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ABSTRACT

A variety of marine copepods have been shown to fatally injure or capture and ingest young anchovy
larvae in the laboratory. Labidocera jollae, L. trispinosa, and Pontellopsis occidentalis (family Pontel
lidae), species common to surface waters of the California Cm"rent, are effective predators of larval fish.
The copepods can be attracted by the vibrations of the larval tail beat and react by biting or capturing
the fish larvae. Cruising speeds for these copepods varies from 1.5 to 4 body lengths per second which,
coupled with continuous swimming behavior, results in extensive searching by the copepod for prey.
In laboratory exper\ments, when the ratio of larval fish prey to L. jollae female individuals was low
«10: 1 in 3500 ml), all of the larvae were killed in 24 hr where "killing" refers to both capture-in
gestion and biting resulting in a fatality. If the ratio was higher, killing increased but rarely reached
100'/0 mortality of the larvae. L. trispinosa males and females never killed all the larvae offered to
them in 24 hr in 3500 ml although more larvae were killed as the number offered was increased. In
creased swimming and escape ability developed as anchovy larvae became older and were not caught or
bitten as effectively as younger ones by copepods. However, killing of larvae by P. occidentalis was un
affected by the age of the larvae up to 3.5 days old.

When Artemia salina nauplii were substituted for larval fish as prey for L. trispinosa, the amount
of grazing was proportional to the ratio of nauplii to copepods. If the number of Artemia nauplii was
less than 11-14/liter per copepod in 3500 ml all the nauplii were killed in 24 hr. When the density of
nauplii was increased, more were killed but never all of them. In experiments where nauplii and yolk
sac larvae were offered together as prey the mortality of the larvae due to predation declined in pro
portion to the increase in the number of nauplii provided.

Caloric requirements were calculated from oxygen consumption measurements and showed that only
1 to 4 anchovy larvae are required per day per copepod to satisfy the metabolic needs of Labidocera,
depending on the species and the sex. This number is far less than can be killed or captured if the
density of larvae is high enough.

In large (140 cm) vertical cylinders larvae and L. trispinosa were distributed within 25 cm of the
surface in the dark. Data are presented which show that L. trispinosa and anchovy larvae also co
occur in the upper few meters under the surface of the sea. This is probably also true for P. occident
alis and L. jollae. No data are yet available on the relative density of predatory copepods and fish
larvae where they co-occur or their possible predator-prey interactions in the sea.

Huge mortalities of larval fish are known to oc
cur in the sea. From the time of Hjort (1914)
these have been attributed mainly to the lack
of the proper food when the larvae begin to feed
(see review by Blaxter, 1969). Undoubtedly
other biotic and abiotic factors are also involved
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in larval fish mortality, but comparatively little
work has been done to measure their effect.
Among the possible causes of larval-fish mortal
ity, predation by other zooplankters may be an
important factor. Freshwater aquarists have
known for some time that copepods must be elim
inated from fish rearing tanks or high mortal
ities of young larvae or fry will occur (Davis,
1959). Lillelund (1967) reviewed the literature
pertaining to predation by freshwater copepods
on fish larvae and described the predatory be
havior of cyclopoid copepods as he observed them
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in the laboratory. Zooplankters in general and
copepods in particular have been seen to devour
marine fish larvae. For example, in an early
study on the rearing of marine fish, Garstang
(1900) noted that the harpacticoid copepod ldya
furcata (= Tl:sbe furcata) was a larval-fish
predator. Subsequently Lebour (1925) from
her examination of living marine plankton,
concluded that a variety of zooplankters eat fish
larvae and noted that "many jellyfishes and
Pleurobrach£a besides Sal/£tta and Tomopte'l'£s
will readily eat small fishes." Lebour also il
lustrated the capture of an anglerfish larva
(Lophius piswtor iU8) by the copepod A nomalo
cera pattersoni (family Pontellidae).

