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Abstract
The size of copepod prey strongly influenced dietary selectivity by Euchaeta elongata. Adult
females (4.2-mm prosome length) showed highest predation rates on adult copepod prey 6501,000 pm long and on intermediate sized copepodid stages of Calanus pacz$cu+s.Selective feeding
curves of copepodid stages IV and V of E. elongata showed a slight shift toward smaller prey. The
prosome length of the primary prey was 70% the length of the second basipodal segment of the
maxilliped for CIV, CV, and adult females of E. elongata. In both single and multispecies experiments at two concentrations, predation rates of adult female E. elongata seemed to be invariably
focused on prey 650-1,000 pm long. Because E. elongata can consume adults of small copepod
prey and the young copepodid stagesof large copepod prey, it causes mortality of the entire copepod
assemblage. Apparent recognition of a preferred prey, Pseudocalanus spp., and the nonpreferred
cyclopoids seems to depend partly on their activity patterns. Thus, although size is an important
determinant of dietary selectivity, species-specific behavioral differences can also influence feeding
rates.
Variations in predatory feeding activity on copepod prey were closely related to diel vertical
migrations of E. elongata. The number of adult females with ingested prey began to increase soon
after sunset, when the predatory copepod entered the surface layers containing prey of the preferred
size, thus corroborating the selective feeding pattern observed in the laboratory. The timing of the
migrations coincided well with sunset (ascent) and sunrise (descent) in winter, spring, and summer.

The trophic interaction of predatory zooplankton with other animals has been recognized as important in structuring planktonic communities (Steele and Frost 1977;
Zaret 1980). This structuring occurs through
the selective impact of a predator on specific
prey populations. The selection and rejection of food items by invertebrates can be
regulated by various characteristics of both
prey and predator, including body size (Anderson 1970; Brand1 and Fernando 1975;
Pearre 1980), swimming behavior, predator
attack and prey escape tactics (Gerritsen
and Strickler 1977; Kerfoot 1978; Pastorok
198 l), and feeding history (Holling 1966;
Lonsdale et al. 1979). The specific reaction
of a predator to these cues allows distinct
l This research was supported by National Science
Foundation grants OCE 74-22640, OCE 78-18263, and
GA-24385 to B. W. Frost.
2 Contribution 1401 from the School of Oceanography, University of Washington.
3 Present address: Hawaii Inst. Mar. Biol. Dep.
Oceanogr., Univ. Hawaii at Manoa, 1000 Pope Rd.,
Honolulu 96822.

feeding modes, resulting in a differential impact on prey.
Often these modes of selection can have
a strong influence on community
interactions within planktonic systems. Selective
feeding by an abundant predator can control
the diversity of its herbivorous prey by preventing competitive exclusion between prey
(Hall et al. 1970). Size-selective feeding can
also alter community structure by removal
of prey of a preferred size (Brooks and Dodson 196 5) or of a particular morphology (antipredatory adaptations: O’Brien et al. 1979;
Kerfoot 1980).
I have examined the effects of prey size
and concentration on the selective feeding
habits of a large (4.2-mm prosome length
of adult female, 1.4-mg dry wt.), carnivorous
copepod, Euchaeta elongata Esterly from
Puget Sound, Washington. Because E. elongata can ingest adult stages of other copepods (Yen 1982a), I determined the predation rates of the three most advanced
stages of Euchaeta feeding on different sizes
of adult copepods, as well as on the different
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Table 1. Average prosome lengths (PL) of live copepod prey used in selection experiments. A. Adult
stages of various copepods. B. Developmental stages
of Calanus pacijkus.
A

Oithona
Acartia
Paracalanus
Microcalanus
Pseudocalanus
Aetideus
Metridia
Calanus pacificus

PL
bm)

430
640
645
670
1,000
1,440
1,826
2,500

B

NI
NII-III
NIV
U-11
CIII
CIV
CV
CVI

(2

180
330
480
750
1,500
1,700
2,130
2,500

developmental stages of Calanus pacijkus.
Predation rates of adult female E. elongata
were quantified in natural prey assemblages
and in simple prey mixtures to analyze the
combined interactive influences of prey size
and prey concentration on selective predation rates and to confirm any selectivity patterns ascertained in the single species experiments.
I also describe field observations of the
temporal and spatial distribution of feeding
predators and their prey. These observations were made to determine whether E.
elongata was distributed vertically in the
same stratum as its preferred prey and
whether the predator fed more intensely
there. Preliminary
studies show that the
feeding patterns may be related to migratory
behavior since, in nature, E. elongata migrates to the surface at night (Yen 198 3) and,
in the laboratory, it feeds at higher rates at
night (Yen 1982a). By comparing diel and
seasonal variations in the vertical distribution of E. elongata, in its feeding index
based on the occurrence of ingested prey in
the gut, and in its potential prey, I sought
to discern whether this predator naturally
consumes the same preferred prey identified
in the laboratory studies.
I thank B. W. Frost for discussions and
advice throughout this work. I also thank
B. W. Frost, M. M. Mullin, M. Dagg, W.
Kerfoot, M. Reeve, and G.-k. Paffenhijfer
for comments on the manuscript.
Methods
Laboratory
measurements of predation
rates- Predation rates of E. elongata on co-

