Probing interaction between insects through diffusion experiments

SHUYING LAI, MENGYING FENG
Background

The goal of this experiment is to find out the interaction among insects through differences
between collective behaviors of semi-social insects and non-social insects. The assumption of our
experiment is that behaviors of semi-social insects differ significantly from those of non-social
insects. Then we can speculate interactions of semi-social and non-social insects varying degrees.
Meanwhile these differences are related to the number of insects.

Some phenomenon of human beings in social life is similar to those of insects, presenting
simple principle of animal world. We use two typical animals, bread-beetles(more specifically
buffalo beetles whose scientific name is Alphitobius diaperinus, see picture) and drosophilas as
objects of our experiments.

Alphitobius diaperinus

The process and result
Experiment 1
The purpose of the experiment

Bread-beetles are semi-social insects while drosophilas are non-social insects. So we think
these two kinds of insects would have different collective behavior. This experiment is to explore
that.

We plug sponge into the two sides of a test tube. Dump all the drosophilas (or
bread-beetles) , which have been put inside before, to one side of the test tube. Then place the
test tube horizontally and quickly. And we can observe the phenomenon. Repeat 5 times.

The result of the experiment

The phenomenon is stable. The pictures below show the result of one experiment.

Figure 1 the experiment of drosophilas(at the beginning)




Figure 2 the experiment of drosophilas(after a few seconds)

Figure 3 the experiment of drosophilas(in the end)

Figure 4 the experiment of bread-beetles (at the beginning)

Figure 5 the experiment of bread-beetles (in the end)

The analysis of the result

In the experiment of drosophilas(as figure 1,2,3 show),figure 1 shows the situation when the
test tube is just placed horizontally, and figure 1 shows the situation after a few seconds. As we
can see, drosophilas gathered to left quickly move to the right. Figure 3 shows the stable
situation when drosophilas disperse in the test tube and don’t have significant collective
behavior.

In the experiment of bread-beetles (as figure 4,5 show), figure 4 shows the situation when
the test tube is just placed horizontally, and figure 5 shows the stable situation when
bread-beetles have significant collective behavior.

The conclusions of the experiment

The experiment shows that semi-social insects and non-social insects have very different
collective behavior. Semi-social insects have significant collective behavior, while non-social
insects don’t.

The reflection and suggestions

Bread-beetles Is much bigger than drosophilas, and drosophilas behave more actively than
bread-beetles. That will influence the effect of the experiment. It would be better to do
comparative experiment with two kinds of insects which have similar size and activity. Such as
drosophilas and ants, bees and flies.

Experiment 2
The purpose of the experiment

We have known that semi-social insects and non-social insects have very different collective
behavior, and semi-social insects have significant collective behavior. Then we explore how the
number of bread-beetles influences the phenomenon of the diffusion during a period of time(10
minutes) in the open space.



The procedures of the experiment

Firstly, place bread-beetles in the container. Make sure the outside of the container is large
enough. Then let bread-beetles move freely. Let N express the total number of the bread-beetles
and R express the number of the bread-beetles in the container. Record N ,R and R/N once a
minute in ten minutes.

There are three groups: N=20,50 and 100. Repeat 5 times on every group.

The result of the experiment
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Figure 6 the experiment of bread-beetles (N=20)
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Figure 7 the experiment of bread-beetles (N=50)
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Figure 8 the experiment of bread-beetles (N=100)

The analysis of the result

Analyse R/N at the 10th minute, we can have the results as follows.
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Table 1 the analysis of R/N
The figure shows confidence interval and mean value.
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Figure 9 high-low graph(N—R/N)
As we can see, with N increasing from 20 to 100, R/N increases as well. The three groups of
mean value seem to be near a straight line. The figure below is the linear regression for the three
groups of mean value.
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Figure 10 linear regression(N-R/N)



The regression equation isp(R/N)= 0.0029*N+0.0424,and the goodness of fit is R?>=0.9870.

As we can see, there is a positive linear relationship between N and R/N. In other words,
with the increase of N, R/N tends to increase.

The conclusions of the experiment

When bread-beetles diffuse in the open space, there will be more bread-beetles staying in
the container and more significant collective behavior if there are more bread-beetles at the
beginning.

The reflection and suggestions

The standard deviation of N=50 is too large. We can do more experiment to improve that.
Experiment 3
The purpose of the experiment

Explore how the number of bread-beetles influences the phenomenon of the diffusion
during a period of time(30 minutes) in the closed space.