Despite this information on the predatory be
havior of copepods, there is virtuallY no behav
ioral information available on the ability of ma
rine copepods to capture and ingest or fatally
injure fish larvae, although many marine cope
pods are known to be carnivorous (Gauld, 1966)
and other incidental reports of copepods preda
tory on marine fish larvae have been made
(Wickstead,1965; Petipa, 1965). Furthermore,
the possible importance of predation on fish lar
vae as it affects the determination of year class
strength through larval fish mortality has been
generally ignored, probably because of the lack
of pertinent quantitative laboratory and field
information.

In this study we present the results of exper
iments designed to measure quantitatively the
ability of three pontellid marine copepods, La
bidocera trispinosa, L. jollae, and Pontellopsis
occidentali.'i, to capture or fatally injure larvae
of the northern anchovy, Engraulis mordax, an
important commercial fish of the California Cur
rent. The behavior of copepods and larvae
which bears on the susceptibility of the latter to
predation is also described in detail.

METHODS

Copepods and anchovy eggs were captured
with a O.5-m-mouth-diameter plankton net
(0.333-mm mesh) towed at the surface in coastal
water off San Diego, Calif., between March and
August 1970. The copepods were separated
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from other plankton with a large bore pipette on
shipboard, diluted with surface water in liter
jars, and kept at sea water temperature (about
15° C) in an insulated chest until returned to
the laboratory.

All experiments were performed in 3500-ml
beakers in the dark because Labidocera were
phototactic and attracted to the light source and
Pontel101Jsis was inhibited in its attacks on lar
vae in the light. In an earlier study on fresh
water cyclopoid copepods, Lillelund (1967) used
a constant level, continuous flow device which
we used also for maintaining marine copepods
in good condition in the laboratory (Figure 1).
However, it was more convenient to do all pre
dation experiments in static water over a 20- to
24-hr period, since the copepods we investigated
swim continuously throughout the small volume
(3500 ml), obviating the need for continuously
circulated water. A constant temperature of
18° C was maintained in the beakers by placing
them in a running seawater bath.

Mortality of the larvae was measured by
taking the difference between the number of
larvae at the beginning of the experiment and
those remaining alive at the end. Some mor
tality not associated with predation always oc
curred, hence control vessels containing larvae
alone were always provided and the results of
experiments corrected for larvae dead of other
causes. In all experiments, this natural mor
tality never exceeded 101r.

Anchovy eggs were sorted in the laboratory
according to their stage of development and
newly hatched larvae were used as llrey in the
predation experiment". When older larvae were
required they were reared according to the meth
od of Lasker et aI. (1970), except that the rotifer
BTach£ollus pli'mtl"l£s was substituted for snail
veligers as larval-fish food (Theilacker and Mc
Master, in press).

Oxygen consumption measurements were
made by Warburg manometry. Usually 18 to 22
copepods were llut into 3 ml of seawater in a
Warburg flask and oxygen uptake monitored for
8 hr at 18° C. Dry weight of individual cope
pods was measured with an eleetrobalance
to ± 2 f-/-g.
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FIGum~ l.-Constant level device for maintaining copepods and fish larvae. The temper
ature of the 3500-ml beaker (B) was kept constant with running seawater in a water
table (A) whose capacity was 610 liters. Plankton netting (0.333-mm mesh) was held
over the mouth of the 500-ml funnel (C) with a section of bicycle tire tube. Rubber
tubing showing constrictions as D and I)' had screw-type clamps to regulate flow. E is
the drain. Note that the level of seawater is higher in the beaker than in the bath. The
drawing is not to scale.