pepod prey at 25 prey liter-l were measured
in 1-4-liter jars with 1 or 2 predators per
container. The contents of the jars were
gently mixed on a rotating mixer. Experiments were run in continuous darkness at
8°C. Jars L 1 liter and this type of gentle
mixing do not affect feeding rates (Yen
1982a). Predation rates were measured on
different species of adult copepods when they
were available in Puget Sound. Preliminary
experiments on Aetideus divergens showed
no size differences in the prosome lengths
of adult copepod prey in controls and in
experimental containers, indicating no selection for size within a given stage of a
species. Predation rates were also measured
on different developmental stages of C. paCZJ’?CUS;
some of these were cultured from
eggs (nauplii up to stage CIV; Vidal 1980a),
and some were collected from the field.
These prey copepods naturally co-occur with
E. elongata. The sizes of all prey investigated are presented in Table 1.
Feeding appendages of E. elongata were
examined by scanning electron microscopy.
Formalin-preserved
copepods were placed
in Beem capsules (Flood 1976), washed in
filtered seawater, then diluted with distilled
water in decreasing concentrations of seawater up to 100% distilled water. The copepods were then dehydrated in ascending
concentrations of ethanol, followed by ascending concentrations of Freon to loo%,
critical-point-dried,
coated with gold-palladium, and examined with a JEOL JSMU3 scanning elecron microscope.
The second basipodal segment of the
maxilliped and the prosome lengths of live
E. elongata, anesthetized with m-aminobenzoic acid ethylester methanesulfonate
(MS-222: CalBiochem), were measured with
an ocular micrometer attached to a Wild
dissecting microscope. Dry weights were
measured on a Cahn electrobalance (models
G-2 and 25).
Changes in the structure of a community
subjected to predation by E. elongata were
ascertained in experiments with natural prey
assemblages. Plankton from the upper 60
m of Dabob Bay (Puget Sound, Washington) were captured with a fine mesh net (73,
110, or 33 3 pm) hauled obliquely. The codend contents were gently poured through a
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l-mm mesh screen into 4-liter jars filled
with seawater from 30 m. The screen excluded large predators (medusae, chaetognaths, crab zooea, amphipods). The jars
were returned to the laboratory. All remaining specimens of obviously carnivorous plankton were removed by pipette, and
feeding experiments were set up within 24
h. The contents of a jar were brought to 3
liters, containing about 800 animals liter-l;
this required concentrating and combining
the dilute contents of several jars. Ten lliter and ten (I-liter jars were prefilled with
8°C filtered seawater. A high concentration
of the natural zooplankton community was
prepared by adding two 50-ml subsamples
of the suspension of small zooplankton to
the 1-liter jars; low concentrations were prepared by adding a single 50-ml subsample
to each 4-liter jar. Single and double subsamples were also preserved immediately
for estimates of the initial abundance of
zooplankton.
Euchaeta elongata was randomly placed into 8 of the 10 jars of each
volume. The two predator-free jars were
used as controls. Both experimental
and
control jars were sealed with plastic lids,
placed horizontally on a gently rotating zooplankton mixer, and incubated at 8°C. After
24 h, the jars were removed from the mixer
and most of the water was siphoned out
through a 1 lo-pm mesh screen. The remaining zooplankton suspension was preserved immediately in Formalin. Later, the
entire sample was counted to determine the
species composition and abundance. In these
experiments, the initial prey concentration
(two replicates) was not different (overlapping 95% C.I. about means) from the controls (two replicates). The initial and control
counts were combined for assessment of the
prey community structure before predation
and compared with the experimental jars
after 1 day of exposure to E. elongata. The
composition of the diet and the predation
rates were determined from the difference
in composition and abundance of prey before and after exposure to the predator.
The two concentrations of prey were used
to test the optimal foraging theory, which
predicts that at low prey concentrations
predators should be less selective and consume whatever they encounter (Pyke et al.

579

by Euchaeta

1977). The degree of selectivity was quantified by computing the natural logarithm
of the odds ratio, Li (Fleiss 1973; Gabriel
1978):
L,

=

ln

p*i(l

-

p2i)

p2i(1

-

p1i)

