Cay, with approximately weekly cruises that  sample 
the water coiiditioiis and plaiiktoii orgaiiisiiis a t  sev- 
eral points in  the Bag (Fig.  1). 

In the continuing hydrobiological survey in the 
Monterey nag arra it has been fourid that  tlie patterii 

of surfacc. temp(~raturcs provides a good index of the 
water niasscas present and is closely correlated with 
the production of phytoplankton. 

The upper series of bars in  figure 2 depicts the 
deviation of the surface temperatures at the i d -  
vidual statioiis from the average of all of the statioiis 
on that  particular day. (Data come from the winter 
of 1955-56 and suiiinier and fall 1956.) Fo r  each dag, 
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FIGURE 2. Deviation of temperature from average (in degrees Centigrude), phytoplankton and zooplank- 
ton volumes (in milliliters per liter) during three periods in Monterey Bay. 

Station 1 is shown a t  thc left ; the otlivr statioiis follow 
in iinnierical sequeiice to Statioii 6 a t  the right. Three 
coiiwciitivc \~eclrs h a v c  bee11 selcctctl to show thc 
typical coiielitioris during each of the three phases of 
the aiiiiiual cycle. The middle ancl loww wries of bars 
indicate the comparative size a t  each station of the 
phytoplankton aiitl zooplaiilrtoii populatioiis respec- 
tively. They are based on samplcs obtained by drawiilg 
staiitlardizecl plaiiktoii nets vertically through the 
upper 15 meters of water. The preserved plankton is 
allowetl to settle t o  constant v~lui i ie  i l l  gradiiwtcd 
cyliiiclrrs aiid its wet voluiiie recorded i i i  iiiillilitws. 

These stiidies show that  the yearly cycle of evelit\ 
in  tlie hay may be divided into three fairly (listitivt 
periotls : the Oceanic Period (Scpteiiibcr aiid October), 
the Davidsoii Ciirreiit Period (Xoveiiibcr throngh 
February) ,  aiitl the TTpwelli~ig I'rriod (March to 
August) .  

Duriiig the Oceanic Period the diffcreiiccs ii i  tcm- 
perature to  be found b e t w e n  thc iiiost divrrgcnt 1)aii.s 
of stations average about 1.9" C (3.4" F) .  but i t  
may bc as littlc as 1.4" C (2.1" F) or as grwt as 
3.0" c' (3.1" F) .  The northerlimost aiicl sonthrriiiiiost 
statiolis arc i~sually thc warniwt oiiw, ittg to lirat- 
itig of the relatively stabl(a \I a t r r  in the rtldics o v w  
the saiid flats a t  the extrcwities of tlic bay diiriiig the' 
clear siiiiriy days typical of fall. 0 1 1  occasioii tlie sur- 
f a ~ v  wi t r r  at oiir eiitf of the bay or the othvr may b(> 
\rashrd out by winds of short diiratioii a i i t l  replacctl 
by water from slightly tlccper layc.rs. S i i i c ~  at this 
h e i i w i i  the vertical teniperaturci gratlicnt is \ wy ah- 
rupt ill the  npprr 10 iiipters, the statioii a t  which the 
water ha\ thu\  been replaced is charactcrizrd by thc 
lowcst triiipt~riltllr(~s. This sitnatioii prevailed at Sta- 
tioii 6 0 1 1  12 Ovtober. 
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During the Davidson Current Period temperatures 
are exceedingly uniform. The extreme difference be- 
tween any pair of stations averages a little less than 
0.5" C (0.9' F). A t  times it may be as little as 0.3" 
C (0.5' F ) ,  and on rare  occasions it may approach 
0.8" C (1.4' F).  No regular pattern of temperature 
distribution is discernible. 

During the Upwelling Period the temperature pat- 
tern is strikingly characteristic. Station 3, located di- 
rectly over the Monterey Canyon, yields the lowest 
temperatures about 70 percent of the t ime; this in- 
dicates the importance of this topographic feature in 
channeling the deep waters toward the surface. When- 
ever Station 3 does not yield the lowest values of the 
day, these are invariably obtained a t  either Station 2 
or Station 4, the particular one showing whether the 
trend of the upwelling water is toward the north or the 
south within the bay. During this period the ampli- 
tude of the temperature differences between stations 
is high but variable, the magnitude of the difference 
reflecting the magnitude of the upwelling. Differences 
of 3.0" C (5.4" F) between Station 3 and Station 1 
or 6 are normal. 

Phytoplankton volumes during the Oceanic Period 
are relatively low and variable, and there is no evident 
correlation between temperature and productivity. 

At  the onset of the Davidson Current Period phy- 
toplankton production is reduced to a minimum. I t  is 
a very rare station that yields as much as 5 milliliters, 
and sometimes most or even all of the stations are 
negative. The figure shows that on 29 December only 
Station 5 yielded a measurable catch. 