MARINE COPEPODS CAPABLE OF
KILLING ANCHOVY LARVAE

Before choosing Labidocera and Pontellopsis
for experimental work we tested a number of
copepod species for their ability to capture or
fatally injure newly hatched yolk-sac larvae of
the northern anchovy. For each test, five fish
larvae were isolated in 200 ml of seawater in a
Petri dish at room temperature (20 0 C) usually
with two or three copepods of a particular species
to be tested. Of the local copepod species ob
served, the following fatally injured anchovy
larvae by biting them or captured and ingested
them:

Acartia dana and A. tonsa
Euchirella rostrata and E. sp.
Labidocera .follae and D. trispinosa
Pleuromamma borealis
Pontellopsis ocC'idental'is
Euchaeta acuta

Euaetideus acutus
Candacia bipinnata

Because the two species of Labidocera listed
above are common to waters adjacent to San
Diego and were readily available, most of our
experimental work was done with them. When
Pontellopsis occidentalis became abundant, we
also collected some information about its preda
tory behavior relative to fish larvae.

Although capture and ingestion of fish larvae
was commonplace under laboratory conditions,
it is rare to find a copepod with a captured fish
larva in Formalin-preserved plankton. This may
be the result of the Formalin preservation com
mon on shipboard which, we have observed, usu
ally causes copepods to drop larvae.'

• We have found that if a copepod has captured a
larva it will retain the larva if both are transferred to
gether to a slight melted depression in an ice cube with
a pipette and preserved with a drop of 3% Formalin.
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SWIMMING AND FEEDING BEHAVIOR
OF Labidocera

REACTION TO THE LARVAL TAIL BEAT;
BITING AND INGESTION OF LARVAE

We noted that individual Labidocera ignored
motionless fish larvae or floating eggs. How
ever, when a larva beat its tail in the close vi
cinity of a swimming labidoceran, the copepod
swam immediately toward the beating tail and
grasped the larva. The tail beat of the larva
was often stimulated by the chance touch of a
copepod's antenna. Figures 2a and 2b show a
L. jollae female which caught a 3-day-old ancho
vy by the tail and partially ingested it. Figure 3
shows another larva caught behind the head

FIGURE 2.-(a) Labidocera jollae female, 3 mm long,
and a 3-day-old anchovy larva 6 mm long which was
captured by the tail and half ingested. (b) Enlarge
ment of the head and setae of the copepod shown in 2a.
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FIGURE 3.-The head of a Labidocera jollae female show
ing a newly captured 3-day-old anchovy larva caught
behind the head.

by another female. Response to the larval tail
beat is typical of all the copepods we have ob
served which attack fish larvae.

Often a copepod would capture, then drop a
larva, inflicting a wound by biting the thin epi
thelium. The anchovy larval skin is only about
2 to 3 f.L thick in the finfold and tail regions and
appears to be easily injured. In every instance,
a bite which damaged the larval skin resulted in
the death of the larva. Therefore, in our experi
ments mortality due to a copepod was the result
of either actual capture and ingestion of a larva
or biting that resulted in damage fatal to the
larva. Hence, the number of larvae reported as
"killed" in an experiment is the sum of fatalities
due to biting and the number of larvae actually
ingested. For both sexes of each Labidocera
species the time of ingestion of anchovy larvae
varied between 6 and 25 min. In one instance
an L. trispinosa male caught and completely con
sumed two larvae in 1 hr. If we increased the
number of larvae to six or more in a 200-ml
Petri dish containing two copepods, mortality
through biting alone increased and the time dur
ing which a larva was held by a copepod varied
from a few seconds to minutes. For example, an
L. jollae female attacked six larvae in 50 min.
The individual larvae were held only 10 to 60 sec
and not ingested. All six larvae died subsequent
to the attack.
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POSITIVE PHOTOTAXIS AND SWIMMING
SPEED

Labidocera jollae and L. trispinosa are posi
tively phototactic, and when confined to a beaker
of seawater illuminated from above, concentrate
at the water surface-beaker interface which is
the brightest area. Copepods were induced to
swim in the main body of water by wrapping
the beaker with black paper with 1 em lapped
around the rim. This effectively eliminated the
bright area and resulted in random swimming
movements of the copepods near the surface.