1

where Pli is the proportion of prey i in the
diet and Pzi is the proportion of prey i in
the environment.
PIi for each prey type i
was the median proportion in the environment determined from the initials and controls at both prey concentrations (eight values). The number of prey i in the diet was
the difference between (Pzi) X (the total
number of prey before predation) and the
number of prey i left in each jar after predation. The proportion of each type of prey
in the diet of predators in each experimental
jar was used to calculate Pli. This formula
is the natural logarithm of Jacobs’ electivity
index (Jacobs 1974) which varies symmetrically around zero; positive values indicate
selection for and negative values selection
against the prey item.
Clearance rates of the predator for each
type of prey in the assemblage were also
computed (Frost 1972). Clearance rates can
be interpreted for carnivores as the volume
effectively cleared of prey. However, the
volume actually searched will be greater than
that effectively cleared of prey when probabilities of attack, encounter, and capture
are considered. These probabilities are difficult to assess, requiring further assumptions and measurements. Instead I calculated an index of capture success from the
ratio of clearance rate for each type of prey
in each experimental container to the maximum clearance rate observed for predators
within that container. Within the volume
indicated by the highest clearance rate on a
given prey, the predator effectively removes
all of that prey. If other prey are present,
the predator can either consume these prey
with the same efficiency or leave certain prey
that cannot be captured efficiently because
they are in a nonpreferred size range (cannot
be handled) or can evade capture by E. elongata. This index of capture success, analogous to the retention efficiencies of particle
feeders (Runge 1980; Vanderploeg
198 1)
permitted further analysis of the selective
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feeding habits. In addition, the experiments
8142 (16%). Rates at all proportions were
were done five times between February and measured separately as part of one large
August to check any seasonal change in the experiment with five replicates at each prodegree of selectivity of adult female E. elonportion and two controls, one at 76% Pseugata.
docalanus and the other at 16% PseudoSince the concentration
of prey can be calanus. Proportions of the prey contained
expressed as numbers or dry weight, I set greater numbers of A. clausii (up to 6 times)
up simple mixtures of copepod prey to disin an attempt to force E. elongata to switch
cern their effects on selective feeding. Eu(Murdoch 1969) from its apparently prechaeta elongata was offered equal numbers
ferred prey, Pseudocalanus spp.
and equal dry weights of three kinds of prey.
Predation rates in a mixture of 40 PseuHigh and low prey concentrations were used docalanus spp. and 10 A. clausii were meato determine whether selectivity changed
sured throughout a night to find out whether
with concentration. Three species, adult fe- E. elongata consumes Pseudocalanus spp.
male Pseudocalanus spp. (900~pm prosome
at variable rates different from those on A.
length; 12.5-pg dry wt), adult A. divergens
clausii. Measurements were made 2, 5, 8,
(1,440 pm; 45.6 pg), and adult female C. and 12 h after adding the predators. There
paczjicus (2,450 pm; 184 pg) were offered at were 5-6 replicates per time interval and
7 and 14 liter-l as well as at 90 and 700 pg two controls at the end.
liter-l. The proportion of each prey in the
Field measurements of temporal/spatial
diet after 24 h of incubation with predators
feeding patterns-Dabob
Bay is a long (17
km), deep (190 m) fjord attached to Hood
was compared to the proportion available.
Canal (Puget Sound, Washington); it was
I used a method for detecting prey prefselected because of the potential importance
erences (Cock 1978) to determine E. elonof E. elongata as a predator (Ohman et al.
gata’s choice between two prey of similar
1983; Yen 19826). Euchaeta elongata ranks
prosome lengths (of live copepods): Acartia
clausii-690.1
+ 26.7 pm (95% C.I.), and eighth in numerical abundance and third in
Pseudocalanus spp.-865
+ 75.1 pm (95% wet weight among the 19 column copepod
species there (Damkaer 1964). Euchaeta
C.I.). The functional response of the predspecies are often biomass dominants
in
ator to each prey was measured as described
planktonic communities;
members of the
by Yen (1983), with rates at all concentragenus are widespread geographically (Barntions being measured separately but simulstedt and Skjoldal 1976; McGowan and
taneously as part of one large experiment.
Walker 1979; Morioka 1975). In Dabob Bay,
The Holling (1959) disk equation was fitted
tidal excursions are small (< 0.2 km: Kollto the data to estimate the parameter value
myer 1965) so that the planktonic comof the attack coefficient a (a, for Pseudocalanus spp., a,, for A. clausi& The ratio of munity is subjected to only slight advective
apS:aAC
was multiplied by the proportion of movements. The mixed layer, when presPseudocalanus spp. available to estimate the ent, is shallow (< 20 m), and below this annual variations in temperature are small.
proportion of Pseudocalanus spp. in the diet
due to any innate preference as seen in the The temperature below the mixed layer is
functional responses to single prey species usually 8”-9°C (table 1: King 1979).
The sampling site (47”45’N, 122”5O’W) is
(see Cock 1978). Predation rate of adult fethe deepest part of the bay. From November
male E. elongata in mixtures of the two
1972 through November
1973, plankton
species were then measured to compare with
samples were taken every 2-4 weeks with a
the predictions based on the innate preference. Predators were obtained from the same 2 16-pm mesh, 1-m-diam closing net. On
most cruises, duplicate day and night samstock and therefore were similarly preconditioned in a feeding regime consisting of ples were collected; these included total
mixed prey. The predators were exposed to water column samples (O-l 7 5 m) and vertically stratified samples (O-l 7 5 m in 25-m
1-liter mixtures of Pseudocalanus spp./A.
clausii (O/oPseudocalanus): 38/12 (76%), 251 intervals). The samples were preserved in
10% buffered Formalin. A vertically strat25 (50%), 18/32 (36%), 13/37 (26%), and
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ified series of day and night samples taken
in August 1978 was supplied by M. Ohman.
Zooplankton samples were also collected
at the same study site during August 1980
and February and May 198 1. Vertical net
hauls from 0 to 60 m were taken at 30-60min intervals from near sunset to sunrise.
Additional samples of the whole water column (O-180 m) were taken every 3-4 h.
Both prey and predator were collected in
the 2 16-pm mesh, 1-m-diam net. These
samples, here called the time series, also
were preserved immediately
in buffered
Formalin.
Nighttime
total water column samples
were analyzed for the abundance of adult
female E. elongata and the fraction of these
adult females with egg sacs. Since E. elongata migrates up from very deep layers at
night (Yen 1983), abundance estimates determined from nighttime water column totals should more efficiently sample the entire population than daytime hauls which
may miss part of the population close to the
bottom. The entire sample was counted
when < 50 females were present. Otherwise,
2-3 subsamples each containing at least 15
E. elongata were analyzed for the number
of females and the number of eggs sacs, free
or attached. Samples were subdivided with
a Folsom plankton splitter. The smallest
volume analyzed was l/32 of the original
sample. The number of females in the vertically stratified series and time series was
estimated in the same way to determine patterns of vertical distribution
and temporal
changes in the number of adult female E.
elongata.
The abundance and size frequency of
small copepods were determined in selected
samples from the same vertically stratified
series and time series. Either the entire sample or a split (Folsom plankton splitter) was
diluted to 500 ml, from which two or three
5-ml subsamples were taken with a Stempel
pipette, and at least 100 copepods per subsample were counted.
Copepods were
grouped into 200~pm PPL (preserved prosome length = 90% live length) size classes.
Size classes generally consisted of the following organisms: 200-400 pm (undersampled by 2 16-pm mesh net)-copepod
nauplii, adults, and juveniles of Microcalanus
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sp., Oithona similis, and Paracalanus parvus; 400-600 pm-adult
0. similis, adult
and juvenile
Corycaeus afinis, juvenile
Pseudocalanus sp.; 600-800 pm- adult and
juvenile Pseudocalanus spp., adult and juvenile Oithona spinirostris; 800- 1,000 ,um adult Pseudocalanus spp., adult 0. spinirostris, adult Acartia spp.; 1,200-l ,600
pm -juvenile
C. pacificus, adult A. divergens; 1,600-l ,800 pm-copepodid
stage V
of C. pacificus, adult Metridia
pacijica;
2,000-2,800 pm-adult
C. pacz$cus. Fish
eggs and larvae were a separate category.
I examined adult female E. elongata from
the vertically stratified series and the time
series for evidence of variations in feeding
intensity. A feeding index was obtained by
placing up to 50 females from each sample
in a dilute solution of seawater and lactic
acid (Hayward
1980). The solution was
brought up to 100% lactic over 2 days, and
the animals were soaked for at least 3 weeks
to render their tissues transparent; the wall
of the gut can be seen through the cleared
tissues. They were then removed from the
acid, mounted in glycerin, and examined
microscopically
for the presence or absence
of ingested prey. The proportion of animals
in each sample with ingested prey is the
index of feeding intensity. I presumed that
animals with ingested prey had recently been
feeding. Boyd et al. (1980) concluded that
the overall picture of feeding intensity vs.
time and depth was virtually identical when
gut fullness and filtration rates of herbivorous copepods were compared. Since E.
elongata eats at most one small copepod per
hour (Yen 1983), E. elongata collected in
the 0.5-h hauls would have little time for
cod-end feeding. Capture of prey within a
crowded cod-end should not result in much
ingestion since E. elongata does not swallow its prey whole but must masticate it.
Also, due to a long gut residence time (at
least 3 h), loss of gut contents by evacuation
during net hauls is minimal. I noted no loss
of gut material when Formalin was added
to animals with full guts in the laboratory.
The distribution of animals with food in the
gut should therefore be a reliable measure
of the natural distribution.
The spatial patterns in feeding can be aliased by the long gut residence time (at least
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3 h: Yen 19823). If females are migrating
strongly when sampled, these long residence
times may obscure patterns of the vertical
distribution
of feeding females. Therefore,
the location of animals with food in their
guts may not correspond to the location of
the food. In February, May, and August
1973, the distribution
of females was determined at midday and near midnight.
Since most females seem to migrate primarily near sunset and sunrise (see Fig. I I),
aliasing may be at a minimum and, therefore, the distributions observed should represent the actual spatial differences in feeding intensity.
Animals with ingested prey were sorted
from samples taken at selected depths and
times in the vertically stratified series and
time series. Stomach and intestinal tract
were removed, mounted on a slide in glycerin, squashed beneath a cover slip, and the
contents examined under a compound microscope and categorized by the presence or
absence of crustacean remains (mandibles
and other copepod parts).

