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ABSTRACT . .

Anchovy larvae, Engraulis mordax, produced by laboratory-spawned

fish, have been used to detect concentrations of larval fish food in situ along the

| Cﬁlifornia cqast. First-feeding larval anchovies, whose dhevclopmcnt was con-
Jrolled by temperature manipulation aboard ship, were placed in samples of Los
Angeles Bight water taken from thebsurface and from chlorophyil maximum layers.,
Feeding by lal*irao in water from the surface was minimal in all ex.periments but
extensive feeding occurred in water from the chlorophyll maximum layers when
these contained phytoplankters having minimum diameters of approximately 40 Hm
and which occurred in densities of 20 to 400 particles per ml. In March and
April 1974, t;le chlor‘ophyll maximum layer along the California coast from Malibu

to San Onofre (a distance of about 100 km) consisted chiefly of a bloom of the

naked dinoflagellate Gymnodinium splendens, a food organism known to support

-

growth in anchovy larvae. Copepod nauplii and non-living particles were never
in high enough concentration or of the proper size to be eaten by the larvae. A
storm which caused extensive mixing of the top» 20 m of water obliterated the
chlorophyll maximum layer and effectively destroyed this fecding ground of the

larval anchovy.
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FIELD CRITERIA FOR SURVIVAL OF ANCHOVY LARVAE: - THE
RELATION BETWEEN INSHORE CHLOROPHYLL MAXIMUM
LAYERS AND SUCCESSFUL FIRST FEEDING

REUBEN LASKER

- INTRODUCTION

' Probably the major problem confounding fishery scientists interested in
rational management of fisheriﬁs is an inability to predict reeruitment failure
(Gulland, 1973) despite the vast amount of laboratory and field work on food
chain analysis leading to fish production which has occupied many workers in
marine studies for the past two decades (Stecle, 1970). Gulland (1973) asks the
most prgssin’g question "Can a study of stock and reecruitment aid management |
decisions?" and in tile same article ans&crs "No." This pessimistic reply is
given because as he says, "there is no method which is likely to be generally
succcssfﬁl, (because) the most promising depends on lengthy and costly col-
lection of data, probably extending over a long period." The work reported in
this paper suggests an approach which has not been used in fishery rescarch
as far as I am aware, and which, I believe, makes the answer Gulland has given

somewhat more tentative than when he made it.

It is generally agreed among fishery biologists, that large
spawning populations of fish do not insure subsequent large year classes, and
conversely, small spawning populations occasionally give rise to exceptionally

large ycar classes (Ifjort, 1926). IHjort (1914) postulated that these variations
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in year class strcngtii are probably duc to di“f-fcrm'tial mortality of the larvae.,

He bclicved,. for example, that the larvae of the Ndrwegian herring, Clupea
harcn::ué, suffered huge mortalitics resulting in small year classes when there

was a lack of food for the fir‘st—fceding larvac. The attractiveness of this hypothesis
has generated a number of laboratory studies (sce, for example, Lasker et al,

1970) which have shown that the density of larval food must be higher than that

usually found at sea in order to obtain even moderate larval growth and survival.

~ For an in-depth discussion of the larval "eritical period" as affected by food sce

May (in press), and for a review of laboratory attempts to rear fish larvae, refer
fo May (1971). The conclusion that the mean density of larval food organisms in

the ocean is,gencrally too low to support reasonable survival of fish larvac through

‘metamorphosis, is also substantiated by data from field surveys (Beers and

Stewart, 1967, 1969). Thus, despite extensive efforts in quantitative marine
food cheain analysis, it is yet to be demonstrated whether, where, and to what -

extent there are rich feeding areas in the sea for larval fishes.

As a new approach to this problem it is the purpose of this study to show
how laboratory spawned fish larvae can be used to detect larval feeding grounds
at sea and to point out some of the ways this technique might be used to provide
the link between marine food chain research and stock and recruitm'ent Vprcdic-
tions in fisheries; the latter by determining what the environmental conditions at
sca must be with respect to larval fish food to result in a géod or bad survival ycar

for particular species of fish larvae.



Becauge it is essential to .the general mcthoaiology of using larval fishes
as assay organisms for the fitness of sea water as larval fish feeding grounds,
in the following I describe some background information on maturation and
§pg\~'ning of anchovies in the laboratory; the methods used for feeding larval
anchovies; and the laboratory~determibncd criteria for feeding already.known
for the larva of this species. A description of the field work is then given, con-
clﬂding with a discussion of th‘e criteria which can be used to judge the fitness

of the larval anchovy's environment.

