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® Abstract: Feeding behavior of juveniles of the planktonic shrimp Lucifer faxoni
Borradaile was studicd in the laboratory under light and dark conditions.
Newly-hatched nauplii and metanauplii of Arfemia were used as prey organisms.
The feeding rate of L. favoni was dependent on prey size and prey density, but was
not obviously affccted by light or dark conditions. The capture of the prey tended
to increase with longer exposure time to prey. The maximum ingestion rate was
17.28 and 13.40 nauplii.L. faxoni” 4!, in the light and in the dark conditions,
respectively.

Resumo: QO comportamento alimentar de espécimens jovens de Lucifer faxoni
Borradaile, em laboratério, sob condigdes de luz ¢ escuro, foi estudado
utilizando-se como alimento nauplios recém-eclodidos e metanduplios de Artemia.
Neste estudo a taxa de alimentagao de L. faxoni foi influenciada pelo tamanho e
concentragio da presa, bem como pelo tempo de contato com a mesma. A atividade
alimentar de L. faxoni foi maior em condigdes de luz, quando comparado com as

condigoes de escuro. lA taxa méaxima de ingestdo calculada foi de 17,28 e 13,40
nauplios.L. faxoni~.d™ para as condigdes de luz € escuro, respectivamente.

® Descriptors: Feeding behavior, Predation rate, Marine carnivory, Lucifer faxoni,

Zooplankton.

® Descritores: Comportamento alimentar, Taxa de predagdo, Carnivoria, Lucifer

faxoni, Zooplancton marinho.

Introduction

The feeding mechanisms are worth studying in order to
answer basic questions about how evolution has shaped
feeding behavior and how this behavior will affect
community structure and function (Bamstedt, 1988).

Carnivorous feeding of 7zooplankton may play an
important role in the regulation of prey populations
(Hopkins et al., 1993), and consequently in determining
community structure. Feeding behavior and energetics of
carnivorous feeding of zooplankton species have been
studied (Lampitt & Gamble, 1982; Yen, 1983; Recve ef al.,
1989; Oresland & Ward, 1993).

The planktonic shrimp Lucifer faxoni Borradaile is
regarded as an important component of the carnivorous
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zooplankton in tropical and subtropical neritic watersin the
Atlantic. It is abundant and widely distributed in the neritic
waters along the eastern coasts of North America
(Hopkins, 1966; Bowman & McCain, 1967; Omori, 1977)
and South America (Lépez, 1966; Harper, 1968;
Jimenez-Alvarez, 1976). In Brazilian coast it is distributed
from Para State to Lagoa dos Patos (Barth, 1963). This
specics have been found abundantly in Ubatuba, Sdo
Sebastiao and Cananéia regions (Sdo Paulo State). In these
localities, its role in trophodynamic pathways must be
important (Vega-Pérez, 1993; 1996), since it constitutes one
of the most important food items found in the stomach
contents of fishes (Gasalla, 1995; Wakabara ef al., 1996).

In general, studics on this species have been concerned
mainly with other aspects of its ecology than feeding
behavior (Woodmansee, 1966a,b; Harper, 1968; Omori,
1977). Information related to its feeding behavior is limited
to Lee et al. (1992).
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This study was conducted to contribute to our
understanding of the feeding behavior of L. faxoni under
laboratory conditions. The goal is to determine predation
rate at different food concentrations using two sizes of prey
under different light condition.

Material and methods

Zooplankton samples and seawater were collected on
September 20-23, 1994 off Ubatuba region, Sao Paulo State,
Brazil (Fig. 1). Oblique hauls were made using a 505 um
mesh ring net of 1 m diameter, which was towed between
the surface and 12 m depth for 5 min at ship velocity of ca.
1.0 - 1.5 knots. Samples were transfered into plastic
containers and transported immediately to the laboratory.

Juvenile females specimens of L. faxoni (mean of total
length =3.84 £ 0.99 mm; mean wet-weight =239.19 =

111.90ug) were sorted with pipette and placed individually
in small glass bowls (diameter 9 cm and depth 7 cm),
containing approximately 100 ml filtered seawater with
salinity 34.00. All specimens were maintained at room
temperature of 21.5-27.0°C in starved condition for 6h
before the experiments begun.