Results
Laboratory observed patterns of dietary
selectivity-size
of prey appears to be an
important determinant of selective feeding
by E. elongata. In experiments with single
prey species, adult female E. elongata had
highest predation rates on the 650-1,000pm size of adult copepod species (Fig. 1).
Rates were lower on smaller and larger copepods. The pattern was similar when females preyed on developmental stages of C.
paczjkus. The size-selectivity curves showed
a slight shift toward smaller prey for juvenile (CIV and CV) E. elongata: prosome
lengths of the primary prey decreased with
decreasing predator size.
PROSOME LENGTH (MICROMETER)
Observations of E. elongata feeding on
Fig. 1. Predation rates of Euchaeta elongata (acopepod prey (Yen 1983) indicated the imadult females; b-CV, c-CIV) on single species of prey
at 25 prey liter-’ including adult copepod species of portance of the second basipodal segment
in prey handling (Fig. 2).
different sizes (0) and different developmental stages of the maxilliped
of Calanus pacijicus (0) (names of prey given in Table The lack of setules on the setae of the max1). Arrows indicate length of primary prey. Solid line illiped lends further support to the inference
connects averages of rates on adult copepod prey. Dotthat this species is exclusively carnivorous
ted line connects averages of rates on copepodid stages.
(Gauld 1966; Mullin 1966; Yen 19823). The
length of the basipod was linearly related to
prosome lengths for three sizes of predator
(Table 2). Prosome lengths of primary
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the difference in swimming behavior: Pseudocalanus spp. swims continuously
while
the slimmer Oithona swims intermittently.
Euchaeta elongata ate an equal number of
each type of prey even though there were
twice as many of the 470~pm 0. similis as
of the 900-pm Pseudocalanus present. Thus,
E. elongata not only feeds at high rates on
the 900-pm prey in single-species experiments, but also exhibits this selective feeding behavior in natural assemblages of prey.
Unlike optimal foragers, E. elongata exhibited no apparent plasticity in its selective
feeding habits. The degree of selectivity in
the diet of the predator did not change with
season (see overlapping C.I. in Fig. 3) even
though the composition of the prey assemblage and feeding rates of E. elongata
changed (February-July:
Table 4). This was
true at both high and low concentrations
(sevenfold difference) of the same assemblage of natural prey. Thus E. elongata did
not show the decreased specialization at low
prey abundances predicted by optimal foraging theory (Pyke et al. 1977).
In general, low capture efficiencies and
negative electivity values were obtained on
the cyclopoid copepods C. afinis and 0.
similis (Fig. 3). When these data were excluded, positive electivities and their corresponding high capture efficiencies were
found on prey species ranging in preserved
prosome lengths (PPL = 90% live lengths)
from 490 to 865 pm in February (Fig. 3A,
B), 370 to 865 pm in April (Fig. 3C, D), 690
to 1,270 pm in May (Fig. 3E, F), and 490
to 865 pm in July (Fig. 3G, H). In May and
July, E. elongata apparently ignored the
smallest copepods and concentrated
its
feeding efforts on the 690-86 5-pm cop.epods-adults
and juvenile Pseudocalanus.
Furthermore, for the primary prey, adult
Pseudocalanus, the electivity
coefficients
appeared to be negatively correlated with
the availability
of the prey in the plankton
(Fig. 4). This suggested that as the proportion of Pseudocalanus in the plankton increased, the degree of selectivity
for it
declined, while when Pseudocalanus comprised a low percentage of the available
plankton, E. elongata displayed a marked
selectivity for it. When Pseudocalanus was
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Fig. 3. Capture efficiency and electivity index (natural log of the Odds ratio) as a function of prey size
(prosome length, pm) at high (Cl) and low (x) natural prey concentrations. A, B-26 February 1981 at 163.5
and 23.6 prey liter-‘; C, D-24 April 1980 at 92.8 and 13.5 prey liter-l; E, F-22 May 1981 at 92.3 and 12.7
prey liter-*; G, H- 11 July 1980 at 135.8 and 19.6 prey liter-‘. (See also Table 4.) Points represent median
values. Error bars are the 95% C.I. for these medians. Prosome length of points beyond slash marks is 1,270
pm. Table 4 gives average prosome lengths of specific copepods.

the dominant prey available, the percentage
of it was similar in the plankton and in the
diet of E. elongata. Some variability in the
degree of selectivity may be attributed to
differences in swimming activity and escape
success of the other prey.

Since the abundance of alternate prey can
be measured in either numbers or dry weight,
I offered E. elongata a mixture of three sizes
of copepod prey with equal numbers of each
(Fig. 5A, B) and another with equal dry
weights of each (Fig. 5C, D). By both mea-
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sures, the percentage of Pseudocalanus in
the predator’s diet was much higher than
that offered, supporting the observed preference of Euchaeta for Pseudocalanus over
the two larger copepods. At low prey concentrations, the degree of selectivity was still
strongly in favor of Pseudocalanus. At the
highest concentration of Pseudocalanus (Fig.
5D) the diet was comprised nearly entirely
of Pseudocalanus (93%), indicating possible
recognition of type of prey. This selectivity
for Pseudocalanus spp. was higher than expected, given the results in Fig. 4. Apparently the choice of alternate prey may influence the degree of selectivity.
Here the
alternate prey was quite large, and as a result
E. elongata consumed its preferred prey,
Pseudocalanus, almost exclusively.
In the three-prey system, the two alternate copepods were both larger than Pseudocalanus and Euchaeta never fed at high
rates on these alternate prey (Fig. 1). For
the two-prey system, I chose A. clausii (690
pm), a copepod that is close in prosome
length to Pseudocalanus (865 pm) as an alternate prey. The functional response of the
predator to each of the prey in single-species
experiments indicated that female E. elongata could find and ingest more Pseudocalanus at low concentrations,
while at high
concentrations the predators ate more A.
clausii (5.6 pg dry wt) than Pseudocalanus
(12.6 pg dry wt) (Fig. 6). The ratio of attack
coefficients derived from Holling’s ( 19 5 9)
disk equation fitted to the data was apS:aAC=
2.3 3: 1.08. These values were substituted into
the equation
N
apsNps
-=- aPs
N UAC
aAcNAc
where Napsand NaACare the number of Pseudocalanus spp. and A. clausii in the diet and
NpS and NAc the number available. The expected proportion of Pseudocalanus in the
diet [NapJ(NaAC + Nap,)] at various proportions of available Pseudocalanus [NpJ(NA, +
NpS)] were computed (Fig. 7). The curve lies
above the diagonal, indicating an innate
preference for Pseudocalanus. The actual
diet of female E. elongata feeding at all proportions of Pseudocalanus/A. clausii at 50
prey liter-l depends on both prey density,
as documented in the functional response,
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Fig. 4. Relationship between the degree of selectivity (natural log of the Odds ratio) and the proportion
of available Pseudocalanus spp. in experiments with
natural prey assemblages.