THE NORTHERN ANCHOVY

In the California Current, the major pelagic fish po'pulation\is that of

the clupeid Engraulis mordax, the northern anchovy. This species is found

from British Columbia, Canada to Cape San Luca; » Baja California and extending
west about 600 km. Although the anchovy has a protracted spawning scason
from December to August, about three-quarters of its spawning occurs in the
winter and spring months of January, February, March, énd April. The factors
affecting larval mortality of clupeids have been investigated in a number of
laboratories throughout the world (Holliday and Blaxter, 1963) including my

own. Recently, it has been possible to intensify laboratory resénrch at the



National Maﬁﬁe Fisheries Service, La Jolla Laboratory, because of ﬂﬁc continuous
availability of anchovy larvac. This has been made possible by indﬁcing sexual
mafuration of adults in the laboratory resulting in daily‘spmvning‘ and fertilization
of anchovy eggs throughout the year. Details of this maturation and spawning
teé%rﬁque arc given by Loon.g (1871) and Lasker (in press). The availability |
of first-fceding larvac hatched from laboratory-spawned eggs has made possible
the devclopment of a technique wherceby specific arcas of the occan could be
e}:amincd for their potential as larval feeding grounds, and criteria established

to characterize parts of the ocean as good or bad areas for larval survival.

LABORATORY-DETERAINED CRITEﬁIA FOR SUCCESSFUL
’ ) LARVAL ANCHOVY FEEDING

A background of information on larval anchovy feeding is available from

a number of studics and was used to guide this investigation.

1. Particle sizc at {irst feeding appears to be critical. First-feeding anchovy

larvae (standard length 3.5 mm) have small mouths and require a food particle
about 50 ;mfin diémctcr, although particles larger than 100 pm may be taken
(Berner, 1959) . Smaller particles are probably not visible to the larvae. Berner
(1959) reported that anchovy larvae smaller than 4 mxﬁ long taken in plz‘mkton tows
had caten particles ranging in length from 24 to 186 um. lowever, over 70% of the

food in their intestines was between 60 and 80 pm long.



2. The number of particles per unit volume in the anchovy larva's environ-

iment must be above a minimum concentration. O'Connell and Raymond (1970)

using natural plankton as food showed that the survival of fii's;t feeding anchovy
larvaec was de‘pcndcnt in their oxpkerin‘lonts on the number of micronauplii per
upit volume ‘availablc to the larvae. Successful {irst feeding, as pointed out by
Hunter (1972) also depends on a sufficiently high density of food particles to
compensate for the low capturc efficicﬁcy (about 10%) exhibited by anchovy

larvae when th.ey begin to feed.

3. The kind of food organism determines survival and growth. Lasker ct al

(1970) fed a varicty of phytoplankters and zooplankters to first-feeding anchovy

larvae. Only onec phytoplankter of those tested, Gymnodinium splendens,

’supporicd g’rowth and gave relatively good results in survival experiments
when compared with larvae fed natural plankton. The rofifer Brachionus
Elicatilis, althoqgh not found in the anchévy's normal flabitat, also could be
used as a laboratory food for. older anchovy larvac and a small proportion of

first-feeding larvac (Theilacker and McI\Ias;ier, 1971; Hunter, 1972).

4. The greater the concentration of food particles, the more frequent are

the feeding strikes made by anchovy larvac; consequently the greater the

success in capturing food. Although examination of field-caught anchovy

larvac reveal very few with any food in their intestine (Arthur, 1956; Berner,

1959); this scems to be a result of rough handling due to capture in a plankton

net and subscquent preservation with formalin which causes almost all anchovy

larvae to defecate (Kjelson et al, in press). In the laboratory a high proportion of

GN



anchovy larvae which had never scen a food particle will strike at and ingest them

rovided there is a high enough concentration of the right size food articles. Hunter
&) ]
. . . aneh
(Personal Communication) has data which show that the rate of larvzﬂ/ fcghrirng

increases with inecrcasing food density .