Production, reflected in  larger phytoplankton vol- 
umes, shows a marked increase about three weeks 
after the onset of upwelling as indicated by the ex- 
pansion of the temperature differences between the 
various stations to more than 1.0" C. The period of 
24 May to 10 June, which was selected as representa- 
tive of the Upwelling Period, shows clearly the de- 
velopment of a typical plankton bloom. The first 
upwelling of the season extended from 27 February 
to 9 April. It was of minor strength and resulted in 
a small bloom which reached a peak on the latter date. 
As the upwelling slackened the phytoplankton de- 
clined, apparently because of the browsing by an  in- 
creased number of small copepods, by dense masses of 
euphausiids which come from deep water to swarm 
a t  the surface during April, and by a heavy influx 
of the pelagic tunicate Doliolzm during the latter 
par t  of this month. By early May the phytoplankton 
was a t  a low level, but a second and much more 
massive wave of upwelling water, shown by the dras- 
tically lowered temperatures a t  Stations 2, 3, and 4, 
resulted in a new and heavy phytoplankton bloom. 
I ts  development, well illustrated by the figure, is 
typical. On 24 May the freshly upwelled cold water 
a t  Stations 3 and 4 was rich in plankton nutrients 

but had only recently been inoculated with elements 
of the phytoplankton through admixture with surface 
water ; its population was very low. At  Stations 1, 5, 
and 6, where the higher temperatures indicate that 
the water had remained on the surface for an  appre- 
ciable period, the floating microscopic plants had had 
time to multiply and the planktbn volumes were con- 
siderably greater. On 31 May the upwelling stream 
had shifted its position slightly to Stations 2 and 3, 
while an  additional week of growth had resulted in 
a marked increase in the standing crop in the warmer 
parts of the bay. By 10 June  the shift of the upwelling 
stream toward the south had progressed so far  that  
the temperature a t  Station 1, although still markedly 
above those a t  Stations 2 and 3, was depressed below 
the average for the bay as a whole. The phytoplank- 
ton had again more than doubled, providing an  ex- 
tremely high value a t  Station 5 ,  and the heavy con- 
centrations had spread to such a n  extent that even 
Stations 2 and 3. in the center of the upwelling 
stream, yielded very respectable values. The compara- 
tively small amount of phytoplankton taken in the 
warm water a t  Station 6 011 this day probably indi- 
cates a decline of the bloom as a result of depletion of 
nutrients in a relatively stable eddy a t  the northerii 
extremity of the bay. 

Except for the fact that  there is a general tendency 
for the zooplankton volumes to be comparatively low 
in winter and high during the summer, little can be 
said about the relationship of the floating animals to  
the floating plants. The zooplankton voliinies arc very 
irregular and do not appear to be correlated with 
specific fluctuations of the phytoplankton. IIigh values 
are obtained a t  isolated stations a t  irregular intervals. 
Sometimes the sudden increases occur when the phy- 
toplankton is rich, a t  other times when it is poor. It 
has not been possible to clarify the picture by an  
attempt to find a time lag such as might be expected 
between phytoplankton and zooplankton peaks. I n  
most cases the high values can be ascribed to injection 
into the plankton of larval forms as the result of mass 
spawning of bottom invertebrates, or through the in- 
vasion of the layers being sampled by organisms which 
normally live in deeper waters, or more rarely by 
swarms of oceanic organisms from the open sea. 

The plankton samples indicate that fishes teiid to 
avoid the freshly upwelled water for spawning. At  
Stations 1, 5, and 6, fish eggs, although somewhat ir- 
regular in  occurrence, are on the average the second 
most abundant element in the zooplankton. A t  Sta- 
tions 2, 3, and 4, on the other hand, fish eggs rate 
fourth, and a t  Station 3 even this position is not 
secure. It appears that  most fishes spawn in water 
which has "matured" on the surface and in which the 
developing larvae will have a good chance of finding 
adequate food. 



l i  I'IIOGRESS REI'OIIT, 1 .JUT,Y 19.76 TO 1 .JAIST7A\RT 19>S 

Warmer Water Conditions 
Monterey Bay an(1 the o('ea11 beyollcl ]lave show11 a 

definite trend toward warmer conditions since 1955. 
The year 1955 was cold, with surface temperatures 

rawly rising abovc 14" (', w e n  in iiisliore vwters 
(k'ig. 3 ) .  Septrinbrr aiid Octobrr, nearly always tlir 
two warmest nioiiths of tlie year, showed ~nonthly 
average tmiprratures on the bay of 13.1" C!. The year 

17- SURFACE TEMPERATURES - MONTEREY BAY, CALIF. - 
16- MONTHLY AVERAGES - 

15- A - 
C - 

- y 14- B 
a 13- 
2 12- - 

I- 11- - 

10- - 

w 

I 1951 
J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D  

I6 - SHORE TEMPERATURES -MUSSEL PT., PACIFIC GROVE, CALIF. - 
15 - MONTHLY AVERAGES - 

- 

- 

- 
- 
- 10 - 

(Top) Surface temperatures, Monterey Bay (monthly overages in degrees Centigrode). Curve A-Monthly averoges of the highest surface 
temperature recorded during each weekly cruise. Curve B-Monthly averoges of the lowest surface temperature recorded during each weekly cruise. 
Curve C-Monthly averages of all surface temperatures recorded during each weekly cruise. (Bottom) Shore temperatures, Mussel Point, Pacific Grove 
(monthly averages in degrees Centigrode). Curve D shows monthly averages of the shore temperatures at  the southern end of Monterey Boy, based 
on daily measurements recorded by Hopkins Marine Station for the Scripps Institution of Oceanography. 

FIGURE 3. 

1956 was warmer, with September and October aver- 
age surface temperatures of 14.6 and 14.9" C. The 
year 1957 has becn warmer yet, with September and 
October monthly averages of 15.7 aiid 16.4" C, some 
two a i d  a half degrees warmer than in 1955. Changes 
in other seasons parallel those indicated above, though 
differences in winter temperatures are not as large as 
those given above. For  oceanographic conditions this 
represents a fairly conspicuous change. 

