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A MATHEMATICAL MODEL OF THE SEARCHING
EFFICIENCY IN NATURAL ENEMY-PEST SYSTEM

DING YANQING LAN ZoONGXIONG CHEN YUPING

(Institute of Zoologv, Academia Sinica)

The searching efficiency on pest population is a kind of behavioural characteristics of
natural enemy in the course of predation or parasitism. Both the laboratory experiments
and field observations show that the searching efficiency should be regarded as an impor-
tant element in the structure of natural enemy-pest system. It is usuvally a function of
the pest density, the natural enemy density and the climatic factors. The climatic condi-
tons are rarely considered in the Iiteratures published, though their influence on sear—
ching efficiency are quite obvious, especially the temperature effect is most prominent.
In this paper. a mathematical model of searching efficiency with temperature is presented.
Qur Laboratory data of Orius similis show that the responding curve of attack efficiency
with temperature is S-shaped in the intermediate range of temperature, but it declines ra—
pidly near the two extremities (mim. and max. threshold temperatures). Surely such
trend of response may be held for any pest-natural enemy system.

Based on this trend, some hypotheses are made and a mathematical model of attack
efficiency in the whole range between the two threshold temperatures is given as

Fem— i [1—e"(ltgi)2]ﬁ—e—(z“g[)zw (1)
1+exp[—r(T—T¢)] L B

where E denotes the attack efficiency (attack rate); T denotes temperature: r, &k, Ty, T, Ty,

are parameters. Their biological meanings are: r is the intrinsic attack rate, K is the
potential saturation of attack rate, 7’y is the optimal temperature at which the rate of change
of the attack efficiency w. r. . temperature is maximum. 7', is the mim. threshoid tempera~

ture. T, is the max. threshold temperature. & is the possible extent about the two thre-
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shold temperatures in which the rapid declines definitely occur.

Those parameters in (1) are satisfactorily estimated by Marquard’s method of damped
least squares with the data of Orius similis (RMS error 0.003).

The simulation result is shown in Fig. 2

The mathematical model (1) not only describes the regularity or effective pattern of
attack behaviour under the different temperature conditions, but also enables us to estimate
some parameters which could not be estimated in the laboratory, such as Ty, T',, T and §.

An example for application of this model is given. The searching behaviour of flower-

bugs is random and thus Holling model (1959)

Nem=il o] ~( i)

is used and we use E instead of a, to test the field life table data of cotton bollworm i.e..

EP
Vet ~(rxErim, )]

The result obtained is also satisfactory. Moreover it is easily seen that E may be extensi-
vely used in other mathematical models of searching efficiency in pest-natural enemy

systems.
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