The procedures of the experiment

Firstly, place bread-beetles in area A. Then let bread-beetles move freely. Let N express the
total number of the bread-beetles , N1 express the number of the bread-beetles in area A and N2
express the number of the bread-beetles in area B.

Record N ,N1 and N2 once a minute in first 15 minutes. Then record once every 5 minutes.
There may be some bread-beetles still moving between two areas at the last time. Let N3 express
the number of these bread-beetles.

There are 5 groups: N=20,30,50,70 and 100. Repeat 10 times on every group.

The result of the experiment
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Figure 11 the experiment of bread-beetles (N=20)
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Figure 12 the experiment of bread-beetles (N=30)
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Figure 13 the experiment of bread-beetles (N=50)
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Figure 14 the experiment of bread-beetles (N=70)
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Figure 15 the experiment of bread-beetles (N=100)

BEN N3/N

20 035 | 030 |(0.00 |030 |030 |015 |0.10 | 0.15 0.10 | 0.15

30 0.10 |0.23 |0.10 |013 |0.13 |0.23 |0.27 |040 |0.17 | O0.17

50 0.24 | 010 |006 |012 |0.12 |0.08 |006 |008 |0.16 | 0.06

70 0.03 | 0.07 | 0.03 0.14 |0.16 |0.10 |O0.11 |0.04 |0.17 |0.04

100 0.07 | 004 |007 |014 |0.15 |0.12 |008 |0.16 |0.13 | 0.06

Table 2 the data of N3/N
The result of the experiment
From figures above, we can come to a conclusion. In a certain range, with the increase of N,
the ratio bread-beetles of moving from A to B tends to reduce.
Analyze N2/N at the last time when N=20,30,50,70,100. The results are as follows.
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Table 3 descriptive analysis of N2/N
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Figure 16 high-low graph(N—N2/N)




As we can see, with N increasing from 20 to 70, the mean value of N2/N reduces.
bread-beetles tend to stay in area A. At the same time, the range and standard deviation of N2/N
reduce. The behavior that bread-beetles stay in area A tends to be more stable.

However, when N increases from 70 to 100, the mean value of N2/N increases. Perhaps, it is
because there are some new groups coming into being when N increases to a certain extent. And
that makes it more complicated and unstable.

The figure below is the final result of an experiment when N=100. there is a new and small
group coming into being in area B. It leads to the increase of N2/N.However,it doesn’t mean that
collective behavior is weakened. As we can see from the graph, bread-beetles obviously group
into two groups.

Figure 17 a final result of an experiment(N=100)
The figure below is the linear regression for the 5 groups of mean value of N2/N at the last
time.
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Figure 18 linear regression(N-N2/N)

The regression equation isp(N2/N)= -0.0021*N+ 0.3258,and the goodness of fit is R’=
0.5147.

As we can see, there is a negative linear relationship between N and N2/N. In other words,
with the increase of N, N2/N tends to reduce.

Besides,N3/N can show the collective behavior to some extent.

Analyze N3/N when N=20,30,50,70,100. The results are as follows.
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Table 4 descriptive analysis of N3/N
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Figure 19 high-low graph(N—N3/N)

As we can see, with N increasing from 20 to 100, the mean value of N3/N overall reduces.
Bread-beetles tend to stay together. At the same time, the range and standard deviation of N3/N
reduce. The behavior that bread-beetles stay together tends to be more stable.

The figure below is the linear regression for the 5 groups of mean value of N3/N.
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Figure 20 linear regression(N-N3/N)

The regression equation ispu(N2/N)= -0.0013*N+ 0.2073,and the goodness of fit is
R’=0.6883.

As we can see, there is a negative linear relationship between N and N3/N. In other words,
with the increase of N, N3/N tends to reduce.
The conclusions of the experiment

In a certain range, with the increase of N, bread-beetles tend to stay together rather than
keep moving.
The reflection and suggestions

Add up the number of the group of experiment and do more experiment. It is helpful to



analyze the influence of N in detail and to reduce the error.
Experiment 4
The purpose of the experiment

When bread-beetles move between areas A,B, they may gather in crowds and groups. It is a
kind of collective behavior. We are going to explore how N influences the collective behavior
when bread-beetles are moving.
The procedures of the experiment
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Firstly, place bread-beetles in area A and B averagely. Then let bread-beetles move freely. Let
N express the total number of the bread-beetles , M express the number of the bread-beetles
moving between two areas together, M1 express the number of the bread-beetles moving from
area A to area B together and M2 express the number of the bread-beetles moving from area B
to area A together.