SOUTH PACIFIC FISHERY INVESTIGATIONS, 
U. S. FISH AND WILDLIFE SERVICE 

Descriptive studies have progressed to the stage 
where it is now possible to suggest a working hypothe- 
sis that  appears to be in accord with what is known 
of the biology of the sardine and the history of the 
fishery. Briefly, the features of this hypothesis are  : 

Sardines produced off southern California mi- 
grate as fa r  north as the Pacific Northwest and 
support the fishery in that region, as well as 
the winter fishery a t  Sail Francisco, Monterey, 
and San Pedro. 
Sardines produced off central Baja  California 
migrate as fa r  north as central California and 
enter into the fall fishery in  San Francisco, 
Monterep, and San  Pedro. 
Lack of spawning success on the southern Cali- 
fornia spawning grouiids since 1943 could ac- 
count for the observed changes in the fishery. 

(4 )  This lack of spawning success is attribatecl to 
lower (suboptinial) spring tcliiIm-aturc.s 011 t l i c  
southern California spawning grounds. 

I t  is interesting to remark on tlie possibility of a 
larger than usual year-class being produced oft' south- 
ern California in 1937 (see below), a year iii \ \hich 
spriiig teniperatnr approached pre-1943 contlitioiis. 

cts of the Sonth Pacific Fjshrry 
Investigations are continuing ones aiid are carried out  
in cooperation with other ageiicies participating in 
the California Cooperative Oceanic Fisheries Investi- 
gations. Age analyses of the comniercial landings of 
sardines And anchovy are carried out cooperatively 
with the California Department of Fish and Gain(,. 
Oceanographic-biological survey cruises are made in 
cooperation with Scripps Institution of Oceanography. 

The oceanographic-biological cruises during the past 
year were of four kinds : 

Most of the pr 

Egg atid larval survey cruises designed to de- 
termine the distribution and abundance of sar- 
dine spawning and the rate of survival of 
sardine larvae aiid those of associated pelagic 
species. 
Hydrographic-biological survey cruises in the 
Gulf of California. 
Cruises for the collection of sardines on the 
spawning grounds. 
Cruises made in coiljunction with the conimer- 
cia1 sardine fleet to study factors iiifluenciiig 
the availability of sardines to the fishermen. 



E g g  and Larval Survey Cruises 
The egg and larval survey cruises off’ California 

and Baja California cover an  area that has been con- 
tinuously surveyed since 1949. During both 1956 and 
1957, the extensive survey cruises were confined to 
the first seven months of the year, January through 
July,  with the widest and most iiiteiisive coverage be- 
ing made in April through July.  The January,  April, 
and July cruises had complete hydrographic coverage 
of the area as well as biological coverage; the other 
cruises were primarily egg and larval survey cruises, 
with limited hydrographic observations. Hydrographic 
observations on egg and larval cruises consist of the 
following : temperature and salinity observations a t  
10 and 50 meters depth a t  each station, bathythermo- 
graph casts a t  and between stations, continuous rec- 
ord of surface temperature, geomagnetic electrokine- 
tograph observations on some vessels. 

A preliminary estimate has been obtained of the 
amount of sardine spawning in 1956 : 206 X lo’* eggs. 
This value is a preliminary estimate only, but the 
comparative figures for the two preceding seasons are 
the final estimates. These are : 

S o .  spazcniiig 
KO. eggs fish 

1954 _ _ - - - _  _ _ _ _ _  _ _ _ _ _  3.73 s 10’2 7.1 s loq 
1955 _ _ _ _ _ _ - - _ _ _ _ _ _ _ _  163 s 10’2 3.3 s 10” 
1956-_---_--__-_-_-- 20Gs1012 4.1 110’ 

I n  1956, about 43 percent of the spawning occurred 
in  the “northern” spawning center off southern Cali- 
fornia aiid adjacent Baja California, the remainder 
in  the “southern” center off central Baja California. 
(Sardine spawning in the Gulf of California is not 
considered in this connection.) The 1956 distribution 
was rather similar to that found in 1954 and 1955, 
except that  a larger portion of the spawning in the 
“northern ” center occurred to the south of Ensenada. 

Preliminary results for 1957 indicate that  it .ir-as 
an  iiiiusual year off southern California and, indeed, 
over the area from Peru to Alaska and as fa r  west- 
ward as the Hawaiian Islands. Locally, 1957 has been 
one of the warmest years on record. Coincident with 
this sharp change, certain sportfishes such as yellolT- 
tail, barracuda, and white seabass have been excep- 
tionally available and many southern forms have been 
found fa r  north of their usual range. 

Sardine spawning off southern California has also 
been unique. Spawning on the usual, offshore grounds 
was limited and discontinuous. The larger portion of 
the spawning took place in a coastal band from Puiita 
Baja to San Pedro (Station lines 90-107). 

F o r  the first time in several years, some sardine 
spawning has occurred to the north of P t .  Conception. 
Sardine eggs and/or larvae were taken a t  five stations 
on lines 67 to 77 in J u n e ;  spawning north of Pt .  Con- 
ception was observed in  July.  The iiortheriiiiiost lo- 
cality was off Monterey Bay. 

Early in the year, sardines of the 1955-class were 
taken in the southern California live-bait fishery. 
Later in the year, sardines of the 1957-class have 
been taken in the live-bait fishery aiid have been 
commonly observed by sardine fishermen fishing out 
of Port  Hueneme. Sardines of the 1957-class have 
also been reported from north of P t .  Conception, a t  
least as fa r  north as Illonterey Bay. 

Survival of the 1957-class of sardines off southern 
California has undoubtedly been better than in recent 
years. It is possible that the 1957-class will prove to 
be a large one. Judgment should be reserved, however, 
since these juveniles may be over-available owing to 
their inshore origin. 