Swimming distances of copepods were traced
for 3 min in two dimensions on a clear acetate
sheet laid over a glass plate on top of a 3.5-liter
beaker. The distances were measured with a
map measurer. Vertical movements were very
slight, thus negligible, in these experiments be
cause of the highly phototactic behavior of the
individuals. Labidocerans can swim continually
over relatively large areas in short periods of
time (Vlymen, 1970). Comparative speeds for
individuals are shown in Figure 4; on the aver-
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FIGURE 4.-Swimming speeds for individuals of Labido
cera. Each small horizontal bar represents the speed
of one animal; the large bar is the mean speed.

age a L. jollae female swims 62 ern/min (3-4
body lengths/sec) and the male swims 22 ern/min
(1.5-2 body lengths/sec). Both sexes of L. tris
pinosa swim 33 to 37 em/min (2-3 body lengths/
sec). Although L. jollae females swim in a seem
ingly random pattern, the males usually swim
in straight lines for a few seconds then swim
in circles and cover a small area intensively.

KILLING EFFICIENCY OF Labidocera

We discovered that if the ratio of anchovy
larvae to L. jollac females was low «10:1),
all or almost all the larvae in 3500 ml would be
killed within 20 to 24 hr in the dark. Two ex
periments were done which illustrate this. In
the first, 30 anchovy larvae were confined with a
variable number of L. jollae females (Figure 5)
resulting in concentrations of larvae to copepods

2 4 6 8 10 12 14

LARVAE PER COPEPOD
FIGURE 5.-Mortality of Engraulis mordax larvae, 0 to
1 day old, resulting from predation by different numbers
of Labidocera jollae females. In each experiment 30
larvae were presented to 2 or more copepods in 3500 ml
for 21 hr. Thus where 3 larvae per copepod is indicated
on the abscissa, 30 larvae and 10 copepods were used;
at the other extreme 15 larvae per copepod indicates 30
larvae and 2 copepods. The unbroken line is the theor
etical 100% larval mortality curve.
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of 3: 1 to 15: 1. In the other, only single L. jollae
females were tested and the number of larvae
varied to provide ratios of larvae to copepods
of 5: 1 to 40: 1 (Figure 6). The results were

5

FIGURE 6.-Mortality of Engraulis mordax larvae, 0 to
1 day old, resulting from predation by single Labidocera
iollae females. In each experiment 1 copepod was con
fined with 5 to 40 larvae in 3500 ml for 20 hr. The un
broken line is the theoretical 100% larval mortality curve.
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FIGURE 7.-The effect of increasing the density of larval
anchovies on the predatory behavior of Labidocera tris
pinosa females. Each dot represents a separate experi
ment with 2 or 3 copepods and from 5 to 45 larvae.

larvae respectively in 24 hr, markedly less than
L. jollae females. The high killing rate by L.
jollae females reflects the longer distances and
greater volume covered by them owing to their
larger size. L. jollae females are approximately
0.2 mg dry weight, and males, 0.1 mg. Female
L. trispinosa average about 0.1 mg dry weight;
males, 0.09 mg.
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EFFECT OF THE AGE OF THE LARVA ON
PREDATION BY Labidocera

We noted in our experiments that Labidocera
became less efficient in killing anchovy larvae as
the larvae aged. The anchovy larva is 2.5 mm
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similar in the two experiments; when the ratio
was approximately 10: 1 or less, it was usual
for all larvae to be killed. When more than 10
larvae were available per copepod, more larvae
were killed per copepod but the mortality
dropped below 100/(. In similar experiments
two L. trispinos(( females were tested with larvae
to copepod ratios varying from 2: 1 to 15: 1. L.
trispinosn females were much less efficient than
L. jollae females and never killed all the larvae
presented to them in 24 hr (Figure 7). Males
of both species were similar in killing efficiency
to L. trispinosn females. Based on these results,
further predation experiments were performed
over 20 to 24 hr using 30 larvae with two L. jollae
females or five males; experiments performed
with either sex of L. trispinosa had 30 larvae
and 5 copepods. The comparative predatory
ability of labidocerans is shown graphically in
Figure 8. The mean number of anchovy larvae
killed by L. jollae females was 15. L. trispinosn
males and females had mean kills of 4 and 2
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EFFECT OF LARVAL ANCHOVY DENSITY
ON L. jot/ae PREDAnON

