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The mathematical model of temperature dependent growth of Scuticociliate

Miamiensis avidus in vitro and in vivo conditions

Chun-Young Oh'

Department of Mathematics Education, Chonnam National University, Chonnam 550749, Korea

Population growth equation of scuticociliate Miamiensis avidus was obtained from the experimental results of in
vitro culture condition to estimate the growth rate and carrying capacity from the growth equation. In addition, intra-
peritoneal infections into olive flounder Paralichthys olivaceus were carried out into 2 different conditions: different
concentrations of M. avidus in same water temperature and same concentration of M. avidus in different water
temperatures. Olive flounder mortality was threshold dependent with both the temperature and M. avidus density
parameters. In this paper, we propose a mathematical model to study M. avidus growth in olive flounder based upon
the interactions between parasite and host. The mathematical model was logistic growth differential equation (1.2).
The parameters were found with Matlab program through the Levenberge-Marquardt method. In theorem, equilibrium
values between the infected fish population and dead population could found. Our equilibrium points were a stable
equilibrium and an unstable equilibrium. From the equation (1.6), it was possible to predict the amount of cumulative
mortality of olive flounder along with the time after M. avidus infection.
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Tablel. Influence of temperature on in vitro growth of Miamiensis avidus in CHSE214 cell line. Data are shown as cell
numbers / ml (Jung, 2008).

Time
Temperaife 1(day) 2(day) 3(day) 5(day) 7(day) 14(day)
15C 20 625 11250 32500 131250 180625
20C 1250 19375 35625 149375 169375 160000
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Table2. Accumulated mortality of olive flounder by intraperitoneal injection (ciliates/fish) under temperature at 20C
(Bae et al., 2009).

ciliateDay 1 2 3 4 5 6 7 8 9 10 11(day)
102 0 0 0 0 10 10 18 18 20 20 20%
107 0 0 0 5 5 5 30 30 30 40 40%
10t 0 0 0 0 25 30 35 40 40 45 45%
10° 0 60 9 95 95 100 8 9% 9% 95 100%

Table 3. The used parameters of the scuticociliate Miamiensis avidus and olive flounder

Parameter Parameter
D: the critical density of the parasite which makes
die olive flounder

b: remove rate of the parasite

d: mortality of olive flounder K: carrying capacity

r=r; intrinsic rate of natural increase of

. N: number of olive flounder
the parasite

7 : mortalityofolive flounder by parasite
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Fig. 1. The growth graphs of M. avidus are used as various initial value
P(0) =20,10% 10°%,10% 10° and temperature at 7’=15C.
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Fig. 2. The growth graphs of M. avidus are used as various initial value
P(0) =20,10% 10°%,10% 10° and temperature at 7’=20C.
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Table4. The intrinsic rate of natural increase, carrying capacity and critical density of scuticociliate Miamiensi avidus at
each water temperature 7’=15C and 7'=20°C respectively.

Parameter  intrinsic rate of natural increase vin ity (K) tical density (D
Temperature of the parasite (r) caitying capactty critical density (D)
15C =1.792 162,000 160,000
20C 1=2.345 163,500 154,000
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