METHODS

Despite the success of O'Connell and Raymond (1970) and Kramer and
-Zweifel (1970) who were able to rear anchovy larvac using micronauplii con-
centrated in wild plankton samples, the quantitics needed by the larvac scemed
inordinately higher than the concentration of nauplii reported by Beers and
Stewart (1967) for the cuphotic zone of the California Current. ‘It was. possible,
of course, that concentrations of nauplii exist in dense aggregations., Beers and

tewart (1979:1) reported that nauplii cox}cezltr:ate in or immediately above chlorophyll

meaximum layers off ﬁxe California coasf.. However, no concentrations have been
identified which are high enough to support anchovy larvae (e.g., 1/ml). On
{}10 other hand, Lasker et al (1970) showed that anchovy larvae‘would feed and
grow on a dict of the dinoflagellate G. splendens. The fact that blcoms of a varicty
of phytoplankters are known to occur in the California Current, particularly in the
sprl;ng, suggested that phytoplankton cells were more likely to provide the particle
size and cell density gssential to survival and growth of first~foéding anchovy
larvae. For these reasons, inshore chlorophyll. maximum laycrs were sclected

as possible fruitful areas to investigate for larval feeding.



To determine arcas in the sca where high concentrations of living particles
might be present, a pump was used to bring water on board from known depths.
The hose from the pump was lowered below the surface by means of a metered

. . 1 . .
winch. The water was pumped through a Turner” fluorometer in the ship's labora-
tory to measure chlorophyll a, and other fluorescing substances. Chlorophyll a
was extracted from water samples taken at each station from different depths and

the fluorescence profile adjusted to reflect only chlorophyll a (Kicfc.' and Lasker,

CMS).

A school of approximatcly 700 sexﬁally mature northern anchovies,
maintaiﬁcd in the ﬁquarium of thé Southwest Fisheries Centcf, produce about
1000 fertilized eggs per day. The number of eggs can be incrcasod by injee~
tions of gonadotrophins to stimulate massive spawning in individual fish (Leong,
1971). With temporaturc. control of development (Lasker, 1964), larvae in first-
feceding condition can be made available whenever desired. Thus, preliminary
{o a cruise, deveclopment of.cmbx-’yos and larvae éan be accelerated or retarded

by temperature mahipulution to cnsure that on cach day of the cruise there will

be at least several hundred larvae ready to feed.

Reference to trade names does not imply endorsement by the National

" Marine Fisheries Service, NOAA.



Prior to cach of the crﬁiscs deseribed here, fertilized eggs at the same
stage of development were sorted into liter jars containing sca water previdusly
filtcrcd thrdugh a 5 pm pore size Cuno Aquapure filter, and the jars were
immers.cd in water baths at suitable temperatures. For transport to the ship

insulated chestswere used, and on board a temperature-controlled room was

“continually adjusted between 13° and 18° C to insure that feeding larvae would

be available on specific days. Recent studies have shown that newly feeding
Y . 1 2 ~ ‘ d | W l '\da}rs hy '3
larvae have only about and a half /“after the yvolk sac is absorbed to get

sufficient foed or the larva will die (Lasker et al, 1970).

Experiments to determine if san{ples of sea water containedisuitablc food
for anchovy iarvae were done in cylind'rical, g8-liter jars wrapped with dull
black cardboard and set on black plastic. Above the jars a bank of four "d.ay-’
light" fluorescent lights were suspended which illuminated the suriace of the jars
at approximately 200 ft-c. When a sample of sca water was brought into the ship's
labofatory it was permitted to warm slowly to room temperature. Larvac were
added to 5 liters of sea wato.r by- pouring thém from the incubqtion jars. Dilution
.of the 5 liters by the larval incubation water w'vas correccted by concentrating the
contents of ;xn additional liter of sca water to a fcv.; milliliters with fine mesh

netting and by adding the concentrate to the whole.



A gentle eair strgzam was directed onto the surface of the water in each
cxpér.imcntal vessel to insure mixing of the water. ‘Control experiments on
shipboard xyith cultured organisms indicated that this had little effect on the
larvae.

EY

Two cultured food organisms, the dinoflagellate Gyvmnodinium splendens

and the rotifer Brachionus plicatilis were used aboard ship to determine

if any particular batch of test larvae waé in good condition and would feed.
Details on the culture of these organisms ave given by Thomas, Dedson aﬁd
Iinden (1973) for G. splendens, and Theiléékgzr and MeclMaster (»1971) {or B.
plicatilis. Usually a control 5 liter sca water ‘sample was seeded with one or the
other cultured organism and a fecding experiment with larvac run concurrently

with samples of natural sea water.

