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PART 1 

REVIEW OF ACTIVITIES 
July 1,1963-June 30,1966 

REPORT OF THE CALCOFI COMMITTEE 
INTRODUCTION 

It has become increasingly apparent that the policy 
of the CalCOFI has been a valid and valuable one- 
that the intensive long-term study of the California 
Current has constituted a nucleus and raison d’6tre 
of an expanding research and technology of greater 
depth, field and compass in the North Pacific. The 
nature of these expanded portions of the program 
are discussed later in the reports of agencies. 

The CalCOFI Committee is deeply involved with 
its fundamental objectives and with reappraisal of 
the direction that the CalCOFI should now take. 
This reappraisal is necessitated by the delineation 
of unutilized fish resources of the eastern North 
Pacific and the initiation of a fishery one of these- 
the anchovy. 

The philosophical, scientific, and politico-economic 
factors pertinent to this reappraisal cannot be com- 
petently discussed here. However, the crucial ques- 
tions can be reasonably well formulated as follows : 

Are the long-term needs of the state, society, and 
mankind best served at this juncture by a concentra- 
tion of research on the anchovy and its fishery or 
by a continued expansion of the research into the 
total environment ? 

The resolution of this problem depends upon a 
valid understanding of the evolving position of Cali- 
fornia ; its changing responsibilities to its people 
and to its challenges and opportunities; and the pres- 
ent and potential contribution of the CalCOFI to  the 
State. 

On the one hand, as a result of CalCOFI research, 
we have the opportunity of reestablishing a reduction 
fishery of some magnitude. On the other hand, we have 
the demonstrated, suspected, and as yet unrecognized 
opportunities and implications of the Pacific and of 
the expanding research into it, of which the anchovy 
fishery is an early product. 

Clearly the rational solution to  these mutually ex- 
clusive extremes is an optimum attention to each-a 
juste milieu in which the anchovy fishery is substan- 
tially documented and studied and, at the same time, 
the research continues to be directed toward a broad- 
scale inquiry into the eastern North Pacific, its ocean- 
ography, zoogeography, history and fish populations. 

BACKGROUND 
The CalCOFI program, thus, plans a thorough 

coverage of the California Current system each three 

years (1969 next), and a continuing expansion of 
the several programs, descriptions of which follow. 

Early in 1966 the CalCOFI Committee, in a letter 
to the Chairman of the Marine Research Committee, 
outlined the history, accomplishments, and status of 
the CalCOFI research program in simple, brief, fac- 
tual terms. The 13 points, to which we referred as 
“ a  few of the many unshakeable pillars of cer- 
tainty”, were : 

(1) The CalCOFI program was established as a broad and 
thoughtful inquiry into the environment and the biology 
of the California Current system. 

( 2 )  An object of the program was to  clarify the nature  of 
the decline of sardine abundance and to understand the 
nature of the other organisms associated with the sar- 
dine in  the California Current system. 

(3) Organizationally, the CalCOFI is established as a group 
of cooperative research programs responsible to  these 
objectives and subject to the review of their progress 
by the Marine Research Committee, a highly selected 
group of interested, practical men. 

(4) As will be enumerated below, this arrangement has  
proven to be extremely successful and rewarding. The 
rapport between men of scientific and practical bents 
has, we believe, been unique. There has  been neither 
constraint, on the one hand, nor lack of direction, on 
the other but rather an  almost wholly unprecedented 
balance between the two where the scientist has been 
able to work with “responsible freedom” and where he, 
the MRC and the public have been highly rewarded. 

( 5 )  The oceanography, the biology of the California Cur- 
rent system, and the variations in  these are  now the 
best documented and best understood of any oceanic 
area in the world. 

(6)  The understanding of fish populations, biology and re- 
source potential through studies of eggs, larval and 
adults of pelagic fishes are the most highly advanced 
of any. 

( 7 )  Wholly new technologies of studies of pelagic fish have 
been developed and are of far-reaching, world-wide im- 
port. 

(8) Entrees into the pre-fishery history of the pelagic fish 
populations and environments have been developed and 
are  of great local and world-wide significance. 

(9)  The populations of a large group of pelagic fish have 
been determined, studied, and understood to a degree 
tha t  f a r  surpasses any similar studies in  the w-orld. 
The interrelations between competing species of pelagic 
fishes have been characterized for the first time in his- 
tory. 
Possibility of n pelagic fishery has been pointed out  
and the fishery has been established, in which there is a 
far  greater fund of scientific understanding and knowl- 
edge available at i ts  outset than for any other pelagic 
fishery in  the history of man. 
A program exists tha t  is  ably discharging its full re- 
sponsibilities both present and future in cooperative 
research. 
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(13) These responsibilities inclnde the study of tlie effects 
of the present fishery and the inquiries essential to fn-  
ture development and iinderstnnding of other and cx- 
tensive resources. 

The .ibove are overly siniplificd statements of a par t  of a 
large and important progrmn. We believe the results of this 
program can be chnriwterized by stating tha t  new and im- 
portant concepts in  the uses of our living oceanic resonrces 
have been evolved. These, together with the resources at 
our door, hare put California ou the threshold of increas- 
ing hcr wealth, and perljaps more importantly, of assnming 
world leadership in the scientific iise of pelagic fish re- 
sources. This may, in the long run. be n fa r  more valuable 
asset to Californians than the ccononiic yield of the re- 
sources themselves. 

It T V ~ S  on the basis of the research program de- 
scribed in the above letter that we had prepared for 
the Marine Research Committee, 2 years earlier, an 
outline of one possible n-ay t o  enter this new era. 
This proposal mas presented to MRC in Blareh, 1964 
by t h e  CalCOFI Committee which at  that time was 
composed of G. I. Murphy, J. D. Isaacs, J. I;. Baxter, 
and E.H. hhlstroni and appears as Document XI1 
of the minutes of that meeting. It seems appropriate 
a t  this time to publish the proposal fo r  all to  study, 
evaluate, and comment upon. In the following it is 
quoted essentially verbatim. 

R E Q U I R E M E N T S  FOR U N D E R S T A N D I N G  T H E  I M P A C T  
O F  A  NEW F I S H E R Y  I N  T H E  C A L I F O R N I A  

C U R R E N T  S Y S T E M  

Our philosophict~l guide in preparing this discnssion has 
been simple. We hare  asked ourselves, “How should a 
fisherj- be condiicted, 2nd what investigations should be 
initiated to  give the public guidance of maximuni value 
from marine science?” K e  would like to regard a new 
fishery on the sardine-anchovy system as n careful scien- 
tific experiment? in which the effect of a controlled harvest 
of the anchovy and snrdinc poliidations is explored. We be- 
lieve this is  a new :uiil stimulating point of departure. 
While we do not propose i t  to ~ O L I  as i i  necessary course 
of action, we hope you will examine it thoughtfully and 
decide for yoiirselves the estent to which the scientific re- 
qiiirements for siich an experiment are compatible mith 
the broad needs of society. 

Background RdsumC 
The resiilts of over 40 years of study, including 14 years 

of very intensive inqiiiry can be succinctly snmmarized as  
follows : After many years of intensive selective fishing for 
sardines, the sardine popnlation declined. This decline was 
accompanied by a drnniatic npslirge of :in ecologically siini- 
Iar  species, the anchovy. The decline of the sardine i m s  ap- 
iment ly  the result of an intensive fishery together with a 
series of years in Tvhicli the eiivironmental regime was un- 
f:m)mble to  tlie sardine. The rise of the anchovy is ap- 
iment ly  the result of a series of favorable Sears for tli:~t 
species, and nxin’s removal of sardines xvhicli created more 
living space for  anrhovim The cvideiice does not allow lis 

to :wive  :it a conseiisns : IS  to ~ h e t h e r  or not the ancho- 
vies aggressively drove do\vn the sardine population, bot 
1)iologic:il interaction brtlx-een these ecologically similar slw 
cies is strongly inclicatcd now by the faihirc of the sar- 
dine t o  resiiond to a recent spectrnm of oceanographic con- 
ditions that should have been favorable, and conrerscly nn- 
f;ivor.iltle to the :inchovy. 

Tn :ins- event results of all these stndies sho\v tha t  there 
is 110:~ :I Imgc unused popiilation of anchovies. They also 
infer that  there is a real chance tha t  simultaneously re- 
ducing the pressure 011 sardines and imposing pressure on 
anchovies will reverse the present equilibrium and assist 
in bringing back the more valuable sardine. This consti- 
tutes an  exciting opportnnity for marine science to assist 
society i n  nrcetinp its coml~lcz ntwls. 

Requirements f o r  the  F ishery  
I n  developing this section three factors have been para- 

moiunt. 
1. The basis for the suggested experiment while the most 

complete ever achieved still is not precise enough to fore- 
see exactly how many anchovies and sardines should ulti- 
mately be taken. A c;weful, step\%-ise, approach such :IS 
v-as used in Sonth Africa is the only defensible experi- 
ment. 

2.  There :ire time lags in the response of fish popula- 
tions to new factors. With respect to sardines and ancho- 
vies. their life histories suggest tha t  a t  least 3 years wonld 
be reqnired for tlie responses of the popu1:ltions to be cle- 
tectecl, even in a rcyime of favorable environments. 

3. There are also time lags in  scientific analysis, these 
are  especially significant when dealing ix-ith a new prob- 
lem. Thus i t  is necessary to carry out mcnsnrcments that 
can follow events closely, and which vi11 yield results that  
a rs  readily interpreted. With these factors in mind the 
aplironch helow is divided into phases. JVe believe that  
three years is a niinimiim for each lihase. 

The objective is to initiate :I conserv;itire fish- 
ery on :rnchovies arid rediice sardine fishing just suffieientlS 
to prodiicc an o1xerv:rble change in  thc system, and just 
enorigh to improve our preliminnry appraisal of the niagni- 
tude of the anchovy resource. During this phase a limit 
of 200,000 tons should be placed on the anchovy fishery 
and the sardine fishery should be limited to 10,000 tons. 
Thirty-five percent of both of these limits shonld be taken 
off California and 65 percent off Baja  Cxlifornia.1 From 
the viewpoint of conchicting a controlled experiment, it 
w o d d  not  be dcsirnble to place n complete moratorium 
on s:irdines for two reusons. The fishery is a primary tool 
for detecting responses in the sardine population. Were 
the fishery terminated this tool would be lost, and we 
~vonld have to rely entirely on our surveys. Secondly, 
conip!ete nioratorinm would complicate the experimeiit by 
introdiicing two variables a t  the same time. The limit 
suggcsted for the sardine relieves these problems by keep- 
ing our “ivindo\v” on the sardine population open, and bg 
approximnting the average rate of exploitation prevailing 
over the past years. If both the sardine fishery and cnin1)e- 
tition from michovics are affecting the sartline l>opnlation. 
the chances of bringing baclr the s:irdine in the shortest 
possil)le tinie can be maximized by fishiiig for anchovies and 
iiot fishing Cor sardines. I f  this is the objeclive i t  might be 
desiyahle to h a ~ e  n mor:itoriiim on sardine fishing. The rec- 
oiiinieiid;i~ioiis of this rc1)ori :ire b:is~d oii the viewpoint of 
condncting as careful :in esl)rriineiit :is Imssible to determine 
the fact orx ;iffec.ting Imth s;trdiiic.s and nnchories. 

T h e  :iinoiints to h removed dnring Phase 2 
and the :irenl distribntion of the limits on each species 
must nwait the resiilts of I’hnse 1. We can hazard a guess 
that tliniiip this l’hnsr thc :iiicliovy qnot;i might l ~ x  wisctl 
:il)out 50 1)c’rcc’iit pi~~vi(liiig t1t:it the Irsiiiir of Phase 1 are 
iiot v%lelj- different froin our l,relinlinnry expectations. 

Pitrtxe 3. This cannot lie specified nt all beyond indi- 
cating tlie nltiniate objectivc. ‘Phis is to restore the pre- 
decline b:ilarice lwtwxii sardines and anchovics, and mas- 
imizr tlici harvests coiisistcnt \\-it11 nll nses, Le.: food, recre- 
ation, etc. 

C ” o i v ) u ( w t :  I t  is 1 ~ 3  ond oiir NCOJ)C to tlctc~rmine 1:ow siich 
.trni o f  ni:iit:i~rmrnt 01: ai! iiiterit:itional re- 

troi,g13. tl1at conserv~l- 

Phnse 1 .  

Phctse ,?. 

RECENT DEVELOPMENTS 
The 1964 proposal also outlined the basic programs 

rTThicli should be iinplemrnt,ed if a fishery were ini- 
tiated. At  that, time no fishery fo r  anchovies existed, 
except for the limited ( q l O O - 6 , O O O  t,ons) fishery for 
1 At the ’21 May 1 9 6 4  meeting of the LParine Research Committee, 

CalCOyI rbcorded the following emendation : ‘‘Our recom- 
mendation for Phase 1 included a pro\-ision to distribute the 
catch between Alta and Baja California. For the purposes of 
this pro\’ision we specify 3 1 ” s  latitucle, as this is a natural 
oceanographic and faunal  boundary.” 
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lire bait. 3 s  a direct result of the CalCOFI pro- 
posal, the Califoriiia Fish and Game Coiiimissioii 
authorized an experimental aiichovy reduction fishery 
on Norember 12, 1965. The 75,000 ton quota allo~red 
i4  a p p r o ~ i l ~ ~ i ~ t e l y  of the magnitude recommcndd  for 
California waters by CalC'OFI. This fishery Iins 
continued to  the present time (1967).  

In Mal-cli. 1966, with tlie fishery n n d c r ~ m y ,  E. H. 
Alilstroin updated the  1964 propos:il to  poiiit up tlie 
breadth and pertinence of CalCOFl 1-esearcli to pres 
ent and lonp-ranq problems. The followi~ig is his 
outline of tlir programs implenieritccl : 

S T U D I E S  ON THE F I S H E R Y  

Important information can he gained from the fishery 
nhont the quantity of fish landed, size and age composition 
of landings, and catch per unit of effort. Other kinds of 
infornintion thnt can be derired from sgstem:rtic samliling 
incliide grolvth rate, age at first niatnrity. longevity, 
yield per recruit. mortality estimates, etc. Tliese :ire "coii- 
ventional" investigations. involving fairly stand;irdixed 
techniqiies. h fishery carried out  a t  a low level of inten- 
sity fnrnishes only limited dnta for (letcrminiiig vit:rl stn- 
tisties of tlie popnlation being fished. Such studies are 
of greatest v:diie in detcrinining vital l)ognl;itioii 1)arnnie- 
ters when curried o i i t  over different levels of fishing iiiten- 
sit>-. 

T o t a l  Landings by Area  
C'n!iiorrr ia E'isircry: Ihiidiiigs statistics now oht:iiiicvl hy  

the Statc  cover tonnage landed. are:r of rapture. and fishing 
effort. Accnrate weights are rq)orted on market arid ci111- 

nery recri1)ts :IS reqnired Iiy law. ,\rea of catch is deter- 
niined from linliing iogs. reqnired of e:icii hoa t skipper, 
wlierc~!)y r:icli dt iy 's fishing is plotted on :I map-type log. 

Bo jcc ('r/Eifornia >'ishc ry: I'lant o1)er:itors in Bnja Cali- 
foriiia cooperate hy giving t i s  :>ccess to  1:indiiig rocords. 

rinntioii abont aw:i of capture 

Size and Age Composit ion by Area  
rhlii cwncerning size and age corii~iosition are o1)taiaed 

by systcmatically sampling commerci:rl 1:undings from :ill 
ports of laniding in Cirliforiiia nnd Bxja California. S:ini- 
plinx of comnierci;il Iniiciings in  Califoriiia is cnrried oirt hy 
the ( 'aliforni;~ Degnrtmciit of Fish and G;ime. Sampling 
of comnirrcinl landings in Bnja ( lifornin is e:irriecl ont 
hy the I ~ n r e : ~ n  of Cornmercial E' lieries by m e i i i i s  of a 
contrnct with the California A\c:rdrniy of Scicnces. Sam- 
ples of  v-iio!e. iidiilt fish will hc retaint4 for 1lnforesee:rl)le 
renc:ircli. Age determin:itions :ire (lone coopcr:itiveIy liy (-":~l- 
ifornia I ) r lmtment  of Fish :mtl Game and Bnrenn of Coni- 
merci:il P'isherics scientists. C'ooperntive nging of sardines 
by t l i tw two organizations dates from 1941 ; coolicr;iti\-e 
aging of :inellovies from the e:irlj- 1950's. 

In the past, srnles l i aw Iiwn "read" to determine tlie 
age o f  both sardines and ;nicliovics. l'resenll~-, cv:~lnation 
is tieing ni:ide of the acalr iiirtliod for clctrrniiiiiiig age 
versns I;SP of car holies (otoliths). Anchovy scales a re  
highly dwidnons, 71-ith the resnlt that  i t  is difhciilt to 01)- 
tain ndeqnnte scale samplcs from some loads of fish. S a n -  
pling can he carried ont more systeninticall>- if hiset1 on 
otoliths. 

Catch Per  U n i t  of Effort  by Area  
C';ilifornin lins institnted a loghook system to olitnin in- 

formation concernin: e:ich commercial 1:inclings of :mcho- 
vies. This  is in :iddition to information olit:iiiird by intcr- 
views. wliriiever a 1o:id of fish is sanilrlcd. 

It prwrntlj- is not fe:isible to t ry  to institate n logbook 
system for Baja Califoinia fishermen. W e  are able to ob- 
tain i w o l d s  of initivitlrial d(~liwric~s. and to snpplement 
this by interviews. 

S T U D I E S  ON THE P O P U L A T I O N S  

One of the major reasons for esta1)lishing ('alC'OF1 was 
to ohtnin information about many aspects of the population 
dynamics of the sardinc tha t  conld not be wriiiig ont  of 
c;itcli a n d  effort data. l\lethods independent of the fishery 
were rlereloped to determine popnlatioii sizc. popdation 
strnchire, factors iinderlying marked fiuctnations in  tlie 
snrvival of yenr-classes, shifts in distribntion of the popu- 
lation with respect to the area of  the fislierj- (availability I ,  
etc. Wha t  \vas not  fnlly appreciated w a s  the complexity 
resnlting from competition het\veen species of a trophic 
level (Le. betwcen s:~rdine and anchovy). 

W e  mnst continue to inwstignte tlir inter:lrtion between 
competing species. This  rcqiiires more so1)llisticated re- 
search than is Iiossihle from stndies on the fishery alone. 

Tagging  Experiment-Anchovy 
The State  lins already initiated a tngging experiment in  

sonthern California waters. They had tagged aboiit 100,000 
anchovies 1)s Xovem1)er. 1966, in  arexs off northern Baja 
California, sonthern California (inshore and offshore) and 
tlir JIontereq- nay  area. I~~ven t~ ra l ly  n tagging esl)eriiiirnt 
shonltl permit a cletermin:~tion of the extent of  migrations 
nntl intermiiigling of fisli from vnrioiis par ts  of the an- 
chovies' range-California, Raja California or the Pacific 
Sorthwest. Tagging esperiineiits should be combined with 
genetic stndies. Tagying on n broader scale may provide 
information almit popnlation pnr:tmeters snrh :is popnlntion 
size. fishiiig mortality. and ii:itnr:il mortalit y. 

One of the initial problems we 1i:rrc to clncitlnte is tlie 
extent and rate  of repleiiisliment of stocks from other 
areas. Will fish move iip from Baja California for csnniple. 
to  rcpleiiisli stocks reduced by fishing off sontliern Cali- 
for iki  '? 
h very siiccessfiil tagging experiment ~ - n s  carried ont  

on the Pacific sardine (1936-41). mostly liy the C'alifor- 
nin J)epmtment of Fish and Game. The lkpar tment  vi11 
lie chiefly responsible for the tngging espc~rinient on tlie 
:~iicIiov>-. The Enre:in of Commercial Fisheries is cooperat- 

1)- in dercloping tecliniqiies tlwt will wsnlt in  
inortality ; also in  ev:iliiating this mortality. 

Genetic Studies 
These are necessary to cletermine v-hct!lrr one 0 1 '  several 

stocks are being fishrd. IVe non- know. for cx:niiple, tha t  
the s:rrdii~e fishery OK sontliern California dqwntled nlron 
tw(i genetic stocks (northern :and sontlieri1 siil)l)ol)iilntioiis) 
n-it11 cliffcriiig availahilitg. Is tlie :inchovj- po1111~:1tioil in the 
1';icific ofl' C":rlifnrni:x ant1 Baja Cxliforiii:i siiiiil:lrly made 111, 
of s c \ - t ~ ~ l  genctirully dist irict stocks? In point of fact. :I 

t:igging rsperinient ~vonlcl he rondiicteil qnite differently 
if we defiilitelj- I;iie\r illat tlie anclio\-y pop111:itioii con- 
sisted of  :I single interniiiigliiig stock rather th:in several 
geiieticiil1~- distinct stocks. 

B('I<"s genetics pmeram has been ~vorking on tlie 1)roI)- 
lem of "g.pnetic" stocks of anchovies. so far with incoii- 
chisive wsiilts. The L)cpartment of Fish and Game will 
conduct rs1)eriments with eye lens protcinrs as :I me:~ns of 
diffcrenti:~ting possihlc genetic stocks. 

Egg and L a r v a  Surveys 
d:,te this has been oiir prime instrnmeiit for ernln- 

:ltillg tile iriteraction lietween the sardine and a n c h o ~ y  poll- 
Ill:ltil,lls. T'hese stndies fnrnish inforlnntion on l i l t l l l ~  other 
fishp-h;ll<e. rockfish, jack mackerel, l'acific ln:lclierel, 
flatfislics, ctc. There is no clnestion ahont the need of their 
continil:ince, althongli this mnst l ie  :it :I more modest scale 

the 1'350's. Anchovy ~ ~ o p ~ i l ~ i t i o i i  can be adeclnntcly 
(1 with aboiit one-li:rlf of the effort (ship time) es- 

pen:Ietl in the 1950's. 
TTle do llot have to mensnre c1i:ingcs iii the sardine popu- 

lation with the same degrcc of precision as cli:liig(% in 
the niic-liory. W e  have set a limit o f  520% as tlie accept- 
:iI)le level of vnriahility for our estimatcls of :ibiind:~iiee 
of anchovy 1:irvae. For  sardines. :in order of niagnitiide 
aould  he :weeptable. W e  are  interestrtl in major changes 
in the :iliiiiidmice of sardines. n small change xv\.onld have 
little significance. 
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Fish Surveys 
Surveys designed to assess the abundance of adult popu- 

lations of sardines and anchovies should be given high 
priority. It is  hoped tha t  such surveys essentially will 
become as sensitive a measure of abundance as are the 
egg and larva censuses. 

Both California Fish and Game and the Bureau of Com- 
mercial Fisheries have increased their research in this area. 
The California Department of Fish and Game is utilizing 
funds obtained under the Commercial Fisheries Research 
and Development Act (Bart le t t  Bill) to increase the cov- 
erage of their surveys of juvenile and adult fish. Their 
surveys will investigate fish populations farther to sea and 
at more frequent intervals than has been possible in  the 
past. The Bureau of Commercial Fisheries has installed a 
Simrad research sonar on their new vesesl, the David Starr 
J o r d m .  This  gear should permit an  assay of the distrihu- 
tion and abundance of schools of adult fishes. Cooperative 
crnises are  planned by a11 three agencies for developing 
techniques for “Identification of acoustic targets and pelagic 
fish census.” 

ESSENTIAL BACKGROUND STUDIES 
These are given in essentially the same form as in 

the March 1964 proposal. 
Physical Oceanography 

a. Monitoring program through buoys, shore stations, hy- 
drographic cruises as needed, etc. ( this  should be a burden 
jointly shared with other interests). 

b. Analytical program : Basic studies of dynamic proc- 
esses affecting the California Current system with particu- 
lar attention to factors affecting anchovies and sardines 
and the biota in general. 

Biological Oceanography 
This  should be a broadly based background program. The 

organisms in  the California Current system must be ex- 
amined as an  interacting community. 

a. Studies of filter feeding fish, trophic level: (Includ- 
ing food habits, predators, natural mortality rates, etc.) . 
This is a huge area, one in which many scientists could 
lose themselves for many years. Therefore, we recommend 
tha t  sardines and anchoiies be a starting point and tha t  
studies radiate out from them! One of the major prag- 
matic objectives of this program is to test the validity 
of the two species system. For  example, if we lower the 
anchovy popnlntion some species other than the sardine may 
POP up. Other projects, eg. ,  the egg surveys, fish surveys, 
and the historical snrvcy contribute to this study. 

b. Historical : Study sediments to ascertain “recent” 
oceanographic history and changes of major biological com- 
ponents of the California Current system, including fluctu- 
ations in sardine-anchovy abundance. This history probably 
can be developed to corer the las t  2.000 years, possibly 
on a year by year basis. 

Fishery Biology 
a. Age specific fecundit;\, mortality, etc., of important 

specics, i.e., the biological properties of sardines and an- 
chovies, etc., tha t  underline their inherent rates of increase, 
and interpretation of egg surveys. 

These studies are  critical and must receive early em- 
phasis. 

b. Adult and larval physiology and behavior: These are  
essential to achieve understanding of the effects of environ- 
mental changes on the dynamics of the community. Initial 
focus should be on the sardine and anchovy. 

Final Comment 
Obviously this list is not complete (for example, the 

basic productivity studies underway are quite pertinent). 
We  believe it incorporates the most essential investigations 
tha t  offer attainable goals. It is impossible to foresee what 
will seem essential and attainable in  the future. The only 
thing tha t  can be done about this is to foster a group 
of scientists who are  responsible with respect to vital and 

attainable goals, and who are  also responsive to new 
problems, new opportunities, and to  advances in  the ma- 
rine sciences generally. 

On February 27, 1967, the CalCOFI Committee 
updated the recommendations to the Marine Re- 
search Committee on the development of the experi- 
mental anchovy fishery. It finds that the basic ra- 
tionale expressed in that document remains valid. 
However, the values expressed in Phase 1 of the pro- 
posed experimental fishery have been revised on the 
basis of data for eggs and larvae in the additional 
years. 

Phase 1 had as its objective “to initiate a conserva- 
tive fishery on anchovies and reduce sardine fishing 
just sufficiently to produce an observable change in 
the system, and just enough to improye our prelim- 
inary appraisal of the magnitude of the anchovy re- 
source.” This called for a 200,000 ton annual quota, 
3570 of which was to be taken off “California” (north 
of 31”N. lat.) and the balance off Mexico (south of 
31”). It called for a concurrent sardine fishery at  a 
10,000 ton level. The anchovy quota was based on egg 
and larva data fo r  the years 1951-59 which indicated 
a total anchovy biomass of about 2,000,000 tons. Since 
that time, egg and larva data through 1965 have been 
analyzed and considerable information is available for 
1966. These data show that the population level for 
the period 1962-66 was two to two and one-half times 
as great as it was in 1958-59. At the same time, the 
center of distribution of the population has altered, 
so that about half is now found north of 31”N. 

Using the conservative 2x increase and taking note 
of the northward change of the population center, 
the total quota becomes 400,000 tons, with an ap- 
proximate take north of 31” of 200,000 tons. The 
total anchovy biomass is now of the order of 4-5 
million tons. The recommended take, 10% of the 
minimum, is extremely conservative but is sufficient 
to  serve the purpose of Phase 1. 

CalCOFI now recommends a complete moratorium 
fo r  a t  least 2 years on the take of sardines because 
of the extremely low population level. We believe 
that a moratorium will not have an adverse effect on 
the experiment. A moratorium was not originally 
recommended fo r  two reasons: (1) So that condi- 
tions of only one component of the experiment (i.e. 
the anchory) were changed and ( 2 )  so that appro- 
priate samples of the adult sardine wpre obtained 
for study. However, the continued reduction of the 
sardine population already constitutes a significant 
and inescapable alteration of the conditions, and 
sufficient samples of sardines can be obtained from 
mixed catches, lift net samples, etc. Thus, neither of 
these earlier objections to a moratorium on the sar- 
dine remains valid and a moratorium is now rrcom- 
mended. 

The CalCOFI Committee believes that the program 
should now progress in the following manner : 

1. The anchovy and sardine populations should be 
carefully monitored and studied, following, in 
general, our previous recommendations for re- 
search on such a fishery. Research should include 
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the appropriate egg and larva studies, catch 
records, tagging, fecundity, and food studies, etc. 

2. Data should be analyzed and published with all 
possible expedition. Back data should be given 
high priority. 

3. The populations, distribution and biology of the 
total ,pelagic fishes of the eastern north Pacific 
must be much better quantified. The areas of 
limited biological knowledge for each important 
species must be clearly delineated and resolved. 

Examples for such limitations are : 
Jack mackerel-area of distribution-population 

Hake-distribution of adults, food. 
Squid-population size, distribution, food. 

size-fecundity. 

These are conspicuous deficiencies of the previous 
data. I n  addition, the previous data that are pertinent 
to the problem must be further studied and analyzed 
for the important and necessary insight they provide 
into the population of these and other pelagic fishes. 

4. The nature and mechanisms of oceanographic 
and marine biological variation must be extended 
further into the source waters of the California 
Current. New methods and new programs will 
now allow us to do this. 

DISC USS IO N OF RECOMME N DATl 0 NS 
Clearly the direction of research that CalCOFI rec- 

ommends is far  from a singleniinded inquiry into the 
anchovy. We believe that we would be serving neither 
science nor the state were we to adopt the anchovy 
fishery as a single object of study. Rather we are rec- 
ommending an adequate continuing and defensible 
study of the anchovy and sardine and an expansion of 
the broad studies of the pelagic environment, which 
have paid off so handsomely. I n  this we believe that 
we are choosing a multilane highway into the future, 
which not only coincides with the scientific objectives, 
but serves the statutory objectives of the State and the 
MRC, in manifold ways. 

F o r  example, if (or, perhaps, when) the State is 
called upon to defend its high seas fishery resources 
against the encroachment of foreign fleets, it would 
indeed present a sorry argument were it to possess a 
plethora of data on the anchovy and negligible quan- 
titative data on the saury, hake, jack mackerel and 
squid, for these species also are in great abundance 
and clearly attractive to international exploitation. 

This has been pointed out before, along with other 
reasons to broaden the program at  this time. For ex- 
ample, a monolithic approach to the anchovy could, of 
course, result in a cul-de-sac of empty answers were 
the anchovy fishery to fail for economic or statutory 
reasons.-E. H .  Ahlstrom, J .  L .  Baxter ,  J .  D. Isaacs, 
and P. *I. Roedel. 

AGENCY ACTIVITIES 
California Academy of Sciences 

The experimental studies of responses of the north- 
ern anchovy (Engradis  mordax) to light stimuli were 

extended into 1964 for additional tests with applica- 
tion of ultra-violet and infrared radiation, and con- 
cluded by the end of the same year. These studies 
revealed a few important factors that are related to 
behavior. These are as follows : 

1. The anchovy is a phototactic animal. 
2. It is capable of discriminating qualitatively be- 

tween monochromatic (green, blue, red) and 
white lights. 

3. It is able to  distinguish green light from blue. 
4. It shows a preference for the green and blue 

lights over white. 
5. It proved to be strongly negative in reaction to 

red light (however, the fish tolerated this type of 
illumination as an alternative to total darkness) . 

6. It is capable of reacting differently to different 
intensities of white light. 

The results of these studies were published in the 
Proceedings of the California Academy of Sciences on 
January 15, 1965 (Vol. XXXI,  No. 24, pp. 631-692) 
under the title “Behavior and Natural Reactions of 
the Northern Anchovy, Engradis  mordax Girard, 
Under the Influence of Light of Different Wave 
Lengths and Intensities and Total Darkness,’’ by 
Anatole S. Loukashkin and Norman Grant. 

The investigation of food habits and feeding be- 
havior of the northern anchovy in California and 
Mexican waters was initiated on July 1, 1963, and 
continued in 1966. By the end of the 1965-66 fiscal 
year, 592 anchovy stomachs had been collected in 
Baja California, southern and central California, 
mostly by Anatole S. Loukashkin. Preliminary analy- 
sis of the stomach contents shows that the northern 
anchovy is an omnivorous feeder. It feeds on both ZOO- 

plankton and phytoplankton. From the scant material 
a t  hand it is difficult to  determine the degree of pref- 
erence for one type of food over the other. It seems 
that the anchovy feeds on the available supply, re- 
gardless of kind. The stomachs collected contained 
either zooplankton exclusively or phytoplanktonic 
ones, or both. However, the bulk of food found in the 
stomachs was zooplanktonic organisms, such as euph- 
ausiids, copepods and amphipods. The euphausiids were 
the dominant food item. Among the diatoms consumed 
by the anchovy, Chaetoceros was found to be a domi- 
nant form. I n  some cases it contributed to 99% of 
the contents in bulging stomachs (Monterey Bay). 

As to the method of feeding, the anchovy is both a 
filter feeder, and a particulate feeder. During the re- 
ported period field observations under natural condi- 
tions were carried on during routine cruises of the 
California Fish and Game M/V ALASKA by Ana- 
tole S. Loukashkin. These observations include records 
of school patterns, feeding behavior, school maneu- 
verability, and readions to artificial light sources and 
fishing gear, of the sardine, anchovy, mackerels and 
other pelagic fishes. 
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California Department of Fish and Game 
Pelagic Fish Znuestigations 

The Department's portion of the CalCOFI Pro- 
gram is conducted by its Pelagic Fish Investigations. 
The primary responsibilities are : (i) basic monitoring 
of tlie pelagic wet fisheries, particularly Pacific sar- 
dine, Pacific niackerrl, jack mackerel, and northern 
anchovy, and (ii) conducting research vessel surveys 
of the pelagic and bathypelagic fishery resources of 
the California Current system. 

Studies of the wet fisheries include : ( i )  sampling of 
coiiiniercial and livr-bait catches to  determine the age 
aiid length composition ; sardine and anchovy age de- 
teriiiinations are made in cooperation with the C.S. 
Bureau of Coniniercial Fisheries ; (ii) interviewing 
fishermen aiid collecting logbook data to nie~sure fidi- 
ing effort and determine catch localities ; and (iii) de- 
termining the amounts of fish landed and insuring the 
accuracy of source documents in cooperation with the 
Dcpartment 's biostatistical unit. 

(hod progress was made with respect to the large 
backlog of age composition and fishery data on jack 
ni:!c.kerel. This information, some dating back to  1947, 
1i;is been processed and the analysis of data and prep- 
aration of manuscripts is in progress. The analysis 
should rereal whether the jack mackerel fishery de- 
pends iipoii highly available year-classes and. if sucli 
is the case, possibly explain fluctuations in fishing suc- 
cess experienced in recent years. 

High priority is being placed on analpsing all age 
cornposition and fishery data relating to Pacific mack- 
erel with the objectire of determing various aspects of 
the popiilation dynamics of the species. Such informa- 
tion has been only partially presented in the past and 
this imrk will aid materially in understanding recent 
changes in the status of Pacific mackerel. 

In November, 1965, the Califoriiia Fish and Game 
C'oniiiiission authorized an experimental iiiicliovy fisli- 
c~ry fo r  reduction witli a quota of 75,000 tons. To do 
the research required to monitor the effects of the 
fishery. an expanded anchory research projrct was 
established by the Department. Concurrent with the 
inception of a reducation fishery new or  revised Sam 
pling aiid monitoring procedures were needed. Pre- 
viously thc anchovy fishery was quite siiiall and 
sampling consisted of 30-fish samples, selected at  raii- 
dom and as convenient, and skipper interviews. This 
sampling procedure continued through the 1963-66 
srason. 

Beginning November, 1963, a logbook system TWS 
inaugurated to obtain catch, effort, gear and fishing 
area data. The chart-type logbook derised prior to the 
1965-66 reduction season prowd successful in fulfill- 
ing its intended purpose aiid with niiiior modification 
will continue to be used. Initial problcni~ with the lop- 
books were lack of coiisistency among fishermen in 
recordirig scouting time aiicl inaccuracy of the fisher- 
men's estimate of catch size. Both problems decreased 
as the  fishernieii gaiiicd experience. Data recorded in 
these logbooks are coded, key punched, and machine 
proccssed to facilitate anal 

At the start of the secoiid anchovy reduction season, 
sanipling procediirrs wrre cah:inged rather extciisiyelj-. 

('hanges mere based on the kiioJTledge gaiiied durillg 
the first season and will probably be modified as the 
fishery increases and as we increase sainpling effi- 
ciency. Briefly our southern California sampling plan 
required obtaining 20 random samples fo r  every <5,000 
tons of fish Innded. The ton (within t h e  .J.000) to be 
sanipld is detcrniined from a table of r,indoin iiun1- 
bers as is the port and the load to be samplrtl. Samples 
itre by weight aiid consist of two 1-pound clustrrs. 
Each cluster is divided into equal parts. All the fiih 
in one part a re  ineasured oiily, froin tlie reiiiaindcr we 
obtain length, Twiglit, sex, maturity, and sc+,tles and 
otoliths f o r  age determination. Maturity is determined 
by a niethod defined by Hjort.2 

Central C'alifornia sampling procedures differ from 
those in southern California in that one 4-pound sani- 
ple is taken each day from alternate reciiwtion plants 
in Moiiterey Bay. The sample is divided into txo parts, 
f are nieasured aiid the remainder of thc s,lmple is 
processed as in southern California. 
a s  part of the expanded anchovy researvh program, 

the Dcqxirtineiit has tagged more than 100,000 north- 
erii anchovies since March, 1966. These fiih hare  been 
tagged and released in areas along the coast from Cape 
Colnett, Baja California to  San Francisco Ra>-. The 
tagging method is that developed by Vrooinan, Pa- 
loma, and Jord6n,3 in which an internal stainless- 
steel-alloy tag is used. Numerous probleiiii n-ere en- 
countered and solved during the past nioiitlis of tag- 
ging. The most serious potential problem was predatioii 
on tagged fish a t  the time of release. To avoid this 
problem all the fish tagged (3,0004,000\ during 1 day 
are released as a group. These fish were mixed with 
a greater number of untagged fish and released over an 
anchovy school whenever possible. 

BJT February. 1967, about 330 tags liad been re- 
covered by magnets in the meal lines of thr processing 
plants. Preliminary returns hare shomi  inovenicnts of 
aiichovies from southern California to Ensrii;tda, Baja 
California. aiid to Monterey, California. Fish have 
also m o v d  between inshore waters aiid offshore waters 
around the southern California Channel lrlanc-ls. The 
larg-c majority of the returns came from near the area 
wliich the tagged fish were released. 

TVith funds obtained through Public I A ~  88-309, 
the Federal Aid for C'ominercial Fisherics Research 
and Dewlopnient Act (Bartlett Bill), the Departinelit 
has grcatly expanded its oceanic surveys of adult and 
juucnilr fislir.ry resources. The scope of the surveys 
was cahaiiged froin a surrey of the inshore area during 
tlie fall months to a year-around survey of all pelagic 
and bathypelagic fishery resources. The sarx.-ey coyers 
the area from Oregon to Magdaleiia Ba;\, Baja Cali- 
fornia. 

A calendar-year survey consists of 10 cruiws each 
of 20 days duration. Eight a r e  echo-sounder \urveys, 
one ~ a c h  to southern Br ja California aiid northern 
('<ilifornia and three each to central and southerii 
2 Hjort, .Tohan. 1910. Report on herring investigations until  Jan- 

uary, I l O .  Cons .  P ~ T J I L .  I n t .  Explo?.. X e r . ,  Pzcbl. Ciwonstance, 
( 5 3 )  ::55. 

\7rooman, Andrew >I., Pedro A. Paloma, and Romulo JordPn. 
19G6.  Exper imenta l  tagging of t h e  nor thern  anchovy, E n g ~ u u -  
lis ?iioTdaX. C'nZif. Fklk n?Zd G n n a ~ ,  52(4) :228-239. 
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California including northern Baja California. Fol- 
lowup cruises in southern and central California serve 
as both gear research cruises and intensive sampling 
surveys. 

The first phase of the expanded survey, in fiscal 
1965-66, w a s  designed to  provide continuity with 
cruises conducted during the past and to  develop the 
following survey techniques, which have been in effect 
since June, 1966. An echo sounder is operated con- 
tinuously during the day over predetermined transect 
lines that extend perpendicularly from shore f o r  a t  
least 35 miles or  until the 1000-fathom depth contour 
is reached. These lines are  spaced 15-30 miles apart 
and average about 50 miles in length. Hourly fixes are 
obtained and the number of schools appearing on the 
echo sounder a r e  recorded for each hour of running 
timci. Identification of species is accomplished by echo 
trace characteristics and by fishing x small, 30-foot 
midwater trawl. The trawl is also fished at regular 
IO-miles intervals during the night as the vessel re- 
turns inshore over the outbound transect lines. A 
record is kept of all visually observed surface schools 
and indications of fish during both day and night. 
Catch records include species, numbers, sizes and sex. 
Scale or otolith samples are obtained Prom the im- 
tant species fo r  determining age composition. Limited 
oceanographic obserrations pertaining to fish distribu- 
tion are regularly obtained. These include bathyther- 
inograph casts, water turbidities, temperatures, aiid 
weatlier conditions. 

We hare now completed five cruises of this new 
type ; two to central California. two off southern Cali- 
fornia which includes northern Baja California and 
one in southern Baja California. Anchovies have been 
tlie dominant species in all areas. Since these surveys 
were initiated some important seasoiial distribution and 
beharioral aspects have been deterniined fo r  anchovies. 
During spring the anchovy population was composed 
of thousands of rery sniall schools distributed over 
large areas extending at least 50 to  80 miles offshore. 
These schools were located near the surface in clear, 
deep water and normally contained less than 2 tons of 
fish. All were adults in advanced spawning stages. 
I m g e  compact schools, suitable f o r  purse-seine fishing, 
were scarce and found only in a, few localized areas. 
*Juvenile fish were generally found close t o  shore in 
water shallower than 50 fathoms. During sumnier and 
fall all sizes of anchovies were found rniich closer to 
shore, a t  greater depths, and in larger but fewer 
schools. Decrease? in school numbers f rom spring to 
fill1 in th(J southern California area exreedd 80 per- 
cent. These rcsults indicate that, in general. the fish 
spread over a large area in spring to spawn and con- 
centrate in small coastal areas during suninier and fal l .  
The most opportune time to estimate population size 
appears t o  be spring. With the large iiuinber of schools 
and extensive distribution, echo sounding surveying 
is much inore effective. Schools size and identification 
are also inore easily detemniined. Fall aiid suninier dis- 
tributions, with fewer and large schools, decrease the 
effectiveness of tlie echo sounder in probability of de- 

tection, species identification and school size determi- 
nation. This type of distribution and behavior should 
be more favorable for commercial fishing. 

School types and behavior patterns were also ob- 
served. Small numbers of horizontal-layer school 
types 80 to 100 fathoms below the surface and more 
numerous plumes located 20-50 fathoms deep were 
the predominant schools in northern Baja California 
and central California. The southern California region 
contained these types plus plume-type schools a t  shal- 
lower depths. At nightfall a11 school types came to 
the surface where almost all dispersed into surface 
scatter or loose detached school segments. Only a very 
few remained compact enough to be visible as a bio- 
luminiscent spot or  register as an echo trace. 

The night behavior of anchovies appears closely as- 
sociated with the upper extremity of the scattering 
laper that coiners toward the surface after dark. The 
after dark rise and surface dispersal of schools sug- 
gests a feeding behavior as eyidenced by the large 
numbers of recently ingested food organisms observed 
in stomachs of night-caught fish. 9 very high percent- 
age of these organisms were euphausiids, which are an 
important constituent of the upper scattering layer. 

Quantities of sardines were present only in the 
southern part of Sebastian Vizcaino Bay. Adults of 
the fall spawning sub-population overwhelmingly pre- 
dominated the samples taken. This group is now ap- 
parently the strongest remnant of the whole popula- 
tion. Incoming juvenile year-classes were practically 
nil. Other species surveyed were minor in importance 
compared to anchovies. Juyenile jack mackerel, 
mostly of the 1966 year-class, were widely distrib- 
uted in small scattcred schools. Trawl catches usually 
ranged from 1 to 50 individuals, they rarely exceeded 
I00 specimens. 

Hale  were locally abundant in July off S a n  Fran- 
cisco. Many- schools were found associated with white- 
bait smelt. Both species were in close association with 
each other, the hake w r e  1 to 3 fathoms off the bot- 
tom with the smelt 3-4 fathoms abovc them. The hake 
appeared as small groups, 20 to 50 yards apart. A 
series of these groups was counted as a school. One 
such school was over a mile across. Those sampled 
were large adults, 20-25 inches. Only minor traces of 
hake were noted in southern California in October 
and no concentrations were seen in November off cen- 
tral California. 

The Department continued to issue data reports on 
past-year cruises (since 1930). The material is coded 
onto I K M  carcls. organized into tables by ail electronic 
computer, and printed directly by a photographic 
process. The data are printed in the California Co- 
operative Oceanic Fisheries Investigations ( CalCOFI) 
Data Report series. 

EicL.lit reports, c o ~ ~ r i n g  the I) years f rom 19330 
through 1938, wcre printed and distribixted whik two 
inore reports 19 and 10) for 1939 and 1960 Twre con- 
pleted niid ready f o r  printing. Data fo r  the sevra l  
additional yearc, were partially processed and will be 
printed as they are ready. 
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Hopkins Marine Station 
The Hopkins Marine Station of Stanford Univer- 

sity a t  Pacific Grove, California, conducts studies on 
the environment and organisms of the coastal waters 
of central California. Under the CalCOFI Program 
the marine station monitors the marine climate and 
phytoplankton of Monterey Bay. Approximately 
weekly cruises to six stations are made on Monterey 
Bay, and daily shore temperatures are reported from 
Pacific Grove and Santa Cruz. The data collected are 
compiled and distributed to interested agencies and 
individuals in the form of mimeographed quarterly 
and annual reports. A short paper summarizing some 
of the results obtained appears elsewhere in this 
report. 
Scripps Institution of Oceanography 
Marine Life Research Program 

The Marine Life Research Program includes that 
portion of the research of the California Cooperative 
Fisheries Investigation that is conducted by the 
Scripps Institution of the University of California. 
This program has been principally concerned with 
the ecology of the California Current system-that is, 
its currents and countercurrents, temperatures and 
temperature fluctuations, and its chemistry. plankton, 
climatology, etc. 

The Marine Life Research Program (MIJRP) has 
also expanded its scope considerably through a series 
of contracts and grants from the Office of Naval Re- 
search, the Atomic Energy Commission, the National 
Science Foundation, The Marine Research Commit- 
tee and others. It also has expanded by informal coop- 
eration with the Navy, the Coast and Geodetic Sur- 
vey, other research programs of the University, etc. 

I n  addition to the broadened research into the east- 
ern North Pacific, the MLR also is carrying on its 
responsibilities for the monitoring of the California 
Current and the anchovy fishery, as discussed in the 
CalCOFI Statement. 

The MLRP thus plans a thorough coverage of the 
California Current System each three years (1969 
next) , and a continuing expansion of the several pro- 
grams, descriptions of which follow. 

The reduction of the load of routine data 
collections, has allowed an acceleration of the analysis 
and publication of the data taken over the period of 
intense inquiry. The last several years have thus seen 
the publication of a number of atlases on the distribu- 
tion and distributional changes of the principal 
planktonic organisms of the eastern North Pacific. 
The atlases now published or  in press include the 
Copepods of the California Current, Vol. I ;  the Eu- 
phausiids ; the Dynamic Heights ; and 10 Meter Tem- 
peratures. Other atlases in late stages of preparation 
are : Copepods, Vol. 11; Biomass of Zooplankton (see 
below) ; Chaetognaths ; Molluscs ; Anchovy Larvae. 

Within the next year there thus will be in published 
form the most extensive biological and physical ocean- 
ographic documentation of any oceanic re,’ eion on 
earth. The atlases are published with particular at- 
tention to the requirements of an interdisciplinary 
cooperative program, so that scholars in a number of 

Atlases. 

different disciplines can compare distributions and 
check their hypotheses of interaction and dependency. 
The atlases are thus precursors of much added dis- 
covery. 

In the last several years the 
problems of arriving at  a meaningful measure of 
zooplankton have been resolved. The purpose of the 
biomass analysis was to develop a measure and metho- 
dology for the zooplankton that would typify it as 
a functional component of the organic milieu. This 
is in distinction from a strict taxonomic breakdown. 
The nineteen functional groups are measured in vol- 
ume in each sample. Thus the data from each cruise 
can be presented as the actual organic component of 
the water represented by each of the groups. The 
variations between years is striking and is related to 
the varying oceanographic conditions. 

As the zooplankton are the vital food for most of 
the small pelagic fishes, these fluctuations are par- 
ticularly important to the CalCOFI objectives. 

Biomass analysis of the zooplankton have now been 
completed for a number of years and the first atlas 
will soon be published. 

As previously reported, 
the sediments in certain basins are apparently laid 
down in annual layers and subsequently undistrubed. 
These sediments thus contain a “record” of almost 
annual resolution of the oceanographic and marine 
biological conditions of the overlying waters for  a t  
least the last several thousand years. 

We are thus able to reconstruct the range of condi- 
tions to which the region has been subjected with a 
greatly enhanced insight. The conditions during re- 
cent studies can be placed in an extremely important 
perspective. 

Sediments of this type have now been found in 
about six locations along the Pacific Coast from 
southern California to central Peru. 

Fish scales are abundant and extremely well pre- 
served in these sediments. The initial findings in 
southern California sediments are that the sardine 
scales are only twice abundant in these sediments. 
The recent period of about seventy years was a period 
of abundance and there was a similar period about 
eight hundred years ago. At other times sardine scales 
are rare. On the other hand the scales of the anchovy 
and the hake are in high abundance throughout the 
entire period except for short periods of time. An- 
chovy scales were rare in the recent period. The recent 
period appears to be typified by a weak California 
Current. 

The importance of the local and world-wide im- 
plications of this sediment work can scarcely be exag- 
gerated. It is an unexpected, unprecedented and po- 
tentially powerful entree into a very broad under- 
standing of the distribution and variations of pelagic 
fishes and the related oceanographic conditions. 

Sediment Collections. Not unrelated to the find- 
ings of the sediments, the MLRP has recently devel- 
oped a collector that can be placed on the bottom of 
the deep ocean, and which will collect coarse particles 
of sediment that are precipitating from the water 

Biomass Analysis.  

Varved Sediment S t u d y .  
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column. Although only a few experimental sets have 
been made, from the data collected have been made 
the first direct estimates of the natural generation 
time of some planktonic marine organisms. It may 
be that this approach can yield much fundamental 
understanding of the economy of the sea that has 
avoided other efforts. 

Included in the MLR 
program is a continuing study of the position of 
marine productivity in the food potential of this 
plant. This study is, of course, highly approximate. 
Nevertheless it aids in placing fishery development 
in perspective. Figure 1 compares the productivity of 
the land and sea and the related harvest by man. The 
potential harvest of the sea is seen to be several orders 
of magnitude greater than the present, or  enough 
animal protein for more than 60 billion people. It 
is clear from this study that such a harvest can be 
achieved only by the capture of rather primitively 
feeding fish, such as the anchovies and sardines. 

I n  addition, the probable efficacy of such interven- 
tions as artificial upwelling can be evaluated in such a 
perspective matrix. I t  appears that the heat rejection 
required to produce the world’s power requirement 
from atomic sources can incidentally increase the 
ocean productivity in an amount approximately suffi- 
cient to supply a quarter of the needed protein. 

Planetary Food Potential. 
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FIGURE 1. Diagram of total energy cascade into the food of the 

marine and terrestrial realms.-prepared by W. Schmitt. 

Details of these and other such considerations can 
be found in several of the listed publications. 

Sardine Parasites. An. investigation into the 
stomach contents of sardines indicates that the sardine 
population off California was increasingly parasitized 
by two species of trematodes during the period 1925 
to 1955. I n  later years the infestations were very 
heavy. There is even some evidence of competition 
between the two species of trematodes within the 
sardine stomachs. Such competition would be almost 
certain evidence that the infestation was damaging 
to the sardine. 

Neither the sardine below Sebastian Viscaino nor 
the anchovy were subject to such infestations. 

Whether or not this infection contributed to the 
decrease of sardine stocks cannot be definitely ascer- 
tained. 

The Years 
of Change 1957-58, brought to our attention the fact 
that variations in oceanic conditions were not of local 
origin but rather involve the entire North Pacific, 
if not the entire planet. We now know that non- 
periodic departures from normal sea surface tempera- 
tures are common throughout the oceans. I n  the North 
Pacific these anomalous conditions are often large 
scale and of long persistence (ea. $ the width of the 
Pacific and of 2 years duration). These anomalies 
are associated with changes in weather conditions, the 
distribution of marine organisms, circulation, etc. 
We are now planning a large-scale study of these 
anomalies and their associated conditions utilizing a 
large number of unmanned instrument stations over 
a major part of the North Pacific. 

I n  preparation for this research, a pilot study has 
been carried out. This study has revealed a number of 
high intriguing characteristics of these events that 
will require explanation. Among these findings are : 
A dependency of anomalies on the local spatial tem- 
perature gradient over one-half of the year; a rela- 
tively smaller variation in spatial and temporal tem- 
perature gradients in the regions of high anomalies 
than in the regions of “normal” conditions; an ani- 
sotropy of the heating-cooling cycle ; and others. 

I n  addition, the first long-term records from un- 
manned stations have been obtained. These have shown 
several important features including astronomic peri- 
odicities of temperature fluctuations. 

This planned study of the North Pacific should 
result in better insight and input into North hemis- 
pheric meteorological and oceanographic prediction. 

Some of these deep moored stations will be installed 
in the CalCOFI area and will result in almost con- 
tinuous offshore data. 

The oceanographic stud- 
ies of the eastern North Pacific have been extended into 
deep water. The findings have been most significant. 

Many of the conditions of the deep ocean bottom are 
virtually unexplored. The near-bottom currents are 
very poorly known, and little is known of the active 
creatures of the deep ocean floor. The development 
of autonomous instruments a t  Scripps has allowed 

Xea Xurface Temperature Anomalies. 

Deep Benthic Conditiolzs. 
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us to add some insight into these conditions. Deep 
currents in the eastern North Pacific have been found 
to be low but of somewhat higher velocity than antici- 
pated (ea. 3 cm/sec), and the fluctuating component 
has been found to result principally from the lunar 
semi-diurnal surface tide. We have also demonstrated 
the presence of unexpectedly large fish populations 
(see Figure 3)  including w r y  large climax pre- 
dators, whose presence o n  the deep ocean bottom is an 
environmental condition of importance. 

TnstrirniPnt D c w l o p w m t .  Recent instrument de- 
velopment in the MLRP has been remarkably sucess- 
ful. All recent deep moorings have remained in 
operation at  least six months in the open sea and one 
remained fo r  23 months. Long period records are now 
available that greatly increase our understanding of 
ocean conditions and are allowing the greatly in- 
creased program. 

The autonomous instruments are valuable for re- 
search of the deep bottom. 

The new Isaacs-Brown Opening-Closing Midwater 
Trawl is yielding much needed data on the vertical 
distribution of marine organisms. 

New instruments under development include new 
sensors for  deep moored stations, an acoustic release 
for autonomous instruments, isotherm following 
floats, etc. 

. . . . . . . . . . . . . . . .  : : : : : : : : :  . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

Special Cruises. The special cruises of the MLRP 
have been directed toward : (1) instrument develop- 
ment, ( 2 )  exploration of deep benthic conditions in- 
cluding the varved sediments, ( 3 )  cruises to explore 
and further delineate biological and oceanographic 
conditions in the North Pacific. Three such cruises 
were carried out in the period. 

I n  summary, the MLR program over 
the recent period has greatly expanded its competency, 
range of interest, and findings. This expansion has 
been spatially into the North Pacific, rertically to  the 
sea bottom, and temporally into the past range of 
conditions of the California Current. 

This expansion is dependent upon and additive to 
the knowledge and insight that the CalCOFI program 
has created which is serving as a precious foundation 
for an expansion of research and the opportunities of 
California-and vindicating the prediction of the gen- 
itors of the CalCOE'I program that the Pacific can 
represent a freedom to  the State of California rather 
than a barrier. 

U.S. Bureau of Comnsercial Fisheries 
California Current Resources Laboratory 

The former La Jolla Biological Laboratory, the 
oldest Bureau of Commercial Fisheries Laboratory in 
California, was renamed the California Current Re- 

Sunzniary. 

2nd Carnivores  

3rd Carnivores 

_ _ - - -  
1965 Harvest  

(112 of ca tch )  

. . . . . . . . . . . . . . . .  . . . .  
(45) . . . . . . .  . ;  . . . . . . . . . . .  

6.0 x 1 0 ~ 7  
14 

1.2 x 10 9.0 x 10 13 

(7) I. . .!A / . P  r, / 4 

1.8 x 10 

(1) - 1.4 13 9.0 x 10l6 

7.5 x 1oI6 1.5 
----- 

1.0 x 10 13 

(0.8) - 
ac tua l  human consumption 

(0.4)  - 

Flounders,  Crabs, Lobster. Sea - s t a r s ,  
Fish l a rvae  and f r y  

Squid, Salmon, Tuna, Cod. Hake, 
Porpoise,  Ska te s  and Rays, Sea b i r d s  

Sea l s ,  Sharks, Toothed &ales, 
Marlin 

_ _ _ _ - _ - - - - -  
Herring, Anchovy, Menhaden, Cod, Hake, 
Haddock, Rockfish, Mullet ,  Tuna, 
Mackerel, Salmon, Flounders,  Squid. 
Oyster,  Crabs 

Note: The food chain should m t e  accu ra t e ly  be thought of as a foodweb, in which most organisms feed on m r e  than one 
t roph ic  l e v e l ,  changing d i e t  with t h e i r  age ( e s p e c i a l l y  when young) and t h e  a v a i l a b i l i t y  of food. 

FIGURE 1. Diagram showing the total marine food web. Hatched areas show total food ond total protein food a t  each step.-prepared by W. Schmitt. 
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FIGURE 3. Grenadiers, hagfish, migrating tube warms and other creatures attracted to a bait and photographed by an untethered automatic camera 
at 1200 fathoms off Baja California.-(field view i s  about 9’ x 12’). 

sources Laboratory in 1964, and in September of that 
year mored from the old, frame building on the 
Scripps campus, where it had bwn housed since 1954, 
to the newly built Fishery-Ocranography Center 011 it 
cliff site orrrlooking the ocean, $-mile north of the 
old location. 

The Center is a strikingly modern laboratory, built 
of prestressed concrete and includes four multi-story 
buildings around a center courtyard. Noteworthy fea-  
tures of the Center are research laboratories grouped 
into functional complexes for studicJs of physiology, 
fish taxonomy, behavior, culturing of niariiie organ- 
isms, radiobiology, population ecology, aiid chemical 
and physical oceanography. An experiinc~ntnl scil- 
water aqu;irium w1iic.h delivers 200 gallons per min- 
ute. ria epoxy-lined asbestos concrete and polyvinyl 
pipe lines from the Scripps Institution of Occanog- 
rapliy pier, is the focus for rearing aiid behavior ex- 
periments and physiological studies on fish and other 
marine organisms. These excellent facilities hnve made 
possible some of the results discussed later, as for ex- 
anrple, tlw successful rearing of pelagic marine fish 
l a r r ~ e  ;ind tlic maintcnance of euphausiid shrimp in 
captivity. 

The California Current Resources Laboratory carries 
out a broadly based research program, emphasizing 

the study of pelagic fishes, exclusive of the temperate 
tunas, in the California Current region. The ocean 
surrey program is carried out cooperatively with the 
Scripps Institution of Oceanography’s Marine Life 
Research Group. With the California Department of 
Fish and Game, the California Current Resourves 
Laboratory investigates the age and size composition 
of commercial landings of sardines and anchovies, and 
contracts with the California Academy of Sciences to 
sample t h e  sardine and anchovy fisheries of Baja 
California. 

W e  have tried to acliiere a balance in the California. 
Current Rwources Laboratory between basic and ap- 
plied research. The laboratory has pioneered in ser- 
eral  important areas of ocean research, including the 
taxononiy of prlagic marine fish eggs and larvae, the 
u s c  of systematic egg and larva. surveys of oceanic 
areas for evaluating fish resources, the use of blood 
genetics f o r  establishing the existence of genetic stocks 
(subpopulations) within the Pacific sardine popula- 
tions, t h e  rearing of pelagic fishes from eggs through 
larral stages to  jureiiiles, and the gaining of an 
understanding of t h e  hpdroclynaniics and performance 
of plankton sampling gcar. 

Bio-oceanographic ~ W L W J S .  Sixteen bio-oceano- 
graphic surveys were made on the CalCOFI pattern 
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from July 1963 through June 1966. Coverage was on 
a quarterly basis through 1965 and then on a monthly 
basis in 1966. 

The research vessel, Black Douglas, which was used 
almost exclusively for CalCOFI surveys, was retired 
after the last cruise in 1965 and replaced by the new 
reseasch vessel, David Xtarr Jordan, which began its 
work in January, 1966. Jordan was designed specifi- 
cally for oceanographic and biological research. It is 
of steel construction, 171 feet long, with a cruising 
speed of 12 knots, fuel capacity for 40 days, and a 
range of 12,000 miles. Special features include a bow 
thruster, underwater observation ports, biological, 
chemical, and hydrographic laboratories, research 
sonar, radar and navigational equipment. 

Certain changes were made in coverage and methods 
of sampling during these years. I n  January and July 
1964, a special grid of SO+ stations was occupied off 
Pt. Arguello to determine more fully the areal dis- 
tribution and seasonal changes in abundance of fish 
larvae in that area. I n  all of the 1965 cruises, two sam- 
ples were taken a t  most stations, one with the stand- 
ard 1-m net and the other with a fine mesh (0.27 mm) 
1-m net hauled together with or consecutively after 
the standard net. This was done in order to obtain 
information regarding the kind and degree of under- 
sampling by the standard net of anchovy eggs and of 
very small fish larvae. I n  1966 almost all collections 
with the standard net were made in assembly with a 
newly-designed 3-m “anchovy egg net” (0.33 mm 
mesh). 

I n  calendar 1966, monthly coverage, the first since 
1960, was re-instituted in order to obtain data for a 
base year for studies of the anchovy population, in 
keeping with the opening of an experimental reduc- 
tion fishery. Adequate coverage of the pattern from 
San Francisco to southern Ba ja California usually 
requires a t  least two ships. Since it was not always pos- 
sible to have two fo r  each month, surveys for one ship 
were planned always to include the pattern off south- 
ern California from Point Conception to San Diego 
and either to work north to San Francisco or south 
near Magdalena Bay. 

The monthly surveys of 1966 will permit us to 
obtain current estimates of abundance of other im- 
portant fishery resources in the CalCOFI area in 
addition to the northern anchov3.--particularly Pa- 
cific hake, jack mackerel, sardine, and rockfishes. 

During the period of 
this report, three cooperative hake cruises were made, 
usually employing the Black Douglas of this labora- 
tory and the John  N .  Cobb of the Exploratory Fish- 
ing and Gear Research Base, Seattle, Washington. 
The purpose of the cooperative cruise was to determine 
the location and extent of spawning concentrations of 
adult hake off California and Baja California and the 
quantities that could be captured per hour of trawling. 
All of the cruises were made in February-March, 
the months of peak spawning of hake. 

I n  order to locate concentrations of spawning hake, 
the Black Douglas scouted for high concentrations of 
newly-spawned hake eggs by means of a systematic 

Cooperative Hake  Xurveys. 

program of plankton sampling and examination of 
samples immediately after collection. When high con- 
centrations of eggs were found, the information was 
radioed to  the Cobb, which moved to the area, located 
the position of spawning adults with its echo-sounding 
equipment and then lowered its large pelagic trawl 
to appropriate depths. IJsing this method a direct 
relation was found between areas of high egg con- 
centration and the presence of spawning adults. Sev- 
eral such areas of adult hake abundance were surveyed 
off southern California and northern Baja California. 
One of the concentrations was estimated to extend over 
23 square miles. The largest catches were obtained 
offshore from San Diego (in the vicinity of CalCOFI 
station 97.35). A catch of 20,000 pounds was obtained 
in one of the 1-hour sets. The location of spawning 
concentrations changed from year to year. Hake were 
encountered at  depths of SO to 225 fathoms with the 
fish occupying the shallower depths a t  night. 

Males predominated in most catches, often contrib- 
uting 90 to 95 percent of the fish caught. Males ap- 
peared to be more permanent residents of spawning 
schools than the females. The latter appeared to enter 
the spawning schools f o r  a brief period, spawn their 
eggs, and then leave. 

Anchovies were taken in more than half the trawl 
hauls made by the Cobb during the cooperative cruise 
of 1964. The most interesting phenomenon relating 
to these fish was their consistent occurrence during 
the day at  depths of about 12.3 fathoms, and on one 
occasion a t  a depth of 185 fathoms. At dusk the 
echograms showed the schools rising to the surface. 

