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Abstract: The effects of interspecific competition on the population dynamics of four insect grain Insecp pests

(Sitophilus zeamais , Rhizopertha dominica , Tribolium castaneum and Cryptolestes ferrugineus) was studied at 30 °C,

75% relative humidity. A regression analysis of the population dynamics was conducted. The results showed that popula-

tion growth of S. zeamais, R. dominica, T. castaneum and C. ferrugineus was restrained under mixed rearing. Popula-

tion growth of T. castaneum and C. ferrugineus was remarkably accelerated when they coexisted with S. zeamais or R.

dominica , while that of S. zeamais and R. dominica was restrained to some extent. Regression analysis results showed

that the population growth potential of S. zeamais was the largest and that of C. ferrugineus was the smallest, and the

changing trends of population growth rates were not distinct.
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Sitophilus zeamais, Rhizopertha dominica, Triboli-
um castaneum and Cryptolestes ferrugineus are impor-

tant pests during the storage period of many kinds of
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grains, including maize, paddy and wheat. They can
cause huge losses of grain quantity and degrade the
quality of stored grain (Silverio et al, 2004; Thanda &
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Kevin, 2003; Padin et al, 2002; Paul et al, 2004;
Campbell & Hagstrum, 2002; Wang, 2002; Wang et
al, 2004) . Interspecific competition is an important e-
cological factor affecting population dynamics, as well
as temperature, humidity, grain moisture content and
food . Interspecific competition of stored grain pests is a
common phenomenon, occuring between two or more
populations occupying the same nutritional niche in a
community, and will affect the degree of competition
between populations (Li, 2000; Deng et al, 2003;
Yukihiko et al, 1994; Zhao & Guo, 1990; Xu,
1987). Hou et al (1993) studied the population dy-
namics of S. zeamais, R. dominica and T. castaneum
under mixed rearing conditions. The results showed
that there was obvious interspecific competition between
the three stored grain pests, but the study lacked fur-
ther comparative analyses. Research on interspecific
competition is useful to describe the changing trends of
populations, which are important to predict and control
populations of stored grain pests. Therefore, the popu-
lation dynamics of four stored grain pests was studied in
the presence of interspecific competition .

1 Materials and Methods
1.1 Materials

Insect source: The investigated insects, S. zea-
mais , R. dominica, T. castaneum and C. ferrugineus
were all strains originally maintained by Chongqing Key
Labortory of Entomology & Insect Control Engineering,
College of Plant Protection in Southwest University,
Chongging, China. They have been reared for more
than 30 generations under laboratory conditions.

Feed: Insects were fed wheat and whole wheat
powder, with 15% moisture content, disinfected at 60
°C for 6 hours.

Equipment: Galvanothermy constant temperature
cultural box, 30 °C, 75% relative humidity (controlled
by saturated NaCl solution) ; rearing bottles (300 mL) .
1.2 Methods

The experiments were performed with two treat-
ment groups: the first treatment group (No. 1) was
singly reared. Ten pairs of intra-day eclosion adults of
S. zeamais, R. dominica, T. castaneum or C. fer-
rugineus were respectively taken and reared separately
in bottles (correspondingly named Treatment A, B, C
and D). The rearing bottles of S. zeamais and R. do-
minica were supplied with 100 g wheat, and those of
T. castaneum and C. ferrugineus with 50 g whole
wheat powder. The second treatment group (No.2) was
tested with mixed rearing. All combinations of pairs of

the grain pests were tested, including: S. zeamais and
R. dominica (Treatment E), S. zeamais and T. cas-
taneum (Treatment F), S. zeamais and C. ferrugineus
(Treatment G ),
(Treatment H),
(Treatment 1), and T. castaneum and C. ferrugineus