Three aspects of feeding behavior of L. faxoni were
studied: (1) influence of prey concentration; (2) effect of
prey size; (3) influence of light and dark conditions.

In the feeding experiments newly-hatched Artemia
nauplii (mean length = 0.46 + 0.036 mm; mean wet-weight
= 14 ug) and metanauplii (mean length = 0.62 = 0.042
mm; mean wet-weight = 17.3 ug) were used as the prey at
four different concentrations: 10, 20, 40 and 80 individuals
per bowl. These experiments were conducted for 6 h under
light and dark conditions.
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Fig. 1. Map showing the location of the sampling station in Ubatuba region, Sao Paulo-Brazil.
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Additional experiments were made to determine the
effect of longer exposure time (9 h and 12 h) of L. faxoni
fed with 20 newly-hatched nauplii prey. During the
experiment no molt of L. faxoni was observed.

At the end of each experiment, specimens of L. faxoni
were carefully removed from the bowl, and the number of
prey remaining in each bowl were counted. When the prey
was partially consumed, i.e. about half of body, it was
registered as 0.5 individual. L. faxoni specimens were
frozen after the experiments to avoid alterations in the
length and weight, since the meansurements were
processed in the period of 48 h.

The relationship between the length of pre-bucal somite
and total length of L. faxoni was observed by Lépes (1966).
Pre-bucal somite was measured, from the tip to the
posterior edge, under a stereomicroscope Wild M5 using a
micrometer scale. Measurements of wet-weight were made
with electronic microbalance (Sauter Co. Ltd., Modcl D81)
by placing a known number of individuals on a alumnium
foil.

From length and weight data of L. faxoni, the following
regression equation was obtained:

W =308.653L2% (r =0.883),

where W and L are the weight (ug) and length (mm),
respectively. This equation was used to calculate the weight
of a single L. faxoni.

Ivlev’s equation modified by Parsons et al. (1969) was
fitted to the mean values of ingestion rates obtained from
the experiments to express the functional response of the

L. faxoni in terms of nauplii.L. faxom"l.d'l, and ug
nauplii.L. faxonil.d:

I = Imax(1-e PP,

where I is the ingestion rate; Imax is the theoretical
maximum rate of ingestion; d is the constant; p is the prey
density, and po is the threshold prey density below which
no feeding takes place.

For all statistical comparisons, one-way analysis of
variance (ANOVA) and Tukey multiple comparison test
were applicd (Sokal & Rohlf, 1981).

Results

In laboratory conditions, L. faxoni generally ate their
prey whole, although sometimes partial consumption has
been observed.

Throughout the series of experiments, a large number
of L. faxoni (82.09%) was observed preying on
newly-hatched Artemia nauplii and metanauplii, whereas
17.91% of the L. faxoni had not ingested prey.

The mean values of individual ingestion rates varied
with the prey size, prey density and light/dark conditions
(Table 1). The number of prey ingested in the 6h
experiments was variable. Nearly 70.92% of L. faxoni
consumed 1-5 prey items, 9.91% captured 6-11 prey and
only 0.70% ingested 13 nauplii (Fig. 2). Higher percentage
of capture was verified in light conditions (Fig. 3).

Table 1. Means (+SE) of ingestion rates (express per day) of L. faxoni preying upon Artemia

newly-hatched nauplii and metanauplii.

LIGHT DARK
PREY DENSITY N  MEAN N  MEAN
Newly hatched nauplii
10 8 1.5 (0.420) 9 1.11  (0.587)
20 10  3.15 (0.487) 9 1.87 (0.407)
40 10 2.55 (0.449) 10 2.9 €0.737)
80 10 3 (0.882) 9 2.39 (0.623)
Metanauplii
10 5 1.9 (0.675) 5 3.8 ¢0.581)
20 10 3.5 €0.819) 10 1.6 €0.452)
40 7 5.42 (1.822) 9 2.89 (0.827)
80 10 4.5 (1.325) 9 3.78 (0.923)
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Lucifer faxoni showed preference towards ingesting
larger prey (metanauplii) than small one (nauplii). The
one-way ANOVA analysis applied to the ingestion rate
proved significant differences. However, the Tukey
multiple comparison test did not prove this difference
statistically except for the case when prey density was 10
nauplii.100 mI™L.