Distribution of Schooling Fish as Determined by 
Sonar. With the commissioning of the David Xtarr 
Jordan in January 1966, the Behavior program 
started a field study of the distribution, movements 
and abundance of schools of anchovies and other pe- 
lagic species. The Simrad sonar installation will be 
the primary tool in this project. To date four surveys 
have been carried out in conjunction with monthly 
egg and larva cruises. Analysis of the sonar records 
has revealed that a few large aggregations of fish 
schools occurred on each cruise. I n  half a dozen cases 
the peak counts were higher than 100 schools per 10 
miles and in one case as high a s  200. These aggrega- 
tions, furthermore, were extended over distances of 
20 to 40 miles, some along the coast and some on 
station lines extending offshore, and a number of them 
were identified as anchovies by underwater observa- 
tion. Targets of a biological nature also occur fre- 
quently in the outer portions of the survey pattern 
but so far  these have been scattered and usually weak 
in signal strength. Trawling gear, which will be used 
to obtain samples for identification and life history 
information, has been tested but not yet used 
routinely. 

The potential of sonar for ecological surveys and 
resource evaluation is evident not only in the high 
rate of target registration, but also in the way the 
limited sonar data already taken relates to  other kinds 
of information collected. A major shift in distribu- 
tion of anchovy concentrations within a period of 4 
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weeks, for instance, appeared to be associated with 
a marked shift in surface temperature distribution. 
Also, simultaneous depth sounder records indicate 
that some of the variation in distances at which school 
groups are detected from the vessel is probably related 
to the depth of the groups. On one occasion schools 
were observed to move vertically in close coordination 
with the deep scattering layer. The accumulation of 
such information, along with studies based on tracking 
schools, an operation already attempted with moderate 
success, should provide rillu>lble field information for 
understanding the beharior of these fishes in relation 
to features of their environment, and perhaps also 
for estimating their seasonal and regional abundance, 
at least in a relative spnse. 

Rc~o w c c  If ~ ' C I  of ion. Per II aps th e prim. ii c ( ~ 1 1 1 -  
plishment of the California Current Resources Liibo- 
ratory has been the denionstration that systematic 
surreys of fish eggs and larvile constitute one of the 
best means available for evaluating fish resources. 
These surreys have shown that there are a number of 
important fish resources in the California Current 
region that are underutilized or not fished at all. The 
most iihiindant of thew is the anchovy, which has 
shown a 10-fold increase during the 16  years of Cal- 
COFI surreys. Second only in abundance to anchory 
Inrvae are those of the Pacific hake. Jack mackerel 
larvae are less abundant in the area surveyed but 
inore widely distributed. This species spawns through- 
out the CalCOFI area, but eggs and larvae are more 

Common in the outer half of the CalCOFI pattern; 
the offshore extent of spawning of jack mackerel 
seldom is cwrnpletely delimited by CalCOFI surveys. 

Of more importance is the documentation of the in- 
teraction between the sardine and anchovy popula- 
tions. The anchovy population increased in abundance 
its the sardinc. decreased. Competition, coupled with a 
selective fishery for the sardine, gradually allowed the 
anchovy to become predominant in its trophic level. 
We are vitally interested in whether the action is 
reversible. Can the abundance of the sardine popula- 
tion gradually be increased by applying differential 
fishing pressure to the anchovy resource 2 

The program for 
rearing pelagic marine fish larvae has the basic objec- 
tive of developing techniques mid equipment by which 
marine fishes may be cultured under laboratory condi- 
tions from the egg stage through the larval and meta- 
inorphic stages to the juvenile and eventually adult 
stage. Many scientists have attempted to rear pelagic 
marine fishes during the past century because of the 
wide scientific and commercial applications inherent 
in this accomplishment. Rearing pelagic fish larvae 
under laboratory conditions opens ninny avenues of 
scientific inquiry and provides new areas of specific 
studies on larval fish survival, taxonomy, embryology, 
physiology, and behavior. 

Progress during the past 3 years of experiments 
j n  rearing pelagic fish larvae at  this laboratory has 
culminated in outstanding success in multiple rearings 

Kcaring Pe lag ic  Marine Pishcs. 

FIGURE 4. School of Pacific mackerel, reared from eggs by Dr. George Schumann.-photo by Gearge Mattson. 
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of northern anchovy, Pacific sardine, and Pacific 
mackerel. Many hundreds of individuals of these 
mluable commercial species were reared from their 
eggs to the juvenile stage in the laboratory. At  the 
same time approximately 18 other species of marine 
fish were successfully carried from hatching through 
metaniorpliosis to the juvenile form. 

Success in rearing may have resulted from the 
combination of a suitable environment and a good 
food supply. Observations on  newly-hatched larvae 
indicated tlie need for large volumes of sea water 
because of its stability of temperature, salinity, and 
biotic factors. Large aquaria provide room for swim- 
ming without frequent contact of walls, one of the 
major causes of mortality of laboratory-rrarrd fishes. 

,4t first feeding, sardine and anchovy larrae require 
high densities of food in tllrir immediate environment. 
Live plankton has been provided, which lias been 
obtained by filtering large volumes of sea water to 
obtain sufficient numbers of minute plankton organ- 
isms of sizes that can be ingested by newly-feeding 
larrae (organisms no largcr than 0.08 mni in diam- 
eter). As the larvae grew, larger food organisms were 
supplied in high densities. 

Sardine and anchovy larvae, a t  first feeding, ciin 
swim only limited distances. Their swimniing ability 
requires that the entire volume of a 500-gallon 
aquarium must contain uniform distribution of food 
organisms at  a density not less than 4 per cubic centi- 
meter of water, regardless of whether only one larvae 
or a thousand are being cultured. This problem w a s  
solred by restricting the space for the larrae with 
use of thin-walled plastic bags floated in the aquarium. 
The thin plastic permitted gas exchange to take place 
brtween the wxtrrs inside and outside of tlie bag, while 
the soft material offered very little resistance when 
struck by a swimming larva. When larvae become 
able to hunt food over greater distances, the bags were 
silt open and the growing fish allowed the freedom of 
the larger container. 

A major goal of 
the Life History and Taxonomy program is to prepare 
complete descriptions of the life history stages of the 
fishes that contribute eggs and larvae to the plankton 
of the California Current region. A4 major study is 
being made of rockfishes (Xebastodes spp.). 

The large number of rockfish species (more than 
50) pose an immense problem in attempting to  iden- 
tify rockfish larvae collected in plankton. The problem 
is simplified by the fact that rockfish are live bearers 
that retain their young to  the larval stage. Such early 
larvae of 17 species haw been obtained from identified 
females and have served as a means for  identifying 
the later larval stages in our collections. 

The complete series of derrloprnrntal stages from 
the developing embryo to the adult, have been de- 
scribed for Xebastodes pnzrci.spiiai.s. It was found that 
young of this rockfish species spend the first several 
inoiiths of their life as epipelagic larvae and trans- 
form into juveniles a t  30 mni length. Juveniles are 
found in shallow coastal waters over rocky bottom3 
in association with Agile (Macrocyst is ,  Laminarin, and  

Life History Studies o f  Rockfish. 

Egrcgia)  or over sand bottom in association with eel 
grass (Zos tera)  . Juveniles remain in vaters shallower 
than 20 meters during their first year of life, then 
move into deeper water. Most of the adults collected 
were found in depths of 80 to 300 meters during the 
investigation. 

Since the start of the work on 
quantitative sampling of fish eggs and larvae in 1939. 
the California Current Resources Laboratory has been 
involved in problems of quality control of plankton 
collection. I n  1963 the diverse plankton-sampling 
studies were united under one program. The work of 
the Plankton Uynaliiics program is divided into four 
areas : plankton sampler design and operation, plank- 
ton bchavior, riiicrodistributioll, and measures of 
amount of zooplankton (biomass). 

I t  w a s  our judgment in starting the plankton pro- 
gram that two major problems were inhibiting the 
improvement of precision and accuracy in quantita- 
tive zooplankton sampling. One problem area was that 
of plankton behavior, of the responses of organisms 
to sampling gear. The other was an inadequate under- 
standing of the operation of plankton sampling gear. 
As anticipated, the description of the performance of 
sampling gear has proceeded a t  a faster pace than the 
study of the biological problems. 

Comprehensive tests of hydrodynamics of plankton 
sampling devices were carried out a t  the David Taylor 
Model Basin near Washington, D.C. Eighteen persons 
participated in or were actively associated with these 
tests, including personnel from five BCF laboratories 
and from several university and industry groups. 

The tests showed that in “clean” water at the model 
basin, the amount of effective straining area rather 
than the size of the mesh apertures was the predomi- 
nant consideration. As long as the ratio of mesh aper- 
ture area to mouth area was i t  least 4 to  1, little 
diff erence was observed in filtering efficiencies of fine 
or  coarse-meshed Nites nets in “clean” water at 
towing speeds of 13 to 3 knots. All had filtering effi- 
ciencies of 90 percmt or  more when new (less if the 
net previously had been used at  sea). 

The tests also showed that bridles and tow cables 
cause major accelerations and turbulence in the water 
ahead of ncts. Although thew disturbances have little 
eRrct iipon t h e  actual filtering efficiencies of large 
nets, they provide cues to which animals may respond 
to avoid capture. 

Following the studies of plankton net performance 
under controlled model basin conditions, the nets were 
taken to sea, in order to study the effects of clogging 
on plankton net performance. The telenietering flow 
measuring devices used for the model basin tests were 
adapted for use at  sea. Clogging was monitored in 
srreral phytoplankton rich areas, usually near shore. 
as well as in clear waters, 250 miles seaward of Pt. 
Conception. The rate of clogging wvas found to  be 
markedly dependent upon tlie composition of the 
plankton community. When a series of nets mere 
tested in plankton-rich waters at the same locality. 
the rate of clogging was found to be affected by mesh 
aperture size, mesh aperture amount and net form 

Plartkton Dynamics. 
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(whether cylindrical, conical, or cylindrical-conical) - 
listed in order of importance. 

Mesh aperture sizes markedly affected the rate of 
clogging. The smaller mesh sizes clogged a t  a rate 
which was related to the area of the individual mesh 
aperture. We concluded that the finest mesh practical 
for the usual survey tows should be 0.3 mm mesh 
aperture width but that even in such a net the com- 
bined areas of the apertures would have to be a t  
least 8 times the mouth area to get sustained filtra- 
tion for 15 minutes a t  2 knots. 

It was found that mesh aperture amount also 
affected clogging strongly. For instance, in a given 
body of water a 20 percent increase in reserve filter- 
ing area would allow a net to filter twice the amount 
of water before filtration efficiency was adversely af- 
fected. Our studies of the effect of net form on clog- 
ging rate showed that cylindercone nets clog more 
slowly than conical nets. 

An important finding of thr research on plankton 
gear is that the basic filtration characteristics of a 
towed plankton net in the field may be effectircly 
predicted by establishing the proportions of mesh 
aperture area necessary f o r  each size of plankton 
mesh. W e  hare applied these data to the design of 
a small inesli net to retain the eggs of the iiorthern 
anchovy. Since January, 1966, this ne t  has performed 
with the predicted efficiency in more than 1.000 tows 
in all areas of the survey region of the California 
coast. 

Before the 
beginning of the anchovy fishery, it was understood 
that a. tagging program would be needed to aid in 
tlie studies of tlie population structure, movements. 
and abundance of these fish, as well as to measure 
tlie eft'ects of fishing pressures. Anchories are ex- 
tremely delicate and susceptible to injury when 
handled, therefore experiments were made to  dcter- 
iniiie whetlzer tagging was feasible and practical. 

Since tags were to  be recovered froin magnets in 
fish canneries, steel internal tags mere chosen for 
marking the fish. It was found that the same type of 
internal tag (13 x 3 x $ mni), used successfully on 
the Pacific sardine, herring, mackerel, and anchoveta, 
could also be used on the anchovy. Mortality was de- 
creased by coating the tags with 3 percent tetracycline 
paste aiid inserting them posteriorly through an in- 
cision cut just dorsal to  the tip of the pectoral fin. 
Coiitrary to expectations, greater mortality was found 
to owur among fish that had been anesthetized before 
tagging than among those tagged withotlt anesthetic. 
Better survir-a1 occurred in freshly-caught anchovies 
tlian in fish that had been held in live bait t;inks for 
several days. 

The California Department of Fish and Game has 
successfully used these methods to tag iiiany thou- 
sands of anchovies off the coasts of California and 
Baja California duriilg 1966. 

Since the metal internal tag is not visible and even 
the incision scar is completely indiscernible after 2 
or 3 weeks, we have been unable to get tag returns 
from the bait fishery. Several methods of externally 

Expc~inientrrl T a g g i n g  of dnchc,c*ies.  

marking the tagged fish have been tested. The most 
promising mark is created by injecting a red fluores- 
cent pigment just under tlie skin of the operele. 
This mark is readily visible in live or dead fish, is 
not injurious to the fish, and, when properly injected, 
does not fade. 

Serology, which was successfully 
employed in distinguishing tlie three subpopulations 
of sardines, is also being applied in the search for 
northern anchovy subpopulations. In order to fiiid 
blood groups that may be usrd in charactcq-iziiig 
anchovy subpopulations, it was necessary to produce 
new blood-typing reagents. We have developed sonle 
new techniques that have enabled us to collrct relw- 
tively large volumes of high titer reagents froin ini- 
munized fish. These reagents produced in fish show ii 

greater degree of specificity t h a t i  reagents that were 
formchrly produced in warm-blooded animals 

Electrophoresis of tissue proteins from anchorit>\ 
has also been tried. The electrophoretic patterns pro- 
duced in polyacrylamide gel from the soluble pro- 
teins of the eyt' lenscs showed iio dift'ereiicrs in an- 
chovies sampled from southern Raja California. to  Sal1 
Francisco. The most promising proteins iiow ;ippear to 
be the transferrins, a specific group of iron-carrying 
proteins found in the blood sera. Transferrins labeled 
with radioactive iron and electropliorrsed on rtarcli 
gel show polymorphism, which appe,rrs to be con- 
trolled by a 3-allcle genetic system. The frequency 
of o(wmmice of these genes in anchovies taken from 
various areas c a n  be used in looking for subpopula- 
tions. 

One of the inajor 
endeavors of the Behavior Program during the past 
several years has been to  develop a quantitative de- 
scription of anchovy feeding : to discover what its food 
prrferences are, how it captures different kinds of 
organisms. and how the rate a t  which it removes food 
from the water depends on the amount present, thc 
size of the fish and its state of hunger. 

Expclriments have shown that predation is by filter- 
ing on orgaiiisnis less thaii I inn1 in length ;~nt l  by 
particulate biting on organisms a few mni or more 
in length. It has been shown tils0 that thr larger 
organisms are preferred, but that the filtering attark 
directed a t  tlie smaller orgmisnis is riot abandoiied 
in favor of biting unless the 1;wger organisms a re  
abundant mougli to providc a grcater rate of caaloric 
intake . 

Other experiments have shown that the rate of iii- 
take oil both sizcs of food orgaiiisius, when they are 
present in surplus qnantity, increases with growth of 
the  fish up to a weight of about 4.0 grams, beyond 
which it taper., off steadily toward i t i i  asymptotic 
le\ el. Though this relation between size and feeding 
rate has the same pattern for the  two sizcs of food or- 
ganisms. the rates a re  higher for  tlie larger items, indi- 
eating that xn anchovy at any size is able to  consume 
more in veight and lieiice in calories of tlie large or- 
gitiiisnis than of the small organisms. Another \et of 
rxpcrimeiits has shown that for an nncliory of any 

Genetic Studies. 
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given size the rate of intake by weight on small food 
organisms is constant for as long as 1 hour after the 
start of feeding, whereas the rate of intake on large 
organisms starts at a much higher level and declines 
rapidly. In  less than an hour it is at a lower level than 
the constant rate on small organisms. Such informa- 
tion, along with the answers to a number of related 
questions, the effect of light intensity and temperature 
on feeding rates, for example, will lead to an under- 
standing of what variations in plankton abundance 
means to the fish in terms of food availability. 

Feeding, Growth, Bespiration, and Carbon Ctiliza- 
i ion of Eupliaicsiid Nzrinap. An experimental study 
was made of the biology of the euphausiid shrimp, 
Eicphnnsia pacifica, describing growth, feeding, respi- 
ration, molting, and the efficiency with which it in- 
corporates carbon from its food into body tissue. 

Among planktonic organisms in the food web of the 
oceans, euphausiid crustaceans rank high in abun- 
dance and importance. They are food for a variety 
of fishes, ranging from sardine and jack mackeral 
to tunas and salmon, and are the chief food of baleen 
whales. 

The experimental studies were dependent upon 
successful maintenance of euphausiids in the labora- 
tory. Techniques were developed that permitted nor- 
mal growth and development of euphausiids in the 
laboratory j some experimental animals were kept for 
over one year. 

The euphausiid shrimp studied. E .  pacifica, is an  
omnivorous feeder, utilizing both algae and small 
zooplankton animals. In  the laboratory, crustacean 
nauplii seemed to be preferred food over unicellular 
algae, but both were eaten when arailable. 

Growth in euphausiids, as in all crustaceans, is ac- 
companied by molting. Euphausiids kept in the labo- 
ratory a t  temperatures similar to those at which the 
animal lives in the sea (9-15°C) were observed to 
molt on the average every 5 days. The dry weight of 
each molt is approximately 10 percent (range 4-14 
percent) of the dry weight of the tininial which pro- 
duced it. Molts contained approximately 46 percent 
ash, 17 percent organic carbon, and 2.5 percent organic 
nitrogen. Each molt contained about 4 percent of the 
organism’s carbon, 2 percent of its nitrogen. 

Assimilation of ingested carbon (digestion) ap- 
peared to  be high, usually over 80 percent, as judged 
from tracer experiments with carbon-14. Respiration 
accounted for  the major portion of the assimilated 
carbon-62 to 87 percent. The long tertii loss of carbon 
due to molting ranged from 6 to 11 percent. The 
fraction of assimilated carbon calculated to appear 
in eggs was 9 percent. I n  young individuals with 
rapid growth, incorporation of assimilated carbon into 
body tissue was as high as 30 percent, in older indi- 
viduals with slower growth i t  was as low as 6 percent. 
Calculations from an oceanic population gave 9 per- 
cent as level of incorporation of organic carbon into 
tissue (excluding eggs and molts) over the life span 
of the animal. 



REVIEW O F  THE PELAGIC WET FISHERIES 
FOR THE 1963-64, 1964-65, 1965-66 SEASONS 

Year California Baja California 
_____ 

1962-63__._.._.__._ 4,172 14,620 
1963-64---------_-- 2,942 18,384 
1964-65 ___......... 6,103 27,120 
1965-66*--_--__-_-_ 719 22,247 

During the past 20 years the Pacific mackerel, 
jack mackerel and sardine fisheries have been major 
contributors to California’s pelagic wet-fish landings. 
I n  the same period the northern anchovy fishery was 
considerably less important, being relegated primarily 
to fresh fish and live-bait landings. In recent years 
the sardine population has declined drastically and 
the anchovy has taken on new significance with the 
authorization of a fishery for reduction in 1965 
(Table 1). 

TABLE 1 

Total 

18,792 
21,326 
33,223 
22,966 

LANDINGS OF PELAGIC WET-FISHES 
IN CALIFORNIA IN TONS, 1962-1966 I Sar- I An- I Pacific 1 Jack 1 

Year dines chovies mackerel mackerel Herring Squid 

1962 _ _ _ _ _  
1963 _ _ _ _ _  
1964 _ _ _ _ _  
1965 _ _ _ _ _  
1966* _ _ _ _  

7,682 1,382 24,289 44,990 653 4,684 
3,566 2,285 20,121 47,721 315 5,780 
6,569 2,488 13,414 44,846 175 8,217 

962 2,866 3,525 33,333 258 9,310 
450 31,089 2,004 20,580 120 8,798 

Total 
__- 

83,680 
79,788 
75,709 
50,254 
63,041 

a Preliminary. 

The vessels harvesting these species consist pri- 
marily of purse seiners, lampara boats. and scoop 
boats. During the past 4 years, vessels have continued 
to leave the fishery; the fleet declining from 69 vessels 
in 1963 to 54 in 1966. Most of the loss was in the large 
purse seine group (over GO feet) which decreased 
from 38 to 29 vessels. 

The fleet operating from Baja California ports 
during the period 1963 through 1966 remained fairly 
stable, between 30 and 32 boats. 

The demand f o r  wet-fish was good during the past 
4 years with cannery imposed vessel limits generally 
50 tons or more. Concomitantly there was a gradual 
increase in the price paid to the fishermen with 
sardines increasing from $60 to $75 per ton and jack 
mackerel and Pacific mackerel rising from $42.50 to 
$75 per ton. 

SARDINES 
1963-64 Period (June through May) 

For the second consecutive year, cannery season 
landings dropped to an all-time-low. Central Cali- 
fornia landings (August 1, 1963 to March 1, 1964) 
amounted to only 943 tons. Southern California land- 
ings (September 1, 1963 to March 1. 1964) were 
slightly higher a t  1,089 tons. Samples from both areas 
indicated 62 percent of the catch was produced by 
the 1958 and 1959 year-classes. Statewide landings 
for the 1963-64 period were 2,942 tons, 

I n  central California, primary areas of catch were 
Monterey Bay and the coastal areas from Point Sur to 

Point Lopez. The southern California catch came 
principally from Santa Catalina Island, with smaller 
quantities taken a t  Horseshoe Kelp, San Nicolas 
Island and between Santa Cruz and Anacapa Islands. 

( 2 1 )  
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Year 
--_-_- 

catch during the 1965-66 period was approximately 
719 tons with most of the fish going to  the fresh fish 
markets, where the fishermen received from $200 t o  
$400 per ton. The primary areas of catch were Santa 
Catalina Island and the Horseshoe Kelp area. 

Landings in Baja California dropped to  approsi- 
iiiately 22,000 tons fo r  the period June, 1965 through 
May, 1966. Landings from September 1,1965 to March 
1, 1966 aniounted to nearly 7,400 tons. The demand 
f o r  sardines was good; 32 purse seiners were kepi; 
busy supplying 10 canneries with fish. The price to 
the fishernicn rctlzaiiiPd fairly stable at $40 per ton. 

ANCHOVY 
In  1963 and 1964 anchovy catches were used in 

canning. as fresh fish and as live-bait. In November, 
1965, the California Fish and Game Commission 
authorized the use of 75,000 tons of anchovies for 
reduction into fish meal. In  late-November, 1965, the 
experimental anchovy fishery for reduction opened. 
Landings were negligible through the end of 1965, but 
began picking up in February of 1966, and by the 
end of the season (April 30, 1966) over 16.000 tons 
of anchovies had been landed. The Horseshoe Help 
area produced about 75 percent of the fish taken. 

TABLE 3 

COMMERCIAL LANDINGS AND LIVE-BAIT CATCH 
OF ANCHOVIES IN TONS, 1962-1966 

Commercial 
Landings 

_____ 
1962 
1963 
1964 
1965 
1966" .............. 

............... 

............... 

............... 

............... 

1,382 
2,285 
2,488 
2,866 

31,089 
I 

* Preliminary. 

Live-Bait Total 

6,167 7,549 
4,442 6,727 
5.191 7.679 
6,148 9,014 I 6,636 37,725 

Los Angeles-Long Beach Harbor provided most of 
the fish for the live-bait fishery during the period 
from 1963 to 1965. 

The age composition of the 1963-64 live-bait catch 
at  Port Hueneme, San Pedro and Newport were 
similar. Zero 's, one's, and two's constituted between 
80 and 90 percent of the fish sampled. The most 

prominent group was the 1962 year-class (one-year- 
old fish). At  Port Hueneme, 46 percent of the fish 
sampled were from the 1962 year-class ; at San Pedro, 
54 percent and at  Newport, 45 percent. 

I n  1964-65. the one's (1963 year-class) were again 
dominant in the live-bait samples. At Port Hueneme 
the 1963 year-class made up 45 percent of the fish 
sampled; 37 percent a t  San Pedro and 6 i  percent a t  
Newport. 

MACKEREL (Ma y-Ap r i I) 
Pacific mackerel landings have dropped steadily 

since 1962-63 when about 23,000 tons were taken. 
During the 1965-66 season the catch fell to 3,788 tons 
(Table 4) ,  and the outlook for the npxt 2 seasons is not 
encouraging. The primary areas of catch during the 
past 3 seasons were Cortes and Taiiiier Banks, San 
Nicolas, Santa Catalina, and San Clemente Islands. 

Jack mackerel landings have been on the decline 
since the 1961-62 season, when ?54,706 tons were 
landed. The catch dropped t o  33,837 ton? fo r  the 
1965-66 season (Table 4 ) .  Major areas of catch f o r  
the 3 seasons 1963-64 through 1965-66 were Santa 
Cruz, Santa Barbara, Anacapa, Santa Catalina, San 

TABLE 4 

JACK AND PACIFIC MACKEREL CATCH IN TONS, 
1962-63 THROUGH 1965-66 
(Period May through Apri l )  

Jack Mackerel Year 
___ 

1962-63 ............. 
1963-64 ............. 
1964-65 ............. 
1965-66* ............ 

48,422 
42,038 
39,548 
33,837 

* Preliminary. 

Pacific Mackerel 
---- 

22,627 
17,105 
12,437 
3,788 

Clement?, San Nicolas Islands and Cortes and Tanner 
Banks. I n  1963-64 these areas produced approxi- 
mately 50 percent of the statewide catch ; in 1964-65 
they accounted fo r  65 percent of the catch and in 
1963-66, 75 percent of the catch came from these 
areas. Kenneth D. A a s c n ,  California Depnrfineiat of 
Pisla a n d  Game. 
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INTRODUCTION 
Anchovies, genus Engradis, comprise major fishery resources in all temperate 

seas except the northwest Atlantic Ocean. One species supports the world's 
largest single-species fishery, that of Peru, while others support major fisheries 
in Japan and Europe. Fisheries f o r  anchovies are also developing in Argentina, 
South Africa and California where they comprise sizeable resources. Because of 
the worldwide interest in anchovies, this symposium was organized so that scien- 
tists with similar problems could present papers, exchange data and discuss re- 
search programs. The meeting was held at Lake Arrowhead, California on No- 
vember 23 and 24, 1964 as part of the annual California Cooperative Oceanic 
Fisheries Investigations ( CalCOFI) Conference and was organized by the Cali- 
fornia Department of Fish and Game. 

Foreign scientists who were able to attend included: Herman Einarsson and 
R6mulo Jordbn from Peru; and Sigeiti Hayasi from Japan. Janina Dz. de Cie- 
chomski of Argentina, although unable to attend, submitted valuable contribu- 
tions. Maurice Blackburn, now at  Scripps Institution of Oceanography, partici- 
pated and presented a paper on the Australian anchovy. The remaining papers 
were presented by scientists from CalCOFI agencies. 

A stimulating and productive session resulted and most of the papers pre- 
sented are made available by publication in this Report. I hope this fine collection 
will prove valuable to scientists everywhere. 

I am particularly indebted to Gertrude M. Cutler who graciously served as 
Conference hostess, assisted in assembling papers, drafted illustrations, and 
helped wherever needed. Her assistance made a monumental task considerably 
easier. 

Donald R. Johnson, U.S. Bureau of Commercial Fisheries, was particularly 
helpful in helping to contact foreign scientists and solicit their interest in the 
symposium. 

Patricia Powell, Marine Resources Operations librarian, performed the difficult 
task of checking and standardizing references with her usual competence. 

I am also grateful to the secretarial staff at the California State Fisheries 
Laboratory fo r  the many hours spent typing and proofreading, particularly 
Kathleen 0 'Rear and Micaela Wolfe. 

JOHN L. BAXTER, Editor 



OCEANIC ENVIRONMENTS OF THE GENUS ENGRAULIS AROUND THE WORLD 
JOSEPH L. REID, JR. 

Scripps Institution of Oceanography 
La Jolla, Califamia 

THE GENERAL AREA INHABITED BY ENGRAULIS 
The areas where the genus Engraulis is known to 

occur are shown approximately in Figure 1. It is seen 
to be limited to  coastal areas in general. Dr. Ahlstrom 
has reported spawning of Engradis as far  as 200 
miles offshore in the California Current. This is in a 
particular region off southern California where the 
currents are such that the eggs and larvae will subse- 
quently be brought much closer to the coast, along 
northern Baja California. although eggs have been 
found as far  as 1000 miles offshore from Japan it 
seems likely that these have been swept away from 

found in all of the eastern boundary currents (Cali- 
fornia, Peru, Canary, and Benguela currents, and off 
western Australia) in three of the western boundary 
currents (Kuroshio, East Australia, and Brazil), 
though not in the Gulf Stream or Agulhas Current. 
It occurs also in the Sea of Japan, the area south of 
Australia, around the norther11 part of New Zealand, 
and in the Mediterranean and Black Sea. I n  summer 
it extends into the North Sea, the Baltic, and the Sea 
of AZOV, but retreats from these areas when they 
become extremely cold in winter, though it does re- 
main in the Black Sea throughout the year. 

Japan by the Kuroshio and have little chance of sur- 
viving long enough to return to the ordinary Japanese CHARACTERlSTlCS OF THE AREAS 
habitat. 

The genus has been found to extend to latitudes as 
high as 60"N and 43"s at  least in summer. It is 

The eastern boundary current areas are cooler and 
lower in salinity than the central ocean waters a t  the 
same latitude. They are usually characterized by up- 

I I 1 60' 60' 
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FIGURE 1. Areas inhabited by Engradis. 
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I\ rlling in temperate latitudes and tire richer in nu- 
tricnts iind higlier in productivity and zooplankton 
T oluiix~ than the central ocean w-atcrs. I n  temperate 
latitudes the depth of tlie mixed layer is notably 
shallower in the eastern bountlary currents than fur- 
ther off'sliore. 

The western boundary current areas in temperate 
latitudes are warmer than the central n t er masses. 
They are not so rich as tlie eastern boundary currents 
but are richer than the central ocean. Zooplankton 
volume is moderate. The mixed layer is much thicker 
than in tlie eastern boundary currents. 

The North Sea is a tolerable environment in spite 
of its high latitude only because it receives some 
water from the south uia the North Atlantic Current 
aiid the Gulf Stream: it is therefore much warmer 
than any other water a t  this latitude. It is shallow, 
much of it less than 100 m in depth, and fairly well 
mixed, so that it does not offer a wide range of prop- 
erties, though the vertical mixing and advection ren- 
der it fairly productive. 

The Baltic is still shallower and much fresher, the 
salinity of the surface water decreasing almost to zero 
in the upprr reaches arid even the few deeper basins 
contain water of only about 12yL at  the bottom. 

THE R A N G E  OF TEMPERATURE AND SALINITY 
IN THE HABITAT OF ENGRAULIS 
The Mediterranean is a. much more nearly homo- 

geneous body of water than is the adjacent part of the 
Atlantic. Salinity is everJ-where quite close to 38.5%0 
and the temperature, except for the thin suminer- 
warmed layer, is near to 13°C. Because of the extreme 
eraporation 0~7er the area the water is very saliiie 
and dense, sild ovrrturn to the bottom occurs in part  
of the Mediterranean. Exchange wit11 the Atlantic 
occurs by outflow of saline water to  the deeper part  
of the Atlantic, and inllow of surface water from the 
Atlantic. For  this reason the nutrient concentratioii 
in tlie Mediterranean is lo~v and procluctirity is gen- 
erally low. 
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The Black Sea is tlie most curious habitat of E?t- 
g ~ n u l i s .  Surface waters are niaintained a t  such ti low 
salinity that overturii to the bottom does not occur 
in tlie Black Sea, and exchange of the deepcr waters 
with the Mediterranean is limited by the interreiiing 
sill. As a result the deeper water of the Black Sea is 
but slon-ly renewed and is devoid of oxygen below 
about 200 in depth : large concentrations of hydrogen 
sulphide are found beneath this level. Engrazilis is 
therefore confined to a shallo~r level that is not en- 
riclred by overturn to great depth. 

The Sea of Japan is fed by a flow from the south 
of relatively warm and saline water: this flovs up 
the eastern boundary of the Sea, is cooled and diluted, 
and returns as much colder and less saline water. 
This and the effect of srason givr the Japan Sea a 
wide range of properties, froni the freezing point in 
the northwestern region in minter to the warm d u e s  
of the Kuroshio in the southeast in summer. 

The areas inhabited by Engraiilis include not only 
the oceanic areas roughly indicated in Figure 1, but 
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include also tlie w r y  slidlow inslrore watcn t i i d  bays, 
lagoons. aiid estuarie\. The T ;ilues of trinper,iture and 
salinity that are showii 011 P'igurr 1 rqmsri i t  only 
the oceanic part of Engraulis' habitat : soniewliat 
higlier ~ n d  very iiiach 1owc.r v1111xc~ of salinity and 
tc mperature n.onld appear if the inshore. lion-oceanic 
I,:,bit,rts xwre inc.lnded. Xott. also that fo r  thr Baltic, 
Sortli, and h z o r  seas only the summer values are 
shown : apparently E~Q/~YTU/? 's  rctreats f rom these 
areas wlieii tliry becoine vciry cold in wintcr. Slurface 
tcwperatures in tlie 13:iltic are bctween 0 and '3°C in 
winter, in the North Sr:i between 2 and  'i"C', and 
in the Azov Sea betwec.n 2 and 3°C. It is also note- 
worthy that Eizgraitl is  reinains in the Black Sea 
througliout thc n-intc.r when surface teiriperature is 
about 8°C. 

Those figures do not take into account in any 
coinpletc way the migrations. either horizontal or 
vertical, that Engrairlis niay inakc in response to 
seasonal changes in the environment. Therefore the 
n l u e s  undoubtedly inc~ludt~ a somewhat wider rniige 
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FIGURE 3. Temperature and salinity ranges of areas inhabited by Engraulis encraricholus. 
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of temperature than the animal actually experiences. 
One conspicuous example of how misleading such a 
simple diagram might be is found in the Mediterra- 
nean. Summer surface temperatures are from 22' to 
28°C and winter values are from about 10°C to 
17°C. There is no overlap. On the other hand, we 
know that these very high surface temperatures in 
summer are restricted to the upper few meters, and 
that by being as little as 15 m beneath the surface the 
fish might easily find temperatures less than 22°C 
everywhere, even in August. This may apply in many 
of the other areas as well in summer, so that the 
upper limit of surface water temperature may not 
represent the temperature the fishes experience. Like- 
wise, Dr. Hayasi reports, the fish avoid the extremely 
low water temperatures of the northern Sea of Japan 
in winter by staying in the southern area, which is 
much warmer. On the other hand, in some areas the 
winter temperatures are inescapable. Fishes in the 
Black Sea in winter must undergo temperatures of 
about 8 ° C :  there is no warmer water anywhere in 
the Black Sea at that time. 

On Figures 2 and 3 these open-ocean ranges of 
surface temperature in winter and summer are shown 
as rectangles with temperature as the vertical scale 
and salinity as the horizontal scale. I n  both cases the 
entire range of oceanic values of temperature and 
salinity is shown in order to emphasize the proportion 
of these ranges that Engraulis occupies. All except 
one of the species are included on Figure 2 : E ,  encras- 
iclzolzis' range is much wider and is shown separately 
on Figure 3. 

Figure 2 would seen1 to indicate that the oceanic 
habitat of Engraulis comprises almost the entire range 
of temperature in the ocean but only a small part of 
the salinity range. This would be a very wrong in- 
ference indeed. Baxter (p. 110) and others have shown 
that Engradis retreats to offshore and deeper water 
to avoid some extremes of temperatures; the total 
range, which includes extreme summer surface tem- 
peratures that the fishes may avoid by a slight sub- 
mergence, and the extreme winter temperatures in the 
northern part of the Sea of Japan that the fish may 
avoid by moving a short distance to the south, may be 
quite misleading. On the other hand, it has also been 
shown that the fish do move into the quite brackish 
waters of bays and estuaries when the temperature is 
not too extreme. Therefore, all of these rectangles 
should extend an uncertain distance to the left on the 
graph to include, a t  least during some part of the 
year, waters of very low salinity indeed. This is em- 
phasized in Figure 3 by the ranges of E. encrasicholus. 
The open-ocean values from the North Sea southward 
past Spain to western North Africa look very much 
like the ranges on Figure 2 of the other Engraulis 
species. But the ranges in the Baltic, the Mediterra- 
nean, the Black Sea and the Sea of Azov emphasize the 
real capability of encrasicholns to endure almost-fresh 
as well as extremely saline water and very cold water. 
It is apparently the seasonal change in temperature 
that causes them to leave the Baltic, North and Azov 
seas, since the salinity does not change very much with 
season. 

Looking again at  Figure 2, some of the open-ocean 
salinity ranges appear to be very narrow. This signi- 
fies that the total range of offshore salinity values in 
the Engraulis habitat is small, not that Engraulis is 
limited to a narrow range of salinity, since we know 
that it occurs in brackish waters. It appears that 
Engradis can endure the total range of salinity en- 
countered in the open sea, including the Mediterra- 
nean values above 39p/o0, but may be limited to  
only part of the temperature range. Various investi- 
gators who are better informed may correct me, but 
it seems possible that Engraulis may actually not 
experience temperatures much below 7 or 8"C, though 
it may experience these in many areas besides the 
Black Sea. Resident populations of E. mordax near 
Vancouver Island will experience 7 or 8" in winter 
and if E .  anchoitn and E.  enchrasicholzis do not 
retreat completely from the Falkland Current and 
North Sea areas some of the individuals will undergo 
values of about 8°C o r  less. 

In  winter E.  encrasicholzcs is found only at tempera- 
tures less than 18" and it may by a slight submergence 
in summer avoid temperatures more than 22°C. 

Blackburn (this symposium) has shown that E. 
australis occurs only between about 10°C and 20"C, 
and Ahlstrom (1956) has said that most of the eggs 
and larvae of E. rnordax have been taken in about 
that range, though some have been taken a t  more than 
23°C. The total range of the area occupied by E. 
ringens is from about 10°C to 23"C, and this in- 
cludes north to south and winter and summer : slight 
migrations might reduce this appreciably. 

E. japonicus capensis simply has no opportunity to 
endure cold water: about 15°C is the lowest surface 
temperature he may encounter a t  the tip of Africa, 
which is only about lat. 35"s. Likewise, a population 
of E. encrasicholus that remains in the Mediterranean 
may not find water colder than 10°C a t  any time 
of year. 

CONDITIONS LIMITING ENGRAULIS 
We may speculate, then, that Engradis is not 

limited by the salinity values encountered in the 
ocean or in estuaries: it not only occurs but spawns 
in regions of very low as well as very high salinity. 
We may speculate also, a t  least until the other speak- 
ers correct me, that Engraulis is limited by tempera- 
ture, since it does not appear in either the coldest or 
the warmest oceanic conditions. Perhaps a range from 
6°C to 22 or 23°C would include all, o r  nearly all, 
of its actual occurrences. This would account for its 
limited latitudinal range and for its most striking 
migrations from the Baltic, North, and Azov seas, 
whereas salinity variations would not. 

This really does not add very much to  what most of 
you know already, and it does not by any means 
specify the habitat of Engraulis. By this I mean to say 
that there is a vast area of ocean with surface tempera- 
ture between 6°C and 22°C-about $ of the world 
ocean, in fact-but that Engraulis inhabits, so far  as 
we know, less than l / lo of this area. Therefore tem- 
perature alone cannot define the habitat of Engraulis. 
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What are some of the other quantities that might 
be important to Engraulis, and that might explain 
their absence from other areas that seem to  have the 
proper temperature and salinity ? 

First, it appears to be a coastal genus. Such infor- 
mation as I have got so far  indicates that although 
eggs and larvae are sometimes found some hundreds 
of miles offshore they are definitely tied to a coastal 
population-that is, they do not appear in areas 
separated from the coast. I do not know how to  in- 
terpret this. I have consulted several biologists and 
have concluded that there is no single, generally 
accepted explanation as to what there is about coasts 
that appeals to some nekton. 

It is true that most coastat regions are somewhat 
more productive than the offshore temperate-zone 
areas, but the genus can inhabit the Mediterranean, 
where productivity is fairly low. The region near 
the equator and a t  some distance west of South Amer- 
ica fits the temperature requirements of Efigraulis 
and is extremely productive, yet Elzgraulis does not 
appear to be found any great distance offshore there. 
Likewise there are other offshore temperate-zone areas 
of relatively high productivity such as the region 
around lat. 45"N in the Pacific that Engraulis does 
not inhabit. Therefore temperature and productivity 
are not enough for Engraulis: there has to  be a coast 
nearby-perhaps some place where the bays, lagoons 
or estuaries or the inshore countercurrents and tur- 

bulence may provide a firm foothold for a population, 
so that it is not swept entirely away by the prevailing 
currents, as it might be in the truly pelagic areas. 

Having accepted coasts and a particular tempera- 
ture range as requirements for  Engraulis, whether 
we can explain the relation or not, we have eliminated 
most of the ocean as habitable areas for Engraulis. 
We find that what is left, that is, coastal waters with 
temperature ranges between about 6" and 22"C, 
is in fact inhabited by Engraulis except fo r  one con- 
spicuous omission : the eastern coast of North America. 
I n  August the temperature range from 6" t o  22°C 
is found between Labrador and New York, in Feb- 
ruary between New York and Cape Hatteras. The 
area of overlap is small but so is it in some of the other 
habitats: a minor amount of seasonal migration could 
keep Engraulis at optimum temperatures throughout 
the year in this general region. If inshore habitats 
are required this coast has plenty of estuaries and 
sounds that would seem to compare favorably with 
those of the other coastal areas inhabited by Elz- 
graulis; I cannot offer any speculation as to 'dhy 
Engraulis does not inhabit this area. 

REFERENCES 
Ahlstrom, E. H. 1956. Eggs and larvae of anchovy, jack m&- 

erel, and Pacific mackerel. Calif .  Coop. Oceanic Fish. Inmpt., 
Prog. Rept. ,  1 April, 1955 to 30 June, 1956, :33-42. 
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SYNOPSIS OF BIOLOGICAL INFORMATION ON THE AUSTRALIAN ANCHOVY 
ENGRAULIS AUSTRALIS (WHITE) 

MAURICE BLACKBURN 
Institute of Marine Resources 

Scripps Institution of Oceanography 
University of California, La Jolla, California 

INTRODUCTION 
Engraulis australis (White), sometimes known as 

the Australian anchovy, was investigated by the 
writer in Australia a t  various times and places be- 
tween 1937 and 1948. The work was done as oppor- 
tunities offered in the course of other duties. It was 
generally hard to obtain material because the annual 
commercial catch is only 50 to 100 tons, although it 
could be much higher if a good demand existed for 
the fish. 

Most of the information was published in two papers 
(Blackburn 1941, and especially Blackburn 1950a). 

The present paper summarizes the facts and inter- 
pretations presented in the former papers, and the 
very few observations on E. australis in Australia 
that have been published since 1950, and adds a little 
new information. There appear to have been no 
detailed studies of occurrences of the same species 
in New Zealand. 

IDENTITY 
The adult E. australis was well described and 

figured by hTcCulloch (1920), who listed most prior 
references. Blackburn described the eggs and larvae 

NORTHERN 
TERRITORY 

QUEENSLAND 

SOUTH AUSTRALIA 

FIGURE 1. K,nown range of Engraulis australis (hatched areas), and mean positions of certain surface isotherms in February and August, in waters 
near Australia and New Zealand. 
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(1941) and listed additional references (1941, 1950a). 
The species falls in the genus Elzgraulis as defined 
by Jordan and Seale (1926) and Hildebrand (1943). 
It is the only engraulid species known to occur in 
Australian waters south of 28" S. latitude, and the 
only one in New Zealand waters; it is not known 
from tropical Australian waters, although several 
species of other engraulid genera occur there, o r  from 
any of the smaller islands near Australia and New 
Zealand. 

SPATIAL DISTRIBUTION 
E .  australis has been found along most sections of 

the Australian coast south of the Tropic of Capricorn 
(Blackburn 1950 a ) ,  as shown in Figure 1. The range 

in latitude is from 23" to 43" S. The species is un- 
recorded from the west coast of Tasmania and from 
a section of coastline near the South Australia- 
Western Australia border, but this probably reflects 
the comparative lack of human settlement, fishing, 
and marine investigations in those regions, rather than 
absence of the fish. For similar reasons, the distribu- 
tion along the coast of New Zealand is probably more 
extensive than that recorded in the literature (Black- 
burn 1941) and shown in Figure 1. 

Along the coasts where it occurs, E. australis in- 
habits estuaries, bays, and open waters over the gen- 
erally narrow continental shelf; a few larvae have 
been taken in plankton hauls over the continental 
slope, and nothing is known of any occurrences 

.. 
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FIGURE 2. Echogram of schools of E. aurfralk in 20 m of water off Spring Bay, Tasmania. Time scale across top is in minutes; ship speed was 3 
to 4 knots; identification was made from fish killed by exploding TNT in the school. 
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further offshore (Blackburn 1941, 1950 a ) .  There is 
no reliable information about the vertical distribution 
of E .  australis in the sea. It is found frequently in 
the stomachs of large scombriform fish hooked at  the 
sea surface (Blackburn 1950 a ) ,  but not a t  all in the 
stomachs of Neoplatycephalus macrodon, which is one 
of the most abundant and active demersal fishes of 
continental shelf waters over 50 m (Fairbridge 
1951) ; this suggests that it is much commoner near 
the surface than near the bottom, in those waters. I n  
shallower waters, such as 20 m, echograms show that 
the species can occur from top to bottom (Figure 2).  

Charts of surface temperature and salinity from 
various sources (Xchott 1935; U.X. Navy Hydro- 
graphic Office 1944; U.S.S.R. Ministry of Defense 
1953 ; Muromtsev 1958 ; Rochford 1962) have been 
compared with the general spatial distribution of 
E. australis (Figure 1) and the seasonal changes that 
occur in it. This showed that the species tolerates 
temperatures a t  least from 10 to 21" C.; it may en- 
counter temperatures up to 25" C. if it occurs in 
surface waters as far  north in summer as it does in 
winter, but this is not certain ; it probably encounters 
9" C. in certain inshore waters in winter, but this 
also is not certain. The same comparison shows a 
tolerance of salinities from about 35.1 to 35.8%0, but 
data obtained from various inshore waters, a t  times 
and places where anchovies occurred, indicate that 
the range is actually from about 2 to 37%0 (Blackburn 
1950 a, Gippsland Lakes rivers; Rochford 1957, St. 
Vincent's Gulf). The range of breeding temperature 
was investigated by comparing seasonal temperature 
data (including those fo r  bays and estuaries in various 
volumes of the Australian " Oceanographical Station 
List ") with information on spaxning places and 
seasons; this range is at least 14 to 20" C. and possibly 
includes 13" C. 

The above-mentioned temperature ranges for E. 
australis are almost the same as those fo r  the Au- 
stralian sardine, Sardinops neopilchardus, which has 
an almost identical distribution along the Australian 
coast (Blackburn 1960 and references). The sardine 
is not known to  occur in waters of salinity below 
about 33.5%0, however, and thus it is not estuarine, 
whereas the anchovy is. Another difference in spatial 
distribution between the two species is obvious when 
their relative abundances are compared within dif- 
ferent parts of their common total range of distribu- 
tion (including saline bays and gulfs where both 
species occur) j to the north of about 37" S. latitude 
the sardine is more abundant than the anchovy (shown 
mainly by differences in numbers of larvae, as there 
are no good data fo r  eggs or adults of the anchovy; 
Blackburn 1941) ; t o  the south of 37" S. the anchovy 
is more abundant than the sardine (shown by dif- 
ferences in numbers of eggs and larvae, and general 
scarcity of adult sardines ; Blackburn 1950 a, 1950 b, 
1957). 

INTRASPECIFIC POPULATIONS 
Blackburn (1950 a) presented and analyzed the 

total vertebral counts, including urostyle, of 5,804 E .  

australis from 21 localities around the Australian 
coast. Analysis of variance indicated that significant 
differences existed between vertebral count means fo r  
certain localities, and the variability was further 
investigated by the graphical method of Hubbs and 
Perlmutter (1942). 

Figures 3 and 4, from Blackburn (1950 a ) ,  show 
the result. The localities listed in Figure 3 appear 
in the order in which they occur around the Au- 
stralian coast, from north-east (top) to south-west 
(bottom). With one exception (Gippsland Lakes 
rivers, discussed below) the means fall clearly into 
eastern, southern, and western groups which were 
given subspecific names ( E .  a. australis, E .  a. anti- 
podum,  and E. a. fraseri, respectively). The locality- 
means in the eastern group show a cline with means 
increasing from north to south (28 to 36" S. latitude, 
43.1 to 44.0 vertebrae). Means in the western group 
are numerically similar to those of the eastern group 
at similar latitudes, and suggest a similar cline. The 
existence of clines, whether north-south or east-west, 
is doubtful in the means of the southern group ; these 
means are all at least one vertebra higher (45.1 to 
45.8 vertebrae) than any of the means of the other 
two groups, and this difference is statistically highly 
significant. Some of the differences between means 
within each group are significant. 

The Gippsland Lakes are situated on the east coast 
of the state of Victoria. As shown in Figure 5 
(left inset), this is a system of three rivers entering 
a coastal lagoon or lake which is permanently open to 
the sea. E.  australis occurs in the sea outside the en- 
trance, a t  the entrance, in the lake, and in the rivers 
(Blackburn 1950 a ) .  Samples suEcient fo r  vertebral 
count study were available only from the entrance 
(salinity about 35.5%0) and the rivers (salinity about 
2%0), and these two localities are distinguished in 
Figure 3. The river fish have a mean about two-thirds 
of a vertebra lower than the mean for  the entrance, a 
highly significant difference. This finding resembles 
that of Hubbs (1925) fo r  Engraulis mordax in San 
Francisco Bay, California. 
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FIGURE 3. Summary of data on vertebral counts of E. australis. Num- 
ben at the left are numbers of counts from different localities. The 
horizontal line for each sample is the range, the vertical cross-bar i s  
the mean, the thickened portion of the line is one standard deviation 
on each side of the mean, and the hollow rectangle is twice the 
standard error on each side of the mean (from Blackburn 19500). 
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FIGURE 4. Approximate disposition of subspecies of E. ausfralis in Australian waters, based on data in Figure 3. Arrows indicate clines in mean 
vertebra numbers (from Blackburn 1950a). 

Although these various differences in mean vertebra 
number may be phenotypic rather than genotypic, 
their size and geographical distribution (and, for some 
well-studied localities, their consistency over many 
years) indicate that E. australis is a complex of dif- 
ferent local, at least partly segregated, groups. There 
are three major groups (two of them morphologically 
similar, but separated geographically by a third which 
is morphologically different) ; within these, minor, 
less well differentiated, groups occur. 

GROWTH 
Growth in length was investigated by scale-reading 

and inspection of length frequency distributions 

(Blackburn 1950 a ) .  These studies were reasonably 
adequate only fo r  Victorian fish (members of the 
southern subspecies), for which about 21,000 length 
measurements, and scales from 450 fish, were available 
and useful. Samples from the other five states yielded 
scales from 314 fish, and about 12,000 lengths which 
were obtained too irregularly to be useful fo r  length- 
frequency studies. The deciduous nature of the scales 
limited the amount of scale material available, espe- 
cially for small fish. 

About three scales, all taken from the flank in the 
region of the dorsal fin, were usually read fo r  each 
fish. The appearance of scales from this region is 
shown in Figures 6, 7, 8, and 9 (from Blackburn 
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FIGURE 5. Map showing localities mentioned in the text, with Gippsland lakes and Port Phillip Bay i n  insets (from Blackburn 1950a). 

FIGURE 6. Scale from E. australis of stondard length 64 mm taken in  
March, with f i rs t  zone of  crowded striae forming at  the anterior edge 
(from Blackburn 19500). 

FIGURE 7. Scale from E. austrolis of standard length 64 mm taken in 
November, with first zone of crowded striae completely formed and 
succeeded by a zone of  more widely spaced striae (from Blackburn 
19500). 
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FIGURE 8. Scale from E. australis of standard length 75 mm taken in 
June, with third zone of crowded striae forming at  the anterior edge 
(from Blackburn 19500). 

1950 a ) ;  the embedded anterior portion is shown 
uppermost. The striae on the anterior portion are 
semi-concentric ; they run parallel to the anterior 
edge of the scale and obliquely towards the lateral 
edges. I n  the region where they lie parallel to the 
edge, bands of widely spaced striae alternate with 
bands of narrowly spaced striae, in a way reminiscent 
of a salmonoid scale pattern. 

It can be shown that this pattern is annud, and 
that the period a t  which the striae become most 
crowded is in winter. For instance, Figure 6 shows a 
March scale on which the striae are becoming crowded 
along the anterior edge, and Figure 7 shows a No- 
vember scale on which a similar zone of crowded 
striae has been succeeded by one of widely spaced 
striae. A similar comparison may be made for the 
outermost zone of crowded striae in Figure 8 (June) 
and Figure 9 (October). Further information was 
given by Blackburn (1950 a ) .  Each zone of crowded 
striae was therefore considered to represent one win- 
ter of life, with very few exceptions. Other apparently 
periodic features of the scale pattern might have 
been used, but were not, to indicate the age (e.g., 
the zones of interrupted, branched, or fragmented 
striae which occur more o r  less parallel to the scale 
sides). 

Table 1, from Blackburn (1950 a ) ,  shows the fre- 
quency of occurrence of different numbers of winter 
“rings” (zones of crowded striae) in successive 
length-groups of fish; the lengths are standard 
lengths, snout tip to end of body excluding caudal 
fin (this applies to all lengths mentioned in this 
paper); 4.5 ern means 45 to 49 mm inclusive, and 
other length-groups likewise. Table 1 gives a general 
idea of the growth-rate of the Victorian E.  australis; 

FIGURE 9. Scale from E. australis of standard length 81 mm token in 
October, with third zone of crowded striae completely formed and 
succeeded by a zone of more widely spaced striae (from Blackburn 
19500). 

TABLE 1 

ENGRAULIS AUSlRALE, VICTORIAN SPECIMENS, RECORDED BY 

LENGTH OF FISH; FOR FURTHER EXPLANATION SEE TEXT. (FROM 
BLACKBURN 1950~1). 

NUMBER OF ANNUAL (WINTER) SCALE-RINGS A N D  STANDARD 
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27 
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46 
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37 
22 
4 
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- 

it is shown below that the fish are hatched in summer, 
so they are about 0.5 year old a t  the first ring, 1.5 
years a t  the second, etc. 

More precise information was obtained by calculat- 
ing the successive intermediate lengths of the fish 
(Ll, La, etc.) a t  the times when the successive zones 
of crowded striae (first, second, etc.) were completed. 
Such calculations required knowledge of the relation- 
ship between the fish-length and the radius of the 
scale selected f o r  measurement, which was investi- 
gated empirically as shown in Figure 10. Fish-length 
and scale-radius increase in direct proportion only 
above a fish-length of 60 mm ; at  fish-lengths between 
35 and 60 mm the scales, which may have one o r  two 
complete winter zones, grow faster than the fish. 
The calculations of L1, La. etc., were described by 
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FIGURE 10. Relationship between standard length of fish and scale radius in Victorian specimens of E. australis. All scales were taken from the same 
part of the fish and measured in the same way. Regression lines are based on the material of all year-classes combined. Far further explana- 
tion see text (from Blackburn 19500). 

L4 L6 

Mean Mean n Mean Mean n 
Lk L L6 L 

Blackburn (1950 a ) ,  who analyzed the values in vari- 
ous ways exemplified by Table 2 (where L is actual 
fish-length a t  capture). 

Table 2 shows that intermediate lengths are con- 
sistently higher in younger age-groups than in older ; 
it is believed that this is a result of over-representation 
of comparatively large fish in the samples of the 
younger age-groups from which scales were available, 
because scales are more deciduous in small fish than 
in large ; consequently, it is believed that the Ln means 
from the older age-groups are the most reliable. The 
best available estimates of mean L1, Lz, L3, L g ,  and L5 
are therefore 53,65,77,93,  and 104 mm for  Gippsland 
Lakes fish; L1, Lz, and L3 are slightly lower (50, 62, 
and 74 mm) for fish of Port Phillip, which is a saline 
bay about 170 miles west along the Victorian coast 

from Gippsland Lakes. These data are quantitatively 
meager but qualitatively very good. They may be com- 
bined to give the following estimates of mean length 
of Victorian anchovies a t  successive ages : 

0.5 yems- 50 mm 
1.5 years- 62 mm 
2.5 years- 75 mm 
3.5 years- 90 mm 
4.5 years-102 mm 

No estimate is given for  5.5 years because only one 
fish of that age, and none that were certainly older, 
was found. The greatest length recorded for  E. 
australis is 136 mm, so older fish may well exist. 

These findings agree fairly well with those of Table 
1, in which allowance must be made for growth in 

TABLE 2 

E. AUSTRALIS, VICTORIAN LOCALITIES MEANS OF CALCULATED INTERMEDIATE LENGTHS (11, 12 E X . )  FOR SUCCESSIVE AGE-GROUPS, 
WHERE n IS NUMBER OF FISH A N D  L IS THEIR MEAN LENGTH AT CAPTURE; FOR FURTHER EXPLANATION SEE TEXT. (FROM BLACK- 

BURN 1950~1). 

Age 
Group 

A. Port Phillip Bay 1 
2 
3 
4 

B. Gippsland Lakes 1 
2 
3 
4 
5 

L1 

Mean Mean n 
Ll L 

55.87 61.40 32 
54.07 71.60 101 
52.23 78.23 26 
49.91 86.73 11 

53.00 68.00 1 
56.21 83.14 14 
53.35 92.35 46 
53.23 100.48 48 
53.00 104.58 17 

La 

Mean Mean n 
Lz L 

_-  
70.4; 75.ii 43 
65.60 78.24 25 
61.91 86.73 11 

_ _  _ -  -- 
72.00 83.25 12 
68.65 92.25 48 
66.50 100.71 44 
64.93 104.40 15 

_ _  
84.91 100.76 46 96.59 103.00 
77.27 103.60 15 92.82 104.31 

85.6 93.46 30 

-- - -  I -- 
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FIGURE 11. Length frequency polygons by months, two series for E. 
australis from Port Phillip Boy, Victoria. All samples in series 1 are 
from the head of the bay; in series 2 the January and February 
fish, and those from the younger age-group in later months, are from 
the head of the bay, and the others are from localities closer to the 
sea (from Blackburn 1950a). 

length subsequent to “ring” formation on the scales. 
They also agree with length frequency data from 
Port Phillip, which are mainly fo r  fish under three 
years of age, and some of which are shown in Figure 
11 (Blackburn 1950 a).  Figure 11 shows that most 
growth occurs in spring and summer, and none in 
winter. Scales read from anchovies obtained from 

other Australian states gave results which were less 
reliable, but on the whole consistent with the findings 
for  Victoria. 

REP ROD U CTI 0 N 
Gonad maturity stages of E. australis were de- 

scribed by Blackburn (1950 a). The running ripe 
stage was not found, so estimates of length at  first 
maturity were based on frequency of occurrence of 
“full”, “spent”, and “recovering” gonads in fish 
of successive length-groups. This showed that virtually 
all fish of both sexes become sexually mature at  one 
year of age (about 6 em) in Victoria. Data from Tas- 
mania were consistent with this result, and those from 
other states were too scanty to justify a conclusion. 

Spawning seasons and areas were identified by 
studying the distribution of advanced gonad stages 
in samples of fish old enough to be mature, and the 
distribution of eggs and larvae in plankton catches. 
The results (Blackburn 1941, 1950 a;  Kott 1955) 
may be summarized as follows. 

Xozctherrz subspecies.-Spawning occurs from Octo- 
ber through April with a peak in summer, mostly in 
bays and estuaries and to a much less extent in open 
sea waters over the continental shelf. 

Easterrz subspecies.-The data are not nearly as 
good as for the southern subspecies. The peak spawn- 
ing season in the southernmost part of the range is the 
summer, like that for  the adjacent southern sub- 
species, but it appears to become progressively earlier, 
through spring and probably into late winter, in suc- 
cessively more northern areas. In the southern part of 
the range there is some spawning both in inlets and in 
the open sea, as with the southern subspecies; it is 
difficult to say which of these habitats is the more 
important for  spawning in that region, but farther 
north, especially in Queensland, the inlets appear to be 
quite unimportant as spawning places compared with 
the sea. 

Western. subspecies.-The information is very 
scanty; all of it concerns gonad stages in inlet fish 
from the southern end of the range, and points to a 
summer peak of spawning. 

CHANGES IN DISTRIBUTION WITH AGE 
AND SEASON 

The following observations (Blackburn 1950 a, 
1957) have been made on the southern subspecies, for 
which the best data on occurrence, growth, and repro- 
duction are available. 

1. I n  Port Phillip, anchovies under two years of 
age are most common at  the head of the bay and 
older fish are most common closer to its mouth (e.g., 
Figure 11). No similarly detailed studies of distribu- 
tion of age-groups were made in any other bays or 
estuaries. 

2. Along the Victorian and Tasmanian coasts, an- 
chovies of various sizes, but mainly large enough to  be 
two and a half years or older, occur in the sea outside 
the inlets in the winter months. They are much less 



42 CALIFORNIA COOPERATIVE OCEANIC F I S H E R I E S  IXVESTIGATIOA-S 

130 

80 

w 

t- z 
W 
0 
w 4 0  

:- 
a 
n 

20 

0 

364 210 402 679 430 560 443 370 186 

AUG. NOV. DEC. JAN. f €6. 
~ 

MAR. 

588 220 

1 

0 NIL ANCHOVY 

1$1 EUPHAUSIIDS BARRACOUTA 
OTHER 

FIGURE 12. Percentage classification, according to contents, of stomachs of the gempylid fish Thyrsifes ofun taken along the south coast of Victoria 
in different months. Numbers of stomachs are above the columns. Anchovy means E.  australis. For further explanation see text (from Blackburn 1957). 

common there in summer. The best evidence for  this 
statement is the seasonally changing representation 
of E. azbstralis in the diet of the gempylid fish 
Thyrsites atun, which was studied by Blackburn (1957 
and references there). This species occurs and is fished 
along the coasts close to land, but is not common at 
fishable sizes in bays. Figure 12 shows, fo r  a section of 
the Victorian coast on to which Port Phillip and other 
inlet waters open, that T. a t m  feeds on E. australis 
from May through December, but not from January 
through April. Reports of anchovy schools at sea, by 
fishermen, indicate a similar pattern of seasonal 
change. 

3. Schools of E. australis, of the sizes mentioned in 
the preceding paragraph, have been seen approaching 
and going through the entrances of Gippsland Lakes, 
Port Phillip, and Westernport (Victoria), from the 
sea, in the spring months. Records of similar schools 
going out to sea are lacking, however. 

4. Anchovies of the sizes just mentioned are much 
more abundant in bays than in the sea in the summer, 
which is the spawning period. Some fish of these sizes 
remain in the bays in winter. 

These observations reveal a tendency, increasing 
with age, for some E. australis of the southern sub- 
species to move each year from the inlets to the sea 
(probably in autumn) and back again (in spring). 
The inlets become colder than the sea in autumn and 
warmer than the sea in spring (e.g., Garner 1954, 
Port Phillip). The older anchovies may therefore be 
displaying positive thermotaxis. 
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A NOTE ON THE BIOLOGY AND FISHERY OF THE JAPANESE ANCHOVY 
ENGRAULIS JAPONICA (HOUTTUYN) 

SlGElTl HAYASI 
Tokai Regional Fisheries 

Research laboratory 
Tokyo, Japan 

INTRODUCTION 
One of the most prolific groups of fishes in the 

Japanese fisheries has been iwasi which comprises 
three clupeoid species including the sardine, Sardi- 
nops meZanosticta (Temminck & Schlegel) , round her- 
ring, Etrumeus micropus (Temminck & Schlegel) , and 
anchovy. These three species have been caught by 
various types of fishing methods in almost all of the 
coastal waters around Japan, not only a t  stages after 
metamorphosis but also a t  postlarval stages under a 
commercial name of sirasu, in combination with a few 
related fishes (Hayasi 1961). The total catch of iwasi 
reached 1,130,000 metric tons, o r  42 percent of the 
total fish landings in Japan during 1929 through 
1938 (Nakai 1962b). Even though the catch of iwasi, 
including sirasu, has decreased since the 1940 's, the 
landings in 1962 still measured 511,000 tons, compris- 
ing 12 percent of all the fishes landed by the Japanese 
fleet based at  domestic ports (Statistics & Survey Di- 
vision, MAP 1963). 

The anchovy comprised only a few percent of the 
iwasi during the prosperous period (Nakai e t  al. 
1955, Kurita and Tanaka 1956). The catch of this 
small fish has increased since the drastic decrease of 
the sardine in the early 1940's, comprising about nine 
percent of the total fish landings, or 67 percent of 
iwasi for the recent 5 years from 1958 through 1962 
(Statistics & Survey Division, MAF 1959-63). Fur- 
thermore, the anchovy is regarded to be of great 
consequence in the biological production of the ocean 
as a major source of food for many important fishes. 

