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During the austral summer, fall and winter. feeding rates of Euchaeta antarctica were measured in the
laboratory. Measurements were taken over 24 hours in the dark on a mixing device at the ambient
*POLARlNS‘\ temperature using lively prey and predators in good condition with intact first antennae. Under these
conditions, I found that no feeding occurred during winter so the following characterizes summertime
feeding behavior. Adult females of Euchaeta antarctica arc exclusive carnivores, exhibiting highest feeding
rates on prey having a prosome length of 1200 um. The size of these preferred prey was 65% the length
of the second basipodal segment of the maxilliped, the main appendage used in prey capture by E.
antarctica. These prey, juvenile stages of Metridia gerlachei, also were the most abundant prey available
in the plankton. The mean saturation ingestion ratc of the adult female on their preferred prey of 18.7
Metridia/female/d is 8.8% its body weight, of which 17.3% is respired. A three-week starvation period
caused less than a 1.5 fold increase in the feeding rate. Maximum volume effectively searched by this
predatory copepod was 2.4 liters/day. Fecal pellets were produced at a constant rate of 0.697 pellets/hour;
this rate was not influenced by the level of gut fullness. In order to produce one fecal pellet, E. antarctica
must ingest 1.63 prey of the preferred size. Assuming that the rate of egestion is equal to the rate of
ingestion, prey were ingested at a rate of 1.14/h. Many of the field-caught copepods evacuated 3-5 pellets
which converts to 5-8 copepod prey ingested. This in situ meal more than adequately covers their daily
respiratory costs.

Smaller predators. CIV and CV E. antarctica, exhibited higher rates on smaller prey while males did
not feed at all. The younger and potentially faster growing stage CIV consumed a higher proportion of
their body weight per day than did the older mature predators; they were able to meet their metabolic
costs on large and small prey. Older stages may not be able to obtain enough food to meet their metabolic
needs during the late summer when prey availability is limited; they cease feeding and go into the
overwintering state.

Jeannette Yen, Marine Sciences Research Center, State University of New York, Stony Brook, New York
11794-5000, USA.

200 m, with the bulk of the population remaining

Introduction below 600 m (Hopkins 1985b; Yen pers. obsn.).

Euchaeta antarctica is one of three copepod
species (Calanoides acutus, Metridia gerlachei)
that dominate the zooplankton biomass of the
copepod community of Croker Passage, a deep
water connection between the Bransfield and
Gerlache Straits off the Antarctic peninsula (Hop-
kins 1985b). E. antarctica’s rank as a biomass
dominant may be attributed to its large size
(10 mm total length, 6 mg dry weight) and large
reserve of lipids, comprising up to 46% of its dry
weight (Littlepage 1964). E. antarctica is among
the most common euchaetid species throughout
Antarctic waters, occurring abundantly in inter-
mediate and deep layers (Bradford et al. 1983;
Park 1978). In the deep 1200 m basin of Croker
Passage, the species resides between 1000 and

E. antarctica is also an important member of
the Antarctic food web, both as food for higher
planktivores and as a carnivorous copepod that
feeds predaceously on other copepods. E. ant-
arctica is the principal diet item for some chae-
tognaths, amphipods, midwater fish (Hopkins
1985a), and brittle stars (Dearborn et al. 1986).
Within the guts of Euchaetidae, the most fre-
quently occurring prey were the small copepods:
Oncaea spp. and copepodites of M. gerlachei
(Hopkins 1985a).

In this study, I further examined the diet com-
position and predatory feeding ecology of E. ant-
arctica. 1 demonstrated size-selective feeding
behavior of the adult female stage of E. antarctica
in laboratory experiments. Morphometric analy-
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ses showed a relationship between prey size and
size of the predatory feeding appendage. Offering
the preferred prey, I measured saturation inges-
tion rates of fed and starved predators, their
clearance rates, the rate of fecal pellet production
as well as respiration rates to check on the meta-
bolic needs of this copepod. Winter and summer
rates of feeding were compared. I seek an accu-
rate measure of the feeding habits of this copepod
that permit its survival within the planktonic com-
munity of the Antarctic.

