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Abstract— In the present study, we have developed an individual-based model of locust behavior in which the increase in jumping and turning frequency leads to a phase change. The simulation results are consistent with earlier field and lab observations, and demonstrate that there is significant behavior difference between solitarious- and gregarious phase.
I. Introduction

Despite the common perception that the phase transformation of migratory locust is not directly related with the plague, but the phase transformation is interrelated with the aggregation and migration of locust[1,2]. The desert locust(Schistocerca gregria), Locusta migratoria migratorioides and the oriental  migratory locusts are similar in the aggregation, migration and phase transformation.
Although nymph population densities, stadium and semiochemicals are important factors that affect the phase transformation[3，4，5，6，7], we noticed that oriental migratory locust (Locusta migratoria manilensis) change phase in response to behavior change and morphological change. A better understanding of the mechanisms that underlie phase transformation is an important prerequisite for predicting locust outbreaks.
This individual-level process is the basis for swarm formation. In the present study, we have developed an individual-based model of locust behavior in which the increase in jumping and turning frequency leads to a phase change. The simulation results are consistent with earlier field and lab observations, and demonstrate that there is significant behavior difference between solitarious- and gregarious phase.
II. MATERIALS AND MEHTODS
A. Laboratory Experiment
 Experiments were conducted in a cage of 70-cm x 60-cm x 60-cm. The experiments of gregarious were performed with crowd-reared  mid-second-instar nymphs, who originated from eggs laid by crowd-reared adults. The experiments of solitarious were performed with isolated-reared  mid-second-instar nymphs, who originated from eggs laid by isolated-reared adults.  Nymphs were used only
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X. Xiong is with College of Information and Electrical Engineering, China Agricultural University, 100083, Beijing, China; x.xiong@cau.edu.cn once and were deprived of food for 12 h before testing. Tests lasted 8 h, and at the end of each run, the behavioral-phase state of each locust was assayed. For the assay, locusts were isolated and graded according to rates of 13 types of movement and grooming behavior observed over a 10-min period. Each experiment was performed twice, for a total of 26 runs.
To distinguish between solitarious- and gregarious-type behavior in locusts, ten behavioral variables which discriminated between the solitary- and crowd-reared groups were entered in the construction of a model: 1) number of jumping per unit time, 2) number of turns per unit time, 3) mean length of jumping, 4) time of still, 5) walking speed, 6) walking time, 7) walking length, 8) number of walking. The first two variables described above were retained by the model as significant predictors of phase state.
. 

B. Computer Simulation
The individual based model is implemented in Java using RePast. 
We use the Grid Space of Repast to simulate the moving of the model locusts. Each model locust(agent) occupy a cell.

I) moving rules: Locusts interact when in the same grid square. A locust experiences a unit of contact whenever another individual starts or finishes movement within its grid square. Locusts that move within an iteration do so synchronously, and contact is calculated at the initiation and end of movement. 

 The model combined an individual’s values for these two variables to predict the probability that that insect belonged to the solitary-reared group. Model locusts are then characterized by (i) a behavioral-phase state, which ranges from 0 (solitarious) to 1 (gregarious), (ii) a sex state, and (iii) a Cartesian coordinate. Simulations were run with 10 and 20 initially solitarious locusts, placed at random within the arena. 
II) Simulation program: Repast provide a SimpleModel Class which includes some basic method of individual-based simulation. We us this Class to control the implementation of simulation program. See Fig. 1. The input parameters of simulation see Tabel I.
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Fig. 1. Programming structure of the Class SimpleModel
TABLE II
Results of lab experiments 
TABLE I
Input parameters of simulation
	Number of individuals
	Number of simulation

	1000
	1000


III. RESULTS
The results of lab experiments show that both jumping and turning behaviors were significantly greater  for gregaria locusts than for solitairia locusts as in [8]. See Table II. In Table II, G stands for gregaria and S stands for solitairia. There are little difference between female and male for both gregaria and solitairia locusts. 
The results obtained using the RePast based simulation showed a similar trend to the experimental results; when the individual locust jumps at a frequency greater than 1. 6 times per minute and turns at a frequency greater than 1. 6 times per minute, it belongs to gregarious-type group. 
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IV. Conclusions

These behavioral parameters of the frequency of locust jumping and turning can be used as “the behavioral indices for phase transformation”.
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