I n  1949, a nation-wide research program, the Co- 
operative Iwasi Resources Investigations (renamed 
the Cooperative Investigations on the Important Ne- 
ritic-Pelagic Fisheries Resources in Japan in 1955) , 
started with the primary aim of elucidating reasons 
for fluctuations in the sardine population. Conse- 
quently, biological information has been obtained so 
as to permit biologists to present opinions regarding 
regulation and prediction not only of the sardine but 
also of the anchovy as shown in the progress reports 
of the programs (Nakai et al. 1955, Murakami and 
Hayano 1955, Yokota and Asami 1956, Yamanaka 
and Ito 1957, Ishigaki e t  aZ. 1959, Ex. Com., Conf. In- 
vest. Neritic-Pelagic Fisher. Japan 1961-63). The 
Conference of the Fisheries Agency, Japanese Gov- 
ernment, for  Fisheries Resources Investigations that 
was founded in 1962 will continue to publish the 
1 Present address : Far Seas Fisheries Research Laboratory, 

Orido 1,000, Shimizu, Shizuoka-ken, Japan. 

progress of the investigations. In addition, several 
individual biologists have presented comprehensive 
papers on the Japanese anchovy, mainly in the pros- 
perous fishing areas. Hayasi (1961) , Asami (1962) 
and Takao (1964) discussed the investigations and 
management of the species and fisheries on the Pacific 
coasts of Honsyu, Sikoku and Kyusyu, and in the Set0 
Inland Sea, respectively. Kubo (1961) has given a 
review of works on the species under discussion. 

I n  spite of a number of investigations, however, it 
is still difficult to assess and forecast the anchovy 
population. Such deficit is noticed not only in the 
anchovy study but in the fishery biology of various 
species (Ex. Com., Conf. Invest. Neritic-Pelagic 
Fisher. Japan, 1961-63, Sato 1961,1964). The present 
author has attempted to abstract the recent fishery 
investigations in Japan and introduce a new method- 
ology through compiling this note that comprises (i) 
a brief description of fisheries, (ii) a remark on the 
cooperative investigation programs and (iii) biologi- 
cal information on the Japanese anchovy. 

A BRIEF DESCRIPTION OF FISHERIES 
Hayasi (1961) outlined fluctuations in the amount 

of the anchovy catch and its regional distribution in 
Japan for 53 years between 1905 and 1957 as well 
as major fishing gear, fishing seasons and size compo- 
sition of the catch on the basis of the catch statistics 
compiled by the Statistics & Survey Division, MAP, 
and information reported by workers who dealt with 
fisheries for iwasi. The following descriptions are 
mainly taken from this paper. Details of the history 
of development, construction and methods of opera- 
tion of the fishing gear are summarized by Miyazaki 
(1960). 
History of Landings 

Examinations of shell mounds, historical documents 
and literary works indicate that iwasi, including the 
anchovy, sardine and round herring, had been ex- 
ploited by some kinds of nets, and that commercial 
fisheries have existed since the tenth century in vari- 
ous parts of Japan (Kishinouye 1908, 1911, Tagawa 
1903, Fukuyo 1947, Yamaguchi 1947, Uda 1952, Yo- 
kota 1953, Nakai 1960, 1962b, Hayasi 1961). Accord- 
ing to preliminary investigations of fisheries in Japan, 
the anchovy was one of the most abundant fishes 
around 1890 (Agriculture Bureau, MAC, 1891-93). 

I n  1894 the Statistics and Survey Division, MAF, 
commenced to publish a series of statistical year books 
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Division by Fisheries Agency i s  compared to that by Statistics and 

Survey Division as follows: 
Fisheries Agency Statistics and Survey Division 

Hokkaido Region North-East, South and West Regions of 

Tohoku Region North Pacific Region 
Tokai Region Middle Pacific Region 
Nankai Region South Pacific Region 
Japan Sea Region 
Seikai Region 
Naikai Region 

Hokkaido 

North and West Regions of Japon Sea 
East China Sea Region 
Set0 Inland Sea Region 

called Nosyornu Tokai (renamed Norirt Tokai in 1925). 
Records of the anchovy catch, partly together with 
the sardine and round herring, have been given since 
1905. On the basis of the catch statistics up to 1957, 
Hayasi (1961) summarized the fluctuations in amount 
of the anchovy catch as follows : 

"The history of fluctuation in the anchovy catch 
(in Japan) are distinguished into four groups of 
years; early increase from 1905 to 1912, succeeding 
years of irregular fluctuation up to  1930, early part  
of the 1930's of decrease, and following years of in- 
crease. The early increase might be caused by rapid 
development of fisheries. For the later three periods, 
it is noted that the anchovy catch has fluctuated re- 
versely with the sardine catch. Investigation of pub- 
lished information indicates that the fluctuation in 
the anchovy catch has depended mainly on change in 
the population size rather than on change in species 
preference of fishermen, both of which might be 
largely due to the remarkable fluctuation in the sar- 
dine population. The geographic distribution * of the 
anchovy catch has been consistent for the last half 
century. The Pacific waters have produced 60 percent 

Two systems are used to divide the coast of Japan, one by the 
Fisheries Agency and the other by the Statistics and Survey 
Division of Ministry of Agriculture and Forestry. They are 
identical to each other except for the names and subdivision 
of the regions (Figure 1). 

of the nation's total. The landings in the Seto Inland 
Sea, coastal waters swept by the Tusima Current and 
seas surrounding Hokkaido have comprised 20, 15 
and 5 percent of total, respectively." 

F o r  the recent 5 years, up to 1962, total landings of 
anchovies and sirasu, mostly postlarval anchovy, 
showed no further increase (Figure 2). The major 
fishing grounds were still located in the Pacific waters 
and the Seto Inland Sea (Table 1). 

TAME 1 

REGIONAL CATCH OF ANCHOVY AND SIRASU IN JAPAN, 1962. 

Sirasv 

% 
26.3 (100.0 ) 

-- ( -- ) 

2.7 ( 10.1 ) 
10.5 ( 39.8 ) 
4.6 ( 17.7 ) 

0.1 ( 0.2 ) 
0.3 ( 1.2 ) 

1.2 ( 4.4 ) 

7.0 ( 26.6 ) 

Prospectus of Recent  Fisheries 
According to Hayasi (1961), the major types of 

fishing are with two-boat purse seines that produce 
60 percent of the total anchovy catch, and boat seines 
of several varieties that catch 20 percent of the an- 
chovies and 75 percent of sirasu. Two-boat purse seines 
and boat seines are chiefly operated for anchovies 
a t  various stages of their life, but the fishermen en- 
gaging in these fisheries often change their objects 
depending on the stock sizes and prices of the species 
within their fishing grounds. These fisheries have been 
best developed on the Pacific coast off Honsyu and in 
the Set0 Inland Sea, which comprise the major an- 
chovy fishing grounds inclusive of the postlarval 
forms. I n  recent years these types of fisheries have 
continued to take the most important role in produc- 
ing anchovies (Table 2). 

Anchovies, including sirasu, are caught throughout 
the year in Japan as a whole. The amount of catch 
increases in the later half of a year with two peaks, 
one in the summer and the other in the winter. The 
fishing season is limited in the northern areas; i.e. 
in the autumn in the Hokkaido and North Pacific 
Regions, and in spring and autumn in the Japan Sea, 
while it lasts throughout the year in the central and 
southern areas of Japan. Fishing activities for both 
anchovies and sirasu move from the open coast to the 
bays and inlets during spring and summer, and then 
shift toward the open coast during autumn and 
winter (Asami 1958, Hayasi 1961). 

The anchovy catch comprises various sized fish 
from postlarvae of 13 mm in total length to large 
individuals over 16 cm in body length. The fish over 
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FIGURE 2. Annual landings of the anchovy (190562) and sirasu (1949, 1950 and 195362). Data for 1905-25 and far 195162 from Statistics and 

Survey Division, MAF (1906-26 and 1952-63), those for 1926-31 and for 1933-48 from Kurita and Tanaka (1956), those far 1932 from Statir- 
tics and Survey Division, MAF (1933) and Takayama and Sakai (1936), those for 1949 and 1950 from unpublished record taken by Takai Regional 

Fisheries Research Laboratory. The figure for 1941 i s  corrected according to Nakai (1960). 

TABLE 2 
ANCHOVY AND SIRASU CATCH BY METHOD OF FISHING IN 

JAPAN, 1962. 
UNIT: 1,000 METRIC TONS 

Anchovy 1 sirasu 

26.3  

0 . 1  

0 .0  

0 .0  

2 . 2  

0 .0  

21 .5  

0 . 4  

1 5 . 1  

2 . 5  

0 . 0  

14 em in body length are scarce in the commercial 
catch. All the sizes appear in both Pacific and Japan 
Sea sides. Generally, the length composition data 
show three modes, (i) postlarvae around 25 mm 
mainly caught by boat seine, (ii) immature around 
6-8 cm in body length by patti-ami and (iii) adults 
over 10 em in body length by two-boat purse seines. 
It is also noted that the mean length is usually larger 
in the northern areas than in the southern areas 
(Yokota and Asami 1956, Yamanaka and I to  1957, 
Hayasi 1961, Ex. Com., Conf. Invest. Neritic-Pelagic 
Fisher. Japan 1961-63, Asami 1962, Takao 1964). 

A REMARK ON THE COOPERATIVE 
INVESTIGATIONS 

The life history of the Japanese anchovy has not 
been investigated thoroughly enough to promote ad- 
vance in the studies for forecasting and assessing the 
population up to the early 1950 's. Since the coopera- 
tive investigations started in 1949, the biological in- 
formation of the fish, including the amount and com- 
position of the commercial catch, the number of eggs 
and larvae in the sea, and the environmental condi- 
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tions have been collected through systematic surveys, 
which almost all fisheries experimental stations of 
prefectural governments facing on the sea and the 
seven regional fisheries research laboratories have 
engaged in. Another investigation program was started 
in 1964 with the aim of forecasting fish stocks, in- 
clusive of anchovy, as well as oceanographic condi- 
tions. 

As fa r  as the neritic-pelagic fishes are concerned, 
these two investigation programs are conducted as 
almost one project. The following description covers 
( i )  social demands on the fishery research agencies. 
(ii) development of methodology and (iii) scale of 
the investigations. 

At  the start of the cooperative investigations, major 
efforts were laid upon the sardine, the decrease of 
which caused serious economic and social problems 
in Japan (Nakai et al. 1955). Since the middle 1950 's, 
anchovies have exceeded sardines in amount of the 
commercial catch and more extensive information has 
been necessitated for predicting and regulating the 
anchovy stock to increase the economic productivity 
of fisheries, especially the two-boat purse seine and 
the boat seines on the Pacific waters along Honsyu, 
Sikoku and Kyusyu, and on the Set0 Inland Sea. 

At  the initial stage of the cooperative investiga- 
tions, the most urgent project was to collect informa- 
tion on the life history of the species in order to ad- 
vance the study of population dynamics (Hayasi 
1961). However, the biological information thus col- 
lected has lead many fishery biologists to think that 
the numerical analysis of the fish populations shows 
only limited aspects of nature (for instance, Tanaka 
1960, Hayasi 1961, Nakai (1962b). An alternative 
methodology, in which a species is treated as a 
member of the community (Yokota and Asami 1956, 
Yokota et al. 1962), is regarded fruitless unless the 
elemental species are sufficiently understood. Recently, 
Sat0 (1961, 1964) proposed a methodology of fishery 
biology, through investigations of the king crab, Para- 
lithodes camtschaticus (Tilesius) , which necessitates 
the logical system of scientific conceptions. A more 
detailed explanation of his proposal is given in the 
following sections. 

During April 1949 through March 1950 the coopera- 
tive investigations covered collection of catch statis- 
tics, surveys on the age and length composition and 
morphometric characters of the commercial catch, 
and the distribution and abundance of eggs and larvae 
as well as oceanographic conditions. The morphometric 
characters surveyed were body length, body weight, 
sex, gonad weight, diameter of ova, stomach contents, 
vertebral counts and scale rings. The eggs and larvae 
were collected by standardized nets (Nakai 1962a). 

Engaged in the investigations during the first year 
were 47 prefectural fisheries experimental stations and 
68 research boats of 34 prefectures, five regional 
fisheries research laboratories and four research vessels 
of the Fisheries Agency. Consequently, eggs and 
larvae were collected at  5,035 observatory stations 
(Nakai and Hattori 1962) , and morphometric charac- 
ters were determined for 14,202 anchovies taken a t  
82 landing ports (Nakai et al. 1955). Since 1951, more 

efforts have been laid on the length composition survey 
in order to improve the accuracy of the estimates of 
population characteristics (Nakai et al. 1955). For  
the later years, almost the same amount of data have 
been collected annually. I n  addition, daily reports 
have been taken from some of purse seiners operating 
on major fishing grounds (Hirakawa 1955, Ex. Com., 
Conf. Invest. Neritic-Pelagic Fisher. Japan 1961-63). 
Since 1964, the boat survey has been conducted 
routinely, and the number of regular oceanographic 
stations has been increased as much as twice that in 
the preceding years. 

BI 0 LOGICAL INFO RMATlO N 
It is axiomatic that fishery biologists working on 

any project attempt to approach not only the aspect 
of their interest but also the mechanisms regulating 
biological production of the organisms. For instance, 
a biologist researches the growth of the fish in order 
to determine how the species population changes in 
size, distribution o r  migratory route in the natural 
waters. Unless the position and role of any research 
project are subjectively determined, however, the in- 
vestigations may not indicate the true nature of the 
organisms, because all the aspects are unified in the 
real life of organisms, which essentially changes from 
step to step during the course of ontogenesis. This 
makes it necessary to consider methods to systematize 
biological information on any species. 

I n  the course of fishery biology, most phenomena are 
observed through the commercial fisheries. This fact 
means that one can see only compounds of three fac- 
tors, fishes and environments in nature, and produc- 
tive power of the human society. Accordingly, it is 
necessary to establish three systems of sciences cor- 
responding to these factors. In the case of the anchovy 
investigations, the scientific systems are (i) biology, 
especially ecology, (ii) oceanography, and (iii) tech- 
nology and economics. The biological features of the 
anchovy will be described subjectively with the use 
of categories particular to biology, which must be 
drawn on the bases of the following three features of 
organisms. 

First, the living resources are retained and develop 
through their two major functions, individual main- 
tenance and species maintenance, that are results 
of interactions between organisms. This fact shows 
that the species is the most comprehensive category 
in biology. 

Second, the species has differentiated in the course 
of evolution. This fact makes the species and the sub- 
species two conceptions mutually defining one another 
(Darwin 1917). Eventually, it is concluded that a 
,species population comprises subspecies that have 
both universality of the species and peculiarity of 
the subspecies. Systematic fractions of a species popu- 
lation, e.g. subpopulation defined by Marr (1957) , 
must comprise the same nature. Therefore, the syste- 
matic fraction is to be considered as one of the major 
categories, being defined on the basis of the substan- 
tial knowledge of life of the species population. 

Third, form and function of an individual essen- 
tially change depending upon the developmental 
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stages (or etap) from egg to adult, and upon the 
yearly cycle of l i fe  inclusive of spawning and shoaling 
cycles as suggested by Steven (1948). Even the same 
environmental factors may have different effects upon 
two individuals at  different stages or cycles. From the 
above discussion it may be readily accepted that the 
systematic fractions must be distinguished by differ- 
ence of occurrence of the developmental stages and 
the maturation phases. 

For these reasons, the biological information must 
be systematized on the basis of developmental stages 
and yearly cycles for each species. The system obtained 
as such may provide hypotheses of the systematic 
structure and assessment of any fish populations. 
Accordingly the present section is divided into three 
parts : (i) biological notes of the fish at  each develop- 
mental stage or maturation phase, (ii) systematic 
fractions, and (iii) assessment of the population. 

The developmental stages and yearly cycle of life 
are to be defined through the whole body of knowledge, 
and will be modified if those categories are found to 
contradict observations made by succeeding investiga- 
tions. At present, we can assume that the anchovy 
passes through the developmental stages defined by 
Hubbs (1943), and that two yearly cycles repeatedly 
appear every year at the adult stage. The develop- 
mental stages and yearly cycles adopted here are listed 
below. The substance of the stage or cycle was obtained 
by unifying existing knowledge on all aspects of the 
stage or phase in question. 

Developmental stage I Yearly cycle of life 

- -  - .  
Juvenile 6efore reaching adult form) _ _ _ _ _ _ _ _ _ _ _ _  I -- 

Geographical Distributiolt 
The Japanese anchovy is actually widely distrib- 

uted in the temperate zone of the Far  East, extending 
from southern Sakhaline to Formosa, but the fisheries 
on this species have been concentrated in the waters 
around Japan and Korea (Hayasi 1961). Almost all 
the coastal waters surrounding Japan produce this 
species, except south of the Kurosio Current (Mat- 
subara 1955, Hayasi 1961). Most previous descriptions 
are given only in terms of the species. 

The spawning activities of 
anchovies have been determined through systematic 
plankton net collections conducted since 1949 (Nakai 
et al. 1955, Yokota and Asami 1956, Yamanaka and 
I to  1957, Ex. Com., Conf., Invest. Neritic-Pelagic 
Fisher. Japan 1961-63). According to these studies, 
the species actually spawns over a wide extent of the 
waters between Hokkaido and Kyusyu, from the inlets 
to  the high seas to a distance of around 1,000 nautical 

Egg  and larval stages. 

miles from the coast. The spawning activities are 
distributed more abundantly over the middle and 
southern Pacific coast of Japan, and around the edge 
of continental shelf than in any other part of the sea. 
The spawning season lasts throughout a year in south 
of the middle Pacific and west Japan sea regions. The 
heaviest spawning activities occur during winter and 
early spring in the southern areas around Kyusyu 
and Sikoku, o r  in spring and in autumn in central 
Pacific waters such as between the Kii and Boso 
Peninsulas. Within an area the spawning proceeds 
with the passage of time from the outer coastal waters 
to the bays and inlets (Hayasi 1961; Asami 1958a, 
1958b, 1962). The eggs are often transported by 
currents, and then the distribution pattern changes 
depending upon age of the eggs (Yokota 1953). The 
anchovy larvae have the same distribution as the 
eggs (Nakai e t  al. 1955, Yokota and Asami 1956, 
Yamanaka and It0 1957). 

It is dificult to 
estimate, with the use of plankton nets, distribution 
and abundance of the postlarvae and juveniles that 
have gained enough swimming activity to avoid the 
nets. Some of the postlarval stocks are concentrated 
in the coastal waters, and are exploited by boat seines 
and other commercial fisheries operating within 5 
miles from the coast and 20 m from the surface. The 
major fishing grounds for postlarval anchovies are 
located within the general areas comprising the 
spawning grounds. Representative fishing grounds 
are : The coast of Ensyu Nada and Hyuga Nada on the 
Pacific, and various parts of the Set0 Inland Sea. 
Minor fishing grounds for postlarvae are found on the 
coast south of Kasima Nada on the Pacific and in 
Toyama Bay on the Japan Sea (Hayasi 1961). The 
postlarvae are abundantly distributed out of the fish- 
ing grounds (Nakai et al. 1962). Dense shoals are 
often found on siome in the waters off eastern coast of 
Honsyu (Odate 1957). The juveniles, less lucrative 
than the postlarvae, are caught just after the major 
fishing season for  sirasu (Tanaka 1956). 

Immature stage. Anchovies leave the nursery 
grounds by the time they reach the immature stage, 
and some are exploited by commercial fisheries mainly 
in the bays and inlets (Ex. Com., Conf. Invest. 
Neritic-Pelagic Fisher. Japan 1961-63, Hayasi 1961, 
Asami 1962, Takao 1964). 

The adult anchovy is exploited in all 
areas. Generally speaking, the ratio of the adults 
among the total anchovy catch is higher in the outer 
coastal waters than in the bays and inlets, and is 
higher in the northern area than in the south (Yama- 
naka and I to  1957, Hayasi 1961). 

a. Xhoaling cycle. Almost all the anchovies caught 
in the areas south of middle Pacific region are in the 
shoaling cycle (Hayasi 1961, Usami and Sugiyama 
1962). 

The spawning areas are iden- 
tical with the distribution areas of the spawning 
adults. The set nets in the northern areas catch the 

Postlarval and juvenile stages. 

A d u l t  stage. 

b. Spawning cycle. 
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Locality 
-- 

‘lripe” fish just before they discharge the ova o r  
sperm in early summer (Usami and Sugiyama 1962). 

Abiotic Factors of the Habitat  
The anchovy is regarded to be an eurythermal and 

euryhaline species (Kubo 1961), because of the wide 
space-time extent of appearance of exploitable shoals 
and spawning. The fish are easily transported across 
the Kurosio Current alive in live-cars of fishing 
vessels even though no report was obtained from iso- 
lated islands south of the current (Matsubara 1955, 
Hayasi 1961). 

The eggs are found in 
areas, where surface temperatures range between 11 
and 29°C (Naki et al. 1955, Kubo 1961). Generally 
speaking, the surface temperature of the spawning 
grounds is high in the southern area and low in the 
northern area (Table 3 ) .  

E g g  and larval stages. 

Surface temperature (“C) 

Major 
Range spring season 

- 

Southern tip of Kyusyu _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Hyuganada east coast of Kyushu .______ 
Bungo Suido. east coast of Kyusyu----. 
Suho Nada, Seto Inland Sea _ _ _ _ _ _ _ _ _ _ _  
Ise Bay, Pacific coast of Honsyu _ _ _ _ _ _ _  
Boso, Pacific coast of Honsyu _ _ _ _ _ _ _ _ _ _  
Amakusa Nada. west coast of Kyushu- - 
Wakasa Bay, Japan Sea _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Isikari Bay, Hokkaido _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Okhotak coast of Hokkaido _ _ _ _ _ _ _ _ _ _ _ _  

15-29 
15-29 
15-29 
11-29 
13-27 
14-27 
16-27 
11-27 
14-23 
11-15 

15-25 
15-26 
15-29 
15-25 
15-26 
16-19 
16-21 
14-25 
14-18 -- 

Chlorinity in areas where the anchovy eggs are 
found range between 14.8 and 19.5 per mil, most fre- 
quently 18.4-19.3 per mil (Nakai et al. 1955, Kubo 
2961). According to Nishikawa (1901), the eggs nor- 
mally develop under a wide range of specific gravity 
between 1.012 and 1.033. 

The eggs occur most abundantly in the sea area 
over the continental shelf and extending 10 miles 
more offshore (Nakai et al. 1955, Kubo 1961). Most 
of the eggs are distributed a t  a depth less than 301 m 
from the sea surface (Kubo 1961). Nishikawa (1901) 
recorded the eggs from the deeper layer between 45 
and 83 m. The larvae may live at  almost the same 
abiotic conditions with the eggs. 

Postlarval anchovies are widely 
distributed from coast to offshore. Major fishing 
grounds are located in areas with sand or mud bot- 
tom, under influence of river water. 

Juvenile through adult  stages. Adults definitely 
select the open sea, while immature fish are distributed 
in bays and inlets as well as the open sea. The spawn- 
ers may require abiotic conditions that differ from 
those of adults during the shoaling cycle. 

Although not defining which developmental stage, 
Eubo (1961) outlined the relationships between the 

Postlarval stage. 

anchovy, seemingly at  the juvenile through adult 
stages, and abiotic factors as follows : 

“The anchovy is an eurythermal species, because 
the fish are caught throuzhout a year in some particu- 
lar fishing grounds. Yanianaka and Ito (1957) esti- 
mated that the temperature of habitat ranges from 8 
to 30”C, through the field observation on catch and 
spawning. Suehiro (1936) determined the heat toler- 
ance of the anchovy under rearing condition. Accord- 
ing to his experiment, it was found that 11’ and 
31” are the lowest and highest survivable ranges 
of the anchovy taken from the waters of 22-23°C. 
Compared with the sardine experimented under the 
same time, it is found that optimum temperature is 
higher for the anchovy than for the sardine. I n  the 
same experiment, Suehiro (1936) determined that the 
anchovy died when the oxygen content of the water 
decreased to slightly less than 2 c.c./l. Distribution 
depth is found to differ by time of a day, size or age 
of fish, area, season and weather (Inoue and Ogura 
1958). 

Suehiro et al. (1957) reported that the anchovy 
are frightened by sounds of military cannons. Ima- 
mura and Takeuchi (1960) found that the anchovy 
are attracted by light of 30-40 lux. through rearing 
examination. ” 

Relation W i t h  Systematically or Ecologically 
Related Fishes 

Hayasi (1961) summarized the distribution of fishes 
systematically related with the Japanese anchovy as 
follows : 

“The fishes of the genus Engraulis are widely dis- 
tributed throughout the temperate zones of the world 
except for the Atlantic coast of North America, where 
a closely related genus Anchoa occurs. Many of these 
two genera have supported fisheries a t  various signi- 
ficance within the area in which they occur. 

I n  the temperate zone of the Far  East, three other 
genera of Stolephorinae are known to occur in addi- 
tion to the genus Engraulis, and some of them were 
fairly important for the local fisheries in Korea. ” 

It is well known that in Japan the sardine and 
the round herring have been ecologically and com- 
mercially related with the anchovy (Nakai et al. 1955, 
Yokota 1953, Ito 1961, Hayasi 1961). I n  addition, the 
mackerels, Scomber japonicus Houttuyn and X. tape- 
inocephalus Bleeker, and jack mackerel, Trachurus 
japonicus (Temminck & Schlegel) , occupy almost the 
same habitat as the anchovy (Yokota et al. 1961). 

Postlarval stage. Postlarval anchovy are often 
caught incidentally with postlarval sardine. The white 
fish, Salangicthys microdon Bleeker, and postlarval 
and juvenile sand lance, Ammody tes  personatus Gi- 
rard, are caught in more coastal area than the post- 
larval anchovy. Postlarvae of a systematically related 
fish, Btolephorus zollingeri Bleeker? occur in the fish- - 
= A  
- 
recent paper has reported : “Records of Stolephomcs zollingeri 
from Japanese waters (Hayashi and Tadokoro 1 9 6 2 )  are 
clearly based on another Hawaiian enmaulid S. bucca- 
neeri Strasburg (Whitehead, P. J. P., M. Bobsman, and 
A. C. Sheeler 1966. The types of Bleeker’s Indo-Pacific 
elopoid and clupeoid fishes, 2001. Verhand., N a t .  Hist. Leiden, 
( 8 4 )  :159 PP).  
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ing grounds of sirasu, especially on the southern Pa- 
cific coast of Japan. These two species of Stolephorinae 
are distinguished from one another by meristic counts 
a t  a stage of 19 mm in total length (Hayasi and Tado- 
lroro 1962). 

Competition of the postlarval an- 
chovy with those of the mackerels and jack mackerels 
affect the stock size of the anchovy in the south Pacific 
region (Yokota et al. 1961). The above rare species of 
Stolephorinae is easily distinguished from the an- 
chovy by shape of head a t  a stage over 26 mm TL al- 
though these two species are caught incidentally (Ha- 
yasi and Tadokoro 1962). 

Anchovies compete 
with or are consumed by the fishes listed in the intrc- 
ductory part. 

Feeding 
The investigation covers the form of digestive or- 

gans and the food species of the Japanese anchovy. 
These works are summarized as follows (Kubo 1961) : 

“The gill rakers are fine and numerous. The intes- 
tine length increases more rapidly than the body 
length with growth of fish. The copepods comprises 
major food of the fish throughout the life span. Size 
of food is linearly correlated with size of the fish.” 

Nakai et al. (1962) investigated 
feeding habit of the Japanese anchovy as well as sar- 
dine in the Pacific waters of Honsyu. The results are 
summarized as follows : 

“Postlarvae of less than 5 mm TL just after ab- 
sorbing yolk take mainly nauplii and eggs of cope- 
pods. Only a few of them were found with protozoa, 
small mollusca and diatom in their digestive tracts. 
Postlarvae of 5-10 mm TL still mainly eat nauplii of 
copepods, but copepodid larvae increase in number 
from before. Generally, sizes of postlarvae and food 
organisms are correlated with each other. Number of 
postlarvae with food in the digestive tract occupy 
less than 20 percent on the average. They take the 
food most actively in the day time. The copepod eggs 
and larvae are more abundantly distributed in the 
coastal waters than in the offshore. ” 

Juvenile through adult stages. Copepods com- 
prises major food of the anchovy. Other food organ- 
isms are diatoms, and various types of small crus- 
tacea, larvae of mollusca, Chaetognatha and other 
small animals. The adults eat eggs and larvae of fishes 
including the anchovy (Nakai e t  al. 1955, Kubo 1961). 

Migration 
No systematic knowledges have been obtained on mi- 

gration of the anchovy. The following review covers 
fragmental information. 

Egg  and larval stages. It is shown that some 
amount of eggs are carried by the Kurosio Current 
from southern K:yusyu to the Pacific coast along Hon- 
syu (Hayasi 1961, Asami 1962). 

Some postlarval anchovy assem- 
ble in the coastal waters (Yokota 1953, Tanaka 1956, 
Hayasi 1961). 

Juvenile stage. 

Juvenile through adult stages. 

Postlarval stage. 

Postlarval stage. 

Juvenile through adult stages. It is widely ac- 
cepted that some of anchovy stocks enter into and 
leave from bays and inlets during spring through 
summer and during autumn, respectively (Kubo 
1961). Most of sexually matured fish move from the 
coastal waters to the edge of continental shelves 
(Hayasi 1961). 

Shoaling 
The anchovy swim near the sea surface as schools 

throughout their life span. 
Egg and larval stages. Since eggs and larvae are 

dispersed by currents after they are discharged, their 
geometrical distribution pattern changes depending 
upon age (Yokota 1953). 

The postlarval anchovy actively 
forms schools so densely as to support commercial 
fisheries. 

I n  the live car, the 
anchovy tend to swim clockwise rather than counter- 
clockwise (Suehiro 1947). The fish can swim at a speed 
of 10-12 cm/sec. (Kimura 1934). Three swimming 
manners have been noticed in the fishing grounds 
(Inoue and Ogura 1958). As mentioned in abiotic 
factors, the species reacts sensitively against sound 
and light. 

The anchovy discharge ova and 
sperm a t  a duration of time between sunset and mid- 
night (Nakai et ab. 1955, Yamanaka and Ito 1957, 
Kubo 1961). 
Reproduction and Recruitment 

Two problems are left unsolved about fecundity of 
the anchovy: (1) How many times an individual 
spawns in a year, and (2) how many times a group of 
the fish having occurred a t  a spawning season in a 
spawning ground spawn in a year. In addition, it is 
not yet confirmed whether or not the anchovy in off- 
shore, extending 1,000 nautical miles from the coast, 
are recruited to the fishing grounds. 

Larval and postlarval stages. The minimal size 
of the anchovy caught by commercial fisheries is 13 
mm in total length. Recruitment to the boat seine is 
completed during the postlarval stage of 23 mm in 
total length (Ex. Com., Conf. Invest. Neritic-Pelagic 
Fisher. Japan 1961-63, Hayasi 1961). 

Juvenile and immature stages. Juveniles of 3 em 
in body length are taken by the fisheries that mainly 
exploit the immature anchovy. The fish are completely 
recruited a t  7-8 ern to the stocks for these fisheries 
(Asami 1962, Hayasi and Kondo 1957, Hayasi 1961, 
1962a). Immature fish over 6 cm in body length are 
taken by the large sized two-boat purse seines that 
mainly exploit the adult fish (Hayasi and Kondo 
1957, 1959, Hayasi 1961, 1962a). Immature fish over 
5 cm in body length are often distinguished by sex 
(Kubo 1961). 

Examination of ovum frequency in- 
dicates that anchovies discharge their ova or sperm 
one or more times in a spawning season (Kubo 1961). 
Number of ova discharged by a female has been esti- 

Postlarval stage. 

Juvenile through adult stages. 

Xpawning cycle. 

A d u l t  stage. 
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mated between 1,000 and 60,000 (Kubo 1961, Usami 
and Sugiyama 1962). The minimal size of matured 
fish was 5cm in body length, but the biological minimal 
size differs depending upon season and locality (Kubo 
1961). 

Growth and Life Span 
Age determination was regarded one of the most im- 

portant projects since the population dynamics was 
the major methodology of the investigations. The em- 
bryonic growth rate was investigated in order to 
determine the abundance of egg and larval stocks. 

The eggs hatch out about 30 hours after 
fertilization at  a temperature between 20” and 25°C 
(Nishikawa 1901, Uchida et  al. 1958), or about 48 
hours at  18°C (Kaymiya 1916). 

The anchovy larvae just after hatch- 
ing out range between 3.2 and 3.6 mm TL (Kamiya 
1916, Uchida et  al. 1958). 

It is estimated through examina- 
tion of meristic characters and abiotic factors that the 
postlarvae between 25 and 40 mm TL are 1 to 2 months 
old on the average (Hayasi and Suzuki 1957, Hayasi 
1961). 

There are a number 
of works on the growth rate of the anchovy after the 
postlarval stage. Technically, these works were ad- 
vanced through three steps: (1) analysis of length 
composition, (2)  analyses of length composition and 
vertebral counts, and (3) analyses of length composi- 
tion, vertebral counts and scale rings. Estimates of 
the growth rate of the fish differ depending upon 
workers. Examination of these investigations lead 
Hayasi and Kondo (1957) and Hyasi (1961, 196213) 
to the following conclusions. 

“1. One may estimate the season of hatching of the 
fish in the first year of life through analyses 
of length frequency and vertebral counts. 

2. The age of fish can be determined by scale read- 
ings since most fish form the scale annuli once 

a year during late autumn through early spring. 
To determine the age of a few fish, however, the 
date of catch, length and vertebral counts as 
well as the scale readings must be considered. 

3. The anchovy grow 5-11 cm and 11-14 ern in 
body length by the end of the first and second 
years of life, respectively. Most fish leave the 
fishing ground by the summer of the third year 
when they attain 12-15 cm. As only a few fish 
were found to exceed 16 em, the life span of the 
species is concluded to be two years. ” 

The following formulae approximate the growth of 
fish taken on the Pacific coast of Honsyu (Hayasi and 
Kondo 1957). 

E g g  stage. 

Larval  stage. 

Postlarval stage. 

Juveni le  through adul t  stages. 

Fish spawned in spring ; 
14.82(1 - 0.9153e-0.0142t) em, 

Fish spawned in autumn ; 
15.23 (1 - 0.9442e-0 em, 

where, t is age in term of month. 

Yokota and Furukawa (1952) and many other work- 
ers adopted the exponential curve for approximating 
the growth of the anchovy, and Yasumura et  al. 
(1956), the logistic curve (Kubo 1961). 

The immature and adult fish show different seasonal 
changes of their condition coefficients from one 
another (Hayasi and Kondo 1962a). 

Mortality 
The anchovy are consumed not only by commerical 

fisheries but also by various animals with large stocks 
such as the mackerels, skip jack, tunas, yellow tail, 
and squids. However, no attempt succeeded to estimate 
reliable mortality rates of the anchovy in the exploited 
phase. Investigation of plankton samples showed tre- 
mendously high mortality a t  the beginning of post- 
larval stage (Nakai et al. 1955, Yokota et al. 1961). 

The mortality rate of the eggs was 
estimated as about 30 percent from fertilization to 
hatching out. The eggs are taken by many animals 
including the adult anchovy. Noctiluca also eat the 
anchovy eggs (Nakai et al. 1955, Enomoto 1956, 
Hattori 1962). 

About 10,000-20,000 
tons of postlarval anchovy are commercially landed 
mainly by boat seiners. The larval and postlarval 
anchovy comprise one of the most common food 
organisms of various marine animals (Yokota et al. 
1961). The mortality rate just after yolk absorbtion 
is quite high, and then the mortality rate from 
fertilization to larval stage of 5 mm TL reaches about 
99 percent (Nakai et al. 1955). Known causes of the 
high mortality from larval to postlarval stages in- 
clude starvation and predation (Nakai et  al. 1962, 
Yokota et al. 1961). Monthly mortality coefficients 
were calculated to be about three for the postlarvae 
exploited in a major fishing ground along the Pacific 
coast of Honsyu ( Tanaka 1960). 

More than 300,000 
tons of anchovy have been landed every recent year. 
The fish are also eaten by various species (Yokota 
et  al. 1961). The annual survival rate was calculated 
as 0.26 (Yoshihara 1962). Monthly mortality coeffi- 
cients were calculated as 0.115 by the fishing and 0.136 
by the natural causes for the local group in the 
southern Pacific waters (Asami 1962). 

Morphometric Variation 
A number of works on the vertebral counts of 

the anchovy were conducted for discriminating the 
fish having occurred in different seasons of a year 
in different places, as reviewed by Asami and Ha- 
naoka (1957’1, asami (1958), Hayasi and Kondo 
(1957), Hayasi and Suzuki (1957, 1959), Ilayasi 
(196171962a), Kubo (1961) and Takao (1964). Even- 
tually, it was concluded that the systematic fractions 
of the anchovy population are not distinguished by 
one or a few morphological characters (Hayasi 1961). 

E g g  stage. Asami (1953) showed seasonal varia- 
tion in size and shape of the anchovy eggs taken from 
the eastern coast of Kyusyu. 

E g g  stage. 

Larval  and  postlarval stages. 

Juvenile through adul t  stages. 
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Postlarval stage. Comprehensive notes are given 
on variations of the vertebral counts of the anchovy 
at  postlarval through adult stages by Kubo (1961) 
and Hayasi (1961, 1962a). Major features in varia- 
tions of vertebral, and dorsal and anal fin ray counts 
of the postlarval anchovy are summarized as follows 
(Hayasi 1961) : 

1. The adult numbers of vertebrae (43-47), and 
dorsal and anal fin rays (13-17 and 15-20, re- 
spectively) are fixed by the time the fish reaches 
19 mm TL. 

2. On the basis of meristic variation, the fish 
spawned in the early half of the year can be 
segregated from those spawned in the later half. 

3. The meristic characters differ depending upon 
the hatching place, but usually the actual differ- 
ences are too small to make the meristic variation 
practically useful in segregating local groups. 

Kubo (1961) showed that many workers indicated 
that the mean vertebral counts are reversely correlated 
with temperature a t  hatching place (Figure 3) .  

The postlarvae taken in the coastal waters have 
larger body depth than those taken offshore (Nakai 
et al. 1962). 

Through a number 
of investigations, it has been found that the vertebral 
counts differ depending upon size of fish a t  the juve- 
nile through immature stages but not a t  the adult. 
The locality of habitat is not as significant a source 
of the vertebral variation as size of fish or season of 
sampling (Kubo 1961, Hayasi 1961). 

Systematic Fractions of Population 
The wide space-time extent of spawning and short 

life span imply that the anchovy population comprises 
fractions a t  various steps of differentiation. Hayasi 
(1961) defined two of such steps as follows : 
Local group: A local group is a fraction of a popula- 

tion regarded to consist of fish inhabiting a general 
locality, such as the Pacific waters along Honsyu. 
A local group includes several space-time groups. 

Space-time group : A space-time group consists of fish 
that are spawned in a particular area during a par- 
ticular season of the year. Because the spawning 
activities continue to some extent spatially and sea- 
sonally, if the amount is disregarded, a space-time 
group is referred to a group of fish spawned to such 
an extent as in the western Pacific area of Honsyu 
during spring months. 
The systematic fractions segregate most completely 

a t  the spawning phase. Examination of the distribu- 
tions of eggs as well as several characters of commer- 
cial catch indicates major local groups chiefly propa- 
gating in four different localities : (1) between Hyuga 
Nada and Tosa Bay and (2) Kii Peninsula and Boso 
Peninsula in the Pacific waters, and (3)  between 
western Kyusyu and western Honsyu and (4) Wakasa 
Bay and Toyama Bay in the Japan Sea. The stocks 
in the Set0 Inland Sea comprise immigrants from 
Hyuga Nada and Tosa Bay as well as the indigenous 
group. I n  addition to these major groups, there are 

Juvenile through adult stages. 

a number of minor local groups that may intermingle 
with each other and with the major groups. The 
eggs and larvae of the group inhabiting the southern 
Pacific region, major spawning area of which extends 
between Hyuga Nada and Tosa Bay, are transported, 
especially in the early spring, to the middle Pacific 
region, in which large egg stocks are observed in the 
waters between Kii Peninsula and Boso Peninsula 
(Hayasi 1961, Asami 1962, Takao 1964). 

F o r  each of the local groups, several space-time 
groups are segregated. I n  the middle Pacific region, 
the spawning activity reaches to the highest peak 
during March through June, and the second peak 
appears sometime in autumn. The landings of siraszb 
are the most numerous in spring and early summer, 
and the second peak of catch appears in autumn. Thus, 
there are two major time groups, spring and autumn 
groups. In  the waters, the anchovy are observed at  
four developmental stages; eggs by the spawning 
surveys, and postlarvae, immatures and adults of two 
age groups by the commercial fisheries. Examination 
of the growth, morphological characters, stock sizes, 
and seasons of their appearance indicate the following 
features of life history of the local group inhabiting 
the waters under discussion (Hayasi 1961, 1962b). 

Most of the anchovies in the Pacific waters along 
Honsyu occur in the waters between Kii Peninsula 
and Boso Peninsula. The eggs are chiefly produced by 
the fish in their second year of life (I-age). The 
mortality rates a t  postlarval through adult stages did 
not remarkably change for most of about ten year 
classes up to 1960. A portion of them moves into the 
coastal area a t  postlarval, immature and adult stages 
except the spawning cycles. A few eggs and larvae 
may drift to the high sea along the Kurosio current. 
Most fish may die within two and half years after 
birth. 

The spring group mainly occurs in the outer coastal 
waters, and intermingles with eggs and larvae that 
immigrated from the southern waters in spring. After 
juvenile stage, many of the fish spawned in spring 
enter into the bays during the warmer months of the 
first year of life. The autumn groups occur not only 
in the outer waters but in bays. They also appear in 
the coastal waters in their first autumn, but their 
stock size is smaller than that of the spring groups. 
These two time-groups are discriminated by body 
length, meristic characters and distribution a t  the 
stages just before sexual maturation, and then inter- 
mingle with each other (Hayasi 1961,1962b). 

The anchovy inhabiting the southern Pacific region 
are closely related with those in the Set0 Inland Sea 
(Asami 1958 a, b, C, 1962, Takao 1964). The major 
spawning season shifts from the outer coastal waters 
to the bays and inland sea during spring and summer, 
and then reversely during autumn and winter. The 
major fishing grounds of each spqce-time group are 
located in the waters near the spawning grounds. Most 
fish leave the fishing grounds by one and half years 
after birth. The fish having occurred in the spring 
are liable to move toward the middle Pacific region 
a t  the egg and larval stages, but most of the other 
groups stay within the region under discussion. 
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Assessment of Population 
Even though many estimates have been made of the 

characteristics inherent to the population dynamics 
(Yokota 1953, Yokota and Asami 1956, Hayasi and 
Nondo 1957, Hatanaka 1960, Tanaka 1960, Hayasi 
1961, Yoshihara 1962, Asami 1962, Beverton 1963) , 
it has been concluded that the anchovy is one of the 
most typical organisms indicating limitations of the 
present system of the population dynamics (Tanaka 
1960, Hayasi 1961). The most comprehensively ac- 
cepted opinion on the effects of fisheries upon the stock 
is that the fisheries may not seriously damage the 
anchovy stocks, because of the short life span and 
vigorous reproduction of that species, even if increase 
of amount of fishing efforts often causes decrease of 
the catch per unit effort (Ex. Com., Conf. Invest. 
Neritic-Pelagic Fisher. Japan 1962). Techniques of 
forecasting the anchovy stock size have succeeded in 
limited areas, where the life history of the fish is 
understood (Ex. Com., Conf. Invest. Neritic-Pelagic 
Fisher. Japan 1963). 

Hayasi (1961) summarized a general belief among 
fishery biologists engaging in the Cooperative Investi- 
gations on effect of fisheries upon the anchovy popula- 
tion as follows : 

“One of the most important biological features of 
the Japanese anchovy is the short life span, practically 
about two years in duration. Another important fea- 
ture is the wide-temporal and areal extent of the 
spawning activities. 

Deduced on the basis of these features are the 
following two general conclusions on fluctuation in 
the size and distribution of the population. Firstly, 
the environmental change in the early stage of life of 
a space-time group may not exert any serious effect 
on the amount of recruitment for the year, because 
the population consists of a number of such groups. 
The wide-extended spawning indicates that the species 
can propagate under various environmental condi- 
tions. Secondly, the natural mortality rate is regarded 
to be high because the anchovy, being small in size, 
represents the major prey of diverse fishes, and be- 
cause the life span of two years is much shorter than 
that of other neritic-pelagic species such as the 
sardine, many of which live for five o r  more years 
(Nakai and Hayasi 1962). Therefore, changes of the 
mortality rate by natural causes, especially those 
based on predation and competition, may play more 
important roles than the changes of the fishing inten- 
sity in determining the population size of the anchovy. 
The consistent regional distribution of catch suggests 
that the well-developed fisheries in the Pacific waters 
and the Seto Inland Sea have not seriously depleted 
the stocks therein. ’ ’ 

In the Pacific waters along Honsyu, it is possible 
to estimate sizes of large stocks a t  five developmental 
stages; (1) eggs in offshore, (2) postlarvae on the 
fishing grounds of sirasu fisheries on the outer coast, 
(3) immatures in the fishing grounds in the bays, 
(4) adults a t  the end of their first year of life and 
(5) adults a t  the early half of their third year of 
life on the fishing grounds along the Boso Peninsula 
and north. The egg stock must be proportionate with 

the stock of parents, mainly I-age fish. Hayasi (1961, 
1962b) compared the stock sizes a t  these five stages 
of the same year classes under a hypotheses that 
fluctuations in these stock sizes must be correlated if 
the following conditions are satisfied: (1) these stocks 
are actually related in the course of ontogeny, (2) 
the older three stocks are not overexploited, (3) the 
accessibility and vulnerability of the stocks do not 
remarkably vary between year classes, and (4) the 
estimates of abundances are reliable. Actually high 
correlation coefficients, ranging between 0.90 and 
0.98, were found for most of 8 to 10 year-classes 
between the four stocks except the immatures in 
the bays. 

Taking the correlations between stock sizes as well 
as information on spawning, migration, age and dura- 
tion of life span, it has been concluded that no fish- 
ing activity exerts any serious damage on the anchovy 
stocks in the major fishing grounds. The correlations 
between sirasu catch and either one of the older stages 
reveal that the fishing did not reduce the youngest 
stock severely. The fisheries in the bays exploited only 
a portion of the immature stock. The two-boat purse 
seiners aiming at  the adults did not exploit 0-age 
fish so seriously as to affect the stock sizes of I- and 
11-age fish. The exploitation of 11-age fish did not 
affect size of the major local group because the oldest 
anchovy may die within the year, and may not much 
contribute t o  the reproduction (Hayasi 1961, 1962b). 

The level of stock sizes during 1950 through 1959 
was assessed on the basis of the reproduction curve 
proposed by Ricker (1954). I n  constructing the curve 
for the Japanese anchovy, the abundance of eggs in 
any two successive years was used because this mea- 
sure is free from such a bias as inherent to the catch 
statistics, and because the spawners are mainly I-age 
fish. The egg abundance spawned by two successive 
generations are not well correlated with each other, 
except those reproducing in 1950 through 1952, which 
produced less than 500 X 10l2 eggs. Therefore, it can 
be stated that the classes spawning since 1953 were 
large enough to supply a large amount of landings 
(Hayasi 1961,1962b). 

On the basis of the correlations, formulae are given 
for predicting the catches of 0 and I1 age adults in 
several months o r  two years prior to the fishing sea- 
sons. Application of the formulae to the catch for past 
data showed that the predicted amount agreed with 
the actual catch for 8 or 9 years out of 10 (Hayasi 
and Kondo 1962). With the use of those formulae and 
catch statistics, the landings have been predicted as 
about 26,000 tons for 0-age adults during October 
through December of 1961, and about 50,000 tons for 
the 11-age adults in the early half of that year. The 
actual landings of 0- and 11-age adults in those periods 
were 23,000 tons and 47,000 tons, respectively (Hay- 
asi 1962b). This procedure was not applied for the 
following seasons because of occurrence of the remark- 
able anomaly of the environmental conditions (Nakai 
et  al. 1964). Thus, the prediction based on the cor- 
relations between catches a t  different stages are ap- 
plicable only in the case when the migratory route 
of fish, type of fishery, and environmental conditions 
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are nearly constant for a length of time. (Hayasi and 
Kondo 1962b, Hayasi 1962b). 

Asami (1962) estimated the monthly mortality co- 
efficients of the anchovy in the eastern waters along 
Kyusyu and Sikoku as 0.115 by fishing and 0.136 by 
natural causes. He also estimated the dispersion co- 
efficients that extended between -1.090 and +2.910, 
being much larger than the mortality coefficients in 
the absolute value. 

Abundance of food organisms, competitors, and 
predators are found to contribute obviously in de- 
termining the stock size of the anchovy (Yokota e t  al. 
1961, Nakai e t  al. 1962). It was found that the 
analytical study was impractical for the anchovy 
stocks but the estimated rates of decrease and growth 
of the postlarvae and immatures in the western Pacific 
waters along Honsyu suggested the possibility to in- 
crease the amount of catch (Tanaka 1960). 

I n  spite of a number of scientific works upon the 
anchovy, the present system of knowledges has not 
provided any objective way for development of tech- 
niques to predict the fish population as a living 
resource. I n  other words, the biological information is 
not unified as an idea since the fishery biology has 
treated the phenomena only superficially, even if 
many refined techniques have been adopted. 

I n  order to consider biological mechanisms under- 
lying fluctuation in the catch, it is necessary to start 
from the simple fact that the fish appear in a par- 
ticular place in a particular season of the year. This 
fact must be due to the biological rules that the fish 
assemble in a particular way a t  a particular develop- 
mental stage or yearly cycle of life, or, in other 
words, that the fish behave independently from, as 
well as dependently to, the environmental conditions. 
The mode of assembly must be the most fundamental 
biological project of the investigations in order to 
understand where, when and how, and why, the fish 
appear. 

Up to now, three ways were adopted for express- 
ing the mode of assembly of fish: (1) map of distri- 
bution, (2) map of migratory route, and (3) map of 
catch. The maps of distribution and migratory route 
indicate the biological rules, but are deficient in that 
they show only an aspect of life. Therefore, these 
maps, despite their biological basis, are not applicable 
fo r  indicating the most reasonable way of fishing. The 
map of catch does not indicate any biological rule, 
because the natural and social factors are not dis- 
tinguished there. I n  this regard, we must re-evaluate 
and criticize the technique proposed by Vinogradov 
(1945), who started from the work by Greene (1913). 
Vinogradov ( loc .  c i t . )  presents maps indicating the 
density distribution of the king crab for each of the 
yearly cycle of life. Indeed his maps would present 
moments to approach the biological rules governing 
the assembly of the species, since the mode of assembly 
must differ depending upon the yearly cycle of life 
that comprises particular physiological requirements. 
Unfortunately, his method did not exhibit any further 
advance, however. The most fundamental reason €or 
the deficit is that the yearly cycle of life was not con- 

sidered as a series of categories comprising life of 
species, systematic fraction and developmental stage. 

I n  order to understand way of life, therefore, it 
is necessary to express the mode of assembly through 
drawing maps of major aspects in the life for each 
of these categories. This series of maps, called fishing 
map, must give the moment to approach the mode 
of assembly of the fish. As an example of the fishing 
map, here is shown density distribution of the adult 
sardine in a fishing ground on the Pacific waters along 
Honsyu (Figure 3 ) .  The maps indicate differenccs 
in the mode of assembly based upon the yearly cycle 
of life, not only in geographical position but also in 
density (Hayasi 1965, Kubo and Hayasi 1964, Tokai 
Reg. Fish. Res. hab., 1964). Thus works on the indi- 
vidual aspects must start from the fishing maps that 
may essentially express the mode of assembly o n  the 
basis of the substantial knowledge upon the life of 
species. 

The annual change in the mode of assembly thus 
expressed will improve recognized s u b s t a n c e  of the 
life of species. Namely, the fishing maps drawn for 
any particular yearly cycle of life may deform from 
year to year, The yearly deformation in the mode of 
assembly have been caused by inadequate classifica- 
tion of the maturation phase, or yearly changes of 
the environmental conditions or of the fishery activi- 
ties. Therefore, the classification of the yearly cycle 
is to be inspected at  first. It should be noted that the 
inspection of the yearly cycle of life covers the inspec- 
tion of the related categories which mutually define 
themselves. Discovery of any inadequate classification 
means advance of the investigations of the life of 
species. If no misclassification is discovered. the de- 
formation will be attributed to the yearly change of 
environments, and then of the fishing activity. Re- 
peating the procedure, it is possible to examine the 
three factors underlying the phenomena. Further 
consideration on the existence of fish indicates such 
series of conceptions as  community, species popula- 
tion, systematic fraction, migratory group, shoal and 
individual. Actually the latter conceptions are more 
fundamental, while the biologist usually commences 
his study under the former conceptions such as com- 
munity or species population. It is necessary to treat 
the conceptions from community to shoal in order to 
assess the species population itself, however. Similar 
systems of conceptions are required fo r  the studies on 
environments and productive power of human beings. 
We may be able to consider real relationships between 
fishes, environments and productive power through 
examinations of the three systems but not by direct 
comparison of phenomena based on the individual 
aspects. 
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1NTRODUCTION 
The present economic structure and the population 

growth in Argentina render more manifest every day 
the necessity for paying increased attention to prob- 
lems concerning sea fisheries in this country. The 
importance of the Argentine sea, with its abundant 
fishery resources, as a source for obtaining basic pro- 
teins has become increasingly evident, and therefore 
the need for studying the marine environment and 
its resources becomes a very necessary task. 

As one would naturally assume, priority is given 
to  those marine organisms whose economic importance 
is greatest. Among these species of economic interest 
is the anchovy (anchoita). 

Research on the anchovy, up to 1960, the date on 
which the “Instituto de Biologia Marina” of Mar del 
Plata was created, was in a preliminary stage, with 
some few papers on the subject that, although quite 
valuable, were rather scattered. From that date on 
these studies were intensified, and became a long term 
project. Despite the existence of several obstacles of 
various kinds, e.g. the lack of a sea research ship for 
field work and exploratory fishing, financial problems, 
etc., the research done on the anchovy to date consti- 
tutes a considerable progress towards a basic knowl- 
edge of this species. 

The aim of the present work is to compile the avail- 
able data on the Argentine anchovy which refers to 
fishery, general biology, and its economic importance 
to Argentina. 

FISHERY 
The fishery exploitation of the anchovy reflects the 

overall picture of fisheries in Argentina. It is typically 
of little intensity, has low efficiency per unit effort, 
is limited to a short seasonal period, and is associated 
with an underdeveloped canning industry, which is 
concentrated in a single port (Angelescu, 1963). 

The anchovy together with the mackerel (caballa), 
both of which are of great economic importance, form 
the basis of the coastal fishery production. 

Coastal fishery is understood herein to be that 
wherein natural resources in the proximities of the 
coast are exploited with low tonnage boats (3-30 
tons), having operational range of 1 to 6 days, and 
without refrigeration facilities (Figure 1). The pre- 
dominant type of vessel for coastal fishing is a small 
boat without any cabin, manned by a skipper and a 
crew from 4 to 10 sailors. I n  the fishing of the an- 
chovy, pairs of boats generally work in association. In 
most cases the fishing is done within a radius of from 

2 to 30 miles from the port. The boats leave a t  dawn 
and return to port from noon up to the early hours of 
the night. 

The fishing craft used for the anchovy is a type of 
roundhaul net. 

The figures given below illustrate and emphasize 
the importance of the anchovy in the Argentine 
fisheries. These figures refer to the last available data 
for the year 1963 given by the (‘Direction General de 
Pesca y Conservacion de la  Fauna”. (General Di- 
rectory of Fisheries and Wild Life Conservation) of 
Argentina (1963). 

TABLE 1 
PRODUCTION OF COASTAL SEA FISHERY IN METRIC 

TONS FOR 1963 

Mackerel 
Anchovy (caballa) 

Scomber ‘ Other (anchoita) 
Engraulis anchoita japonicus Species Total 

12,520.4 11,585 38,933 53,039.2 
23.670 21.8% 54.6% l0Ovo 

Although the large schools of anchovy are scattered 
throughout vast extensions of the sea, the area of 
exploitation is quite small, and almost the totality of 
the fishing is done in the area bounded by the paral- 
lels 37” and 39” S. The principal port, both for the 
fishing and the industrialization of the anchovy, is 
Mar del Plata, in the Province of Buenos Aires (lat. 
38” S).  In 1963, out of the 12,520.4 tons of the total 
catch of anchovy, 11,795.6 tons came from the Mar 
del Plata area. 

The fishing for  anchovy is a seasonal activity de- 
pending upon the migrations performed by this spe- 
cies between the coastal region and the open sea. The 
catches of anchovy are obtained mainly in the months 
of September, October and November. The greatest 
peak appears in October. I n  1963, 88.6% of the total 
catch for the anchovy was obtained during these 3 
months. During the anchovy season, the majority of 
the coastal boats work on anchovy fishing. 

A certain portion of the catch is destined for con- 
sumption as fresh fish, but the greatest part is in- 
dustrialized. For this reason the fishing of the anchovy 
is mainly regulated by a pro  rata system. The canning 
industry communicates its needs to the center which 
groups the skippers of coastal fishery boats, and they 
distribute the requested amount according to the 
number of boats serving the factories. 

It is to be emphasized that the Argentine fishing 
industry concentrates mainly on the elaboration of 
products from the mackerel and the anchovy. There 
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FIGURE 1. Typical coastal boats, Port of Mar del Plata. 

are many different processes for the anchovy, ranging 
from simple salting (similar to herring salting), to 
sterile canning with oil or sauces. 

On the other hand, the scales of the anchovy which 
become detached very easily from the body and ac- 
cumulate abundantly on the sides of the boats during 
fishing, have proved to be valuable material for the 
manufacture of cosmetics and ornamental objects. 
During one fishing season, about 15,000 Kg of scales 
can be gathered. 

The possibilities for the exploitation of the anchovy 
are beyond the present absorption by the canning 
industry. It will be possible to expand the present 
exploitation by dedicating the anchovy to other in- 
dustrial ends, such as production of oils, flour, etc. as 
well as encouraging and aiding its consumption as 
fresh fish. Also, by expanding the fishing areas, using 
better fishing equipment and taking appropriate eco- 
nomic measures, a much greater advantage could be 
obtained from this important natural resource. 

GENERAL BIOLOGY 
General Characteristics 

The Argentine anchovy was named as a new species, 
Engraulis anchoita, in 1935 by Hubbs and Marini 
(Marini 1935). This latter author was of the opinion 

that this species was already included in scientific 
literature, but under names which were taxonomically 
inappropriate. 

The anatomy of Elzgraulis anchoita shows charac- 
teristics typical of the entire genus Engraulis,  the 
members of which are particularly distinguished by 
the large opening of the mouth which is ventrally 
situated. The snout is projected anteriorly, forming 
a slight prominence. 

The main meristic characteristics of this species, 
according to Marini (1935) and Fuster de Plaza and 
Boschi (1958) are as follows: vertebrae 45-45; gill 
rakers 23-39 and 32-48 ; anal rays 19-25 ; dorsal rays 
16-19 ; lateral line scales 40-42. 

This species has a wide geographical distribution, 
from San Sebastian Island, Brasil (lat. 24" S) in the 
north, to a location near San Jorge Gulf, Argentina, 
(lat. 42" S)  in the south (Figure 2). The vertical 
distribution depends upon the location of the thermo- 
cline. The anchovy does not reach waters with tem- 
peratures inferior to 9"-10" C, that is, a t  depths of 
20-50 m in the open sea (Angelescu, Fuster de Plaza, 
1962). 

The data available on this species refer mostly to 
the anchovy of the areas of the Province of Buenos 
Aires, which is the fishing region concerned. 
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FIGURE 2. Distribution and fishing limits of the Argentine anchovy. 
A 1-A2-Geographical distribution. 
B 1-B 2-Area of the approximate fishing totality. 

Population Problems 
In 1958, Fuster de Plaza and Boschi (1958) had 

assumed the existence of different anchovy popula- 
tions with differentiable meristic characteristics. Fur- 
ther investigations by Fuster de Plaza (1964) led to 
confirmation of this assumption and established the 
existence of two different anchovy populations : one 
whose reproduction takes place in the Spring and 
another, whose reproduction takes place in the Au- 
tumn. This conclusion has been based on meristic 
differences (mean number of vertebrae), distribution 
of modal classes of the samples over a period of 
time, biological differences in such variables as growth 
rate and the attainment of the first sexual maturity in 
individuals of both populations, and also in observa- 
tions of the state of maturity of the gonads throughout 
the year. This conclusion is partially supported by 
results obtained by the present author (1965). These 
results are based on data obtained from eggs, larvae 
and juveniles of the anchovy. They were gathered 

by systematic sampling throughout the year, and were 
elaborated with quantitative methods. They show that 
the reproduction of the anchovy takes place in its 
most intensive rhythm during October, as tempera- 
tures of 11.5°-14" C, and reaches a slight peak in 
February, a t  a water temperature of 20" C. The pres- 
ent author has also shown by means of experiments 
that the optimum temperature for  the embryonic 
development of the anchovies spawning in October is 
between 1O0-17" C, and that a temperature of 20' 
seems to be off the optimum point. This observation 
may also lead to the same assumption of the existence 
of two different populations of the anchovy with dif- 
ferent physiological characteristics. 

This problem becomes somewhat complicated by the 
fact, discovered by the present author, that the Argen- 
tine anchovy reproduces throughout the entire year. 
The problems arising from the populations of En- 
graulis anchoita, such as is the case with other species 
are very complex and await further and more de- 
tailed research. 
Fecundity 

There are data published on the fecundity problem 
of the anchovy by Fuster de Plaza (1964), who de- 
termined the degree of fecundity of the Spring an- 
chovy alone. There are no available data on the 
Autumn anchovy. This is due to difficulties in obtain- 
ing study material, since this population is not subject 
to commercial exploitation a t  present. The results ob- 
tained are based on counts of the number of ovocites 
of greater length in the ovaries of mature females. In 
the ovaries of the females which are in process of ma- 
turation, four different egg groups of differing degrees 
of maturity can be distinguished. When spawning is 
near, three of these groups can be more clearly ob- 
served. During t>he spawning the females lay the first 
ovocites from the group of greatest ovocites, and after 
a certain period of time lay ovocites from the second 
group. After this partial evacuation, the females leave 
the spawning area, retaining in their ovaries ovocites 
in different stages of development. 

There exists, in this species, as in several other 
species of fish, a strong correlation between the num- 
ber of ovocites in the ovary and the total length of 
the individual. For instance, the number of ovocites 
observed in the group of greatest size fo r  females of 
different total lengths are, according to Fuster de 
Plaza : 
Total length 115 140 160 175 190 

(mm) 

ovocites 
Number of 4,400 9,368 15,084 21,954 24,920 

Reproduction and Early Life History 
The first. sexual maturity of the anchovy is strongly 

related to the minimum length and, according to 
Fuster de Plaza (1964), anchovies of the Spring 
population reach their first maturity when they are 
120-130 mm long, while those from the Autumn 
population reach theirs when their length is 115-120 
mm. This author states that from July to August, 
adult individuals of the Spring population gradually 
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FIGURE 3. Embryonic development of the anchovy (Engraulis anchoita). 1. Formation of the first cell; 2. Two-blastomere stage; 3. Formation of the 
blastula; 4. Blastula; 5. Gastrulation; 6. Neurula, a) frontal and b) lateral view of same; 7. Commencement of the separation of the caudal 

region from the vitelline sac; 8. Embryo immediately prior to hatching (from Dz. de Ciechomki 1965). 

approach the coast in the area near Mar del Plata, 
where they appear forming great schools from Sep- 
tember onwards. The schools stay in the area until 
the beginning of Summer, when they start moving 
towards the open sea. A similar migration occurs with 
the adult individuals of the Autumn population that 
also migrate for reproduction in the period from 
February to  March. After spawning, they return to 
the open sea. 

The problem of the reproduction and embryonic and 
larval development of Engraulis anchoita has been 
studied in greater detail by the present author, who 
has incorporated the results in the papers presently 
in press. It has been possible to  determine the exact 
period of reproduction of this species on the basis of 
appearance and disappearance of the eggs, larvae and 
juveniles of the anchovy in the sea. This has been ac- 
complished by a systematic collection of the material 
and the use of quantitative methods. 