As already noted, the peculiarities of sardine 
spawning aiid survival off southern California in 1957 
have been associated in time with an unusually warm 
year. Oceanic conditions in 1957 represent the great- 
est change yet observed by CCOFI. 

A nunibcr of plankton samples collected off Cali- 
fornia during the June  and J u l y  cruises of 1957 have 
been examined in order to determine if there was any- 
thing unusual about the distribution of plankton 
organisms during this period. Inasmuch as there had 
been marked incursions of warm water fish into the 
area, it was of interest to ascertain whether there 
were incursions of plankton animals associated with 
tropical or central Pacific water. These preliminary 
investigations indicate n o  evidence fo r  the iiicursion 
of a tropical water mass into the area during June  
and July.  At  some stations in J u n e  a species with 
affinities for central Pacific water was collected. This 
species may approach close to the coast a t  times, but 
its presence supports the physico-chemical evidence 
of an incursion of central Pacific water. Except for 
this species, the plankton in the area off California 
was made u p  of species associated with the California 
Current, and hence did not differ materially in June  
and Ju ly  19.57 from the plankton of these months in 
other years. 

Hydrographic-biological Survey Cruises 
in the Gulf of California 

Except for a cruise of the Black Douglas into the 
southern part  of the Gulf of California in late 1952, 
no work had been done on sardine spawning in the 
Gulf prior to February 1956. Since then cruises have 
been made in February, April, and December, 1956 
and February, April, Julie, and August 1957. 

The station grid in the Gulf consists of 12  lines on 
which stations are spaced 15 miles apart ,  together 
with a fairly large number of inshore stations located 
between station lines. On some cruises, between-line 
stations are placed in the “deeps” rather than in- 
shore. 



Sardine spawniiig in  the Gulf is heaviest in the 
niiddle third, between Carmcii and Tiburoii Islands, 
although it has been shown to occur more or less 
throughout the Gulf. Interestingly, the distribution 
of spawning in February 1957 was strikingly similar 
to that found in February 1956, with the heavy 
spawning occurring on the two station lines immedi- 
ately to the south of Gnaymas. 

Gulf cruises were spaced a t  bi-monthly iiitervals 
during the spawning season in order that  a n  estimate 
of the amonnt of sardine spawning in the Gulf could 
be obtained. It is evident from the results of the 1956 
surveys that the spawiiing population in  the Gulf 
must be a large one. 

Although the Gulf of California has been proved 
to be an  iniportant spawning area for the sardine, 
Pacifica mackcrel, and other species, no cruises are 
presently planned into the Gulf in 1958. The relation- 
ships of the fish of the spawning areas off southern 
California and I3aja California to each other and to 
the fishcry must first be determined. Once answered 
for thcse groups, the same questions can be asked 
vonreriiing thc sardines spawning in the Gulf. I n  the 
meantime, onlj- monitoring activities, if any, will be 
continued in the Gulf. 

Collection of Spawning Sardines 
The bugnst  and September 1956 cruises were de- 

voted in par t  to the sampling of adult sardines for 
use in fecundity and subpopulation studies, in  part  
to egg aiid larval surveys of fall sardine spawning. 
During both months, sardines were sampled in the 
area between Pt. Eugenia and Pt. Abreojos, mostly 
by gill nets. 

A large percentage of the sardines have developing 
gonads, and several females were approaching spawn- 
ing condition. In August the females that contained 
yolked eggs were between 177 and 222 mm in stand- 
ard length ; in  September, they were between 160 and 
188 iiim. The fish were mostly one and two years of 
agr. T n  fact, less than 5 percent of the fish collected 
were older than two years. 

The fish were markedly smaller in size than fish of 
the same age taken in  the California commercial 
catch. Two-ring fish, 1954-class, in  the commercial 
catch ranged in  standard length from 208 to 242 nun, 
with an average length of 224 mm;  the same year- 
class in " spawning" sardine collections ranged from 
162 to 226 mm, with an  average length of 182 mm. 
This is 42 mm smaller, on the average, than the two- 
ring fish taken by the California commercial catch. 
The marked difference in size between sardines from 
the two areas is evidence that they did not enter into 
our commercial catch in any numbers in the 1956-57 
season. I t  also adds support to the thesis tha t  the 

fall-spawiiiig sardines constitute a separate sub- 
population. 

Availability Studies 
In October, Noveiiibcr, and December 1936, the 

Black Douglas made nightly plankton and tempera- 
ture collections in areas scouted by the Sail Pedro 
sardiiie fleet. As soon as the area of most intense fish- 
ing was ascertained on any  given night, thc Black 
D o ~ ~ g l a s  executed a pattern of observatiotis that  in- 
cluded tlte fishing area as well as soine portion of the 
surrounding area that had been scouted without sue- 
cess. Once started, each pattern was continiic~l until 
a half-hour before dat\vn. 

This survey is a field approach to the problem of 
sardine availability. Large concentrations of sardines 
do  not necessarily appear in the sanic spot on siicces- 
sive nights. It is reasonable to hypothesize that such 
fluctuations are related to variations -in oiic or more 
features of the environincnt. Since it was iiot kiio\vii 
a t  the outset which environmental factors might bc 
critical, it was decided to incasure plankton and t r n -  
perature, which have been related to fish cliytribution 
in a few other fisheries. Plankton was collectcd with 
a Hardy continuous plankton recorder, approximately 
one and one-half linear miles being sampled for each 
two-inch length of the collecting silk. Surface trill- 
perature was recorded continuously, and bathyther- 
mograms were taken a t  frequent intervals. 

