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ABSTRACT

Experimental ecosystems were studied in growth chamber at 30°C, R.H. 70%
in full dark. Biotic factors were combinations of two cereals (rice and azuki
bean). four host insects (Sitophilus oryzae, S.zeamais, Rhyzopertha dominica,
and Callosobruchus chinensis), and three parasitic wasps (Anisopteromalus
calandrae, Choetospila elegans and Lariophagus distinguendus). Average
population density and coefficient of variation (C.V.) in population fluctuation
were compared among the various community complexities. Increase in
complexity of parasitoid community increased stability of host population.
However, increase in complexity of host community did not always increase
stability of host population. Stability of parasitoid populations was higher in a
complex host community than in the single host comunity. Furthermore, the
stability of parasitoid populations increased as the number of parasitoid species
in the simple host community increased; however, this trend was reverse in the
complex host community. Therefore, an increase in the complexity of host
community may induce instability in the parasitoid population.

Key words: population stability, diversity, coefficient of variation, stored product
insect, parasitoid.
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Introduction

Considering mathematical models of
population dynamics and experimental
data, Elton (1958) concluded that an
Increase in complexity of community
might enhance community stability. Watt
(1964, 1968) examined massive data on
population fluctuation of forest insects
and concluded that the high stability at a
certain level in the food web enhances
instability at the next level. The relation-
ship between community complexity and
stability is not as simple as concluded by
Elton (1958).

Three categories for ‘testing com-
munity stability and complexity can be
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distinguished: (1) field experiments, (2)
laboratory ecosystem experiments, and (3)
research in mathematical modeling. Amo-
ng the three, laboratory ecosystem experi-
ments would be most effective because
environmental factors can be controlled
and biotic performances of each organism
can be measured precisely. The com-
plexity of the ecosystem would be depend-
ent on the number of components in the
community, the characteristics of indi-
vidual components, and the relationships
between components. Stability of the
community could be verified by some
properties, such as constancy, predict-
ability, resilience and perpetuity (Ko-
bayashi, 1980).

This report is one of several studies



on an ecosystem composed of a two to
three level food web using two cereals,
four host insects, and three parasitoid
wasps (Lai and Yoshida, 1989). To under-
stand the relationship between com-
munity diversity and stability, we inves-
tigated the coefficient of variation (C.V.)
of individual component population
fluctuation in the community as well as
the average population density.

Materials and Methods

Experimental ecosystems were es-
tablished using various combinations of
two cereals (rice, Oriza sativa and azuki
bean Vigna angularis), four host insects
(Sitophilus oryzae (SO), S. zeamais (SZ),
Rhyzopertha dominica (RD) and Calloso-
bruchus chinensis (CC) ), and three para-
sitic wasps (Anisopteromalus calandrae
(A), Choetospila elegans (C) and Lario-
phagus distinguendus (L)) . All of the
four host insect species had been cultured
for about 5 years (from 1979 or 1981) in
the laboratory of Okayama University on
rices or azuki beans under the constant
environmental conditions at 30°C and 70%
R.H. The three parasitic wasps had been
cultured for 5 years on the larvae of the
hosts which fed in the laboratory on rice
or azuki bean.

In Experiment 1, 45g of fresh rice
and 10 pairs of 10-day old SO adults were
introduced into a plastic cage (100 ml in
volume). After 20 days, 6 pairs of emerged
adults of a wasp species, or 3 pairs of
emerged adults of each of two wasp
species, or 2 pairs of each of three wasp
species, were introduced simultaneously
into the cages. Fresh rice was suppleme-
nted every 14 days.

In Experiment 2, 45g of fresh rice
and 3 pairs of each species of SO, SZ, RD
adults were introduced into a plastic cage
(200 ml in volume). After 5 days, 5g of
fresh azuki beans and 3 pairs CC adults
which had emerged within 24 hrs were
added. The upper layer of azuki bean was

divided from the bottom layer of rice by a
metaric net which a mesh size that
allowed wasps to pass through. On day
20, parasitic wasps were introduced by
the same procedure as mentioned in
Experiment 1. Rice was supplemented as
it consumed. Five grams of beans were
provided every 14 days.

The morphology of SZ is very similar
to that of SO. However, the body length
of SZ (2.8 mm on average) is longer than
that of SO (2.3 mm on average), and the
pronotum of the former is wider than that
of the latter (Yasutomi and Umeya,
1983). Therefore we could discriminate
between them in the experiments.