The intensity of spawning was related to changes in 
sea temperature. The reproduction of the anchovy 
starts in September, very close to the coast, at  a 
temperature of about 10" C, and reaches its peak in 
October at  a temperature of about 11"-13 "C. From 
November onwards the anchovy continues its repro- 
duction in a more or less intensive form, and appar- 
ently, more towards the open sea. In February, the 
spawning intensity reaches a slight peak. In  March, 
the intensity of spawning seems to  decline and appar- 
ently takes place more towards the open sea. Spawn- 
ing continues in this manner until September. The 
existence of two periods (October and February) of 
greater intensity agrees with the results given by 
Fuster de Plaza (1964) on the basis of an examina- 
tion of adult individuals. 

There occurs in the anchovy a daily spawning 
rhythm, ranging from 8 pm until 12 pm. The de- 
termination of this daily rhythm by the present author 
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FIGURE 4. Lorval development of the anchovy (Engradis anchaifa). 1. Recently hatched larva; 2. 2X-dayr larva; 3. ddoys larva; 4. 10-doys larva 
(from Dz. d e  Ciechomski 1965). 

enabled her to obtain mature female anchovies (which 
is impossible during other hours of the day), and 
to successfully achieve their artificial fecundation. 

The embryonic development of the anchovy is quite 
rapid. The most detailed drawings and descriptions 
of the embryonic and larval development have been 
given in a paper by the present author, “Observa- 
ciones sobre la reproduccion y desarrollo embrionario 

y larval de la anchoita argentina (Engraulis 
anchoita) ” (Figures 3, 4, 5). 

The measurements of the eggs show rather pro- 
nounced variations: 1.15-1.55 mm for the major axis 
and 0.66-0.80 mm for the minor axis. 

In the earlier stages of development, the eggs float 
vertically with their blastodiscs pointing downwards. 
As the enveloping of the yolk progresses, the 
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orientation of the eggs becomes increasingly hori- 
zontal. At  the stage of Kupffer's vesicle, the egg floats 
horizontally, coming closer to the bottom during the 
last stages of development. 

The hatching mechanism is always the same. Once 
this stage is reached, the membrane of the egg suffers 
a neat incision a t  a distance from the cephalic end 
equal to 6 the total length of the egg. After rupture 
has taken place, the embryo frees itself from the egg 
membrane in about 3 minutes. It should be emphasized 
that the rupture occurs always a t  the same distance 
in respect to the total length of the egg. 

The vitelline larva of the anchovy measures 2.70- 
3.40 mm a t  birth. The larva is rather undeveloped a t  
birth and does not show pigmentation on any part 
of its body. The heart a t  work is quite visible, but no 
blood circulation can be observed in the vessels. These 
appear to be typical characteristics of planktonic 
larvae. The pigmentation begin to appear the third 
day after hatching. After 4 or 5 days, the vitellum 
has been reabsorbed and the mouth begins to be 
functional. 

It is impossible a t  present to breed larvae of the 
anchovy in aquaria for a period of more than 8 to 10 
days. After this time all the larvae die, probably 
because of the lack of appropriate food. 

Ossification in the larvae of the anchovy commences 
relatively late, and the first ossified elements, cleithrum 
and dentale, appear when the larvae have a total 
length of 6 mm. When the larvae have reached a 
length of 33-34 mm, they have lost all of their larval 

characteristics except the snout. At the length of 
44-45 mm, they resemble completely the adult indi- 
viduals, and therefore pass into the juvenile stage. 

The influence of some environmental factors : tem- 
perature, salinity, light and mechanical factors, upon 
the embryonic development of the anchovy is known. 
This information has been obtained by the present 
author by means of experimental research, and has 
been given in a paper presently in press. The tempera- 
ture has of course a certain influence upon the speed 
of development. As was stated above, the development 
is quite rapid. It lasts for 68-72 hours at a tempera- 
ture of 14"-15 "C and for 50-53 hours at 19"-20" C. 
The optimum temperature for embryonic development 
appears to be in the range of 10"-17" C. These data 
refer to the October anchovy which reproduces a t  
lower temperatures than the Autumn anchovy, whose 
temperature range might be different. A temperature 
of 4" C is lethal. 

Experiments upon the influence of salinity have 
shown that the Argentine anchovy is not so tolerant 
in respect to salinity threshold as some of its relatives, 
such as Engraul i s  encrasichokis. The salinity bound- 
aries within which Engraul i s  anckoita develops in 
more or less normal manner might be fixed between 
25.8% and 50%. Outside of this range. the develop- 
ment is abnormal, with frequent production of mon- 
strosities. 

Light does not seem to have any sensible influence 
upon the embryonic development of Engraul i s  an- 
choita. The embryos of the anchovy are very sensitive 
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FIGURE 5. Termination of larval development of the anchovy (Engradis onchoifa). 1 .  6 mm larva; 2. 13.5 mm larva; 3. Juvenile of 44 mm (from 
Dz. de Ciechomski 1965). 



64 CALIFORNIA COOPERATIVE OCEBNIC FISHERIES IPU'VESTIGATIOhTS 

to the influence of mechanical factors. This sensitivity 
is at its peak in the earliest stages of development, 
including early gastrulation. I n  view of this fact the 
present author believes that high seas and storms 
might have some influence upon the fate of anchovy 
embryos which are, at the time, in this stage of 
development. 

Growth, Age, Condition Factor, and Metabolism 
The Argentine anchovy is a fish of short life that 

reaches its sexual maturity and becomes already a 
subject of commercial fishing at the age of one year. 
The problems concerning its growth, age, condition 
factor and metabolism were studied by Fuster de 
Plaza (1964). The results obtained by the same 
worker are based upon a statistical elaboration of 
data, applying the method of Petersen. According to  
Fuster de Plaza, the distribution of the samples in 
modal classes through time show the existence of two 
populations of anchovy ; the spring and autumn pop- 
ulations, with their corresponding growth parameters. 
Both populations show an active growth until the end 
of the third year of life. From then on, growth decays 
sensibly. The calculated length at  the fourth year of 
life is 185 mm for  the spring anchovy, and 175 mm 
for  the autumn anchovy. Growth is halted in both 
populations during the winter months. According to  
Fuster de Plaza, the total lengths of the anchovy dur- 
ing the first 4 years of life are as shown in Table 2 
(Petersen Method). 

TABLE 2 
MODAL CLASSES IN MM 

11 1 2  1s 14 
Spring population ---___--- 130 150 3 75 185 
Autumn population ---_---- 110 135 165 175 

Little is known about the growth of the anchovy in 
its first stages of life. In  a paper currently in press, 
the present author shows that the analysis of the 
monthly distribution of length frequencies of larvae 
and juveniles, taking into consideration the first mo- 
ments of intensive spawning, seems to indicate that 
the juveniles of anchovy reach a length of 60 mm 
when they are in the third month of life. 

According to Fuster de Plaza, the rate of weight 
increase in the adult anchovy is greater than the rate 
of length increase, and the development of the body 
takes place in a more or less harmonious manner along 
the three body axes. Also, the value of the Condition 
factor K shows a progressive increase with the growth 
of the individuals. F o r  adult individuals in the open 
sea, during their period of intense nutrition, this 
factor is of 0.70 to 0.90, whereas fo r  juveniles indi- 
viduals in coastal waters, the same factor ranges from 
0.50 to 0.73. 

The degree of fatty accumulation in the viscerae of 
the anchovy is related to the stage of development of 
the sexual glands. The greater deposits of fat are 
found in anchovies which have gone through the 
reproductive process and are in a state of repose. 

Fuster de Plaza has determined also the metabolic 
specific factor k,  following criteria due to Bertalanffy, 

who considered the metabolism of fishes to be pro- 
portional to body surface. The average value of this 
factor for  the anchovy is 8.75. It also appears that 
there is no sensible decline of the metabolic rate with 
the increase of the length. 

Feeding 
The present author has undertaken studies of the 

food and feeding habits of larvae and juveniles of 
anchovy. The characteristics of the alimentation at 
different developmental stages have been related to 
the morphological changes taking place throughout 
the development of the individual. The first results 
(not yet published) show that the anchovy larvae 
which are 3-5 mm long (that is, after reabsorption 
of the vitellus) feed almost exclusively on the eggs 
and nauplii of Copepoda, and small eggs from other 
organisms. In  larvae from 5 mm to 35 mm long, it 
has been impossible at the present to find remnants 
of food. This should be due to the structure of the 
digestive tract, which in this stage of development is 
like a straight tube, with a slight ketch of stomach 
in the  greater larvae. From the length of 35 mm on, 
the percentage of individuals in whose intestines food 
is found, becomes higher. 

The basic food for  individuals from 35-80 mm long 
are Copepoda in all stages of development: eggs, 
nauplii and adult forms. Besides Copepoda, there are 
also to be found juveniles of Decapoda and other 
Crustacea, eggs from various marine organisms and 
more rarely, larvae from fishes and Mollusca. In  the 
food of juveniles from 40 mm long are found Radio- 
laria, and Acantharia, but in scarce amounts. In  the 
food of juveniles with a length of more than 50 mm 
there appear Diatomea and Dinoflagellata, always 
with other zooplanktonic forms. 

Fuster de Plaza (1964) and Fuster de Plaza and 
Angelescu (1962) obtained somewhat different results 
with respect to the alimentation of the juveniles of 
anchovy. They found their food to be primarily com- 
posed of phytoplankton. I n  individuals from 50 mm 
to 100 mm long in the primarily phytoplanktonic food, 
they found a predominance of Diatomea. As the juve- 
niles approach the adult stage, the alimentation be- 
comes preferentially zooplanktonic. 

According to said authors in the food of individuals 
from 150-190 mm long, there are Copepoda, especially 
from the family Calanidae, pelagic Amphipodae (Para- 
themisto spp.), Sergestidae (Xergestes spp.) and some- 
times juveniles of anchovies and other fishes. 

The anchovy is plainly a plankton feeding species 
and is located in a low trophic level, near the primary 
production link. 
Migrations 

Although many data are lacking fo r  a precise de- 
termination of the population dynamics of the an- 
chovy, it is possible with the available data to reach 
some conclusions on the migration of large schools of 
anchovies in the area of the Province of Buenos Aires. 

As was shown in the preceding sections, the migra- 
tions of the anchovy are both trophic and reproductive 
in character. On this matter there are data published 
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by Fuster de Plaza (1964: and Angelescu and Fuster 
de Plaza (1962). 

During the rital cycle of this species, the juveniles 
find their first trophic habitat in coastal waters, where 
they remain the entire year until they reach their 
first sexual maturity. After spawning they migrate 
toward open sea regions, where they find abundant 
food. The same thing happens to the older adults that 
reach coastal x i te rs  in order to reproduce. Therefore 
trophic migrations are complemented by reproductive 
migrations in an alternating cycle throughout the sea- 
sons of the year, between coastal and open sea waters. 

I n  the period from November to May, the majority 
of the schools made up by adult anchovies concentrate 
in the middle region of the continental shelf and in 
the neighborhood of the continental slope. The sum- 
mer trophic habitat of the adults coincides with the 
areas of greatest wealth in nutrients and plankton. 
From July to August, with the maturation of the 
sexual glands, the adults of the spring population 
begin to approach the coastal waters for spawning. I n  
this way, large schools of anchovies appear in the 
coastal waters from September on. After spawning 
is accomplished they return to open sea regions. 

The same migration pattern is shown after a certain 
period of time by the adults of the autumn popula- 
tion. As a result of these migrations, the anchovy 
reaches during the summer months its greatest exten- 
sion in the horizontal plane of the Buenos Aires 
continental shelf. 

Other Data 
There are some preliminary data from studies of 

the blood of Engradis  anchoita. According to Conroy 
and Rodriguez (1964) and Conroy (personal com- 
munication) the quantity of erythrocytes in 1 cc of 
blood is 2,300,000 and their dimensions are 7.5 microns 
wide and 12.0 microns long. The average percentage 
of hemoglobin (Sahli) is 79. In  gm/100 ml this value 
is 12.64. Another study by Conroy (personal com- 
munication) on bacteria shows that the viable bac- 
terial count of the anchory immediately upon arrival 
in port is between 158,000 and 250,000/g of flesh. 

BIOECONOMICAL IMPORTANCE 
OF THE ANCHOVY 

As was shown earlier, the anchory is an important 
commercial product. Nerertheless, its greatest bio- 
economical value evolves from the fact of its being 
a true “forage fish” for a great number of fishes, and, 
therefore, due to its low trophic level, a carrier of 
energy towards the upper trophic levels. 

The subject of the importance of the anchovy in 
general bioeconomics has been widely treated by 
Angelescu and Fuster de Plaza (1962) and Fuster de 
Plaza (1964). These authors show that the anchovy, 
due to the great density of its schools and its wide 
distribution, is a key link in the intermediary stage 
of the bioproduction process, in connection with fish- 
ery exploitation in various area4 of the sea. 

3-95757 

Anchovy populations are subject to intense preda- 
tion by mackerel (#comber japoniczis) and hake 
(JlerlticciiLs nterluccizis hzcbbsii) , both of which are 
basic species of the Argentine fishery industry. As 
was pointed out by the aforementioned authors, the 
distribution of the anchovy in the area of the Province 
of Buenos Aires encompasses within its geographic 
boundaries the distribution area of the hake in the 
open sea. I n  the first region mentioned, the anchovy 
is the most important food, available in its juvenile 
stage, for the mackerel. I n  the second region it be- 
comes, a t  the adult stage, the main source of food 
for the hake. In  order to emphasize the importance of 
the anchovy in the bioeconomics of fisheries, the above 
mentioned authors made an approximate determina- 
tion of the amount of anchovies taken by the mackerel 
and the hake during the warm weather season. Ac- 
cording to these calculations, the fishing volume of 
the anchovy with an annual average of 10,000 tons, 
represents only a 3.370 of the amount consumed by 
the biomass of mackerel and hake caught commer- 
cially. The total catch of these two species during the 
Summer is approximately equivalent to a consumption 
of biomass of juveniles and adults of anchovy of up to 
300,000 tons. 

On the other hand, the anchovy is a major source of 
food for other fish eating marine organisms, espe- 
cialiy predatory fishes of economic importance, marine 
mammals, and birds. 

It appears from these facts that the anchovy, due to 
its intermediary position between primary production, 
zooplankton, and the consumers a t  higher trophic 
levels, is the species of maximum importance in the 
maintenance of the biomass of predatorial fishes, 

A detailed study of these interspecific trophic re- 
lationships, by Angelescu and Fuster de Plaza is a t  
present in an advanced stage of elaboration. 

RESEARCH PROGRAM 
Because of the great bioecononiic importance of En- 

grazclis anchoita, it was considered opportune to estab- 
lish an extensive plan of studies for this species in all 
the stages of its vital cycle. 

The biological study of the anchovy, which is a 
part of the research program of the “Institzcto de 
Biologia iMarina” of Mar d e l  Plata, has been con- 
ceived as a ten-year project, and includes the analysis 
of meristic characters, fecundity, reproduction, ali- 
mentation, growth rate, sexual niaturity and length 
distribution. A biostatistical sampling project of com- 
mercial landings of anchovy in the Mar del Plata 
area has been organized. This project is carried forth 
throughout the entire year, with the aim of estab- 
lishing the structure and the dynamics of the popu- 
lations. 

Studies are aimed a t  a better understanding of the 
biology of the anchovy in its earliest life stages, that 
is, a t  problems related to the embryonic and larval 
development, alimentation and growth of larvae, and 
tlieir behavior. 
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An intensive research programme is a t  present 
under way on the trophic relationship between the 
anchovy and other species of fishes, especially the 
mackerel and the hake, whose rates of ingestion, dura- 
tion of digestion, total metabolism, etc., are being de- 
termined. 

In the chemical aspect of the programme, studies 
are being made on the seasonal variation of the chem- 
ical composition, and on the bacterial spoilage of the 
anchovy under various conditions. 

All these studies will be improved and intensified 
a t  the beginning of 1965 from a plan of technical 
assistance for fisheries drawn by the United Nations 
Special Fund and the Argentine Government. 

On the other hand, experiments for another tech- 
nique of anchovy fishing have recently been started, 
with different commercial aims. With this technique, 
a larger type of fishing vessel and another type of 
round trawl net are used in order to catch a greater 
number of fishes in a single haul. The product of 
these catches will be used in the manufacture of fish 
flour. 

SUMMARY 
I n  the present paper existing data of the investiga- 

tions on the Argentine anchovy Engraulis anchoita 
are given. The following problems are considered : 
1) Fishery 
2) General biology 

a )  general characteristics 
b) population problem 
c)  fecundity 
d )  reproduction and early life history 
e) growth, age, condition factor, and metabolism 
f )  feeding 
g)  migrations 
h )  other data 

3) Bioeconomical importance of the anchovy 
4) Research program 
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INFLUENCE OF SOME ENVIRONMENTAL FACTORS U P O N  THE EMBRYONIC 
DEVELOPMENT OF THE ARGENTINE ANCHOVY 

ENGRAULIS ANCHOITA (HUBBS, MARINI) '  
JANINA DL. DE CIECHOMSKI 

lnstituto de Biologia Marina 
Mar del Plata, Casilla de Correo 175, Argentina 

An extensive literature exists on the problem of the 
influence exerted by several environmental factors 
upon the early stages of development in fishes. Other 
workers have dealt with this subject either from the 
point of view of obtaining a deeper knowledge of the 
biology of the species under research, o r  from the 
standpoint of solving some practical problems through 
their studies. Thus the majority of these publications 
refer to species of economical importance. 

The object of the present work was to study the 
influence exerted upon the embryonic development of 
the Argentine anchovy Engraulis anchoita by the 
following environmental conditions : temperature, sa- 
linity, light, and mechanical factors. Special attention 
was given to the temperature, since this factor under- 
goes greater changes during the spawning period of 
the anchovy. The reproductive season of this species is 
quite long (Dz. de Ciechomski, 1965 ; Fuster de Plaza, 
1964), lasting for approximately 9 to 10 months, 
and therefore the temperature varies considerably 
throughout this period. The investigation herein de- 
scribed was aimed a t  the determination of the develop- 
mental rate a t  different temperatures, and a t  an estab- 
lishment of the optimal values and limits within which 
the embryonic development of the anchovy normally 
takes place. 

I n  the case of salinity, an attempt was also made to 
establish the limiting values within which the normal 
embryonic development of the anchovy could take 
place. It was also the aim of this research to obtain 
salinity data in order to compare them with the 
values recorded for other related species of great 
salinity tolerance. 

I n  the case of light, it seemed to be of interest to 
determine whether this factor exerts any influence 
upon the embryonic development of the anchovy. 

Upon noting the great mechanical susceptibility of 
the eggs of Engraulis anchoita, it was considered of 
interest to study this phenomenon in detail. The in- 
vestigation was thus directed towards a determination 
of the developmental stages of the embryo a t  which 
this susceptibility manifested itself with the greatest 
intensity. A study of this problem is of particular 
interest since high seas and storms may have some 
influence upon the fate of anchovy embryos which 
happen to be in development under those circum- 
stances. Rollefsen (1930), in his work on the cod, has 
shown that intense wave movement does have an 
1This paper has been prepared through the sponsorship of the 

Council for Scientific and Technical Research of Argentina. 

effect on the embryonic eggs of fishes. According to 
this worker, the years of very good catches were 
always preceded by years of light winds and fine 
weather during the reproduction season of this species. 

MATERIALS AND METHODS 
As basic material for the experiments, eggs obtained 

by artificial fecundation as well as eggs collected from 
plankton were used. Artificial fecundation was ac- 
complished using the method usually employed to 
this end. The eggs obtained from plankton were 
selected so as to use those which were in early stages 
of development, (Le., up to the beginning of the 
blastula stage). 

For the experiments concerning the influence of 
temperature, the eggs obtained from artificial fecunda- 
tion were placed in different aquaria, some being kept 
within a temperature ranging from 19" to 20' C., 
some within 14" to 15" and others a t  4" C. The 
temperature of 19" to 20" C. was obtained by means 
of a thermostat; the 4' C. by placing the aquarium 
inside a refrigerator, whilst the 14"-15" C. corres- 
ponded to the room temperature a t  that time. For  
technical reasons, it was impossible to obtain tempera- 
tures ranging from 8" to 10' C. 

I n  the experiments made concerning salinity, the 
following procedure was used : to obtain salinities 
lower than normal, distilled water was added to the 
filtered sea water; to obtain salinities higher than 
normal, a suitable amount of sodium chloride was 
added. Experiments were made with the following 
salinity values: 3.9 %o; 8.4 %o; 16.8 % o ;  25.2 %o; 33.5 
20 ; 50 & and 60 %o. 

To study the influence of light, an aquarium con- 
taining eggs in development was kept in complete 
darkness, another one was kept under continual illu- 
mination, whilst a third was maintained with natural 
light as a control. 

The study of the mechanical susceptibility of the 
embryos was made by submitting the embryos a t  
different stages of development to the effects of differ- 
ent pressure, and of shocks resulting from their being 
dropped from different heights. To study the pressure 
factor, the eggs were placed between two slides, three 
a t  a time, arranged so as to form a triangle. Progres- 
sively larger weights were then placed upon the slides. 
After each manipulation the eggs were examined 
under the microscope in order to determine the re- 
sistance of the membrane and of the embryo. These 
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O h 3 5 m  
l h O O m  
1 h 2 0 m  
2 h 0 0 m  
4 h 2 0 m  

15 h 30 m 
29 h 00 m 

32 h 30 m 
44 h 30 m 
5 0 h 0 0 m  
51 - 53 h 
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weights which produced the rupture of the membrane, 
or which produced signs of destruction in the embryos, 
were considered to be critical weights. This method is 
similar to the one used by Galkina (1957) , in her work 
on the herring of the Okhotsk Sea. I n  order to submit 
the eggs to shocks, they were taken in approximately 
equal amounts by means of a pipette, and were 
dropped upon a nylon tulle tautly extended on the 
concave side of a petri dish. The eggs were dropped 
from heights of 23 and 50 em. The embryos used were 
in the following stages of development : the beginning 
of blastula, early gastrulation, the stage at  which the 
blastoporic ring exceeds the equator of the eggs, and 
embryos in the stage of tail growth. The eggs sub- 
mitted to shock were placed in aquaria and the follow- 
ing day the mortality rate was determined. A similar 
method was employed by Rollefseii (1932) for deter- 
mining the susceptibility of cod embryos. 

The eggs used for the light, salinity, pressure and 
shock experiments were kept a t  a temperature ranging 
between 14" and 15" C. The embryos used in all the 
experiments developed from eggs of anchovies which 
approached the shore for  reproduction in October. 
This last observation is necessary, especially in re- 
gard t o  experiments on the influence of temperature, 
since it is known that embryos from anchovies spawn- 
ing in summer ( fo r  instance) a t  much higher tempera- 
tures of the water, can show different physiological 
characteristics with respect to the temperature factor. 

INFLUENCE OF TEMPERATURE 
As is well known, the rate of the embryonic develop- 

ment of 8 given species is directly related to the tem- 
perature. The higher the temperature, the more rapid 
the developmental processes take place (Leiner, 1923 ; 
VucetiG, 1957, etc.). I n  this respect the anchovy fol- 
lows the general rule. At  the temperature of 14"-15" 
C., hatching occurs 69 to 72 hours after fertilization ; 
at  19"-20" C., 50 to 53 hours after fertilization. The 
rate of development within the aforementioned tcm- 
peratures is shown in Table 1. 

Besides the differences in developmental rate, other 
phenomena related to temperature became apparent. 

TABLE 1 

THE EMBRYONIC DEVELOPMENT O F  THE ANCHOVY AT DIFFERENT 
TEMPERATURES 

1 Hours of development 

Stage of development 14-15' C. 19-20° C. 
__ 

First cell formation .__________..__..__ 
Two-blastomere stage. - - - - -. . - - - - - - - 
Four-Blastomere stage. _ _ _  - - -. - - -. . - - 
Early blastula.. _.___.__.._.________. 
Blastula __.__ . - -. . - - - -. - - -. . . - - -. . . - 
Early gastrula. .._.__.__...._.....___ 
Closing of the blastopore .___.____...._ 
Blastopore closed. Stage of Kupffer 

vesicle.----------- . .-------- .-----  
The embryo occupying 3/6 of perimeter.. 
The embryo occupying % of perimeter-. 
 hatching_.-_____--_^..^--^..^-^^.--- 

O h 3 5 m  
1 h 1 0 m  
1 h 4 0 m  
2 h 2 5 m  
5 h 0 0 m  

16 h 45 m 
33 h 30 m 

39 h 00 m 
56 h 30 m 
66 h 00 m 
69 - 72 h 

Within 14" to 15" C., 90 to 95% of hatching is 
obtained with very few anomalous cases, whilst within 
19" to 20" C., 80 to 90% of the eggs hatch, and 
anomalies appear with greater frequency. These 
anomalies consist mainly in axial deviations, espe- 
cially in the region of the tail. Differences in the 
length of the larvae born a t  these different tempera- 
tures have not been observed. The influence of the 
temperature was manifested also in the heart beat. 
The heart beat of an embryo immediately prior to 
hatching, a t  temperatures within 14" to 15" C., was 
on the average 65 to 70 beats per minute, whilst a t  
temperatures between 19"-20" C., i t  was about 100 
beats per minute. 

A temperature of 4" C. was lethal for the em- 
bryos of anchovy. Eggs placed a t  4' C. in the early 
blastula stage showed a complete halt in their develop- 
ment. After 5 to 6 days, and always in the same stage, 
they died and became opaque. When eggs which had 
been kept for 1 to 2 days a t  4" C. were transferred 
to aquaria at a normal temperature (14" C.),  their 
death occurred more quickly. Thus the lower tem- 
perature seems to cause irreversible changes. 

From the aforementioned results, there seem to be 
grounds for making certain assumptions with regard 
to the optimal temperatures for the embryonic devel- 
opment of the anchories reproducing in spring. 

As has been mentioned in a previous publication 
(Dz. de Ciechomski) the anchovy begins to spawn in 
a rather intensive way at  10" to 11" C. The greater 
spawning intensity is achieved within 11.5" to 13.8' 
C. Thus a temperature of 10" C. may be considered 
as the lower limit of the optimal temperature range 
for  development. It has been noted that development 
a t  a temperature within 19"-20" C. does not take 
place in a completely normal manner, and thus there 
seems to be an upper temperature limit to the optimal 
range. The assumption which can be made from these 
data is that the anchovy which spawns in the spring 
has its optimal developmental range within 10" C. 
and 16"-17" C. These values might be somewhat 
different for individuals of the same species that re- 
produce in summer at higher water temperatures. 

INFLUENCE O F  SALINITY 
A large number of species of the clupeid group show 

great tolerance in respect to the salinity factor. F o r  
the embryonic development of Clupea harengus, 
Ford (1928) gives salinity limits from 4.8%0 to 37.@h0. 
Holliday and Blaxter (1960) give the values 5.9%/,, 
to 52.5%0 (for the same species). Demir (1963) observed 
that Engraulis encrasicolus in European waters can 
develop normally within salinities from 9%0 to 37.5c/00. 
For the species of the family Engraulidae which live 
in waters close to the American Continent, no sufficient 
data are available a t  present on this problem. 

I n  the case of the Argentine anchovy (Engraulis 
anchoita) it has been possible to establish that it does 
not possess as great a tolerance in respect to salinity 
thresholds for its embryonic development. 

Anchovy eggs which are transferred at  any stage 
to  water of a lower than normal salinity sink and 
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continue their development whilst lying on the bottom 
of the aquarium. Upon transferring the eggs a t  the 
blastula stage to water with a salinity of 3.4740, most 
of the embryos die within a short time. Many eggs 
increase in size and take the shape of a very wide 
barrel. This phenomenon is probably caused by per- 
turbations in osmoregulation. Some of the embryos 
reach the Iiupffer visicle stage, all of them showing 
anomalies in the axial part. The axis of the embryo 
takes the form of an “ S ”  or  a sinuous shape, as is 
shown in Figure 1. At this stage all of the eggs die. 
When the transfer has been made while the embryos 
are still in the stage at  which the tail has already 
been separated from the vitellus, the embryos continue 
their development only for  a short time. Then they 
come to show axial alterations as in the preceding 
case, and they die. The embryos transferred in the 

2 

FIGURE 1. Embryos of the anchovy maintained a t  salinity 3.4% show- 
ing anomalies in the axial part. 

blastula stage to water with a salinity of 8.4g0 coii- 
tinue their development up to the stage in which the 
embryo occupies about 3 of the perimeter of the egg. 
From this moment on the eggs all die. An increase in 
the size of the eggs is not observed as a t  3.4%0 salinity, 
but most of the embryos show the same axial altera- 
tions. 

The embryonic development seems to lag a little as 
compared to the controls. I n  water with a salinity 
of 16.8%0, the embryos develop at  a somewhat slower 
rate than the controls and most of them (60 to 70%) 
are able to hatch. Among the resulting larvae a few 
appear to be normal but die soon after hatching. 
Most of the larvae hatch in an earlier stage of develop- 
ment than the controls and many of them show 
abnormalities, especially in the region of the tail. 
These latter results offer grounds f o r  assuming that 
low salinity has a greater effect on the development of 
the embryo than upon the action of the hatching 
enzymes. With water of 23.8%0 salinity, normal hatch- 
ing of approximately 6076 of the eggs is obtained. 
These larrae do not differ from the controls and 

appear to be normal. From the remaining 40% a small 
portion does not reach the hatching stage and most 
of the larvae show small abnormalities. Eggs in any 
stage of development, when kept in high salinity 
water, remain buoyant close to the surface. The value 
33.5%0 corresponds to the normal salinity a t  which 
the anchovy spawns in the sea. 

Observing the embryonic development of the an- 
chovy in salinities higher than normal, several results 
are obtained. I n  water with 50%0 salinity, develop- 
ment continues in a more or less normal fashion. 
The hatching rate is high (90-95%) and few ab- 
normalities are observed. The developmental rate 
appears to be to a certain degree higher than that of 
the controls. I n  water of 6Oo/oO salinity, about 70% 
of the embryos reach the hatching stage. Most of the 
embryos that hatch are abnormal, and in most cases, 
show anomalies in the region of the tail (Figure 2).  
Some monsters are born almost without a tail. These 

FIGURE 2. Monsters of the anchovy born in water of 60%0. 

larvae reach a length of only 1.25-1.35 mm, whilst 
the length of the controls is about 3 mm. Malforma- 
tion in the embryonic fin are observed in some larvae 
just after hatching, and an anomaly is also observed 
in the existence of a very large cavity in the anterior 
part of the vitellum. Similar abnormalities have been 
found by Nakai (1962) in the case of eggs of Xardina 
melanostica kept in salinities much higher than 
normal. 

It can be assumed from these data that the Ar- 
gentine anchovy does not show as high a tolerance 
in respect to salinity thresholds as do some related 
species, such as E n g r a d i s  encrasicolus. The limiting 
salinities, within which the embryonic development 
of Engraul is  anchoita can take place more or less 
normally, would be fixed a t  25.8:ho and SO%,. This 
phenomenon might be due to the fact that the Ar- 
gentine anchovy IiTTes in il habitat undergoing slight 
changes in salinity, and that. therefore, it has not 
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Early blastula- - - - - _ _  _ _ _  - - _ _ _ _  _ _  _ _ _  _ _  - - _ _  
Early gastrula .._____.._______.._________ 
The blastop. ring exceeds the equator of the 

egg ____-_..__-_._.._--.~~~~~--~~...~.~ 
Closing of the blastopore .______...________ 
Embryo-Kupffer’s vesicle - - - - - - - - - -. - - - - - 
Commencement of the separation of the cau- 

dal region of the vesicle sac _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Embryo occupying W of perimeter .____.._r 
Embryo prior to hatching _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

had to need to develop adaptative trends in respect 
to this factor. The present author (Dziekonska, 1958), 
as well as other workers, holds the view that indi- 
viduals of one species from water of a certain salinity 
might reproduce in waters whose salinity is lethal 
for other individuals of the same species living in 
waters of lower salinity (Ivlev, 1940). 

160 _ _  
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INFLUENCE OF LIGHT 
Experiments have shown that the influence of light 

is not a factor of great importance in the embryonic 
development of Engraul i s  anchoita. Eggs which were 
kept in complete darkness developed and hatched in 
a normal way, and no differences were observed in 
respect t o  the controls. 

I n  aquaria kept under continual illumination, 
hatching took place earlier and a greater number of 
anomalies was observed, although this latter fact is 
possibly the result of a temperature increase due to 
illumination rather than to the effect of light itself. 

The relative indifference of the embryos in respect 
to light is probably due to the fact that the eggs of 
the anchovy are planktonic and thus they stay fairly 
close to the surface of the sea, and are exposed to the 
rays of the sun as well as to darkness. Also, their de- 
velopment is quite rapid and, therefore, both the pres- 
ence and absence of light acts upon their development 
during a brief period of time. I n  the case of some 
species of salmonids, for instance, it has been shown 
that light generally has a negative influence. In the 
case of this species, its development requires a long 
time and takes place in natural conditions, in dark- 
ness, under sand or pebble beds (Eider, 1957; Willer, 
1928). The embryos of Pleuronectes, which develop 
under natural conditions similar to those of the an- 
chovy, also appear to be indifferent to the effect of 
light. (Johansen, Krogh, 1914). 

INFLUENCE OF MECHANICAL FACTORS 
Anchovy eggs which are submitted to pressure re- 

act in different ways, according to the developmental 
stage which the embryos have reached. The results of 
the experiments are shown in Table 2. As may be ob- 
served, the embryo appears to be more susceptible 
to  pressure during the early stages of its development. 

TABLE 2 

RESISTANCE OF THE ANCHOVY EMBRYOS AND EGG MEMBRANE 
SUBMITTED TO THE EFFECTS OF DIFFERENT PRESSURE DURING 

VARYING STAGES OF DEVELOPMENT (WEIGHT IN GMS) 

1 membrane 1 embryo 
Maximum w. Maximum w. 

Stage of development 

slide 
slide 

slide 
slide 
3-5 

10 
16 
40 

Up to the closing of the blastopore, the weight of the 
slide alone is sufficient to destroy the embryo. After 
the vitellus is completely enveloped, the resistance of 
the embryo increases. Close to the hatching stage, the 
weight of the slide together with a weight of 40 gm 
is necessary for the destruction of the embryo. This 
phenomenon seems to have its explanation in the fact 
that the vitellus is protected by the envelopment of 
embryonic tissues, and theref ore offers greater resis- 
tance. This slight susceptibility of the anchovy em- 
bryo before hatching does not agree with the observa- 
tions of Schaperclaus (1940), upon the eggs of E s o x  
lucius. This author found that the resistance of the 
embryos of this species in respect to the pressure fac- 
tor decreases sharply just before hatching. 

As is shown in Table 2, the resistance of the egg 
membrane becomes greatest a t  the stage corresponding 
to the closing of the blastopore, and decreases sharply 
immediately prior to hatching. This phenomenon may 
be attributed to the effect of the hatching enzymes, 
which at  this stage act by lyzing the chorion. 

The experiments concerning the effect of shock in 
eggs dropped from different heights leads to conclu- 
sions analogous to those suggested by the pressure 
experiments. The results are depicted in Figure 3. As 

I I I I 
skgesl i z 3 4 

FIGURE 3. Percentage of anchovy eggs a t  differing stage of develop- 
ment killed after falls from different heights. 

it was impossible to obtain suitable materials fo r  per- 
forming experiments upon the early cleavage stages, 
no conclusions will be drawn on the susceptibility of 
the embryos during the early stages of development. 
The earliest stage at which the embryos were sub- 
mitted to shock was the early blastula. I n  this stage, 
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eggs dropped from a height of 50 em had a mor- 
tality rate of 8576, while those dropped from 25 
cm had a. mortality rate of 60%. As development 
continues, the susceptibility, though diminishing 
slightly at  the beginning, remains at a high rate, and 
as the enveloping of the vitellus progresses, the sus- 
ceptibility decreases. At an advanced embryonic stage, 
the resistance increases so much that little difference 
is observed between the mortality rate of the em- 
bryos submitted to the experiment and that of the 
controls. These results agree with the observations 
made by Rollefsen (1932), who, in the case of the 
genus Gadus, also recorded an increase of the resist- 
ance throughout the development of the embryo. This 
observation does not agree, however, with the data 
given by Lindroth (1942) for the embryos of Salmo 
salar. In  his experiments, he reached the conclusion 
that the resistance of the embryo in this species is 
not related to the enveloping of the vitellus, and that 
it can decrease in the last stages of development. 

The data which have been obtained, showing the 
high susceptibility of anchovy embryos to mechanical 
factors, lead to the assumption that high sea,s and 
storms might have an influence upon the fate of de- 
veloping embryos which are in the sea at  that time. 
This assumption has grounds, too, in the observations 
made by other workers (Rollefsen, 1930 ; Carruthers, 
Parrish, 1951), who have shown that high seas can 
kill the embryos of some species of the genera Gadus 
and Plezwonectes a t  a critical stage of their develop- 
ment. Thus, they were able to forecast on the basis 
of meteorological conditions, especially wind data, the 
volume of the catches of gadids two years prior to 
their entry into commercial fishing. 

S U M M A R Y  
The influence of temperature, salinity, light and 

mechanical factors upon the embryonic development 
of the Argentine anchovy Engraulis anchoita (Hubbs, 
Marini) has been established. 

1) The embryonic development of the anchovy 
within the temperature range 14"-15" C. lasts from 
68 to 72 hours, whilst within 19'-20" C., it lasts 
from 50 to  53 hours. A temperature of 4" C. was 
found to be lethal. The optimal temperature range 
for the anchovy hatching in the spring appears to  be 
from 10" t o  17" C. 

2) Embryonic development takes place normally at 
salinities ranging from to 50%0. Salinities above 
or below this range produce very pronounced ab- 
normalities in the embryos. 

3) Light does not appear to have any particular 
influence upon the embryonic development of the 
anchovy. 

4) Anchovy embryos show great susceptibility to 
mechanical factors (pressure, shock). This suscepti- 
bility becomes more pronounced during the earlier 
stages of development, including early gastrulation. 
The assumption is made, on these grounds, that high 
seas and storms can destroy the developing embryos. 
The resistance of the egg membrane shows its greatest 
intensity in the stage corresponding to the closing 
of the blastopore and diminishes sharply immediately 
prior to the hatching of the egg. 
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INVESTIGATIONS OF FOOD AND FEEDING HABITS OF LARVAE AND JUVENILES 
OF THE ARGENTINE ANCHOVY ENGRAULIS ANCHOITA' 
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lnstituto de Biologia Marina 
Mar del Plata, Argentina 

INTRODUCTION 
Up to the present time no papers on the feeding of 

the larvae of marine fishes have been produced in 
Argentina. The present contribution is the first study 
of this nature referring to this area of the Southwest 
Atlantic and it deals with problems related to  the 
feeding habits of the larvae and juveniles of the 
Argentine anchovy. 

The purpose of this paper is to study the food and 
feeding habits of the anchovy larvae from the time at  
which the larvae begin to  be able to feed, to the time 
when the juveniles approach the adult stage. This 
study has been based upon a quantitative and qualita- 
tive determination of the food components, to obtain 
a better assessment of the contribution of the different 
groups of organisms to the diet of the larva(. and 
juveniles of the anchovy. The characteristics of the 
feeding of the young forms of the anchovy at  different 
stages of development were studied in relation to the 
morphological changes ~vhicli take place throughout 
the growth of the individuals. The morphologlcal 
characters most closely related to the feeding process 
in fishes are: the digestire tract, the gill rakers and 
the dimensions of the mouth. Therefore, in the present 
work, special emphasis has been given to a detailed 
study of these morphological elements. Also, an anal- 
ysis of the changes in the feeding of the larvae and 
juveniles of the anchovy during different seasons of 
the year has been attempted. 

Together with the anchovies, juvenile indivudals of 
another species, Aicstroatlzerina incisn, were gathered. 
The individuals of this species share the habitat of, 
and are found mixed with those of the anchory. The 
purpose of collecting other material was to study the 
intestinal content of the individuals of this other 
species with the aim of obtaining comparative material 
as a frame of reference for the anchovy, taking espe- 
cially into account the competition for their food 
supply. The results of the analysis of the feeding 
habits of the juveniles of A. incisa will be found in 
another paper by this author (Ciechomski, in press). 

MATERIALS AND METHODS 
The larvae and juveniles of anchovy which were 

used as material for this study were collected from 
coastal maters off Mar del Plata. The juveniles were 
obtained from every month of the year. The larvae of 
sizes 3.0-4.9 mm and 5.0-22.0 mm were obtained only 
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during the summer. A total of 1,705 larvae and 
juveniles has been studied, ranging in size from 
3.0 to 90.0 mm. From these, 503 individuals contained 
food, the remainder having their digestive tracts 
empty. 

For the elaboration and presentation of the data, the 
months of September, October, and November have 
been considered spring, December, January, and Feb- 
ruary were considered as summer, March, April, and 
May autumn, and June, July, and August winter. 

The material to be studied was fixed on the spot, 
right after its collection, with formaldehyde, in order 
to stop the digestive processes, since this was con- 
venient in view of the study made of the intestinal 
content. Further treatment of the material was con- 
tinued in the laboratory. 

Each individual was measured and its digestive 
tract was separated under a magnifying glass. The 
examination of the intestinal content was performed 
under the magnifying glass and the microscope. All 
of the components vere separated, counted and meas- 
ured by means of a micrometric eyepiece. For assess- 
ing the weight of the individuals, a list of mean 
weights was made in which the larvae and juveniles 
of anchovy were classed in total length classes with 
2 mm intervals. 

Plankton samples were obtained together with the 
anchovies, and the predominant forms were noted. 
Although this appraisal was not made in a quantitative 
manner and was not expressed numerically, i t  was 
considered useful as an indication of the feeding 
selectivity of the fishes which were studied. 

In the quantitative treatment of the data, one of 
the methods used was the determination of the fre- 
quency of occurrence. The calculation of the weight 
of the total food ingested and of the percentage com- 
position of the various food components was based 
on the mean live weight of the planktonic organisms 
which make up the diet of the anchovies. Since at  
the present time no data are available on the weight 
of these planktonic organisms, which are the basic 
food supply of the larvae and juveniles and, in some 
cases, of adult planktofagous fishes, for the most of 
the planktonic components the volume was determined 
by the method of volume shift. In other cases, when 
dealing with very small organisms of irregular shape, 
such as some diatoms (Coscinodiscus, Triceratizm, 
etc.) the volume determination was accomplished 
geometrically. Multiplying the volume by the corres- 
ponding group index (Hagnieier, 1961) the mean 
weights of the organisms were obtained. The following 
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Length of Number of 
Organism (mni) Organisms 

table shows the values calculated for the volume and 
weight of some of the planktonic components. 

Incidence of 
Feeding 

TABLE 1 

WEIGHT OF SOME PLANKTONIC ORGANISMS MOST FREQUENTLY 
FOUND IN THE FOOD OF THE LARVAE AND JUVENILES OF 

MARINE FISHES 

Diatomea 
Coseinodiseus spp.- 
Triceratium spp.. . 

Peridinea 
Ezuuiaello sp..----  

Copepoda 
Calanoida- ._._._. 

" .~._. _._ 
" ........ 
" _._...__ 
" .~. -. .. - 

Harpacticoida 
(Euterpina acnt.). 

Cyclopoida---. . - ._. 

Organisms 1 d i : F  

124 x 32 
145 x 114 x 6( 

48 x 36 

1000 
1000-2000 
2000-3000 
3000-4000 
4000-5000 

480 x 850 

356 x 176f 
240 x 130 

50.0-90.0 ........... 

Total ........... 

Cladocera 
Euadne nard  ...... 

245 7 8 . 6  I 
1705 larvae 
503-Number of organisms containing food 

. 420-780 
~ 

Larvae of Lamelli- 
branch ........... 

Anchovy eggs.. . . .. 

Fish eggs.. . . . . . . . ~ 

200-344 

1370 x 720 

1000 

Mean 
volume 
(mm3) 

0.000160 
0.000496 

0.0000325 

0.0120 
0.1330 
0.4580 
1.4280 
4.0000 

0.0095 

0.0050 

0.0092 

0.0044 

0.3780 

0.5230 

Hagmeier 
coefficient 

1 . 1  
1 . 1  

1 .05  

1.04 
1.04 
1 .04  
1.04 
1.04 

1 . 0 4  

1 . 0 4  

(1.04) 

..._ 

_.__ 

__.. 

Mean 
weight 
(mg) 

0.000175 
0.000545 

0.000034 

0.0125 
0.1373 
0.4714 
1.4851 
4.1600 

0.0100 

0.0052 

0.0095 

0.0044 

0.3780 

0.5230 
___ 

Of course, these calculations are not free from error, 
especially in the case of the Copepoda, which have 
been classed by great groups and by size classes, 
instead of by separate species, which would have 
been more correct. I n  the present conditions, a more 
refined treatment was not feasible. 

For the calculation of the ingestion coefficient the 
food weight was divided by the weight of the indi- 
vidual, and the result was multiplied by 1,000. 

The measurements of the dimensions of the mouth 
were made by means of the inicrometric eyepiece. The 
mouth was opened by means of very thin needles and 
the length and width of the mouth were measured 
under approximately the same angle. The first bran- 
chial arch of the left side was used always for ob- 
serving the development of the gill-rakers. 

INCIDENCE OF FEEDING 
The incidence of feeding was remarkably low, 

especially in some of the size classes of larvae. In 
Table 2 the values for the incidence of feeding for 
larvae of different lengths are shown. 

As is shown in Table 2, the incidence of feeding 
varies greatly with the size of the larvae and juveniles 
of the anchovy. It is relatively high for the larvae 
whose lengths fall within the 3.0-4.01 mm class. The 
larvae in this group have just reabsorbed their yolk 
and have begun to feed themselves. While the growth 
of the larvae continues the incidence of feeding de- 

3.0- 4 . 0  -...--..... 56 
4 . 0 -  5 .0  ._......... 42 
5 . 0 -  9 . 0  .--.--..... 50 
9 .0-20 .0  ........... 1 350 

52 .2  
18 .2  
0 
5 . 7  

20.0-30.0 ..-.._..... 360 9 . 2  
17.9 30.0-40.0 ........-.. 

40.0-50.0 --..-...-.. I 57.3  

creases sharply, reaching the value 0 for  individuals in 
the 5.0-9.0 mm class length. In  those larvae whose 
lengths exceed 9.0 mm the incidence of feeding begins 
to increase gradually, but a t  a low rate, until the time 
at  which the larvae reach a length of 40 mm. Beyond 
the 40 mm length the number of larvae containing food 
increases clearly and in the juveniles of 50.0-90.0 mm 
this number reaches a more or less constant and rather 
high level. It should be emphasized that the fact that 
larvae which did not contain food were found in such 
a scarce number has been experienced during 3 years. 
regardless of the season of the year. 

This low incidence of feeding found in larvae of a 
species of the family Engraulidae is not an isolated 
fact, but has been observed with different species of 
this family and of those of the Clupeidae. Berner 
(1959) while studying the feeding habits of the north- 
ern anchovy, Engradis waordax found that among 
the 13,620 larvae which he examined only 211 had in- 
gested any food. Lebour (1921), who studied the food 
habits of numerous young clupeids, found that the 
percentage of individuals containing food was very 
low. The incidence of feeding in the larvae of other 
groups of fishes appears to be higher (Lebour 1920, 
Wiborg 1948, etc). While studying the food of the 
larvae and juveniles of A.  incisa which were collected 
together with those of the anchovy (Ciechomski, in 
press) the present author found that all of the indi- 
viduals which were examined contained food in their 
intestinal tract. 

The phenomenon of the low incidence of feeding in 
the families Engraulidae and Clupeidae has been a 
subject of detailed analysis by numerous authors. 
There exist, as a consequence, several theories which 
attempt to explain this fact. Some authors t ry  to ex- 
plain this phenomenon as a consequence of the selec- 
tivity of the nets, which would tend to collect those 
larvae which were weak and underfed (Berner 1959, 
Soleim 1942, and others). Other authors think of 
this phenomenon as a consequence of the characteris- 
tics of the digestion of these species, which, according 
to them, is very rapid. The old theory of Putter, ac- 
cording to whom fishes are able to feed upon the 
organic matter which is dissolved in the water, has 
been sustained by Morris (1955). This author thinks 
this possible on the basis of the fact that the larvae 
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of some species of marine fishes, including those of 
Engradis nzordax, have an extensive layer of mucous 
cells over the surfaces of the back of the mouth. Morris 
believes that “. . . the mucosa might serve as a me- 
chanism for collecting important quantities of dis- 
persed organic matter. . .”. Nothing concrete can be 
said at  this time concerning these assumptions. 

Other authors, such as Schumann (1965) take into 
account the diurnal feeding habits of these species. 
The diurnal habits of the feeding of fishes and espe- 
cially of that of their larvae and juveniles have been 
pointed out by several authors : Schumanii (1965) for 
Xardinops caerulca. Erccgovic (1962) f o r  Clupea pil- 
chardus, Duka (1961) f o r  E n g r a d i s  encrasiclLolus, 
etc. No matter what differences may exist among the 
observations of these various authors, most of them 
agree that the larvae of these fishes feed exclusively 
during daylight. They note that during the day, 
there are times a t  which the ingestion of food is more 
intensive, but no ingestion of food has been observed 
to take place during the night. 

I n  the case of the Argentine anchovy, some assump- 
tions can be made in this connection, taking into ac- 
count all of the points of view mentioned and the 
author’s own observations. The hypothesis of the ef- 
fects of net selectivity upon the larvae during their 
collection was rejected, since the larvae with the lowest 
incidence of feeding were gathered in great numbers 
by means of a large net of purse-seine type with which 
the loss of the larvae was highly improbable. Further- 
more, the larvae collected were in very good condition 
and did not appear to have starved. Plankton sam- 
ples collected simultaneously showed the presence of 
numerous organisms which could be used as food by 
the larvae. 

Nothing can be said here on the diurnal feeding 
habits of the anchovy because it was impossible to 
obtain samples during the night or during twilight 
hours. All of the material was collected during day- 
light and generally a t  about noon. Therefore, if it is 
assumed that the anchovy behaves in this respect like 
other species of marine fishes which feed exclusively 
during daylight, the fact of finding larvae witli their 
intestinal tract devoid of food can not be accounted 
for by the diurnal feeding habits. 

No studies have been made, up t o  the present time, 
which could cast light on the problem of the digestion 
of food by the larvae of E. anchoita. As a consequence 
of this, the present analysis is based mainly on com- 
parisons with other related species, for which a better 
understanding of these processes has already been 
attained. Duka (1961) has reported that the speed of 
digestion in larvae of 6-7 mm in length of E. en- 
crasiclzolus of the Black Sea, a t  a temperature of 
23” C., is from 2-2.5 hours. But, on the other hand, 
according to Schumann (1965) the speed of digestion 
for nauplii of Artenzia salina by larrae of E. mordax 
of the Pacific, off California, is much greater. This 
author has observed that “. . . an average of 25 sec- 
onds is required by larvae of 15 mm in length or 
larger to pass an Artenaia nauplius from the mouth to 
approximately one-half of the length of the digestive 
tract. Progress of a food particle (Ar t emia )  through 

the remainder of the gut is much slower, with an 
average of 2 minutes required for food to reach the 
end of the gut and form a food plug.” It appears 
then, that a very short time interval is required for 
an ingested particle to disappear from the intestinal 
tract of the larvae of E.  rnordax. 

a 

2 rnm - 
e 2  

FIGURE 1. Development of the digestive tract of the anchovy larvae. 
p-pyloric appendices, d-ductus pneumaticus. The drawings corre- 
spond to the following lengths of fish: a-9.2 mm, b--15.0 mm, c- 
33.0 mm, d-38.0 mm, e 1 and e 2-50.0 mm. 

Figure 1 shows the development process of the di- 
gestive tract of E. anchoita. 

As is shown in the drawing, the digestive tract of 
the larvae, until they reach a length of a t  least 33 mm, 
is a short and completely straight tube, differentiated 
only in the anterior and posterior parts. In  the larvae 
of 33 mm length a sketch of the stomach and rudi- 
ments of the pyloric appendices appears. At  a length 
of 38 mm the stomach and pyloric appendices show 
themselves in a rather developed state and the pig- 
ment of the anterior part of the intestine begins to 
appear. I n  the juveniles of 50 mm, the part corre- 
sponding to the stomach is well developed and the 
whole digestive tract resembles that of an adult in- 
dividual. This type of digestive tract structure, in the 
shape of a straight tube, is typical of the engraulids 
and clupeids. The very straightness and shortness of 
the digestive tract may favor a rapid digestion and 
excretion. It can also be assumed that a t  the moment 
the anchovy larvae are caught, an artificial accelera- 
tion of the excretion processes or the vomiting of the 
intestinal content could take place. By observing the 
drawings (Figure 1) it can be seen that the intestinal 
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Miscellaneous eggs ._..__ _ _ _ _  
Eggs of Copepoda .____. _ _ _ _  
Nauplii of Copepoda _..__ - _ _  
Copepodita- - - - - - - - - - - - - - - - 

COMPOSITION OF DIET AND SIZE OF FOOD 
ORGAN ISMS 

The results obtained fo r  different years were very 
similar, and therefore the material from both annual 

Cdanoida ..................... 
Harpacticoida-------------- 
C yclopoida- - - - - - - - - - - - - - - - 

cycles has been treated collectively. The data are Cladocera ..................... 

structure shaped like a straight tube is maintained 
in those larvae whose incidence of feeding is lowest. 
The differentiation of the digestive tract coincides 
with the increase in the incidence of feeding. Mention 
should be made of the fact that the intestine of the 
larvae and juveniles of A. incisa gathered together 
with those of the anchovy, and having a 100% inci- 
dence of feeding (Ciechomski, in press), is not 
straight, but presents several folds. 

It is more difficult t o  find an explanation for  the 
relatively high incidence of feeding in the young 
larvae which are just beginning to feed. A similar 
phenomenon has been reported by Berner (1959) for  
E.  mordax. This author found that the greatest per- 
centage of feeding larvae was among the smaller 
ones. Further discussion of these facts should be 
withheld pending more detailed information regard- 
ing the physiology of the digestion, and behavior of 
the anchovy larvae. 

8.69 
69.56 
60.86 
- -. . 

-- - -  
- - - - 

-- 

Percent 
weight 

rate 

5.58 
5.58 

10.37 
49.63 
8.24 
2.96 

17.64 

._.. 

Percent Percent 
weight incidence 

rate ~ rate 

Percent 
incidence 

rate 

7.20 
45.05 
47.75 

5.58 
5.58 
.... 

11.76 
64.70 
11.76 
23.52 
23.52 _.-- 

PERCENT INCIDENCE A N D  PERCENT WEIGHT RATES O F  DIFFERENT FOOD ORGANISMS IN LARVAE A N D  JUVENILES OF THE ANCHOVY, 
IN DIFFERENT SEASONS OF THE YEAR 

I Spring Autumn Winter Summer 

Larvae 
22.0-42.0 mm 

Juveniles 
42.0-90.0 mm 

Larvae 
28.0-42.0 mm 

Juveniles 
42.0-86.0 mm 

Juveniles 
41.0-86.0 mm 

Juveniles 
45.5-86.0 mm 

____ 
Percent 
weight 

rate 

__- 

Percent 
weight 

rate 

Percent 
incidence I rate 

__ 
Percent 
ncidence 

rate 

Percent 
weight 

rate 

Percent 
ncidence 

rate 

Percent 
weight 

rate 

Percent 
ncidenca 

rate 

Percent 
ncidence 

rate 

Percent 
weight 

rate 

Percent 
incidence 

rate 

Percent 
weight 

rate Organism 

6.89 
8.62 

13.79 
48.27 
13.79 
5.17 

51.60 
3.44 
.. 
_. _ _  

3.44 

1 . G  
.. 

5.17 
1.72 
1.72 
1.72 

5.17 
1.72 
1.72 

_. 

._ _ _  _ -  

._ 
17.24 

1.72 
.. 

1.72 

0.95 
39.14 
9.13 
2.50 

30.99 
0.85 

_ _  

.. 
_. 

11.90 
1.41 

1.72 

6.67 
0.02 
1.72 
1.68 

- -  
_ _  

_ _  
_. 
._ 
._ _ _  _ _  _ -  
- -  _ _  

1.00 

Eggs of Copepoda .............. 
Nauplii of Copepoda ._.____._.. 
Copepodita.. .................. 
Calanoida- .................... 
Harpacticoida ................. 
Cyclopoida- ................... 
Cladocera ..................... 
Larvae of Decapoda .____.____.. 
Larvae of Cirripedia- _______._. . 
Bmphipoda.-. ................. 
Euphausidae .................. 
Undetermined Crustacea.- ._. -. 
Larvae of Polychaeta.- ._______ 
Larvae of Lamellibranch. ....... 
A4pendicularia.. ................ 
Miscellaneous Eggs. ............ 
Fish Eggs ..................... 
Fish Larvae ................... 
Anchovy Larvae. .............. 
Peridinium sp .................. 
Ezuuiaella sp ................... 
Ceratium sp .................... 
Miscellaneous Diatomea.. ...... 
Coscinodiscus spp.- ............. 
Triceratium spp ................ 
Biddulphia sinenszs.. ........... 
Foraminifera- ................. 
Radiolaria ..................... 
Detritus and Sand ............. 
Undetermined ................. 

.. 
8.69 

100.00 
86.95 
34.78 
21.73 
13.04 
4.34 

.. 

.. 

.. 

.. 
4.34 

26.08 

13.04 
17.39 

_. 

_. 
._ 
.. 

34.78 

52.i; 
69.56 
43.47 
4.34 
4.34 

17.39 
13.04 

._ 

_ _  
0.26 

55.25 
29.56 
2.05 
0.06 
0.63 

_. 

_ _  
._ 
.. 
_. 
._ 

0.30 
.. 
.. 

1.19 
._ 
.. 
_. 

1.67 

0.02 
1.15 
3.96 

._ 

.. _ _  

.. 
1.66 
2.24 

4.76 
4.76 

61.90 
11.90 
2.38 

30.95 
2.38 _ _  _ _  
.. 

11.90 
_. _ _  

57.G 
7.14 

11.90 
7.14 

4.76 
.. 

2.38 _ _  _ _  _ -  
33.30 
.. 

4.76 

_ _  
2.29 
7.14 

30.36 
12.20 
3.45 
4.45 
2.00 _ _  
_. 

6.98 
7.36 _ _  
._ _ _  

7.89 
1.32 
6.63 
7.14 _ _  
_. 
.. 
._ 
._ _ _  
_. 
._ 
_. 
.. 

0.79 

.- _ _  

._ 
40.56 
11.30 
1.20 

15.96 
0.61 

2.12 

4.05 

0.42 
0.27 
2.12 

-_  

.. 

_ -  

_ _  _ _  -- -- 
._ 

0.06 
4.97 

10.04 
._ _ _  
._ 

5.92 
2.40 

_ _  
.. 
.. 

79.21 
14.20 
0.50 
2.13 
.. 
._ 
.. _ _  
._ 
._ 
._ 
._ 
.. 
.. _ _  
._ 
.. 

3.96 _ _  
.. 
.. 
._ _ _  
._ _ _  
.. 
.. 

._ 
8.33 
4.16 

95.83 
66.60 
16.66 
60.41 
8.75 

25.00 

6.25 

4.16 
43.75 

10.41 
8.33 

.. 

.. 

_ _  

._ 
_. 

16.66 
47.91 

31.25 
70.83 
4.16 

.. 

._ 

._ 

.. 
12.50 
3.08 

_ _  
0.19 
1.40 

41.11 
32.08 

1.20 
2.48 
2.87 
4.56 

0.63 

0.82 
1.34 

._ 

.. 

_ -  
.. 

1.62 _ _  
._ _ _  

0.17 _ _  
_. 

6.36 
0.04 _ _  
.. 
_. 

1.05 
2.08 

_ _  
._ 
.. 

65.95 
29.78 
12.76 
29.78 
2.12 
2.12 
2.18 

4.25 

14.89 
6.38 

21.27 

._ 

._ 

_. 
._ _ _  

19.14 _ _  
.. 

31.91 
55.31 
21.27 
2.12 
4.25 

27.65 
19.14 

._ 
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of Copepoda, 5.0% ; Calanoida, 79.2% ; Cyclopoida, 
15.8%. Information on the food of larvae within the 
5.0-9.0 mm length class is lacking, since, as is noted 
in Table 1, no individuals of this class containing food 
in their intestinal tracts were found. 

As is shown clearly in tlie tables, the larvae and 
juveniles of the Argentine anchovy are zooplankto- 
fagous from their earliest stages, and the contribution 
of the phytoplankton to their diet is quite small. 
Furthermore, Fuster de Plaza and Boschi (1958), 
and Angelescu and Cousseau (1966), have found that 
the diet of the adult anchovy is made up almost ex- 
clusively of zooplankton. 

The diet of the larvae which are just beginning to 
feed actively is made up almost exclusively by eggs 
and nauplii of Copepoda. The basic food supply for 
the 9.0-22.0 mm length class is also comprised of 
the Copepoda at  various stages of their development. 
The highest frequency of occurrence and the highest 
percentage of weight correspond to the Calanoida. 
Together with the copepods the Cladocera appear 
abundantly. These results refer only to  the summer 
season, since it was not possible to collect larvae 
of anchovy of this small size during other seasons of 
the year. 

For the larvae and juveniles in the 22.0-90.0 mm 
length class, it was possible to give an account, as 
shown in Table 4, of the food composition throughout 
the year. As can readily be seen, the main com- 
ponents of the diet fo r  this group are also various 
groups of Copepoda, especially the Calanoida. Among 
these groups the Cyclopoida are the least important, 
in this respect. Among the Cal;inoidu, the most fre- 
quently encountered species were Paracalaniis parczis 
and Centropages spp .  and among the Cyclopoida, 
Oithona nzinuta and Corycaczis s p p .  Among the IIar- 
pacticoida, only one species was found : Eictherpina 
acutifrons. 

After the Copepoda, the Caldocera, which are espe- 
cially abundant in both summer and winter, follow 
in importance as food fo r  the larvae and juveniles 
of the anchovy. They are represented by two species: 
Po don p o 1 y p h e m  o ides and E 13 a d?z c ti o r d nt a nii. 

Larvae of Decapoda and Lainellibranchiata are 
found in some individuals during all seasons of the 
year, but in quantities of slight significance in respect 
to the total food supply. The same observation applies 
also to the eggs of various marine organisms, although 
their share in the total weight is somewhat greater 
than that of the aforementioned larrae. Most of the 
eggs of fishes found in the food content were anchovy 
eggs in spring, during October, and eggs of Prionotzis 
sp.  during February and March. 

Under the heading " undetermined ' ', remains of 
fish muscles, which originated in all probability from 
the bait used by fishermen, were included. 

The contribution of phytoplankton to the diet of 
the anchovy deserves a more detailed analysis. As is 
shown in Table 4 the phytoplankton most frequently 
found in the food supply were the diatoms Coscino- 
discus spp.  and Triceratizirn sp.  and the dinoflagellates 
Exuviaella spp .  Although these organisms are found 
in many individuals and are occasionally very abun- 

dant, their significance in the total weight is low. The 
most important place among the phytoplankters is 
certainly occupied by Coscinodiscus spp.  and Tri- 
ceratiunz sp. During the summer a lesser contribution 
of the phytoplankton organisms is observed in the 
anchovy diet. 

Biddulphia sinensis, which appeared with the other 
diatoms, was treated separately, since the presence of 
this diatom, with long and acute appendices, in the 
food supply of the anchovy was considered to be of 
interest. The rather limited contribution of the 
phytoplankton to the diet of the anchovy as shown by 
the data of the present paper does not coincide with 
the results obtained by Fuster de Plaza and Boschi 
(1958), who found a predominance of phytoplankters 
in the diet of the juveniles of this species. 

An interesting fact that should be noted is the ab- 
sence of phytoplanktonic organisms from the diet 
of the larvae of smaller sizes. This is partially coinci- 
dent with the findings of some authors, who have 
shown that the larvae or juveniles of some species of 
fishes feed upon relatively large organisms at  first, 
and then change to smaller items as they grow. This 
is the case for Cdenyrau l i s  mysticetiis (Bayliff 1963)) 
Xardinops caeriilea (Hand and Berner 1959) , Bre- 
voortia fyrranzis (June 1957) Sardina pilchardiis 
(Andreu 1960). etc. I t  seemed logical to  expect to 
find phytoplankters niore abundantly in the diet of 
the smaller larvae, and this was assumed so before 
completing this study, since these organisms are the 
smallest components of the diet. The larvae of the 
smallest size in whose digestive tract some individuals 
of Exziviaella were found measured 26.0 mm. This 
was an exceptional case, since the phytoplankters 
were found in greater abundance and most frequently 
in larvae of 38.0-40.0 mm in length and longer. 

Figure 2 shows the relationship between the width 
of the mouth and the range of prey width. The width 
of the prey has been considered rather than the length, 
in the assumption that the possibility of ingestion 
for a given organism depends more upon its width 
than upon its length. The correlation found between 
the width of the mouth and the length of the larvae is 
lineal. 