Material and methods

Copepod collections

Three field seasons were spent working in the
Antarctic peninsula region. Between December
1985 and February 1986, February to April 1988,
and June through August 1989, zooplankton
samples were taken off the research vessel POLAR
DUKE in Croker Passage at 64°05'S latitude,
61°50'W longitude. A single-level opening—clos-
ing net. consisting of two nets having mesh sizes
of 500 pm and 250 um, attached side by side, with
square mouth openings of 0.5m?, was used to
collect zooplankton in oblique hauls. The closed
net was lowered to 1000 m, opened and gently
retrieved at 10 m/min at a ship’s speed of 1-2
knots. At 600 m, the net was closed and brought
to the surface at 20 m/min. The collecting time
from 1000-600 m of the open net was 40 to 50
minutes followed by an additional 30 minutes
for net retrieval. Late developmental stages of
Euchaeta antarctica were sorted from the large-
volume (S liters) collecting cup attached to the
500 um-mesh net. These predators were placed
immediately either in 30-mli vials to collect their
fecal pellets, or in buckets of 35 um-filtered sur-
face seawater kept in a running seawater tank at
the ambient temperature between —1 and 2°C,
and returned later to the laboratory for feeding
experiments. To prevent large predators from
decimating the plankton collected in the small
mesh (250 um) hauls, large plankters were re-
moved by gently pouring the contents of the col-
lecting cup through a 3 mm-mesh screen partiaily
submerged into a bucket of 35-um-filtered surface
seawater. These small plankton were brought
back to the laboratory where [ separated
food organisms (Metridia, Euchaeta juveniles,
Oithona. Oncaea, Microcalanus, various nauplii)

for feeding experiments. The laboratory is located
at the U.S. facility, Palmer Station, on the Ant-
arctic peninsula at 64°46'S, 64°03'W. It is equip-
ped with running seawater tables and a constant
temperature room. At the laboratory, copepods
were kept either in the water tables in dim light
or in the cold room in the dark at 0°C. Additional
collections of copepods (both predators and prey)
were possible from Palmer Basin at 64°57'S,
64°31'W, a site less than a mile south of the
station.

Conditions of feeding experiments

To initiate a feeding experiment, 1-2 predators
were placed into a jar varying in volume from 1
to 20 liters filled with 0.22 um-filtered seawater.
To this container was added a known number of
prey organisms. Five to 8 replicates were set up
as well as 1-2 controls where no predators were
added. Controls indicated that natural mortality
was minimal and counting accuracy was good.
The difference between the number of prey
before and after exposure to the predators gave
a measure of feeding rates (see Yen 1982 for
details). All predators were selected haphazardly
from a stock culture containing predators at
5/liter with prey levels maintained above
5/liter. Predators werc grouped according to the
date on which they were collected. Feeding
rates were measured on predators kept for no
longer than two weeks after capture from the
field.

To establish an experimental procedure that
would measure feeding rates as accurately as poss-
ible, each set of experimental containers and con-
trols was subjected to the following conditions:
1) The lighting conditions were varied between
two levels: dark versus a light intensity that was
12% of the midday surface light irradiance in
midsummer; 2) The mixing regime was varied
between unmixed versus mixing by rotation of
the jar along its long axis at approximately 1-
2rpm; 3) To ascertain diel patterns, feeding rates
were measured in the dark over 12 hours during
the day (0900-2100 h) and 12 hours during the
night (2100-0900 h). These following experiments
then were run over 24 hours in the dark on a
mixing device; 4) Feeding rates were measured
when predators were offered, in separate con-
tainers, live versus heat-killed copepod prey; 5)
Under anesthesia, the first antennae of the pred-
atory copepods were clipped off near the base
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and kept for 3 days. Little mortality occurred.
Feeding rates of these predators were compared
to rates of intact predators offered the same prey
type; 6) Feeding rates were measured of predators
acclimated for 3 days at temperatures from —1.8
to +1.5°C, covering the range experienced by
the copepods in this Antarctic environment; 7)
Feeding experiments were performed during the
austral summer, autumn, and winter to ascertain
seasonal variations.