R. dominica and T. castaneum

R. dominica and C. ferrugineus

(Treatment J) . Each treatment consisted of five pairs of
each insect at 24 hours old, and 10 pairs of eclosion
adult for each combination, in one bottle. The bottles
of treatments E, F, G, H and I were supplied with 50
g wheat and 25 g whole wheat powder. Treatment J was
supplied with 50 g of whole wheat powder. The two
treatment groups were all kept in the galvanothermy
constant temperature culture box (30 °C, 75% RH).
Sitophilus zeamais and R. dominica belong to the pri-
mary stored grain pests, eating intact grain. Tribolium
castaneum and C. ferrugineus belong to the secondary
stored grain pests, which eat damaged grain and flour.
As the insect age and grain quality selected were kept
consistent, it was assumed that food and space re-
sources were relatively consistent in all treatment
groups. Each treatment was replicated five times and
the adult numbers of living and dead insects were
counted every five days for twenty-five days. Dead in-
sects were removed and living insects were put back in-
to the original bottle after investigation. The population
size was based on the number of adults for each popula-
tion. The investigation time lasted approximately seven-
ty days.
1.3 Data Analysis

In order to keep the food and space resources con-
sistent across treatment group No. 1 and No.2, num-
bers of insects in treatment No.1 was twice as much as
that for No. 2. Therefore only half of the population
from treatment group No.1 were used in the data analy-
sis.

One-way ANOVAs, Duncan’s multiple range test
and Logistic and Liner regression equation fits were car-
ried out using SPSS.

Logistic Equation: N, = 1 K
+expla — rt)

In the equation: N, = population size at time ¢; K =
maximal value; a = a intergration constant defining the
position of the curve relative to the origin; r = intrinsic
capacity for increase; t = time.

Liner Equation: y =kx + b

In the equation: k =slope; b = intercept.

2 Results and Analysis

2.1 Change of population number
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2.1.1
size of S. zeamais in Treatments E, F and G was sig-
nificantly lower than that of Treatment A after the 70th
day (Fig. 1a). In Treatment A the population was
3833, and was 460, 847 and 1275 in Treatments E, F

and G respectively. The population size of S. zeamais

Population size of S. zeamais The population

in Treatment E was less than that of the other treat-
ments (Tab.1) and the results showed that population
growth of S. zeamais was suppressed under mixed rear-
ing. The restraining effect of R. dominica was the most
significant. The effects of T. castaneum and C. fer-
rugineus were not distinct. Decreasing resources re-
strained the population growth of S. zeamais under
mixed rearing conditions, as competition became gradu-
ally stronger with the increase of population size.
Sitophilus zeamais and R. dominica, being primary
stored grain pests, had similar food and space require-
ments, so population increases of S. zeamais was re-
strained by interspecific competition. Meanwhile both
T. castaneum and C. ferrugineus belong to the sec-

ondary stored grain pests and exhibit separation of food
niches from the primary pests due to long-term natural
selection, such as competition. Their competition with
the primary stored grain pest species were therefore just
for space. As such their competition influence on S.
zeamats was relatively smaller than that of R. dominica .
2.1.2 Population size of R. dominica The popula-
tion size of R. dominica in Treatment B was more than
that of Treatment E, H and I in all instances (Fig.
1b) . Population numbers among treatments began to be
obviously different after the 50th day and the difference
was significant at the 70th day. Population numbers of
R. dominica reached 158 in Treatment B in the 100th
day, and 125 and 85 in Treatments I and H respective-
ly. Treatment E was the smallest with only 78 adults
(Tab.1). The results showed that population growth of
R. dominica was suppressed under mixed rearing con-
dition. The effect of S. zeamais on R. dominica was
the greatest and that of T. castaneum and C. ferrug-

ineus were smaller.
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Fig. 1 Comparison of population size increases of S. zeamais (a), R. dominica (b),

T. castaneum (c) and C. ferrugineus (d) under different treatments
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2.1.3 Population size of T. castaneum  Compared
with 138 adults in Treatment C, the population size of
T. castaneum in Treatments F and H were relatively
large (Fig.1c), with 291 and 215 respectively on the
100th day. There was a significant difference in the
population size of T. castaneum when the rearing con-
ditions were different (Tab.1). Population growth of
T. castaneum under mixed rearing with C. ferrugineus
was suppressed, and the population size (121) was
smaller than that under single rearing conditions (138)

in the 100th day. The results showed that population
growth of T. castaneum under mixed rearing with S.
zeamais and R. dominica was distinctly advanced, es-
pecially with S. zeamais . This is because both species
provided a large amount of broken grains and flour for
T. castaneum , which aided the population growth. In-
terspecific competition between T. castaneum and C.
Serrugineus occurred for similar food and space niche,
so population growth of T. castaneum was restricted
under these conditions.