Interaction effect on prey and predator was evident.
Mean ingestion rates of L. faxoni increased with prey
densities. The rates on nauplii and metanauplii prey
approached asymptotic values in both light and dark
conditions, as shown in Figure 4. The calculated rate of
maximum ingestion was 17.28 and 13.40 nauplii.l.
faxoni1.d! for light and dark experiments, respectively.
These values were equivalent to 252.56 ug wet-weight
nauphii.L. faxoni'l.d'1 in the light and 175.24 ug wet weight
nauplii. L. faxoni'l.d’1 in the dark.
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Fig. 3. Ingestion rate (express per day) of L. faxoni preying upon Artemia nauplii (A, B) and
métanauplii (C, D), in light and dark conditions.
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Fig. 4. Ingestion rate of L. faxoni on different prey density (lviev’s function), in light(o) and

dark(e) conditions.

The other experiments made to determine the effect of
longer exposure time (9 h and 12 h), utilizing 20 Artemia
nauplii, showed that the capture tended to increase with
longer exposure time to prey (Fig. 5). Tukey multiple
comparison test showed the differences in the 6hand 9 h
experiments under light conditions were statistically
significant. For the other trials, the differences were not
statistically significant.

In all experiments the mean ingestion rate was higher in
the light conditions, although they were not statistically
significant (p < 0.05).

Discussion

In laboratory conditions, L. faxoni generally ate their
prey whole, but the partial consumption was also observed.

These feeding behavior has been reported in other
crustaceans such as the prawn Crangon crangon (Gibson et
al., 1995).

The number of prey ingested by L. faxoni in the
laboratory was highly variable ranging from 0 to 13 Artemia
nauplii, Nearly 17.9% did not feed. The reason for this large
variation could be due to the physiological state of L. faxoni
since feeding can vary due to stress of collection and
acclimation period (Chow-Fraser, 1986).

Prey size is one of the several factors affecting prey
encounter rate and the predator ability and willingness to
capture and ingest prey (Oresland & Ward, 1993). In this
study, L. faxoni preyed more efficiently on Artemia
metanauplii than on newly- hatched nauplii. The difficulty
in capturing the nauplii may be due to the inability of this
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Fig. 5. Mean ingestion rate (express per day) of L. faxoni, with relation of exposure
time to newly-hatched Artemia nauplii, in light(o) and dark( e ) conditions.

species to manipulate smaller prey, as reported for other
prawns (Wassenberg & Hill, 1993; Gibson, 1995). Another
possible explanation for this result is that Arfemia
metanauplii are able to swim more actively than nauplii and
then, they would be detectable at a greater range. This is
probably because of the disturbances caused by the beating
of the swimming appendages or by the prey’s presence in
the swimming current of the predator (Landry, 1978;
Ohman, 1988).

Another factor which affects the ingestion rate is the
abundance of food (Valiela, 1984). In this study, higher prey
densities resulted in higher ingestion rate, but the
relationship curve was asymtoptic. Lee et al. (1992) showed
that the ingestion rate of adult females of L. faxoni
increased with increasing food density, and it did not
appear to saturate at higher food concentration (100
nauplii.l?) in the laboratory condition.

The ingestion rate was slightly higher in the light
conditions than dark condition, it was not significantly
different, however, between light and dark experiments,
indicating that perceptions of prey may occur without visual
cues. Besides visual perception, the detection of prey for
the L. faxoni would be a chemo- or mechanoreception
process. Although at present little is known about the

relative importance of chemo- and mechanoreception in
predator recognition.

In this study longer exposure time of predator to the
prey tended to increase the number of Arfemia captured
by L. faxoni. These results confirm that food will be
successfully captured when the feeder is exposed longer to
the presence of its food (Andrews, 1983).

The information obtained in this study confirms that
further field and laboratory studies on feeding rate of L.
faxoni are required for better understanding the potential
contribution of this species to the marine secondary
production in the studied region.
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