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The functional response to host density and mutual interference of an egg para-
sitoid, Anagrus  incamatus  Haliday, parasitizing eggs of Nilaparvata  Zagem  (Stbl)  were
analysed. The behavioural response to varying host egg densities of this parasitoid
was found to be fitted the Helling’s  Type II functional response. By utilizing the
Holling’s (1959) method, the handling time (T,) and searching efficiency (a) were
evaluated. This parasitoid was also found &I possess some degree of mutual inter-
ference  (m) ,  follwing the Hassell and Varley’s (19F9)  model. In addition, ohserva-
tion on the sex ratio of the parasitoid’s progeny, with respect to the host egg and
searching parasitoid densities available in the present study, showed that its ratio
was rather constant, the females usually outnumbered the males, about 2 or 3 to 1.

INTKODLJCTION

‘Three basic parasitoid responses: (1) the functional response to host den-
sily ; (2)  the response to parasitoid density; and (3) the response to the host
distribution, are known to affect searching efficiency of insect parasitoids
(Hassell  and Rogers, 1972; Hassell  and May, 1973). It is known that during
given period of time parasitoids (or predators) attack hosts (or prey) at dif-
ferent rates depending on the number of host (or prey) available. A phenon-
enon in the change in number of attacks per parasitoid (or predator) in
relation to the varying host (or prey) densities has been designated as a func-
tional response. This term was originated by Solomon (1949),  and later, has
extensively been used by Holling (e. g. Holling, 1959, 1961, 1965,1966). The Hol-
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ling’s functional response is recently reviewed by Hasscll (1978). Hassell  and
Rogers (1972) and Hassell and May (1973) consider mutual interference between
searching parasitoids and the response to the host distribution are important
in the host-parasitoid interaction and may contribute markedly to stability.
Hassell  and Varley (1969) developed a model for the mutual interference.

This paper deals with the functional response to host density and mutual
interference of an egg parasitoid, Alzng~lt.s  incamatns  Haliday,  parasitizing eggs
of the brown planthopper, Nilapamata  hgcm  (St&l), under the experimental con-
ditions in laboratory. This work is a part of the study on the biology and
ecology of this parasotoid as an important natural enemy of the rice planthop-
pers in paddy field. The response to the host distribution will be discussed
in a separate paper.

MATERIALS ANL, METHOW

A. hcu:arrmtus  used in this study was fro111  the laboratory stock cultures
reared successively on eggs of the brown planthopper. The parasitoid females
aged less than 3-h were randomly selected from the stocks and they were
allowed to mate prior to be used in the experiments. Eggs of the brown
planthopper were used as a host. The experiments were conducted at room
temperature, fluctuating between 22°C and 31”C,  and averaged 26.4”C  through-
out the course of study.

Seven levels of host egg density were used in the experiment and replicat-
ed 10 times at each density level.  However, number of host eggs in each
replicate were not exactly equal due to some technical problems. By nature,
eggs of the brown planthopper are usually deposited under the surface of host
plant tissue, so their actual numbers could not be counted without dissecting
the host plant. Moreover, there are great variations in the number of eggs
laid by each individual host over a given period, which could not be controlled.
Thus, host density at each level was the average of 10 replicates, in which
each replicate eggs were varied within a certain range. They are as fol-
lows :

Level Density (R) Range

Zi - 24
32 - 36
41 - 46
51 - 36
Gl - 65

1 95.2 71 - 124

Parasitization of parasitoid was performed in glass tube (2 x18 cm) having
both ends open. The rice seedlings bearing host eggs were inserted through
one side of the tube and the parasitoid was released on the other side and
covered by nylon gauze. After exposure for 24 hours, the rice seedlings
bearing host eggs were transferred to the test tube (1.8 x 18 cm) and held for
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8-9 days. Thereafter the host plants were dissected to count the number of
parasitized eggs. They were then kept in plastic Petri-dish providing with moist
filter paper for further development until the state at which sex of parasitoid
could be recognized and the sex ratio was then recorded.

For analysis of the data, the Holling’s (1959) disc equation was utilized.
The equation is:

w,,  ~--- crTN,/(  1 t aT,,  N,)

where N, = the number of host parasitized,
N1 = the host density,
a = the instantaneous rate of search,
T = the time available for host searching of the parasitoid,

and T,, = the handling time.