Size-selective feeding experiments

Prey of various sizes were offered in single-species
groups at 25 prey/liter in one-liter containers with
1-2 predators/liter. Even at this high prey con-
centration, predators could consume in some
cases all prey offered; hence, although feeding
rates may have been restricted, the pattern
describing the difference in rates on different
species could still be discerned. Experiments were
run for 24 hours in the dark on a mixing device;
these are now the standard conditions for all
subsequent feeding experiments. Feeding rates

on at least three prey types were measured simul-

taneously. When the experiments were run again
using three prey types, feeding rates were
measured on at least one of the prey types
measured previously to assure that no overall
change in feeding rates occurred. No marked
change in feeding rates was noted between selec-
tive feeding trials. Measurements of copepod pro-
some lengths were taken where live copepods
were anesthetized and measured under a Wild
dissecting microscope. Measurements also were
taken of the length of the second basipodal seg-
ment of the maxilliped, the primary appendage
used in prey capture by species of Euchaetidae
(Yen 1985).

Functional response of starved and fed predators

Using prey of the preferred size, as determined
in the above size-selective feeding experiments,
a series of feeding experiments at various prey
concentrations was run. Usually, three con-
centrations were examined simultaneously. When
other concentrations were tested, at least one
concentration, duplicating one of the previously
tested concentrations, was measured again to see
if any general change had occurred in feeding
rates. No general change was seen over the week
that these experiments were performed. Prosome

lengths of the prey before and after each of these
experiments were measured to determine if any
selection occurred over the small size range within
a single species. No significant change in the size
composition was noted. The change in feeding
rates with increasing food concentration de-
scribed the functional response. The saturation
feeding rate, where increases in food con-
centration would not cause an increase in rates,
was ascertained. Clearance rates were determined
as in Frost (1972). Clearance rates can be con-
sidered the volume effectively searched by a pred-
atory copepod. Container volume was chosen to
maintain a similarity in the total number of prey
offered to the predators: at 1/liter, 20-liter car-
boys were used; at 5/liter and 10/liter, 4-liter jars
were used; at all concentrations greater than or
equal to 25/liter, 1-liter jars were used (Yen
1983).

Feeding rates at 50 prey/liter of starved and
fed aduit female predators as well as copepodid
Stages IV and V were measured on two prey types
varying in size: Metridia gerlachei juveniles at
11494 um + 12.1% (coefficient of variation for
n=19) and  Microcalanus  adults at
531.0um + 3.9% (C.V. for n=17). Fed pred-
ators had been recently captured (within one
week) and kept in stock cultures; the con-
centration of small copepods added as prey was
kept above 5/liter. Other predators were starved
in filtered seawater over a three-week period.

Fecal pellet production rates in situ and in the
laboratory

Predators collected from Croker Passage that
appeared to have full guts were separated from
the plankton tow and placed immediately into
individual 30-ml vials; after 24 hours, the contents
of these vials were preserved and the number of
fecal pellets enumerated. The total number of
pellets produced in situ was determined in this
way. In the laboratory, predators were fed their
preferred prey overnight and predators with full
guts then were placed into individual 30-ml vials.
The number of fecal pellets produced every 1-
2 hours was noted until no more pellets were
produced. Fecal pellet production rates were
determined from these experiments.

