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A Tentative Temperature-dependent Matrix Model for the
Short-term Prediction of Population Dynamics of
Panonychus citri (Acari : Tetranychidae) in Citrus Orchards
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ABSTRACT

A tentative stage-structured matrix model

was developed to analyse the population

dynamics of Panonychus citri (Acarina

Tetranychidae). The age class of P. citri was
stages eggs,
nymphs, and adults. Probabilities for each element

categorized into four larvae,
in the projection matrix were estimated using
published temperature-dependent developmental
data of P. citri. Transition probabilities from an
age class to the next age class or the
probabilities of remaining in the age class were
obtained from development rate function of each
stage (age classes). The fecundity coefficients
of adult population were the products of adult
rate (1/longevity) and
temperature-dependent  total fecundity. The
matrix model outputs were compared with

actual field data to test its validation ability.

longevity completion

The fitting ability of the developed matrix
model was better in early cool season than in
hot mid-season, and the model was applicable
for a short-term prediction of =10d during all
seasons. However, detailed biological parameters
such as the effect of natural enemy, precipitation
as an external environment component, quality
of host plants, and physiological response of P.
citri

required to

in relation to weather condition were
predict
population density of P. citri.

more accurately the
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Table 1. Temperature-dependent development data used for the estimation of biological
parameters of P. citri

Temperatue Eggs Larvae Nymphs lorjxxgdtr\!itty fe::l:ﬁltgjlty References
15 204 58 149 233 37 Choi, 2006
21 11.2 34 6.6 - - Kim & Kim, 1999
24 7.7 22 46 - - Kim & Kim, 1999
25 -* - - 149 67 Gotoh et al., 2003
27 59 19 3.6 - - Kim & Kim, 1999
30 49 16 29 - - Kim & Kim, 1999
30 - - - 6.1 24 Choi, 2006
33 5.0 14 28 - - Kim & Kim, 1999

? No available data.
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. Developmental rate curves of P. citri,
between
temperatures and development rates. A

showing the relationship
* eggs, B ! larvae, and C: Nymphs.

Table 2. Estimated parameter values for
development models of P. citri

parameter Eggs Larvae Nymphs
L4 -0.00618 -0.00723 -0.00852
Tb -2.27546 -1.75811 -4.91965
p 0.180964 0.167582 0.180289
Tm 39.52927 42.02532 4267113
AT 5937847 7.542605 5.846932
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Fig. 2. Adult longevity completion rate curve
(A) and temperature-dependent total
fecundity curve (B) of P. citri.
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Table 3. Estimated parameter values for adult longevity completion rate (1/longevity) and

total fecundity of P. citri

Parameter Estimated value SEM r
a 0.0486 0.00764 093
b -9.8625 1.3314
Adult development model
(1/longevity) c 2.4865 2.28117
d 490.6084 64.47074
e 250.2587 42.22571
R 69.4742 8.30821 0.99
Temperature-dependent
total fecundity model Tomax 220844 081295
k -5.8786 0.96704




56 R EE(. Subtropical Agri. & Biotech.), 23(1), (2007)

5Coln JME = 2 AxAFY AAFH g
3 gol FAAE W(R=1; #3-2 433 43
=avke)), ohg (DS AAFE G 2ol &

A + UtAu=05 Z+ wsuA ANEFH
=100% 7}3).
0.8571 0 0 4.3314
0.1429 0.5475 0 0
0 0.4525 0.7649 0
0 0 0.2351 0.9295
n(H=1 n (t+1) 10.4
n()=2| _ |[nt+1)| _ 1.2
n(H=3 n,(t+1) 3.2
n, (D=4 n,(t+1) 4.4

F t+1oA & & 08571x1+0%X2 + 0x3
+ 43314x4X05 = 1047} I9, 54 9 ¢
TE 2 Wyoz AAg £ Utk 974
08571 x1& t Aol EAQdte ¢ FAAM &
BEGAY GFoz HSIA Em agz o
FHZ e MATE Yehl 3, 43314X4%X05%
U7 059 W HFol AE ¥E Yerdnh A
T ot+19AM AEFFE OX1+0x2+0.2351 X3+
09295X%4 = 447} S+, 02351x3& o)A w8
GAA FZolN HFoz Ho| Her AxNE:E
EAEI 09295X4%E t Aol ERQste HE: F
X %2 ¥ Holde +8 9njdi}.

20043 AAl ZEUNA ALY F Lo 429
B9 gEARFPo 2 Y NAT YEE v s
W a9 3% oA AEEV] AL, B AA
TEZI 27D, FERY ARE FYHA A
THFH NAZ 4FEYL Bgen Azto] X
g¢5E 4d&3Xe 9t A B3 ALrde
2YNA 16dAE AZAG FHAI) FFE] o
28t om, Alzto] ALFE Wizt A7)z A=
st AT 2 HalE Julian SR 148 R
A FAZER A df AN Rez Yz
o, &Y FALE AN Julian A 160Y
o 4% 2=+ ¥4 %S Aoz wugy 1
2718 XH3R U 8¥Y A =¥ A 14
AAole FAXN d2x9 wlwste o7} FHa
H7HE R oy 04A N E vl FAF e U

22714 A7 4uglel 109 dF9 drlqy
5 A%E AR 2 PgoM AAE AR

300 -

» A
g
3 201 o Obsenved
o — Estimated
'O 180
)
a
£ 1201
3
% e .
2
°
0 T ) L) ) T 1
110 120 130 140 150 160 170
Julian date
1000 -
4 B
8 &0{ o Observed
o —— Estimated
n 600 -
o
o
£ 40
S
S ¢
2 .
0"'_. T T T T T 1l
210 20 230 240 250 260 270
Julian date
Fig. 3. Observed actual and matrix

model-predicted number of P. citri (nymphs
and adults). A:
and B: mid-late season with

early season with Ilow
temperatures,

high temperatures.
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