Given 2 to 3 days, gingle L. jol[(te femaleg can
kill by capture or biting all of 30 young anchovy
larv,le in 3500 ml. This is shown in a mortality
curve (Fig"Ul'e 10) constructed from the results
of a series of experiments, each of which had II

number of newly hatched larvae (30 or less)
at the start confined with a single L. jollae fe
male. The density of larvae per unit volume
(within the limits of these experiments) seemed
to have little or no effect on the kill rate until
there was only Olle larva remaining per 700 ml,
when the rate due to predation by the copepod
declined drastically. Our experience with pre
dation eXj)eriments in 3500 ml volumes suggegted
that anchovy larvae were randomly distributed
in this relatively small volume and that in the
dark, at least, each L. jollae female could almost

FIGl1ItF. 9.-The effect of the age of the anchovy larva
on predation by Labidocl'm jo/l'lC and L. trispinosa fe
males. Each open circle is the mean of the number of
experiments shown in parentheses. The age of the larva
at the heginning of each experiment is given on the
ahscissa.
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long when it hatches from the egg. Yolk-sac
anchovy larvae have unpigmented eyes, lack a
mouth and gills, and the yolk is invested with
lipid (Bolin, 1936); when newly hatched the an
chovy larva is very slightly buoyant. The newly
hatched larva remains motionless most of the
time at this stage and swims only sporadically.
As it develops, swimming activity increases, oc
curring about 5 ~;( of the time at hatching to 25 ~(

on the second day and 507r by the third (John
R. Hunter, personal communication). Figure 9
indicates a rapid decline in predation in the dark
by L. trispinosa and L . .iollqe females as the larva
grows older, presumably as a result of the latter's
increased swimming and sensory ability. Ef
fective predation is restricted therefore to yolk
sac larvae.
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35
THE EFFECT OF AN ADDITIONAL PREY
ON LARVAL PREDATION BY Labidocera

FIGURF, ll.-Mortality of A rtemia nauplii due to Labido
cera tri.•pino.•a female predation at different densities
of nauplii per copepod. Closed circles indicate experi
ments done in 200-ml Petri dishes.

Recent experiments by Brooks (1970) with
Labidocera trispinosa showed that this copepod
selects Artemia salina nauplii over copepod nau
plii from the plankton. She concluded that Ar
temict nauplii are selectively grazed because they
are relatively less mobile, hence more easily
captured.

We tested predation by L. trispinosa on Arte
mia nauplii and found that grazing corresponded
roughly to the results we obtained when fish
larvae alone were killed, Le., up to a certain
concentration all Artemia nauplii were killed
in the experimental container in the dark over
24 hr. Survivors were found only if the number
of nauplii exceeded 11-14 nauplii/liter/copepod.
As the density of nauplii was increased more
were killed. This result was the same whether
experiments were performed in 3500-ml beakers
or in 200-ml Petri dishes (Figure 11).

When Artemia nauplii in various concentra
tions and 30 anchovy larvae were offered to
gether to five L. jollae males or five L. trispinosa
males or females, larval mortality decreased in

100% MORTALlTY-
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completely search half this volume in 24 hr, re
sulting in continuing random contact with and
killing of most, although not all, of the suspended
larvae when two or more L. jollae females were
present.

FIGURE 10.-Survival of 0- to l-day-old anchovy larvae
in the presence of a single Labidocera jollae female.
The curve is a composite from a series of experiments
in 3500 ml starting at different larval densities per
copepod where the time was noted after the capture of
a number of larvae. The numbers in parentheses indi
cate the number of experiments ending at each point.