and on the abundance of the alternate prey.
Since all the proportions of Pseudocalanus
in the diet were above the diagonal (95%
C.I. of means do not cross diagonal), the
results indicate active selection for Pseudocalanus even when A. clausii outnumbered it 6 to 1.
The diet composition of adult female E.
elongata feeding in a prey mixture of 10
Pseudocalanus spp. and 40 A. clausii was
followed for 12 hours (Table 5). The predator continued to ingest A. clausii throughout this period, but obtained its ration of
Pseudocalanus in 8 h. Thus, a greater preference might have been observed in the

TYPE

Fig. 5. Percentageof each type of prey available ( x )
and in the diet (0) of adult female Euchaeta eZongata
fed mixtures of three prey species: adult female Pseudocalanus (1); adult Aetideus divergens (2); and adult
female Calanus paczjkus (3). A. Seven of each prey
liter-l (2-liter jars) where 8.35 prey were consumed
predator-l d-l; B. 14 of each prey liter-l (l-liter jars)
where 8.18 prey were consumed predator-l d-l; C. 90
pg dry wt of each prey liter-l (4-liter jars) where 167
pg were consumed predator-l d-l; D. 700 pg dry wt of
each prey liter-r (l-liter jars) where 229 pg were consumed predator-l d-l.

above experiments had they been run for a
shorter exposure period, when an internal
cue of hunger might have had a greater influence on the diet than an indirect cue to
prey concentration. However, it is still unclear why E. elongata stopped eating Pseudocalanus after 8 h, resulting in selection
for A. clausii during the last 4 h. The predator was not satiated, since A. clausii was
still eaten and, since Pseudocalanus had become a much lower proportion of the available prey by 8 h, the selection for it as predicted from Fig. 4 should have been even
higher than at the start of the experiment.
Field verification: Temporal/spatial feeding patterns- In 1973, the seasonal abundance of adult female E. elongata underwent a 7.3-fold increase from 206 m-2 in
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Fig. 6. Functional response of adult female Euchaeta eZonguta to adult female Pseudocalanus (0) and adult
Acartia clausii (x). Data fitted with the type 2 Holling disk equation (Holling 1959). Attack coefficients (a) were
2.33 for Pseudocalanus spp. and 1.08 for A. clausii.

January to a maximum of 1,505 m-2 in August (Fig. 8). The maximum abundance of
ovigerous females was in early July. The
proportion of ovigerous females in the population varied from 10% in October to 6 5%
in March.
During February, May, and August 1973,
analyses of the vertical distribution of adult
female E. elongata, feeding index (gut content analyses), and potential prey indicated
that a portion of the population migrated
dielly, with a nocturnal ascent (Fig. 9). During the day, >99% of the population was
below 75 m; at night an average 44% of the
population migrated to above 75 m (Table
6). During February, the migrant population at night was evenly distributed between
0 and 75 m (Fig. 9A-D) while during
May and August, most of the migrating copepods at night were collected at the 2550-m interval with few in the top 10 m (Fig.
9E-N). The thermocline was shallow (<20

m) and E. elongata apparently avoided the
warmer surface waters in May and August,
thus remaining in a relatively constant temperature regime.
In February and May, the vertical distribution of females with ingested prey resembled that of the entire population both day
and night (Fig. 9A-H). Only in August was
there a diel change in the proportion of animals with food in the gut. In August 1973,
30% of the population contained food at
night and 8% contained food during the day
(Fig. 91-L). In August 1978,20% ate at night
and only 3% during the day (Fig. 9M, N).
My impression was that in all sampling periods, copepod guts were not as full in the
daytime as at night. The principal difference
was that at night the guts often were quite
distended.
The gut contents of animals from 0 to 50
m and 125 to 175 m in the night samples
were compared to those of animals found
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Fig. 7. Composition of the diet of adult female Euchaeta elongata fed varying proportions of adult female
Pseudocalanus and adult Acartia clausii at a total of 50 prey liter-‘. Straight line represents equal proportions
available and in diet. Solid curve represents innate preference for Pseudocalanus as determined from the ratio
of attack coefficients derived from the functional responses. Dashed line connects arithmetic means of five
replicates at each proportion. Dashes are the 95% C.I. for these means.

between 125 and 175 m during the day (Table 7: vertically stratified series). These were
the layers containing the highest number of
predators with food in their guts. The distended guts were either light-colored or dark.
Light-colored
guts usually contained crustacean remains (mandibles, spines, crushed

copepod exoskeletons) while the dark guts
rarely had crustacean remains in the amorphous material. Guts of Euchaeta fed larvae
of the Pacific hake, Merluccius productus,
looked like the dark-pigmented guts in the
samples. Since E. elongata feeds actively on
hake larvae (Bailey and Yen 19 8 3), I assume

Table 5. Time series showing number (-C95% C.I.) OfPseudocalanus sp. (Ps) and Acartia clausii (AC)attacked
by adult female Euchaeta elongata fed a mixture of 10 Ps + 40 AC per liter and the percentage of the total ration
of each species.