The plankton collections and the temperatiire data 
are now being studied. Small copepods are by far  the 
most numerous organism, and they fluctuate by a 
factor of three or four during the course of one ~ ~ i g h t .  
I n  one case, the area of highest density for the more 
abundant categories appears to be associated with a 
geographical feature of the adjacent coastline. The 
center of fishing, however, was in  an area of I o w ~ r  
plankton density about four miles a m y .  

Since the 1956-57 season was relatively poor, no 
really large sardine catches were made while the 
Black i3ouglas was operating. Obviously, the signifi- 
cance of plankton and temperature distributions as 
factors in sardine availability cannot be determined 
until collections are obtained on some number of good 
as well as poor nights of fishing. 

The Scripps research vessel Orca covered a regular 
grid of hydro~raphic-biological stations off southern 
California each month during the period that the 
Black Douglas was working with the commercial fleet. 
A striking fact brought out by the Orca cruises was 
the marked lowering in temperature that  occurred in  
the southern California area between the October and 
November cruises, amounting to about two degrees 
over much of the area. This cooling was associated in 
time with the southward movement of sardines from 
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FIGURE 4. Temperature and wind anomalies a t  shore stations, 1957 compared to the 1949-56 meons. Wind anomalies show variations in the northerly 
component of the geostrophic winds (computed from pressure charts). A negative anomaly means that the northerly component was weakened. Posi- 
tive temperature anomalies indicate warmer water. 

the southern California fishing grounds to areas off 
the eoast of Baja California in 1956. 

Genetic Studies 
Genetic studies of subpopulations of sardines have 

been initiated. Research is directed toward determin- 

ing whether genetically isolated or  partially isolated 
groups exist along the Pacific coast. The approach is 
through a serological study. A large body of pre- 
cedental information is available in this field, mostly 
developed 011 domestic animals. Several species of fish 
have also been investigated and individual differences 
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with respect to erythrocyte antigens have been showii 
to exist. The existence of discrete individual differ- 
eiices with respect to erythrocyte antigens already 
has been demonstrated for the Pacific sardine (Sur-  
dinops cuerulea) by means of antibodies found in the 
serum of certain wild and domestic animals. 

The investigation has not proceeded f a r  riiough as 
yet t o  determine whether such differences can be used 
to  characterize subpopulations. 

Other Species 
The 1956 collectioiis of fish larvae have been sorted, 

identified, and standardized. Anchovies continue to be 
the doriiiiiant species in  the collections and other 
species follow in about the same order as in  1955. h 
comparison of the standard haul totals of fish larvae 
for 1955 aiid 1956 follows: 

1956 1955 
Sp'c 1c.s A ui i ibe i  I ' e i ( ~ i i t  S u ~ ) i b e r  Percent 
A\iiclio\ J _ _ _ _ _ _  134,931 :%LO(; 110,183 :39.0:3 
1I:iLr _ _ _ _  _ _ _ _ _  89,857 22.W 60,090 16.73 

S:irtIiiir _ _ _ _ _ _ -  1.7,52:3 :{.SO 14,121 3.93 
Itochtish _ ___. _ 29,144 7.13 29.3141 8.17 

.J;ic.l, 1ii.rchere1 _ 8,027 1 .!)7 13.246 :3.6!) 
P,icific ~nacherc~l  1,.71!) 0.37 1 .R.X 054 
.!ill others _ _ _ _ _  129,139 31.04 100,224 27.91 

Total  _ _ _ _ _  408,140 100.00 339,155 100.00 

There is a small decrease in iiuiiiber of anchovy 
larvae takrn in 1956, as coinpared to 1935. There arr 
iiiterclsting difference\ in tlie distribution of anchovy 
larvae in these two years. 111 1955, over 40 percent of 
the aiichovy larvae occurred iii the area between Pt .  
Conception and I'uiita Raja (Station lines 80-107), 
while only 20 percent of the larvae were taken in this 
area in 1956. In both years, about 60 percent of the 
anchovy larvae were taken off ceiitral lZaja California 
(Station lines 110-137). A marlied iiicrcase in abun- 
daiice occurred in  the area off southrrii Baja  Califor- 
nia iii 1956 ; 19 percent as coniparcd with 0.03 percent 
i n  1935. 

The 1955 totals do not incluile KORI'AC (dngns t  
cruise). In 1956, 36,715 larvae wcre t a h i  in  August. 
Hence if this number is subtractrcl from tlie 1956 
total, to make the two years more exactly coniparable, 
the totals are rciiiarkably close ( :35!) ,235  aiid 371,425). 

Since 1957 has beeii annsual in the abniidance of 
warmer natcr  fishes off California, larval collcctioiis 
macle off Califorilia during eTune and Jn ly  1957 have 
been examined to deteriiiine if thrrc n ere siiiiilar oc- 
ciirreiices of the larvae of tlicw fislics. S o  such occur- 
reiices were Iiotetl. IIon ever, a n  exciting fiiiditig was 
thr  unusual abuiidaiice of largc'r jack iiiackerel larvar 
(between 5 aiid 10 mi11 iii lciigth) in the collections. 
The survival to these sizes is bet tw than iii any receiit 
year. Rarriiig uiinsual niortality (luring the j uveiiilc 
period, the 1957-class of jack iiiaclrerel should br a 
succrssfiil one. 

~ _ _ _ _ _ _ _ _  

UNIVERSITY OF CALIFORNIA, 
SCRIPPS INSTITUTION OF OCEANOGRAPHY 

I n  1957 the climate of the ocean in the CCOFI 
region changed in  sharp contrast to the 1949-56 pe- 
riod. The primary change was warming of the sea 
water in some areas a depth of more than 400 meters. 
This short report on the physical changes is only a 
preview of what took place. Much more time is needed 
to analyze the data in  a comprehensive manner. 

