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um 0,06 % abnahm. Ein Teil der iiberzihligen Parasitennachkommen wurde wihrend des Eista-
diums eliminiert. Der Umfang dieser Eliminierung stieg mit der Zunahme der iiberzihligen
Parasiten und umgekehrt.
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Numerical response and area of discovery of a predator,
Coccinella septempunctata L.

By K. P. PanpEY, A. KUuMAR, R. SiNGH, S. SHANKER and C. P. M. TRIPATHI

Abstract

The numerical response of the predator Coccinella septempunctata shows that the individual
predation rate (prey is mustard aphid, Lipaphis erysimi) of the grubs decreases with increase of its
density. The interference [mutual interference constant {m) = 0.62] between grubs at higher
densities was suggested as a cause for this behavioural response and was explained by applying the
population model of HasseLL and VarLey. The data also furnish an insight into the number of
predators needed to regulate the estimated prey population and 1:50 ratio of predator to prey for
the immediate release of C. septempunctata was recommended against L. erysimi.
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1 Introduction

The ladybird beetle, Coccinella septempunctata L. has been reported to be an
effective biocontrol agent against the aphid, Lipaphis erysim: Kalt., a major
pest of the oilseed crop, Brassica campestris L. (ATwaL and SETHI 1963 ; SINHA
et al. 1982). The grubs of C. septempunctata are voracious feeder and consume
more aphids than the adults (HaMALAINEN 1977; RAYCHAUDHARY 1981) and
play an important role in suppressing down the aphid population in nature.
The numerical response (SOLOMON 1949) of the predator is considered to be an
important component in the biocontrol practices and is often responsible for
suppressing the prey population (HUFFAKER et al. 1971). In addition, this
response also helps in calculation of the number of the predators needed to
regulate the estimated prey population (KN1PLING and GiLMORE 1971).

The number of prey that a given population of the predator can search and
consume in a given area and time period (which is related with the prey finding
efficiency of the predator) must also be established. In past, NicHoLsoN and
BAaILEY (1935) were of opinion that the searching efficiency of a predator as
measured by its “area of discovery” is constant and thus independent on the
prey-predator densities. However, the population model o}) them (which
provides numerical value of the area of discovery (a), viz.,

a=ilo N
P ges

where, N = prey density exposed for predation, P = predator density
released for predation and S = number of prey surviving predation) was
refuted later on by HasserLL and VARLEY (1969) which have proposed a new
model in which the searching efficiency of the predators declines exponentially
as their density increases, and incorporated a mutual interference constant (m),
deriving an equation

a = _Q_

Pm

where, Q = quest constant (the a when only one predator is searching), m =
mutual interference constant (the slope of regression of log a on log P).
Though this model had been criticised on several grounds (HasseLL 1971;
Royama 1971; STINNER and Lucas 1976), but still widely accepted because of
its simplicity.

In view of these informations the laboratory experiments reported herein
were designed to examine 1. the effect of various predator densities on the rate
of consumption of individuals at a constant prey density and 2. the effect of
various predator and prey densities on its area of discovery.

2 Material and methods

L. erysimi were reared in the laboratory on the fresh foliage of B. campestris at 20 = 3°C,
80 = 10 % RH and 12:12 photoperiod (PANDEY et al. 1984).

The first set of experiment was designed to study the effect of various predator densities on the
rate of consumption of the individuals and its searching efficiency. For this, 4 petridishes were
taken and 200 3rd instar nymphs of the aphid (the stage most favoured by the predator, SinHa et
al. 1982), placed on the leaf (10 X 6 cm) of the host plant, were put in each one. One, 2, 4, and 8
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24 h starved 3rd instar grubs of C.
septempunctata were introduced in
above mentioned 4 petridishes re-
spectively for 3 h for predation.

The second set of the experiment
was designed to examine the effect of
varying prey densities on the search-
ing ef?iciency of the predator. For
this, 40, 80, 100, 200, 400, and 800 3rd
instar nymphs of the aphid were put
in 6 petridishes as mentioned above.
One predator was introduced in each
one for 24 h. At the end of the experi-
ment, the predators were withdrawn
from the petridishes and the left over
unconsumed aphids were counted.
Both the experiments were per-
formed 6 times and the data so ob-
tained were analysed statistically.