Helling  (1959) has explained how to obtain the a and 1‘, by using a linear
least  squares  technique;  N,/N, is p lot ted against  N, at each density, the
slope of a straight line is equal to -UT,, and the intercept on the ordinate is
equal to aT. The goodness of fit between the observed data and the expected
number of parasitized eggs obtained from the disc equation was tested by the
chi-square method.

For the observation on the mutual interference of this parasitoid, 4 levels of
parasitoid density, 1, 2, 4 and 8 females were used in the experiment. Due to
the  reasons  as  s tated above,  the  number  of  host  eggs  used for  test  a t
each parasitoid density were not equal, but allowed to be not greatly different
in each replicate and among the different paraisitoid densities. The  host
densities are as follows:

Parasitoid density

_~~~__ ~~~
1
‘2
y”

Host density

R +-SD

352.4 t 28.16
336.8t22.73
335.6254.68  335.2k46.38

No. of replicates

5

8 ;

For analysis of the data, the Hassell  and Varley’s (1969) model was utiliz-
ed. The equation is:

a = QP,-”

or log a = log Q - m log P,

where a is the searching efficiency, Q is the ‘quest constant’, Pi is the para-
sitoid density and m is the mutual interference.

The value of a at each parasitoid density was estimated by utilizing the
formula, of which Hassell  (1978) has derived from Nicholson’s model:
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where Nt is the host density and N, is the number of host parasitized.

RESULTS

The functional response curve of A. imamatus  is shown in Fig. 1. From
the curve, it will be seen that this parasitoid attacked more number of host
eggs as the density of the latter increased. Rate of attacking increased rapid-
ly as the host density increased, but the curve slightly levelled  off at higher
host densities. This is probably due to the limitation of egg-laying capacity
over the 24-h period of the parasitoid.

5 0 -

40 -

0.93N

10 30 50 70 90
Host density (No)

Fig. 1. Functional response of Alagrus incarnatzcs  parasitizing eggs of NiZa-
parvata  Zugens  using the Helling’s (1959)  d i sc  equa t ion .  Each  po in t  wi th
9Ij ,“L confidence limits is the mean number of host eggs parasitized at each
density level.

Based on the assumption in the Helling’s  functional responses that parasit-
oids search and attack the host at random, the goodness of fit between the
observed data and the expected parasitized eggs were tested by using the chi-
square method. It is shown in Table 1 that the data obtained from the ex-
periment follow well after the Holling’s disc equation (P>O. 05).

From the equation N, = 0.93 N,/(l+O. 012 NJ, the parameters a and T,,

were estimated as 0.038 and 0.326, which express in the units of ‘hours-” and
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Fig. 2. Interference relationships between the searching efficiency (a) and
searching parasitoid density (P,) of Alagrtrs  incarnates  parasitizing eggs of
Nilaparvata lugens.

‘hours’, respectively.
Fig. 2 shows the interference relationship between the searching efficiency

(a) and the parasitoid density (I’,). The results indicate that with increas-
ing of the searching parasitoid density the searching efficiency of individual
parasitoid was reduced. This suggests that there was interference among the
searching parasitoid females. From the Hassell  and Varley’s model, the mu-
tual interference (m) was estimated as 0.32.

Sex ratio of the parasitoid progeny obtained from both experiments are
shown in Tables 2 and 3. When a single parasitoid female prasitized  host eggs

Table 1. 'Test of the hypothesis that eggs of A>zagrz~s  imarnatus  (parasitized
eggs) are distributed at random with respect to the host available”.

Host density21 Per famale parasitoid

No. of observed eggs No. of expected egg+
(NO paras i t i zed  (A’,) p a r a s i t i z e d  ( N , )  _~-~__~ .._~_~~~~~  ~~~- ~~~-~ ~- ~~-~~~ _~~

6. 1 5.0 5. 3 0.02
21.9 16.G 16.2 0.01
Y4.5 23. 7 22.1) 0. 03
43.7 29. 9 27.1 0.29
53.9 29.0 30. ‘I 0.06
62.7 ;;. ; 33. 3 0.22
95. 2 .Y 41. 3 0.23

(d. f. 6) (P>O.O5) 0. 86
___.