The data from the shore stations indicated that 
warminr began south of Port  IIueiirme as long ago 
as December 1956. It progressed northward to Mon- 
terey Bay in January and reached Puget Sound iii 
March (Fig.  4 ) .  The warming along the coast aver- 
aged 1" C .  

The surface teniperature anomaly charts for each 
cruise show the warming to have covered the eiitire 
C C O F I  region during the yrar  (Fig.  5 ) .  Here the 
difTereiices between 1957 and the 1949-54 average have 
been plotted. Warming in various places along the 
coast and offshore amounted to more than 3" C. A few 
spots of cooler than average water do appear, but 
these were small in size and presumably were caused 
by local upwelling and decreased mixing. I n  October 
there was a fairly large a r ra  of cooling from Pt. 
Eugenia southward. 

A preliminary analysis has been prepared of the 
average teiiiperature from the surface to 200 metrrs 
and from four selected hydrographic stations. The 
station locations are given in figure 6. Stations 80.90 
and 100.70 were chosen as representative of offshore 
conditions, Stations 80.60 and 90.45 of inshore condi- 
tions. The physical and (.hemica1 properties for  the 
months April, July,  and October were aoalyzed aiid 
n ere c~onipared with the average values obtained a t  the 
same stations iii the same nioiiths in the years 1950, 
1952, 1958, 1954, 1955, and 1956 for i lp r i l ;  1950, 
1952, and 1953 for  J n l y ;  and 1952, 1954, 1935 for 
October. 

April 
The average temperat w e  frolii the surface to 200 

invters increased over iiiost of the region. A wuiiiiiig 
of iiiore tliaii 1" C covered about 50 percent of the 
criiise pattern, \f i th most of it being along tlie Baja 
California coast 100 miles offshore atid be)-ontl. A 1 1  

area of 2" C iiicrcase occurrcd to the mest of Guacla- 
lu pe Island. 

Tlir tn-o inshore stations showed warming iii the 
i ipper  30 mcters. Thr saliiiity (lid not change sigiiifi- 
caiitly f rom earlier years. The tv  o offshore stations 
shoncd ~v:iriiiing dowii to 75 iiicters iii the north, I50 
mrters iii the south. The salinity at  both these lattcr 
stations do\rii to 123 meters iiicrrasrd 0.2 to 0.8 parts 
p i .  mille. At  200 iiietrrs at  Station 100.70, there n as 
an average of 0.3 parts per mille less salinity than in 
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FIGURE 6.  location of four hydrographic stations for which 1957 data have been analyzed. 

former years. The depth of the mixed layer and the 
thermocline-the region where temperature decreases 
most rapidly-were much the same as in  the past 
years for  all four statioiis. 

July 
I n  the entire region, the average temperature from 

the surface t o  200 meters was only a little higher than 
in  past years. I n  comparing a few stations with past 
data, over the entire region from San Francisco to 
southern Raja California, the warming was slightly 
less than 1" C. 

Warniing occurred in the upper 75 t o  100 meters 
for  Stations 80.60, 80.90, and 90.45. The salinity for 
the two inshore stations was little changed. At Station 
80.90, offshore, the salinity increased a n  average of 
0.35 parts per mille from the surface to  100 meters, 
and 0.15 parts per mille from 100 to 150 meters. A t  
200 meters the salinity decreased over the other pears 
by an average of 0.1 parts per mille. The oxygen 
values at  Station 80.90 a t  200 meters was much higher 
than usual, 4.0 milliliters per liter. The depth of the 
mixed layer was the same as in past years. 

October 
By October a very noticeable change had occurred 

from Pt. Conception to Pt. Eugenia. The average 

temperature from the surface to  200 meters indicated 
warming over the whole region. Offshore 150 miles 
and beyond there was warming of more than 2" C .  

The temperatures a t  the four stations increased as 
deep as 400 meters with Station 80.90 haviilg the 
largest increase. At 50 meters, the depth of the mixed 
layer, the temperature was over 2" C higher than the 
average, and a t  150 meters i t  was 1.8" C higher. The 
salinity also increased for all stations except 90.45, 
where i t  was slightly less than in  former years. The 
increase in salinity was the greatest a t  Station 80.90, 
averaging 0.4 parts per mille to 125 meters. Again a t  
this station the salinity was less a t  200 meters, by an  
average of 0.2 parts per mille. The oxygen value at 
Station 80.90 was 4.6 niilliliters per liter. The mixed 
layer was the same as in previous years a t  all stations. 

The geostrophic wind taken from monthly average 
pressure charts indicates that  there was less northern 
component to the wind than the mean for the years 
1949-56 (Fig.  4) .  I n  February the pressure charts 
indicate that the geostrophic wind had a southern 
component rather than the usual northern component. 

There appears to have been upwelling during the 
period in  which upwelling normally occurs. The 
amount of upwrlljng has not yet been determined. 
The higher surface temperatures indicate that the 
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upwelled water did not come from as deep or that the 
water in the lower layers was warmer than usual. 

A t  present, clues to the currents during the year 
come only from the dr i f t  bottle experiments, as the 
hydrographic data must be processed before the 
standard current computations can be made. Other 
clues will come from the further analysis of the 
plankton. 

The drift  bottle experiments indicate that the eddy 
often found off southern California was in existence 
during November and  December 1956, and during 
June, July,  October, and November 1957. The eddy 
was not observed during February, March, April, 
and May. There are no data for January,  August, 
and September. 