662



LILLELUND and LASKER: PREDATION BY MARINE COPEPODS

6

FIGURE 13.-The effect of the age of the anchovy larva
and the addition of an extra prey (Artemia nauplii) on
larval mortality due to predation by Labidocera tris
pinosa females.
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half that of a newly caught copepod. Labidocera
died after 2 or 3 days of starvation. This was
preceded by a decrease in swimming activity
which was reflected in a lower respiration rate
and dry weight of individuals. In Figure 14 we
give comparative respiration rates and dry
weights for L. jollae females (a) newly caught,
(b) larval-fish fed, and (c) starved for 2 days.
These results show an enhanced respiratory rate
for fed and presumably healthier animals and a
drastic decline due to short term starvation.
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proportion to the number of Artemia nauplii
present. The results of these experiments are
shown in Figure 12. There was a 50 % decrease
in mortality of larvae with L. trispinosa females,
£. jollae males, and L. trispinosa males when
the nauplii concentration was approximately 220,
150, and 100 nauplii/liter, respectively. The de
crease in larval mortality is accentuated if Ar
temia nauplii are offered to Labidocera when
older larvae are present. Fewer Artemia nauplii
need to be present to depress the predation mor
tality on older larvae (Figure 13). The ease
with which Labidocera can capture A rtemia may
make it less likely that fish larvae will be at
tacked. As the larvae age, this effect is com
pounded since it has become even more difficult
to catch larvae and hence relatively less taxing
for the copepod to take Artemia nauplii.

STARVED 2 DAysl

FIGURE 12.-Predation by Labidocera jollae males and
both sexes of L. trispinosa on anchovy larvae when
Artemia nauplii were also available to the copepods.
Fifty percent reduction in larval mortality occurred
when Artemia nauplii numbered 220/liter with L. tris
pinosa females, approximately 150/liter with L. jollae
males and 100/liter with L. trispinosa males.
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FIGUR~J 14.-Comparative oxygen consumption and indi
vidual dry weight measurements of Labidocera iollae
females under starved and well-fed conditions at 18° C.
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FRESH ANIMALSCALORIC REQUIREMENT OF L. jo/lae
AND L. trispinosa

We noted that the vigor of Labidocera indi
viduals declined with time if they were not fed
or fed only Artemia nauplii.' For example, after
1 week in the laboratory the activity of copepods
fed only Artemia was diminished so that a cope
pod's ability to capture larvae was about one-
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Further comparisons of respiration rates were
made only between newly caught and larval
fish fed L. jollae females, males, and L. tris
pinosa males and females (Figure 15). In
each instance there was an increase in res
piratory rate after feeding on anchovy larvae.
The caloric requirement of Labidocera jollae and
L. trispinosa was calculated from oxygen con-
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FIGURE 150-0xygen consumption by newly caug-ht (open
symbols) and larval-fish fed (closed symbols) labidocer
ans at 18° C.
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sumption data to estimate the number of larvae
which could sustain the copepod in a healthy
condition at 18° C (Table 1). In spite of La
bidocera's ability to kill large numbers of fish
larvae or A rtemiQ in a day, actual caloric re
quirements may he met by ingestion of only a
few (1-4) larvae or nauplii (4-16).

PREDATION ON FISH LARVAE AND
Labidocera BY Pontellopsis occidentalis

Pontellopsis adults and copepodites stages IV
and V can kill by biting or capture and ingestion
of anchovy larvae; older larvae (up to 3.5 days
old in our test) were killed by this copepod as
easily as yolk-sac larvae. Each stage V copepo
dite killed three larvae per day on the average
and each adult female killed about 11 per day
(Figure 16). We observed also that Pontellopsis
attacked and ate Labidocem spp. when they were
confined to the same beaker.