Gut evacuation by copepods is generally illus-
trated by plotting the amount of chlorophyll
initially within the gut and following the decline
over time in gut fullness (Dagg & Wyman 1983).
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Since a carnivorous copepod does not have the
chlorophyll pigment to trace this decline, I have
monitored fecal pellet production instead. To
illustrate gut evacuation by a predatory copepod.
the total number of fecal pellets evacuated was
plotted as the initial time point, representing a
full gut. As fecal pellets were produced, the total
number to be evacuated declined over time, rep-
resenting a gut that was emptying. The rate of
fecal pellet production was determined by fitting
the gut evacuation curves to a line where the slope
is the pellet production rate.

In another set of laboratory experiments, a
known number of prey was ingested by a known
number of starved predators, and all the fecal
pellets produced during the experiment plus those
pellets produced over 24 hours after placing the
predators into filtered seawater were collected. A
conversion factor was determined from the ratio
of prey consumed to the total number of fecal
pellets produced. In this case, the conversion
factor for only the preferred prey was determined.
The live copepods, both predator and prey, were
anesthetized for prosome length measurements,
then rinsed briefly in distilled water and freeze-
dried. The weights of the dried copepods were
measured using a Cahn Electrobalance. The
length and width of the fecal pellets were also
measured. A known number of pellets were
rinsed briefly in distilled water and dried on a
preweighed filter. The dry weight of the filter plus
pellets minus the dry weight of the filter gave an
estimate of the dry weight of the fecal pellets.

Respiration rates

To check that the ingestion rates compensate for
metabolic costs, respiration rates were measured
using the Strathkelvin oxygen meter (Model 781)
which utilizes a Clark-type polarographic micro-
cathode electrode to measure oxygen content.
Three predators were placed into a 56-ml con-
tainer of 0.22 um filtered seawater kept at 0°C.
The electrode was sealed into the container and
the amount of oxygen in the water was recorded
over a 6 to 8 hour period. The rate of decline in
the concentration of oxygen in the seawater gave -
an estimate of respiration rates of the copepods.
Respiration rates were converted to pg C cat-
abolized according to Parsons et al. (1979), using
an RQ of 0.75. To convert to dry weight, a ratio
of 40% carbon/dry weight was used.

Results

Sources of variability in feeding rates (Table 1)

Adult female Euchaeta antarctica did not produce
any fecal pellets when fed either a concentrated
mixture of natural phytoplankton or a pure cul-
ture of centric diatoms. Adult males also did not
produce any fecal pellets when fed phytoplank-
ton. They also did not consume any copepod prey.
Males of this species have degenerate mouthparts
and do not feed. Little difference was seen in
feeding rates of the adult female copepod in mixed

Table 1. Feeding rates of the predatory copepod Euchaeta antarctica under varying conditions.

Conditions Prey/day S.E. n Prey concn: predator stage
Dark mixed 9.08 = 1.27 6 25 Metridia/liter, CVIQ
Dark unmixed 10.0 =0.29 4
Light mixed 9.64 = 1.02 7
Light unmixed 5.0%1.12 5
Night of § Jan 2.07+233 7 25 Merridiafliter, CV
Day 6 Jan 4,00 = 1.87 7
Night 6 Jan 410+ 1.98 5
Day 7 Jan 429206 7
Live prey 62 1.6 5 20 Microcalanus/liter, CVIQ
Heat-killed prey 07 =08 5
w/0 antennac on predator 0.0 5
-1.8°C 7.8 5.1 5 50 Oncaea/liter, CV
1.5°C 49 x42 S
-1.8°C 145 =938 4 50 Microcalanus/liter, CVIQ
1°C 13.0 =82 5
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Table 2. Prosome lengths of prey species used in selective
feeding experiments.