The host-parasitoid combinations are
shown in Figure 1. Two kinds of host
populations without parasitoids were es-
tablished for the control of Experiment 1
and Experiment 2.

All experiments were conducted at 30
°C, 70% R.H. Population census was made
every 14 days. There were three replica-
tions for each ecosystem. The pop-
ulation density of each components was
averaged during the period until any one
of the components became extinct. The
coefficient of variation (SD/MEAN, C.
V.) was calculated for each number of
host or wasp species at each census date.
Details of the experimental methods were
described by Lai and Yoshida (1989).

Results and Discussion

1. Experiment 1

The average population density of
host SO was high in the control popula-
tion without parasitoids and it tended to
decrease with the increase in the number
of parasitoid species in the host-parasit-
oid community (Table 1). The population
density of parasitoid A tended to increase
when coexisting with other parasitoids.
The population density of C was scarcely
affected by the existence of other parasit-
oids. The population density of L de-
creased when coexisting with other para-
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(A) Experiment 1 (SO community)
RICE ——— SO (ctrl) RICE SO
RICE SO A <
RICE SO C
RICE SO L RICE ——so<
A L
RICE SO C C
L RICE so<
L
(B) Experiment 2 (OZRC community)
SO
RICE VA A A
RD RICE< % c
AZUKI cC
SO AZUKI
RICE SZ C A
RD/ RICE< % L
AZUKI cC
AZUKI—— CC
SO
RICE SZ L
RD% RICE < %
AZUKI—— CC
AZUKI
SO~ A so (ctrl)
RICE SZ C RICE < s7
RD L RD
AZUKI cC AZUKI cC

Fig. 1.

Various host-parasitoid combinations of the host Sitophilus oryzae and three parasit
oids (A), and four hosts and three parasitoids (B). SO: Sitophilus oryzae (L); SZ
Sitophilus zeamais Motschisky; RD: Rhyzopertha dominica (F.); CC: Callosobruchu
s chinensis (E.): A : Anisopteromalus calandrae (Howard); C : Choetospila elegans

Westood; L : Lariophagus distinguendus (Forster).

sitoids.

The C.V. of population fluctuation of
SO in the community with parasitoids
was smaller than that of the control
population without parasitoids except for
the SO-C community (Table 1). The C.V.
of SO was especially small in the eco-
system with three parasitoids. The C.V. of
parasitoids was largest in the ecosystem
with one parasitoid.
2. Experimental 2

The average population density of SO
and RD tended to decrease when the
number of parasitoid species increased
(Table 2), The average density of SZ was
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extremely low whenever parasitoids were
introduced into the community. On the
other hand, the average density of CC
increased when parasitoids were intro-
duced. The average density of all host
species decreased more when the parasit-
oid A introduced than when the other
two were introduced. The average density
of the parasitoid A scarcely decreased
when coexisting with the other two para-
sitoids. On the other hand, The popula-
tions of C and L were affected greatly by
the presence of A.

The C.V. of SO populations tended to
decrease with the increase of parasitoids



Table 1. The average population density and coefficient of variation (C.V.) of population
fluctuation of Sitophilus oryzae (SQO) and three parasitoids, A. calandrae (A), C.
elegans (C) and L. distinguendus (L) in communities of various combinations
(Experiment 1).

Combination of

host-parasitoid S0 A C L

Average of population density —

SO 183.6 - — —
SO-A 143.56 29.3 — —
S0-C 55.5 — 29.8 32.6
SO-L 204.6 — — 14.4
SO-A\L 97.9 49.9 — 13.6
SO-C,L 148.3 — 30.9 —
SO-A,C 96.8 25.2 319 13.4
SO0-A,C,L 65.5 61.3 22.9

Coefficient of variation (C.V.%) —
SO 64.2 — - -
SO-A 404 170.1 — —
SO-C 82.5 — 157.1 159.8
SO-L 513 — — 118.4
SO-AL 59.3 109.1 — 161.4
SO-C,L 48.9 — 87.1 —
SO-A,C 58.8 192.0 82.3 93.3
S0-A,C,L 14.0 97.8 80.6
1) See Fig. 1.

Table 2. The average population density of four host species, Sitophilus oryzae (SO), S.
zeamais (SZ), R. dominica (RD), C. chinensis (CC) and three parasitoids, A.
calandrae (A), C. elegans (C) and L. distinguendus (L) in communities of
various combinations (Experiment 2).