There are 3 groups: N=20,50 and 100. Repeat 5 times on every group.
The result of the experiment
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Figure 21 the experiment of bread-beetles (N=20)
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Figure 22 the experiment of bread-beetles (N=50)
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Figure 23 the experiment of bread-beetles (N=100)
The analysis of the result
WAt E
MARE | R ME | HROKRIE HE PR
SEIBIML 13 .00 2.00 6923| .75107
SEIGIM2 13 .00 2.00 3077| .63043
SEIG2M1 13 .00 2.00 8462|  .80064
SEIH2M2 13 .00 1.00 2308 |  .43853
SEIG3M1 13 .00 2.00 8462| .68874
SEI3M2 13 .00 1.00 .2308|  .43853
SEIGAM1 13 .00 2.00 8462 68874
SEIG4AM2 13 .00 2.00 4615|  .66023
SEIG5SM1 13 .00 2.00 1.0000| .70711
SEIG5M2 13 .00 2.00 1538  .55470
ARV KR 13
Table 5 descriptive analysis of M1,M2(N=20)
gt E
MARE | R ME | KB HE A
SEIGIMA 13 .00 3.00 1.1538| 1.14354
SEIGIM2 13 .00 3.00 1.2308| 1.01274
SEIR2M1 13 .00 4.00 1.3846| 1.32530
S262M2 13 .00 3.00 1.6154| 1.12090
S2IH3ML 13 .00 3.00 1.6923| 1.03155
SEI3M2 13 .00 3.00 1.7692| 1.23517
SEIGAM1 13 .00 3.00 1.3077| 1.18213
SZIBAM2 13 .00 3.00 1.6923| 1.25064
SEIG5M1 13 .00 3.00 1.5385| .77625
SEI5M2 13 .00 3.00 1.6154| .86972
BRI 13

Table 6 descriptive analysis of M1,M2(N=50)
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SEIGIML 13 1.00 5.00 3.0000| 1.35401
SEIGAM2 13 .00 6.00| 2.2308| 1.78670
SEIG2M1 13 .00 7.00| 2.3077| 1.84321
SEIG2M2 13 .00 5.00 1.7692| 1.42325
SEI3ML 13 .00 6.00 1.8462| 1.67562
SEI63M2 13 .00 5.00 1.0000| 1.58114
SEIGAMI 13 .00 5.00 1.7692 | 1.36344
SEIGAM2 13 .00 4.00 2.0769| 1.25576
SEI5M1 13 .00 3.00 1.0769| .95407
SEI5M2 13 .00 4.00 9231| 1.18754
BRI R 13

Table 7 descriptive analysis of M1,M2(N=100)
With N increasing from 20 to 100, the number of the bread-beetles moving together tends

to increase.
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Table 8 descriptive analysis of the mean value of M1,M2
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Figure 24 high-low graph(N—M)
With N increasing from 20 to 100, the mean value of the number of the bread-beetles

moving between two areas together tends to increase.

T
100

The figure below is the linear regression for the mean value.
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Figure 25 linear regression(N-M)

The regression equation isp(M)= 0.0145*N+ 0.4648,and the goodness of fit is R?=0.8242.

As we can see, there is a positive linear relationship between N and M. In other words, with
the increase of N, M tends to reduce.
The conclusions of the experiment

In a certain range, with the increase of N, bread-beetles tend to moving together.
The reflection and suggestions

Add up the number of the group of experiment and do more experiment. It is helpful to
analyze the influence of N in detail and to reduce the error.

Besides, taking video makes the experiment more easily and less error than taking pictures.

In a certain range, there is a positive linear relationship between the total number of the
bread-beetles and the collective behavior. The collective behavior will perform stronger and more
obviously if there are more bread-beetles. When the total number of the bread-beetles is larger,

bread-beetles tend to stay together, even when they are moving.

The data we gathered and the analysis results of our experiment can explain the
assumptions we make at first.

Semi-social and non-social insects show significant differences of collective behaviors. We
focused on behaviors of bread-beetles-like insects, then we speculate interactions of semi-social
and non-social insects varying degrees. Different number of samples show different results in
experiment.

In social life, human beings have similar behaviors like insects. The interactions among
human beings will influence numbers of kinds of behaviors such as decision, contact and

gregariousness.