Tab. 1 Comparison of population growth of four stored grain pests under different treatment

Average population number(mean = SE)

70th d 100th d

217.333 3 +£28.025 8*

318.333 3 +35.144 2%

290.666 7 + 8.413 0
398.666 7 +37.904 9¢

460.666 7 + 31.060 9*

847.000 0 + 40.203 7*
1275.000 0 = 50.083 3
3833.3333+272.8451°

51.3333+3.844 2"
56.3333+8.838 1"
77.666 7 +6.333 3*
116.666 7 + 10.729 0

78.6667 = 8.762 3"
85.6667 +6.173 4*
125.666 7 +9.061 5"
158.666 7 + 19.700 4

181.333 3 + 4,484 5¢
150.666 7 +6.173 4¢
79.3333£3.527 7*
108.666 7 +5.783 1"

291.3333+5.2387°¢
215.666 7 +9.386 8"
121.666 7 +4.409 6*
138.666 7 +4.096 1*

Species Treatment 40th d

S. zeamais E 57.3333+10.477 5°

F 76.666 7 + 18.809 0*

G 73.666 7 +5.547 8*

A 70.0000 + 13.576 9*

R. dominica E 8.6667 +0.8819*
H 9.000 0 = 1.000 0*

I 12.0000 = 1.154 7%

B 15.000 0 +2.645 8"

T. castaneum F 16.666 7 +0.666 7*
H 13.6667 +3.179 8*

J 18.3333+0.8812*

C 16.3333 +£2.603 4*

C. ferrugineus G 13.666 7 = 0.666 7"
J 7.0000+0.577 4*

I 10.0000 + 1.527 5*

D 8.6667 +1.333 3°

40.3333+1.333 3¢
16.666 7 + 0.666 7°
28.0000 = 0.577 4°
22.3333+1.4530

50.000 0 +2.081 7¢
10.3333+0.333 3
33.3333+1.2019°
26.6667 = 1.763 8

Data followed by different letters means significance at 0.05 level (Duncan’s multiple range test) .

2.1.4
population changing trends of C. ferrugineus was simi-
lar to that of T. castaneum (Fig. 1d, Tab.1) for simi-
lar reasons. Nevertheless the population size of C. fer-

Population number of C. ferrugineus  The

rugineus was significantly smaller than that of the other
three pests, ranging in number from 10 to 50 adults on
the 100th day. The reason was that our research was
carried out at 30 °C, 75% RH, but the suitable devel-
opment temperature and moisture for C. ferrugineus was
35 °C and 90 % RH. Therefore its development and re-
production were affected by the given conditions.
2.2 Regression analysis of population dynamics of
four stored grain pests

The relationship between population size of four
stored grain pests and time were fitted with Logistic re-
gression equations (Tab.2). Data in Tab.2 shows that
the greatest potential for population growth of S. zea-
mais or R. dominica under mixed rearing condition is

smaller than that of single rearing conditions. Popula-
tion growth potential of T. castaneum or C. ferrugineus
under mixed rearing condition with S. zeamais or R.
dominica was bigger than that under single rearing con-
ditions, but the case was opposite when rearing T. cas-
taneum and C. ferrugineus together. Population growth
rates of S. zeamais, R. dominica and T. castaneum
under mixed rearing conditions were smaller than that of
the single rearing condition, while the difference be-
tween C. ferrugineus under single rearing and mixed
rearing was not distinct. Generally speaking, the popu-
lation growth potential of S. zeamais was the largest,
next was that of T. castaneum and R. dominica . The
smallest was that of C. ferrugineus. The population
growth rates were not significantly different. Finally,
the results of a One-way ANOVA analysis of regression
equation showed that all the decision coefficients were
all above 0.97, which proved the simulation was good.
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Tab. 2 Regression analysis of single rearing and mixed rearing of population dynamics at different time

Species Treatment Regression equation (y =) R?