After the time a t  which tlie larva reaches a length 
of 40 imn the width of the mouth increases a t  a 
greater rate, and the mouth begins to resemble that 
of an adult anchovy. The dimensions of the largest 
organisms ingested by larvae with lengths of 3.0-5.0 
mm range between 100 and 150 p. I n  the larvae of 
12.0-40.0 mm, although the dimensions of the mouth 
hare increased considerably, the size of the largest prey 
stays at a more or less constant level, between 200 and 
500 p. Preys of much greater size are rarely found. 
The organisms of the smallest size begin to appear in 
the intestinal content from the time at  which the 
larrar reach a length of 38 mm. 

The phenomenon of the retention of organisms of 
sinall sizes is related, as is well known. to tlie filtering 
action of the gill-rakers. 

In  Figures 3 and 4 the development of the gill- 
rakers in the larvae whose length ranges from 13.5 
to 90.0 mm is shown. The first sketches of the future 
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FIGURE 2. Relationship between the width of the mouth and range 
of prey width in the anchovy larvae of different lengths. 

Q b C 4 mm d - 
FIGURE 3. Branchial arches of anchovy larvae, showing the appear- 

ance and development of the gill-rakers. The drawings correspond to 
the following lengths of fish: a-13.5 mm, b-18.2 mm, c-24.0 mm, 
d-31.0 mm, e-42.0 mm. 

gill-rakers appear as small protuberances on the first 
branchial arch, when the larva reaches a length of 
13.5 mm. I n  the larva whose length reaches 24 mm, 
the gill-rakers, of mhich there are about 20, reach 
a length of 315 p. Over the gill-rakers, some slightly 
noticeable protuberances appear. These protuberances 
will transform themselres into the future denticles. 
In  the larvae having a. length of 31 mm the gill- 
rakers (about 32) reach a length of 720 and the 
number of protuberances corresponding to future 
denticles increases. As the larvae grow the gill-rakers 
also increase rapidly in length, and they reach a 
length of 1,800 p in the larvae having a length of 
42 mm. At  this stage the protuberances have become 
denticles. The juvenile haring a length of 50 mm has 
approximately 50 gill-rakers. which are slightly den- 

boo& 

a b C d 2  

FIGURE 4. Development of the gill-rakers in the larvae and juveniles 
of the anchovy, showing the development of the denticles. The draw- 
ings correspond to the following lengths of fish: a-24.0 mm, b-31.0 
mm, c-50.0 mm, d 1 and d 2-90.0 mm. 

ticled and have a length of about 2,250 p (Figures 
4c and 5a). The juvenile with a length of 90 mm has 
some 90 denticled gill-rakers measuring 4,800 p in 
length (Figures 4d and 5a). 

As is seen through this brief analysis of the develop- 
ment of the gill-rakers, the filtering apparatus of the 
anchovy begins to be functional by the time the larvae 
have reached a length of 38 mm. Just at this stage of 
development the small phytoplanktonic organisms 
begin to appear in the diet, probably by having been 
retained in the filtering net of the larvae. It can be 
further assumed that the absence of phytoplankters 
in the diet of the adult individuals of anchovies of 
larger sizes is also related to changes which take place 
in the filtering apparatus, which could become a 
coarser filtering net because of the increase in the 
distance between the gill-rakers, which is produced by 
the growth of the branchial arch. 
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FIGURE 5a. Gill-raker of the anchovy Engraulis anchoifa, 50 
mm long. 

I n  order to effect a better interpretation of the rela- 
tionship between the structure of the filtering ap- 
paratus and the diet of the anchovy, it seemed to be of 
interest to compare the structure of the gill-rakers 
of the Argentine anchovy with those of the Peruvian 
“anchoveta” Engraulis ringens, whose diet is based 
on the phytoplankton. This comparative study was 
made possible through the kind assistance of R. 
JordBn, of Peru, who sent, a t  the request of this au- 
thor, larvae and juveniles of the Peruvian “ancho- 

FIGURE 5b. Gill-raker of the anchovy Engraulis anchoita, 90 
mm long. 

veta”. The results obtained from the examination of 
this material are quite interesting. As can be observed 
in Figures 5a and 6a the structure of the gill-rakers 
of the juveniles of 50 mm in length is quite similar 
in both species. On the gill-rakers of the juvenile of 
E. ringens the denticles appear to be just a little 
longer than those of E. anckoita. The study of the 
intestinal content of 10 juveniles of this length of 
E. ringens showed that it is somewhat similar to that 
of E.  ancltoita at  this stage of development, and that 
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FIGURE 6a. Gill-raker of the anchoveta Engraulis ringens, 50 
mm long. 

it is made up mainly by Copepoda. On the contrary, 
the aspect of the gill-rakers of the juveniles having a 
length of 90 mm shows great differences between the 
two species (Figures 5b and 6b). The gill-rakers of 
the juveniles of E.  ringens are longer and with more 
numerous and longer denticles. At this stage of their 
development the individuals of this species have a 
diet based completely on phytoplankton. 

Another finding which deserves to be interpreted 
is the presence of an amount of detritus and very 
fine sand grains in the intestinal content of some of 
the juveniles of the 41.0-90.0 mm length class. The 

FIGURE 6b. Gill-raker of the anchoveta Engraulis ringens, 90 
mm long. 

intestinal content of these individuals contained also 
a great quantity of Triceratizinz, a diatom which is 
abundant in water layers which are close to the 
bottom. In the spring the skeletons of benthic Foram- 
inifera were found in the food of three individuals. 

The highest value, both for  the frequency of oc- 
currence and fo r  the percentage weight rate, of 
detritus in the intestinal content of the juveniles of 
the anchovy was found during the winter. During the 
summer, on the contrary, no individual has been 
found containing benthic elements in its intestine. 
The aforementioned findings show that the juveniles 
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of the anchovy which live in v-aters which are not deep 
have some tendency to look for their food near the 
bottom. These iliof agous tendencies are more marked 
during the winter. 

SELECTION OF FOOD 
I n  connection with the problem of the selection of 

food by the Argentine anchovy, only some general 
considerations can be made. The lack of exact quanti- 
tative data on the composition of the plankton col- 
lected with the fishes studied precludes a more detailed 
analysis of this subject. Kevertheless, the available 
data allow some general conclusions 011 this problem. 

The species of copepods from the group of the Cala- 
noida and Euterpinn acu tifrons, which are frequently 
and abundantly found in the diet of the larvae and 
juveniles of the anchovy are also the most abuiidaiit 
species in  the plankton. The great quantity of Clado- 
cera in  the intestinal content, especially during some 
winter and summer months, coincides with the abun- 
dance of this microcrustacean in  the plankton. Again, 
the presence of fish eggs in  the food supply, especially 
during the spring and summer, coincides with thc 
appearance of these eggs in the plankton. I n  some 
cases, remains of fish niusclps were found in the food. 
which in all probability was par t  of the bait used by 
the fishermen to attract the fishes, as was mentioned 
earlier. 

All of the information obtained suggests that  the 
larvae and juveniles of the anchovy do not select much 
of their food, and that they feed upon the food which 
is present in greater abundance. a s  a consequence, 
their diet may be quite dependent upon the patterns 
of plankton dispersal. Another very important factor 
is the accessibility of the food as determined by the 
size of the prey and the dimensions of  the mouth of 
the fish. Only more detailed quantitative data on the 
composition of the plankton and experimental studies 
on the feeding habits of the larvae of the anchory 
can clarify this interesting problem. 

OTHER CONSIDERATIONS 
Another interesting fact  in  the study of the larvae 

and juveniles of the anchovy is that the quantity of 
food found in  their intestinal tracts was generally 
small. In many cases the ingestion coefficient was lower 
than 0.01. It was believed, as a consequence, that  any 
analysis based on the calculation of these coefficients 
as , for  instance, in the case of the juveniles of A.  
ilzcisa which were studied simultaneously (Ciechomski, 
in  press), could lead to erroneous conclusions. 

In respect to the problem of feeding competition 
between the larvae and juveniles of the anchovy with 
those of A.  incisa, it can be assumed that, in spite of 
the great similitude between their diets, there is no 
real chance that  these species should compete for  
their food. This is based on the abundance of the 
planktonic organisms and on the fact that  all of the 
individuals studied were apparently in  good condi- 
tion. 

SUMMARY 
The subject of the present paper has been the food 

and feeding habits of the larvae and juveniles of 
3.0-90.0 mm of length of E.  anckoita from coastal 
waters off Mar del Plata, Argentina. The following 
results hare been obtained. 

The incidence of feeding found varies with the size 
of the larvae and juveniles. The lowest values are 
fourid in larvae of 5.0-30 mm in length. The assump- 
tion is made that this plieiiomenon can be likely re- 
lated to the structure of the digestive tract of the 
larvae at this stage of deuelopinent. 

The argent ine anchovy is almost exclusively zoo- 
planktofagous from its earlier life stages. The main 
component of the diet of both larrae and juveniles is 
Copepoda in  all of their dewlopmental stages. Among 
them the Calnnoida are the most abundant group. 

Phytoplanktonic organisms were found in greatest 
abundance in the diet of juueniles of 38.0 mni of 
length and larger. This phenoiiienon is related to the 
changcs which take place in  the filtering net of the 
larvae along with the derelopnieiit of the gill-rakers. 

The comparisons betn-een larvae and juveniles of 
the Argentine anchovy E. m c h o i t a  and those of the 
Peruvian “anchoveta ” E. rillgens has been made. 

The juveniles of the ancliorp show some iliofagous 
tendencies, especially diiring winter. 

The assumption is made that  the larvae and juve- 
niles of the anchovy do not choose their prey much 
and that they ingest the food that they find in greater 
abundance. 

It is assumed that there is no chance of feeding com- 
petition betmeen the larvae and juveniles of the an- 
chovy and those of A. incisa 
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A BRIEF DESCRIPTION OF PERUVIAN FISHERIES 
W. F. DOUCET AND H. EINARSSON 

lnstituto del Mar del Per6 
lima, Per6 

INTRODUCTION 
As is true of nations with access to the sea, fishing 

in Peru has deep roots in history. Yet, despite its an- 
tiquity, the industry showed little sign of progress 
until the last 3 decades of the present century beyond 
the simple utilization of species in fresh state and in 
the salted and sun-dried forms. 

The turn of the 1930’s ushered in the beginning of 
fishery industrialization. The first attempts were at  
fish canning, which remained on an extremely small 
scale until the early 1940’s. Then, with the construc- 
tion of the Frigorific0 Nacional, experiments began 
in fish freezing. However, failure to find acceptance 
for the product derived, both at  home and abroad, 
led to the discontinuation of this operation, only to 
be resumed by other interests after the Second World 
War. 

The outbreak of the war in 1939 opened up new 
product and market outlets. The canning industry 
especially underwent great expansion when the United 
States entered the war, since a sudden, great demand 
was created for fish in hermetically sealed containers. 
Salted fish was also greatly sought, and Peru began its 
exports of this commodity with the creation of 
UNRRA. Another product also exported during this 
period was fish liver and oil (from t ibu rh ,  bonito 
and a t h ) .  

The end of hostilities in 1945 brought with it the 
end of Peru’s export boom of war-sought fishery prod- 
ucts. Foreign sales of salted fish and fish liver and oil 
ceased completely. Even canned fish (bonito) exports 
were threatened, as the United States imposed re- 
strictions to protect its domestic production. Despite 
this, however, the Peruvian canning industry man- 
aged to retain a sufficient share of markets to allow 
it to continue in operation without an alarming cut- 
back in production. Subsequently, the investment of 
U.S capital in canning operations led to further ex- 
pansion of this industry (1947 onwards). A t  the 
same time, a few freezing plants were installed to 
produce for the U.S. market. Such, briefly, is the story 
until the “anchoveta rush”. 

The relatively recent blossoming forth of the an- 
choveta fishery for fish meal reduction overshadows 
all past fishery performance and, indeed, exemplifies 
a growth pattern hardly equalled in the history of in- 
dustrial development. During less than a decade 
(1955-1963) , the industry emerged from a position of 
obscurity to occupy first place among the world’s 
fish meal producers. Concurrently, it became the coun- 
try’s leading exporter and principal earner of foreign 
exchange, excelling the performance of such basic 
Peruvian export industries as cotton, copper, and 
sugar. 

The impact of the “anchoveta wonder” on the Peru- 
vian economy was little short of explosive both in 
time and scope. I n  the short lapse of time previously 

mentioned (less than 10 years), there emerged a fleet 
of over 1,700 modern purse seiners, a processing in- 
dustry consisting of upwards of 150 meal and oil re- 
duction plants, and a number of auxiliary and ancil- 
lary establishments for boat building and repairing, 
machinery manufacturing and the production of other 
fishing requisites. As a consequence, the economy reg- 
istered a sudden upsurge in employment; and, by 
the end of 1962, upwards of 100,000 people were en- 
gaged directly or indirectly in the anchoveta fishery, 
more than 20 times the number employed in similar 
activities 10 years previous. 

From the beginning of fisheries industrialization, as 
late as the 1 9 3 0 ’ ~ ~  development was conditioned upon 
production for export, with but minor reliance on 
the domestic market. This growth pattern has been 
even more prevalent during the birth and expansion 
of the anchoveta industry. I n  effect, industrialization 
has led to  the separation of the fishing industry into 
two distinct sectors, one catering to foreign demand, 
the other reliant on domestic needs; and unfortu- 
nately, advances in technology and general efficiency 
took place in the former almost in complete isolation 
of the latter. I n  consequence, the consumable fish in- 
dustry catering to the national market scarcely felt 
the wave of industrialization. 

This industry, upon which the domestic fish market 
is dependent for supplies, is typically a conglomera- 
tion of small boat enterprises decentralized throughout 
the country’s coastal zones. There are close to 8,500 
fishermen fishing in craft ranging from “caballitos ” 
to motor boats of 22’ to 30’ in length. Except for the 
widespread substitution of nylon for cotton nets, and 
the gradual acceptance of outboard and marine engines, 
there is little evidence of modernization in the industry. 
Productivity per man is low and many species are 
greatly underexploited. 

FISHING GROUNDS 
Fishing operations are carried on throughout most 

of the Peruvian coast, which extends for 1,400 miles, 
with a calculated area within the 100 fathom curve of 
about 26,800 square miles, although the commercial 
fishery is concentrated in the central and northern 
zones. This concentration seems to stem from the in- 
fluence of purely physical factors, namely, the char- 
acteristics of the coast and the width of the continen- 
tal shelf. 

The topography of the coast, as well as the location 
of the fishing base relathe to population and business 
centers, has a known vital influence on fishery devel- 
opment-industry normally locates where natural 
conditions are least adverse. Where the coast is rugged 
and exposed, with little o r  no shelter for boats and 
poor landing and shipping facilities, where easy ac- 
cess to market is wanting, etc., the obstacles to fishery 
development are difficult if not economically undesir- 
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able to overcome. To a large extent, this is the situa- 
tion which prevails along a large segment of Peru’s 
south coast, particularly from Pisco to Camanii; and 
many of the resident fishermen of the area have little 
more than risen above the economic status of fishing 
fo r  their own nutritive sustenance. By contrast, the 
central and northern sections of the coast are better 
endowed to meet the requisites of fishermen in the 
pursuit of their trade; and here is where the best 
fishing harbours have been developed (although still 
deficient in facilities) , and where the largest number 
of processing plants and concentrations of fishermen 
are to be found. 

The influence of the characteristics of the coast on 
fishery exploitation is of course linked with the availa- 
bility of the resource and the nearness of fishing 
grounds. Traditionally, Peru’s fishery is inshore. Ex- 
cept for  a limited number of vessels that occasionally 
pursue tuna in its offshore or deep sea habitat, fishing 
is confined to the continental shelf. And since this 
shelf varies greatly in width from north to south, it 
is not surprising that the greatest fishery concentra- 
tion occurred in the shelf’s widest zones, namely, the 
central and northern areas. (In the extreme north, 
around Punta Folsa, the shelf is 5 nautical miles wide 
while in the south, around Punta Pescadores and 
Punta Islay, its width is but 2 t o  3 miles. Between 
these extreme points, the shelf varies greatly in width, 
reaching a maximum of 70 miles in and around Se- 
chura Bay.) 

While fishermen are largely concentrated in the 
central and northern sections of the coast, with fishery 
exploitation also centered in these areas, there is 
considerable movement of fishermen and boats to the 
Southern Region at certain seasons of the year. Fish- 
ing, therefore, is not regional-it takes place in vary- 
ing degrees of intensity along the entire shore. 

LANDINGS AND PROSPECTS 
According to the Fisheries Direction of the Ministry 

of Agriculture, total registered landings of fish and 
shellfish in 1963 amounted to 6,794,408 metric tons. 
In order of importance the principal species which 
featured in this catch were : 
Anchoveta 
Bonito 

Barrilete 
Atdn 

Caballa 

Machete 
Lorna 
Cojinoba 
Tollo 

Cabrilla 
Corvina 

Engraulis ringens (Jenyns) _-__ -_  6,634,835.8 
Sarda chilensis 

(Cuvier and Valenciennes) _ _ _ _ _  90,652.9 
Xatsuwonus pelamis (Linnaeus) _ _  16,911.3 
Neothunnus macropterus 

(Schlegel) _ _ _ _ _  ~~~~ _ _ _ _ _ _ _  ~~~_ 11,230.8 
Pneunzatophorus peruanus 

(Jordan and Hubbs) _ - _ _ _ _ _ _ _ _  7,911.4 
Ethmidium chilcae (Hildebrand) _ _  7,863.0 
Sciaena deliciosa (Tschudi) _ _ _ _ _ _  7,184.3 
Neptomenus crassus (Starks) _ _ ~ _  6,126.4 
Mustelus mento (Cope) ~ _ _ - - _ _ _ _ _  4,333.7 
31. nzaculatus (Kner  and 

8 teindnchner) 
M .  dorsalis (Gill) 
Paralabram callaensis (S tark)  ~~~- 3,850.3 
Sciaena gilberti (Abbott) ~ ~ ~ _ ~ _ _ _  3,508.2 

6,794,408.1 

Other species, more than 50’ in number, accounted 
fo r  less than 27,000 tons. 

The preponderance of the anchovy in the above 
statistics is obvious without scrutiny. It represents 
more than 97% of total landings (for conversion into 
fish meal and oil), leaving less than 3% for  human 
food use. Indications are that this pattern will not 
change appreciably in the immediate future-the 
anchoveta fishing fleet is expanding, the country’s 
fish meal production capacity is being increased, 
either through new plant construction or extension, 
and little is in sight by way of development in other 
sectors of the fishing industry. 

The rapid pace at which the anchoveta fishery de- 
veloped from 1955 on did not permit growth accord- 
ing to those criteria considered most consistent with 
rational exploitation. The main emphasis was on quick 
investment, production and sale, which was feasible 
and quite understandably pursued in the natural and 
institutional environment which prevailed-an ob- 
viously immense resource, nearly ideal fishing condi- 
tions (closeness to grounds and good weather), free 
entry into the industry, and a favourable and growing 
market. In  the circumstances, expansion in the first 
phase of development proceeded without much con- 
cern over the effects of the fishing pressure on the 
anchoveta stock. 

Gradually, preoccupation developed over the limits 
of expansion, and a marine research institute was 
established in 1960 with the principal aim of studying 
the anchoveta resource and the complex of biological, 
oceanographic, technological and economic factors af- 
fecting conditions of catch and utilization. These 
studies are continuing, with primary emphasis on 
biology and oceanography, because of industry de- 
mands for  better knowledge of the resource. This 
alone, of course, will not suffice fo r  a complete ration- 
alization of operations. More attention must be given 
to the technological and economic aspects of the 
fishery. 

Apart from the anchoveta fishery, the best pros- 
pects fo r  expansion or development appear to be in 
the exploitation of mullet and certain pelagic species, 
such as bonito, herring, mackerel and sardine. Some 
bottom fish may also be exploited more extensively 
as the Government directs more attention to meeting 
some of the country’s protein requirements. The need 
with respect to the expansion of these relatively 
minor fisheries centers principally in the delimita- 
tion of resource distribution and in improving the 
technology and economics of operation. 

STATISTICAL TRENDS IN THE ANCHOVY 
FISHERY 

The fishing events presented graphically in the 
appended diagrams are largely self-explanatory. Only 
short comments are therefore given here. 

Development of the Industry 
Basic information on the development of the an- 

chovy fishery in Peru is given in Tables 1 and 2. 
Here are recorded the number of fishermen, number 
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1939 ............... 
1960- .............. 
1961 ............... 
1902- .............. 
1963 .............. 

CALIFORXIA COOPERATIVE OCEASIC FISHERIES IKVESTIGATIORS 

1,942,38:, 5 
3,310,156.7 
5,010,930 . O  
6,691,520.7 
6,634,835.8 

Yc.?1 1 Fisher~nen Anchovy Boats Fishmeal Plants 
j (No) 1 W" ~ (No) 

1955 ............... 
1956 ............... 
1957 ............... 
1958 ............... 
1959 ............... 
1960 ............... 
1961..--_._-.._.-__ 
1962.. ............. 
1963 ............... 

1,800 
2,400 
2,800 
3,400 
5,200 
8,600 

12,000 
17,000 
23,000 

175 
220 
272 
32 1 
426 
731 
846 

1,070 
1,756 

16 
27 
39 
53 
63 
89 

105 
120 
150 

I I I - 

TABLE 2 
- 

I 1 
Total Anchovy 

(Metric Tons) 
Year I Landings 

Fishmeal 
Production 

(Metric Tons) 

I-------I 
1955 ............... I 58.707.0 1 20.069.1 
1956 ............... 118,726.0 30i968.8 
1957 ............... 325,623.8 64,479.5 
1958-.--.-.------- 737.019.5 126.909.4 

332;352.3 
553,256.5 
863,766.0 

1,120,796.0 
1,159,233.0 

Fishmeal 
Exports 

('000, Soles) 

37.805.7 
67,211 . O  

135,035.2 
271.052.4 
861i592.8 

1,056,443.2 
1,328,567.2 
2,678,265.4 
2,809,572.1 

of fishing boats, number of fishmeal plants, total an- 
chovy landings, fishmeal production and the value 
of fishmeal exports for the period 1955-1963. (This 
is also supplcmeiited with Figure 1, which shows 
monthly anchovy landings during recent years). 

Geographical Distribution of Landings 
As shown by the map and graphs in Figure 2, 

industrial fishing centers are not evenly distributed 
in Peru. This distribution is in the first place de- 
pendent upon harbour facilities, coininunications and 
awess to fresh water. Weather conditions are also 
quite important and are more stable in the northern 
area, where the fishing industry is largely concen- 
trated. I-Towver, it is bp no means certaiii that the 
location of the industry corresponds to  the actual dis- 
tribution of the anchovy stock. Better geographical 
distribution may be the next step in the developnient 
of the anchov,~ industry. and it appears that modern 
fishing methods (Sonar) can make this possible. 

Seasonal and Yearly Trends in Fishing Success 
The seasonal and yearly trends are described in tn-o 

ways. In  Figure 3, the percentage distribution of 
landings by months is sliown, (based on the annual 
total). With slight variations fishing events have 
occurred in a very regular manner, with low catches 
during winter. In  Figure 4, a more detailed analysis 

1000 
TONS 
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I I 

-- TOTAL LANDINGS O f  ANCHOVY IN PERU - 

,<f DURING 1962, ACCQRDINGTO PORTS 

FIGURE 2. Geographical distribution of anchovy landings during 1962. Inserted are landings by ports and by months. 
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FIGURE 3. Monthly percentages of landings for the years 1959 to 1963. 

of fishing success is given by using catch per unit of 
effort data. The graph shows monthly deviations from 
the overall mean per gross registered ton f o r  the 
period 1959-1962. 

The events in different fishing areas show a strik- 
ingly similar pattern. The drastic changes taking 
place during the last year are clearly evident, but 
this is treated in another paper and lies outside 
the scope of the present treatment. 
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PRELIMINARY RESULTS OF STUDIES ON THE 
PRESENT STATUS OF THE PERUVIAN STOCK OF ANCHOVY 

(ENGRAULIS RINGENS JENYNS) 
G. SAETERSDAL, J. VALDIVIA, 1. TSUKAYAMA and 6. ALEGRE 

lnstituto del Mar del Per6 
lima, Pert? 

Capacity 
in tons 

10/19.._-----.-- 
20/29 ........... 

40/49. .......... 

70/79.. ......... 
80/89. - __._____ 
90/99-. ......... 

100/109.. ........ 
110/119 ........... 

130/139 .......... 

160/169 ............ 

180/189.._------- 
190/199.. ........ 
200/209.. .......... 
230/239.. .......... 
250/259.. ........ 
260/269. -. -. -. - -. 
l\-ithou t data.. .... 

30/39 ........... 

50/59.. ......... 
60/69.. _ _ _ _ _ _ _ _ _  

120/129 ............. 

140/149.. .......... 
150/159.. .......... 

170/179_. - _ _ _  _ _ _  

The Result of the Fishery 
As can be seen from the figures giving the total 

catch (Table 3) an increase of catch from 1962 to 

1959 

.. 
22 
45 
62 
49 
78 
41 
34 
15 
3 
1 

1 

. . 
1 
1 

_. 
. - 
2 

INTRODUCTION 
This report presents the results of an analysis made 

in September 1964 of all data then available on the 
Peruvian anchovy. It was presented to the Peruvian 
Marine Institute and written in a form intended for  
circulation to non-experts in stock assessment. It is 
a follow-up of work reported on by Saetersdal and 
Valdivia (1964) and by Saetersdal et a1 (1965). 

THE FISHING EFFORT AND THE CATCH 
The Fleet and I t s  Capacity 

Table 1 shows the number of vessels that has oper- 
ated during the whole years 1959-1963 and during the 
first part of 1964. Table 2 shows the distribution by 
holding capacity and the estimated total capacity of 
the fleet. The number of vessels increased by 60% 
from 1962 t o  1963 and the capacity increased by 
nearly 80%. The data of the fleet from January to 
June 196-1 indicate a continued. but lower increase. 

TABLE 1 

NUMBER O F  VESSELS IN OPERATION, 1959-1963 A N D  JANUARY- 
JUNE 1964 BY MATERIAL OF CONSTRUCTION 

I 

1963 

TABLE 2 

M A T I O N  OF TOTAL CAPACITY O F  THE FLEET IN O P E M T I O N  
DISTRIBUTION OF VESSELS BY HOLDING C A P A C I N  A N D  ESTI- 

1959-1963 A N D  JANUARY-JUNE 1964 

Jan-dun 
19641 

~ ___ 

1960 

_ -  
3 

14 
50 
40 

115 

~ __ 

1961 

_ -  
2 
8 

13 
26 
89 

__ - 

1962 

274 
155 
154 
35 
40 
9 

186 
168 
154 
43 
49 
10 

Wood ............ 
Steel. __.. _ _ _ _ _ _ _ _  
Wood and Steel.--- 
Without Data.--.. 

Totals _ _ _ _ _ _ _ _  

343 578 650 763 1,009 930 
11 75 100 188 377 434 
_. .. .. .. 4 1 
1 1 3 145 366 456 

355 654 753 1,096 1,756 1,821 
~ ~ - _ _ _ _ _ _ _ ~  

1,756 

176,000 

1,821 

_ c  

__- 

1 
16 
47 
68 
50 

122 
82 

116 
99 
25 
5 
8 
1 
2 
3 
2 

3 
1 

1 

.. 

._ 

_ _  
._ 
2 

1 
10 
36 
55 
45 

130 
86 

147 
141 
45 
21 
12 
2 
3 
2 
6 

2 
1 

2 

- -  

_ _  
._ _ _  
6 

_. 
3 

23 
54 
41 

118 
86 

146 
182 
128 
52 
68 
12 
13 
5 
9 
1 
1 

- -  
_ -  
1 

- -  
_ -  

153 

73 
1;; I 147 
211 339 

16 

5 12 
2 : I  1 1 

1 
Material of Jan-Jun 

Construction 1 1959 1 1960 1 1961 ~ 1962 1 1963 1 19641 

Total .._._.._. 355 

Total Capacity. - - 
654 753 1,096 

47,620 
- 

58.945 
- 

299,000 
~ 

1 Provisional data. 
2 Include estimations for vessels without information of capacity. 

TABLE 3 
CATCH BY PORTS A N D  YEARS 1959-1963 A N D  CATCH IN JANUARY-JUNE 1964 

Ports I 1959 1961 1962 1963 I Jan.-June 19641 1960 

736,301 
90,086 
59,336 

264,280 
128,189 

164,036 
44,642 

1,310,746 
32,201 

.. 

1,259,302 
135,480 

261,019 
373,622 

264,414 
99,708 

1,925,074 
47,516 

49,473 

.. 

_ _  
.- _ _  

44,820 
119,281 _ _  

1,999,795 
129,114 
64,669 

308,175 
655.131 

42 1,609 
369,555 

1,965,989 

._ 

55,559 

23,943 

125,836 
148,352 

6,897 

._ 

._ 

1,767,095 
95,298 
44,246 

247,976 
753,452 

517,054 
545,339 

1,771.648 
56,688 

143,518 
59,276 
32,371 

121,885 
263,418 

_. 

_ _  

1,484,437 
83,961 

117,602 
205,617 
594,367 
46,971 

292,655 
334,689 

1,018,961 
31,510 

300,110 
80,487 
46,697 
73,250 

346,968 
.. 

Chimbote ..................................... 
Samanco ..................................... 
Casnia-. - - -. . -. -. - _ _  - ._ - - - -. . -. -. . - -. -. . 
Hnarmey- .................................... 
Supe.. ....................................... 
Vegueta.. .................................... 
Huacho ...................................... 
Chancay ...................................... 
Callao ........................................ 
Pucusana ..................................... 
Tambo de RIora ............................... 
Pisco ......................................... 
Atico ......................................... 
Mollendo. .................................... 
110.. ......................................... 
Other ports.. ................................. 

Totals.. ................................. 
- 

549,904 
85,532 
53,612 

246,294 
2,405 

78,5;; 
59,558 

754,047 
18,970 

._ 
_. 
.. 

8,623 
51,242 

_. 

1,908,698 

27,926 
85,859 

.. 

2,943,602 4,579,709 6,274,624 6,419,261 1 5,058,284 
I 

* Provisional data. 
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1962 

89 

1963' 

TABLE 4 A  

AVERAGE ANNUAL CATCH FOR VESSELS GROUPED BY 5 FEET OF LENGTH 1959-1963. ALL THE COUNTRY, CHIMBOTE A N D  CALLAO 
Al l  the Country 

Catch 
-___ 

1959 I 
Vessels 

25-29.. .......... 
30-34 ............ 
35-39.. .......... 
40-44 .___________ 
45-49.-. ......... 
50-54.- - - - - - - - 
55-59.. .......... 
60-64 - _ _ _  ______. . 
65-69 
70-74 ............ 
75-79 ............ 
80-84.--.----.-.. 
90-94 ............ 

............ 

1,750 
2,807 
2,598 
3,210 
4,146 
6,854 
7,109 
9,750 _ _  
.. _ _  
- -  
_. 

1961 

2,250 
1,650 
2,050 
2,861 
3.375 

I-- Catch 
Lmgth 

(ft.) 

1 
5 

I O  
18 
36 

5,592 
6,905 
7,421 

10,750 

8,822 
6,250 

_ _  

_ _  
_. 

79 
68 

114 
1 

7 
2 

_. 

_. 

341 

Catch Vessels Catch Vesseb 

2,750 
1,750 
3,583 
5,071 
6,795 
7,211 _ _  
7,750 

2 
2 
3 

14 
22 
38 _ _  
.. 
2 

3,188 
5,092 
5,910 
7,884 
8,692 
7,429 
4.792 

10,098 

5 
14 
65 
68 
12 
5 
1 
3 

3,759 
4,512 
5.414 

5 
7 

36 

_. 
6 

17 
30 
23 
45 

_. 
3,625 
4,150 
5,417 
6.538 
8,282 

~-__ 

Vessels 
-___ 

4 
4 

12 
24 
72 
81 

214 
26 

10 
2 

.. 

_ -  

449 

I 
Vessels 

____ 
1 
7 

23 
25 
53 
48 
39 
19 
_. _ _  _ _  _ _  _ _  

Catch Vessels I Catch 1 Vessels 
---- -- 

Catch 
-____ 

2,750 
1,500 
2,861 
3,120 
5,282 
6,784 
8,965 

10,716 
11,350 
11,550 
19,250 

.. 

._ 

1 I 1  1,875 
2,000 
2,750 
3,604 
5,417 
6,590 
8,500 
9,000 

8,756 
10,500 

.. 

_. 

2 
9 

27 
62 
89 

242 
104 
I5 
15 

21 
34 

171 
233 
24 
19 

3,509 
4,762 
5,897 
7,442 
8,393 
6.910 

1 4;792 1 
._ 1 10,098 I 3 

567 _. 506 ...... I - -  
Total vessels 

1 Incomplete data 

215 

TABLE 4B 

CHIMBOTE 

1959 1962 19631 1961 

Length 
Ut.) Vessels Vessels Vessels Catch 

_ _  
2,806 
4,083 
6,219 
7,762 
9,650 
.. _ _  
.. _ _  
.. 

_ _  

Catch 
___ 

2,750 
5,204 
7,250 
8,796 

10,188 

16,750 
10,500 

_ _  

_ _  
_ _  

Catch 

2,750 
5,679 
7,361 

10,040 
13,056 
11,850 
15,250 
19,250 

.. 

.. 

_ _  
9 
9 

16 
17 
10 
_. 
_. - _  _ _  
.. 

1 
14 
27 
81 
31 
10 
2 
1 
.. 

1 
11 
26 
76 
8 

1 
2 

._ 

._ 

125 

_ _  
.. 

_ _  1 83 61 167 173 
- -  ~ 

1 Incomplete data. 

TABLE 4C 

CALLAO 
- 

1960 1961 I 1959 I 1963' 

Catch I Vessels 

_______- 
1962 
-__ 

Vessels <Fi Catch 1 Vessels 
-__- 

Vessel8 
Length 

Ut.) Catch Catch 

1,750 
5,250 
3,361 
4,875 
6,202 
7,881 
9,266 

16,750 
12,321 

.. 

Catch 

.. 
3,167 
3,750 
5,683 
7,424 
7,650 

10,750 

9 , l G  
.. 

2,306 
4,062 
4,900 
8,397 
7,417 

11,750 _ _  _ _  
_. 
_. 

9 
8 

20 
17 
9 
3 _ _  _ _  _ _  
_. 

1 
1 
9 

20 
31 
84 
31 
1 
, 
._ 

.. 
4 

10 
30 
26 
78 
11 

7 
1 

.. 

35-39 ............ 
40-44----_---_--_ 
45-49-------.-.-- 
50-54 ............ 
55-59 ............ 
60-64...-.-....-. 
65-69.----------- 
70-74._---__._--. 
75-79 ............ 
80-84 ............ 

7:057 1 54 

7,205 1 7 
8,149 7 .. 

8,464 
9,750 

.... I - -  
Total vessels.. 66 128 1 .. I 167 185 11G 

- -  I 
1 Incomplete data. 
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FIGURE 1. The catch per month per gross register tonnage. 
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FIGURE 2.  Abundance index corrected for change of fishing power A, and for effect of saturation B. 
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1963 corresponding to that of the effort did not take 
place. The total landings of 1963 was only about 2% 
over that of 1962. 

The low fishing results of 1963 are also evident 
from that data of the mean catch by vessel-length- 
groups over the whole year (Table 4). The 1963 
averages are down 30 to  40 percent as compared to 
1962, and they are the lowest figures since 1959. 

We may thus conclude that relatively speaking 
1963 was a poor year for  the anchovy fishery. Only 
because of the great increase of fishing effort did the 
total quantity landed slightly surpass that of the 
previous year. 

ESTIMATES OF THE FLUCTUATIONS IN  THE 
ABUNDANCE OF THE ANCHOVY POPULATION 
The Catch Per Unit of E$ort 

In  our previous report, we showed that a convenient 
time-unit of effort is the work of the vessels during 1 
month and that the standardization of the vessels 
can most easily be accomplished by using the gross 

A.- NOT ADJUSTED B., ADJUSTED FOR SATURATION 

k 
a 
(3 

a 
a w 

cn z 
0 
c 

I! a 
I- 
w 
2 

registered ton as a unit of measure. We thus use catch 
per month per GRT as our basic measure of abund- 
ance. Figure 1 demonstrates this uncorrected abund- 
ance index. 
The Abundance Index 

Because it is thought that improved equipment, 
and increases of size of gears has affected the fishing 
power of the vessels since 1959, some corrections 
need to be made in this measure of catch per unit of 
effort. The corrections made are described in our pre- 
vious report, and for the period July 1963-June 
1964, the same correction has been applied as for the 
first part of 1963. This corrected index is shown in 
Figure 2. It is also believed that when the fish is very 
abundant saturation of vessels will depress the c.p.u.e. 
A vessel cannot catch more than its capacity, even 

x 
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FIGURE 4. Percent trips without cotch. FIGURE 3. Summary of abundance by fishing season. 
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if  the sea was full of fish. When incorporating an 
assessment also of this saturation effect, the index 
B. Figure 2 is the result. It is seen from these figures 
that the abundance during 1963 was low in all ports. 
Figure 3 shows summary by fishing seasons from 
which the decline during 1963 and 1964 is evident. 
The decline is most drastic in the central ports 

300 

U b  
6 7  12 13 14 15 cms. 

FIGURE 5. Annual length-abundance curves. Chimbote, Callao and Ilo. 
March to February. 

Callao, Huacho, Xupe, but it is also clearly present 
in the mean value of all ports between Callao and 
Chimbote. The most prominent feature of these curves 
is the absence in 1963/64 of the usual peak abundance 
of the October to February fishing season. The 
abundance indices of the last part of 1963 and the 
first part of 1964 are the lowest on record since 
1939. 

Trips Without Catch 
The records of poor fishing and the estimates of 

low abundance during this time are confirmed by 
data collected on number of unsuccessful trips of 
vessels. Figure 4 shows how trips without catch have 
increased since June 1963. The ports of Supe, Huacho 
and Callao show also yery high figures during 1964 
while Chimbote seems to be back on a normal value 
this year. 

THE SIZE OF THE ANCHOVY 
Figure 5 shows the annual size-abundance curves 

March through February fo r  the three years since 
1961. The striking feature of these curves is the low 
abundance of the big adult fish (14 ern and more) 
during the last year. The monthly length-curves 
which are available, but not shown in this report, 
show that this decline of abundance of adult fish 
started already in the last part of 1962. It became 
prominent during 1963. Figure 6 shows the estimated 
abundance of fish of sizes of 14-35 cni. or more 
(adult anchovy, consisting of usually several spawn- 
ing groups) by month from March 1961 onmards. 
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FIGURE 6. Modal abundance of adult group 14-15 cm. from length- 
abundance curves. 
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The low values since June 1963 is striking in all three 
ports Chimbote, Callao, and 110. It seems then that 
the reason for the poor fishing of 1963 was the low 
abundance or low availability of the big adult fish 
during this period. 

CAUSES OF REDUCED ABUNDANCE OF BIG 
ADULT FISH 
Natural Fluctuations of Recruitment 

There is one phenomenon that is known to have 
caused great fluctuations of stock size in a number 
of marine fish populations, i.e., natural variations in 
recruitment brought about by varying success of sur- 
vival of eggs and larvae from the different broods. 
The results of our length-measurements indicate that 
such types of fluctuat,ions do occur also in the Peru- 
vian anchovy stock. Although direct age-determina- 

FIGURE 7. Abundance of recruit groups and the groups of adult fish. 
Chimbote and Callao together. 
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tions are not available, it is possible from the size 
compositions to determine the age of the young fish 
and the size abundance curves offer a possibility to  
assess the abundance of the year-classes. I n  Figure 7 ,  
we have plotted the abundance of the recruit-groups 
1961 through 1964 as measured in two different 
ways, by their modal abundance and by the estimated 
total number caught per unit of effort. Figure 7 also 
shows the abundance of the adult fish as the mean 
value of the months November through May each 
year. The recruitment apparently dropped off from 
1961 to 1962 and a further reduction took place in 
1963. In  1964, however, a very strong group was 
recruited to the fishery. As Figure 7 demonstrates, 
the reduction that occurred in the abundance of the 
adult fish is parallel to that of the recruits up till the 
season November 1963 to May 1964. We expect that 
there will be a time lag of about one year between the 
stage at  which we measure the abundance of the 
recruit-group (usually March to June) and the time 
when the group has reached the adult stage and thus 
may influence the abundance of this group of 14-15 
ern fish. Figure 8 shows a comparison of recruitment 
and abundance of adult fish when applying such a 
time-lag. A straight line from zero could be fitted 
reasonably well to these points, and confiding in 
these results we could conclude that fluctuations in 
the recruitment give cause to similar fluctuations in  
the abundance of the total stock which again brings 
about considerable variations in the success of the 
fishing. Before drawing this conclusion, however, we 
should await the results of the fishery during the 
period November 1964 through May 1965. The high 
recruitment of 1964 should bring about a consider- 
able increase of the abundance of adult fish during 
this season. If this happens we think that the above 
conclusion can safely be drawn. It would then be a 
matter of great practical importance to be able to  

2 4 6 
ABUNDANCE OF ADULT GROUP 
NUMBER OF FISHES PER T R I P  IN MILLIONS 

FIGURE 8. Relation between abundance of recruit groups and groups of adult fish. The abundance of the recruit group is measured in two differ. 
ent ways. 
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measure recruitment-strength as accurately as possible 
so as to get a better basis for forecasting yield 
fluctuations. 
Effects of the Fisbery on the Stock 

There is little doubt that a fishery of about 6 million 
tons per year must have some effects on the anchovy 
population. The total mortality rate must have in- 
creased. By how much we do not know, but from a 
rough assessment of predation of birds and fish it is 
not unreasonable to think that the mortality has a t  
least been doubled. We should expect that it would 
be possible to demonstrate the effects of this increase 
of mortality on the size composition of the fish. Such 
demonstrations are, however, complicated by the fluc- 
tuations in recruitment. A longer series of data is 
necessary to compensate for the natural fluctuations 
in the size composition, and thus provide a normal 
average basis for a comparison. 

The comparisons of recruitment and adult fish 
abundance shown in Figure 8 have one feature which 
may indicate an increase of total mortality. The ex- 
pectation of a straight-line relationship passing zero 
is only valid if the total mortality has been unaltered 
during the period of observation. If mortality in- 
creases one would expect the abundance of the adult 
group to fall off more than that of the recruits. A 
tendency of this nature can be seen in the data 
plotted in Figure 8. 

We expect to be able to make more definite state- 
ments concerning the effects of the fishery on the 
stock after the season November 1964 to May 1965. 
If the abundance of the population of adult fish and 
thus the success of fishing do not rise to the expected 

“normal” level during this season as a result of thc. 
high recruitment in 1964, then it must be concluded 
that the fishing mortality influences the stock to  i l  

marked degree. 
I n  practice the effects of increased mortality and 

the resulting lower average size and age of the fish 
in the stock would be a corresponding decrease of the 
mean size of the fish caught in the fishery. The total 
stock abundance would also on the average be lower 
with a decrease of the catch per unit of effort. The 
yield would be more variable from year to year be- 
cause it would to a greater extent depend upon the 
fluctuating abundance of the recruit fishes. This of 
course would make the operation of the industry 
more difficult with higher costs of raw material and 
less continuity of operations. It is, however, not 
thought that any lasting or permanent harm will be 
made to the stock by this form of over-exploitation. 
The recruitment in big oceanic fish stocks does not 
seem to be directly related to the size of the spawning 
stock : big-year-classes can result from the spawning 
of poor-ones. The direct economic effects on the in- 
dustry will be those arising from expensive and in 
periods scarce raw material. These effects can, how- 
ever, be serious enough as we have seen from the 
state of the industry during 1963-64. 
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A N  ATTEMPT TO ESTIMATE ANNUAL SPAWNING INTENSITY OF THE ANCHOVY 
(ENGRAULIS RINGENS JENYNS) BY MEANS OF REGIONAL EGG AND LARVAL 

SURVEYS DURING 1961-1964 
H. EINARSSON and B. ROJAS DE MENDIOLA 

lnstituto del Mar del PerG 
lima, PerG 

INTRODUCTION 
From the beginning of our investigations in August 

1961, until June 1964, we have covered three anchovy 
spawning cycles. During this period we have col- 
lected quantitative samples with the Hensen net at 
1,422 localities in northern Peruvian maters. A de- 
scription of eggs and larvae of the Peruvian anchovy 
was published in 1963 (Einarsson and Rojas de Men- 
diola) , and a preliminary description of the frequency 
and distribution of eggs and larvae was presented at  
the ‘‘Primer Seminario Latinoamericano sobre e l  
OcEano Pacific0 Oriental’’ (Einarsson, Rojas de Men- 
diola. and Santander, in press). The present paper 
carries this analysis a step further and describes the 
yearly areal variations in spawning intensity, as well 
as the variations within the whole northern region 
from Callao to Punta Aguja, the main fishing area 
now under exploitation. 

F o r  the purpose of this analysis we use only samples 
taken during the spawning season from August of one 
year to March of the next. The total number of sta- 
tions occupied during the three spawning cycles was 
847. Of these, 185 were occupied during 1961-62, 317 
during 1962-63, and 34.5 during 1963-64. 

The number of eggs and larvae are calculated as 
number per square meter of surface in a column 50 
meters deep. As in our previous study the average 
values are given in two ways; firstly, as average Val- 
ues per station, which reflect the spawning intensity 
within the area as a whole, and secondly, as average 
values per positive station which reflect the spawning 
intensity within the boundaries of the spawning area. 
The material is in many ways faulty, due to uneven 
timing of cruises and also because all areas have not 
been investigated on every cruise. I n  spite of this 
we find this analysis worthwhile, and the results seem 
to tally with other kinds of evidence, derived from 
a n  entirely different approach. 

ANNUAL AREAL VARIATIONS IN SPAWNING 
INTENSITY 

We have divided the Perurian coastal waters lati- 
tudinally into 2” areas from north to south as seen 
in Figure 1. I n  this evaluation only areas B-E come 
under consideration, since anchovy spawning does not 
occur in area A and our material is insufficient as 
regards the more southern areas. The material is 
graphically presented in Figure 2. 

The areas fall clearly into two groups, B and C 
constituting one, D and E the other (Figure 3) .  In  
the first group the spawning intensity has been on a 
high level during the three spawning cycles, the pe- 
riod 1962-63 yielding the highest values, especially 
in the average per positive station. This means that 
the spawning was intensive but confined to  restricted 
zones. Only area B shows this maximum also in the 
average values per station, during the said period, 
while area C shows declining values from the first 
to the third spawning cycle. 

Areas D and E show a rather marked decline in 
the values during the two latter spawning cycles, 
especially in the numbers per station, and we must 
conclude that during the latter two cycles the spawn- 
ing was both of lesser intensity and geographically 
less extensive. 

While the values were fairly similar in all areas 
during the first spawning cycle, the last two cycles 
show values which sharply decrease from north to 
south 