Prey species Mean () C.V. n

Metridia gerlachei 2500.1 = 4.4% 16
Metridia gerlachei 1699.5+ 8.7% 15
Merridia gerlachei 15555+ 7.4% 27
Metridia gerlachei 1459.0 = 10.9% 12
Metridia gerlachei 1149.5 £ 12.1% 19
Metridia gerlachei 1117.5 = 10.0% 13
Euchaeta juveniles 1111.5 £ 21.3% 16
Oncaea 7545+ 3.9% 13
Qithona 726.1% 3.1% 17
Microcalanus 531.0« 3.9% 17
Microcalanus 496.7x 7.0% 20
Oncaea 4257+ 4.9% 15
Oncaea females 391.3 * 27.0% 42
Oncaea males 3183 7.9% 22
Nauplii 318.3 £24.4% 24

versus unmixed containers. Little difference was
noted in feeding rates of copepods in mixed con-
tainers in the light versus the dark. However, a
reduction in feeding rates in the light was noted
when the containers were unmixed. Hence, all
subsequent experiments were performed in the
dark. The containers also were mixed to maintain
an even prey distribution without clumping even
though the copepod prey are mobile. Although
little difference was noted in day versus nighttime
feeding rates in the mid-summer season, all sub-
sequent experiments were performed over 24
hours to avoid any possible diel effects. Heat-
killing the prey and removing the first antennae
on the predator caused a cessation in feeding on
animal prey. This suggests that movement may
be necessary for prey detection by this Antarctic
species of Euchaeta, as has been found for other
congeners (Yen 1982, 1987). The first antennae
also appear to be necessary for predatory feeding
as has been found for other copepods (Mullin &
Brooks 1967; Landry 1980). Care was taken to use
lively prey and intact predators in all experiments.
Temperature changes of over 3°C, within the
range found in Croker Passage, did not alter the
feeding rates of adult female predators nor of the
copepodid Stage V feeding on smaller copepod
prey at 50 prey/liter. It is possible that at these
high food concentrations, a temperature effect on
feeding rates would be masked (Williamson &
Butler 1987). In July and August, I found that the
adult female copepods did not consume copepods
nor did they produce fecal pellets as observed
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Fig. 1. Predatory feeding rates of adult female Euchaeta ant-
arctica offered prey of varying prosome lengths (see Table 2)
at 25 prey/liter. These experiments were done during the two
summer seasons.

in the summer months (Dec-Apr). All feeding
experiments therefore describe summer feeding
activity.

Size selective feeding

Daily rates of predation by adult female E. ant-
arctica were measured on several copepod prey
varying in size (Table 2). Highest predation rates
were achieved on prey having a prosome length
of approximately 1200 um (Fig. 1). Low feeding
rates were measured on copepod prey larger than
1700 um or smaller than 500 um. Low feeding
rates on large prey may be caused by ineffective
handling of large prey while low feeding rates on
small prey may be caused by inability to detect
the small movements created by them.

Functional response

Feeding rates increased with increasing food con-
centration (Fig. 2). The mean saturation feeding
rate of the adult female predatory copepods feed-
ing on prey of the preferred size, Metridia ger-
lachei juveniles, was 18.7 prey/predator/day. A
3-week starvation period of the adult female pred-
ator caused a slight increase in feeding rates on
M. gerlachei (Fig. 3A). Copepod Stages V and
IV feeding on the same prey type fed at lower
rates of 60% and 20%, respectively, of the satu-
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Functional Response
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Fig. 2. Predatory fecding rates of adult female Euchaeta ant-
arctica offered juvenile Merridia gerlachei at various prey con-
centrations. (solid circles = 3-4 Jan 1986, PL = 1224.3um =
16% w/n = 42: x = 7 Feb 1986. PL = 1438.1 um * 9.3¢
w/n = 28).

ration feeding rates of the adult female stage. The
two older stages ingested around 9% of their
bodily weight each day while the younger CIV
stage was able to ingest over 20% of their body
weight per day on this prey type (Table 3).