1) Superparasitism, very few if occurred, was neglected in this test.
2) Host density at each level was the average of 10 samples (see text for

explanation).
3) No. of expected eggs parasitized were calculated from the equation,

N,=O. 93 N,/(l +O. 012 N,).
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Table 2. Sex ratio of the progeny of A n a g r u s  incarnatus  parasitizing eggs
of NiZaparvata  lugens  at different host densities, during 24-h period.

Sex ratioz)
Host density”

(Female/Female-i-Male)

1) See footnote in Table 1. Experiment was replicated 10 times.
2) No significant difference, by F-test (P>O. 05).

Table 3.  Sex ratio of the progeny of Anagrus  imamatm paras i t i z ing  eggs
of Nilaparvata  lugens,  with respect to varying parasitoid densities.

Parasitoid
densit) No. of host eggs”

1 352. 4 0.78
2 336.8 0. 64

i 335.6 335.2 ::2

1) See text for explanation. Experiment was replicated 5
oid dens i ty 1 and 2 females, 8 t imes a t 4 and 8 females.

2) No significant difference, by F-test (P)~O.O5).

Sex ratioz)

(Famale/Male+Famale)

t imes  a t  parasit-

of varying densities, there was no significant difference (P>O. 05) among the
sex ratios of progeny produced in all host density levels (Table 2). In rela-
tion to the varying parasitoid densities, again, there was no significant dif-
ference (P>O. 05) in the sex ratios of progeny produced by the parasitoid in
al l  d i f ferent  densi ty  levels  tes ted (Table  3) .  As  to  the  sex  rat io  of  A.
imatwntus, the females always outnumbered the males, about 2 or 3 to 1.

DISCUSSION

From Fig. 1, the functional responce  of A. imarnatus should be  catego-
rized as the Holling’s functional responses type II (see Holling, 1959 and Has-
sell, 1978). Hassell  (1978) states that type II responses are characteristic of
invertebrate predators and parasitoids. In this type of responses, Holling
(1959) has pointed out the two crucial components: an instantaneous rate of
searching efficiency (a) and the handling time (T,,). The handling time can
determine the maximum attack rate over the total time available for search
of the parasitoid (K=T/T,). And it was 72 for A. incamatus. However, Mes-
senger (1968) thought that this value is only of theoretical interest.

For the response of parasitoid to other searching individuals, Hassell  and
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May (1973) have pointed out that a certain degree of mutual interference (m)
may contribute to stability, if its value falls within the range O<n<l.  The
veriety of mutual interference has been observed among the arthropod preda-
tors and parasitoids (see Hassell,  1978, for illustrating a number of samples).
However, there have been some arguments that if the phenomenon of interfer-
ence only occurs in a confined space of the laboratory experiments or it is
also common under the field conditions. Griffith and Holling (1969) have
thought that the interference mainly occurs in the laboratory experiment, so
they consider that it is not so important under natural conditions because the
encountering parasitoid females will be less frequent in the latter than in
the former. Conversely, Hassell and May (1973) consider that we could not
say that interference is unimportant under the natural conditions, because in
some laboratory experiments parasitoid density is no greater than that often
found in the field. Hassell (1971) also reported that some parasitoid species
have agressive behaviour. However, Rogers and Hassell (1974) state that the
rate of encounters among searching parasitoids will be increased under the
confined space of laboratory experiment, but the reduction in searching time
will be rather less than under field conditions.

As for the sex ratio of the parasitoid, a somewhat lower female propor-
tion of the progeny produced at lowest host egg density (Table 2) is probably
due to fewer host eggs available, resulting the lesser number of fertilized eggs
of parasitoid were laid. Sinha and Singh (1979) found that in Trioxys  (Binodo-
xys) indicus,  an arrhenotokous species, female sex ratio increases as increasing
of the host density. In relation to the parasitoid density, Wylie (1965) found
that at higher parasitoid density the females of Nasomia vitripennis,  parasitizing
house-fly pupae, produce more number of male progeny.

Mackauer (1976) believes that the reproductive strategy of arrhenotokous
species, their naturaI selection favours a mechanism to produce at least some
males to ensure their reproduction. Sex ratio of A. incarnatus observed in the
present study seems to agree with Mackauer’s opinion. Sex ratio of this
patasitoid was rather constant, which unlikely affected neither by the host
density it ecounters  nor the density of parasitoid itself.
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