No. Ps attacked
No. AC attacked
Ration of Ps (%)
Ration of Ac (%)

1.4* 1.7
5.8k2.3
37.8
34.5

2.622.1
8.2t-3.9
70.3
48.8

3.7k2.9
11.626.3
100.0
65.0

3.7+ 1.4
16.8k8.1
100.0
100.0
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Fig. 8. Seasonal variations in abundance of ovigerous (0) and all adult female (x) Euchaeta elongata
in Dabob Bay during 1973.

that those copepods containing dark and
amorphous remains had been ingesting fish
larvae and, possibly, other noncrustacean
prey. Few crustacean remains and no sediment particles were found in bottomdwelling predators with dark distended guts,
but crustacean remains were frequently
found in the guts of predators caught at night
near the surface (25-50 m). Fecal pellets
collected from E. elongata fed A. clausii or
Pseudocalanus spp. (both small copepods)
in the laboratory also contained fragments
of copepod exoskeletons, indicating
that
certain parts are resistant to digestion; these
parts are identifiable in the gut contents.
The size frequency distributions
of small
copepods were compared for the winter
(February), spring (May), and summer (August) sampling dates in 197 3 (Fig. 10) from
three depth intervals: near surface, with most
of the migrating E. elongata; middepth, with
few E. elongata; and near bottom, with
many of the nonmigrating E. elongata. Size
classes omitted from the figure comprised

1

Fig. 9. Day and night vertical distributions of the
total population of adult females of Euchaeta elongata
(open) and the portion of the population with ingested
prey in their guts (hatched) in Dabob Bay. Percentages
refer to the total population abundance estimates in
Table 6. Bar line represents 25% of total population
(g-gut contents of animals from these depths were
examined). A-Day, 0950 hours, 19 February 1973;
B-day, 1035 hours, 19 February 1973 (gut contents
not analyzed); C-night, 2 125 hours, 18 February 1973;
D-night, 2240 hours, 18 February 1973; E-day, 1545
hours, 26 May 1973 (+52.5% population between 150
and 175 m); F-day, 1735 hours, 26 May 1973; Gnight, 2240 hours, 26 May 1973; H-night, 0130 hours,
27 May 1973; I-day, 1104 hours, 4 August 1973 (gut
contents not analyzed); J-day, 1235 hours, 4 August
1973; K-night, 23 12 hours, 3 August 1973 (no feeding
predators between 25 and 50 m); L-night, 0030 hours,
4 August 1973; M-day, 1455 hours, 1 August 1978
(+93.6% population between 100 and 180 m); Nnight, 2300 hours, 1 August 1978.
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Table 6. Total population abundance of adult female Euchaeta elongata in Dabob Bay, and the portion of
the population with ingested prey in their guts, estimated by summing the number of animals in each 25-m
depth interval between 0 and 175 m (see Fig. 9). (Not analyzed--a.)
Day/night

18-19 Feb 73

26-27 May 73

3-4 Aug 73

1 Aug 78

D-l
D-2
N-l
N-2
D-l
D-2
N-l
N-2
D-l
D-2
N-l
N-2
D
N

Total population
abundance (m-‘)

258
438
367
267
853
646
691
770
1,574
1,667
1,376
1,413
297
343

Feeding
m

Above 75 m (%)
(migrants)

47.5

0.5
0.6
23.3
25.7
0
0.4
43.1
44.9
0.3
0.08
49.2
62.4
0*
60.2*

53:a9
49.5
28.5
77.3
47.6
64.1
::8
37.4
24.3
3.4
20.1

Feeding above
v4

75 m

Migrants that wcrc
feeding (%)

0

0

1:
8.5
0
0
9.0
23.3

E.4
33.1
0
0
20.9
51.9

;.:S
17.9
15.4
0
19.0*

1o”o”.o
36.4
24.7
0
31.6*

* % above 80 m.

< 2.8% of the population found in the depth
intervals analyzed. In winter (February: Fig.
10) and summer (August), small copepods
(400-800-pm PPL) were in greatest abundance in the upper water column both day
and night; in spring (May), they were more
evenly
distributed.
Larger
copepods
(> 1,200~pm PPL) stayed deeper in the day.
These large copepods seemed to migrate up
at night during May and August, but in February they remained concentrated near the
bottom; they may be overwintering
copepods. At the three depths investigated, fish
eggs and larvae were abundant only in February. Although not found in the 125-l 50-m
interval in May, the early stages of the Pacific hake are known to be abundant in the
near-bottom layers of Dabob Bay from January to June (Bailey and Yen 1983). These
eggs and larvae range from 1.2 to 5 mm
long and 500 to 700 pm wide.
Since the distributions
of copepods described in the vertically stratified series represent only a small portion of the day, I
examined the temporal variations of adult
female E. elongata, feeding index (with gut
content analyses), and potential prey in a
series of samples taken from near sunset to
sunrise. The number of females above 60
m varied during the night (Fig. 11); at sunset, few were found near the surface, but as
the night progressed, more of the population
was found above 60 m. Usually no more

Table 7. Gut content analyses of adult female Euchaeta efongata (three examined each time, unless indicated otherwise) that had ingested prey in their guts.
Females selected from vertically stratified series and
time series.
No. of adult
Time
(hours)

18 Feb 73
18 Feb 73
19 Feb 73
26 May 73
26 May 73
26 May 73
26 May 73
4 Aug 73
4 Aug 73
3 Aug 73
4 Aug 73
1 Aug 78
1 Aug 78*
1 Aug 78
24 Feb 81
25 Feb 81
20 May 81
20May81
21 Aug 80
21 Aug 80

Depth
(ml

With
‘crustacean
remains

Vertically stratified series
2125
O-25
3
2225
125-150
0
1015
125-150
0
2345
25-50
3
0230
25-50
2
0145
125-150
0
1745
125-150
0
2359
O-25
1
0127
25-50
3
2312
150-175
0
1235
150-175
1
Night
40-60
2
Night
100+
0
Day
100+
1
Time series
2335
60-O
2
0150
180-O
2
0100
60-O
3t
0320
180-O
3t
0130
60-O
2
0050
180-O
3

* Two animals wcrc examined.
t Many crustacean remains.

females
With
amorphous
remains

0
3
3
0

2
2
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Fig. 10. Size frequency distribution of copepods in
selected size classesand of fish eggsand larvae. Vertical
distributions determined from three depth intervals in
Dabob Bay during a day and night (two replicates). Bar
line represents 50% of total abundance in the entire
water column. Dates and times given in Table 7.

than 60% entered the surface layer, although
at one time in August, 95% of the population appeared to migrate into the upper stratum. At sunrise < 10% of the population
remained above 60 m. Entry and exit from
the surface layer coincided with sunset and
sunrise during February, May, and August.
Variations in the feeding index closely
followed the nocturnal ascent of migrating

1900 "