The Davidson countercurrent, which sweeps along 
the central California coast during some months, usu- 
ally in the winter, was apparently active during No- 
vember and  December 1956 and  February, March, 
July,  October, and November 1957. This is indicated 
by the fact that  drift  bottles released off Pt. Con- 
ception were found to the north. The two previous 
years of drift  bottle experiments had shown the pres- 
ence of the countercurrent only in  November and  
December. 

Though warming began in  the south and shifted 
northward in time, there is no indication that south- 
ern water moved northward. Study of the zooplank- 
ton shows no species from other areas. The northerly 
winds were greatly reduced in the first part of the 
year. This may have retarded the normal transport 
of water along the coast, allowing advection of 
warmer offshore water into the region off southern 
California and Baja California. The slight increase 
in salinity a t  Station 80.90 in April and the larger 
increaze a t  Station 100.70 indicate that water from 
farther west than usual was in fact present. By July,  
Station 80.90 more clearly shows the presence of a 
different water mass. The higher temperature and 
salinity and the higher oxygen a t  200 meters indicate 
that this water mass was not from the south ; it must 
have come from the west or northwest. Indeed, the 
shape of the T-S (temperature-salinity) curve and 
the values of higher temperature and salinity a t  Sta- 
tion 80.90 strongly resemble those of water that  was 
found along a line from 40” N-145” W to 35” N-125” W 
during the NORPAC expedition in August and Sep- 
tember 1955. By October the water mass had affected 
the inshore Station 80.60 and appears to have been 
present at a station one mile offshore from Scripps 
Institution. 

We may summarize our conclusions to date by say- 
ing that the water was warmer, the northerly winds 
reduced, and that the warm water did not seem to 
come from the south, but at present we do not have 

sufficient data analyzed for 1957 to understand the 
combination of the oceanographic and meteorological 
mechanisms by which these changes took place. 

The major effort of the Scripps Institution in the 
CCOFI goes into investigations of the physics and 
the chemistry of the waters off our coast. That work 
is reported briefly above for 1957, i n  detail for earlier 
years in  the scientific paper, “Studies of the Cali- 
fornia Current System,” by Joseph L. Reid, Jr., 
Gunnar I .  Roden, and John G. Wyllie, which makes 
u p  the body of this report. 

However, other research studies connected with the 
Investigations are under way. Studies of the marine 
zooplankton, the floating animals of the sea of which 
the sardine is one in its earlier stages, are being con- 
ducted. 

Significant studies are being conducted of the role 
that ocean currents can play in the life history of 
such floating or feebly swimming creatures. One of 
these projects concerns itself with the pelagic phyl- 
losoma larval stages of the California spiny lobster, 
Panulirus interruptus. Plankton collections from the 
CCOFI area have been utilized in  this study. The 
project required the complete description of all the 
hitherto unknown developmental stages-there were 
eleven. The last stage metamorphoses into the pueru- 
lus stage. A t  this time the animal deserts the plauk- 
tonic existence to assume the morphological features 
and benthic habit of the adult. As a n  essential part  
of this study the phyllosoma larval stages of the pinto 
spiny lobster, Pandirt is  gracilis, have also been iden- 
tified since the range of that  species overlaps that of 
Panulirus interruptus. 

With this information a t  hand the plankton samples 
for six years (1949 to 1954) have been sorted and the 
developmental stages recorded with a view to deter- 
mining the duration of the pelagic life, the major 
areas of larval concentration, and  the pattern of dis- 
persal and drift  in the water currents off the coast. 
The seasonal distribution of the successive larval 
stages points to a pelagic life of several months’ dura- 
tion. The major larval concentrations occur off Baja 
California. Evidence is accumulating that there may 
be cross-current transport of larvae. 

Another project is concerned with the search for 
compounds in the sea which encourage or inhibit 
growth. The identification of such compounds would 
be the first step towards actual “farming” of the sea. 

The concept of a particular nutrient limiting the 
growth of a population dates back to 1840. The ob- 
viousness and  simplicity of the idea, as well as its 
repeated experimental verification, have given it 
strong intellectual appeal, and have led to its accept- 
ance as a basic ecological concept. As a result many 
attempts have been made t o  interpret the abundance 
of natural populations whose food requirements pri- 
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marily consist of simple and/or soluble substances in 
terms of growth-limiting nutrients. Particular empha- 
sis has been placed on this concept in relation to the 
dynamics of marine plankton populations. 

However, studies with cultures of certain bacteria 
have shown that the growth-limiting nutrient is not 
necessarily the same as the nutrient that determines 
the rate a t  which a population grows, i.e., the rate- 
limiting nutrient. 

If this applies to bacteria in the sea, then there is 
a possibility that the distributions and abundances of 
phytoplankton and other populations are primarily 
controlled by rate-limiting nutrients. 

Additional results from this study show that a 
population in a given environment may respond dif- 
ferently to different rate-limiting nutrients. Thus 
whether a certain nutrient is rate-limiting is not ob- 
vious from its concentration. Further, different species 
can respond differently to the same nutrient. As a 
result, in a specific environment the abundances of 
different species may not be determined by the same 
nutrient. 

Studies are now being made to elucidate further 
the role of rate-limiting nutrients in the population 
dynamics of microorganisms and to ascertain the ef- 
fects of such environmental factors as temperature 
and salinity on the growth response of various species 
to selected nutrients. If successful, these studies 
should not only give us further understanding of 
factors controlling the development of microbial 
populations in the sea, but they should give us in- 
creased insight into the population dynamics of other 
organisms as well. 