S. zeamais E 557.9915/[1 + exp(4.3770-0.059 0¢) | 0.984 4
F 1440.794 2/[1 + exp(4.900 5 - 0.053 2¢) | 0.990 3

G 2467.3224/[1 + exp(6.3185-0.064 7¢) | 0.984 1

A 4927.1814/[1 +exp(10.4726-0.117 8¢) | 0.9970

R. dominica E 79.9421/[1 + exp(4.518 7-0.073 6¢) | 0.987 1
H 85.266 0/[1 + exp(4.4340-0.0755¢) | 0.9752

I 122.3220/[1 + exp(4.3577-0.072 3¢) | 0.9580

B 144.688 6/[1 + exp(6.036 4 -0.1144¢) | 0.9708

T. castaneum F 287.497 8/[1 + exp(5.3367-0.087 8¢) | 0.977 4
H 202.3239/[1 +exp(5.7472-0.1027¢) | 0.9717

J 124.9722/[1 + exp(4.1447-0.068 8t) | 0.9801

C 127.2184/[1 + exp(6.3121-0.1256¢) | 0.974 3

C. ferrugineus G 49.0645/[1 +exp(4.5227-0.0899¢) | 0.9914
20.7713/[1 + exp(4.760 1 - 0.105 6¢) [ (30 - 60 d) 0.9722

! 29.9536-0.198 5¢(60 - 100 d) 0.9798

I 32.6374/[1 +exp(4.7847-0.099 5¢) | 0.9936

D 26.0940/[1 +exp(4.3134-0.0936¢) | 0.988 6

3 Conclusion and Discussion

Research on the population dynamics of four stored
product insect pests (S. zeamais, R. dominica, T.
castaneum and C. ferrugineus) caused by interspecific
competition showed that the population growth of S.
zeamais and R. dominica, T. castaneum and C. fer-
rugineus under mixed rearing was distinctly restrained.
The population growth of 7. castaneum and C. ferrug-
ineus were accelerated under mixed rearing conditions
with S. zeamais or R. dominica, but that of S. zea-
mais and R. dominica under mixed rearing with T.
castaneum or C. ferrugineus were restrained. Regres-
sion analysis of the population dynamics of four stored
grain pests showed that the largest population growth
potential of S. zeamais or R. dominica under mixed
rearing conditions were smaller than that of single rear-
ing conditions. The largest population growth potential
of T. castaneum or C. ferrugineus under mixed rearing
conditions with S. zeamais or R. dominica were greater
than those under single rearing conditions, but the case
was contrary when rearing T. castaneum and C. fer-
rugineus together. Population growth rates of S. zea-
mais, R. dominica and T. castaneum under mixed
rearing conditions were smaller than that of single rear-
ing conditions, but the difference for C. ferrugineus
was not distinct. Generally speaking, the population

growth potential of S. zeamais was the largest, next to

that of T. castaneum and R. dominica , and the small-
est was that of C. ferrugineus. The changing trends of
population growth rates was not obvious. Hence S. zea-
mais was always the dominant species and its population
was always the largest. However, population size of C.
ferrugineus was always the smallest.

The population dynamics of four stored product in-
sect pests (S. zeamais, R. dominica, T. castaneum
and C. ferrugineus) caused by interspecific competition
was studied under limited food and space resources in
our experiment. Population dynamics of stored grain
pests were also influenced by other factors such as tem-
perature, humidity, grain moisture content and food.
Interspecific competition is very complicated and affect-
ed by the factors of initial density, temperature, humid-
ity, grain moisture content, climate, parasite and ge-
netic characteristics of the population (Xu, 1987; Zhao
& Guo, 1990; Yukihiko & Koichi, 1991; Giga & Can-
hao, 1993), so there were some limitations in our re-
sults. Until now, very few reports in this field could be
found (Hou et al, 1993) . In real warehouses, food and
space resources are abundant and the trend, degree and
course of population dynamics affected by interspecific
compelition can vary to some extent. Therefore further
research should be carried out in real warehouses, es-
pecially in modern large warehouses, to provide a theo-
retical basis for prediction and control of stored grain
pests.
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