H - -  XI 
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FIGURE 1. 
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Spawning Cycle 

~~~ ~~~~ 

Larvae/  Station 

Total Number 
of Eggs 

Average 
per Positive 

Station 

634 
1,173 

57 
2,182 

708 

691 

Number of 
Positive Number of 
Stations Stations 

59 93 
4 4 
6 10 
3 13 

49 65 

121 185 

1961-62 
August 1961 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
October 1961 .................. 
December 1961.. 
January 1962 .................. 
February 1962 .................. 

................. 

37,407 
4,692 

345 
6,546 

34,695 

83,685 

1962-63 
October 1962 
November 1962-.- ............... 
January 1963 .................. 
February 1963-- ................ 

.................. 3,045 
56,745 

549 
26,001 

1963-64 
August 1963 .................. 
October 1963.- ................ 
November 1963.. ................ 
February 1964 .................. 

23,793 
16,431 
16,767 
8,340 
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TABLE 1 

AVERAGE NUMBERS OF EGGS PER STATION AND PER POSITIVE STATION IN AREAS L E ,  DURING THREE SPAWNING CYCLES 
(1 961-1 964) 

Average 

Stations 
per 

Percent of 
Positive 
Stations 

402 
1,173 

34 
504 
534 

63 
100 
60 
23 
75 

65 452 

46 
417 
29 

271 

35 
37 
21 
19 

23 66 1 136 
19 

1,:;; I 51 
137 4 

1.444 18 96 

899 I 96 1 317 - 272 30 I 86,340 

37 
24 
38 
26 

212 
181 
305 
96 

580 41 112 
747 91 
798 
363 87 

189 31 
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Spawning Cycle 

TABLE 2 

AVERAGE NUMBERS Of LARVAE PER STATION AND PER POSITIVE STATION IN AREAS B-E, DURING THREE SPAWNING CYCLES 

Total Number 
of Larvae 

1961-62 
August 1961 .................. 
October 1961 .................. 
December 1961 .................. 
January 1962 .................. 
February 1962 .................. 

13,101 
1,338 

327 
1,674 
8,583 

I 25,023 

1962-63 
October 1962 .................. 
November 1962-. 
January 1963 .................. 
February 1963-. ................ 

................ 
417 

3,150 
129 

10,089 

1 13,785 

1963-64 
August 1963 .................. 
October 1963---. 
November 1963 .................. 
February 1964 .................. 

.............. 
6,285 
5,154 
2,727 
1,484 

15,630 

(1 961-1 964) 

Average Number of Average 

Station Stations Stations Stations 
per Positive 1 Positive 1 Number of I per 

I 

- 

- 

- 

- 

- 

- 

- 
I 

232 1 108 I 185 1 135 

I I I I I I I I I I I 
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ANNUAL REGIONAL VARIATIONS IN 
SPAWNING INTENSITY 

The material has been summed up for the whole 
region in Tables 1 and 2, and graphically presented 
in the lower part of Figure 2. 

The evidence shows that the spawning intensity in 
the region as a whole, measured by number of eggs 
per station, has been declining during the three 
spawning cycles and during 1963-64 was less than 
half of that observed during 1961-62. The average 
numbers per positive station indicate that there was 
a concentrated spawning effort during the 1962-63 
cycle. We have demonstrated that this happened 
only in areas B and C. 

A COMPARISON BETWEEN SPAWNING 
INTENSITY AND ABUNDANCE OF ADULTS 

In their recent contribution on the present status 
of the Peruvian stock of anchovy, Saetersdal, Val- 
divia, Tsukayama and Alegre (this volume) draw 
attention to the reduced abundance of big adult fish 
from 1962 to 1964. In their Figure 7 they show the 

months of November through May each year, the 
abundance being measured in numbers of adult fish 
per trip. In Figure 4 we have compared these data 
with the spawning intensity during the correspond- 
ing period, as measured by the average number of 
eggs per station for  the whole northern region. The 
abundance of adults refers to data from Chimbote 
and Callao combined, and should thus be compa- 
rable. There is a striking similarity in the rate of 
decline. 

A COMPARISON BETWEEN SPAWNING 
INTENSITY AND RECRUITMENT 

The relation between spawning intensity and re- 
cruitment is much more complex than the relation 
discussed in the preceding paragraph. So far we 
know nothing about egg mortalities and their causes, 
larval mortalities, larval drift and the subsequent 
fate of the young individual until it enters the fishery 
at a size of about 8 cm. This phase in the life history 
of the anchovy is still shrouded in mystery and the 
need t o  fill this gap in our knowledge, is impera- 

abundance of the adult fish as &e mean value of the tive. 

EGGS : AREAS B-E RECRUITS CALLAO-CHIMBOTE 
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In their paper, Saetersdal, Valdivia, Tsukayama 
and Alegre (this volume) have measured the abun- 
dance of the recruitment groups 1961 through 1964 
in two different ways: first the modal abundance, 
expressed as average values for the highest modal 
abundance during the recruitment period, and second 
the estimated total number caught per unit of effort, 
as measured by number of recruits per trip. They 
found the decline in the abundance of adult fish 
parallel to that occurring in the abundance of re- 

cruits up till the season November 1963 to May 1964. 
However, in 1964, they found a very strong recruit 
group appearing in the fishery. 

In Figure 5 we have compared the recruit abun- 
dance with the spawning intensity, as measured by 
egg numbers per station and per positive station for 
the region as a whole. The new strong recruit 
group did not at  any rate originate through a wide- 
spread spawning, as shown by the low number of 
eggs per station. But it is quite possible that a strong 

EGGS AREA B - C  RECRUITS : CHIMBOTE 

. 
x 

0 

- 

1700 

1500 
z 
0 
l- 

1300 t;; 

- 
a 

E 
w 
LL 

1100 v) 

900 t; 

(3 
(3 w 

[tl 
w 
m 
2 700 3 
2 

500 

300 

100 
E M M J S N E M M J S N E M M J  S N E M M J S N E M M J  

1961 1962 1963 1964 1965 
FIGURE 6. 



102 CALIFORNIA COOPERATIVE OCEANIC FISHERIES INVESTIGATIONS 

Winter--- ............... 
 spring_^.........^_^^^^^ 
Summer-- ._ -. - - - - - - - -. -. 
Autumn ................. 

Average percent- - - - - 

recruit group originates through intensive and con- 
centrated spawning and subsequent favorable condi- 
tions for survival. Ahlstrom (1959, p. 203) thought 
first that a widespread spawning of the California 
sardine favored greater survival and bigger recruit- 
ment, but a closer analysis of later data led him to  
doubt this conclusion. 

It was stated that a strong recruit group could 
originate from an intense but geographically re- 
stricted spawning. This, however, did not occur as a 
result of the intensive spawning observed in areas 
B and C during 1962-63. The resulting group was 
poor according to  the abundance estimates shown in 
Figure 6. On the other hand the low egg numbers in 
1963-64 gave rise to an estimated rich recruit group. 
Evidently more effort is needed to tie up biological 
facts and oceanographic evidence. 

The best conformity between egg numbers and 
recruitment strength was found in areas D and E as 
shown in Figure 7. Here the trend follows the same 
pattern both as regards eggs and recruits. 

FREQUENCY OF LARVAE 
It must be borne in mind that the Hensen net 

is very selective as to larval sizes caught. Only the 

Percent of larvae 
per positive 

Station 

28 
10 
22 
37 

20 
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youngest stages (less than 10 mm in length) are 
effectively retained by the net. We still lack experi- 
mental evidence as to incubation time and the rate 
of larval growth, but presumably the incubation time 
is shorter than the growth time of larval stages 
effectively retained. Until this time factor has been 
ptudied the numbers of eggs and larvae are not 
directly comparable, but if larval growth represents 
a longer time the numbers of larvae are maximal 
numbers in comparison, and we can conclude that 

TABLE 3 

PERCENTAGES OF ANCHOVY LARVAE VERSUS EGGS IN THE 
HENSEN NET HAULS 

.I*. POSITIVE STATlOk 

Percent of larvae 

Station 
per 

32 
13 
29 
33 

25 
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FIGURE 7. 
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mortality during the initial growth phase is not 
lower than that indicated by direct comparison be- 
tween egg and larval number. 

Adding up the whole material we find the per- 
centage values of larvae versus eggs as shown in 
.Table 3, the material being divided according to 
seasons. 

The higher percentages of larvae per station re- 
flects the effect of dispersal. The larval frequencies 
.are much lower during the spring months. In fact 
the difference is so great that it must reflect higher 
egg mortalities during these months. 

In  Figure 8 we have shown graphically the larval 
percentages according to spawning cycles for the 

different areas. It will be seen that areas B and C 
follow the same trend with the lowest values during 
the 1962-63 cycle. It was shown above that a con- 
centrated spawning effort occurred in these areas 
during this spawning cycle and it seems that this 
resulted in increased egg mortalities. It will be noted 
that the recruitment estimates and the percentage 
frequencies of larvae in these two areas follow the 
same pattern. 

During the two latter spawning cycles area E 
shows a quite different trend with very high larval 
percentages and this is also true for area D during 
the 1962-63 cycle. We ascribe these phenomena to 
a low spawning intensity within the area, coupled 
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with larval drift into the area from a spawning 
center lying to the south, the coastal current dis- 
placing the larval stock northwards from the spawn- 
ing center. This could be verified as regards area D 
during 1962-63, but observational data are not sufYi- 
cient from area F to establish this conclusion. 

A COMPARISON BETWEEN LARVAL 
ABUNDANCE AND RECRUITMENT 

We can presume that a closer relationship exists 
between larval abundance and recruitment strength 
than between spawning intensity and recruitment 
strength. However, our conclusions are limited by 
the fact that we have only been able to  examine the 
abundance of the earliest stages in the growth of 

In  Figure 9 the number of larvae and recruit abun- 
dance are compared fo r  the region as a whole. The 
highest numbers of larvae were found during the 
1961-62 spawning cycle, but the resulting recruit 

group was not outstanding. The big recruit group 
appearing in 1964 seems not to have been derived 
from a rich larval stock in the region as a whole. 

The evidence suggests that during the three spawn- 
ing cycles larval abundance was highest during 1961- 
62, there was a big decline during 1962-63 and then a 
substantial increase during 1963-64, but not up to the 
1961-62 level. Roughly this sequence reflects what 
has happened in recruitment, but the series of ob- 
servation is too short to afford firm conclusions. 
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THE PREDATION OF GUANO BIRDS ON THE PERUVIAN ANCHOVY 
(ENGRAULIS RllNGZNS JENYNS) 

ROMULO JORDAN 
lnstituto del Mar del Per6 

lima, Per6 

INTRODUCTION 
The Perurian anchovy is regularly preyed upon 

by a variety of animals belonging to  different orders 
of the animal kingdom. Among those that thrive on 
its abundance are invertebrates, such as medusae 
and squids, and a multitude of carnivorous fishes, 
birds and mammals. Two great industries owe their 
existence to the stock of anchovy: the guano in- 
dustry, based on the collection of the bird drop- 
pings, which have served as a fertilizer of the soil 
from ancient times and the fishmeal industry, man’s 
exploitation of the anchovy resource, a recent innova- 
tion. 

Although the majority of the birds that inhabit 
the Peruvian islands and coasts prey upon the an- 
chovy to  some extent, the list of the principal pre- 
dators is not extensive. The main species are the 
following : 

Family : Spheniscidae 
Xpheniscus hziinboldti Meyer-“Peruvian 
penguin ” 

P u f i n u s  griseus ( Gmelin) -‘ ‘ Sooty shear- 
water” 

Pelecanus occidentalis thagus  Molina- 
“Peruvian pelican’ ’ 

Xicla variegata (Tschudi)-“ Gannet” 
Xula nebouxi Milne-Edwards “Blue- 
footed booby” 

Phalacrocorax bougainvillii Lesson- 
“ Cormorant” 
Phalacrocorax gainaardi (Lesson) --“Red- 
footed shag” 
Phalacrocorax brasilianus (Humboldt) - 
“Bigua cormorant” 

Larus pipixcan Wagler (migratoria) - 
‘ ‘ Franklin’s gull ’ ’ 

Larosterna inca (Lesson)-‘ ‘ Inca tern” 

Family : Procellariidae 

Family : Pelecanidae 

Family : Sulidae 

Family : Phalacrocoracidae 

Family : Laridae 

Family : Sternidae 

posited in more than 40 islands and headlands along 
the Peruvian coast. 

Because of their overwhelming importance, the 
present discussion on the predation of birds on the 
stock of anchovy is limited to these three species. 

SPECIES COMPOSITION AND GEOGRAPHICAL 
DISTRIBUTION OF THE MAIN POPULATION 
CENTERS 

In  the order of importance the main guano pro- 
ducers are cormorants, gannets, and pelicans. The 
epicenter of their distribution lies between lat. 6’ 
S. and lat. 12” S. The birds occupy this zone during 
spring and summer, when they form their densest 
concentrations ; subsequently, during autumn and 
winter, the birds are more dispersed and their area 
of distribution is greatly enlarged, extending from 
lat. 1” N. to lat. 38” S. The quantities and loca- 
tions of the main bird colonies along the Peruvian 
coast are shown in Figure 1. 

The number of adult birds, based on graphical cen- 
suses made in December, 1962 and February, 1963, 
was estimated as being about 18 millions (JordAn 
and Fuentes, 1964), with the following frequencies 
of species: 

Millions Percent 
Cormorant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14.89 82.4 
Gannet __________________________________  2.76 15.3 
Pelican _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0.42 2.3 

During the last 20 years this relative frequency does 
not seem to have changed substantially. 

FOOD AND FEEDING 
The anchovy constitutes 96% of the food of the 

cormorant (JordSn 1959) and at least 8Q% of the food 
of the gannet and the pelican. During periods of low 
availability of the anchovy, due to changes in the 
oceanic climate of the Peru current or other causes, 
the birds suffer from malnutrition which eventually 
leads to cachexia and death. This is the reason why the 
birds are completely dependent on the availability 
of the anchovy. 

The feeding habits of the three species differ, both 
as regards fishing methods and time of food collecting. 

The cormorant dives and swims underwater in the 
pursuit of its prey to  depths that exceed 12 m. The 
search begins at 6 AM during the reproductive pe- 

Three of these species, the “guan;ty” (cormorant), 
the ipiquero 7 (gannet), and the 6 alcatraz 7 7 (peli- 
can), are the main consumers, because of their great 
numbers. These are the species that transform the 
anchovy into the valuable fertilizer, which is de- 

105 1 
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M O N T H L Y  L A N D I N G S  O F  
ANCHOVY DURINGS 1962 

w ~00,000' I 
E F M A M J J A S O N D  

M O N T H S  

y W '  ..!, ..... 

A I  - 

- 
FIGURE 1. Geographical distribution of population centers of guano birds and anchovy landings during 1962. 
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Estimated number 
of birds 

Year (census data) 

12 x 106 1961 .....~.~~........~-- 
1962 _........~.-......-- 18 x 10' 
1963 ...~~-~.........---- 16 x 10' 

riod and after 8 AM during the rest of the year. 
The fishing activity lasts until sunset. 

The gannet dives from a certain air altitude to 
reach the depth required, probably not exceeding 15 
m of depth. The feeding hours begin at  dawn and 
continue during daylight. 

The pelican dives from the air in a manner similar 
to that of the gannet, but rarely submerges the 
whole body. The sea depth reached is therefore limited 
to the length of its neck. This species feeds a t  different 
hours of the day and also during the night. 

It has been stated that the operative range of these 
birds, with special reference to the cormorant, is be- 
tween 30 and 40 nautical miles and they clearly prefer 
to seek their food near the coast rather than offshore. 
However, the gannets and the pelicans may be en- 
countered more than 50 miles offshore. 

Frequently the three species are found fishing in 
the same areas, competing with each other. On the 
other hand there also exists a kind of cooperation in 
detecting the fish schools. The flocks of cormorant 
are seen flying towards fishing areas first detected by 
gannets and pelicans, or vice versa. 

A study of the sizes of anchovies devoured by the 
birds, based on examinations of the stomach contents 
of the cormorant, showed that they capture all size 
groups between 2 and 14.5 cm SL or 3 and 16 cm 
TL (Figure 2 ) .  This size composition demonstrated 

Anchovy consumed 
per day 
in tons 

5,000 
8,000 
7,000 

.mm. 
111 423 5.35 6.47 Z59 871 983 1095 12.071319 1431 1143 1655 LT. cm. 

FIGURE 2. Size distribution of anchovies in the stomach contents of 
the guanay. Material collected during 1954-1957. 

that the birds can prey upon somewhat smaller fish 
than those generally caught in the purse seines of the 
fishermen. This shows that the birds are not selective 
as to size of the anchovy and are able to capture small 
sizes, down to 2 cm in length, if theS are within their 
reach. 

FOOD CONSUMPTION AND GUANO 
PRODUCTION 

It is estimated that a cormorant, weighing 2 kilo- 
grams, consumes an average of 430 grams of food per 
day (Jordhn 1959) and the minimal daily require- 
ment seems to be 200 grams (Barreda 1959). 

Different methods have been used to calculate the 
rate of transformation of food to guano. Gamarra 
(1941) concluded, from experiments on birds in cap- 
tivity, that 1 ton of guano was produced from 31 
tons of fish. However, more extensive observations 

An estimate, based on these values, leads us to the 
conclusion that annually the guano birds consumed 
between 1.8 and 2.8 million tons of anchovy during 
the period 1961-1963. 

The geographical and quantitative distribution of 
the birds in the summer of 1962 is shown in Figure 
1. This distribution has remained unchanged during 
the last years. 

If we group the bird numbers according to the 
areas of two latitudinal degrees (data from the 1962 
and 1963 censuses), it will be seen that the distri- 
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Year 

bution was rather uniform along the coast between 
lat. 8' S. and lat. 14" S. (Table 2). At both ends o€ 
the distributional range lower numbers are encoun- 

TABLE 2 

NUMBER OF GUANO BIRDS, IN THOUSANDS, IN THE COASTAL 
AREAS OF PERU, ACCORDING TO AREAS OF TWO LATITUDINAL 

DEGREES 

I South Latitude 

South Latitude 

6' to 8' 1 8' to 10' I 10' to 12' I 12" to 14" I 14' to 16" I 16' to 18O 

6' to So So to 10' 10" to 12O 12' to 14" 14' to 16' 16' t o  18' 
- ~ ~ - ~ _ _ _ _ ~  Y e a r l  I I I I I 
1962 -1 1,141 1 2,027 1 3,700 1 5,539 1 4,309 I 296 
1963 - 1,603 3,840 4,719 2,813 4,749 350 

The marked changes that have occurred in the 
population size of the guano birds during the period 
1955 to 1963, are shown in Figure 3. The increased 

1962 - 2,501.8 1,446.3 2,045.5 274.2 
19634 1: 1 419.5 1: 1 2,155.9 1 1,816.3 I 2,031.4 1 

Two main centers of landing stand out: Chimbote 
(lat. 9" S.) and Callao (lat. 12" S.), which together 
account for about 50% of the total catch landed in 
Peru. Intermediate centers are developing rapidly 
as is also the area between lat. 12" S. and lat. 14" S .  
(Tambo de Mora and Pisco). Thus it will be seen 
that fishermen and birds exploit and exert heavy 
pressure on the anchovy stock in the whole area 
between lat. 8" S. and lat. 14" S. 

There are some very densely populated bird centers, 
such as La Vieja Island (lat. 14" 17' S.) and the 
headland Punta Culebras (lat. 9' 57' S . ) ,  each of 
which is temporarily inhabited by about 3 million 
adult birds, which means that they have to  fish 
about 1,200 tons of anchovy per day fo r  their susten- 
ance. 

It was found possible to  estimate roughly the 
great changes that have occurred in the population 
size during the last 54 years, using the annual 
harvesting of guano as a basis. Decreases during cer- 
tain years coincide with changes in the oceanic cli- 
mate of the Peruvian current. It has been shown 
(JordBn and Fuentes 1964) that during these ab- 
normal years, the availability of the anchovy f o r  the 
birds was greatly diminished, which resulted in the 
break-up of colonies and heavy mortalities. 

FIGURE 3. The population size of the guano birds and anchovy land- 
ings during 1955 to 1964. 

anchovy catches by the fishing fleet during the same 
period are also shown. 

The population estimate for 1955 (28 million birds) 
represents the highest peak ever reached during 
the last 54 years. During this year the birds may 
have taken some 4 million tons of anchovy out of the 
sea, while fishing was still at a low level. 

After the great fall in bird numbers that occurred 
during 1957 and 1958, a steady increase was noted 
until the beginning of 1963, occurring simultaneously 
with an enormous increase in the yields of the fishery, 
which reached about 6 million tons in 1962. During 
this year the birds extracted some 3 million tons of 
anchovy out of the sea. A new wave of bird mortali- 
ties occurred in the autumn and winter of 1963 
(June to September) , which reduced the population 
size considerably at the end. The fishery caught 8.8 
million tons of anchovy, apparently without having 
caused food shortages for  the birds. 

The future of the guano industry and the fishing 
industry is entirely dependent on the anchovy re- 
source. From our study of the fluctuations in the 
population size of the guano birds it can be inferred 
that the anchovy stock is vulnerable when subjected 
to marked changes in the oceanic climate. A too 
heavy predation under such circumstances may have 
far reaching consequences for the delicate balance 
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existing in the autonomous regime of the fauna of 
Peru current. 
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SUMMARY OF BIOLOGICAL INFORMATION ON THE NORTHERN ANCHOVY 
ENGRAULIS MORDAX GIRARD 

JOHN 1. BAXTER 
Marine Resources Operations 

California Department of Fish and Game 
Terminal Island, California 

INTRODUCTION 
The northern anchovy has long been recognized as 

one of the most abundant fishes in the northeastern 
Pacific Ocean and a sizable latent resource (Croker, 
1942; Chapman, 1942). In recent years the anchovy 
population has increased dramatically. Egg and larva 
surveys by the U.S. Bureau of Commercial Fisheries 
show that the population trebled between 1951 and 
1958 and has increased even further since (Ahlstrom, 
1965). Despite its great abundance the anchovy has 
never been the object of a large-scale fishery. 

DISTRIBUTION 
Adult northern anchovies occur from the Queen 

Charlotte Islands, British Columbia to Cape San 
Lucas, Baja California. They are most common 
from about San Francisco to Magdalena Bay, 
chiefly in coastal waters. Eggs and larvae have been 
taken as fa r  as about 300 miles offshore. 

Hubbs (1925) described a separate subspecies ( E .  
nz. nanzis) which inhabits San Francisco Bay 
and tolerates much-reduced salinities. I n  both mean 
and modal number of vertebrae the bay subspecies 
has two fewer than the ocean subspecies. It is a much 
smaller fish, the largest found by Hubbs measured 99 
nim TL. Its head averages longer, the body deeper 
and more compressed. The early development is also 
apparently more accelerated and transformation from 
postlarval to juvenile stages occurs a t  a much smaller 
size. 

Similar brackish-water forms also are known for 
the European anchovy (E. encrasicholus) and Austra- 
lian anchovy (E.  australis) (Blackburn, 1950). 

Subpopulations 
McHugh (1951) delineated three northern anchovy 

subpopulations on the basis of differences in numbers 
of dorsal, anal, and pectoral fin rays; vertebrae; 
and gill rakers. The three subpopulations occur from 
British Columbia to central California, off southern 
California and northern Baja California, and off 
central and southern Baja California. 

Miller (1956), on the basis of age and size composi- 
tions of central and southern California commercial 
and live bait catches, aerial surveys. and sea surveys, 
gave possible evidence of "local" stocks of fish. 
Work currently is underway by the U.S. Bureau 
of Commercial Fisheries using serological techniques 
to delineate possible genetically distinct stocks of 
northern anchovies. 

Habitat 
Anchovies are pelagic schooling fishes, generally 

found in coastal waters. During recent years, their 
offshore occurrence has expanded markedly as the 
population has increased. Like their cogeners, north- 
ern anchovies exhibit some seasonal movements. Dur- 
ing fall and winter they apparently move offshore 
and return inshore in spring. Fall surveys by the 
Department's R/V ALASKA indicate that anchovies 
occur well below the surface during the day and move 
to the upper layers of the ocean a t  night. The Euro- 
pean anchovy (E.  encrasicholus) makes similar di- 
urnal movements a t  this time of year. Off the coast 
near Santa Barbara during November, 1964, an- 
chovies were noted on the depth recorder in a thin 
band along the bottom during the day, but a t  night 
they rose toward the surface to form a band 20 to 
50 feet thick. Our sampling also indicates that large 
fish are less available in inshore waters during winter. 

During periods of warmer-than-average water tem- 
peratures, adult anchovies become less available in 
the inshore waters. Fish-of-the-year apparently tol- 
erate somewhat higher water temperatures than adults. 
Our sampling program has shown that 0-age-group 
fish predominate in inshore live bait catches during 
periods of warm water. During the 1957-59 "warm- 
water years" our research vessel surveys showed that 
large anchovies no longer frequented inshore areas 
but were more numerous offshore. While live bait 
fishermen were experiencing difficulty in catching 
large fish, T-essels conducting seismic oil exploration 
occasionally were killing large anchovies well off- 
shore from usual areils of abundance. 

On Department sea surreys f o r  the years 1955 
through October, 1964, samples of anchovies were 
caught in water temperatures ranging from 8.5" to 
25.0"C. between northern California and Magdalena 
Bay, Baja California (Table 1). Of 617 samples 
caught where surface temperatures mere recorded, 
75.9 percent of the catches occurred in waters having 
surface temperatures between 14.5" and 20.0"C. 
Off California and northern Baja California (north 
of lat. 31"N.) 340 samples were taken in tempera- 
tures ranging from 8.5" to 21.5"C. Of these, 72.5 
percent occurred between 14.5' and 18.5"C. Off 
central and southern Baja California 277 anchovy 
samples were taken in water temperatures ranging 
from 13.0" to 25.O0C., 65.0 percent between 17.0" 
and 21.5'C. 
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TABLE 1 

NUMBER OF STATIONS WHERE ANCHOVY SAMPLES WERE CAUGHT 
BY DEPARTMENT OF FISH AND GAME RESEARCH VESSELS, 

1955-1964 BY SEA SURFACE TEMPERATURE 

I 
North of 

Temperature "C. Lat. 31"N. 
-- 

9 . 0  ............... 
9 . 5  ............... 

10.0 ............... 

10,5  ............... 
11.0 ............... 
11.5 ............... 
12.0  ............... 
12.5. .  ............ 

13.0  ............... 
13.5 ............... 
14.0  ............... 
14.5 ............... 
15.0 ............... 

15.5  ............... 
16.0 ............... 
16.5 ............... 
1 7 . 0  ............... 
17.5  ............... 

18.0  ............... 
18.5  ............... 
19.0  ............... 
19.5 ............... 

20.5  ............... 
21.0  ............... 
21.5  ............... 
22.0  ............... 
22.5  ............... 

23.0  ............... 
2 3 . 5  ............... 
24.0  ............... 
24.5  ............... 

1 
1 
2 
1 

2 
2 
4 
5 
5 

12 
6 

11 
38 
23 

31 
35 
28 
32 
22 

20 
17 
13 
13 
10 

4 
1 
1 _ _  

_ -  
._ 
_. 
._ _ _  _ _  

Total.. ........ 1 340 

South of 
Lat. 31'N. 

- -  _ _  _ _  
._ 

_ _  _ _  _ _  
._ _ _  

1 
2 
4 
7 

10 

10 
7 

10 
27 
29 

20 
21 
17 
13 
15 

13 
9 

14 
8 
8 

15 
8 
5 
1 
1 

277 

Total 

1 
1 
2 
1 

2 
2 
4 
5 
5 

13 
8 

15 
45 
33 

41 
42 
38 
59 
51 

40 
38 
30 
26 
25 

19 
10 
15 
8 
8 

15 
8 
5 
1 
1 

617 

Anchovy larvae have been taken in water tempera- 
tures ranging from 10.0" to 19.7"C. ; approximately 
95 percent were taken between 14.0" and 17.4"C. 
(Ahlstrom, 1959). Ahlstrom also found that, on the 
average, the larvae occurred mostly between 24 and 
48 m although they also were abundant in the upper 
23 m. 

Anchovy eggs were sampled in 1953 and 1954 in 
temperatures ranging from 9.9" to 23.3"C. (Ahl- 
strom, 1956). He used water temperatures a t  10 
meters as representative of the upper mixed layer 
where anchovy eggs occurred. Most eggs were taken 
in temperatures between 13.0" and 175°C. ; however, 
10 percent of the spawning sampled in these years 
occurred at  temperatures below 13.0"C. 

REPRODUCTION 
Maturity (age and size) 

A few northern anchovies first reach sexual matu- 
rity a t  about 90 to 100 mm SL at  the end of their first 
year of life. About 50 percent are mature a t  130 mm 
SL when they are between 2 and 3 years old. All are 

mature when 150 mm long or 4 years old (Clark 
and Phillips, 1952). 

Fecundity 
Although little has been published on the fecundity 

of the northern anchovy, each large female spawns 
an estimated 20 to 30 thousand eggs annually and 
spawns two o r  three times each year. There is always 
a reservoir of maturing eggs in the ovary of an 
adult female in spawning condition. 

Spawning 
Anchovy spawning, although recorded from British 

Columbia to below Magdalena Bay, Baja California, 
is heaviest between Point Conception, California and 
Point San Juanico, Baja California. Most spawning 
has occurred within 60 miles of the coast, although 
it has been recorded to about 300 miles offshore. In 
waters north of Point Conception spawning intensity 
has been variable. During some years such as 1950 
and 1954, heavy spawning has occurred in the area 
while in others such as 1953 and 1955 there has been 
very little (Ahlstrom, 1956). Ahlstrom also noted 
that in the area south of Point Conception there are 
two major spawning areas, one off southern Califor- 
nia and northern Baja California, and the other off 
central and southern Baja California. The southern 
sector, between 1951 and 1955, consistently had the 
most eggs and larvae. From 54 to 85 percent of the 
larvae were taken there. 

Spawning has been noted in every month of the 
year particularly in the southern part of the an- 
chovy's geographical distribution. The peak spawning 
period is during late winter and spring. Bolin (1936) 
noted that most spawning takes place in Monterey 
Bay from December to June;  however, he also noted 
that eggs have been taken in the southern portion of 
Monterey Bay during each month of the year. 

The eggs and larvae of anchovies are pelagic and 
float passively in the upper layers of the ocean. 
According to Bolin (1936) anchovies spawn regu- 
larly at 10 PM. Spawning takes place in the upper 
mixed layer in temperatures ranging from 9.9" to 
23.3"C. with most eggs occurring in temperatures 
between 13.0" and 17.5"C. (Ahlstrom, 1956). The 
threshold temperature for anchovy spawning is about 
11.5" o r  12.0"C. Fertilization of the eggs takes 
place in the water immediately after spawning and 
is so successful that an unfertilized egg is rare 
(Ahlstrom, 1956). The eggs are ovoid, as is typical 
of all engraulids, and float with the major axis 
perpendicular to the surface of the water. As the 
embryo grows the egg rolls over on its side so the 
major axis becomes horizontal and the embryo hangs 
underneath (Bolin, 1936). 

Development 
The egg and early larval stages were first described 

by Bolin (1936). The ovoid eggs are 1.23 to 1.55 mm 
along the major axis and 0.65 to 0.82 mm along the 
minor axis. They are clear and translucent and re- 
quire from 2 to 4 days to hatch depending on the 
temperature of the water. Bolin noted that in the 
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Monterey Bay area hatching takes place about 62 
hours after spawning. 

Newly-hatched larvae are 2.5 to 3 mm long. The 
yolk sac is rather large and elongated, tapering to a 
point posteriorly, The yolk sac is absorbed entirely 
within 36 hours. The larvae are elongated, transpar- 
ent and threadlike. In the early stages the mouth is 
terminal and they do not begin to look like the adult 
form until they are about 1 inch long. 

AGE AND GROWTH 
Clark and Phillips (1952) first determined the age 

and rate of growth for the northern anchovy. Miller 
(1955) studied the validity of scales for determining 
the ages of anchovies and concluded that scales 
mounted dry between two glass slides were satisfac- 
tory. He also concluded that annual rings were 
formed on the scales during the early winter and 
spring months and all fish showed new annuli by 
the middle of April. Growth rates decreased during 
late summer and fall ( August-November ) . 

Clark and Phillips (1952) presented a growth 
curve for anchovies taken in southern and central 
California and determined average sizes through age 
VI1 (Table 2, Figure 1). 

TABLE 2 

AVERAGE LENGTH AT EACH AGE OF THE ANCHOVY IN THE 
CALIFORNIA FISHERY (CLARK A N D  PHILLIPS, 1952) 

Standard length Total length Total length 
S g e  1 (mm) I (mm) 1 (inches) 

-___ 
4.3 
5 . 6  
6.4  
7 .O 
7.4  
7 . 7  
7 . 9  

I 

180 
I I I I I I 

170 - 

160 - 
5 150- 

5 140 - 
5 130 - 

Y) = 

L 
3 

5 120 - 

5 110 - 
2 100 - 

0 
2 

a 

a 
z 
$ 9 0 -  
“7 

I 

1 2 3 4 5 6 7 

AGE IN YEARS 

FIGURE 1. Growth curve for the northern anchovy in California. 

I n  general the anchovy is short-lived ; individuals 
over 7 inches long and 4 years of age are rare, 
although anchovies 9 inches long and 7 years old 
have been taken. 

FOOD 
Although statements that adult northern anchovies 

feed on zooplankton have been common, no definitive 
study of their food habits has been published as yet. 
Such studies of anchovy food are only now in their 
early stages. Some work has been done on the food 
of larvae. Berner (1959) found that larvae collected 
in 1954 ate chiefly crustaceans, mostly copepods in 
various developmental stages. 

Anchovies are apparently indiscriminate filter feed- 
ers and are chiefly daytime feeders. They have been 
observed to be predatory on small fish at times, even 
their own kind. We have observed this several times. 
We have also noted l+-inch fish in the stomachs of 
5J-inch anchovies. 

COMPETITORS 
The chief competitor of the northern anchovy is al- 

most certainly the Pacific sardine (Xardinops caeru- 
leus) .  Competition begins in the larval stages and 
probably continues through life. Sardines and an- 
chovies eat about the same foods and both occur in 
greatest abundance between Point Conception, Cali- 
fornia and Magdalena Bay, Baja California, 

PREDATORS 
The list of anchovy predators would certainly in- 

clude almost every predatory species in our waters. 
Although the list of anchovy predators in our waters 
includes a great many species of fishes, birds, and 
mammals, we know very little of the actual quantities 
of anchovies consumed o r  what percentage of the 
predator diet is made up of anchovies in relation to 
other forage species. Available quantitative studies 
show that anchovies constituted 12.8 percent by vol- 
ume of the diet of California yellowtail (SerioZa dor- 
salis) (Craig, 1960) and 29.1 percent by volume of 
the diet of king salmon (Oncorhynchus tshawytscha) 
off San Francisco (Merkel, 1957). Qualitative studies 
have shown anchovies to be an important constituent 
in the diets of all of the large predatory game fish 
off California. It is interesting to note that the Pacific 
bonito (Xarda chiliensis) population has blossomed 
concurrent with the tremendous growth of the an- 
chovy population. Between 1951 and 1963 the bonito 
catch by party boats increased from 6,3001 fish in 
1963 to a high of 1,200,000 fish in 1960. Since then, 
the bonito catch has dropped from 850,000 in 1961 to 
775,000 in 1963. Suffice to say, the anchovy is probably 
the number one forage species in the inshore waters 
of California and Baja California a t  the present time. 
Despite this apparent forage demand the anchovy 
population has still continued to grow in size a t  a 
phenomenal rate (Ahlstrom, 1965). 
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FISH E RY 
The California anchovy fishery is in reality two 

distinct fisheries, the commercial fishery and that f o r  
live bait. Both are quite modest compared to anchovy 
fisheries in other parts of the world. I n  fact, the 
amount of anchovies consumed by the guano birds of 
Peru (an estimated 3% million tons annually) ap- 
proximates a large portion of the entire population 
size of our species (see Jordhn, this volume). 

Commercial Fishery 
The commercial fishery in California is carried on 

exclusively with roundhaul nets, and except f o r  the 

TABLE 3 

CALIFORNIA ANCHOVY LANDINGS BY PQRT, 1916-1964 
( IN  TONS) 

- 

_. 119.8 125.7 20.1 _ _ ’  265.6 
_ _  50.11 187.81 26.4 _. 264.3 
_. 131.2 270.2 _ _  24.7 4.9 434.0 
.. 133 01 352.5 _. 288.4 10.8 801.7 
_. 110.6 156.9 _ _  2.3  15.1 284.9 

._ 87.6 741.4 _ _  5.2 139.1 973.3 _ _  182.4 0.2 326.2 _. 75.4 68.2 _ _  92.0 42.5 _ _  19.0 _ _  153.5 _ _  5.3 148.5 1.7 17.9 _ _  173.4 
_. 13.0 0 . 7  _ _  32.8  _. 46.5  

_ -  4 . 1  _. 30.1 _. 1.7 24.3 _ _  139.1 28.3 _ _  16.1 0.6 184.1 _ _  62.8 87.7 _ _  27.9 0 . 3  178.7 _ _  30.4 _. 191.2 _ _  119.8 41.0 _ _  130.9 21.7 _ _  5.2 1.9 159.7 

period from 1952 through 1937 when t h e  failure of 
California’s sardine fishery forced the purse-seine 
fleet t o  turn to other species, most catches have been 
made by small boats employing lampara nets. 

Commercial Catch 
Under commercial catch are included fish used in 

canning f o r  both human consumption ami pet foods ; 
fresh. frozen, and salted fish sold at fresh fish markets; 
dead bait used by both sportsmen and commercial 
fishermen ; fish used for feeding at  fish hatcheries and 
mink farms; and offal used f o r  reduction into meal 
and oil. 

The Department of Fish and Ganie has tabulated 
the aniounts of fish and fishery products landed in 
California since 1916 (Table 3 ) .  From 1916 to 1938 
between 30 and 973 tons were landed annually, 
mostly fo r  dead or salted bait. In general, less than 
200 tons were landed annually during this period. 
Slightly increased tonnages were lanclcd between 
1918 and 1921 for reduction into meid and oil in 
central California. Legislation requiring a special pcr- 
mit from the Fish and Game (’oiiiniission 10 reduce 
whole fish stopped this activity in 1922. 

I n  1939 increased catches of anchovies were made 
for grinding into “chum” for use in the southern 
California c scoop^' fishery fo r  Pacific mackerel 
(Xconzber d iego) .  With the decline of sardines and 
Pacific mackerel in the years immediately following 
World War I1 varying amounts of anchovies were 
packed to supply foreign and domestic markets for 
canned wetfish. The period of greatest activity in the 
anchovy fishery was between 1952 and 1957 when 
from 20,273 to the all time high of 42,917 tons were 
landed. Most of this was canned either ((sardine 

_. 82.3 52.4 -- 18.’ O.’ style” for export or for  pet food. Since 1957 the 
_ _  92.5 45.4 _. 20.7 _. 158.6 Commercial catch has varied between 1,400 and 5,800 

- -  tons chiefly due to a lack of demand by canners. _ _  33.5 63.7 _ _  31.5 

153.7 

128.7 

_. 73.8 60.0 _ _  15.8 _ _  149.6 

_ _  14.0 _. 89.4 

1.0 66.5 15.1 _ _  14.9 _ _  97.5 Live Bait Fishery _ _  40.0 _ _  113.1 

_ _  37.2 38.2 

This unique fishery is carried on expressly to _. 51.0 22.1 _ _  125.9 17.0 _ _  107.4 6.0 ._ 960.5 _. 1,073.9 supply fishermen with live fish for use as bait or _ _  6.9 18.7 -- 3,125.9 7.3 3,158.8 chum. Fishing for live bait was introduced locally 
_ _  0 . 3  16.6 16.6 2,019.1 ._ 2,052.6 in 1910 by Japanese albacore fishermen who used 
_. 2.7 74.5 - -  o.2 847.1 blanket nets; lampara or bait nets, as used now, Tl-ere 
_. 39.4 99.2 _ _  55.0 424.0 

The mainstay of the live-bait fishery is the northern 
_ _  131.9 124.0 2.5 702.2 0 . 2  960.8 anchovy which comprises up to 98 percent of the total 

6.8 190.1 3,627,8 102,1 1,486,2 4,9 5,417.9 live-bait catch. Other specks included in the catch 
_ _  108.2 741.4 240.8 566.6 4 .1  1,661.1 are Pacific sardines, white croaker (Genyonenaus 

0.4 169.3 1,273.3 143.9 850.1 0.3 2,439.3 l ineatus),  queenfish (Xeriphics po l i tu s ) ,  Pacific mack- 
_ _  142.0 2,525.0 100.8 703.2 6.4 3,477.4 erel, jack mackerel (!kXh?crzcs syqnnzetricus), and 
_ _  2,915.5 19,867.8 3,516.8 1,578.7 12.6 27391.4 Pacific herring (Clupea  p d u s i ) .  

0.7  130.9 122.6 8,403.7 12,546.0 1 .2  21,205.1 Bait nets are usually 120 to 140 fathoms long by 
-- 103.3 3,441.8 1,630.8 17*166.7 3 .2  223345.8 20 to 30 fathoms deep and are generally constructed 
_ _  194.0 4,829.2 278.7 23,158.4 .. 28,460.3 of synethetic fibers such as nylon. Mesh sizes vary 

_ _  15.0 186.4 404.9 2,979.7 0.9 3,586.9 The live-bait fishery is carried on a t  most coastal 
norts between San Francisco and San Diego. Los 

_ _  224.6 _ _  367.5 

_ _  646.8 785.4 

0 .2  146.0 63.9 _ _  598.3 _. 808.4 
.. 1,465.1 1:4 1,945.5 introduced into the live-bait fishery in 1912. 

2.2 195.1 7,747.9 99.7 1,423.5 1.8 9,470.2 

_ _  1,536.3 6,847.5 17,367.6 17,164.9 1.4 42,917.7 

0 .5  5.1 742.9 77.5 199440.5 7 .2  20,273.7 from 6 to 8 inches in the wings to 4 inch in the bag. _ _  1.4  271.2 313.5 5,212.9 2.3 5,801.3 

_ _  0 . 3  645.3 12.8 1,870.9 _ _  2,529.3 
L - - - - -  -~ _ _  114.8 1,893.7 27.1 1,820.2 - -  3,855.8 Rngeles-Long Beach Harbor is the most imiortant 

_. 5.7 594.0 14.9 767.2 0 .2  2,285.2 1382.0  fishing area, supplying over 80 percent of the h e  
15.1 1,416.6 0 . 5  1,053.6 I:? 2,487.5 bait used in southern California in recent years. 

Although live bait taken in coastal areas is located 

_. 13.9 1,680.1 5.7 585.5 

j .. 
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most commonly either visually o r  with f athometers, 
the most successful method is to attract the bait 
schools a t  night with lights. This latter method, 
developed in the Los Angeles-Long Beach Harbor 
area, employs a small skiff with a gasoline-powered 
generator which supplies 500- to 1000-watt lights. The 
light both attracts and holds bait schools so that they 
can be netted. 

After being caught, the bait is either sold directly 
from the bag of the net or transferred to one of the 
various holding facilities for sale later. 

Live Bait Catch 
I n  1935, California initiated a program of personal 

interviews with live-bait fishermen to obtain informa- 
tion about the extent of the fishery. Since 1939, the 
Department has collected fishing logs. The present 
version of the logs is combined with personal inter- 
views and sampling to determine the amount of fish 
sold as live bait, the species composition of the catch 
localities of catch, and fishing effort. Catches are 
recorded by the fishermen in ‘(scoops7’ which are 
converted into pounds by Department personnel. 

Live-bait catches have fluctuated between 4,000 and 
7,000 tons annually since 1950 (Table 4). In  recent 
years, sales have been estimated at  about 1.5 million 
dollars per year. 

POPULATION 
Age Comfiosition 

The Department routinely sampled the commercial 
anchovy catch from 1952 through 1957 and has 
sampled the live bait catch since 1955. Age composi- 
tions have been determined cooperatively with the 
U.S. Bureau of Commercial Fisheries. The commer- 
cial anchovy season extends from April 1 through 
March 31. 

In  central California, particularly, the age composi- 
tion of the catch has been somewhat variable. From 
1952-53 through 1953-54, ages 11, 111, and IV 
predominated the landings. Beginning in 1954-55, 
following increased anchovy fishing, the 1954 year- 
class began to dominate the landings. I n  1954-55, 
80.4 percent was fish-of-the-year ; in 1955-56, 79.0 
percent was 1954 year-class fish as 1-year-olds and 
in 1956-57, this time as 2-year-olds, the 1954 year- 
class contributed 73.8 percent of the catch. Fish up 
to 6 years old were sampled. The central California 
fishery seems to depend upon sporadic good year 
classes from a localized population. This agrees with 
the report of Ahlstrom (1956) that good spawning 
success is intermittent in the area north of Point 
Conception. 

The commercial catch off southern California be- 
tween 1952 and 1957 was comprised chiefly of l- and 

A N C H O V Y  L A N D I N G S  FOR THE YEARS 1916-1964 

1920 1925 1930 1935 1940 1945 1950 1955 1960 

FIGURE 2. California Commercial Anchovy landings, 1916-1964 (in tans). 
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FIGURE 3. l ive-bait  catch of  anchovies in California, 1939-1964 (in tons). 
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TABLE 4 
LIVE-BAIT CATCH OF ANCHOVIES IN SOUTHERN CALIFORNIA, 

1939-1964 (CATCH FROM 1942-45 N O T  RECORDED) 

Year I Catch (tons) 

19.7 
14.5 
5.0 
0.3 
2.1 

13.1 

::; 
._ 

1.7 

-1 

6.2 0.4 
2.9 0.8 
0.3 _. 
0.2 _. 
0 .1  _. 

~ :: _ _  _ _  .. 
0.2 I .. 

1961 ................ 1 5,912.5 
1962-.. ............. 6.166.5 
1963 ................ 4,442.0 
1964_. .............. 5,191 .O 

2-year-old fish with varying amounts of fish-of-the- 
year. The 1954 year-class also dominated this catch; 
however, not so completely as in central California. 
The oldest fish sampled in the southern California 
commercial fishery was 5 years old (Table 5). 

The live bait catch between 1955 and 1962 was 
consistently dependent upon 1- and 2-year-old fish 
each year. One-year-olds contributed 38.9 to 56.3 
percent of the catch and 2-year-olds, 30.6 to 51.5 

TABLE 5 

AGE COMPOSITION OF THE COMMERCIAL NORTHERN ANCHOVY 
CATCH FOR THE SEASONS 1952-53 THROUGH 1956-57 

Percentage composition by age 
- 

1 
- 

6.9 
9.8 
5.5 

79.0 
9.5 

19.9 
32.0 
52.9 
49.5 
18.8 
- 

31.6 
35.8 
4.8 
a. 1 

73.8 

30.6 
34.8 
29.5 
36.2 
61.8 

__ 

3 
~ 

33.3 
28.5 
4.0 
2.3 
8 .5  

18.0 
13.4 
5.6 

10.0 
16.1 
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Season/Year 
_____-  -- 

1955 __...___. ^._. 8 . 8  
1956 ..__..._..... 2 . 1  
1957 ....._-_.-...1 3 . 2  

percent. Very few fish over 3 years old are  taken in 
the lire-bait fishery (Table 6 ) .  

__ 

1 

43 .0  
39 .9  
35.5  

TABLE 6 

AGE COMPOSITION OF THE NORTHERN ANCHOVY LIVE-BAIT 
CATCH FOR THE YEARS 1955-1962 

~ Percentage cornpodion by age i - 

2 
__ 

4 1 . 8  
51 .5  
37 .1  
3 3 . 6  
40 .5  

4 7 . 8  
37.9 
3 0 . 6  

~ 

3 
__ 

6 . 4  
5 . 9  

19.7 
4 . 5  
2 . 8  

9 . 4  
14.9 
10 .4  

4 

_ _  
0 . 6  
4 . 3  
0 .8  
0 . 3  

.. 
1.8 
3 . 6  

.. 

.. 
0 . 3  
._ 
._ 

.. 
0.1 
0.2 
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CO-OCCURRENCES OF SARDINE AND ANCHOVY LARVAE 
IN THE CALIFORNIA CURRENT REGION OFF CALIFORNIA AND BAJA CALIFORNIA 
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La Jolla, California 

This is a report on the co-occurrences of sardine 
and anchovy eggs and larvae in the collections of 
the California Cooperative Oceanic Fisheries Investi- 
gations (CalCOFI) during 1951-60. More important, 
it is also a study of the interaction between two species 
of fish-both filter-feeders on planktonic organisms- 
occupying the same trophic level. This study leads 
further into the problem of whether there is a limit 
to the biomass of sardines plus anchovies that can be 
accommodated in the environment and whether one 
species increases in abundance only a t  the expense 
of the other. 

During the period of the CalCOFI surveys, which 
began in 1949, the population of the Pacific sardine 
(flardinops caerulea) as determined from the distri- 
bution and abundance of eggs and larvae, decreased 
markedly, especially since 1954. In  contrast, the pop- 
ulation of the northern anchovy (Engraulis mordax), 
as determined from the distribution and abundance 
of larvae, increased spectacularly. This relation brings 
up the question of whether the anchovy is moving into 
the ecological niche previously occupied by the sar- 
dine. 

CalCOFI survey cruises have been made off Califor- 
nia and Baja California for more than 15 years. 
Coverage was fairly intensive in 1949-60, when 
cruises were made a t  approximately monthly inter- 
vals. I n  1961-64, cruises were spaced at  quarterly 
intervals. Temporal coverage, consequently, was much 
better during the decade 1951-60, the years dealt 
with particularly in this report. 

One of the difficulties in working up the observa- 
tions on sardine and anchovy eggs and larvae is 
the massiveness of the data. Even the data for the 
10-year period, 1951-60, are based on more than 16,000 
separate collections. Anchovy larvae occurred in 6,755 
collections, or 42.1 percent of the total, and sardine 
larvae in 2,133. or 14.3 percent. These data can be 
examined in many different ways. F o r  example, the 
sardine and anchovy larvae from all collections are 
measured by 1-millimeter intervals, for abundance and 
survival studies. Was survival of larvae better in sam- 
ples where anchovy and sardine larvae co-occurred, 
or in samples where the larvae of one species occurred 
alone ? What T1-m the relation of co-occurrences to 
the temporal and areal distributions of the larvae of 
the two species o r  to their relative abundances per 
haul? What mas the influence of changing environ- 
mental conditions on the frequency with which sar- 
dines and anchovies eo-occurred ? 

The CalCOFI survey cruises initially were planned 
to delimit and assay the distribution and abundance 
of the pIanktonic eggs and larvae of the Pacific sar- 
,dine to determine indirectly the distribution and 
abundance of the adult population a t  time of spawn- 
ing and to obtain information on the factors affecting 

the survival of year classes. Sardine spawning was 
found t o  have an extensive and variable areal distri- 
bution and to take place during much of the year. 
especially off Baja California. Consequently, we tried 
to cover systematically a rather large area of the 
ocean off California and Baja California. 

The CalCOFI station pattern is illustrated in Fig- 
ure 1. Inasmuch as I plan to discuss the distribution 
and abundance of eggs and larvae in different parts 
of the CalCOFI region, I have subdivided it into 7 
areas-three off California and four off Baja Cali- 
fornia. The station lines included in each area are as 
follows : 
Area Station Line 
Northern California _ _  . . . . . . . . . . . . . . . . . . . . . . . . .  40- 57 
Central California . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60- 77 
Southern California _ _  . . . . . . . . . . . . . . . . . . . . . . . .  S0- 93 
Northern Baja California . . . . . . . . . . . . . . . . . . . . .  97-107 
Upper central Baja California _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  110-120 
Lower central Baja California _ _ _ _ _  _ _ _ _ _ _ - _ _ _  _ _ _  123-137 
Southern Baja California . . . . . . . . . . . . . . . . . . . . . .  140-157 

Not all areas were covered on each cruise. Four 
were consistently worked-those lying between sta- 
tion lines 80-137. The majority of cruises also in- 
cluded the central California area. Usually only 1 
or 2 cruises per year were made off northern Cali- 
fornia and southern Baja California. With rare ex- 
ceptions, only a single plankton haul was taken at  
each station occupied during a cruise. 

In the course of obtaining information about sar- 
dine eggs and larvae, we also obtained information 
about many other fishes with planktonic young. Even 
at  the beginning of the surveys, sardine larvae were 
outnumbered by larvae of northern anchovy (En- 
graulis mordax),  hake (Merluccius productus) ,  rock- 
fish (Xebastodes spp.), and usually jack mackerel 
(Trachurzu  symmetricus).  

The occurrence of numerous species of larvae led 
to a decision to identify and enumerate all the kinds 
in the collections. This decision posed problems in 
identification, but these were solved with persever- 
ance. It became evident that surveys of eggs and 
larvae constituted one of the indispensable methods 
of resource evaluation. Most pelagic fishes have 
planktonic stages that can be sampled more simply 
and quantitatively than the adults. 

Larvae of the Pacific sardine and northern anchovy 
occur mainly off southern California and off most of 
Baja California. The sardine also occurs throughout 
the Gulf of California. The northern anchovy, a 
somewhat more temperate species, does not occur in 
the Gulf, and its larvae seldom occur south of 
Magdalena Bay. It ranges farther north, however, 
than the sardine. I n  recent years there has been little 
spawning off central California (north of Pt .  Con- 
ception) by either anchovies or sardines, although 
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anchovy spawning was common during 1958 and 
1959. Some anchovies spawn as fa r  north as British 
Columbia. 

A most important consideration of the data of 1951- 
60 is that we could define no such thing as an “aver- 
age ” distribution or abundance of either species. 
Each year differed from every other year. The dis- 
tributions of both species changed from year to year ; 
the changes reflected their response to the varying 
oceanic environment. The changes in abundance of 
the two species, however, were more systematic, as 
is noted later. 

Examples of changing distributions are pointed out 
here. One of the most marked changes in the distribu- 
tion of sardine eggs and larvae occurred in the 1953 
and 1954 season. I n  1953, nearly all sardine spawning 
was off central Baja California; only about 1 percent 
was to the north. I n  1954, spawning spread distinctly 
northward, and was widespread off both northern 
Baja California and southern California. The spawn- 
ing in these “northern ” areas increased to more than 
38 percent of the season’s total. 

Variations in the spawning may be temporal as well 
as areal. A marked temporal change in sardine spawn- 
ing occurred off southern California in 1958. During 
the preceding years which were characterized by 
below-average temperatures in winter and early 
spring off southern California, most spawning was 
in May and June. I n  1958, after temperatures had 
been above average in the eastern North Pacific since 
mid-1957, the peak of sardine spawning was in Janu- 
ary 1958, and spawning extended over a 7-month 
period, from January to July. 

Changes in the distribution of anchovy eggs and 
larvae were less spectacular, but nonetheless real. 
I n  1956, one of the colder years in the California Cur- 
rent region during the 1950’s, anchovy larvae were 
much more numerous off southern Baja California 
(lines 140 and south) than in previous years. In  most 
years less than 1 percent o f  the anchovy eggs and 
larvae collected were from this area, but in 1956 the 
area contributed nearly 20 percent of the season’s 
total. This change, in effect, indicated a southward 
extension of anchovy spawning of some 40 to 80 miles. 
I n  contrast, anchovy spawning spread northward in 
1958 and 1959. During the 7 years before 1958, less 
than 1 percent of anchovy larvae were from Cal- 
COFI stations off central California (north of Pt .  
Conception) ; the larvae were collected at  only 58 
of 803 stations occupied. The number of occurrences 
of anchovy larvae off central California rose to 101 
in 1958 and 133 in 1959. I n  1959 anchovy larvae oc- 
curred at  more than half of the stations occupied off 
central California and constituted more than 10 per- 
cent of the total larvae from all areas. With the 
return of normal temperatures in 1960, the number 
of occurrences of anchovy larvae off central Califor- 
nia dropped to 48. 

Two markedly contrasting years, 1954 and 1962, 
illustrate changes in the areal distributions of the 
two species that also reflect changes in abundance. 
The areal distribution and relative abundance of 
sardine and anchovy larvae in 1954 are shown in 

Figure 2. During this year, sardine larvae were even 
more widely distributed than anchovy larvae. Note 
particularly that even in the offshore waters of 
southern California, sardine larvae were more abun- 
dant and more widely distributed than anchovy 
larvae. This distribution of sardine larvae (and eggs) 
was the most extensive ever encountered during 
CalCOFI surveys. 

The distributions of anchovy and sardine larvae 
during 1962 are shown in Figure 3. Anchovies were 
widely distributed ; they were collected at  nearly 
one-half o f  the stations (454 of the 919 occupied). 
Sardine larvae occurred a t  58 stations, or in only 
slightly more than 6 percent of the stations occupied 
during the year. Most occurrences of sardine larvae 
(38 of the 58) were in the summer and fall cruises, 
mostly from off central Baja California. Anchovy 
larvae outnumbered sardine larvae in 1962 collections 
by more than 90 to 1. 

The two species have somewhat different seasonal 
distributions. This difference is illustrated in Figure 
4, which shows for each species the percentage of the 
yearly total that was taken in each month during 
1952-59. The peaks of abundance of the two species 
and the yearly patterns of abundance show little 
correspondence. Anchovy larvae tended to be 
markedly less abundant during the last half of each 
year, whereas sardine larvae usually had a second 
peak of abundance in August-September. This late- 
season abundance was confined to Sebastian Viscaino 
Bay and adjacent waters off central Baja California, 
and represents the spawning of the southern sub- 
population. 

Anchovy larvae outnumbered sardine larvae in the 
California Current region even a t  the time of high 
abundance of the sardine, as was the situation during 
spawning surveys off southern California in 1940 
and 1941. The ratio of larval anchovies to sardines 
was 1.18: 1 in 1940 and 1.66: 1 in 1941. These 
values are ratios of numbers of larvae, not the biomass 
of the two respective populations. An adult anchovy 
weighs only about one-fifth as much as an adult 
sardine and has a shorter life span. John MacGregor 
(personal communication) has estimated that an 
anchovy produces about twice as many eggs per unit 
of weight as does a sardine. If survival is even 
roughly similar during the egg and larval stages of 
sardines and anchovies, then larvae can be converted 
to adult biomass by equating one sardine larva to 
two anchovy larvae. 

Stations are not equally spaced in the CalCOFI 
survey pattern, but tended to be more closely spaced 
nearshore than offshore on all cruises and to be 
spaced closer throughout the survey area during the 
peak periods of spawning. It is necessary therefore to 
adjust for such unequal spacing when deriving esti- 
mates of abundance. This adjustment is accomplished 
by integrating collection data over area. Such a treat- 
ment of data on abundance yields what we term a 

census estimate.” The estimates are derived fo r  in- 
dividual cruises, and each yearly estimate is simply 
the summation of monthly cruise estimates. Tables 

( 6  
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TABLE 1 

CENSUS ESTlMATES OF ABUNDANCE OF SARDINE LARVAE, BY YEAR AND AREA, 1951-59 
(Estimates in Billions) 

I Year '""I- 1954 1955 1956 1957 I 1958 I 1959 Area and station lines 1951 I- 1952 

Estimated number of larvae 
Northern California (40-57).-- - - -. - -. - - - -. - - - - - __. 
Central California (60-77) _ _ _ _  ..__. 
Southern California (80-93) ___.___.._ _..._. 
Northern Baja California (97-107) ___..____. .__..__ 
Upper central Baja California (110-120) 
Lower central Baja California (123-137) ..__. ._ 
Southern Baja California (140-157) ____.. 

0 
3 

146 
391 

1,857 
3,317 

60 

0 
0 

189 
95 

1,792 
3,234 

156 

0 
0 

528 
997 

1,970 
368 
478 

0 
0 

433 
379 

1,848 
846 
389 

306 
286 

168 

3,895 

0 
0 

11.12 
9.73 

47.44 
21.72 

9.99 

2,432 [ 2,831 1 1,159 Total ----..--...---.-----------.----.---..---. 

Percentage of yearly totals taken in each area 
Northern California (40-57) .__..___. .._..___..____ 
Central California (60-77) _ _  __...__._.__._ __.._.__ 
Southern California (80-93) .__ -. . . - -. . -. - - - _ _  _ _  ._ - 
Northern Baja California (97-107) __.______________ 
Upper central Baja California (110-120) _ _  _ _ _ _ _ _  - .__ 
Lower central Baja California (123-137) _ _  __..__ _.__ 
Southern Baja California (140-157) - - .._ ._ _. ._ __.__ 

Total _ _ _ _  - ._ __. ._______._ - _ _ _ _ _  _._____________ 

- 

5,774 

0 
0.05 
2.53 
6.77 

32.16 
57.45 

1.04 

100.00 

5,466 

0 
0 

3.45 
1.74 

32.78 
59.17 
2.85 

99.99 

4,341 

0 
0 

12.16 
22.97 
45.38 
8.48 

11.01 

100.00 

0 
1.93 1 0.2; I 0.60 

23.40 17.34 36.84 
7.24 4.84 7.68 

44.00 52.49 26.40 
16.53 1 1::;; I 24.68 
6.91 3.80 

100.00 100.01 I 100.00 1 100.00 
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3,828 
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4,673 
1,944 

15,395 
8,858 
7,433 

38,508 

TABLE 2 

CENSUS ESTIMATES OF ABUNDANCE OF ANCHOVY LARVAE, BY YEAR AND AREA, 1951-59 
(Estimates in Billions) 

I 
Area and station l i e s  1 1951 

Estimated number of larvae 
Northern California (40-57) _____. .. . . . .. _ _  ~. . .... . 
Central California (60-77) - - __.._. .~ - .. . . .. . . . -. . . 
Southern Caliiornia (80-93) ____.___.. __. .. . . .. _. -. 
Northern Baja California (97-107) _____. ____. .. .. _. 
Upper central Baja California (110-120) -. . . . - __. . -. 
Lower central Baja California (123-137) -. -. . . . . . . . . 
Southern Baja California (140-157) ___....._. ~ ..... 

Total--- -. - - - -. -. . - -. -. . - - - -. - -. . . - - - -. . . . - - - 

Percentage of yearly totals taken in each area 
Northern California (40-57)--. _ _ _  _ _  _ _  _ _ _ _ _  _ _  _ _  _ _  _ _  
Central California (60-77) - - - __. -. . . . . . . . - - -. . -. -. 
Southern California (80-93) ______. _ _ _  __.. ....____. 
Northern Baja California (97-107) __._.._______._._ 
Upper central Baja California (110-120) _ _ _  - _ _  _ _  _._. 
Lower central Baja California (123-137) _ _  _. -. . _ _  __. 
Southern Baja California (140-157) ______. ______.__ 

12 
371 

2,112 
825 

4,015 
7,671 

95 

15,101 

0.08 
2.46 
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5.46 

26.59 
50.80 
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35 

17,071 

0.05 
0.82 

10.36 
7.49 
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40.23 
0.20 

99.99 

1953 

- -  
2 

5,203 
2,460 

10,755 
5,260 

-- 
23,680 

-- 
> .01 
21.97 
10.39 
45.42 
22.21 -- 

100.00 

1954 

0 
962 

10,295 
4,536 
7.122 

15,491 
9 

38,415 

0 
2.50 

26.80 
11.81 
18.54 
40.33 
0.02 

100.00 

Year 

1955 1 1956 

~~ 

._ I o  

0 
0.6; 1 0.53 

19.78 12.14 
22.37 

_ _ _ ~  
100.00 0.06 I 100.00 19’30 

1957 

- -  
71 

21,010 
3,261 
7,628 
8,437 

34 

40,441 

- _  
0.18 

51.95 
8.06 

18.86 
20.86 
0.09 

100.00 

1958 

30 
3,196 

21,853 
7,415 

12,733 
11,439 

262 

56,928 

0.05 
5.62 

38.39 
13.02 
22.37 
20.09 
0.46 

100.00 

1959 
_- 

0 
5,750 

25,529 
3,633 

13,167 
6,055 

34 

54,168 

0 
10.61 
47.13 
6.71 

24.31 
11.18 
0.06 
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FIGURE 5. Annual census estimates for the total CalCOFl survey area of sardine and anchovy larvae, 1951-59. 
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1 and 2 show census estimates for  sardine and anchovy 
larvae, respectively, for  1951-59, summarized by year 
and area. Census estimates for 1960 are not in- 
cluded, simply because they have not been worked 
up as yet. The estimates of sardine larvae ranged 
from a high of about 7.3 trillion in 1954 to a low of 
about 1.2 trillion in 1959. Anchovy larvae increased 
from 15.1 trillion to more than 38 trillion between 
1951 and 1954, remained a t  this level through 1957, 

and then increased further to about 55 trillion in 
1958 and 1959 (Figure 5). Anchovy abundance ap- 
pears to have almost quadrupled during the 1950’s, 
while sardine abundance progressively decreased 
after 1954. Whereas anchovy larvae outnumbered 
sardine larvae by less than 3:l in 1951, the ratio had 
increased to more than 45: 1 by 1959. Abundance of 
anchovy larvae increased further from 1960 to 1965. 
Although this change is not shown or expressed in 

AREA TOTAL 
I 

I 

N FRANCISCO 

LINE 77  81 NORTH 

140 & SOUTH 

FIGURE 6. Sardine larvae: Annual census estimates by area, 1951-59. 
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terms of census estimates (only four cruises were 
made per year after 1960, rather than 10 to 12), 
other methods of evaluating the increase indicate that 
abundance more than doubled between 1958 and 
1965. 

The census estimates permit a better evaluation of 
abundance of sardine and anchovy larvae in the 7 
areas of the CalCOFI region during 1951-59. 

As already noted, sardine eggs and larvae were 
obtained more consistently off central Baja California 
(lines 110-137) than off northern Baja California and 
southern California (Figure 6) .  Sardine larvae were 

proportionately more abundant, however, off lower 
central Baja California (station lines 123-137) dur- 
ing 1951-54 than later. Off northern Baja California 
(lines 97-107) and southern California (lines 80-93) 
abundance was low in 1951-53 but proportionately 
higher during 195659. 

Throughout the decade only negligible numbers of 
sardine larvae were taken off central California (lines 
60-77) and none off northern California. The numbers 
taken off southern Baja California (lines 140-157) 
undoubtedly would have been higher if this area had 

N FRANCISCO 

INT CONCEPTION 

140 81 SOUTH 

FIGURE 7. Anchovy larvae: Annual census estimates by area, 1951-59. 
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Total 

169 
262 
219 
374 
256 
171 
175 
195 
172 
140 

2,133 

52 
58 

186 
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Cent. 
Calif. 
60- 
77 

-- 

0 
0 
0 
0 
0 
0 
2 
2 
5 
0 

9 
-- 

0 
0 
3 

TABLE 3 

SARDINE LARVAE *: SUMMARY OF TOTAL OCCURRENCES, CO-OCCURRENCES WITH ANCHOVY LARVAE, AND OCCURRENCES IN HAULS 
WITHOUT ANCHOVY LARVAE IN THE CaICOFI SURVEY PATTERN, BY AREA AND YEAR, 195163 

Lower 
cent. 
Baja 
Calif. 
123- 
137 

30 
17 
17 
15 

11 

118 

(Station lines given below each area 2, 

I 

So. 
Baja 
Calif. 
140- 
157 

__- 

9 6  
4 
7 
7 

14 
6 7  

9 
4 7  
5 2  
4 2  

65 
-- 

3 0  
3 0  
1 0  

I 

so. 
Baja 
Calif. 
140- 
157 

3 
2 
0 
4 
3 
4 
3 
6 
3 
8 

36 

1 
0 
1 

Occurrences of sardine larvae alone 

Total 
-- 

118 
167 
151 
233 
160 
109 
110 
168 
152 
121 

1,489 
-- 

45 
52 
86 

Total occurrences of sardine larvae I Co-occurrences of sardine and anchovy larvae 

Jpper 
cent. 
Baja 
Calif. 
110- 
120 

55 
101 
110 
132 
94 
61 
83 
53 
53 
46 

788 

16 
22 
28 

I- Lowei 
cent. 
Baja 
Calif. 
123- 
137 

-- 

55 
109 
91 
96 
47 
38 
31 
30 
25 
18 

540 
___ 

13 
21 
20 

- 

Total 

Quarterly cruises 
1961 _._...___________._.... 
1962 ._____.....________.__ 
1963 ..____..._...._._._____ 

- 

so. 
Calif. 
80- 
93 
- 

23 
25 
3 

42 
26 
22 
21 
71 
68 
40 

341 
- 

16 
9 

19 
- 

0 
0 
3 

- 

No. 
Baja 
Zalif. 
97- 
107 
- 

26 
21 
8 

92 
72 
39 
22 
26 
16 
26 

348 
- 

6 
6 

25 
- 

Jpper 
cent. 
Baja 
2alif. 

120 
110- 

107 
169 
199 
187 
178 
151 
172 
164 
197 
256 

,780 

102 
105 
133 

- 

so. 
Baja 
2alif 
140- 
157 
- 

9 
6 
7 

11 
17 
11 
12 
13 
5 

10 

101 
- 

1 
0 
1 
- 

Lower 
cent. 
Baja 
Calif. 

137 
123- 

-- 

95 
134 
165 
169 
94 

107 
98 
85 

120 
173 

1,240 
___ 

69 
92 
97 

- 

so. 
2alif 
80- 
93 
- 

10 
12 
3 

22 
12 
3 
9 

67 
66 
39 

243 
- 

12 
8 

16 
- 

Year 
-- 
MontPly 

CNlsea 
1 9 5 L -  
1952 ... 
1953.-- 
1954--- 
19 55... 
1956--. 
1957--- 
1958--- 
1959--- 
1960.-- 

Total. 

Q W ~ ~ Y  
cruises 
1961.-- 
1962.-- 
1963.-. 

- 
l ~ ~ e ~  
cent. 
Baja 
:alif, 
123- 
137 
- 

46 
79 
74 
79 
32 
32 
20 
26 
20 
14 

422 
- 

10 
18 
19 
- 

No. 
Calif. 
40- 
57 

6 
1 _ _  
0 
0 
0 _ _  
5 
0 
0 

12 
- 

_ _  _ _  _ _  

- 

2ent 
2alif. 
60- 
77 
- 

1 
0 
0 
1 
0 
0 
4 
0 
0 
0 

6 
- 

0 
0 
0 
- 

- 

so. 
Calif. 
80- 
93 

- 

No. 
Baja 
Calif. 
97- 
107 
- 

14 
12 
6 

50 
38 
24 

6 
3 
1 
5 

159 
- 

0 
0 
2 
- 

- 

Jppel 
cent. 
Baja 
Zalif 
110- 
120 
- 

8 
36 
38 
46 
15 

6 
23 
9 

10 
7 

198 
- 

0 
2 
4 
- 

Jppei 
cent. 
Baja 
Calif. 
110- 
120 
- 

47 
65 
72 
86 
79 
55 
60 
44 
43 
39 

590 
- 

16 
20 
24 
- 

No. 
Baja 
Calif 
97- 
107 
- 

12 
9 
2 

42 
34 
15 
16 
23 
15 
21 

189 
- 

6 
6 

23 
- 

Y W  

I- 
1 
0 
0 
1 
0 
0 
6 
2 
5 
0 

15 
- 

Monthly cruises 
1951 ___..._________...-.-.- 
1952 _______.__________._... 
1953 ___._______ _.__________ 
1954 ._____..___________.... 
1955 _.....________...._.___ 
1956 _ _ _ _  .. .._ .. ._ .. ._ _ _  _ _ _ _  
1957--. ...______.........._ 
1958.. ____.. ...._.___ _ _ _ _ _  - 
1959 ____..________.________ 
1960 ._____..___._._________ 

Total.. - -. . . . ._ ._ _ _  _ _  _ _  _ _  
- 

13 
13 
0 

20 
14 
19 
12 
4 
2 
1 

98 
- 

4 
1 
3 

51 
95 
68 

141 
96 
62 
65 
27 
20 
19 

644 
- 

7 
6 

10 

1 No sardine larvae were obtained off northern California (station lines 40-57). 
2 Includes additional closely spaced stations on inshore ends of station lines. 

TABLE 4 
ANCHOVY LARVAE: SUMMARY OF TOTAL OCCURRENCES, CO-OCCURRENCES WITH SARDINE LARVAE, AND OCCURRENCES IN HAULS 

WITHOUT SARDINE LARVAE IN THE CalCOFl SURVEY PATTERN, BY AREA AND YEAR, 1951-63 
(Station lines given below each area) 

Cwccurrences of sardine and anchovy larvae Occurrences of anchovy larvae alone Total occurrences of anchovy larvae 

I- - 

rota 
- 

410 
519 
685 
758 
624 
536 
580 
778 
888 
977 

1,755 
- 

401 
454 
542 
- 

- 

2ent 
2alif, 
60- 
77 
- 

43 
11 
2 

15 
7 
5 

17 
96 

133 
48 

377 
- 

30 
26 
40 
- 

- 

so. 
Calif. 
80- 
93 
- 

89 
110 
228 
259 
218 
168 
187 
272 
311 
280 

!,122 
- 

115 
129 
171 
- 

- 

No. 
Baja 
2alif. 
97- 
107 
- 

59 
92 
91 

124 
120 
82 
94 

145 
116 
193 

,116 
- 

84 
91 
97 
- 

- 
,owe! 
cent. 
Baja 
Zalif 
123- 
137 
- 

49 
55 
91 
90 
62 
75 
78 
59 

100 
159 

818 
- 

59 
74 
78 
- 

- 
so. 

Baja 
Calif. 
140- 
157 - 

8 
0 
0 
0 
4 

19 
9 
5 
8 

19 

72 
- 

0 
11 
3 
- 

- 

~ P P ~ I  
cent. 
Baja 
Zalif, 
110- 
120 
- 

47 
65 
72 
86 
79 
55 
60 
44 
43 
39 

590 
- 

16 
20 
24 

-- 

No. 
Calif 
40- 
57 

-- 

6 
1 

0 
0 
0 

5 
0 
0 

12 

_- 

_ _  

- 

-_ _ _  _ _  

Uppel 
cent. 
Baja 
Calif. 
110- 
120 

,owe1 
cent. 
Baja 
3alif. 
123- 
137 
- 

46 
79 
74 
79 
32 
32 
20 
26 
20 
14 

422 
- 

10 
18 
19 
- 

NO. 
Baia 

No. 
Baja 
Calif. 
97- 
107 
- 

12 
9 
2 

42 
34 
15 
16 
23 
15 
21 

189 
- 

6 
6 

23 

so. 
Baja 
Calif. 
140- 
157 
- 

3 
2 
0 
4 
3 
4 
3 
6 
3 
8 

36 
- 

1 
0 
1 
- 

so. 
Baja 
:alir. 
140- 
157 
- 

11 
2 
0 
4 
7 

23 
12 
11 
11 
27 

108 
- 

1 
11 
4 
- 

so. 
?slit 
80- 
93 

2ent 
>alif. 
60- 
77 
- 

0 
0 
0 
0 
0 
0 
2 
2 
5 
0 

9 
- 

0 
0 
3 

so. 
3alif 
80- 
93 
- 

10 
12 
3 

22 
12 
3 
9 

67 
66 
39 

243 
- 

12 
8 

16 

2ent. 
Mif. 
60- 
77 
- 

43 
11 
2 

15 
7 
5 

15 
94 

128 
48 

368 
- 

30 
26 
37 

Calif. 
97- 