In contrast, when feeding rates of these stages
were measured on prey that were half the size of
the preferred prey of the adult female predator,
namely Microcalanus at 500 um (Fig. 3B). highest
rates were achieved by the smallest develop-
mental stage (CIV) at 17 prey/predator/day.
Copepodid Stages V and VI fed at lower rates of
74% and 39%, respectively, of the feeding rates
of the copepodid Stage IV. The copepodid Stage
IV were able to ingest 119% of their bodily weight
per day on this prey type while the CV and CVI
stages could get only around 1% of their bodily
weight on this small copepod (Table 3). A three-
week starvation period did not produce a marked
change in the feeding rates on this prey type.

Maximum clearance rates of the adult female
predatory copepod on its preferred prey obtained
at 1 prey/liter was 101.9 ml/female/h or 2.4 liters/
d. This is similar to that of the adult female
temperate copepod E. elongata (3.4 liters/d; Yen
1985) and that of Labidocera trispinosa (2.7 liters/
d; Landry 1978) but much higher than the maxi-
mum clearance rates of other copepods (Cory-

Predation rates at 50 Metridia/liter
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Fig. 3. A) Predatory feeding rates of three developmental stages
(copepodid Stages 1V, V. VI females) of Euchaeta antarctica
on juvenile Metridia gerlachei (~1200 um PL) at 50 prey/liter.
Feeding rates of starved (open circles) and fed (solid circles)
adult females arc compared. B) Predatory feeding rates of
starved (open circles) and fed (solid circles) developmental
stages of Euchaeta antarctica on Microcalanus spp. (~500 um
PL) at 50 prey/liter.

caeus anglicus at 0.004 liters/d, Neocalanus
cristatus at 0.5 liters/d, Oithona spinirostris at
0.045 liters/d, or Calanus pacificus at 0.65 liters/
day: from Landry & Fagerness 1988).
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Table 3. Proportion of bodily weight consumed and proportion of ingested weight respired by 3 developmental stages of Euchaeta
antarctica fed 2 prey types at 50/liter: Metridia gerlachei and Microcalanus.

Dry weight Respiration % Bodily wt consumed/d* % Ingested wt respired/d”
Stage (ng) ul O,/cop/h on Met® on pCal’ on Met on uCal
CVl 5709 + 16%' 3.9 9.3 0.4 17.8 413.0
cv 3409 + 8%* 2.0 9.2 1.3 15.4 113.0
CIv 500 £ 9.5%° 1.0 21.5 11.6 2.3 41.5

! Coefficient of Variation (C.V.) for n = 4 groups of 20 individuals.

2 C.V. for n = 7 groups of 2-12 individuals.
3C.V. for n = 6 groups of 10-32 individuals.
* As depicted in Fig. 3.

$ Using the equations of Parsons et al. (1979), assuming an R.Q. of 0.75 and a ratio of 40% C/DW.
¢ Dry Weight of Metridia = 28.3ug * 10.2% (n = 3 groups of 25 individuals).

" DW of Microcalanus = 3.4 ug (n = 1 group of 100 individuals).

Respiration rates

During March 1988, adult female copepods
respired an average of 3.83 ul O,/female/h while
juvenile stage CV respired 2.0 ul O,/h and CIV
respired 1.0 ul O,/h (Table 3).

Fecal pellet production

Gut fullness showed a uniform decline over time
(Fig. 4A). Fecal pellets were produced at a rate
of 0.7 pellets/h for laboratory-fed predators and
no trend was noted in pellet production rates for
predators having different levels of gut fullness
(Fig. 4B). Since Euchaeta does not feed on heat-
killed copepods, I presumed that it did not con-
sume fecal pellets and no precautions were taken
to prevent copraphagy. Furthermore, over the
collection period, a maximum of 0.9 pellets
could have been produced by some of the cope-
pods, so some measurements may have been
underestimated. Pellets were uniform in size, hav-
ing a length of 930 um and width of 180 pum giving
an estimated cylindrical volume of 23.7 pl (Table
4). An average full gut of E. antarctica can pro-
duce about 10 fecal pellets, giving an estimated
gut volume of 237 ul. When fed their preferred
prey, the adult female predator produced one
fecal pellet from 1.63 consumed prey. Assuming
the rate of egestion is equal to the rate of inges-
tion, this factor was used to convert pellet pro-
duction rate to an ingestion rate of 1.14 prey/
hour. In order to reach maximum ingestion rate,
this copepod would have to feed for 16.5 hours.
However, only 2.8 hours of feeding is required to
cover their metabolic costs.