Combination of Average of population density

host-parasitoid SO SZ RD CcC A C L

OZRC 103.0 132.0 139.7 76.8 — — —

OZRC-A 12.9 2.7 4.2 74.8 111.7 — —

0ZRC-C 23.8 3.4 48.3 149.6 — 55.3 —

OZRC-L 42.3 3.8 972 1478 — — 53.4

0ZRC-A,L 6.9 3.9 3.0 69.5 94.5 — 12.5

OZRC-A,C 6.1 2.9 31 900 81.6 49 —

0ZRC-C,L 26.1 3.0 32.3 152.6 — 30.8 19.5

QZRC-A,C,L 7.4 4.3 3.8 88.2 86.7 5.7 5.0

1) See Fig. 1.
species (Table 3). The C.V. of parasitoid trend was quite reverse from that in the
populations was smallest in the single single host population (Table 1).
parasitoid community, becoming larger as When the population fluctuation of
the number of parasitoids increased. This SO in OZRC community was compared
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Table 3. The coefficient of variation of population fluctuation of four host species,
Sitophilus oryzae (SO), S. zeamais (SZ), R. dominica (RD), C. chinensis (CC)
and three parasitoids, A. calandrae (A), C. elegans (C) and L. distinguendus (L)
in communities of various combinations (Experiment 2).

Combination of

Coefficient of variation (C.V. %)

host-parasitoid SO SZ RD CcC A C L
QZRC 100.6 90.9 54.2 154.1 — — —
OZRC-A 61.2 66.7 1.4 71.0 41.5 — —
OZRC-C 53.8 61.8 115.3 58.0 — 100.5 —
OZRC-L 82.0 69.3 150.9 71.8 — — 68.5
OZRC-A,L 319 33.3 63.3 96.4 55.9 — 149.1
OZRC-A,C 28.2 68.6 41.1 105.2 80.3 147.8 —
OZRC-C,L 103.8 68.3 125.2 70.1 — 111.2 116.3
0ZRC-A,C,L 42.0 39.0 46.7 91.4 84.2 116.6 185.6
1) See Fig. 1.

with that of the single host population
(Tables 1 and 2), the average population
density of SO in the former was about one
half that in the latter; however, the C.V.
of the former was larger than that of the
latter (Tables 1 and 3).

The average population density of
parasitoids in the complex host com-
munity was higher than that in the
simple one (Table 2). The C.V. of parasit-
oid populations in the complex host
community was lower than that in the
simple one, except for C in a population
with parasitoid competitors (Tables 1 and
3).

The three hosts, SO, SZ and RD, used
in the present study feed on rice. The
bean weevil (CC) can not feed on rice,
but feeds on azuki bean. However, three
parasitoids, A (Okamoto, 1971; Williams,
1971; Dhaliwal and Battu, 1976; Press,
1988), C(Sharifi, 1972; Doanhaye, 1974;
Palmer, 1977) and L (Kashef, 1959; Go-
nen, 1970, 1973; Bellows, 1988), can feed
on all of the four hosts mentioned above,
although host preference of each parasit-
oid was difference (Utida, 1956; Fujii,
1983). The parasitoids A and L preferred
SZ to SO and C preferred SO to SZ.
Parasitoid A also preferred CC, however,
parasitoid C scarcely develops in CC. In
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order to diversify the ecosystems in the
present study, the host CC was added to
the three rice feeders.

In order to simplify the relationship
between the complexity of the community
and the stability of the population fluctu-
ation of each component, the means of
the both density and C.V. of population
fluctuation of SO and parasitoids (Tables
1, 2 and 3) were evaluated according to
degree of complexity in the community
(Table 4). The population density of SO
in the single host community decreased
as the number of parasitoids species
increased (Table 4). The average density
of SO wunder the existence of three
parasitoids was as low as one third of
that in the single host population. The C.
V. of the population of SO also decreased
with increase of the parasitoid species.
The population of SO was regulated well
at a low density and stable in population
fluctuations by the multiple parasites.
When the number of host species was four
in the community, the population den-
sities of SO decreased more than those
in single host community probably became
of competition or interference among
stored product feeders at the same food
level. However, the C.V. values of SO
fluctuation became rather large under the




Table 4. Comparison of the means of average population density and of C.V. of S. oryzae
(S0) and parasitoids among the differient complexities of the community.

