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ABSTRACT

The functional response of a coccinellid beetle, Aiolocaria hexaspilota, to
various densities and stages of its prey, the walnut leaf beetle (Gastrolina
depressa), was examined. The average amount of daily prey consumption, in
terms of the first instar larval weight of G. depressa, by four instar predator
larvae was 2.7, 21.4, 47.3 and 129.0 units, respectively. Predator functional
responses were essentially of Holling type 2. As the predator developed, the
maximum theoretical number of prey consumed per day increased. Although the
first to fourth instar predator larvae preyed on first to third instar larvae of G.
depressa, the first instar predator larvae were almost incapable of catching third
instar prey larvae, whereas fourth instar predator larvae, spending a lot of effort
in handling and searching, were unable to obtain enough food for growth when
the only prey available was in the first instar developmental stage. The
efficiency of food utilization was most effective when young (first and second
instar) and old (third and fourth instar) larvae of A. hexaspilota preyed on
young (first and second instar) and old (third instar and pupae) larvae of G.
depressa, respectively.
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Introduction

Solomon (1949) proposed that the
response of predators to prey density can
be classified into a functional response, in
which the consumption of prey by indi-
vidual predators changes, and a numer-
ical response. The functional response of
various predators was extensively studied
by Holling (1959b) and has generated
important information concerning the
interaction between prey and predator
(Collins et al., 1981; Heong and Rubia,
1989; Heong et al., 1991; Hertlein and
Thorarinsson, 1987, Holling, 1959a; Ho-
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ndo, 1979; Mogi, 1969; Shipp and Whitfie-
1d, 1991; Treacy et al., 1987).

Coccinellids are known as important
predators. A member of this group, Aiolo-
caria hexaspilota, is a rare example of a
specific predator, preying only on the
walnut leaf beetle, Gastrolina depressa.
Although Matsura (1976) studied the
numerical response of A. hexaspilota to
its prey, its functional response remains
unexamined. As A. hexaspilota is mono-
phagous, these laboratory results are
expected to reflect actively the preda-
tor / prey interaction in the field.

Our project was to examine the



functional response of A. hexaspilota to
the density of G. depressa.

Materials and Methods

In June and July of 1986 and 1987, A.
hexaspilota and G. depressa adults were
collected from walnut trees in Ina, Naga-
no Prefecture, Japan. Each species was
kept separately at room temperature un-
der natural daylight conditions (about 20
—-25°C, 10 h / 14 h photophase / scotophase
cycle, and 70-80%RH) and allowed to
mate. G. depressa larvae hatched from
eggs laid by captive adults were reared in
plastic dishes (15 em dia. X 9 cm)
containing walnut leaves.

Immediately after hatching or molt-
ing, A. hexaspilota had access to suffi-
cient prey. The first to third instar larvae
of G. depressa served as food. The average
number of G. depressa larvae consumed
per day by a single A. hexaspilota larva
was obtained by dividing the total amount
of prey consumed by the duration, in
days, of the particular developmental
stage in question. The G. depressa larval
changes in biomass by weight values
developed by Matsura (1976) were used,
if the weight of the first instar larva was
assigned as one unit then that of the
second and third instar larvae were 3.4
and 14.6 units, respectively. The average
weight of each A. hexaspilota larva was
also recorded.

In order to measure the functional
response of predator to prey, an A.
hexaspilota larva, newly hatched or molt-
ed, was placed in a Petri dish in which
the density of G. depressa larvae at a
particular developmental stage was pro-
vided and kept relatively constant. After
determining and recording the number
consumed, we added G. depressa larvae at
the same developmental stage to the Petri
dish at 18:00 h. every day to keep the
density fixed. Various combinations of G.
depressa larval density and the number of
prey consumed by an A. hexaspilota larva

are shown in Table 1.

Holling type—2 functional responses
demonstrated by many predators are de-
scribed by Holling’s disc equation:

Y=aNTP/ (1+ahN) (1)
in which Y=total number of prey at-
tacked, a=attack rate, N=total number
of prey, P=predator density, h=handling
time, the time it takes for a predator to
catch, kill, and eat a prey, and T=the
total searching time. The way in which a
and h are estimated from functional
response data is described by Holling
(1959a), it is assumed that the number of
prey replaced corresponds to the number
eaten.

We used the more flexible Royama’s
model (Royama, 1971) because it allows
for removal of prey during the experi-
ment:

Y=XD(1_e*a(PT*hY)) (2)
in which X,= initial number of prey, the
a, P, T, h and Y terms are analogous to
those in Holling’s disc equation. Aec-
cording to equation (2),

In(1-Y / X,)=ahY-aPT (3)
The values of a and h were determined
from the regression plot of In(1-Y/X.)
against Y (Rogers, 1972).

Results and Discussion

The average weight of the first to
fourth instar larvae of A. hexaspilota
were 0.03, 0.08, 0.27 and 0.48 mg, respec-
tively. These predator larvae consumed,
respectively, 2.7, 21.4, 47.3 and 129.0 units
of prey per day (Table 2).