Two studies in marine genetics at  the Scripps In- 
stitution bear on the program of CCOFI:  

I n  one of these studies, one of the marine bacteria 
is subjected t o  ultraviolet irradiation to produce 
mutants which are unable to synthesize some item 
from their natural diet. As must human victims of dia- 
betes, they must obtain the substance from external 
sources. The organism is Xevratia ~ i z a r i ~ ~ o r u b r ~ ~ n a ,  a 
bright red pigmented bacterium which normally grows 
when supplied solely with inorganic salts and glycerol 
(a  simple carbohydrate). Irradiation of this organism 
by ultraviolet light has produced three mutant strains 
thus far.  These differ from the normal parent strain 
in that one biosynthetic process has been eliminated 
in each, thus leading to requirements for certain spe- 
cific growth factors, to-wit, Biotin, Uracil, a i d  a non- 
specific Purine requirement. 

The vitamin mutant will respond to concentrations 
of Biotin as small as 0.002 ug/ml (two one-millionths 
gram per liter, supporting 10 billion cells) while both 
the Purine and the Pyrimidine mutants require about 
tenfold more of their specific supplement. The reason 
fo r  emphasizing the minute amounts of these bio- 
chemical substances which are required to produce a 

response in the bacterial mutants is to indicate the 
value of these biochemically deficient cells for a 
bioassay. 

The utilization of biochemical mutants for the 
bioassay of sea water for its contknt of various growth 
factors has been prompted by the suggestion that these 
growth factors might be partially responsible for the 
discontinuous distribution and the high degree of 
localization of some marine flora and fauna. This 
theory gains support from an  increasing number of 
reports concerning growth factor requirements in 
marine algae and the effect of external metabolites on 
feeding and on other responses. 

I n  a preliminary test of the validity of the bioassay 
system, some 29 samples of sea water were taken. 
These were tested with the mutant organisms (ability 
to grow indicates presence of specific biochemical 
supplement ; amount of growth indicates concentra- 
tion). Biotin was found in 55 percent of the samples, 
Uracil in 21 percent, and Purine a t  only one location 
(less than 5 percent). These results emphasize the 
utility of the technique as well as the desirability of 
expanding both testing facility and the scope of the 
tests. 

The search continues for more mutants with diverse 
biochemical requirements. Ultimately i t  is hoped that 
a broad spectrum of mutants will be available so that 
the bioassay will become even more meaningful. 

The character of the non-specific Purine require- 
ment has posed the question of the mechanism of 
biosynthesis of Purines-the bases of which nucleic 
acids are composed. This pathway is being examined 
by the use of enzyme chemistry, chromatography, and 
spectroscopic analysis. It seems likely that other 
biosynthetic pathways will prove amenable to test as 
future mutant strains are isolated. 

The second project in the field of marine genetics 
is concerned with Tigr iopus ,  a tiny tide-pool crusta- 
cean. These creatures are hardy, reproduce rapidly, 
and are easily handled in the laboratory. One problem 
studied is that of sex determination. Contrary to the 
common concept of numerical equality of the two 
sexes at  the time of conception, Tigr iopus  showed a 
very marked deviation in favor of the males. Analysis 
of the situation, both cytological and experimental, 
suggested a relatively primitive mechanism where a 
number of genes are involved in determining the sex 
of the organism in a manner analogous to other quan- 
titative characters, such as crop yield or weight in 
cattle. Apparently this mechanism is not triggered by 
a sex chromosome (as in human beings, for example) 
which would basically assure a 1 :1 ratio of the two 
sexes. It has thus been possible to select and maintain 
families, a t  will, with as high as 80 percent or as low 
as 0.5 percent females. 

Additional work with Tigr iopus  includes a cyto- 
genetic study on British, Japanese, and California 
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species, and an  intensive morphological study on 
samples from all over the world. 

IIow rich in plant and animal life are the waters 
off southern California f The determination of this 
has been the aim of another project a t  the Scripps 
Institution of Oceanography. 

This past spring a n  attempt was initiated to relate 
phytoplankton (plant)  abundance, as reflected by 
chlorophyll “ a  ” eoncentration, to zooplankton abun- 
dance and to the physical and chemical regime in the 
waters between Pt. Conception and Ensenada. The 
analysis of the data has iiot been completed as get, 
but several generalizations may be made from a con- 
sideration of the data thus fa r  analyzed. 

The area encompassed by this study may be divided 
into two regions 011 the basis of the amount of chloro- 
phyll “ a ”  present a t  the surface: statioils located on 
or inshore of the .60 stations ( e . g .  80.60, 83.60, 87.60, 
etc. ) exhibit relatively high but variable concentra- 
tions, while those offshore are generally lower and 
less variable. Within both regions there occurs a 
gradual decrease in chlorophyll “ a ”  in the southerly 

direction. An additional difference between the two 
regions is the manner in which chlorophyll “ a ”  is 
distributed vertically. I n  the mixed layer, the offshore 
stations show very little in  the way of gradients, be- 
ing essentially homogeneous, while the inshore sta- 
tions show a marked increase in chlorophyll “ a”  at 
about 20-30 meters. 

The concentrations of chlorophyll “ a ”  observed in 
this area compare favorably with those observed in 
the waters off Central America and Mexico, which are 
known to support a large tuna fishery. 

The relationship between chlorophyll “ a ”  and 
zooplankton volume is difficult to understand a t  pres- 
ent. Generally speaking the maximum zooplankton 
conceiitration is observed in  the regions of low 
chlorophyll concentration. It has been suggested that 
this may result from the general southern drift  of 
zooplankton from the rich waters north of Pt. Con- 
ception. If the zooplankton is iiot produced locally, 
then the suggestion is probably correct and accounts 
for the anomaly. This possibility is currently bring 
examined. 