2300
0100 0300
TIflE (HOURS1

0500

Fig. 11. Percentage of the population of adult female Euchaeta elonguta in Dabob Bay above 60 m
(x); feeding above 60 m (0), hatched; and feeding in
the entire (180-O m) water column (A). Average population abundances in February were 68.2 (27.7% C.V.),
inMay160.5(11.7%C.V.),andinAugust
156.4(26.1%
C.V.) females rnd2 (see table V-4 in Yen 1982b for
details). (Sunset- v ; sunrise- A .)

predators (Fig. 11). At the start of the migration, < 10% of all females contained ingested prey, but as the night progressed up
to 35% of the total female population, comprising over 50% of the migrating females,
had ingested material. On each date, the
number of animals in the entire water column containing food at sunset was always
less than the number of animals containing
food at sunrise. At sunrise on all dates, the

Selective predation
number of animals containing food in the
entire water column was greater than those
containing food above 60 m. This pattern
was especially pronounced in May, when
the difference was evident well before dawn.
Migrant predators with food in their guts
may have returned to deeper depths directly
after feeding at the surface, or small copepods or other prey in the deep water in May
may have offered an adequate food supply
there. Measurements of in situ feeding rates
also indicate that during this time predators
were able to obtain their maximum ration
within their nighttime feeding interval (Yen
in prep.).
In contrast to this 1980-l 98 1 time series
with few adult E. elongata feeding before
sunset or after sunrise, the 1973 vertically
stratified series showed predators with ingested prey in the morning in February and
in the afternoon in May; few predators were
feeding during the early afternoon in late
summer (August). Pearre (1973) observed
that in December, there was little difference
in the proportion of Sagitta elegans containing food in day and night samples, while
in late summer (July) a lower proportion of
predators fed in the day; he proposed light
inhibition
of feeding activity. For E. elongata, a 24-h time series is needed to ascertain whether in February and May it feeds
continuously or feeds only in the middle of
the night and day but not while migrating
up at sunset. The improbable observation
in Fig. 11 that at 0 100 hours the percentage
of animals with food in their guts for the
entire water column was less than that above
60 m may be explained as a result of patchiness and sample variability, since the samples were from separate net hauls.
The gut contents of feeding adult female
E. elongata showed that migrators contained only crustacean remains. In May, a
period of extremely high abundance of small
copepods, the dissected guts were packed
with crumpled copepod exoskeletons, detached mouthparts, and spines. However,
females from the entire water column contained dark amorphous remains as well as
a few crustacean parts (Table 7: time series);
these females seem to have eaten different
food. Predators eating larvae may not be
migrating as extensively; they may remain
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near the bottom and not eat copepods. During August when the abundance of adult
female E. elongata was at its maximum,
55% of the population migrated and 30%
was feeding at night. During February when
E. elongata was near its seasonally minimal
level, only 25% of the population migrated
yet 52% of the population was feeding at
night. These differences in the percentage
migrating might be related to seasonal differences in food availability.
In February,
both fish and small copepods were available
as prey. Predators that satiate themselves
on fish larvae at greater depths in February
may not be inclined to migrate strongly, but
in August the hungry deep water residents
must migrate to find and ingest the small
copepods present in high concentrations
only at the surface. This agrees with the inshore/offshore differences in the patterns of
vertical migration of herbivorous copepods:
migratory patterns are modified according
to the quantity of food available to the animals (see Boyd et al. 1980).
Feeding habits may also be influenced by
temporal changes in the distribution of prey
through the night. Temporal changes in the
size frequency of prey were determined by
analyzing sequential samples, selected from
the time series at five times during the night
for the 0-60-m samples and three times during the night for the water column totals
(details given in table V-5 and fig. V-5: Yen
19823). These data showed essentially the
same distribution as the vertically stratified
series: copepods < 1,200-pm PPL were
found near the surface throughout the night
while copepods > 1,200-pm PPL often
showed an increased abundance above 60
m in the middle of the night, indicating some
upward nocturnal migration. These counts
also provided several more estimates of the
population abundance of small copepods
(400-1,000~pm PPL); in May their abundance was 3.6 times that in February and
1.4 times that in August.
Discussion
Laboratory measurements- The size of
copepod prey strongly influenced dietary selectivity by E. elongata. Adult females (4.2mm prosome length) had the highest predation rates on the intermediate size classes
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(6 50- 1,OOO-ym prosome length) of adult copepod prey and also on intermediate sized
copepodid stages of C. paci&us. Therefore,
even though adult C. paczj&s may be protected from predation through large size or
better swimming ability, the population remains susceptible to selective predation by
E. elongata on some copepodid stages. By
concentrating on prey of a certain size class,
E. elongata can consume reproductively
mature adults of small copepod prey and
the young copepodid stages of large copepod
prey, thus mortally influencing the rest of
the copepod assemblage.
Predator size did not markedly affect the
overall range of potential prey eaten although size-selective feeding curves of CIV
and CV E. elongata did show a slight shift
toward smaller prey (as predicted by Schoener 1971). The prosome length of the primary prey was 70% the length of the second
basipodal segment of the maxilliped for CIV,
CV, and adult females of E. elongata. This
relationship between prey size and basipod
length may prove to be a simple method for
specifying the primary prey of other predatory copepods.
The parabolic shape of the size-selection
curve resulted from low feeding rates of Euchaeta on both large and small prey. Even
though large prey may offer a large packet
of energy, E. elongata still obtained more
weight of food from Pseudocalanus (18 prey
predator-l d-* = 280.6 pg d-l = maximum
feeding rate) than from the larger A. divergens (2.5 prey predator-’ d-’ = 116 pg d-l).
Rather than trying to capture fast-moving
and quick-escaping large copepods, E. elongata concentrated on eating more of the intermediate sized copepods that were easily
handled. As for small prey, those rates could
be reduced by the inability of the predator
to retain small objects within its grasp or by
the fact that small prey create small hydrodynamic disturbances not readily detected
by E. elongata. Starved predators were able
to ingest 9.86 + 1.48 (95% C.I., n = 8) live
nauplii predator-l d-l and only 1.29 +: 0.99
(95% C.I., n = 8) heat-killed nauplii; these
predators can capture and retain nauplii in
their feeding appendages but rely heavily on
prey movement for detection in precapture
events. When fed similar sized juveniles and