Discussion

During the austral summer period, adult female
Euchaeta antarctica appears to be an exclusive
carnivore, capable of consuming up to 20 mobile
copepod prey/predator/d and scanning up to 2.4
liters/d. These rates were measured using cope-
pods of Metridia gerlachei, prey of the preferred
size of approximately 1200 pm. These preferred
prey also happen to be one of the most abundant
copepods available in the plankton, with CIIIs
available in December and CIVs available
through March; later in the summer, Micro-
calanus becomes abundant in the plankton (Yen
& Zmijewska unpubl.). These smaller copepod
prey apparently are more efficiently consumed
by smaller than larger developmental stages
of the predator. A similar shift in the size of
preferred prey with predator size has been seen
both intraspecifically for the various develop-
mental stages of the temperate species (Yen 1985)
as well as interspecifically for Euchaeta of dif-
ferent sizes (Yen pers. obsns). The size of the
preferred prey of E. antarctica is approximately
65% the length of the basipod (1835 um; see
Table 4). This further confirms the 70 = 5% ratio
of primary prey size to basipod length found for
the temperate congener (E. elongata of 72%; Yen
1985) as well as for other euchaetids (E. norvegica
at 64%, E. rimana at 71%; Yen unpubl.).

At a mean saturation ingestion rate of 18.7
prey/d on M. gerlachei, weighing 28.3 ug dry
weight, 8.83% of the 6 mg body weight of the
adult female predator is consumed (Table 4). Of
this ingested material, only 17.3% is required
for respiratory costs, assuming an R.Q. of 0.75
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Fig. 4. A) Gut evacuation curves ot 14 individual adult female
Euchaeta antarctica fed overnight in the Jaboratory on a mixed
prey assemblage and monitored for fecal pellet production over
10 hours. BY Fecal pellet production rates (pellets hour) as
determined from the slope of the hine fit to the gut evacuation
curves shown in A. The average rate of 0.697 = 0.157 peliets,
hour showed no consistent variation with respect to gut fullness
(expressed as total number of fecal pellets evacuated). C) Totul
number of fecal peliets evacuated per individual by adult female
Euchacta antarctica collected directly from Croker Passage.

(Parsons et al. 1979). Of the copepods collected
directly from Croker Passage that had material
visible in their gut (Fig. 4C). 11% evacuated
over 11 fecal pellets which converts to 18 prey
consumed: these predators had achieved the
laboratory-determined saturation ingestion rate.
Ninety-six percent of these predators evacuated
more than 2 pellets which means nearly all of
them consumed enough to cover their respiratory
needs. Most of these copepods ( ~~40% ) evacuated
3-5 fecal peilets which converts to 5-8 prey con-
sumed. This in situ meal more than adequately
covers their daily respiratory costs.
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CIV consumed a fewer number of the large prey
(Metridia) and more of the smaller prey (Micro-
calanus). Yet on both prey types, this young and
potentially faster growing stage obtained 10%
more of its bodily weight per day than could be
obtained by the older, mature individuals of the
same species (Table 3). Furthermore, while the
vounger stages were able to meet their metabolic
costs on either prey type, the older stages could
meet their metabolic costs only on the larger prey.
Older individuals may not be able to find enough
food late in the season, when the juvenile stages
of Metridia no longer are available, which could
force them to go into their overwintering state.
Little feeding and fecal pellet production
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Table 4. Characteristics of the predatory copepod Euchaeta antarctica and its feeding ecology (from Croker Passage, Antarctica;

64°05'S, 62°50'W).

