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Abstract: it is well known thar Aaastatus sp. and Ooencyrtus sp. are effective in killing Tessaratoma papi!-
{nsa. So it is important to investigate the population dynamics in parasttoid wasp-Tessaratoma papillosa sye-
temn and to develap strategy of releasing of artificially-reared parasitoid 1o the field. It i~ a common merhod
to predicate the current pest quantity by its last generation dynarmics combining with the analysts of enw

ronment factors. Different generations of Tessaratoma papillnosgs can be easily distingmished but thar of
parasitoid wasps would not be done. In fact. it is quite difficult 1o check which generations the parasitoid
wasps should belong to. Thus we could not describe exactly the papulation of parasiioid wasp-Tessaratona
pupillosa by only diffcrential or difference equations. A coupled equations consisting of both differentual c-
gquation and difference equation modeling 7'¢ssuratoma papiliosa-parasitoid wasp interaction is necessary, A
difference-integral cquation model for Tessaratoma pupillosa-parasitoid wasp system using the Lotka-
Volterra cquation and a recurrence formula for solving the cquation are presented in this paper.

We modelled the population dynamies with the following coupled equations. Let X, (£) denote the cgg
number of new generation of Tessaratoma papillosa at time t of the *th year in a certain space (0.7,
t =1, 2.3-. The funcijon X, () (0=<2¢<2T dcan be ohtained by fitting actual data. Using Y, {¢} 10 figure
the amount of parasitoid wasps al time ¢ {0<./<5T) of the i'th year (i=1, 2.++) within the same space.
Suppose Y. (U) 1s the number of parasitoid at time 0 of the i*th vear. According to the Lotka-Volterra ¢-

quation. wc have

dY ()
dt

where both @ and 2 are two positive constants, Since X,(z) and Y, (0) arc known. we have

:Y](.t)[:“&+ﬁX1(f}] (Uw;fi:fr}

V(1) = Y, (0)elel =@ (< e sl 1)

Let 2 be the average parasitism rate per parustioid. We use
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X, () — X, (t) — Y, = X,(t) — kY (0)elol e-3% o 00
1o denote the aumount of pest eggs which are not parasitoid in the first year and supposc they can all grow
up and lay eggs. where A serve as the average ovipositor quantuty per adult pest. Thus we have.
X - AKX ) = ATX ) — RY ()] = AX, () — ARY [ (O)efilme e
Inductively . we obtain the following model .
X 0y = A[X, (&) — kY, ()]

‘n — 1 X (1)

! K
[_I_r - u---ﬂxnta"}]dd

IY,,(r) = Y, (u)

L i I I'E,g*:]'h a+ ﬁxiwﬂda

=1

Using the integral-difference equations above .we can predicate the number of the pest eggs and parasitoid
at time ¢ ol each year by means of recurrence.

The parameter ¥. denoting 1the average number of pornsitics eggs per parasitoid. i+ trans{ormed from
mean ovipositor number per parasitoid combined with parasitism rates. and A, denoting the average fecun-
dity value per pest. which can be determined {rom laboratory rearing experiment respectively. Parameter «

and @ are confirmed based on mode]l (1). one can obtain.

{
i€y, €03/ 3,_ (D)) = — oT + ﬁf e (0o (= 1.2.3. e

where rx,{d)dais the ovipositor amount of the pest during the n'th year.
0

When the amount of pest ovipositor in the ;’th year and the amount of parasitoid wasps at time 0 in

If"_r
the corresponding year, nameiyJ X, {oddaand Y (0), =1.2.+m) are known. we can obiamn the param-
0

eters of @ and A by linear regression.
Long-term dynamic characterization of the system is deduccd base on the modcel.
In Model (1), assume r=7. Then it follows:
NATy = ALX, (T} - &Y, ()]
" | (2)
Y (T) =Y, (03] Jelol v oo
::]

when n—+o>, Y, () becomes a infinite product. We get the following results by using the infinite product
theory .
Proposition 1 The prerequisite of parasitoid wasp amount Y,.(7) isa/3. where eand Bare detcrminat-

ed by the lollowing equations

f {
lim| [— a + 8X,(0)]de = 0 or equivalently lim ;:j X (a)de = ..E,T
¥ LI § o

= 3

. ¥
.. P . | . .
Proposition 2 1f the infinite series LJ— X (e)dais convergent . then both Tessararoma papillosa und
PES

parasitoid wasp tend to exrinction,

(4 4

Proposition 3 1f imY.(+) = A then A~ J5(1~ =)

Propusition 1 Tessaratoma papillose-parasttoids wasp system possibly exists for a long —term only it

(1) lim[ "— e+ Fr.ia)lde = 0

" It

and

-
(2) Scquence i-(- C—a  Axr.(a) de} fluctuates continually around zero.namely the average amount of

I
the pest . % [ 7.{)do fluctuares around /5. Actually. equality (13 in Proposition 4 is rare because of bi-
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otic and other [actors.

Population dvnamics under the condition of rclecase of parasitoids and sparing pesticide 15 deduced
respectively based on our model. by which we proof the theory that to release reared parasitoid 1« much
better than to spare overflow pesticide. Furthermore, we deduce the optimal release ume and the optimal
relewse quantity of reared parasitoid. Our model and results agreed with the data of a 12 year period that
was obtained by a pest prediction station in Tongan, Xiamen.
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Table 1 The data of Tessaratoma papiliosa Drury’s quantity

A & i a) 1985-04-24 1986-04-17 1987-04-04 1988-04 08 1989 0.1-02 199¢ 03-29
_ﬁﬁﬁ"ﬁﬁﬂl 8. 3 16. 1 21.3 2 27 3.3

W & 1t 1E] 1991-01-24 1992-04-36 1593-04-15 1994-04-20 1995-04-18 1996-01-18
iEﬂEﬁ‘ETKﬂL! 13. 425 11, 1 | 4.9 2..5 4 130
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