3 Results and discussion

Fig. 1 explicits that as the den-
sity of the predator increases,
the amount of prey consump-
tion increases significantly
(F = 3.94, P <0.025). The
rate of consumption per indi-
vidual predator is maximum
with one predator and de-
creases linearly with increase
of predator density (fig. 2).

The area of discovery of
the predator decreases with
the increase of both predator
as well as prey densities
(table).

The increased amount of
prey consumption with in-
crease of predator density
(fig. 1) clearly indicates that in
order to destroy greater
number of preys, more pre-
dators might be required,
however, fig.1 also re-
presented that when 8 pre-
dators were put in, a doubling
of prey consumption in com-
parision to 4 predators did not
occur, which might be due to

the limited predation-time and the reduction of efficiency of the predators
(ULLYETT 1949; BURNETT 1951). The decreased rate of prey consumption per
predator with increase of predator density (fig. 2) explicated the existence of
mutual interference amongst the predators (MicHELAKIS 1973; HassELL et al.
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Area of discovery of searching grubs of C. septempunctata at different L. erysimi densities
(exposure period 24 h) and at its different densities (exposure period 3h)

Prey densities Area of discovery Predator densities Area of discovery
40 1.743 1 1.13
80 1.386 2 0.85

100 1.204 4 0.55
200 0.916 8 0.35
400 0.798 Mutual inter- 0.62
800 0.496 ference constant :
.8
* -0.6
L4 Y =31-09X%
r =-099
4-0.8
P <0.001
.
|.0L
t 1~l0 ©
3 ] §
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S 06
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P<0.001 ;
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Fig. 3. Relationship between log area of discovery of C. septempunctata and log initial numbers ot
it (X scale mentioned below line and Y scale at right hand) and log initial numbers of L. erysimi
(X scale mentioned above line and Y scale at left hand)

1976; HasseLL 1980; EveLeicH and CHANT 1982) which inducts them to
scatter (EVELEIGH and CHANT 1982).

Fig. 3 illustrates that the higher densities of predators as well as prey have an
inverse effect on searching efficiency of the predator which 1s a general
phenomenon with predators (HasserL and VARLEY 1969; Rovama 1971;
FernanDo and Hasserr 1980). The cause of inverse effect by the increase of
predator density is the enhanced behavioural interactions between predators
and preys (mutual interference). The impact of this interference (measured as
mutual constant) on the stability of prey predator interactions were explored
theoretically in past by HasseLr and May (1973), RoGeRs and HasseLL (1974),
BeEDDINGTON (1975). According to them the greater the value of mutual
interference constant, the greater would be the tendency of the predator to
interact the prey and to become stable in the nature. The strong mutual
interference constant (0.62) helps it in its dispersal which favours the spread of
the area of interaction.
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The present findings thus suggest that the ratio of predator and prey should
not exceed 1:50 for controlling the estimated prey population at any immedi-
ate release site.
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Zusammenfassung

Dichtereaktionen und Jagdareal von Coccinella septempunctata L.

Die numerische Reaktion des Pridators C. septempunctata zeigte, dafl die individuelle Pridations-
quote {Beute: Senfblattlaus, Lipaphis erysimi) der Kiferlarven mit der Dichte anstieg. Die
Beziehungen (Beziehungskonstante m = 0,62) zwischen den Larven bei héherer Dichte wurden
als Ursache fiir diese Reaktion angesehen und unter Anwendung des Populationsmodells von
HasseLL und VARLEY niher betrachtet. Die Ergebnisse ergaben auch einen Emnblick in die Zahl der
Pridatoren, welche notwendig sind, die geschitzte Beute-Population zu reduzieren. Hierfiir wird
eine Freilassungsquote von 1 C. septempunctata auf 50 L. erysimi-Individuen empfohlen.
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