107 Total r o d  

- 

118 
167 
151 
233 
160 
109 
110 
168 
152 
121 

,489 
- 

45 
52 
86 

I I  
79 
98 

225 
237 
206 
165 
178 
205 
245 
241 

,879 
- 

292 
352 
534 
525 
464 
427 
470 
610 
736 
856 

i.266 
- 

356 
402 
456 
- 

47 60 
83 104 
89 127 
82 101 
86 99 
67 96 
78 112 

122 120 
101 154 
172 217 

927 1,190 
-- 

78 86 
85 85 
74 109 

103 
121 
155 
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Extra 
occupancies of 
regular stations 

been sampled as consistently as the others off Baja 
California. 

The distribution of anchovy larvae was somewhat 
different than that of sardines (Figure 7). Anchovy 
larvae were important in the area off central Cali- 
fornia (lines 60-77) only during 1958 and 1959, and 
in the southernmost area (lines 140-157) only during 
1956 ; they were taken in only a few hauls off northern 
California (lines 40-57). I n  the remaining areas, they 
were more consistently represented throughout the 
10-year period than sardine larvae. Anchovy larvae, 
like sardine larvae, were more abundant off Califor- 
nia during the warm years, 1957-59. In  these years, 
the center of anchovy abundance shifted from central 
Baja California to southern California. 

I wish now to deal more specifically with occur- 
rences and eo-occurrences of larvae and eggs of the 

Special tows 

two species. Information concerning occurrences and 
eo-occurrences of the two species in the seven areas 
are summarized in Tables 3 and 4. For completeness, 
I have included information on occurrences and co- 
occurrences of both species for  1961-63, as well as for 
1951-60. The total number of stations occupied on 
CalCOFI cruises during each year, 1951-63, are sum- 
marized by area in Table 5. These summations are 
not limited to regular CalCOFI stations, but include 
extra occupancies and special cruises (Table 6) .  How- 
ever, the analysis that follows is based on the data 

Throughout the CalCOFI survey period, anchovy 
larvae always have occurred in more collections than 
sardine larvae (Figure 8) .  In  the 1950's as a whole, 
anchovy larvae occurred in 3.1 times as many hauls 
as sardine larvae. The disparity was lowest in 1952 

for 1951-60. 

34 
36 
0 

26 
8 
0 

TABLE 5 

SUMMARY OF STATIONS OCCUPIED ON CalCOFl SURVEY CRUISES, BY YEAR A N D  AREA, 1951-63 
(Station lines given below each area )  

0 
0 
0 
0 
0 
0 

108 

9 
1 
3 
7 

15 

0 
0 
0 
0 

Central 
California 

60-77 

Southern 
California 

80-93 

Northern 
Baja Calif. 

97-107 

Southern 
Baja Calif. 

140-157 

Northern 
California 

40-57 

Upper central 
Baja Calif. 

110-120 

Lower Baja central Calif. 

123-137 Year Total 

1,436 
1,473 
1,445 
1,473 
1,451 
1,407 
1,493 
1,852 
2.182 
1,826 

45 
29 
0 

13 
7 

54 
0 

41 
22 
62 

Monthly cruises 
1951 ...................... 
1952 ...................... 
1953-- - . - . - - - . - - - - - - . - . - . .  
1954 ...................... 
1955 ...................... 
1956 ...................... 
1957 ...................... 
1958 ...................... 
1959 ...................... 
1960------...-_-_-__-.-... 

Total. .................. 

243 
164 
119 
109 
95 

112 
101 
230 
232 
165 

337 
350 
478 
418 
403 
395 
364 
459 
572 
439 

258 
287 
249 
274 
302 
280 
287 
352 
419 
34 1 

263 
352 
319 
352 
353 
308 
360 
391 
473 
420 

201 
277 
267 
27 1 
212 
182 
267 
274 
345 
286 

69 
14 
13 
36 
79 
76 

114 

119 
113 

in5 

273 1,570 

128 
85 
81 

4,215 

237 
243 
266 

3,049 

183 
185 
206 

3,591 

209 
210 
218 

2,582 

191 
182 
226 

758 

5 
15 
12 

16,038 

953 
920 

1,009 

TABLE 6 

STATIONS OCCUPIED ON REGULAR CalCOFl CRUISES A N D  SPECIAL CRUISES, INCLUDING EXTRA OCCUPANCIES, 1951-64 

Multiple 
occupancies 

(not included) 
Late 

March cruise 
Additional 

inshore stations Total 

0 l o  0 
63 
63 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1,436 
1,473 
1,445 
1,473 
1,451 
1,407 
1,493 
1,852 
2,182 

0 

1 1: 1,826 

16,038 Total .___________________ I 15,789 126 

0 
0 
0 
0 

0 

0 
0 

125 
319 

(224) 

0 
0 
0 
0 

944 
919 
881 
877 

953 
920 

1,009 
1,203 

1 Includes 54 stations occupied on Norpac. 
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and 1954, when they were collected only twice as 
often as sardine larvae, but increased yearly in 
1955-60; in the 1960 collections, anchovy larvae oc- 
curred seven times as often as sardine larvae. A cor- 
responding increase appeared in the co-occurrences 
of anchovy larvae in the collections containing sar- 
dine larvae, from 62 percent in 1954 to about 87 
percent in 1960. 

Obviously, as one species becomes more abundant 
and more widespread than another, it will occur alone 
more frequently, and thus be free from possible com- 
petition. When anchovy larvae are collected in seven 
times as many hauls as sardine larvae, as in 1960, 
the possible eo-occurrences with sardine larvae would 
be only 14 percent. In fact, sardine larvae eo-occurred 
with anchovy larvae in one haul out of eight (12.4 
percent), while anchovy larvae eo-occurred with sar- 

dine larvae in six hauls out of seven (86.5 percent). 
For the decade as a whole, anchovy larvae co- 

occurred in 1,489 (69.8 percent) of the 2,133 hauls 
that contained sardine larvae, whereas sardine larvae 
occurred in only 1,489 (22.0 percent) of the 6,755 
hauls that contained anchovy larvae. Thus, anchovy 
larvae were present in two of every three hauls that 
contained sardine larvae, whereas sardine larvae oc- 
curred in little more than one of five hauls containing 
anchovy larvae. If interspecies competition is a factor 
in the survival of larvae, and eo-occurrence is a meas- 
ure of competition, then the anchovy should have had 
a decided advantage over the sardine. 

Another factor must be considered : sardine larvae 
are less likely to occur with anchovy larvae in some 
areas of the CalCOFI grid than in others (Tables 7 
and 8). Anchovy larvae have had decidedly less com- 

80( 

70( 

60( 
v) 
w 
V z 
w 
U 

0 
0 
0 
LL 
0 
U 
w 

5 50( 

40( 

8 
3 
2 
30( 

201 

IO( 

( 

SARDINE LARVAE ALONE 

CO-OCCURRENCES. SARDINE & ANCHOVY LARVAE 

ANCHOVY LARVAE ALONE 

1951 1952 1953 1954 
- 

1955 1956 1957 1958 1959 
FIGURE 8. Graphic presentation, by year, of the number of CalCOFl plankton collections containing 1) sardine larvae alone, 2) bath sardine and 

anchovy larvae, and 3) anchovy larvae alone, 1951-60 
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1951-60 
total occupancies 

TABLE 7 

SUMMARY OF TOTAL STATION OCCUPANCIES, OCCURRENCES OF SARDINE LARVAE, AND CO-OCCURRENCES WITH ANCHOVY LARVAE, 
BY AREA, 1951-60 

I I I I I 
Co-occurrences 

Occurrences Percentage with anchovy Percentage of 
of sardine larvae of positive hauls larvae eo-occnrrencea Area and station lines 

Northern California (40-57) - - - - -. -. . - -. -. . - -. -. . _ _ _ _  -. - - - -. . . . - - 
Central California (60-77)._. -. . . . - ~ ~. . . - ~ ~ ~ ~. -. . ~ ~. -. . ~ ~. -. . . . ~ ~ 

Southern California (80-93) -. . . . ~ - ~ ~. . ~ - ~ ~. . . ~ ~ ~. . . . . ~. . . . ~ ~. ~. . 
Northern Baja California (97-107) ~ ~ ~ ~. . . . ~ ~ ~ -. . .. . -. . .. ~~ . . . . ~ ~ 

Upper central Baja California (110-120) ~ -. . . . . . ~ .. .. - .~ .  . ~.~ ~ .... 
Lower central Baja California (123-137). - ~ ~. . . -. ~ ~. . . . .~ ~. . -. ~ ~. . 
Southern Baja California (140-157) _ _  -. ~. . . . ~ ~ -. . . . ~ - ~ ~. . ~ ~. ~. . . . 

273 
1,570 
4,215 
3,049 
3,591 
2,582 

758 

0 
9 

243 
189 
590 
422 

36 

0 
60.0 
71.3 
54.3 
74.9 
78.1 
35.6 

15 
341 
348 
788 
540 
101 

TABLE 8 

SUMMARY OF TOTAL STATION OCCUPANCIES, OCCURRENCES OF ANCHOVY LARVAE, AND CO-OCCURRENCES WITH SARDINE 
LARVAE, BY AREA, 1 9 5 1 6 0  

~- 

Co-occurrences 

Area and station lines 

1 .o 
8.1 

11.4 
21.9 
20.9 
13.3 

Northern Baja California (97-107) - ~ ~ -. . . . ~ ~. . . . . . . ~. .. .~ ~ ~ ~. . -. 
Upper central Baja California (110-120). ~ ~ ~. . . . . ~. . . . . .. ~ ~ ~. .. ._. 
Lower central Baja CJiomia (123-137) ~. ~ ~. . . ~ ~ ~. . . . ~ ~. ~. . . . ~ ~. . 
Southern Baja California (140-157)--- -. ~. . ~. . . . . . . ~~ ~~. . . . ~. . .. . 

- _ _  _______. . - _ _  -. . . - -. . . . . -. . . . . - - - -. . . . -. Totals- - - - -. 

377 
2.122 50.3 

3,049 
3,591 
2,582 

758 

16,038 

1,116 
1,780 
1,240 

108 

6,755 

0 

243 I 19:: 
36.6 
49.6 
48.0 
14.2 

42.1 

189 
590 
422 
36 

1,489 

petition in the northern part of the CalCOFI survey 
area. Off central California (station lines 60-77) sar- 
dine larvae occurred in less than 1 percent of the col- 
lections, while anchovy larvae occurred in 24 percent. 
In this area the percentage of eo-occurrence of sardine 
with anchovy larvae was only 2.4 percent. Off southern 
California, anchovy larvae occurred in more than 50 
percent of all collections made during the 1950 's, 
and sardine larvae in only 8.1 percent. Hence, even 
though the eo-occurrence of anchovy larvae with sar- 
dine larvae was 71.3 percent, sardine larvae occurred 
in only 11.5 percent of the collections that contained 
anchovy larvae. Off southern California the anchovy 
must have had a decided advantage. 

The region in which the two species might have 
competed most intensely was off central Baja Cali- 
fornia. In this region sardine larvae occurred in one 
of every three hauls containing anchovy larvae ; an- 
chovy larvae occurred in three of every four hauls 
containing sardine larvae. 

The occurrences of eggs in our plankton hauls were 
less frequent than occurrences of larvae. Probably 
a major reason for this lower frequency is that eggs 
of both the Pacific sardine and the northern anchovy 
hatch in only 2 to 4 days, depending on water temper- 
ature; consequently the eggs in any given haul rep- 
resent a relatively short time span. A sample of lar- 
vae, on the other hand, can contain specimens accumu- 
lated during a span of perhaps 30 days or more. 
Sardine eggs, on the average, occurred in only about 

6-96767 

16.9 
33.1 
34.0 
33.3 

22.0 

70 percent as many collections as sardine larvae. 
Anchovy eggs, which are not fully retained by the 
standard CalCOFI net, occurred in little more than 
a third as many hauls as anchovy larvae. Hence, 
the frequency of occurrence and, as it happens, co- 
occurrence of eggs is less than for larvae. In  only 
1958 and 1959 did sardine eggs co-occur in more 
hauls with anchovy eggs than they occurred alone. 
For the decade as a whole, anchovies spawned in the 
same waters with sardines only about 30 percent of 

TABLE 9 

COMPARISON OF AVERAGE NUMBER OF LARVAE PER HAUL OF 
"CO-OCCURRENCES," WITH SAMPLES CONTAINING SARDINE OR 

ANCHOVY LARVAE ALONE 

124.5 
192.2 
186.4 
304.0 
302.2 
329.0 
315.7 
610.4 
473.4 
494.9 

333.3 

I Sardine larvae 

___- 

50.9 
88.2 

142.4 
172.3 
201.6 
232.0 
238.1 
169.5 
183.7 
271.5 

175.0 

Ll- All hauls Alone 

1951. - _ _ _ _ _  
1952--._--- 
1953------- 
1954-- - _.__ 
1955-----_- 
1956- - - _ _ _ _  
1957_--.._. 
1958-- - .. 
1959-. _ _ _  ._ 
1960- - - - _ _  - 

65.5 
93.8 
68.8 
72 .O 
55.6 
90.7 
56.2 
58.9 
31.2 
60.6 

21.4 
82.5 
63.3 
47.9 
47.5 
57.2 
67.9 
27.0 
34.4 
17.8 

Average--..l 65.3 I 46.7 

co- 
ccurring 

84.5 
99.9 
71.2 
86.5 
60.4 

109.9 
49.3 
64.0 
30.7 
67.3 

72.4 

Anchovy larvae 

co- I 
occurring Alone 4ll hauls 

72.1 
121.8 
152.1 
212.7 
227.5 
251.8 
252.8 
264.0 
233.7 
299.1 

208.7 
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r 

FIGURE 9. Comparison of the annual average ,number of sardine larvae obtained per haul, 1) in hauls containing sardine larvae alone, 2) in 
hauls in which sardine larvae cosccurred with anchovy larvae, and 3) in all hauls containing sardine larvae, 195160. 

ANCHOVY LARVAE ALONE 

CO-OCCURRING WITH SARDINE LARVAE 

A L L  ANCHOVY HAULS 

~~ ~ 

1951 1952 1953 1954 1955 1956 195f 1958 1959 1960 
FIGURE 10. Comparison of the annual average number of anchovy larvae obtained per haul, 1) in hauls containing anchovy larvae alone, 2) in 

hauls in which anchovy larvae co-occurred with sardine larvae, and 3) in all hauls containing anchovy larvae, 195160. 
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1,667 
1,256 

798 
563 
376 

388 
328 
199 
190 
102 

43 
33 
10 
3.6 
.. 

1.8 

2.0 
_ _  

100 

the time. I n  contrast, the larvae of anchovies eo- 
occurred with sardine larvae about 70 percent of the 
time. 

The numbers of larvae in ~~co-occurring haUIS7f 

species alone are summarized in Table 9 and illus- 
trated in Figures 9 and 10. More larvae were obtained 
per sample in hauls where the two species eo-occurred 

than in hauls where they occurred alone. The con- 
sistently larger numbers of anchovies taken in hauls 
containing sardine larvae over numbers in hauls con- 
taining anchovies alone, usually by about 2 to 1, was 
especially striking. Numbers of sardine larvae in 

also considerably larger than in hauls where they 
occurred alone+nly two exceptions in the lo-year 
series. 

with containing Only One Or the Other samples that contained anchovy larvae usually were 

1,831.1 
1,715.6 

815.5 
465.9 
409.2 

308.3 
244.6 
184.8 
143.4 
114.1 

82.3 
66.7 
43.6 
41.1 
16.4 

9.4 
4.4 
0.9 

34.4 

1,763 
1,422 

901 
64 1 
422 

445 
375 
230 
214 
112 

46 
38 
11 
4.1 _ _  

~~ 

2,022.0 
1,831.6 

868.2 
524.0 
461.6 

359.5 
289.9 
220.0 
175.1 
136.9 

99.5 
82.2 
55.5 
45.0 
12.8 

2.1 

2.3 
_ _  

106 

6,734.5 

9.1 
4.6 
1.4 

40.0 

7,239.1 
___-__ 

TABLE 10 

SARDINE LARVAE-ALL OCCURRENCES: AVERAGE NUMBER PER POSITIVE HAUL (X 1@), SUMMARIZED BY SIZE AND YEAR, 1 9 5 1 4  

Year 

-1 w s i e d  
1960 average 

-__ 
Size class (mm) I 1951 1952 1953 1956 1957 1958 1959 1954 

2,193 
1,992 

822 
408 
337 

262 
238 
253 
179 
152 

134 
110 
54 
36.0 
15.5 

3.0 
5.0 
3.8 _ _  

1955 

1,390 
1,799 

951 
356 
243 

138 
154 
93 
98 
91 

74 
70 
41 
41.6 
13.7 

3.8 

1.1 
2 

_. 

I--- 
1,782 
2,489 

735 
451 
380 

242 
125 
134 
123 
136 

90 
64 
45 
54.0 
11.4 

4.7 
2.4 

6 
-- 

3,049 
2.316 

837 
508 
490 

479 
400 
260 
155 
145 

90 
85 
98 
77.1 
46.2 

32.5 
6.7 

-- 
.. 

1,287 
1,086 

975 
397 
444 

364 
304 
249 
160 
92 

59 
75 
48 
44.5 
20.6 

6.0 
1.9 
2.4 
4 

1,566 
1,419 

875 
606 
626 

301 
177 
87 
75 
49 

27 
20 
28 
20.3 

7 .8  

1 .9  
_. 
- -  
1 

1,137 
83 1 
417 
164 
103 

116 
96 
86 
44 
45 

40 
14 
11 
12.4 
3.5 

1.6 _-  _ -  
-_  

1,608 
1,388 

777 
508 
513 

379 
302 
227 
214 
163 

144 
101 
54 
77.5 
17.4 

25.4 
18.2 

32 

6,548.5 

.. 

2,632 
2,580 

968 
698 
580 

414 
322 
260 
196 
166 

122 
95 
47 
44.0 
28.4 

13.6 
9.8 _ _  

199 

9,374.8 5,619.4 5,887.0 6,060.4 I 6,531.8 3,121.5 

TABLE 11 

SARDINE LARVAE-CO-OCCURRING WITH ANCHOVY LARVAE: AVERAGE NUMBER PER POSITIVE HAUL (X lo2), SUMMARIZED BY SIZE 
AND YEAR, 1951-60 

I 
Year 1 ---I w Z L d  

1960 average 

-- 
1957 

969 
811 

1,130 
367 
293 

339 
296 
227 
134 
45 

65 
108 
68 
47.6 
9.7 

9.5 
3 .O 
3.8 
2 

1953 1954 1955 1956 Size class (mm) 1951 I 1952 1958 

1,784 
1,567 

934 
629 
675 

313 
178 
90 
77 
53 

29 
22 
27 
15.8 
7.1 

2.2 
-- 
- -  
2 

1959 
-- 

1,078 
816 
442 
167 
109 

123 
98 
90 
45 
39 

40 
12 
9 

10.5 
2.1 

- -  - -  
- -  
0 

1,953 
1,833 
1,005 

655 
678 

512 
397 
304 
285 
220 

187 
129 
71 

102.5 
16.5 

35.0 
22.4 

46 
_. 

2,648 
2.557 

776 
809 
740 

529 
42 1 
364 
267 
233 

166 
107 
62 
44.0 
19.8 

14.0 
4.0 
_. 

232 

1,718 
2,602 

680 
535 
480 

268 
136 
107 
146 
143 

104 
68 
46 
57.3 
11.6 

6.8 
3.4 

8 
_ _  

2,747 
2,252 

869 
446 
379 

300 
294 
362 
262 
223 

190 
156 
81 
54.0 
21.3 

2.2 
8.0 
6.2 
0 

1,492 
2,135 
1,028 

309 
185 

128 
167 
101 
112 
104 

84 
76 
48 
44.8 
16.2 

4.2 

1.7 
4 

_ _  

4,068 
2,321 

917 
682 
655 

638 
537 
325 
209 
197 

84 
106 
132 
69.9 
24.2 

15.2 
5.6 

0 
_ _  

Total . . . . . . . . . . . . . . . . . . . .  1 8,451.4 I 9,992.8 7,120.1 8,652.7 6,039.9 10,985.9 4,927.6 6,405.1 3,080.6 
I 
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1959 1 1960 
~ ~ _ _ _ _  

The problem then is to account for  the higher 
number of each species in hauls in which they co- 
occurred-to determine whether they mere obtained 
in centers of heavier spawning fo r  both species or 
whether survival was better in areas of co-occurrence. 
If the latter were true, it would be difficult to justify 
any hypothesis that postulates that competition be- 
tween the two species would adversely affect their 
survival. 

Un- 
weighted 
average 

The average numbers of larvae per positive haul 
are summarized by size and year in Tables 10 to  15. 
For each species these data are summarized in three 
ways : (1) for  all occurrences, (2) for hauls in which 
the larvae of one species eo-occurred with those of 
the other, and (3)  for  hauls in which the larvae of 
a species occurred alone. 

A semi-log plot (Figures 11 and 12) gives a simple 
method of illustrating changes in abundance with 

25 
29 
-_  
36 
44 

28 

TABLE 12 

173.3 
136.7 
102.6 
71.7 
69.0 

48.4 

SARDINE LARVAE-OCCURRING ALONE (NO ANCHOVY LARVAE): AVERAGE NUMBER PER POSITIVE HAUL (X lo'), SUMMARIZED 
BY SIZE A N D  YEAR, 1 9 5 1 4 0  

I 

3.3 -- 
0 

-- 
______ 

4,751.2 

Year 

1955 I 1956 

- 

62.9 
8.7 _ _  

15 

5,720.2 

Size class (mm) 1 1951 1952 1953 1954 1957 1958 

810 
357 
249 
166 
129 

72 
83 
48 
51 
31 

47 
34 
13 
19.6 
19.6 

3.3 
8.2 

0 
-- 

1,217 1.257 
1,236 2,306 

820 I 696 

1,580 1,059 1,377.3 
952 1 ;li I 1,352.7 
228 626.9 

1,276 
1,562 

746 
346 
267 

199 
144 
73 
42 
33 

42 
34 
10 
6.2 
6.0 

4.5 
-_  _ _  
0 

4,790.7 

1,826 
1,552 

712 
448 
699 

407 
318 
286 
204 
173 

50 
18 
14 
39.2 
38.9 

- _  - _  _ _  
6 

6,791.1 

222 
505 
510 
465 
326 

226 
171 
68 
68 
27 

13 
9 

34 
48.1 
12.2 

- -  - _  _ -  
0 

2,704.3 

2,604 
2,619 
1,307 

503 
298 

212 
149 
78 
71 
48 

44 
74 
21 
43.9 
43.6 

13.0 
20.2 
_ -  

143 

8,291.7 

1,922 
2,237 

859 
266 
158 

183 
101 
192 
72 

120 

61 
56 
43 
46.6 
10.7 

- -  _ _  
- -  
0 

6,327.3 

436 201 
340 1 198 

140 303.7 
62 1 i! 1 256.0 

154 
132 
78 
74 
69 

58 
59 
29 
36.4 
9.5 

198 
158 
146 
61 
54 

99 
47 
38 
89.8 
84.8 

57 
82 
57 
38 
91 

42 
26 
28 
27.0 
14.0 

14.0 -- 

35.7 :: 1 23.0 _- 35.7 _ _  I 23.9 

10.1 

_ -  0.0 
:: 1 3.7 

2,140.7 

TABLE 13 

ANCHOVY LARVAE-ALL OCCURRENCES: AVERAGE NUMBER PER POSITIVE HAUL (x lo2), SUMMARIZED BY SIZE A N D  YEAR, 1951-60 

Year 
Un- 

weighted 
average 

3,538.3 
3,771.4 
2,722.4 
2,537.0 
2,335.5 

1,854.0 
1,391.1 

996.7 
647.9 
401.8 

236.1 
134.1 
85.7 
51.5 
58.4 

25.3 
8.5 
8.2  

70.6 

20,874.5 
-- 

Size class (mm) I 1951 1957 

3,447 
4.076 
3.432 
3,156 
2,956 

2,515 
2,055 
1,451 

888 
558 

312 
162 
101 
54 
67.5 

16.8 
11.3 
6.8 

13 

25,278.4 

1954 

4,396 
3,221 
2,625 
2,564 
2,637 

1,925 
1,418 

913 
581 
376 

239 
132 
84 
49 
40.2 

23.5 
4.4 
4.2 

36 

1955 

3,198 
4,724 
2,789 
3,009 
2,554 

2,052 
1.573 
1,112 

712 
388 

237 
136 
85 
49 
66.8 

23.4 
7.0 
8.6 

27 

1956 

2,611 
3,964 
2,885 
2,732 
3,120 

2,818 
2,306 
1,857 
1,273 

751 

402 
194 
100 
51 
57.8 

40.5 
2.8 
7.4 
4 

1958 

4,181 
5,476 
3,493 
3,317 
2,837 

2,243 
1,680 
1,135 

764 
494 

311 
177 
109 
65 
67.0 

29.1 
8.9 
3.1 

10 

26,400.1 

1959 

4,791 
5,104 
2,688 
2,412 
2,173 

1.809 
1,349 
1,031 

702 
407 

277 
181 
120 
92 
91.3 

37.8 
9.9 
3.0 
88 

23,366.0 

1960 

7,266 
5.536 
4,240 
3,624 
2,908 

2,006 
1,340 

928 
578 
39 1 

243 
154 
115 
63 
81.3 

36.8 
9.5 

11.4 
378 

29,909.0 

1952 

2,266 
1,768 
1,380 
1,540 
1,471 

1,267 
846 
561 
370 
241 

135 
74 
64 
43 
62.9 

28.4 
20.9 
13.7 
23 

1953 

2,356 
2,974 
2,611 
1.852 
1,592 

1,182 
89 1 
676 
424 
268 

129 
88 
51 
30 
35.2 

12.5 
7.8 

11.6 
21 

12,174.9 15,212.1 21,268.3 22,750.8 25,176.5 



REPORTS VOLUME XI, 1 JULY 1963 TO 30 JUNE 1966 133 

1953 

2,648 
4,578 
2,509 
2,218 
1,992 

1,445 
1,016 

746 
546 
360 

increase in size. Two curves are plotted for each spe- 
cies, one illustrating abundance of eo-occurring lar- 
vae, the other of the species taken alone. 

The two curves for anchovy larvae tend to converge 
with increase in size. This convergence would be ex- 
pected if survival were better in hauls in which the 
larvae of a species occurred alone, free from compe- 
tition. It is well to remember that the upper curve 

1954 
______ 

6,773 
4,310 
3,791 
3,415 
3,954 

2,708 
2,063 
1,406 

859 
468 

represents the average of 1,489 hauls and the lower 
the average of 5,266 hauls-large amounts of data. 

Data on changes in relative abundance with in- 
crease in size are less consistent for  sardines. The 
upper curve, sardine larvae in eo-occurrences with 
anchovy larvae, necessarily is based on the same num- 
ber of hauls as is its counterpart graph for anchovies 
(1,489), but the lower curve is based on considerably 

6,832 
14,634 
9,116 
8,550 
7,138 

5.020 

TABLE 14 

ANCHOVY LARVAE-CO-OCCURRING WITH SARDINE LARVAE: AVERAGE NUMBER PER POSITIVE HAUL (x 10% SUMMARIZED By 
SIZE AND YEAR, 1951-60 

11,385 
12,854 
4,655 
4,051 
3,461 

3.011 

Year 

974 

668 
381 
192 
100 
50.2 

28.1 
11.0 
5.8 
5 

61,041.1 

Un- 
weighted 
average 

690 

463 
221 
156 
109 
69.1 

34.5 
9.5 
4.0 

275 

47,357.1 
~~ 

184 
149 
99 
48 
51.5 

261 
132 
91 
44 
57.6 

12.2 
4.4 

17.1 
18 

18,641.2 

29.2 
4.9 _-  

30 
~~ 

30,396.7 

1960 

6,711 
5,077 
3,794 
3,158 
2,551 

1,766 
1,214 

873 
557 
366 

231 
145 
115 
65 
85.8 

average -- 
3,166.4 
3,103.9 
2,258.6 
2,056.8 
1,920.1 

1,535.5 
1,149.7 

829.2 
546.8 
332.5 

200.6 
117.6 
73.9 
47.5 
52.7 

2;774 
2,148 

1,645 
1,286 

838 
604 
299 

2;206 
2,896 

2,678 
2,205 
1,827 
1,225 

658 

1956 1957 1958 I 1959 1960 
-- 

11,189 
8,780 
7,478 
6,920 
5,437 

3,708 
2,232 
1,313 

728 
570 

325 
219 
119 
45 
49.8 

16.1 
13.6 _ _  

343 

49,485.5 

1955 1952 

2,836 
2,600 
2,211 
2,597 
2,608 

2,375 
1,495 

934 
624 
354 

169 
69 
94 
55 
76.3 

41.1 
27.5 
25.4 
27 

19,218.3 

4,998.1 
6,355.1 
4,422.7 
4,325.0 
3,802.4 

2,963.7 
2,249.8 
1,587.6 
1,007.3 

660.5 

372.3 
197.8 
126.9 
65.4 
74.2 

24.6 
9.5 
7.3 

78.5 

2,997 
5,877 
3,618 
3,687 
3,723 

3,225 
2,398 
1,900 
1,022 

644 

413 
226 
162 
94 

137.0 

45.7 
14.9 
13.0 
28 

30,224.6 

2,471 
5,057 
4,818 
4,789 
3,996 

3,364 
2,702 
1,975 
1,460 
1,117 

561 
266 
163 
56 
84.8 

25.0 
_-  _ _  
0 

32,904.8 

1,326 
3,336 
3,599 
4,741 
4,015 

3,579 
3,700 
2,879 
1,819 
1,246 

619 
269 
162 
94 

149.9 

13.0 
7.7 
7 . 5  
6 

31,568.1 

3;559 2,607 
2,292 2,008 
1.485 1.294 

33,328.8 

TABLE 15 

ANCHOVY LARVAE-OCCURRING ALONE (NO SARDINE LARVAE): AVERAGE NUMBER PER POSITIVE HAUL (X ld), SUMMARIZED BY SIZE 
AND YEAR, 1951-60 

I Year ___I Un- 
weighted I- 

1952 1953 1954 1957 1958 1959 1955 I 1956 Size class (mm) I 1951 

I- 
1,994 
1,371 

984 
1,037 

930 

740 
536 
384 
250 
187 

119 
76 
50 
38 
56.5 

22.4 
17.7 
8.1 

22 

2,273 
2,521 
2,640 
1,748 
1,479 

1,107 
855 
657 
390 
243 

114 
70 
37 
26 
30.6 

12.6 
8.7 

10.0 
22 

3,343 
2,739 
2,109 
2,187 
2,054 

1,579 
1,133 

694 
458 
335 

229 
132 
82 
51 
32.4 

21.0 
4.2 
6.1 

38 

3,945 
4,250 
3,394 
2,786 
2,709 

2,267 
1,670 
1,117 

670 
397 

241 
137 
87 
44 
48.3 

17.6 
12.1 
6.6 

14 

3,459 
2,975 
1,958 
1,888 
1,663 

1,485 
1,168 

820 
568 
363 

214 
121 
87 
56 
71.6 

29.4 
8.3 
2.4 

12 

3,417 
3,490 
2,277 
2,071 
1,904 

1,559 
1,088 

828 
579 
348 

239 
173 
112 
89 
96.0 

38.5 
9.9 
2.8 

49 

3,269 2,646 
4,324 3,685 
2.502 2.392 

175 
105 
58 
33 
42.4 

15.7 
4.2 
7.0 

27 

362 
175 
84 
50 
50.8 

44.5 
3.5 
9.3 
5 

24.7 

13.1 8.3 

8,822.7 14,243.9 17,226.7 20,156.3 I 23,202.1 23,812.6 16,948.7 18,370.2 
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fewer hauls (644). Some of the irregularities in this 
curve, compared with the other three, may be due to 
fewer data. 

At  first glance a t  the two curves for sardine larvae, 
one gets the impression that survival may have been 
somewhat better in the eo-occurring hauls. On closer 
inspection however, it is seen that larvae larger than 
6.75 mm followed no consistent trend, except as noted 
below. The greatest difference in relative abundance 
was between the smaller larvae (3.0-5.75 mm long) 
and all larger larvae. This difference could be inter- 
preted as poorer initial survival of sardine larvae in 
situations where they occur alone. An equally logical 
explanation for the difference, however, is based on 
the increasing frequency of co-occurrences of sardine 
and anchovy larvae with increase in size. It was 
noted earlier that the frequency of eo-occurrence of 
sardine and anchovy eggs was markedly lower than 
for larvae. A natural corollary is that newly hatched 
larvae of the two species would co-occur less fre- 
quently than the larger larvae. The effect on abun- 
dance curves would be to increase the numbers of 
larger larvae in hauls in which the species eo-occurred 
than in hauls in which they occurred alone. Further- 
more, the two curves for sardine larvae do converge 
if all larger-sized larvae (17.25-25.25 mm) are taken 
into account. As many larger larvae were taken in 

, I I I I I I I I I I I I I 

- ANCHOVY WITH SARDINE LARVAE - ANCHOVY LARVAE ALONE 

I1 1 l f 1 1 1 1 1 1 l J 1 l  I 

hauls in which sardines occurred alone as in hauls 
in which both species occurred-0.73 larvae per haul 
on the average. 

Thus, the basic question has been answered j better 
survival was not indicated by the hauls in which both 
species were caught even though average numbers of 
larvae per haul were larger. 

Although the analysis has been confined largely to 
the 1 9 5 0 ’ ~ ~  the report can be brought up to date. 
Tables 3 and 4 include the number of occurrences 
and co-occurrences of sardine and anchovy larvae 
during the first 3 years of quarterly cruises, 1961-63. 
Anchovy larvae occurred in 43 percent of the hauls 
in 1961, 49 percent in 1962, and 54 percent in 1963. 
Sardine larvae occurred in 5 percent of the hauls 
in 1961, 6 percent in 1962, and 9.5 percent in 1963. 
(Data for 1963 are not closely comparable to those for 
other years because a number of closely spaced in- 
shore stations were added.) Anchovy larvae occurred 
in nearly 90 percent of the hauls containing sardine 
larvae. I n  contrast, sardine larvae occurred in only 
13 percent of the hauls containing anchovy larvae. 
Co-occurrences of anchovy larvae with sardine larvae 
were even higher than in the late 1 9 5 0 ’ ~ ~  and even a 
higher percentage of the collections of anchovy larvae 
contained no sardine larvae. Anchovy larvae now seem 
to be completely dominant. 
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FIGURE 12. Comparisons of average number of sardine larvae per 
positive haul as related to length (mm) for 1) hauls containing both 
sardine and anchovy larvae and 2) hauls with sardine larvae alone. 
Data for 1951-60 combined. 
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THE ACCUMULATION OF FISH DEBRIS IN CERTAIN 
CALlFORMlA COASTAL SEDIMENTS 

ANDREW SOUTAR 
Scripps Institution of Oceanography 

La Jolla, California 

The fact that the remains of fish, such as scales and 
bones, are found in coastal marine sediments should, 
perhaps, not come as a surprise. Well preserved fish 
remains have been found in California marine sedi- 
mentary formations from Upper Cretaceous through 
Pliocene times. Furthermore, scales and bones of vari- 
ous species were reported in the surf ace sediments 
of the Catalina Channel by David (1947). 

This paper presents some of the results of an ini- 
tial attempt to study the distribution of fish remains 
at  depth in the sediment. The discussion is limited to 
certain aspects of the distribution of fish scales. The 
main purpose of the paper is to point out the existence 
of material which could allow the introduction of a 
relatively long-time perspective into the character of 
the fisheries and oceanographic conditions off Califor- 
nia. 

The sediments used in the study were collected 
from the Santa Barbara Basin, off Santa Barbara, 
California. The basin has an oval configuration with 
the long axis parallel to shore. The sill depth is 475 
meters and the area encompassed below sill depth is 
600 km2. The oxygen concentration at  sill depth is 
about 0.4 ml/l. The oxygen concentration in the 
near-bottom water falls to 0.0 ml/l in the middle of 

the basin at  580 meters, (Emery, 1960). The floor of 
this basin is an exception to usual basin floors. Here 
bottom-living animals and their sediment mixing ef- 
fects have been consistently excluded by the virtual 
absence of oxygen in the bottom water. This anoxic 
water forms from the consumption of dissolved oxygen 
in the bacterial decomposition of organic matter, and 
the restriction of vertical circulation in the bottom 
waters. Thus sediments falling to the floor of the 
basin accumulate undisturbed and in serial order. 
There is evidence of occasional disturbance, but it is 
estimated that this amounts to a few percent of the 
total length. There are, however, slump or turbidite 
layers which constitute about ten percent of the core 
length. These are easily recognized by a marked color 
contrast a t  various levels in the cores. 

Undisturbed sediments such as these provide an ex- 
cellent framework for the study of ocean history. The 
absence of mechanical disruption allows the preserva- 
tion of delicate organic remains such as the fish scales 
seen in Figure 1. The absence of mechanical disrup- 
tion also preserves lithologic patterns. Major litho- 
logic patterns, if they exist, allow physical correlation 
between adjacent cores. In  addition if annual varia- 
tions exist in the supply of certain components of 

a .  b. C .  

FIGURE 1. Representative fish scales found in the Santa Barbara Basin sediments. 
a. Pacifi: hake, 72 centimeters below surface. 
b. Pacific sardine, 89 centimeters below surface. 
c. Northern anchovy, 79 centimeters below surface. 

( 1% 1 
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the sediment, for example a high contribution of 
land-derived detritus during a pronounced rainy 
season, then a yearly lithologic pattern may be pre- 
served. 

The existence of anaerobic conditions within the 
sediments must also contribute towards the preserva- 
tion of organic remains. Anaerobic bacteria are unable 
to effect the breakdown of organic matter as com- 
pletely as aerobic bacteria, and complex organic mole- 
cules are relatively immune from bacterial attack. 
Furthermore, anaerobic sediments appear to have a 
relatively high p H  of about 8.0 thus insuring the 
preservation of inorganic carbonates and apatites, 
the latter being an important constituent of fish bones 
and scales, the former of fish otoliths. 

The core samples used for this study were four 
cores obtained in the east central part of the basin, 
34' 14' N;  119" 58' W, a t  a depth of 570 meters. 
The cores average 90 em in length and have a com- 
bined area of 90 em2. The report of Emery and Bray 
(1962) provides the basis fo r  estimating the age a t  
the bottom of these cores a t  about 1000 years. The 
time equivalent of 1 em, the subsampling distance, 
is then roughly ten years. For  the purposes of this 
paper it will be assumed that a constant rate of 
sedimentation has prevailed. Preliminary examina- 
tions of laminae (yearly lithologic patterns) present 
in these sediments indicate this is a reasonable assump- 
tion. 

The general procedure used in recovering fish scales 
and other coarse debris from sediment was the follow- 

ing. The core was exposed and the main lithologic 
features noted. The core was then cut into one centi- 
meter thick slices parallel to the stratification. The 
individual slices were placed in a 10 percent hydrogen 
peroxide solution for about one half hour in order 
to disaggregate the sediment. The resulting slurry 
was wet-screened through 0.5 and 0.06 millimeter 
mesh screens. Material such as scales, bones, and oto- 
liths, was retained almost exclusively on the coarser 
screen. The scales were manually picked under a low- 
power binocular microscope and were permanently 
mounted on glass slides. Identification was made by 
comparison with a reference collection of scales as- 
sembled from the Scripps Institution of Oceanog- 
raphy Fish Collection. 

The raw data from these cores is a centimeter by 
centimeter tabulation of numbers of scales. Three 
species have been identified and counted : the Pacific 
hake, Merluccius productus,  the Pacific sardine, 
Sardiyaops caerdea, and the northern anchovy, En- 
graulis mordax. I n  these cores the three species 
account for 80 percent of the total scales. 

By means of the correlation of lithologic patterns 
within the cores the data from the four cores have 
been projected into a single composite core. This 
procedure should emphasize scale abundance patterns 
over distances greater than the arbitrary sub-sampling 
distance of 1 em. On the other hand, correlation errors 
should tend to mask abundance variations occurring 
at  or  near this distance. That is to  say only abundance 
variationi that :ire consistent f o r  equivalent time pe- 

Numbers of Scales 

Paci f ic  s a r d i n e  N o r t h e r n  anchovy  Paci f ic  hake 
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FIGURE 2. A plot of numbers of scoles versus the core depth in centimeters. The occurrence of unusually high scale counts at a few centimeter 
levels in the case of the Pocific hoke represents o high scale concentration in one of the four cores. In such cases the mean of the three other 
cores is  taken to be more representative of the scale concentration a t  that level. 



138 CALIFORNIA COOPERATIVE OCEANIC FISHERIES IKVESTIGATIONS 

riods of over 50 to 100 years should be emphasized. 
The data have undergone a further modification in 
that only the finely stratified sediments have been re- 
tained for analysis. The intervening turbidite layers 
are assumed to have been quickly deposited and the top 
and bottom of such layers are considered isochronous. 

The data for each of the three species are presented 
in Figure 2 as: a histogram plot of numbers of scales 
versus the centimeter depth in the core and in 
Figure 3 as a plot of cumulative numbers of scales 
versus the centimeter depth in the core. The numbers 
of scales are accumulated starting at  the surface. If 
few scales are encountered in a region of the core, 
the slope of the cumulative curve will tend to the 
vertical, and if many scales are encountered the slope 

of the cumulative curve will tend to  the horizontal. 
In addition to the cumulative curves a representation 
of the frequency distribution for the three species is 
given in Figure 3. The presence of a number of 
scales in a centimeter section greater than or equal 
to the median number of scales per centimeter section 
is designated by a crossed square. An open square 
indicates a number of scales less than o r  equal to the 
median number. The median values of individual spe- 
cies are consistently included with the high or low 
value groupings to provide as even a split of the data 
as possible. In the case of the Pacific sardine and 
northern anchovy the median values are included with 
the low values group. In  the case of the Pacific hake 

FIGURE 3. A plot of the cumulative numbers of scales of the Pacific hake, the northern anchovy, and the Pacific sardine versus the core depth in cen- 
timeters. A plot of the frequency relative to the median versus the core depth in centimeters. An open square indicates the number of scales for 
that centimeter is below or equal to the median number of scales per centimeter. A crossed square indicates a number of scales higher than the 
median number. Note-core length is foreshortened about 10 percent due to removal of turbidite layers. 
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the median values are included with the high values 
group. 

The greatest number of scales that have accumu- 
lated in these sediments are those of the Pacific hake. 
A median number of 19 scales was found per centi- 
meter; the total number encountered was 1430. The 
scales of the northern anchovy ape next in abundance. 
The median number per centimeter was 7 and the 
total number was 605. The least abundant scales in 
these sediments are those of the Pacific sardine. This 
species has a median value of 1 scale per centimeter 
and a total number of 160. 

An interesting aspect of the scale data is the sequen- 
tial pattern accumulation. Inspection of Figure 2 
shows that there are regions within the composite 
core where the abundance level of scale accumula- 
tion is consistently above o r  below the median value. 
This imparts a step aspect to the cumulative curves. 
In  the case of the Pacific sardine steps in the cumula- 
tive curve indicating a marked increase in the level 
of abundance are present a t  0-5 em, 22-23 em, 37-40 
em, and 49-50 em. The latter step is by far  the most 
pronounced. A number of steps are present in the 
cumulative curve of the northern anchovy notably 
a t  7-10 em, 2-28 em, and 60-64 em. The cumulative 
curve of the hake also shows a number of steps. It is 
instructive to note that the steps in the cumulative 
curve for each species do not necessarily occur a t  
the same depths in the core. This suggests the steps in 
the abundance levels are probably not a reflection of 
changes in the rate of sedimentation. 

The frequency curve representation in Figure 2 
provides a convenient basis for an objective analysis 
of the sequential pattern of scale accumulation. Miller 
and Kahn (1964) suggest the runs test of Wallis and 
Roberts (1956) may be applied to test for  non-random 
tendencies in geologic time series such as this. I n  a 
random pattern the probability that a data point will 
be above the median value is one half; the probability 
of a data point being below the median value is 
similarly one half. This leads to the expectation that 
the number of consecutive data points (runs) above 
and below the median will be n/2 + 1 where n is the 
total number of data points. The departure from ran- 
domness of a series can be tested by the standard 

normal deviate of Wallis and Roberts. Applying this 
procedure to the scale data one finds the number of 
runs in the case of the Pacific hake is 32, in the case 
of the northern anchovy 36, and for the Pacific sardine 
27. The expected number of runs is 40. The associated 
probabilities, that is, the probabilities of random series 
having an equal or greater number of runs are: the 
Pacific hake 0.26, the northern anchovy 0.22, and the 
Pacific sardine 0.005. 

This analysis of the scale data implies that the scale 
abundances of the Pacific sardine are aggregated a t  
certain levels of the core, Such a pattern of aggrega- 
tion suggests changes in the abundance of the source 
of these scales. That is, over the last 1000 years the 
scales of the Pacific sardine found in these sediments 
seem to reflect periodic changes in the abundance of 
the Pacific sardine. Although similar abundance 
changes at  specific levels in the core can be noted in 
the case of the northern anchovy and the Pacific 
hake, the runs analysis suggests that in the case of 
these two species there is not a marked tendency 
towards aggregation in time. 

I n  summary, i t  may be inferred that relative to the 
Pacific sardine there has existed for  the past 1000 
years a more constant supply of northern anchovy 
and Pacific hake scales to these sediments. 

This paper represents one of the results conducted 
under the Marine Life Research Program, the 
Scripps Institution of Oceanography’s part of the 
California Cooperatire Oceanic Fisheries Investiga- 
tions, which are sponsored by the Marine Research 
Committee of the State of California. Acknowledg- 
ment is also made to Professor John D. Isaacs for 
the stimulation of this study. 
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THE PELAGIC PHASE OF PLEURONCODES PLANIPES STIMPSON (CRUSTACEA, 
GALATHEIDAE) IN THE CALIFORNIA CURRENT 

ALAN R. LONGHURST’ 
Institute of Marine Resources and Scripps Institution of Oceanography 
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INTRODUCTION 
The planktonic habit may be prolonged into or re- 

cur in the adults of two species of Galatheidae. Harri- 
son Matthews (1932) uses the terms “lobster-krill” 
or “whale feed” in reference to these: Munida gre- 
garia (Fabricus) of southern South America and 
of New Zealand, and Pleuroncodes planipes Stimpson 
the red or pelagic crab of California and Mexico. 
Both occur a t  times as conspicuous concentrations of 
apparently adult crabs on which baleen whales are 
known to browse (Harrison Matthews, 1932) ; in addi- 
tion, the studies of McHugh (1952) and Alverson 
(1963) on the tuna Thunnus  alalunga, Katsuwonus 
pelamis and T h u n n u s  albacares have shown that 
Pleuroncodes is a significant food item during their 
summer migration into the California Current; for 
Thunnus  the pelagic crab may form up to 85% by 
volume of all stomach contents from certain areas 
during this period. 

In  addition to the normal methods of nutrition of 
galatheids (Nicol, 1932) both species of pelagic crabs 
are able to graze on phytoplankton by filtration ; re- 
corded by Matthews (1932), Beklemishev (1960) and 
Boyd (1963), this ability has been confirmed by 
studies a t  this laboratory which will be reported else- 
where. 

The filtration mechanism is based on the highly 
setose second maxilliped which in post-larval Munida 
is very highly developed and distinguishes the Gri- 
motlzea stage, in Pleuroncodes no such post-larval 
stage occurs and pelagic and benthic individuals are 
apparently indistinguishable from one another. 

By its ability to graze, a t  least a t  times, on the 
phytoplankton, thus forming a rather direct link be- 
tween primary production and commercially impor- 
tant predatory fish, Pleuroncodes merits study and it 
is the purpose of this paper to present a synthesis of 
the presently available data concerning its distribu- 
tion in the California Current system. It is hoped that 
this may contribute to an understanding of the late 
summer L‘local banks” fishery for tuna in which the 
pelagic crab forms the dominant item of forage. 

This study is based upon data from the regular 
pattern of stations of the California Cooperative 
Oceanic Fisheries Investigations ( CalCOFI) which 
are now available for a period of a decade and a half. 
Designed primarily to investigate the biology of the 
clupeid stocks of the California Current, these investi- 
gations included a t  every station a standard haul to 
1 Contribution from Scripps Institution of Oceanography. 

( 

140 meters with a l-meter zooplankton net; details 
of the sampling procedure and of the location of sta- 
tions are described elsewhere (e.g. Ahlstrom, 1948 ; 
CalCOFI, 1963). 

The data consist of records of the numbers of 
pelagic crabs removed in the laboratory from each 
zooplankton sample before voluming, and these num- 
bers were extracted for the present study from the 
original data sheets. The actual specimens had neither 
been measured nor were subsequently retained except 
during 8 months of 1960 when the whole catch of 
pelagic crabs was measured by Boyd (1963) who 
recorded a range in standard carapace length of from 
7 to 20 mm; it has been assumed here that the Cal- 
COFI  data to be discussed refer only to subadult and 
adult crabs within this size range. 

A zooplankton net is not an ideal collecting instru- 
ment for pelagic crabs since a degree of avoidance 
certainly occurs, and for this reason the data have 
been used, as fa r  as possible, non-numerically ; be- 
cause the number of individuals per haul is generally 
rather small and because the hauls are standardized, 
the data have not been transformed to numbers per 
standard volume. 

There is no evidence to suggest that crabs in the 
pelagic phase migrate diurnally so that a population 
would descend during part of the day below the 
140-meter level normally sampled, and although the 
data of Boyd (1963) and from recent work of this 
laboratory off Baja California suggest that diurnal 
migration may occur, it probably consists primarily 
of a withdrawal from only the upper tens of meters 
of water during daylight hours. 

The present study was restricted, fo r  practical con- 
siderations, to the years 1955-1962 inclusive, thus 
covering the end of the long and stable cool period 
which extended from the late 1940’s to 1957 (Reid, 
1960) and the years 1988-1959, when altered circula- 
tion in the California Current brought warmer con- 
ditions and an influx of southern organisms; also 
covered is the period of return to the more usual con- 
ditions which have subsequently persisted until the 
present. 

GENERAL DISTRIBUTION IN THE INSHORE AREA 
The CalCOFI stations fall into two groups: those 

inshore of station 70 on each line, which were worked 
at  monthly intervals and extend (Figure 1) about 
150 miles seawards between Point Conception and 
Cab0 San Lucas; and those further offshore which 
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were worked much less frequently and extend a fur-  
ther 150 miles seawards. These are referred to as the 
inshore and offshore areas, respectively. 

In a consideration of the overall distribution of 
pelagic crabs within the inshore area, account must 
be taken of the change in distribution of many spe- 
cies in this area in 1958-1959 compared with the 
previous decade ; these changes and the physical phe- 
nomena associated with them were discussed at  the 
Rancho Santa F e  symposium (Sette and Isaacs, 1960) 
and subsequently Radovich (1961), Glynn (1961), 
and Boyd (1963) presented observational data which 
indicated that Pleuroncodes planipes was one of the 
species involved. 

For the present purposes, therefore, two 3-year 
periods were considered separately and the percent- 
age frequency occurrence of Pleuroncodes at each 

station was calculated for  each period. These data 
are presented in Figure 1 for the periods 1955-1957 
and 1958-1960 inclusive, and despite the considerable 
differences in the latitudinal distribution between the 
two periods certain common features appear. In par- 
ticular, there appears to be a correspondence between 
the distribution of crabs and the general distribution 
of upwelled water derived from coastal upwellings. 

Coastal upwelling is known to occur, mainly in the 
first half of the year, at  a number of points along the 
coasts of southern and Baja California (Reid et al., 
1958), and examination of the charts of surface iso- 
therms from CalCOFI cruises shows that it occurs 
most strongly at Cabo Colnett, Punta San Eugenio 
and Cab0 San Lazaro (e.g., CalCOFI, 1963), and 
within the bights which lie t o  the south of these 
capes. It has been shown (Sverdrup et al., 1942) that 
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FIGURE 1. The percentage frequency of occurrence of adult Pleuroncodes a t  each of the CalCOFl inshore stations, data combined for the periods 
stated; the intensity of the shading is proportional to the percentage frequencies of occurrence, at the following intervals 1-lo%, 11-25%, 
51-75%, 76-100% occurrence. 
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the water upwelled a t  the coast in the California 
Current drifts southward away from the coast as dis- 
crete tongues of cold surface water, and such tongues 
have been observed from Baja California coastal 
upwellings during the 1964 Scripps tuna oceanog- 
raphy studies (Scripps Institution of Oceanography, 
1965). These studies have shown that biota, particu- 
larly phytoplankton, are more abundant in the up- 
welled water than elsewhere off this coast; examina- 
tion of the charts of areal zooplankton abundance 
from the CalCOFI cruises (e.g., Thrailkill, 1956) con- 
firm this statement. 

Figure 1 shows that the highest frequencies of oc- 
currence of Pleuroncodes during both periods studied 
appear to conform to the same pattern; that is, the 
highest frequencies are coincident with those areas 
expected to be most often occupied by recently up- 
welled water; during the 1964 cruises referred to 
above, the distribution of pelagic crabs could be 

25'F 

0 

115'W 

FIGURE 2. Distribution of all occurrences of more than 50 Pleuron- 
codes per haul; the line encloses all stotions in the first half of the 
y w r  showing that these tend to be closer inshore. Closed symbols, 
dationr a t  which more than 100 crabs taken per haul. 

related quite closely to tongues of upwelled water 
(Blackburn, pers. comm.) , thus confirming the gen- 
eral pattern revealed in Figure 1. 

Pelagic Pleuroncodes are very patchily distributed 
and are occasionally encountered in very dense and 
extensive concentrations a t  or near the surface; i t  
has been assumed that all CalCOFI hauls containing 
more than 50 crabs indicate the existence of such a 
concentration, since such numbers were taken in only 
36 of the total of about 1500 zooplankton hauls 
studied ; obvious concentrations tended to be avoided 
during sampling, so these data are minimal. The 
distribution of these 36 stations are shown in Figure 
2 from which can be seen that these are situated 
mainly within the influence of upwelled water origi- 
nating near the major capes of Baja California; thus. 
in this situation not only are pelagic crabs more fre- 
quently encountered as isolated individuals than 
elsewhere, but also as dense surface shoals. 

DISTRIBUTION IN OFFSHORE AND OCEANIC 
AREAS 

Within the CalCOFI offshore area less than 500 
stations were worked during the %year period and 
a t  only 52 of these were pelagic crabs taken in the 
zooplankton tows ; the temporal distribution is shown 
in Table 1 and the distribution spatially in Figure 
3. Occurrences were restricted, in the main, to an 
area off Punta San Eugenio and to the years 1958- 
1960. 

The between-years variation is very much clearer in 
these data than is the within-year variation which, if 

A STIMPSON, 1860 

A BEKLEMISHEV, 1961 
0 SCRIPPS INSTITUTION 

EXPEDITION DATA 
0 SHOYO M A R U  

A 

0 %  
0 

130.W IIO'W 110.W I 'W 

FIGURE 3. Distribution of Pleuroncodes in the offshore and oceanic 
area; the stations within the CalCOFl offshore area (indicated by a 
rectangle) at which the species oaurred within the years 1955-1960 
are shown by dots. The S I 0  expedition data includes the following 
cruises: Tethys, MidPac, Tuna Spawning, TO-58-1, T0-60-2 and Lo 
Pared. 
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1960 1961 

A B  A B  

it can be demonstrated, consists of a tendency for 
records to occur during the first 6 months of the 
year ; this is difficult to determine with certainty 
because of the relatively low sampling intensity after 
July in each year. More than 50% of the occurrences 
were, in fact, restricted to the period January-June 
of 1959, a period during which particularly active 
northward movement of pelagic individuals was taking 
place within the inshore area. 

Beyond the CalCOFI station pattern there are 
records of the occurrence of pelagic crabs from ex- 
pedition results, although here the station density is 
even lower than in the CalCOFI offshore area; the 
known records from such sources are set out in 
Figure 3, which shows that these extend to about 
1,000 miles offshore to the south-west of Baja Cali- 
fornia. There are several records from as far  south 
as the Islas Tres Marias. but to the south of these 
islands only a single record exists, from the stomach 
contents of a single yellowfin tuna (Alverson, 1963). 
Records within the Gulf of California, where a popu- 
lation is known to exist (e.g., Boyd, 1963), are not 
shown in Figure 3. 

It can be deduced from the data of Alverson (1963) 
that the relative frequency of occurrence of Pleuron- 
codes in the oceanic area is much less than closer to 
the coast ; he recorded frequencies of occurrence of 
88.2% in the inshore area compared to  only 32.370 
around the Revilla Gigedo Islands and even smaller 
frequencies south of the Gulf and off the Mexican 
west coast. Blackburn (MS) indicates lower volumes 
of Pleuroncodes per micronekton net haul in the 
oceanic area as compared with closer to Baja Cali- 
fornia. 

Much further to the west, in the region of the 
Hawaiian Islands, there have been many investiga- 
tions of the distribution of zooplankton and mi- 
cronekton (e.g., King & Iverson, 1962) but apparently 
there are no records of the occurrence in the Central 
Pacific Ocean of pelagic Pleuroncodes; the question 
of the status and fate of the stocks in the oceanic 
areas of the Eastern Pacific will be discussed later. 

1962 1955-1960 
% 

A B occurrence 

VARIATION WITHIN YEARS, INSHORE AREA 
The data are not entirely adequate for an analysis 

of seasonal variation of the distribution because the 
sampling frequency in the second half of the year was 
considerably lower than during the first half, par- 
ticularly in the southern part of the inshore area. For 
example, no stations were worked in November south 
of Cab0 Colnett from 1955-1960, and none during 
December from 1956-1960. 

Within these limitations, the data indicate that 
pelagic crabs may be encountered in any month in 
the inshore area and that their occurrence follows no 
very clear seasonal cycle ; this can be seen in the data 
from the years 1955 and 1958 (chosen because of rela- 
tively complete sampling coverage) presented in Fig- 
ures 4a and 4b. It is possible (Figure 5) that, as in 
the offshore area, lower frequencies of occurrence may 
be found in the period August to December in some 
years, but the evidence is inconclusive. 

That a seasonal cycle of occurrence should be diffi- 
cult to demonstrate is perhaps not surprising in view 
of the marked eurythermy of Pleuroncodes. Table 2, 
which summarizes all records of the benthic phase of 
the species for which there are also environmental 
data, shows that temperatures down to 9.0" C. are 
tolerated, while Table 3 indicates that temperatures 
up to 28.0" C. are tolerated in the pelagic phase. The 
demonstration in Figure 4, therefore, that the distri- 
bution of pelagic crabs was apparently unaffected by 
the passage of the 16-24 "C. isotherms through the 
area in which the crabs occurred is not surprising, 
and suggests that some factor other than temperature 
must be the direct determinant of distribution pat- 
terns and cycles. 

The role apparently played by upwelled water in 
determining the distribution of the pelagic phase 
suggests that the occurrence of the upwelling phe- 
nomenon itself may be correlated with the occurrence 
oQ pelagic crabs, and this hypothesis was tested in an 
area to the south of Punta San Eugenio. The occur- 
rence of coastal upwelling can be determined most 
simply by the presence of surface isotherms running 
parallel to the coast, indicating an offshore tempera- 

TABLE 1 

OCCURRENCES OF PELAGIC CRABS IN CalCOFl OFFSHORE AREA (STATIONS WEST OF .80 ON LINES SOUTH OF 110); FOR EACH YEAR 
COLUMN A = NUMBER OF POSITIVE OCCURRENCES, B = NUMBER Of STATIONS WORKED 

A B  1956 I r B  

1959 

A B  

? 16 
1 4  
3 6  
6 16 
3 12 
6 4  
3 12 _ -  12 -- 4 _ _  8 _ _  _ _  _ _  _ _  
31.7 18.5 I 1 .4  I 7 .3  I 

26.7 
14.3 
16.7 
12.9 
10.9 
21.9 
7 . 2  
(+) 
(+) 
4 .2  

(T, 
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ture gradient ; the temperature differences between 
two stations (127.34 and 127.40) off Punta San Eu- 
genio was determined and from it was derived a 
monthly index of the intensity of upwelling at  this 
cape. 

These indices were then compared with the occur- 
rence of red crabs in the upwelled water by reference 
to the numbers of occurrences and relative abundances 
per month a t  a small grid of seven stations to the 
southeast of the cape in the direction presumed to be 
.taken normally by recently upwelled water. This 
investigation showed the regularity of the seasonal 
upwelling cycle from April until about July or 
August and also that the annual variation of fre- 
quency and abundance of crabs to have been fa r  
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greater than any seasonal variation. The regression 
between upwelling and 'frequency and abundance 
of pelagic crabs indicates a zero correlation. 

VARIATION IN THE DISTRIBUTION BETWEEN 
YEARS 

Observational data which showed that Pleuroncodes 
was included in those species which extended their 
range to the north during the period 1958-1959 has 
been presented by Berner (1960) Radovich (1961) 
Glynn (1961), and Boyd (1963) ; these data are sum- 
marized below : 

December 1957-Pleuroncodes present off La Jolla. 
April 1958-Present off Monterey. 

, , I * *  * I ?  1 I O N D  f t l . "  1 ? . I  O h  

1111 ?!I1 :,;,,: . . .  . .  , 
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- 5 A N  DIEGO 
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FIGURE 5. Monthly percentage frequency of occurrence of Pleurnncoder by station lines during the period 1955-1960 to show the northern range 
extension of the species during the warm years. The lower section of the figure indicates the temperature regime in terms of variation from the 
6-year mean of stations selected as representative of conditions in the California Current between Cope San Luwr and Point Conception. 
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Boyd __.___________ 

Parker _.___._____._ 

Perkins--.. _ _  _ _ _ _ _  -. 

During 1958-Multiple beach strandings at  San 

January 1959-Present off San Pedro. 
March 1959-Beach stranding at  San Pedro. 
December 1959-Massive numbers present off Santa 

Cruz, Anacapa, Santa Barbara Islands and Monterey. 
January 1960-Beach stranding a t  Monterey and 

Santa Catalina. 
It is now possible with the CalCOFI data to trace 

this range extension to the north rather more closely; 
in Figure 5 are summarized the frequency of occur- 
rence data for the CalCOFI inshore area arranged by 
station lines running approximately normal to the 
coast and representing a latitudinal series a t  26 in- 
tervals, each of 40 miles, extending from Cab0 San 
Lucas in the south to Monterey in the north. For  each 
station line a percentage frequency of occurrence of 
Pleuroncodes is given for each month, ranked in 
four categories. 

The CalCOFI data show that a northward move- 
ment began some months before the first casual ob- 
servation was made of their presence off La Jolla 
from a sport fishing boat; this movement started in 
the area between Punta San Eugenio and Cab0 
Colnett in June and July of 1957 and by October some 

Diego, La Jolla and San Pedro. 

TABLE 2 

SUMMARY OF BENTHIC RECORDS OF PLEORONCODES PLANIPES; 
DATA FROM BOYD (MS.), PARKER (1963), PERKINS, BUREAU OF 

COMMERCIAL FISHERIES (PEW. COMM.). N = NUMBER OF 
STATIONS 

1 Depth (4 I To (C) I Odm1/1) , I N  

75-300 10.0-14.0 <0.5 15 

64-366 9.0-14.0 0.5-2.0 8 

73-201 12 .O-14.6 _ _  8 

I I1 I11 IV 

1 

3 
1 2 1  

17 4 2 
17 23 2 2 
13 20 4 3 
10 8 15 
7 13 4 
8 11 10 

12 7 9 
4 4 3  
2 2 3  

2 8  
1 12 
1 12 

7 

individuals were recorded just to the south of En- 
senada. The correspondence is very good between the 
arrival time off San Diego indicated by these data 
and from the observation tabulated above, though the 
CalCOFI data shows that they reached a little further 
to the north, to San Pedro, in the same month. 

During 1958 the northern limit of the main popula- 
tion remained at  about the latitude of San Diego, 
except for a single observation off Monterey in April 
and for two other April records at  stations 80.120 
and 80.130 about 300 miles seaward from Point Con- 
ception; Figure 5 indicates that while the main popu- 
lation did not extend much to the north of San Diego 
during 1958 there was an isolated population (per- 
haps the same as that recorded off San Pedro at  the 
end of the previous year) which reached the latitudes 
of Monterey and Point Conception during the year. 

I n  late 1958 further northward movement began 
and by the beginning of 1959 there was a continuous 
distribution southwards from the latitude of San 
Pedro for the first time ; the population center, where 
frequencies of occurrence of 67-100% were recorded, 
shifted from its normal site off Bahia Magdalena 
to the region of Cabo Colnett. During 1959 the first 
massive stranding occurred a t  San Pedro and in the 
first months of 1960 the CalCOFI data show the range 
extension to have been complete and beach strandings 
were again noted at  Monterey. 

From early 1960 no further records of beach strand- 
ings or of casual sightings at  sea off the coast of 
California are known and the CalCOFI data indicate 
that the range began shrinking during the first half 
of the year; by the end of 1961 both the northern 
limit and the area of greatest frequency had re- 
turned southward to approximately the same latitude 
as in mid-1957; a single crab taken off San Pedro 
(station 90.28) in April 1961 is the only anomaly 
during this return to earlier conditions. 

Although Figure 5 shows that the northern move- 
ment very closely followed the timing of the change 

I 11 I11 IV 

1 
1 5  

20 6 1 1  
45 36 3 1 
53 54 2 1 
39 34 7 2 
16 9 9 
17 13 11 
10 32 5 
12 18 5 
8 5 4  

11 4 3  
7 9  
4 2  
1 

TABLE 3 

FREQUENCY DlSTRlBUTlON OF TEMPERATURE AT 10 M AT STATIONS AT WHICH PELAGIC CRABS OCCURRED, 1955-1962 
(DATA ARRANGED BY QUARTER YEARS, NUMBERED I-IV) 

I I1 I11 IV 
___- 

I 1955 I 1956 I 1957 

I I1 111 IV T°C I I I1 I11 IV I I I1 I11 I V  1 I I1 I11 I V  

14__. 4 2 1 
15__. 4 2 1 
16--. 10 2 

2 
1 2 1  
2 6  
5 4  
4 2  
4 3  
4 3  
6 1 1  

1 
1 

1 
1 

3 
2 1  
5 1 1  

5 13 
9 4 2 4  
4 1  1 
2 3 6  
2 2 6 2  

2 

2 

1958 I 1959 19FO 1 1961 

1 
2 2  
4 4  
9 3  

27 10 1 
35 38 5 
20 22 1 
7 7 1  

16 4 6 1  
7 1 5 1  
8 5 2  
2 1 2  
1 1 

4 
3 1  
1 5  
5 4  
8 3  
3 3  1 
2 2  1 

1 
1 
1 
1 

1962 

I I1 I11 I 

1 

1 
1 

2 6  
3 

4 3  
1 
1 
2 

C 1955-1962 

I 11 111 I1 
- 

_ _  1 _ _  _ _  
3 7 .- --  
7 lo  1 _ _  

16 18 ._ _ _  
59 34 4 1 

122 99 11 1 
LO8 115 6 7 
62 59 82 19 32 12 14 6 

46 3 32 17 
31 3 54 11 
28 2 32 20 
13 _ _  11 8 
13 _ _  6 4 _ _  _ _  11 18 _ _  _ _  5 14 
_. _ _  2 12 
._ _. _. 7 

- 
I-IV 
- 

1 
11 
18 
39 
98 

224 
236 
179 
129 
99 

111 
83 
32 
26 
29 
19 
14 
7 
- 
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in the temperature regime, there are reasons to doubt 
a causative relationship even though this was implied 
by Radovich (1961) ; the area off Baja California to 
which the species was previously restricted was OC- 
cupied throughout the period of northern range exten- 
sion by apparently non-migratory crabs, and it is in 
any case doubtful if temperatures higher than those 
shown by Table 3 to be tolerated by pelagic crabs 
would have been encountered in the normal southern 
range of the species. Further, there is other evidence 
to show that organisms with little or  no mobility were 
also involved at  this time in the general northern 
movement of southern forms (Berner and Reid, 1961; 
Radovich, 1961). 

Some mechanism beyond simply an ameliorating 
temperature regime is therefore required to explain 
these migrations, and this is to be found in the 
changes in the advective transport of surface waters 
which occurred in the California Current a t  this 
time (eg., Sette and Isaacs, 1961). Although the 
200 m flow is to the northward along Baja California 
and southern California throughout the year (Reid 
et al., 1958), the transport of adult pelagic crabs is 
presumably mainly in the mixed layer which flows 
predominately towards the south; there are four 
features of the California Current system (Reid et 
al., 1958, 1961) which prima facie seem to be relevant 
t o  the distribution of pelagic crabs: the Davidson 
Current, a northward coastal flow in winter which 
is effective only to the north of Point Conception; 
the great eddy south of Point Conception which leads 
to onshore flow throughout most of the year near 
Ensenada a t  around 32"N. and consequently to flow 
north and south from this point along the coast, reach- 
ing south to the region of Bahia Sebastian Vizcaino ; 
the countercurrent which develops in winter along the 
coast of Baja California from Cab0 San Lucas north 
to Punta San Eugenio where it meets the southerly 
flow from Ensenada ; finally, the overall southward 
drift of the main current offshore of the above features. 

I n  particular, the normally year-round coastal flow 
to the south between Ensenada and Punta San 
Eugenio as a consequence of the Point Conception 
gyre is probably of great significance in preventing 
the northward transport of southern species by the 
coastal countercurrents. 

Examination of the charts of geostrophic flow for 
this area in the mimeographed CalCOFI data reports 
indicates that throughout 1955 and 1956 the situation 
was as described above; however, in the second half 
of 3957 a different pattern appeared; in July, for the 
first time, the whole coast from Bahia Sebastian Viz- 
caino north to  San Diego was occupied by very dis- 
turbed flair- containing a series of eddies which appear 
to have been capable of some transport towards the 
north, a situation already invoked by Johnson (1960) 
to  explain the northward movement of phyllosoma 
larvae at this time; again, in October and December 
1957 and in ?January 1958 the eddy extended unusually 
far  south and close to the coast so that northward 
coastal flow effectively bridged the gap in northward 
flow f rom Punta San Eugenio. These data indicate 
that the correspondence between the start of range 

extension of pelagic crabs and the appearance of con- 
ditions of flow which could transport them northwards 
from Punta San Eugenio is very good; the flow to 
the north in the permanent eddy and in the winter 
countercurrent north of Point Conception are sufficient 
explanation of transport further to the north once the 
latitude of San Diego is reached. 

During early 1958 there is little evidence of coastal 
flow to the north except that connected with the 
permanent eddy, but in October, in the month in 
which it has been suggested above that northward 
movement of crabs began again, possibilities of such 
transport recurred ; the permanent gyre extended 
very far  to the south, a t  least t o  29" 30' N. and was 
very close inshore at  its southern end so that i t  pro- 
duced coastal northern transport again from Bahia 
Sebastian Vizcaino ; such transport was then continu- 
ous from this latitude to beyond Point Conception, 
where Davidson Current conditions were in effect. 
This situation coincided with the first reports of mass 
strandings a t  San Pedro. 

Once again, in 1959 the same pattern was repeated : 
from June to September the permanent eddy extended 
further south than usual and the northward turn of 
the onshore flow occurred close to the coast, thus 
placing the beginning of northward flow farther 
south than usual; additionally, as in July 1957, the 
appearance of active eddies as fa r  down as Bahia 
Sebastian Vizcaino gave further possibilities of north- 
ern transport. These eddies were contemporaneous 
with an active countercurrent south of Punta San 
Eugenio in August, and with Davidson Current con- 
ditions in the north from July until January 1960, 
in which month the final strandings of Pleuroncodes 
occurred in Monterey. 

During April 1960, for the first time since the start 
of this series of observations in 1955, the eddy was SO 
reduced as to be absent from the charts of geostrophic 
flow which thus showed an uninterrupted southward 
drift along the whole coast, including the bight to 
the south of Point Conception, from the latitude of 
Monterey south to Baja California del Sur ; this pat- 
tern was repeated in July of the same year and sue- 
gests a mechanism which could flush the area north 
of Bahia Sebastian Vizcaino once more clear of 
Pleuroncodes-a flushing which certainly occurred 
during this period. 

During the rest of 1961 and throughout 1962 the 
conditions returned to normal and it has been shown 
already that in these years Pleiwoncodes was scarcely 
recorded north of the gap in the coastal counter- 
current. 

The two oceanic records in April 1958 referred to 
above may be explained, perhaps, by the same mecha- 
nisms as that suggested by Berner and Reid (1961) 
for  occurrence of Doliolunz. denticulatunz in the same 
area at  the same time-by the southwesterly flow of 
a tongue of inshore water from an upwelling on the 
California coast to the north of Point Conception; it 
is likely that examination of the zooplankton from 
these stations would show the presence of a number 
of southern organisms. 
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While the oceanographic data are not complete and 
their correlation with the distribution of Pleuroncodes 
not devoid of subjectivity the correspondence cer- 
tainly suggests that the circulation as indicated by 
charts of geostrophic flow is sufficient explanation of 
the major between-years variation in the distribution 
of Pleuroncodes during this period. 

ECOLOGY OF THE PELAGIC PHASE 
I n  the foregoing discussions Plezaroncodes has been 

considered as if it were a normal planktonic species, 
but it is also a very abundant member of the benthic 
community a t  75-300 m along the continental edge of 
the west of Baja California, within the Gulf of Cali- 
fornia and on the west coast of Mexico south to the 
Islas Tres Marias (Boyd, 1963 ; Parker, 1963 ; Perkins, 
pers. comm.) ; the known distribution of the benthic 
phase is shown in Figure 6. If individuals have the 
capacity to alternate from benthic to pelagic phase 
and vice versa, a mechanism exists which could ex- 
plain the irreguIarity of occurrence of the pelagic 
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FIGURE 6. Distribution of the benthic records of Pleuroncodes; closed 
circles indicate the use of gear, such as a grab, in which there can 
have been no possibility of the crabs entering the gear in midwater. 

phase in the plankton recotd through the individuals 
settling on, or leaving, the deposits. 

The evidence to support this hypothesis is rather 
slight, however, and comprises mainly the demonstra- 
tion by Boyd (1963) that the benthic stock in the area 
south of Punta San Eugenio examined by him over- 
lapped in length frequency distribution with the 
pelagic stocks; only a t  the deepest station at  which 
red crabs were taken by him was the modal length 
of the stock larger than had been recorded for in- 
dividuals in the pelagic phase, so that by this criterion 
only at  the deepest station was the population com- 
posed of individuals which must have finally settled 
into the benthic environment. Additionally, the hy- 
pothesis of alternation between the two phases is 
supported by the lack of morphological differentiation 
between pelagic and benthic individuals : benthic 
crabs retain the natatory setae fringing the appen- 
dages, and pelagic crabs retain the generalized form 
of the second maxilliped necessary for benthic exist- 
ence, and only achieved in Munida gregaria after the 
pelagic Grirnothea stage settles finally into the 
benthos. 

While this is not, of course, direct evidence that 
alternation between the two phases occurs, it implies 
that such alternation is not impossible on morpholog- 
ical grounds, and that the pelagic phase is in some 
way comparable with the Grimothea of Munida  thus 
being a post-larval extension or recurrence of the 
planktonic habit of the larvae, which in Munida 
