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ABSTRACT

Competitiveness is an important feature in insect biology. Three srtored product pests viz., Trogoderma 
granarium, Tribolium castaneum, Oryzaephilus surinamensis were evaluated for their competitiveness at 
35, 25 and 40 oC. The results revealed that within 6 months, T. castaneum and O. surinamensis could not 
displace the T. granarium, but at 35 °C, T. granarium was able to displace the O. surinamensis. It was found 
that T. granarium at 25 °C continued to be dominant for long periods without being affected by other 
species. It was in the dormant larval or egg stage despite the death of all adults, and the increased at 40°C.
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Competition theory had an important role in the 
development of general environmental theory and 
the interpretation of data. Competition is one of the 
basic vital factors that shape patterns of distribution, 
increase, and diversity in ecological communities 
(Tikhonov and Monasson, 2017), Invasive species are 
thought to be highly competitive, but few have failed 
to prove themselves. It turns out that competitiveness 
is related to the biotic resistance (Yannelli et al., 2017). 
Trogoderma granarium larvae have a long dormant 
period. Trogoderma granarium, Tribolium castanum, 
and Tribolium confusum, the number of eggs laid by 
females was affected by the relative humidity; and T. 
castaneum and T. confusum could not lay eggs 20 and 
30% RH. Highest percentage of eggs hatched at 50% 
RH 20% RH prevented the larvae from turning into 
pupa (Falah ad Azher, 2020). The saw-grain beetle, 
Oryzaephilus surinamensis is an important pest of 
stored food (May, 2022). Competition among insects 
increases with the increase with population density and 
physical closeness. Evolution and competition tend to 
be stronger between insect food specialists in so far 
as they affect general feeding. However, specialized 
overlap is not everything (Bird et al., 2019).

Despite studies on competition behaviour in beetles 
of stored products, many have focused on competition 
for one species. This competition is determined 
by many biotic and abiotic conditions, including 
temperature and type of food. There is still insufficient 
information on the effect of these conditions on the 

competition of T. granarium with other insects (Guedes 
et al., 2010; Oliveira et al., 2015; Kavallieratos, et al., 
2017). The present study aims to evaluate the effect 
of temperature on the the competition between three 
stored products pests viz., T. granarium, T. castaneum 
and O. surinamensis. 

MATERIALS AND METHODS                                                    

The three species of beetles T. granarium, T. 
castaneum and O. surinamensis were obtained 
from the Store Pests Laboratory, Plant Protection 
Department, College of Agricultural Engineering 
Sciences, University of Baghdad. The mass culture was 
raised on crushed wheat, to detect the dominant species. 
Three competition experiments were conducted for each 
two species separately, at three temperatures (25, 35, 
and 40 oC), and for three storage periods (60, 120, and 
180) days. Each treatment was replicated thrice, and 
each replicate included 20 pairs of adults (Qader et al., 
2022). SAS (2018) program was used to evaluate their 
significance using ANOVA (LSD, p=0.05) was used.

RESULTS AND DISCUSSION 

Competition between two types of storage insects 
and at a temperature of 25 °C and a relative humidity of 
65% and periods of 60, 120, 180 days, when evaluated 
maximum population density (245.67 individuals) 
for the T. castaneum, when competing with the O. 
surinammsis. These environmental conditions are best 
for T. castaneum, but worse for T. granarium, whose 
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castaneum, when it competed with the O. surinamensis 
@ (30.00 individuals). It is followed by population 
density @345.33 individuals for T. granarium, when it 
competed with O. surinamensis, @ 24.33 individuals. 
It is followed by the third level of population density, 
@ 311.66 individuals for T. castaneum, when it 
competed with T. granarium, (@139.00 individuals). 
These environmental conditions show the best for 
T. castaneum and the worst for O. surinamemsis. 
The statistical analysis indicated that the results were 
significant for the change in population density as well the 
overlap between time and change in population density. 
Table 1 reveals that there was a change in the population 
density when competing between two species and at 40 
°C and a relative humidity of 65% in the periods of 60, 
120 and 180 days, respectively. Maximum population 
density was of T. granarium (434.3), when it competed 
with O. surinamemsis (12.33 individuals). It is followed 
by T. granarium (383.67) when it competed with T. 
castaneum (98.33 individuals). It was found that these 
environmental conditions were the best for T. granarium, 
and the worst for O. surinamemsis. Statistical analysis 
indicated the significance of the results, the change 
in population density and the progression of time, as 
well as the overlap between them. Thus, the rise in 
temperature was the most suitable for T. granarium, and 
in all competitions with others temperature of  25 and 
30°C, were the most suitable for T. castaneum. There 
are significant differences in the population density of 
insects at different temperatures and time periods.