Larvae were permitted to feed for 8 hours then siphoned out and sucked
down.onto a membrane filter (pore size ;O.yum) using a vacuum pum;;. This
rapid removal of larvae from the experimental containers and their fast immobiliza-
tion on thc‘ filters prevented defecation. After L'x.ir drying, micrc.)scopic examina-
{ion of the transparent larvae p@rmitted counts to be made of larvae which had
been feeding and those which had not. The relative proportion of feeding to non-
feeding larvae was subséqucntly correlated with sizes of the food particles,

chlorophyll content, species composition, and the number of particles available

{o the larvae.




A 1 liter subsample of cach sea water sample was preserved with formalin ;
{finnl concentration 5%) (Becrs and Stewart, 1070b). Later the particles in the
preserved sea water were settled out and the species enumerated. The method
of Utermohl (as described by Lund, Kipling nﬁd LeCren, 1958) was used to con-
contrate organisms {from known velumes of preserved sea water, usually 100 ml.
Atleast 100 cells larger than 20 pm in diamoter were counted {rom cach setiled

. vater sample.

On a cruise of the NOAA R/V David Starv Jordan, tarch 18 through 21,

1674, a 16-channel clectronic particle counter with a 280 um pore, Coulter
Counter hlodel Ta, was used to determine the size distribution end numbers of
sized particles in sea water samples used for feeding experiments. Only
: ;;)articlcs 20 pm and larger were counted. Very good agreement was obtained
between the electronic counter particle counts and those obtained with the inverted
microscope. A comparison is shown in Figure 1. The speed of counting and sizi_ng
particles makes the multi-channel particle sizing instrument desirable for rapihd
field asscssmeht of larval fish food organisms. Because the electronic counter
was unavailable for t*.b':o subscquent cruiscs, April 8;12, and 22-23, 1974, the

results for these are given from microscope counts only.



PLANKTON TOWS FOR ANCIOVY LARVAE

To ascertain if anchovy larvae_wore'pro_sent at particulur depths,
plankton tows were taken with a 0.333 mm mesh, 0.5 mouth diameter nct.
Be‘c.aussc an opening and cldsing net was unuvaildble for this work an open net

_was dropped rapidly to the desired depth, towed for 10 minutes, then pulled
up i‘apidly. The total proportion of time the net spent in water other than in
. the desired stratum never exceeded 5% of the total towing time. All larvae
captured were measured, soried to species, and counted. Larval counts were
corrccted to a comparative volume of 1600 m3 (I(}'an’iel’ et al, 1572). A flow

“nceter in the mouth of the net provided a record of the volume of water {iltered.

”

LABORATORY EXPERIMENTS

The shipboard experiments were ordinarily done at temperatures . between
15° and 19° C, whereas ooncontratiéns of larval fish focd organisms and anchovy
‘ larvac were occasionally found | between 14° and 15° C. It was desirable there-
fore to determine the feeding response of first-fecding anchovy llarvae at different
environmental temperatures. Experiments to determine this were identical to
those done at sea except that the concentration of the culturcd organi‘sm G.

splendens was varied from 5-200 cells per ml, and the water temperature was

controlled within 0.2°.C.

¥l



AREA OF STUDY

This investigation was conducted in the Los Angeles Bight along the
southern California coastline from Malibu, Califcrnia to San Onofre, between
tlarch 18 and 21, 1974. All the stations occupied wcré over .tho 20 fm line
exeept for the Manhattan Beach station which was dvc-r the 270 {fm contour.

"Table 1 gives the coordinate ;;,ositions and Figure 2 shows the relative locntion
of the stations. The San Onofre station was reg;ccupicd on April 8, 1974 to

determine the persistence of the chlorephyll maximum layer which carlier had

contained relatively large numbers of G. splendens. The station was occupied

once again on April 10, after a violent wind storm.
RESULTS AND DISCUSSION
Shipboard Experiments with First-Feeding Anchovy Larvac