CO-OCCURRENCES OF PREDATORY
COPEPODS AND FISH LARVAE IN THE SEA

In the laboratory we noted that 30 to 40%
of the Labidocera individuals resided in the up
per 5 to 2[) cm of 140-cm-deep, 17.5-cm-diameter
tanks-both in darkness and in the light. Yolk
sac anchovy larvae occupied a similar stratum
because they are slightly buoyant. In the sea,
spawning by anchovies occurs mostly in the
upper 10 m but occasionally may occur relatively
deeply (Ahlstrom, 1959). This prompted us to

TABLE 1.-0xygen consumption and the calculated number of
anchovy larvae required to sustain the respiratory requirements of
LnlJidocera jollne and L. trispi1UJ8U per day at 18° Co The oxycal
orific equivalent of 1 f'liter of oxygen is 00005 calorie. Yolk-sac
anchovy larvae weigh 0.01 mg dry weig-ht and contain 0.054 calorie.
These data assume 100j{ dig-estive assimilation and an RQ = 0.8
for each copepod. Approximately four Artemia naupJii are cal
orimetrically equivalent to one anchovy larva.
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Species
and sex

Labodocua jQl/a~

L. jo/lfU
I.. triJpinoJa

L. triJpinoJa

Anchovy
larvae

required/day

4
2
2
1
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FIGURE 16.-Predation by PontelloJisis occidentali.~ on
anchovy larvae 0 to 3.5 days old. Each horizontal line
indicates the mean value of the experiments shown with
open circles; 30 larvae were provided to 1 to 6 copepods
in 3500 ml at the beginning of each experiment.

measure the rate of ascent of anchovy eggs to
determine the maximum depth at which spawn
ing could occur and yet insure the presence of
yolk-sac larvae at the surface. In La .Jolla sea
water, salinity 33j!, and 17° C, anchovy eggs
rise 5 cm/min or 3 m/hr. Thus, with time from
spawning to hatching at 2 days, eggs spawned
as deep as 144 m would h;ltch at or near the
surface of the ocean, although spawning that
deeply is rare (Ahlstrom, 1959). During de
velopment and, as they use up their yolk, an-

chovy larvae become almost neutrally buoyant
and start to sink very slowly in laboratory con
tainers. Even so, after 2 days of development,
50r;~ of the laboratory-reared larvae were stilI
above the 30 to 40 cm depth.

Ahlstrom (1959) reported closing-net cap
tures of anchovy larvae at a variety of stations
and depths in the California Current off Cali
fornia and Baja California. He has kindly pro
vided us with length distributions of anchovy
larvae taken at two stations, a night station,
5206-90.28, where over 500 larvae were taken,
and a day station, 5;;04-120.1)0, where over 5000
larvae were captured. The length of the larva
is roughly indicative of its age (Kramer and
Zweifel, 1971), and we have tabulated the depth
distribution of anchovy larvae at these stations
by length and age (Table 2).

The depth distributions by age and length of
anchovy larvae indicate that 50~; or more of
anchovy larvae up to 3 weeks old are above 10 m
in depth. Fifty percent of the youngest class,
3 to 4.5 mm and 1 week old or less, were above
3.5 m during the day, and were slightly more
than 2 m deep in the night. Ahlstrom's data
also suggest that larvae of the Pacific sardine,
Sardino]Js cael'ulen, Pacific mackerel, Scomber
japonicns. and jack mackerel, Tmchurus sym
metriclls, all pelagic fish of the California Cur
rent, may be similarly distributed.

Labidocerans are not diurnal vertical migrants
and seem to be confined near the surface of the
sca. Oblique tows with a plankton recorder
(Longhurst et aI., 196(j) were taken in an area
where LnlJidoccra tris]Jil/osn and anchovy larvae
are known to occur. The results are shown in
our Table 3. The volume of each discrete sample
at a particular ncpth was small (4-6 m") ann the
zeros may simply innicate relatively low ahunn
ance below the surface. Both tows, taken a nay
apart in close proximity to one another, showed
that L. tl'ispinosa was mainly present above
10m, as were anchovy larvae. Simultaneously
lO-min neuston tows were taken which filtered
4G3 m" no decper than 30 cm at thc surface of
the sea (Table 4). The large number of LalJi
doccl'l1, tris/iil/os(( ann anchovy larvae in these
tows suggests that the upper 30 em of the ocean
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TABLE 2.-Depth distribution of anchovy larvae by age and length at two stations, 5504-120.50
(day) and 5206-90.28 (night); collected by Ahlstrom (1959).