Mean n Units

CVI female DW 6.0 =*=054ClI. (16) mg

70  +39%
Prosome length C.V. (12) mm
Basipod length (B2) 1835 *6.5% (12) um
1° Prey length (PL) 1200 um
% B2/PL 65%
Saturation 1 18.7 =*6.7 6) prey/Q/day
%BW ingested 8.83%
Saturation CL 101.9 *59 ml/Q /hour
Volume searched 2.4 liter/Q /day
Respiration rate 3.83 043 (6) ul O,/Q/hour
%01y TESPired 17.3%
Prey: M. gerlachei 1149.5 + 12.1% (19) pm
Dry Wt prey 283 =*29 3) ug
Dry Wt fecal pellet 35 =162% 2) ug
Length of pellet 931.8 +15.5% (14) um
Width of pellet 180.0 +9.0% (14) um
Volume of pellet 23.7 ul
Maximum # pellets 10
Gut volume 237 n
Pellet production rate 0.69 =0.157 (14) pellets/hour
Conversion factor 1.63 =021 6) prey/pellct
In situ ingestion 1.14 prey/hour

occurred in the wintertime. Since temperature
had little effect on feeding rates, this strong
seasonal change in feeding rate may reflect the
strong seasonal change in food availability, a
response regulated by the extremes in the light
cycle at these high latitudes. Seasonal responses
have been documented in other high-latitude
copepods (Bamstedt & Ervik 1984; Bamstedt &
Tande 1988; Grgnvik & Hopkins 1984; Head &
Harris 1985). According to their findings, Cala-
nus, an obligate herbivore, appears. to feed
actively and to accumulate lipids in the summer
and then go into an overwintering inactive state;
energy for reproduction in the spring is derived
from its reserves. Metridia, an omnivore, does
not accumulate lipid, remains active further into
the winter period, yet relies on the spring bloom
to provide energy for its spring reproduction. This
dichotomy, in part, has been attributed to trophic
type. Accordingly, E. antarctica, a carnivore,
ought to continue to feed actively during the
winter season. My findings indicate that E. ant-
arctica responds in a way similar to Calanus: it
stops feeding during winter and relies on accumu-
lated lipids for reproductive activity, which occurs
during the winter (Littlepage 1964). This response

appears independent of trophic type but depen-
dent on the seasonality in food supply. The omni-
vore, Metridia, is able to feed on both phyto-
plankton and microzooplankton, and relies on
aless variant supply of food. In contrast, Calanus,
which feeds on phytoplankton, is subject to
extreme seasonality in its food supply. Euchaeta,
which feeds on mobile prey of a preferred size
(1.2 mm), also appears subject to a limited food
supply in winter. Its potential prey include the
large population of overwintering copepods.
However, overwintering herbivorous copepods
usually are very sluggish (Hallberg & Hirche
1980). Without movement, E. antarctica may not
be able to detect these prey. The overwintering
stages also are the late copepod stages and may
be far larger than the preferred prey size. Fur-
thermore, preliminary analyses indicate that E.
antarctica reduced its migratory activity in winter
and the population tended to remain below 600 m
(Yen & Zmijewska unpubl.). At these depths, its
distribution may not overlap with that of its prey.
In response to this deprivation of food, Euchaeta
ceases to feed in winter as does Calanus. Low
winter activity is a behavior of the herbivorous as
well as the carnivorous copepods.
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The other trait that accompanies overwinter-
ing, lipid accumulation, also appears to be a
response to large variations in food supply (Lee
et al. 1971). Euchaeta antarctica is capable of
storing reserves as is evident by its high lipid
content (Littlepage 1964). The adequacy of these
lipid stores in providing the energy necessary
for winter activity (metabolic and reproductive
requirements) needs further investigation.
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