Table 1 provides a summary of the results of feeding experiments with

first-feeding anchovy larvae in water from the surface and from the chlorophyll

maximum layer or from a depth of about 15 m if no clear chlorophyll maximum

was observed. The dominant phytoplankter in the chlorophyll maximum layers:

was the dinoflagellate G. splendens. For details about G. splendens blooms

from Baja California, Mexico, and the Los Angeles Bight see Kiefer and Lasker

(NS); as reported carlier, Lasker et al (1970) had demounstrated that anchovy

N

larvae will grow when fed on G. splendens.,

+ |
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Table 1. Sumipary of resuits ¢f S-hour en-Leard feeding experiments with first-feedieg anchovy larvae. Gymnodintunm « LY“ dens
pppearcd in the chlovapbyll maxtmum Iayers (chl. maxe ) frem Maliba to San (nofve, o distance of approsimately 1300 The
subsurface bloom of G. rplendens at San Onofre persisted vatit Aprit 8, 1974 (see vo. 7 helow). A storma on \] v \l 9
obliterated the masimum aund Pevidently dirpersed the Goosplendens by wind mining (see Fipoee 3).
Feediag by anch avy larvae
e and thue Total munker pardeles/nil . . Irerccit of
A, Surf. tenp. Dineter Pereent of larvae with Number
B, Chl, max,, temp. T pg Chi.a} larvae with of larvae/
Nu. and denth Position 23-37 pm 237000 pwm per diter 174 to full gut] particles in gut | eaxperiment
1§ Moarch 20, 1974, 120 1 o
A 15°C 24°00.8"~118°10, 6 4.2 4.1 (<) 16" 2 15 59
D, 14.2°¢, 12 m Malibu) 37.3 33,0 {12) 1.8 23 45 a3
. 2 | March 29, 1974, 1745 .
A, 15.2°C . 3332.5'-116%7. 0! 23,1 6.1 {5) 0.4 0 11 54
B, 14,5°C, 13.5m (Marhattan Deach) 29.8 13.7 (i2) 1.3 0 18 47
3 | March 21, 1974, 9200
A, T15.8°C 33°3G.5'-113°0 . 3! 217.9 33.2 (<) 0.3 0 12 42
D, 14.2°C, 16.5m | (Seal Deach) 53.3 352.0 (359) 12,0 22 24 104
4 | March 21, 1974, 1340 .
A - 38°30.8'-117°30. 57 1.0 9.0 (0) 8.6 0 10 20
L. -, 15m ¥ (L.agunr Beacl) 29,90 5.7 (D) 0.7 0 11 46
(no chl, max.)
5 | March 21, 1074, 1715 o .
A, 18.5°C ) 33°26.3"-117°42, 8! i8.7 5.9 (<) 0.5 57 3 12
B. -~ 16m (Dana T*oint) 55.2 23.2 (3) 1.3 0 60 26
6 March 21, 1974, 1000 .
A, 15.2°C 3°19,9'-117°33.3' 9.3 4.0 (<) 0.2 9 3 49
B. ~, 10,6m (b‘m Onoire) 4.4 47.7 (04 2.3 9 . 25 52
7 | April 8, 1974, 1500 . .
A, 17.1°C 33°19.9'-117°35, 3" 5.7 5.1 (<) 0.2 0 13
‘ B. 14.8°C, 16 m (San Cnolre) 14.90 S1.3 (64) 2.3 9 40
e | April 10, 1574, 1710
A, M4°C 33°19.4'-117°31. 6 8.4 14.1 (0) - 0 12 33
B, 13.5°C, lim {San Caofre) 10.5 £3.2 () 0.8 0 ) 15 20
{ro chl. max.)
9 | April 11, 1274, 0913 )
A, 13.6°C, 5m 33°19.5'-117°3 L. 6 6.4 10,5 () 0.6 0 4 50
{no ¢l max.) {San Onofre) ’ .

l( ) = runber of Go eplendens per milliliter.
zi’ar!k‘lcs smaller than 20 jm mny have contributed to the elevated cldorophyll a at this statlon.

S‘L‘his 5% figure represents enly one larva which filled its intestine 1/4 full,



Also given in Table 1 are the vesults of a feeding expevimeont af the
San Onofre station on April 8,1 1974, 18 dnys after a chlorophyll maximum layer
containing G. splendens as the dominant phytoplankter was found. The chloro-
phyil maximum layer was still present and heavily populated with G. splendens.

A violent wind storm on April 9 obliterated the elilorophyll maximum layer and

2

no G. splendens were scen at this station when it was reeccupied on April 10

and 11. A comparison of chlorophyll a profiles taken before and efter the April

8 storm is shown in Figure 3. The resulls of centrol fecding oxperiments are

&

given in Teble 2.