gregaria is variable in duration, and hence in size 
attained, within rather wide limits (Harrison Mat- 
thews, 1932). It is postulated that in Pleuroncodes 
planipes the pelagic phase is comparable with the 
Grimothea stage, and that the lack of morphological 
specialization enables an individual, when the environ- 
ment permits, to alternate between pelagic and benthic 
phases. 

It is critical to a discussion of the ecology of the 
pelagic phase that its duration in the life of an in- 
dividual should be established. Boyd (1963) inferred 
from his data on size distribution of benthic and 
pelagic stocks that the former contains individuals 
older than 2 years, while the pelagic individuals meas- 
ured by him were only from 6 to 18 months old. 
From these data he inferred that it is only at  cara- 
pace length of  25-28 mm, or about 2 years old. that 
the pelagic phase is finally abandoned. 

A pelagic existence lasting 2 years renders it un- 
likely that an individual would be maintained 
throughout this period within the inshore area with- 
out being flushed seawards on the southwesterly flow 
of the California Current, and this could perhaps only 
be avoided if a considerable part of the period was 
spent temporarily in the benthic community. The dis- 
tribution of pelagic crabs in the offshore and oceanic 
area (Figure 3)  indicates that some flushing of indi- 
viduals from coastal areas does occur. 

Although relatively few individuals from the off- 
shore and oceanic areas are available for  study these 
suggest that such populations are mainly of  small 
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individuals less than 1 year old. Thus, samples taken 
in July 1957 by the IATTC/STOR Tuna Spawning 
Survey around the Revilla Gigedo Islands showed a 
unimodal population having a modal length of 6 mm, 
while a t  Clarion Island the same population was pres- 
ent, but mixed with a second population, comprising 
less than 10% of the total, having a modal length 
between 10-12 mm. At  Morgan Bank and at  the Alijos 
Rocks the larger of these two size-groups was domi- 
nant and included more than 90% of the individuals. 

Similarly, during the April 1965 La Pared expedi- 
tion of SIO, the population of pelagic crabs found in 
the region of the Revilla Gigedo Islands and further 
to the southwest were unimodal a t  12-13 mm and 
contained no individuals larger than 17 mm. Small 
numbers of pelagic crabs taken from tuna stomachs 
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FIGURE 7. The distribution of larval (light shading) and postlarval 
(dark shading) Pleuroncodes during June, 1964. 

at  Clipperton Island by the Bhoyo Maru were similar 
to these in size, as were those illustrated by Beklemi- 
shev (1960) as being typical of the population he in- 
vestigated in the oceanic area north of the Revilla 
Gigedo Islands. Finally, Blackburn (pers. comm.) 
found that the inshore stocks off Baja California dur- 
ing August 1964 comprised individuals larger than 
these, except in the single case of a population at  the 
extreme southwest of the station pattern, outside 
Morgan Bank, which was isolated from those further 
inshore and consisted only of small individuals similar 
in size to  those listed above. 

The inference apparently to be drawn from these 
data is that beyond the inshore area the flushed-out 
individuals appear to be derived not from the sub- 
adult and adult stocks of the inshore area which Boyd 
(1963) showed to have modal lengths up to 20 mm, 
but rather from the larval forms generated by this 
inshore stock. 

There is only a single survey of the distribution of 
larvae and postlarvae (Cruise TO-64-1 of June, 1964) 
and this shows clearly the flushing-out of these 
forms (Figure 7)  which are distributed in a linear 
manner from an origin to the south of Punta San Eu- 
genio so that progressively older individuals were 
found progressively farther to the south along the 
main line of flow of the California Current; the 
numbers of individuals per standard volume did not 
diminish along the series and there was no indication 
that the megalops taken in the far  south-west were 
random stragglers, so that the data was consistent 
with the major part of the population of larval forms 
being drifted offshore in the direction of the Revilla 
Gigedo Islands. 

Johnson (1960) shows how a planktonic population 
of crustacean larvae can maintain itself in the Cali- 
fornia Current for periods of the order of 6 months 
and then settle effectively enough to maintain an 
adult population along the coast ; it can be surmised 
that over a similar period (which is probably ade- 
quate to attain capability of first settlement to the 
benthos) a proportion of the larvae of Pleuromodes 
planipes mould similarly be maintained in the eddy 
system of the California Current without being swept 
out to sea. These might then commence alternation 
between the benthic and pelagic phase over the con- 
tinental edge within their first 2 years of life. 

It can be seen from Figure 3 that all the records 
of occurrence in the oceanic area are within the exten- 
sion of the California Current, and none are within 
the Equatorial Counter Current to the south; this 
distribution carries the implication that there is no 
likely transport in the mixed layer which could re- 
turn these individuals to the coast; however, a clear 
possibility exists of a simple descent to only about 200 
meters to achieve return transport on the north- 
westerly flowing undercurrent. 

This possibility is demonstrated, for example, by 
Reid (1965) who shows that the Pacific Intermediate 
Water moves north-eastwards towards the coast over 
much of the area occupied by offshore and oceanic 
pelagic crabs ; the temperature tolerances of Pleuron- 
codes (Table 3) and the depth of benthic records in- 
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dicate that prolonged residence at  depths from 100 
to 300 m, which would be required for such transport, 
are well within the capacity of the species. 

Although most of the data on the distribution of 
pelagic crabs within the oceanic area come from nor- 
mal oblique zooplankton hauls, integrated for  depth, 
or from surface observations (e.g., Beklemishev, 
1960), the only data which contain a depth element 
indicate that the highest densities of crabs were a t  
depths suggestive of such return transport. During 
the La Pared cruise referred to above no crabs were 
observed at  the surface west of about 113' longitude, 
but between 115 and 120" at  the latitude of Clarion 
Island many crabs were taken in subsurf ace opening- 
closing net tows (Jerde, Berger, pers. comm.) ; their 
vertical distribution showed that they were distributed 
in the depth range 50-300 m even at  night and that 
some of the largest concentrations (of more than 200 
crabs per haul) occurred between 100-150 m, while 
down to 150-300 m concentrations of up to 60 crabs 
per haul occurred. 

It is therefore postulated that a larva hatched in 
the inshore area off Baja California may either re- 
main within the coastal eddies for the duration of its 
larval period and be recruited directly to the stock 
of pelagic sub-adults within the inshore area, or it 
may be flushed into the offshore areas while still a 
megalopa and be recruited to the offshore stocks of 
pelagic sub-adults. I n  the latter case while there 
appears to be a mechanism for purposeful return to 
the inshore areas, and although the data on the size 
structure of the population suggests that reproduc- 
tion does not occur in the oceanic areas, these postu- 
lates cannot be directly proved. 

Mass mortalities of pelagic Pleuroncodes by coastal 
strandings are well known (e.g., Stimpson, 1860; 
Matthews, 1932; Glynn, 1961; Boyd, 1963) as are 
massing of crabs in surface windrows at  sea (Shimada 
in Boyd, 1963) and such observations suggest that a t  
times pelagic Plezcroncodes may find themselves in 
inimical oceanographic situations ; Boyd (1963) as- 
sumed that oceanic individuals in the California Cur- 
rent extension were in this state and were therefore 
expatriates contributing nothing further to the main- 
tenance of the species. 

This view and that expressed in the previous postu- 
late are perhaps not entirely conflicting, for it is 
very likely that mortality during the offshore excur- 
sion is extremely high, and it may be presumed that 
the farther to the south-west a population of sub- 
adults is carried the greater will be the attrition by 
pelagic fish and other causes of mortality. (It is also 
very likely that even if the postulate of return migra- 
tion on the undercurrent is shown to be correct, it 
will be found that there is a point of no return beyond 
which the crabs will be, as Boyd suggested for all 
oceanic individuals, expatriates of no further signifi- 
cance to the species as R whole. 

It is now appropriate to consider the relative roles 
of the pelagic and benthic phase in the biology of the 
species in the inshore area ; even here the proportion 
of the pelagic stock which at  any time has the possi- 
bility of changing to the benthic phase is probably 

rather small, due to the narrow continental shelf to 
the west of Baja California, since most of the indi- 
viduals are over depths greater than those a t  which 
the benthic phase has been found. Thus, it follows that 
individual residence times in the pelagic phase must 
be of the order of weeks or months, rather than days, 
if indeed such pelagic individuals have previously 
settled temporarily into the benthos. 

During the northern movement of 1956-1960 al- 
ready discussed the plankton record indicates that 
for limited periods pelagic crabs disappeared from 
the CalCOFI samples (as, for instance, during June 
and July 1959) and this, together with the record of 
Parker (1963) of benthic crabs off Ensenada during 
this year and the observations of Sund and Quast 
(Boyd, 1963) of the occurrence of Pleuroncodes in 
the stomach contents of many species of demersal 
fish off San Diego, including some with very slight 
swimming powers (e.g., Pimelometopon pulchrunz and 
#corpaena gu t ta ta )  and which may be presumed to 
have taken the crabs on, or very close to, the bottom; 
this again suggests that the disappearance from the 
plankton record may well be due t o  settlement into 
the benthic community. 

The sequence of events during the recession from 
the northern extension of the range again suggests a 
residence time in the pelagic phase of some weeks or 
months, and also that the benthic individuals re- 
entered the pelagic phase and were swept to the south 
again during this period. 

SUMMARY 
1. This survey of the ecology of the pelagic phase 

of Pleuroncodes planipes in the California Current 
indicates that this phase is comparable with the 
Grimothea stage of Munida gregaria in that it is an 
extension o r  recurrence of the larval habit, but 
differs from the Grimothea state in that no morpho- 
logical differentiation is involved between the pelagic 
and benthic phases. 

2. It is demonstrated that the distribution of the 
pelagic phase is restricted to water of the range 
9-28' C., and that the bulk of the pelagic population 
occurs within 100 miles of the coast of Baja Califor- 
nia, and that about 7570 of the occurrences were in 
situations with 10 meter temperatures in the range 
16-21' C.; the areas in which highest overall fre- 
quencies of occurrence and in which the very dense 
shoals occurred are those in which the influence of 
water derived from coastal upwelling and hence bear- 
ing high standing crops of biota is most likely t o  be 
felt. 

3. Lower frequencies of occurrences are demon- 
strated in oceanic areas to the south-west of Baja 
California, and it is shown that these populations 
have their origin as larval forms generated over the 
continental shelf of Baja California and subsequently 
flushed out of this area on the offshore trend of the 
California Current. It is shown how a proportion of 
these could be returned to the coastal areas on the 
undercurrent formed by the Pacific Intermediate 
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Water below the California Current and its extension 
to the south-west. 

4. Seasonal variation of occurrence of pelagic in- 
dividuals in the coastal areas is rather slight, consist- 
ing only of a tendency f o r  higher frequencies of 
occurrence in the first half of the year ; however, the 
annual variation is very striking and a very extensive 
movement towards the north can be demonstrated 
during the years 1958-1960, culminating in occur- 
rences to the north of Point Conception. This move- 
ment can be explained by reference to the changed 
patterns of transport in the oceanographic regime 
during this period, the patterns of geostrophic flow 
corresponding very well to what is required to explain 
the observed movements of crabs. 

5. The relation between the benthic and pelagic 
phases appears to be complex, and it is suggested that 
during the first two years of life an individual may 
either be retained within the coastal eddies and 
alternate between benthic and pelagic environments, 
or it may be flushed out to the south-west with the 
possibility of returning subsequently to the coastal 
areas on the undercurrent within the first year or so 
of life; individuals older than this have not been 
found far  offshore and are supposed either to have 
succumbed or to have returned to the coastal area. 
After the end of the second year of life the benthic 
habit appears to be finally adopted and no individuals 
older than this have been taken in the pelagic phase. 
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SUMMARY OF THERMAL CONDITIONS AND PHYTOPLANKTON VOLUMES 
MEASURED IN MONTEREY BAY, CALIFORNIA 

1 961 -1 966 
DONALD P. ABBOTT and RICHARD ALBEE 

Hopkins Marine Station of Stanford University 

For thirteen years under the California Coopera- 
tive Oceanic Fisheries Investigations Program the 
Hopkins Marine Station of Stanford University has 
monitored the marine climate and phytoplankton 
of Monterey Bay. Approximately weekly cruises to 
six regular stations on the bay are made on the R/V 
TAGE. The information gathered is compiled and 
distributed to interested organizations and individ- 
uals in the form of mimeographed quarterly and an- 
nual data reports. A previous paper (Bolin and Ab- 
bott, 1963) describes the stations occupied and the 
procedures followed in sampling and analysis, and 
presents a summary of results obtained through De- 
,cember 1960. The present report summarizes some of 
the findings in the period January 1961 through De- 
.cember 1966, and brings up-to-date the curves shown 
in Figures 2A-B and 5A of the earlier paper. 

Thermal conditions are shown in Figures 1A and 
1B of the present report. In  Figure la, the middle of 
the three curves depicts the monthly average of all 
surface temperatures taken on all cruises during each 

month. The upper curve (average monthly maximum) 
shows monthly averages of the warmest surface tem- 
perature recorded on each cruise during the month. 
The lower curve (average monthly minimum surface 
temperature) is similarly derived. 

The main hydrographic seasons on the bay are 
clearly indicated by the curves in Figures 1A and 
1B. Divergence between average monthly maximum 
and average monthly minimum surface temperatures 
(upper and lower curves in Figure lA,  solid line in 
Figure 1B) occurs when upwelling of colder water 
over the Monterey Submarine Canyon lowers the tem- 
peratures in the center of the bay without bringing 
about correspondingly large drops in surface tem- 
peratures at the northern and southern limits of the 
bay. Upwelling is also accompanied by a marked in- 
crease in the thermal gradient in the upper 50 meters 
(Figure lB, broken line). The thermal gradient may 
persist for  a time in the late summer and early fall 
after upwelling has declined (compare solid and 
broken lines, Figure lB, fo r  August through October 

FIGURE 1. Monthly averages of temperature conditions and the volume of the phytoplankton standing crop in Monterey Bay, California, 1961 
through 1966. A. Surface temperature ("C), showing monthly means, average monthly maxima, and average monthly minima. B. Solid line-tem- 
perature difference ("C) between average monthly maximum and average monthly minimum surface temperatures; broken line--temperature differ- 
ence ("C) between monthly means of temperatures at the surface and those a t  50 meters depth. C. Monthly averages of the volume of the phyto- 
plankton standing crop (ml/haul). 

( 155 ) 
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especially for the years 1961 and 1963) ; as upwelling 
ceases fog also decreases, and with sunnier weather 
and little turbulence a thermocline often develops 
which tends to preserve a temperature gradient, Also 
during these months, flushes of warmer oceanic water 
from offshore may flow in on the surface of the bay. 
The Davidson Current period of the winter months 
is clearly indicated in Figures 1A and 1B by the 
marked decline in surface temperatures, the close 
similarity of average monthly maximum and mini- 
mum surface temperatures, and the nearly uniform 
temperature conditions prevailing in the upper 50 
meters as a result of mixing. 

I n  Figure 1 C  the phytoplankton volumes represent 
monthly averages of wet settled volumes of phyto- 
plankton per haul, 15 meters to the surface, taken in 
a 2 meter net of 173 meshes/inch. Larger diatoms 
and dinoflagellates are retained, but not nannoplank- 
ton. Major increases in standing crop occur in spring 
and summer. For  the 13-year period 1954-1966, max- 
imum crops appeared most frequently in June, but 
in different years peaks fell in all months from 
March through July. Chuetoceros is usually the pre- 
dominant genus in the bay in spring and early 
summer. 

The most notable irregularity in the general sea- 
sonal temperature pattern shown in Figure 1A is the 
unusual warm peak which occurred in February 
1963. This unseasonal warming, one phenomenon 
among many in a winter of unusual weather, appears 
in the records of shore temperatures taken along much 
of the temperate Pacific coast (Scripps Institution of 
Oceanography, 1964). February temperatures a t  most 
shore temperature stations in California, Oregon, and 
Washington exceeded temperatures recorded for that 
month in any year through 1966 since the warm years 
1957-1959. In Monterey Bay this warm pulse was 
accompanied by conspicuous red tides and lumines- 
cence ; the phytoplankton was dominated by Peridi- 
wium, with lesser numbers of Ceratium and Gonyuzc- 
Zaz (Hopkins Marine Station, 1963). Red tides ex- 
tended at  least as fa r  north as Point Montara and in 

southern California were prevalent from near San 
Diego to Santa Barbara (California Marine Resources 
Operations, 1963). No unusual mortality of fishes 
or  other marine organisms was noted, in Monterey 
Bay or elsewhere in California, but phytoplankton 
volumes obtained in Monterey Bay rose sharply in 
March. 

A less compicuous warm pulse during the Davidson 
Current period occurred in February 1961 (Figure 
1A) , and was reflected in shore temperatures taken at 
many points along the coast (Scripps Institution of 
Oceanography, 1962). In contrast to the situation in 
1963, dinoflagellates formed less than 2% of the phy- 
toplankton bloom accompanying and following the 
warm conditions. Instead, the phytoplankton consisted 
of a mixed population of diatoms characteristic of 
coastal waters ; Chaetoceros and Skeletomnza predomi- 
nated, accompanied by lesser numbers of Asterionella, 
Thalassiosira, Nitzschia, and other forms. The charac- 
ter of the phytoplankton in the March bloom of 1963 
suggests the growth of organisms brought in from 
oceanic waters offshore, while the March bloom of 
1961 represents growth of resident populations char- 
acteristic of Californian coastal waters. 
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SEASONAL VARIATION OF TEMPERATURE AND SALINITY 
AT 10 METERS IN THE CALIFORNIA CURRENT 
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INTRODUCTION 
The seasonal variation of temperature and salinity 

a t  10 meters in the California Current is examined 
from the CalCOFIl data record, 1950-62. The Cal- 
COFI station pattern off California-Baja California 
(Figure 1) has been occupied repeatedly since 1950. 
Surveys have been conducted on almost a monthly 
schedule although only a portion of the station pat- 
tern was covered each time. Only four surveys were 
conducted in 1961 and 1962. The sampling frequency 
of salinity for 1950-62 is shown in Figure 2. At some 
of the stations temperature was measured a few more 
times than salinity. Harmonic curves, comprised of 
the annual and semiannual components, were fitted to 
each station record by regression analysis using the 
method of least squares. The harmonic curves provide 
the description of seasonal variation. Along with the 
regression analysis are descriptive statistics. 

The California Current System 
The California Current is the eastern limb of the 

anticyclonic gyre that dominates the North Pacific 
Ocean. It is a broad sluggish current characterized by 
cool, low-salinity water. Warm high-salinity water is 
found to the west (central North Pacific) and south 
(vicinity of the Gulf of California). Upwelling along 
the coastal boundary of the current introduces cool, 
usually high-salinity water to the surface layer. Up- 
welling is the process whereby the wind component 
paralleling the coast (northwesterly) drives the sur- 
face water offshore; these waters are replaced by 
deeper waters. 

The North Pacific gyre is largely wind-driven. Sea- 
sonal variation of the winds is indicated by seasonal 
variation of the strength and location of atmospheric 
pressure cells. The currents respond to variations in 
wind. This system was qualitatively described for the 
California Current region by Reid, Roden, and Wyllie 
(1958). A strong northerly wind component in spring 
through fall strengthens the Current. In  winter the 
northerly component weakens or reverses and a coun- 
tercurrent develops along portions of the coast. The 
seasonal variation of the winds has a most noticeable 
effect on coastal upwelling. Upwelling is strongest 
when the north and northwest winds are strongest. 
This situation occurs off Baja California in April and 
May, off southern and central California in May and 
June, off northern California in June and July, and 
off Oregon in August (Reid, Roden, and Wyllie, 
1958). 

The largest and most complex changes in circulation 
occur in the coastal region. A countercurrent is pres- 
ent in late fall, winter, and early spring from central 
California to British Columbia (cf. Sverdrup, John- 
son, and Fleming, 1942 ; Schwartzlose, 1963). A nearly 
1 California Cooperative Oceanic Fisheries Investigations. 

permanent eddy is found among the Channel Islands 
off southern California. The eddy is weak or nil in 
March, April, and May (Schwartzlose, 1963 ; Reid, 
1965). The countercurrent is usually continuous 
around Point Conception in November, December, and 
January. There is no countercurrent along northern 
Baja California, but major eddies do occur off south- 
ern Baja California. 

An atlas of sea surface dynamic topography (ref- 
erenced to 500 decibars) of the CalCOFI data is under 
preparation a t  the Scripps Institution of Oceanog- 
raphy (S10). The contours and gradients define the 
direction and speed of the geostrophic currents. 

The variations of circulation and upwelling have a 
pronounced effect on the seasonal variation of temper- 
ature and salinity. The seasonal variation of these 
characteristics was discussed at  length by Reid, 
Roden, and Wyllie (1958). They gave representative 
curves of the variations for diverse areas constructed 
from monthly means of CalCOFI data, 1949-55, and 
other sources. 

The following paragraphs are quoted from a review 
of the earlier work by Reid (1960, p. 81). In  place of 
seasonal variation curves to which his paragraphs 
refer, the reader may examine similar figures of this 
paper (Figures 8,10, 13 and 14) .  

". . . Far  offshore the variation, which is princi- 
pally the result of variation in radiation and exchange 
with the atmosphere, has a simple pattern with the 
greatest range in the highest latitude. Near the coast 
in the region of strong upwelling north of 34"N. the 
seasonal range is reduced and the cool period length- 
ened by upwelling. Between 28"N. and 34"N. the 
upwelling occurs earlier in the year, more nearly a t  
the period of the offshore seasonal minimum, and in- 
creases the seasonal range. South of 28" N. it is the 
fall and winter countercurrent which accounts for the 
high range and delays the low until late spring. 

"The seasonal variation in surface salinity . . . in- 
dicates that the direct eff'ect of evaporation and pre- 
cipitation is small, and, indeed, there is little coher- 
ence in the variation of the northern offshore stations. 
Inshore it is again the processes OP upwelling in the 
north and the countercurrent in the south which 
dominate the seasonal variation. The effect of the 
spring and summer upwelling of deeper water to the 
surface in the north causes a wide range with the 
maximum value of salinity in summer. In  the south 
the winter countercurrent brings highly saline water 
northward along the coast giving a maximum in 
winter. The two effects tend to cancel each other in the 
middle region between 28"N. and 34"N. latitude." 

Recently, the seasonal variation of temperature and 
salinity a t  diverse levels in the Point Conception 
(Point Arguello) region has been examined in detail 
(Reid, 1965). 
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FIGURE 1. CalCOFl station plan since 1950. 
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FIGURE 2. Station positions of data records used in the regression analysis and their sampling frequency, 1950-62. Sections refer to 
Figure 14. 
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The papers cited have described the major features 
of the variations in temperature and salinity in the 
California Current region. The present study employs 
a totally different method of analysis which substan- 
tiates the previous findings. Detail is provided in some 
areas and for some months that has not previously 
been available. Almost all of the statistical treatment 
is new. 

California Cooperative Oceanic Fisheries Investiga- 
tions Atlas No. 1 (1963) contains distributions charts 
of 10-meter temperature and salinity for each Cal- 
COFI cruise, 1949-59. The atlas also presents charts 
drawn from 10-year monthly means of temperature 
and salinity. Near the end of this paper a brief com- 
parison is made between the mean distribution charts 
of the atlas and those derived from the present analy- 
sis. 

THE DATA 
The CalCOFI data through 1959 are published in 

the series, Oceanic Observations of the Pacific. Data 
for more recent cruises are available in the data re- 
port series (unpublished) of the University of Cali- 
f ornia Scripps Institution of Oceanography. 

Records for 222 stations were selected for analysis 
from the CalCOFI 10-meter data for 1950-62 accord- 
ing to criteria of occupancy and location (Figure 2) .  
Thirty percent of the stations were occupied 14 to 
50 times, and the remainder 51 to 119 times. The sta- 
tions with the lesser frequency of sampling are found 
at  the seaward extreme of the station pattern, off 
Cabo San Lazaro and south, and scattered among the 
stations north of Point Conception. These station 
records were used to extrapolate charting of the 
distributions beyond the better sampled areas. The 
observations are not evenly distributed throughout the 
year but occur more frequently in April-July, and 
less frequently in September, November, and Decem- 
ber. Figure 13 shows time plots of data records with 
all years folded into one 12-month period. (An ex- 
planation of Figure 13 is given under STATION 
REGRESSION CURVES.) Only one observation per 
month was used ; when duplicate observations were 
made, usually the one nearest mid-month was used. 

In  addition to the CalCOFI data, portions of 
records from five shore stations (surface only) were 
analyzed : 

Temperature Salinity 
Blunts Reef _~ _ _  _ - _ - - _  _ _ - _ _ _ _ _  1955-62 1957-62 
S.E. Farallon Island _--_ _ _ _ _ _ - -  1955-62 1957-62 
La Jolla . . . . . . . . . . . . . . . . . . . . .  1950-62 1956-62 * 
Guadalupe Island --_-_ _ _----__ 1956-60 
Cedros Island ~ ~ ~ _ ~ ~ _ _ ~ _ _ ~ ~ ~ _ ~ _  1957-62 - 

Observations were made daily. The records were col- 
lected by the U.S. Coast and Geodetic Survey and 
Scripps Institution of Oceanography (unpublished). 
For this analysis, monthly averages (daily observa- 
tions averaged for each month of each year) were 
entered as initial data. Thus, there is one value per 
month comparable in number to the CalCOFI sampling 

- 

Validity of salinity observations for  1944-55 were questioned by 
Roden ( 1 9 6 1 )  : hence, these observations were not included 
in this analysis. 

program, but with some high frequency variation 
filtered out. 

CHOICE OF THE 10-METER LEVEL 
Hydrographic casts were made during about 80 

percent of the station occupations ; the remaining 20 
percent were “net-haul” stations, where work con- 
sisted of biological sampling and a 10-meter tempera- 
ture and salinity measurement. The 10-meter level 
was chosen to represent the upper mixed layer in lieu 
of a surface sample to avoid such transient conditions 
as might be caused by rain or river runoff and by 
diurnal heating and cooling. In some places a shallow 
summer thermocline may develop. When this ther- 
mocline is shoaler than 10 meters it is readily subject 
to wind stirring; hence, its existence is usually brief. 
These arguments do not obtain in the vicinity of 
Cab0 San Lucas3 where oceanic fronts and other 
complex features persist (Griffiths, 1965). 

ANALYSIS 
An expression of the mean seasonal variation of a 

characteristic may be obtained from a digital record 
by Fourier polynomials, a method of harmonic 
analysis. Because the time intervals between data 
measurements are irregular, standard textbook for- 
mulas derived for processes sampled at  equally- 
spaced intervals are unsuitable and hence an approach 
from basic concepts is necessary. A detailed descrip- 
tion of each data record by harmonic analysis is not 
necessary ; the only harmonics needed are those which 
contribute significantly to the description of the sea- 
sonal variation. This consideration leads to a different 
but totally equivalent approach which has an added 
advantage. The mean seasonal variation may be ob- 
tained by least squares regression of the data (con- 
sidering each station record as a time series) to 
annually periodic sinusoids. Van Vliet and Anderson 
analysed sea surface temperature records for seasonal 
variation by fitting annual and semiannual harmonics 
to the observed data by regression analysis. Their 
analyses were performed on long records of daily 
temperature observations a t  four shore stations and 
two weathership stations. Least squares regression 
analyses for curve fitting is identical to the more 
common application of estimating linear relation- 
ships. The added advantage of this method is seen in 
the statistical approach; it is a natural adjunct of 
regression analysis to compute measures of disper- 
sion, correlation coefficients, and significance param- 
eters. Though less natural, such computations can be 
made with truncated Fourier polynomials. 

Natural events driven by insolation tend to vary 
with an annual cycle that may be roughly described 
by a sinusoid. However, because the effect of insola- 
tion is often indirect, the rough approximation pro- 
vided by the annual sinusoid can usually be refined by 
Geographical locations are identified in Figure 2. 

4 Statistical analyses of sea surface temperature time series (un- 
published manuscript). U.S. Navy Electronics Laboratory, 
San Diego, Calif. 
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including the semiannual harmonic? The frequent 
3- and 4-mpnth gaps in the data records and the brev- 
ity of the records preclude any significant results from 
the third harmonic. 

The general form of the regression curve is: 
y = A I  cos0 + BlsinO + A2c0s2e + Bzsin2O + C 

where O is the angular equivalent of the day of year 
in radians. In least squares regression the sum of the 
squares of the data anomalies from the regression curve, 

1 [y; - (Alcosei + Blsin& + Azcos20i 
a + B2sin20i + C)Iz, 

is minimized with respect to each of the five coefficients 
where, yi = data values indexed to 8; 

27r[(month - 1) 30 + day] 
360 

The resulting set of equations is solved simulta- 
neously for the coefficients. The same coefficient for- 
mulas can be derived from the Fourier polynomial 
approach. When equal intervals are assumed (in- 
tegral division of year) the formulas simplify to the 
standard textbook formulas f o r  Fourier polynomial 
coefficients. 

From the station regression curves were derived 
the long term mean (13-year), extreme values, and 
range. Statistics describing the data and the fit of 
the regression curve were computed by standard 
formulas. These statistics include standard deviation, 
standard error of estimate, coefficient of correlation, 
and the P-ratio test (null hypothesis: the mean pro- 
vides as adequate a fit to the data as the regression 
curve). The coefficient of correlation refers to the 
correlation of the characteristic with time of year. 

8% = 

DISTRIBUTION OF THE 13-YEAR MEANS 
The long term (13-year) mean of temperature 

(Figure 3) shows the influence of currents and up- 
welling. The mean temperature ranges from 12" C. 
near San Francisco to 24" C. near Cabo San Lucas. 
More than half the range (less than 18" C. to 24" C.) 
falls between Punta Eugenia and Cabo San Lucas, 
one-third of the total distance. The isotherms tend 
t0 parallel the coast along northern and central 
California with the colder water inshore, whereas 
the isotherms are nearly perpendicular to the shore 
along the southern part of Baja California. The colder 
inshore water along northern and central California 
is a mixture of cold waters from the North Pacific 
Current and cold waters upwelled along the coast. 
A second important upwelling region, indicated by 
a 16" C. isotherm, is near the coast immediately north 
of the United States-Mexican border and extending 
southward along northem Baja California. West of 
this upwelling region is a warm tongue-like feature 
extending into the island area off southern California. 
6 Van Vliet and Anderson performed an autocorrelation analysis 

on the long records (7-40 years) of daily temperature obser- 
vations and showed the semiannual harmonic contains a six- 
nificant portion of the energy of seasonal variation in four of 
their six stations. 

6-95757 

FIGURE 3. Ten-meter temperature ("C); 13-year mean, 1950-62. In- 
terval: 1" C. In this and other figures thin, shortdashed lines show 
half intervals and thick, long dashes show continuation of standard- 
interval isopleths into regions of infrequent sampling. Boxed values 
refer to shore statiomr. 

The long term mean salinity (Figure 4) ranges 
from less than 33.0%0 near Cape Mendocino to greater 
than 34.6%0 near Cape San Lucas. More than half this 
range is along southern Baja California. The largest 
gradients are in the southernmost portion of the Cal- 
COFI area and in the upwelling region north of 
Point Conception. A low-salinity tongue, character- 
istic of the California Current, lies approximately 
240 miles from and parallel to the northern California 
coast. The displacement of the low-salinity tongue 
farther offshore from the low-temperature tongue is 
evidently the consequence of the mixing of upwelled 
water, characteristically cold with high salinity, and 
California Current water. characteristically cold with 
low salinity. Along southern California and northern 
Baja California is a body of water with a nearly uni- 
form mean salinity, 33.55%0 I 0.05%0 and a small 
standard deviation, approximately i- 0.15%0. This 
area shows a complex distribution of mean temper- 
ature. 

Reid, Schwartzlose, and Brown (1963) described a 
shoreward movement of water near latitude 31" N. 
to 32" N. Features in the 33.4%0 and 33.5%0 isohalines 
probably relate to this flow, as perhaps does the 
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FIGURE 4. Ten-meter salinity (%I; 13-year mean, 1950-62. 
Interval: 0.2%. 

slightly larger salinity gradient northwest of Guada- 
lupe Island. The limited coverage of the CalCOFI 
pattern does not show the southward and southwest- 
ward continuation of the low-salinity tongue as shown 
by mean-salinity charts of the North Pacific Ocean 
(see, fo r  example, Schott, 1935; Morskoi Atlas, 1950; 
or Norpac Atlas, 1960). 

The results of analyses at  shore stations are shown 
as boxed numbers on these and other distribution 
charts. The mean temperatures at  the Guadalupe 
Island and Cedros Island Stations are 0.5" C. greater 
than at  the adjacent stations. In both cases the records 
covered only half of the 13-year period. When neigh- 
boring CalCOFI stations were analyzed with equally 
truncated records no differences could be found in 
the means. Thus, temperature regression values for 
the two island stations are misleading and are not 
given. 

STANDARD DEVIATION ABOUT THE MEAN 
The distributions of standard deviation about the 13- 

year means appear in Figures 5 and 6. This measure 
of dispersion combines the seasonal and nonseasonal 
influences. 

The chart of standard deviations for  temperature 
shows a band of small dispersion. less than 1.75" C., 
extending across the CalCOFI region in a meridional 

1s - 

3w - 

25' - 

TEMPERATURE STANDARD DEVIATION 
ycnooc*o A0OUT THE 13-YEAR MEAN 1f.C) t . I  

I 
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FIGURE 6. Standord deviation of salinity about the 13-yeor mean 

(*%). Interval: 0.05%. 

distribution. Areas of large gradient coincide with 
areas of large dispersion, and areas of small gradient 
with areas of small dispersion. This circumstance 
probably results from a large ratio of nonseasonal 
(random) to seasonal variation in the salinity rec- 
ord. The increase in standard deviation near the west- 
ern edge of the CalCOFI region is not well established 
but it corresponds to relatively large salinity gradi- 
ents seen in charts fo r  the North Pacific Ocean. 

COEFFICIENT OF CORRELATION AND MEAN 
RANGE: TEMPERATURE 

The coefficients of correlation fo r  temperature and 
salinity are measures of the degree of relation be- 
tween the characteristics and time of year.6 

The correlation of temperature with time of year 
(Figure 7) has a coefficient greater than 0.80 over 
the greater portion of the CalCOFI region. The co- 
efficient is greater than 0.85 along the western extent 
and in the southern half including the coastal region 
along southern Baja California. Coefficients are 
smaller in the upwelling regions-in a broad band 
along central California and in a narrow band from 
Point Vincente to Bahia de Sebastian Vizcaino. Small 

> "  variance explained by regression curve 
total variance eR= ( 

where R is the coefficient OP correlation. 

m 1 
I 2 P  120. IIY l l P  

FIGURE 7. Coefficient of correlation for tempemture. Interval: 0.1. 

coeEcients are caused either by large total variance, 
consequent on the sporadic nature of upwelling, or 
by small explained variance that results when effects 
of upwelling are out of phase with the solar heating- 
cooling cycle dominant elsewhere. A mixture of these 
effects is probable. 

The P-ratio test wm applied to the regression of 
the annual harmonic only.s Where the null hypo- 
thesis is rejected a t  the 2.5 percent significance level 
the seasonal variation may be considered significant. 
The seasonal variation of temperature is everywhere 
significant. 

An additional test, attributed to Btumph by Con- 
rad and Pollak (1950), was applied to 12 represent- 
ative stations. The probability p that an amplitude 
A might have been obtained by harmonic analysis 
of a particular set of random numbers is given by: 

- A 2  p = exp n 

explained variance 
7 J - Z  (oneanlained variance) weighted by degrees of freedom. The 

dL&eii-of-ireedomeedom a r e  determined by the number of varia- 
bles in the regression equation and the sampling frequency. 

a Van Vliet and Anderson found by the F-ratio test that. the semi- 
annual harmonic signincantly increases the explained vari- 
ance in five of their-six stations. A plication of this test to 
the semiannual harmonics of the Cal8OFI records is marglnaE 
in value because the number of data in each record is small. 
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where ai is the amplitude computed from the ith cycle 
of the period concerned and n is the number of inter- 
vals of this period in the series. At  all stations tested 
the probability computed with the annual harmonic of 
temperature is inconsequential (Table 1). 

The distribution of temperature range, maximum 
of regression curve less miairnum (Figure 8) ,  closely 
reflects the distribution d standard deviation. The 
major exception is in the region of low correlation 

TABLE 1 

PROBABILITY THAT A N  AMPLITUDE (ANNUAL HARMONIC) AS 
GREAT AS THAT CALCULATED MIGHT HAVE BEEN OBTAINED 

BY HARMONIC ANALYSIS OF PARTICULAR SET 
OF RANDOM NUMBERS 

Station 1 Temperature 1 salinity 

0.17 
0.84 
0.39 

3 x 10-8 
0.02 

0.22 

0.03 
5 x lo-' 

0.88 
2 x lo-' 

7 x 10-4 

4 x 10-4 

3 _.........-- 

cl.T 
ML*wC'M : I regression CYVE marimum ICU minimum) ~ 

~ MEAN SEASONAL TEMPERATURE RANGE 

.o. t 
1Y- 

w -  

2 7 -  

-F.f 12- 

FIGURE 8. Mean reaaanal temperature range which is defined as the 
regression curve maximum less the minimum. Interval: 1" C. 

along the coast of southern California-northern Baja 
California. Here the standard deviation increases to 
the coast, whereas the seasonal range reaches a maxi- 
mum 20 to 40 miles offshore. 

Temperature range is less than 3.0 "C. in the 
northern California upwelling region. The band of 
small range is defined by the 3.5" C. isotherms, and 
has flanking areas greater than 4.0" C. The isolated 
area with range greater than 5.0" C. off San Diego 
coincides with the warm tongue seen in the mean 
distribution. Temperature range exceeds 5.0 "C. in 
Bahia de Sebastian Vizcaino and south of Punta 
Eugenia, increasing to greater than 10.0 OC. along 
the coast of southern Baja California. 

The chart of temperature range is grossly similar 
to range charts of the North Pacific Ocean (e.g. 
Reid, 1962). Considerable detail has been added by 
the present analysis. Robinson (1957) prepared a 
chart of surface-temperature range for the northeast- 
ern Pacific Ocean from a comprehensive study of 
bathythermograph records (and of some serial hy- 
drographic data). Her chart (her Figure 44) over- 
laps the present coverage north of 35" N. latitude 
and shows the band of small range displaced offshore 
at  the latitude of San Francisco. Her values are gen- 
erally greater by 1.5" C. to 2.0 "C. Closer exami- 
nation has revealed that most of the differences be- 
tween the range charts are caused by differences in 
the determination of the seasonal temperature max- 
ima. During the period of heat gain in the region 
where the coverage of the charts overlap the tem- 
perature of the surface layer may occasionally exceed 
that a t  10 meters by more than 1" C. This difference 
may result from warming of newly upwelled water 
or warming of water with shallow density stratifica- 
tion caused by river and bay effluent. 

Wyrtki (1964) prepared a ehart of surface-tem- 
perature range for the eastern Pacific Ocean, 30" N. 
to 40" S. His chart is similar except in a narrow band 
along southern Baja California. In this region he 
did not find the range to exceed 7" C. The present 
analysis finds lower temperatures a t  the temperature 
minimum. 

COEFFICIENT OF CORRELATION AND MEAN 
RANGE: SALINITY 

The correlation coefficient for salinity (Figure 9)  
ranges from nominally zero to slightly greater than 
0.70. There is a series of lobes having coefficients 
greater than 0.40. Only off southern Baja California 
are there any values greater than 0.60. The generally 
low values indicate that the nonseasonal variations 
dominate much of the salinity record. 

The shaded areas show where the null hypothesis of 
the P-ratio is rejected at the 2.5-percent significance 
level. These areas of significant seasonal variation 
usually coincide with the areas having correlation 
coefficients greater than 0.40. The exception to this 
observation occurs north of 34" N. latitude where 
the sampli,ng was less frequent. The probability com- 
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SALINITY 

m E b 
FIGURE 9. Coefficient of correlation for salinity. Interval: 0.2. Within 

the shaded areas the F-ratio is greater than the 2.5 percent signifi- 
cance level. 

plated by Shmph’s test for the salinity harmonics 
show large differences (Table 1). The tame conclu- 
i o n a  axe drawn from this test as from the coeflcirnt 
of wrrelation and P-ratio; the seasonal variation of 
salinity is real but small in comparison to nonseasonal 
fluctuations. Some areas need more frequent sam- 
pling to demonstrate a sipficant seasonal trend. 

The distribution of the range of mean salinity 
(maximum of regression curve less minimum, Figure 
lo), reflects that of correlation coefficient and stand- 
ard deviation, especially the former. Three major 
regions have a range greater than 0.20/00 ; two of them 
have ranges greater than 0.4%0. The maximum range 
contour, 0.7%0, is centered 100 miles offshore from 
southern Baja California. This maximum contains 
most of the stations which have a range equivalent 
to two standard deviations or more. The other region 
of range greater than 0.4%0 is found near San Fran- 
cisco Bay. The shore station at S.E. Farallon Island 
which includes data for only 5 years, 1957-62, has 
a range of 0.9%0. This station exhibits an abrupt 
minimum in March coinciding with the peak dig- 
charges of the Sacramento and San Joaquin Rivers. 
The nearby CalCOFI stations were infrequently sam- 
pled in this month and thus may have produced an 
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FIGURE 10. Mean seasonal salinity range which is defined as the re- 
gression curve maximum leas the minimum. Interval: 0.2%. 

abbreviated range. On the other hand, the range at 
the shore station was increased because samples were 
taken at the sea surface. 

The range along northern Baja California ia small; 
only one upwelling station (100.29) has a range 
greater than 0.2%0. Twenty miles offshore is a band 
of especially small salinity range. This band also 
displays an extremely small coefficient of correlation. 

SHORE STATIONS 
Some of the results of the analyses of data from 

shore stations are similar to those for local hydro- 
graphic stations. Results fo r  Blunt’s Reef station ap- 
pear to be consistent with an extrapolation of more 
southerly results. The temperature analysis a t  S.E. 
Farallon Island is identical to that of neighboring 
CalCOFI stations. The salinity analysis for the same 
station (only 5 years of record) gave greater devia- 
tion, range, and correlation. The other shore stations 
have slightly smaller deviations and greater correla- 
tion coefficients than neighboring CalCOFI stations. 
These results may be caused by the filtering process 
of using monthly averages as shore station input data. 
The ranges did not differ among these stations. 
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REGRESSION CURVE EXTREMES 
The extremes of the station regression curves and 

their months of occurrence are shown in contoured 
charts (Figures 11 and 12). The seasonal tempera- 
ture minimum occurs in March over most of the 
oceans in the northern hemisphere temperate zone. 
The seasonal maximum occurs in September. The 
timing of the variation is altered near the coast in 
the CalCOFI area. I n  regions of upwelling and re- 
gions influenced by upwelled waters the minimum 
occurs late, usually in April and May. Off southern 
Baja California the late temperature minimum ex- 
tends beyond the offshore influence of the coastal 
upwelling. In this latter region the anomaly in phas- 
ing of the temperature variation appears to result 
from seasonal variation in advection. A region off 
southern California has an early temperature mini- 
mum. The scale and location of this region offer 
evidence that the phase lead is caused by the pattern 
of the local currents. The seasonal temperature max- 
imum occurs earliest (August) in a limited area off 
southern California. The coastal upwelling region of 
central California experiences its maximum tempera- 
ture as late as the end of November. The maximum 
is slightly late a t  a few prominent upwelling stations 
along the Baja California coast. 

Because the seasonal variation of salinity is con- 
siderably less regular than that of the temperature 
(at some stations the variation is not significant) 
the distribution of extreme dates is not as definitive 
as those for temperature. A general pattern is evi- 
dent, however. Where the seasonal variation is signifi- 
cant seaward of the upwelling regions the salinity 
minimum is in spring and the maximum in fall. This 
timing agrees with the seasonal variation of advection 
and its probable effect on the distribution of mean 
salinity. In the upwelling regions along central Cali- 
fornia the maximum salinity is in summer, shortly 
after the minimum temperature is attained. The mini- 
mum salinity usually occurs in winter. The salinity 
extreme in the upwelling region along northern Baja 
California occurs earlier than for the region farther 
north. The salinity maximum along southern Baja 
California occurs in fall along with the countercur- 
rent. 

STATION REGRESSION CURVES 
The complete data records and station regression 

curves for five representative stations are plotted in 
Figure 13. The dashed lines are drawn at  plus and 
minus one standard error of estimate of the character- 
istic from the regression curve. 

Station 70.52 is in the upwelling region, 6 miles 
from the shore and immediately south of Monterey 
Bay.9 At  this station the correlation coefficients are 
OThe data plotted for station 70.52 were actually obtained at 

three stations, 70.51, 70.52, and 70.63 with an interval of 4 
miles between 70.52 and the others. With one exception no 
two stations were occupied during the same cruise. The shwt 
distance between the stations was considered to be of minor 
consequence as compared to the month-to-month changes Of 
temperature and salinity in the locale d the stations. There- 
fore, the data were combined as if observed at one statlon. 
Data were similarly combined at several other coastal 
CalCOFI stations. 

low and standard errors of estimate are large. Data 
are scarce for the winter months, The dispersion of 
the salinity values is particularly large a t  the begin- 
ning of the upwelling season, April and May. The 
upwelling season along northern and central Califor- 
nia is characterized by the low temperatures in spring 
and summer with accompanying high salinities. Some- 
times the temperature and salinity anomalies show an 
inverse relation. I n  particular, the highest and lowest 
salinities for April have as their corresponding tem- 
perature observations the lowest and highest April 
temperatures, respectively. 

Station 70.70 is 80 miles farther offshore. The tem- 
perature variation has a greater correlation coefficient, 
and a lesser standard error of estimate than a t  the 
nearshore station. The salinity record shows a poorer 
correlation and greater standard error of estimate. 
The offshore salinity variation is very different; its 
minimum is in spring. The very large positive tem- 
perature anomaly and negative salinity anomaly were 
observed in June 1958. The observations of this anom- 
alous water show that its extent was limited (Cal- 
COFI Atlas No. l). 

These two stations show the large standard error 
of estimate relative to the moderate ranges in seasonal 
variation that typifles the surface water in the Cal- 
COFI area north of the latitude of Point Conception. 
The regression analysis of salinity is of marginal 
significance. The F-ratio test indicates that the re- 
gression curves of these example stations provide a 
better estimate of the salinity than the mean, al- 
though the regression curves of some neighboring 
stations are not significant. Stumph 's test (calculated 
for neighboring stations but not for  these particular 
stations) indicates that the salinity variation within 
each year may differ considerably from the mean 
regression curve. 

Nonsignificant results from a regression analysis 
may be a direct result of a low sampling frequency. 
The stations off central California have moderate to 
poor sampling frequency and an uneven distribution 
of data within each year. 

The regression curve and record of temperature for 
station 93.50 and similarly of salinity for station 87.50 
also appear in Figure 13. Both stations are off south- 
ern California. The standard errors of estimate of the 
regression curves are small. The range of the salinity 
curve is moderate, having the same value as the 
spread of one standard error of estimate above and 
below the curve. Thus the correlation is moderate. The 
saliniby curve is similar to that for the upwelling 
station, 70.52. Station 87.50 is just north of San Nico- 
las Island and over the submarine ridge of which San 
Nicolas is a part. The depth at  this station is 73 
meters. The corresponding temperature curve is simi- 
lar to that of station 93.50 but has a lesser range and 
poorer correlation, 3.2" C and 0.67, respectively. 

The late temperature minimum shown in the curve 
for 93.50 also appears in a few neighboring stations, 
all of which are downstream of the cold upwelled 
water added to the California Current a t  Point Con- 
ception and north. The corresponding salinity curve 
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for 93.50 has a very small range and poor correlation, 

The temperature curve for station 127.40, off south- 
ern Baja California, has a 50-percent greater range 
than that for station 93.50, and a 50-percent greater 
standard error of estimate. These effects cancel to 
produce the identical correlation coefficient. The range 
of the salinity curve and its standard error of estimate 
are each greater by a factor of two than those for 
station 87.50; thus it also has the same correlation 
coefficient. At station 127.40 the seasonal temperature 
minimum is in late April and the seasonal salinity 
minimum in May. This aspect indicates an influence 
by some seasonal variation in circulation. 

Station regression curves fall into regional patterns. 
Meaningful pattern variations occur perpendicular to 
the coast. Figure 14 gives station regression curves 
superimposed upon one another for easy visual com- 
parison. For each graph, four or five stations were 
chosen that constituted a line section across the cur- 
rent and perpendicular to the coast. The locations of 
the line sections are shown as dashed lines in Figure 
2. The jog in section I which includes stations from 
lines 67 and 70 was made to show typical station 
curves from stations that are well sampled. The dis- 
tance between neighboring stations is given to provide 
the correct perspective of offshore temperature and 
salinity gradients. A time scale that is common to the 
temperature and salinity curves allows visual com- 
parison of the variation of these characteristics. 

As its temperature and salinity curves show, station 
67.50 of section I is in an upwelling region. Station 
67.55, 20 miles farther offshore, is similar to the 
offshore regime during the initial part of the upwell- 
ing season, but by midsummer the temperature curve 
responds to the effects of upwelling. The form of the 
corresponding salinity curve is also intermediate be- 
tween those for  the offshore and upwelling regimes. 

Station 80.51, section 11, near Point Conception does 
not maintain its low temperature as long as upwelling 
stations farther north. The slightly higher tempera- 
ture at  80.51 than offshore in December and January 
may be caused by the winter countercurrent some- 
times found along the coast. 

The offshore temperature gradient along section I11 
increases after the minimum temperature is reached 
and is largest at the time of the maximum tempera- 
ture. Thus, the temperature gradient, but not the 
value of temperature, may indicate continued upwell- 
ing through September. Initial upwelling (station 
107.32) brings high-salinity water to the surface. The 
salinity minimum follows the maximum by 4 or  5 
months and coincides with the large temperature 
gradient. The salinity distribution charts fo r  10 meters 
(following text) for August through December reveal 
isolated low-salinity water in the upwelling region 
along the northern Baja California coast. This low- 
salinity water which replaces the isolated high-salinity 
water of May and June has its source in the salinity- 
minimum layer of the thermocline. The salinity mini- 

Q.17%0 and 0.33. 
mum was described by Reid, Roden, and Wyae 
(1958) and was the subject of a paper by Reid, 
Worrall, and Coughran (1964). These authors ascribed 
the minimum to freer horizontal mixing of the surface 
waters than of the thermocline water ; the higher salin- 
ities of the west mix laterally into the surface water 
of the California Current more readily than into the 
thermocline layer. A study of data of CalCOFI hydro- 
graphic stations reveals that the salinity miflimum 
which approximately corresponds to the 300 cl/ton 
thermosteric anomaly l o  surface extends to the coast 
in the latter half of the year. The higher salinity water 
upwelled in spring comes from a denser source. Thus, 
as the temperature gradients indicate, the upwelling 
may persist from spring through fall. Upwelling 
brings high-salinity water to the surface layers in 
spring and low-salinity water in fall. Though the off- 
shore temperature gradient is maintained in this pe- 
riod the temperature goes from its seasonal minimum 
to its maximum. 

Offshore, along section 111, the salinity changes 
have phasing opposite to that of the nearshore regime 
in response to advection changes. In the intermediate 
region the opposing effects cancel and here no varia- 
tion of salinity is found. This region has especially 
low correlation coefficient and range (Figures 9 and 
10). 

In  surface distribution charts, station 123.37, sec- 
tion IV, appears to be the dominant upwelling station 
along a section of coast where the scope of upwelling 
is limited. The largest offshore temperature gradient 
occurs in late June, 2 months after the minimum tem- 
perature. Along station line 133, section V, the off- 
shore gradient is largest at  the time of the tempera- 
ture minimum and an onshore gradient occurs at 
the maximum. Along both station lines the salinitjr 
minimum nearly coincides with the temperature mini- 
mum as in the offshore regions farther north. At this 
time an onshore salinity gradient is evident, perhaps 
produced by upwelling. Beginning in September, the 
four salinity curves of station line 123 fall into two 
groups, probably the result of a cyclonic eddy cen- 
tered between stations 123.42 and 123.50 and the 
countercurrent. 

DISTRIBUTIONS OF MONTHLY MEAN 
TEMPERATURE 

Charts of mean temperature for  each month were 
constructed from the curves of seasonal variation by 
digitizing the regression curves at midmonths (charts 
follow text). Smoothing of the contours was per- 
formed in the manner that gave greater emphasis to 
values at  those stations which had relatively more 
frequent sampling (Figure 2) .  The stations offshore 
and south of Cab0 San Lazaro were sampled infre- 
quently during some seasons. In such situations, 
where the regression curve can only provide a tenuous 
10 Montgomery and W-ooster ( 1 9 5 4 ) .  Approximately equivalent to 

the 24.97ot surface. 
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interpolation, the values were excluded from the 
charts. Where the contours as drawn violate the 
given value, that value is shown in parentheses. 

The seasonal variation of temperature off northern 
California can be characterized by noting the various 
positions of the 12" isotherm in the monthly charts. 
The broadest extent of water with temperatures less 
than 12 degrees occurs in March. Subsequent monthly 
charts show the development of a band of such cool 
water along the coast south to Point Conception. 
The 12-degree isotherm begins its retreat to the north 
in June and is not found in the last 3 months of the 
year. The maximum offshore temperature gradient 
from this cold upwelled water is in August. 

The March temperature chart shows the tongue of 
warm water in the island area off southern California. 
This feature, which develops in prominence in sub- 
sequent months, occurs in the region of early (Feb- 
ruary) temperature minimum (Figure 11). It is 
produced from local differences in advection in con- 
junction with coastal upwelling (Reid, Roden, and 
Wyllie, 1958). The offshore waters are readily re- 
plenished with cold waters from the north whereas 
nearer shore the slower moving waters respond to 
the local heating. The coastal upwelling of deep cool 
waters causes the warmed nearshore waters to assume 
the tongue-like pattern. This feature appears in 10 
of the monthly charts; the exceptions are January 
and February. Its greatest development comes in 
late spring and summer when the southern California 
eddy is reestablished. 

The July and August charts both show an isolated 
warm region off San Diego. The separation of this 
region from the main body of water with the same 
temperature is significant and can be explained by the 
current flow. A northeasterly flow feeds water into the 
southern California eddy. Part of the northeasterly 
flow branches off to turn southeast along the coast 
of Baja California. The branching coincides with the 
center of the isolated warm region. At such a division 
the flow is sluggish. Along the northern Baja Cali- 
fornia coast the flow is relatively swifter and mixes 
with the upwelled water. This difference in rate of 
advection in conjunction with a net heat gain and 
the inclusion of upwelled waters produces the separa- 
tion of warm waters. The isolated high-temperature 
region occurs in other months, though weakly, and 
would be revealed with a finer scale of contour in- 
terval. 

In summer there is a 6" temperature difference 
between the warm waters off southern California, in 
the vicinity of Santa Catalina Island and the waters 
off Point Conception, approximately 120 miles dis- 
tant. In winter the difference is less than 1". 

Upwelling along northern Baja California, as re- 
vealed by the temperature field, may occur through- 
out the year. Upwelling of cold waters is clearly char- 
acteristic of April through October ; however, coastal 
temperatures remain less than offshore values 
throughout the winter. The temperature distribution 

for individual CalCOFI cruises (CalCOFI Atlas 
No. 1) support this conclusion as to mean conditions. 
Small pockets of cold water are found along this coast 
in many winters. Because there is usually no seasonal 
countercurrent along northern Baja California, as 
is found elsewhere, the mass distribution associated 
with geostrophic balance (for a southerly flow) pro- 
vides the tendency for lower inshore temperatures 
at 10-meters throughout the year. Along this section 
of coast the lowest temperatures occur in April, May, 
and June, and the largest offshore gradient occurs in 
July, August, and September. The temperature values 
at one station (100.29) near Punta Banda require 
an additional isotherm in seven of the monthIy 
charts. 

The upwelling south of Punta Eugenia is centered 
about station 123.37. The minimum temperatures 
again are in April through June, but the largest 
temperature gradient is in June and July. Upwelling 
ceases before September and does not resume until 
April. During the upwelling season the isotherms 
are nearly parallel to the coastline. By September 
the isotherms have swept northward and are nearly 
perpendicular to the coastline. During this change 
considerable warming takes place. In addition to 
in situ heating, an influx of more southerly warmer 
waters is suggested by the configuration of the iso- 
therms. This influx also appears in the mean salinity 
distributions discussed later. 

The data from the few cruises that extended to the 
southern tip of Baja California in the upwelling 
season indicate that a pattern similar to that seen 
off Punta Eugenia may exist off Cab0 San Lazaro. 
The coolest water is found at  station 143.26. 

Whereas the distribution of mean temperature in 
the upwelling regions appears as smooth isotherms, 
the distributions for individual cruises-especially 
those with very close station spacing-show that the 
cold water appears as pockets and tongues. It is 
probable that higher frequency sampling of a denser 
pattern of stations would reveal a complex but signi- 
ficant distribution of mean temperature having re- 
current upwelling pockets associated with coastal 
configuration, shelf topography, and local variations 
in wind stress. That the mean characteristics of a few 
nearshore stations define large and significant gradi- 
ents supports this idea. 

DISTRIBUTIONS OF MONTHLY MEAN SALINITY 
Low-salinity water enters the CalCOFI region from 

the northwest. On the basis of the limited sampling 
available water of salinity less than 33.0%0 appears 
to be in or near the CalCOFI region throughout the 
year. There is little apparent seasonal variation of 
salinity in the low-salinity water, < 33.4%0, with the 
exceptions of the southeastward projecting tongue 
of water defined by the 33.4%0 isohaline, and the 
coastal upwelling regions. The tongue of low-salinity 
water extends farther to the southwest in spring than 
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in fall and, hence, its position correlates with the 
strength of the California Current. The coastal re- 
gime is complex and some difficulty results from the 
station spacing and sampling frequency. The station 
regression curves for stations near San Francisco 
Bay show marginal significance. The low-salinity 
effluent from the bay is greatest in the spring coinci- 
dent with upwelling of high-salinity water north and 
south of the bay. A pattern of isohalines, broken at  
San Francisco Bay, is shown in charts fo r  April 
through August. The pattern is simpler fo r  the re- 
mainder of the year although the data fo r  January, 
February, and March are not clear. 

South of Monterey Bay water with salinity > 33.40/,0 
is always present in the mean. This salinity is greater 
than that found farther from the coast. The coastal 
high salinity is maintained by upwelling in the spring 
and summer and by the high salinity of the counter- 
current (either directly by the advection or by verti- 
cal mixing with submerged countercurrent waters) in 
autumn and winter. 

Upwelling regions have high-salinity water in 
spring and summer. Beginning in March and carrying 
through until July an isolated high-salinity region 
develops along the coast north and south of Point 
Conception and among the Channel Islands. In  Au- 
gust through October the isolated high-salinity region 
is found only among the islands having successively 
smaller extent. The large temperature gradient (6' 
C. in 120 miles in June) occurs within this body of 
water. In  part, the high salinities are formed by 
upwelling in the vicinity of Point Conception and 
the distribution is further influenced by the circuitous 
flow of the large eddy. The mass distribution associ- 
ated with geostro,phic balance requires that denser 
water, in this instance the higher salinity water, be 
found at shoaler depths to the left of the direction 
of flow (in the northern hemisphere). The spring 
increases in current flow amplifies this effect. The 
reestablishment of the large eddy in June centers 
the denser water in the island region and causes 
the mixed layer to be thin. I n  the Channel Island 
region, at depth, there is a greater percentage of 
water of southern origin than offshore (Sverdrup 
and Fleming, 1941). This water has a higher salinity 
at a given density than water of northern origin. All 
of these facts favor high salinities in the island region. 

The seasonal variation of salinity off southern Baja 
California is markedly affected by advection. Start- 
ing in spring and developing into early summer the 
isohalines bend sharply towards the southeast. The 
lower salinities form a tongue-like distribution. The 
higher salinities along the coast must in part be 
maintained by upwelling. The northwestward projec- 
tion of high salinity water near Punta Eugenia in 
September indicates an influx of more southerly 
water and corresponds to a cyclonic eddy sometimes 
found there in this season. 

7-9 5 75 7 

NEW CHARTS COMPARED TO PREVIOUS CHARTS 
The mean (monthly) temperature and salinity 

charts of CalCOFI Atlas No. 1 were constructed from 
station averages with a base period of 1950-59. Sta- 
tion averages based on fewer than five observations 
(for each month) were not used. Consequently, the 
distributions for some months have large gaps. The 
distributions of properties in the Atlas No. 1 charts 
and these newer charts are closely similar. The larger 
differences are in the salinity charts and in the areas 
of limited sampling. No attempt is made to provide 
representative differences because in some areas small 
differences may mean a large displacement of an 
isopleth whereas in other areas the opposite is true. 
The change in base period has an uneven effect de- 
pending upon sampling frequency and its change. 
The addition of the 33.5%0 isohaline (half of the 
standard interval) in the newer charts adds impor- 
tant definition. 
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These maps are designed to show essential details of the area 
most intensively studied by the California Cooperative Oceanic 
Fisheries Investigations. This is approximately the same area as 
is shown in red on the front cover. Geographical place names are 
those most commonly used in the various publications emerging 
from the research. The cardinal station lines extending southwest- 
ward from the coast are shown. They are 120 miles apart. Addi- 
tional lines are utilized as needed and can be as closely spaced as 
12 miles apart  and still have individual numbers. The stations 
along the lines are numbered with respect to the station 60 line, 
the numbers increasing to the west and decreasing to the east. Most 
of them are 40 miles apart, and are numbered in groups of 10. This 
permits adding stations as close a s  4 miles apart  as needed. An 
example of the usual identification is 120.65. This station is on line 
120, 20 nautical miles southwest of station 60. 

The projection of the front cover is Lambert's Azimuthal Equal 
Area Projection. The detail maps are a Mercator projection. Art 
work by George Mattson, U. S. Bureau of Commercial Fisheries. 
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