The functional response of A. hexa-
spilota larvae to its prey, G. depressa, is
shown in Table 1 and Fig. 1. The second,
third and fourth instar larvae of A.
hexaspilota preying on first instar larvae
of G. depressa showed that the predators
consumed all prey larvae offered. The
fourth instar larvae of A. hexaspilota also
consumed all the second instar larvae of
G. depressa offered. The remaining cases
demonstrate Holling type-2 predator /
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Table 1. Daily stage specific food consumption of A. hexaspilota larvae on different stages and densities of G.

depressa
Predator stages
Larva-1 Larva—2 Larva-3 Larva—4
Stage No. of No. of No. of No. of No. of No. of No. of No. of
of prey prey prey prey prey prey prey prey
prey offered consumed  offered consumed  offered consumed  offered consumed
N mean N mean N  mean N  mean
1 5 4 3 5 3 5 5 4 5 50 2 50
1 10 5 5 10 3 10 10 4 10 75 2 75
1 20 3 6.3 15 3 15 15 4 15 100 2 100
1 30 2 865 20 3 20 20 3 20 — - —
1 — - — 30 3 30 30 2 30 — - —
1 — - - — — — 40 2 40 — -
2 5 5 2.8 5 3 5 5 3 5 40 2 40
2 10 5 2.8 10 3 6.7 10 3 10 60 2 60
2 15 5 3.6 20 3 10 20 3 177 80 2 80
2 20 4 3.5 30 3 113 30 3 21 — — —
2 30 2 4 — - — — - - — - -
3 3 3 1 5 4 2.3 5 4 2.5 10 3 10
3 6 3 1 10 4 2 10 3 4.3 20 3 157
3 9 3 1 15 4 3.3 15 3 6.8 30 3 237
3 - - — 20 4 4.3 20 4 4.5 40 3 313
3 — — — 30 3 5.7 30 4 5.3 50 3 327
Table 2. Durations and prey consumption units of each larval stage of A. hexaspilota on G.
depressa
Duration(days) Consumption units(units of prey / predator)"”
Larva N X SD N Daily Total

X SD X SD

1 0 20 03 10 2.7 0.8 5.4 0.5

2 10 2.0 0.5 10 214 2.0 42.7 2.7

3 10 2.0 0.2 10 47.3 4.2 9.5 7.8

4 10 4.3 0.5 10 129.0 12.8 554.5 68.4

1) Prey units were estimated by assigning the average weight of larva-1 of G. depressa
as one unit, the other larval weights were convered into units by their weight ratio to

larva-1.

2) Each predator had access to sufficient prey.

prey functional response, which applies to
many other predators (Collins et al., 1981;
Griffiths, 1969; Heong et al., 1991; Her-
tlein and Thorarinsson, 1987).

The estimated values of attack rate
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(a) and handling time (h) for A. hexa-
spilota and the maximum theoretical nu-
mber of G. depressa consumed per day
(1/h) are shown in Table 3. For stage
specific instar of predators, the decre-
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Fig. 1. Functional responses of A. hexaspilota larvae to its prey, G. depressa.

Table 3. Estimated attack rate (a), handling time (h) and the maximum theoretical prey
consumption unit (1/h) of A. hexaspilota on G. depressa based on regression
analysis results by Rogers model

Predator Attack rate (a) Handling time (h) and 1/h

instar Prey instar Prey instar
1 2 3 1 2 3
h(1/h) h(1/h) h(1/h)
1 1508 1626 —"  0.121(826)  0.235(4.26) —
2 — 2.206 0.498 — 0.067(14.93) 0.108(9.22)
3 — 7.305 0.572 - 0.040(25.14) 0.050(19.87)
4 — — 1.894 — — " 0.010(103.49)

1) Estimates were unobtainable because all prey were consumed or only one prey was

consumed.,

mental attack rate was observed when
incremental stage of prey was offered,
vise versa for handling time of predator.
Conversely, while the prey was limited to
a particular developmental stage, the
values of a and h of the predator
increased and decreased respectively, as
the predator instar increased. When the

predator developed from the first to
fourth instar, the incremental unit of the
maximum theoretical prey consumption
(1/h) was found.

MacArthur and Pianka (1966) sug-
gested that a prey menu of a predator is
limited when its consumption is large, but
wide when that is small. The prey menu
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of A. hexaspilota is limited to only one
species, (. depressa, consistent with its
large consumption. Because of the small
larval mobility of A. hexaspilota, their
searching ability is restricted to a small
area; hence effective food utilization is an
important factor in limiting their popula-
tion growth. Accordingly, in determining
the most effective utilization of food in a
small area, we must consider which instar
larva of A. hexaspilota preys on which
instar larva of G. depressa.

Although first to fourth instar larvae
of A. hexaspilota are functionally capable
of preying on first to third instar larvae
of G. depressa, the difficulty for a pred-
ator of a particular developmental stage
increases as prey develop. This situation
is reflected in the attack rate by pred-
ators and the duration of handling time
(Table 3). Similar results were also
reported for other predators (Hassell et
al., 1976; Hondo, 1984). Observations of
the feeding patterns of A. hexaspilota
larvae revealed that first instar larvae
are almost incapable of catching third
instar larvae of G. depressa. In order to
raise one A. hexaspilota to adult, approxi-
mately 700 units of G. depressa larvae
were needed, of which 550 units were
consumed by fourth instar larvae. It was
suggested that fourth instar larvae of A.
hexaspilota, spending a lot of effort in
handling and searching, were unable to
obtain enough food for growth when the
only prey available was in the first instar
developmental stage. Therefore, the effici-
ency of utilization of prey food by the
predator may be most effective when
young (first and second instar) and old
(third and fourth instar) larvae of A.
hexaspilota prey on young (first and
second instar) and old (third instar and
pupae) larvae of G. depressa, respectively.
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