Some anchovy lervac capture a few particles in any cenceniration of

20-100 pm particles over an § hour period, but experience in the laboratory

has shown that feeding on less than one particle per hour will not sustain a
first-fee dmg larva which becomes weal d dics. Thus, in Tables 1 & 2 two

feé(ling categories are indicated, larvac observed with food organisms packed
into the intestine, and those with cight or fewer particles in ihe intestine after
8-'houf feeding period. The largest proporhon of larvac did not feed at all,
a result common to laborailory experiments as well. The feeding intensity at
Iialibu, Seal Beach, and San Onofre is typical of first-feeding anchovy larvae
in laboratory e.\'pcrimcxits sceded with a like numbcr of proper-sized particles,

‘e.g., G. splendens.

The dala presented in Table 1 shows that the criteria for larval anchovy
fecding determined by laboratory experiments are the same when freshly

obtained sea water is tested as a source of larval anchovy food. Large numbers

AN



Table 2. Contrcls for the experiments rcp cricd in

G. splendens or B. ghca ilis. Ineca

ins
ere c\,mpetenv o feed.

.

8 S Y e YaVarte) 4
shle 1. Surface waler wos seeded wi
1 14 1 4 + 4t o
he results showed J“.M the lnrvac on
reedine tiine was

oy o4

G. splendens (G)

1o by anchovy larvace

Percent of
larvac with

Percent of
larvace with
Wamber of

. or Number 1/4 to full 8 pariicles 1ar”ae/
Date B. plicatilis (B) | particles/ml oat in gut experiment
March 20, 1574 it! 40 29 45 72
Avpril 8, 1074 G 160 27 13 20
April 10, 1572 G 100 32 22 16




¢f pavticles smadler than 37 jun dlometer did not stimulate feeding in anchovy
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iorvae. This was particularly apparent at Seal Beach on March 21; surface

wwater having 218 § articles per ml smaller than 37 jon in diameter butl with low
chicrophyll a did not stimulate anchovy larvae {o feed. Conversely, the bleom

of G, splendens in the chlorephyll maximum layer producced a heavy feeding

d in shipboard experiments. Furthermore, even with particles
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The Blivet of Temperaturc o
$

The chlorophyll ma;{imum lavers aleng the coast were characterized

by temperatures " between 14°-15° €, which is Jower than the optimum tempora-
ture for {feeding and growth in anchovy 1'1"\;( ¢ (16° C). Because shipboard
e:—:pc:rimonts‘wore done at temperatures hipher than those found in the chlorophyll
maximum layers it was desirable to determine if the minimum particle count at

‘hich first-feeding larvae were stimulated fo fecd was in any way reduced by
Jower temperatires. TFigure 4 illustrates the results of exporim:{:nts \‘:hich»show
ihat at 14° C, the focd partiélc count must be hfgher than 20 cells per ml belore
significant feeding can occur over an g-hour period. At the higher tcmpcmturc

ested, 18°-19° C, food particle counts of between 5 and.20 particles per ml may
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to the San Onofre station on April 22 and 23, 1974, A ahorp chloronbyll moaximum

nyer was discovered there once apain and was found o extend scaward for at

lnast 14 ki (Figuve 1), yet shipbonrd larval anchovy feeding was negative. Sub-
cequent microscepic examination of the water from these layers indicated that

ceyptomonaeds of about 10 g diameier dominated the smaples in coneentrations

of 3,400-7,200 cells per ml, a size too smail to be fed upon by anchovy lavvae

Vertical Distribution of Anchovy Larvae

At San Onofre on April g, ‘th o chlerophyll maximuin layer was due in par

v

Larvae on beard ship fed freely in the water

ocd particles, this ehlorephyll maximum layer should have been an ideal place:
for first-feeding larvae to be found. To test this, plankton {ows were made of

{hree depths; within the chlfn ophyll maximum layer at 16 m, just above the

~

luyer at 10 m, and at the surface (sce Figure 3). The stendard length of anchovy

b

arvace from these {ows was measured, and the degree of eye pigmentation noted
{full pigmentation indicaling a visually competent larva). The results, given
in Table 3, show that there was a distinet difference in vertical distribution

between the number of first-feeding larvae that could see s opposcd {o yolk-sac

larvae which lack eye pigmentalion and could not sce.
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anchovy survival during the first week of larval life. Beers and Stewart (1967)
" reported that in December 1967, the inshore station off San Diego (their station 1)
_ contained a maximum of only 30 organisms per liter in the 35-103 um size class.