Length and age of larvae

Average depth
3.0-4.5 mm 5.0-7.5 mm 8.0-11.0 mm 11.5+ mm

of cotch (m)
0-7 doy, old 8-14 doy, old 15-21 doy, old 21+ doy, old

I
% of no. I 0/0 of no. I

0/0 of nO. I
0/0 of

no. totol totol toto I totol

Stotion 5504-120.50 (doy)
2 515 42 505 17 283 37 64 36

7 317 26 820 28 216 28 52 29

18 138 11 596 20 78 10 31 17

27 96 8 138 5 31 4 5 3

44 105 9 509 17 62 8 19 11

60 61 5 324 11 95 12 7 4

74 I 0 70 2 1 0 0 0

Totol 1233 2962 766 178

Station 5206-90.28 (night)
2 65 50 52 40 44 20 35 36

7 54 42 48 37 73 34 25 26

17 10 8 15 12 50 23 14 14

27 0 0 15 12 49 23 23 24

Totol 129 130 216 97

Stotion 2

TABLE 3.-Vertical distribution of Labidocera trispinosa
adults and anchovy larvae at 32 0 55.1' (Station 1 at 0100)
June 3, 1970, and 32 0 45.8' (Station 2 at 2340) June 3.
Volume of water filtered for each discrete depth sample
in oblique tows were: Station 1, 6 m3 ; Station 2,
4.35 m 3• No L. jollae or Pontellopsis occidentalis indi
viduals were caught in these samples.

Number of Number of
Dept" (m) L. trispi1l01D E ngraulis mordax

odults larvae

Station 1
0-3 13 5 (7-11 mm long)

3- 7 0 1

7-15 0 I
15-60 0 0

Station 2
0- 2 4 17 (7-10 mm long)

2- 7 17 11 (9-10 mm long)

7-15 2 I

15-25 0 1
25-60 0 0

is the area which should be examined for further
elucidation of this predator-prey relation
ship.

The observations presented in this paper in
dicate that marine copepods may be effective
predators on larval fish, at least in the sense that
a predator need not devour its prey but is equally
effective if it injures it mortally. Young pelagic
fish larvae are particularly susceptible to biting
zooplankters because they have an extremely
thin skin and are unable to survive once the skin
is punctured. Ponte!lid copepods, in particular
Labidocera spp., appear to have a well-developed
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TABLE 4.-Numbers of Labidocera jollae, L. trispinosa,
Pontellopsis occidentalis, and Engraulis mordax eggs and
larvae taken in 463 m 3 within 30 cm of the surface simul
taneously with the oblique tows described in Table 3.

__S_p_ec_ie_,__C Station 1=C
L. t,ispinosa 1152 ---64-0-0----

L. jolla, 336 104
P. o(cid~ntalil 112 128
E. mordax 226 36

15-10 mm long) 110-12 mm long)

vibration sense which serves to orient the cope
pod toward its swimming prey although this is
preceded by random searching. A fish larva
with its beating tail provides the right stimulus
to the copepod to initiate an attack when the
latter is close enough to detect the beat.

We have called attention to the vertical distri
bution of Labidocera in the sea and the apparent
co-occurrence of larval anchovies in the same
depth stratum. Unfortunately, quantitative
data on the density of predatory copepods or
other zooplankters as related to fish larvae have
yet to be made. It is our opinion that pontellid
copepods and fish larvae are concentrated in the
upper few meters and probably the upper few
centimeters of the sea and that observations of
this oceanic fine structure may reveal densities
of fish larvae to copepods which would implicate
predatory copepods (and possibly other zoo
plankters) as important causes of larval fish
mortality.
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