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Hsin Chi and Hsi Liu (1985) Two New Methods for the Study of Insect 
Population Ecology. Bull. Inst. Zool., Academia Sinica 24(2): 225-240. Based on the 
stage-frequency distribution, a multiple column matrix was used to express the age
stage-structure of animal populations with metamorphosis. USi}lg this new method, 
the growth process of insect and mite populations (both female and male were 
included) can be studied with proper stage grouping. Algorithms of population 
growth and the calculation of intrinsic rate of increase and stable age-stage
distribution were described in detail. 

For the simulation work of field population ecology, a multidimensional matrix 
was used to display the spatial distribution of host plants and the age-stage-structure 
of pest population. Computer programs were designed to simulate the growth and 
dispersion of field population at the same time. These methods made a way to 
approach to the agroecosystem simulation. 

In the last forty years, since the matrix 

was used in the study of population growth 
(Lewis 1942, Leslie 1945, 1948), the age 
structure of a population was given in a 
single column matrix (column vector), and 
only the female population was considered. 
This method has been used in many works 
(Pennycuick et at. 1968, Longstaff 1977, Chi 
1981,. Carey 1982). In using the single column 
matrix, one had to always handle all the 
individuals in one age group as if they were 
in the same developmental stage. However, 
the significant stage overlapping phenomenon 
has been frequently observed in the study of 
life cycles for animal populations with 
different developmental stages, such as in 
many insect and mite species. As a matter 
of fa'ct, this overlapping phenomenon occurs 
in both discrete models and continuous 

models, using either calendar time or physio
logical time. This fact limits the use of 
Lewis-Leslie matrix in insect and mite popu
lation ecology, and points out that the stage
grouping by cutting the life span into stages 
(e. g. Carey 1982) without considering the 
overlapping phenomenon must be used care
fully. Some authors had developed analytical 
methods for stage grouping (Lefkovitch 1965, 
Manly 1974, Van Straalen 1982), however, 
this overlapping phenomenon had not been 
included.. From the biological viewpoint, the 
stage overlapping is resulted from the dif
ferences in developmental rates of individuals 
reproduced at the same day. Based on this 
biological fact, we developed a new method 
using multiple column matrix to express the 
age-stage-structure of population. In this 
method, both male and female can be 
included. The details about this new method 
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