adult stages of a copepod prey, E. elongata
consumed more of the juvenile copepodid
stage. Swimming speed and escape capabilities have been shown to improve with
developmental
stage of copepods (Landry
1978). Adult prey can escape capture better
than developmental
stages of similar size
which lack the full complement of locomotory appendages.
Unlike optimal foragers, E. elongata exhibited no marked plasticity in the size
composition of its diet; in both single and
multispecies experiments, predation rates
of adult female E. elongata appeared to be
focused on prey having prosome lengths of
650-l ,000 pm. At all times of year between
February and August, E. elongata invariably selected Pseudocalanus spp. and similar sized prey as its primary food at both
high and low prey concentrations; prey concentration did not influence the degree of
selectivity.
According
to Vanderploeg
(198 l), constant selective feeding patterns
characterize “Calanus-like”
copepods where
feeding is little influenced by changes in seasonal availability
of phytoplankton
(Vanderploeg 198 l), abundance of cells of different sizes (Frost 1977), or hunger (Runge
1980). This is in contrast to the flexible selectivity which includes behavioral attributes such as particle rejection by omnivorous copepods (Donaghay and Small 1979)
or active selection of cladocerans over copepods by Chaoborus larvae (Pastorok
1980). The tendency of E. elongata to specialize on particular sizes of prey may be an
adaptation to the available size spectrum of
the prey community.
That is, E. elongata
may have already evolved its optimal foraging strategy by feeding on the most abundant prey. Under these conditions, short
term flexibility
in feeding is unnecessary.
Euchaeta elongata has an abundant supply
of wax esters (Lee et al. 1974), which can
act as energy reserves for copepods in times
of food shortage (Heinrich 1962). When prey
of the preferred size spectrum is unavailable, it may have been easier for E. elongata
to rely on energy stores rather than to evolve
a way of altering its feeding mode to capture
other prey.
Although size may be the dominant factor
influencing the diet of E. elongata, the no-
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ticeable effect of other species-specific factors indicates that E. elongata may also exhibit traits of flexible selectivity. Specific
activity patterns are generated by each type
of prey. Recognition of vibrations made by
certain prey (Poulet 1974) or of differences
in shape and swimming behavior (Kerfoot
1978) have been shown for other predators.
Apparent recognition by E. elongata of the
preferred Pseudocalanus, the less preferred
A. clausii, or the nonpreferred cyclopoids
Oithona and Corycaeus may be attributed
to differences in their morphology
and
swimming behavior. The intermittent
and
darting movements of Acartia or the cyclopoids, with periods of quiescence between
hops, prevent tactile predators from finding
such prey. Thus, although size is an important determinant
of dietary selectivity,
species-specific behavioral differences can
also influence feeding rates.
Field observations-My
laboratory measurements showed that prey size is dominant in influencing the diet composition: E.
elongata selectively feeds on copepod prey
in the size range of 650-l ,000 pm preserved
prosome length. Although I was careful to
imitate as closely as possible the natural environmental
conditions for these measurements, it is necessary to show that the patterns also occur in nature, uninfluenced by
experimental design. The purpose of the field
study was to verify the laboratory-observed
patterns of dietary selectivity of E. elongata
by determining whether the vertical distribution of the predator overlaps with that of
its prey and whether the predator feeds more
intensely there. In Dabob Bay, the distribution of E. elongata appeared to have been
determined in part by the distribution of its
preferred prey. Most adult females of E.
elongata live in deep water, from 125 m to
the bottom at 175 m. However large copepods which are relatively invulnerable to
predation by E. elongata were found in the
deep water, while small copepods were found
in highest abundance near the surface.
Therefore in order to feed, E. elongata must
migrate up out of the deep water into the
surface layers. In Dabob Bay these predators showed a definite response to light as
a cue for their migratory excursions; during
the long winter night in February (14 h) and
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shorter spring (8.5 h) and summer ( 10 h)
nights, the migration began near sunset and
abruptly ended at sunrise. When the predators migrate and enter the upper stratum,
their guts begin to fill-a result of their successful encounters with prey of the preferred
size. The fact that predators contained copepod remains in their guts only during the
time when they migrated into the upper
stratum where their preferred prey resided
did verify the laboratory-observed
patterns
of dietary selectivity.
I attribute the periodicity in gut fullness
in August 1973 and 1978, when four times
more predators fed at night, to the dissociation of predators from the food. Gauld
( 1953) showed, by visual assessment of gut
contents, that the diurnal feeding rhythm in
female C. paczjkus and CV occurred because vertically migrating copepods move
into a rich food layer at night. However,
when adult E. elongata females continually
had small copepod prey available in the laboratory, they still showed a periodicity in
feeding rates, with higher rates at night (Yen
1982a: April 1979). Similar patterns of an
innate feeding periodicity
have been observed for several other copepods (Mackas
and Bohrer 1976) and for Centropages typicus (Dagg and Grill 1980). Periodicity seems
to have both an endogenous component and
a component related to the timing of vertical movement for an overlap between
predator and prey.
In contrast to that in August, no diel periodicity in gut fullness was observed in
February and May 1973; adult E. elongata
females with full guts were found both during the middle of the day and night. However, there was a diel periodicity in composition of the diet. Regardless of time of
day, all predators found near the bottom
had darkly pigmented guts with amorphous
remains indicating ingestion of fish larvae
or possibly other noncrustacean prey; copepods were not always their main food.
Nighttime feeding migrants, found in the
upper layer, had guts full of crustacean remains; small copepods are found in high
abundance in the surface layers. Euchaeta
elongata can ingest these prey only during
the time it spends at night in this layer.
However, in May few deep-living predators
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had crustacean remains even though small
copepods were found at depth along with
the fish larvae. At this depth the predominant size class of small copepods was 400600 pm, which includes primarily
cyclopoids (see methods). In May many Corycaeus, a cyclopoid, were found at depth (pers.
obs.). Damkaer (1964) found that in December in Dabob Bay the copepods found
mostly below the pycnocline
were the
cyclopoids Corycaeus and Oithona. Euchaeta elongata does not readily ingest
cyclopoids, which is why few crustacean remains were found in the guts of the deepliving predators. This also points out the
importance of ascertaining species composition as well as size distribution
to understand feeding patterns. To summarize, even
though no change was observed in the feeding index in February and May 19 7 3, there
was a periodicity in the amount and composition of the diet of E. elongata in concordance with its nocturnal upward migration and the assemblage of zooplankton prey
encountered during the vertical excursion.
The fact that E. elongata migrated during
this time of year suggests that its migratory
behavior has been maintained partly in response to those times when neither fish larvae nor copepod prey of the preferred size
range or species are available at greater
depths: it can still obtain and ingest its preferred prey of small copepods during its
nighttime ascent into near-surface layers.
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