These data also revealed that an increase in the 
storage period does not necessarily lead to an increase 
in population density. The environmental impact on 
insects when they compete, it becomes clear that the 
difference in the population density occurs as a result 
of the positive or negative effect of temperature and 
for different periods (Okrikata and Ogunwolu, 2019). 
A study of the biology of T. granarium described its 
survival as an invasive species, finding that temperature 
seriously affects population growth. Knowing the 
insect's potential growth rate also makes it easier 
to estimate its numbers over time, and therefore its 
potential outbreaks. at 40oC, the intrinsic rate of increase 
indicates that in this temperature range, T. granariun is 
able to increase its population size, as well as its ability 
to spread, becoming more virulent in stored products 
(Papanikolaou, et al., 2019). The results present study 
corporates with those of Collins et al. (2019) when 
analyzing the stability of competing insect species on a 
single food source dertemine which species win. Present 
results are also consistent with those of Lee et al. (2020) 

Ta
bl

e 
1.

 T
w

o 
Sp

ec
ie

s o
f s

to
re

d 
in

se
ct

s c
om

pe
te

d 
at

 2
5°

C
;  

 
Tw

o 
ty

pe
s o

f s
to

re
d 

in
se

ct
s c

om
pe

te
d 

at
 3

5°
C

; T
w

o 
ty

pe
s o

f s
to

re
d 

in
se

ct
s c

om
pe

te
d 

at
 4

0.
0°

C

   
M

ea
n

Ti
m

e/
da

ys
 M

ea
n

Ti
m

e/
 d

ay
s

   
  

M
ea

n
Ti

m
e/

 d
ay

s
Sp

ec
ie

s
18

0
12

0
60

18
0

12
0

60
18

0
12

0
60

Po
pu

la
tio

n 
de

ns
ity

Po
pu

la
tio

n 
de

ns
ity

Po
pu

la
tio

n 
de

ns
ity

38
3.

67
52

0.
0

40
0

23
1

13
9.

00
91

14
9

17
7

19
.3

3
12

19
27

T.
 g

ra
na

ri
um

 
T.

 c
as

ta
ne

um
98

.3
3

70
.0

13
2

93
31

1.
66

34
1

32
2

27
2

19
5.

67
26

1
19

7
12

9
15

4.
33

21
7

18
3

63
39

6.
67

48
5

41
2

29
3

24
5.

67
31

2
27

6
14

9
T.

 c
as

ta
ne

um
 

O
. s

ur
in

am
em

si
s

11
.0

0
0.

0
0.

0
33

30
.0

0
12

31
47

37
.6

7
18

42
53

12
.3

3
0.

0
0.

0
37

24
.3

3
0.

0
22

51
12

4.
67

88
94

19
2

O
. s

ur
in

am
em

si
s 

T.
 g

ra
na

ri
um

43
4.

33
54

5
42

1
33

7
34

5.
33

39
9

35
1

28
6

45
.6

7
28

47
62

--
-

22
5.

33
18

9.
33

13
2.

33
--

-
22

1.
33

21
4.

50
18

7.
67

--
-

11
9.

83
11

2.
50

10
2.

00
M

ea
n

LS
D

 v
al

ue
 fo

r t
im

e:
 2

9.
53

 N
S,

 p
op

ul
at

io
n 

de
ns

ity
: 2

9.
53

*,
 o

ve
rla

p:
 5

2.
79

*;
 L

SD
 v

al
ue

 fo
r t

im
e:

 3
6.

97
 N

S,
 p

op
ul

at
io

n 
de

ns
ity

: 
44

.0
5*

, o
ve

rla
p:

 7
1.

24
*;

 L
SD

 v
al

ue
 fo

r t
im

e:
 4

3.
91

*,
 p

op
ul

at
io

n 
de

ns
ity

: 5
6.

07
*,

 o
ve

rla
p:

 7
8.

33
*

larvae have entered a dormant state, or their adults 
are killed, which did not allow an increase in their 
population density. The statistical analysis indicated that 
the results were significant for the change in population 
density, as well as for the overlap between time and 
the change in population density. Table 1 reveals the 
population density and competition between two species 
at 35 °C and 65% relative humidity at 60, 120 and 
180 days, respectively. These data reveal maximum 
population density @396.67 individuals for T. 



532     Indian Journal of Entomology 85(3) 2023 Research Article

in which synchronization between species is driven by 
the environment, while competition between species 
becomes less positive or more negative. In the same 
way, the strength of competition has a greater negative 
effect on the relationship between species when one has 
a more variable growth rate than the other (Lee, et al., 
2020). The type of competitor superior in temperature 
resistance is superior to other competitors (Bale et al., 
2002; Thierry et al., 2019). Non-diapausing larvae were 
more susceptible than diapausing larvae and showed a 
delayed response in terms of completing their biology 
to reach the adult stage, in contrast, diapausing larvae 
had no delayed response compared to the controls, 
the life stage with the highest level of tolerance in the 
eggs (Gourgouta and Athanassiou, 2021). An important 
component of the biology of T. granarium is the long 
diapause in the larval stage (Athanassiou, 2022). In the 
study under 25± 1 oC and 50± 5% RH, T. castaneum 
shows the fastest total development (Đukić et al.,  2022).
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