Of these organisms, copepod nauplii and post-nauplii together numbered 7-9 per

liter, {wo orders of magnitude lower than that required by anchovy larvae to survive,

.i.e. » 1000 per liter (O'Connell and Rayrﬁond, 1970). -However, it is reasonable to

as.sume that under special circumstances suitable concentrations of micxﬁnauplii

. might serve as a food source for first-feeding anchovy larvac. Non-living particles
larger than 37 pm were not scen and may be insignificant iﬁ the nutrition of first- P

feeding anchovy larvae becausce of their low concentration in anchovy spawning

areas.

*
It is important to emphasize the fransient nature of good feeding conditions.
There was a large number of larvae present at depth at the San Onofre station on

April 8, 1974, capable of taking advantage of the subsurface bloom of Gymnodinium.

Furthermore, spawning had been'extensivé in the entire water column as indicated
‘ by the large number of anchovy eggs caught during thc same tows (Table 3).

Earlier I indicated that a wind storm obliterated the chloroéhyli maximum layer

ét San Onofre on April 9, 1974, and that 8-hour shipbonrd cxpex;iments 'showod

that larvae were unable to capture cnough food .on April 10 ﬁxxd 11 to fillior partially

fill their intestines. If my contention is cérrcct, then a large proportion of the’

~1&1'\';10 which were presé~nt as egges or yolk-sae léz'vne on April 8 were doomed to

dic from lack of food after the storm 611 April 9 because o.f the dilution and

- dispersion of suitable larval food organisms.



-Although this inves‘tig‘ation was confined to firSt;fcéding' ;1n<;f10vy |
larvae, the technique described hcré, ﬁsing l:xborat.c‘)ry—renred larvae for field
testé of po'ssible larval.f.ceding areas, probably can be eXtcndcq to older larvae
and other speéies as well. An on-—bod;'d electronic counter can give a répid
firs“ty evaluation of particlc size'and cell numbérs. Microscopic examination of
subsampies cén be used to verify the shipbbard counts and give additional
irxforrﬁation on species compoéition of phytoplankters. | C1110r6p11y11 p;'ofiles can
be analyzed routinely on most occanogrz.z‘phic veésels. Wi‘th information on the
bio.log'y of the larvac being i-nv.estigatedi it may be possible to determine routinely -~
the qﬁality and extent of larval feeding grounds and with comprehcnéive teympo.ral
informétion on the food of the larvae, the degree of l»ar‘val mortalitjr due to

4

inadequate food may be predictable. |
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FIGURES

Figure 1. Combarison between instantaneous particle counts por ml taken with
:Model Ta Coulter Counter and mean particle count per ml observed through an
| inverted microscope. A 100 ml sample was conceﬁtrated and at least 100 pariiclcs
of the dominant organism were counted in any visual field. Only particles lafgef

“than 20/um were counted.
Figure 2. Stations in the Los Angeles Bight where this research was conducted.

Figure 3. Chlorophyll maximum layers before (April 8, 1974) and after

(April 10 and 11, 1974) a violent wind storm near San Onofre, California.

Figure 4. The effect on larval anchovy feeding of different concentrations of
food at two temperatures. Each ekperiment ‘began with 100 larval anchovies
which were in first-feeding condition and was terminated after 8 hours. See

“text for details.

Figure 5. Chlorophyll maximum layers off San Onofre, April 22-23, 1974,




v
20 D
.. *

TABLES

Table 1. Summary of results of 8-hour on-board feeding experiments with

first-feeding anchovy larvae. Gymnodinium splendens appeared in the

chlorophyll maximum layers (chl. max.) from Malibu to San Onofre, a dis-

tance of approximately 130 km. The subsurface bloom of G. splendens at

' San Onofre persisted until April 8, 1974 (see no. 7 below). A storm on April

§ obliterated the maximum and evidently dispersed the G. splendens by wind

mixing (see FigureX).

Table 2. Controls for the experiments reported in Table 1. Surface water
was seeded with G. splendens or §_ ‘plicatilis. In each instance the results
showed that the larvac on shipboard were competent to feed. Feeding time -

was 8 hours.

Table 3. Distribution of anchovy eggs and larvae at three depths off San Onofre,

California, April 8, 1974.