Complexity of community Average density C.V.
Host(S0) Parasitoid” Host(S0) Parasitoid”

One host 183.6 — 64.2 —
One host+one parasitoid 134.5 30.6 58.1 162.3
One host+two parasitoids 114.3 21.7 55.7 125.1
One host+three parasitoids 65.5 32.5 14.0 90.6
Four hosts 103.0 — 100.6 —
Four hosts+one parasitoid 26.3 73.5 65.7 70.2
Four hosts+two parasitoids 13.0 40.6 54.6 110.1
Four hosts +three parasitoids 7.4 32.5 42.0 128.8

1) Means per parasitoid species.

complex host conditions (Table 4). These
results suggest that the increase in com-
plexity at an upper trophic level increases
stability at a lower trophic level. How-
ever, the increase in the complexity at a
lower trophic level does not always
increase stability at that trophic level.
This tendency partially supports the theo-
ry by Elton (1958), or the multiple
introductions of natural enemies in the
biological control theory (Huffasker and
Kenneth, 1966). On the other hand,
Turnbull and Chant (1961) and Zwolfer
(1963) predicted that complexity at a
higher trophic level brings about unstable
fluctuations at a lower trophic level. Fujii
(1983) also predicted that random intro-
duction of multiple parasitoid species
would not make the system more stable.
The means of the density per parasit-
oid species did not change with an
increase In complexity in the single host
and parasitoid communities although it
decreased slightly in the four hosts and
parasitoid communities (Table 4). The C.
V. of parasitoid populations decreased
with the increase of parasitoid species in
the single host communities. On the other
hand, the C.V. of the parasitoid popula-
tions rather increased with the increased
of parasitoid species in the complex host
community. This suggests that the in-
crease Iin the complexity at a lower
trophic level may bring about instability

at the upper trophic level. Watt (1964)
analyzed the data of the stability of
phytophagous lepidopterans in forests in
relation to the width of host range of
each insect species and concluded that
stability at an upper trophic level de-
crease stability at a lower trophic level
and the increase in the complexity in-
creases stability at the same trophic level.

In the community with single host
and single parasitoid species, the average
densities of parasitoid A, C and L were
29.3, 29.8, 32.6 (Table 1). Although the
density of L is slightly higher, there was
no substantial difference among them. In
combinations of two parasitoids, the pop-
ulation density was as follows: A>L,
C>L, and C>A. When using all three
parasitoid species, A is more abundant
and followed by C and L. When compe-
tition occurred among the parasitoids, A
tended to be more dominant than the
other two, and L was the weakest. Under
the . condition of no competition among
parasitoids, the population fluctuation of
A showed only one peak on the 42nd day
(Lai and Yoshida, 1989). However, under
competition, the population density in-
creased and C.V. decreased as the number
of competitors increased (Table 1). In
addition the number of population peaks
increased to two (Lai and Yoshida, 1989).
This suggests that the increase of the
number of competitive species in the
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parasitoid community strengthened stabi-
lity in the population A.

However, the trends for parasitoid A
in the community of four hosts com-
munity was different from that mentioned
above (Tables 2 and 3). As the number of
the competitive parasitoids species in-
creased, the population size of A tended
to reduce and C.V. tended to increase.
Under the complex host community, the
increase in the parasitoid species de-
creased stability in the parasitoid A.

When other parasitoid species existed
in four host communities, the average
density of C reduced considerably (Table
92). Its C.V. increased with the number of
competitive species (Table 3). When
other parasitoid species existed among
parasitoids, the average density of L
reduced considerably (Table 2). Its C.V.
increased with the number of competitive
species (Table 3).

As mentioned previously, the parasit-
oid populations in the complex host
community is more stable in a relatively
simple parasitoid community than in a
complex parasitoid community. If this is
true, the population stability of parasit-
oids might be achieved after competitors
were excluded from the system. The
population stability of A and C after L
‘went extinct from the OZRC-A.C.L sys-
tem was compared with the community
OZRC-A.C. The C.V. of A and C in the
former were 121.4% and 123.7% but 80.3%
and 147.8% in the latter. The C.V. of A
after L. and C went extinct from the
OZRC-A.C.L system was 156.7%, which
reveals a decrease in stability. Next, we
compared the stability of A in the
communities OZRC-A.C and OZRC-A.L
after the competitor C or L had been
excluded from the system. The C.V of A
in the former was 132.4% and 81.2%
which is higher than 41.5% in the
community OZRC-A. Generally speaking,
the C.V. of a parasitoid population after
extinction of other parasitoids from a
complex parasitoid community was higher
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than that from the originally simple
parasitoid community. This reveals that
the parasitoid community would not
stabilize even when competitors are ex-
cluded from the system.
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