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Nonlinear models for describing development and fecundity
of the pseudococcid predators Nephus includens and
Nephus bisignatus

DIMITRIOS CH. KONTODIMAS

Benaki Phytopathological Institute, Department of Entomology and Agricultural Zoology, 8
Stefanou Delta, 145 61, Kifissia, Greece; e-mail: d.kontodimas@bpi.gr

ABSTRACT

Among several mathematical models used to describe the development or the fecundity of
insects the equations of Enkegaard, Analytis, Bieri 1 and Bieri 2 could describe both biological
features. In the current study these equations used to describe the development and fecundity of
two pseudococcid predators [Nephus includens (Kirsch) and Nephus bisignatus (Boheman)
(Coleoptera:  Coccinellidae)] preying on Planococcus citri  (Risso) (Hemiptera:
Pseudococcidae) at constant temperatures (15°C - 35°C). All models have goodness of fit to
data especially for development [Rzadj, RSS and AIC ranged 0.9908-0.9996, 0.0019-89.1752
(x10™), and (-75.43) — (-31.07) respectively]. Optimum temperature (7, opr) and upper threshold
(Tnax) were calculated accurately by all models (7, ranged 32.6-34.0°C for N. includens and
30.0-30.6°C for N. bisignatus and T, ranged 35.0-38.8°C for N. includens and 33.1-36.0°C for
N. bisignatus, respectively). Lower temperature threshold (7,,;,) was calculated accurately by
Bieri-1 model (11.0 and 10.0°C for N. includens and N. bisignatus respectively) whereas
Analytis model underestimated it (8.0 and 4.9°C). As far as fecundity is concerned the
respective values were better fitted near the optimum temperature (25°C) [Rzadj, RSS and AIC
ranged 0.8246-0.9704, 9.2729-24.0736 and (-246.82) — (-115.34) respectively]. Conclusively,
from the tested models the Bieri-1 equation was proved as the most appropriate for the reason
that could estimate correctly all the requested parameters concerning the development (7,
Tops Tiax) as well as it could describe sufficiently the fecundity trend of the two predators.

KEYWORDS: degree- days, development threshold, model, temperature.

Finland, Sweden, Denmark, Netherlands

Introduction and Germany) (Pope 1973), as well from

Morocco, Southern France, Italy and

Nephus  bisignatus (Boheman) and N. Portugal (Popel973, Francardi and Covassi
includens (Kirsch) (Coleoptera: 1992, Magro et al. 1999) whereas Nephus

Coccinellidae) are species of the Palearctic
region and important indigenous predators of
mealybugs (Hemiptera: Pseudococcidae) in
Greece (Argyriou et al. 1976, Kontodimas
1997). Nephus bisignatus is also reported
from Northern Europe (South Norway,

includens is also found in Southern Europe
(Turkey, Italy, Spain and Portugal)
(Bodenheimer 1951, Viggiani 1974, Longo
and Benfatto 1987, Suzer et al. 1992, Magro
et al. 1999). Nephus bisignatus is larger in
size (1.5-2 mm length and 1.1-1.2 mm
width) than V. includens (1.5-1.8 mm length
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and 1.0-1.1 mm width) (Filirsch 1958,
Kontodimas 1997).

Detailed research has been carried out
concerning the study of the development and
the life tables of the two coccinellids
(Kontodimas et al. 2004, 2007). The lower
temperature thresholds are estimated to be
10.9 and 9.4°C and thermal constants to be
490.5 and 6143 degree-days for N
includens and N. bisignatus, respectively,
using a linear model. The upper temperature
thresholds are estimated to be 36.1 and
34.7°C, respectively, using the Lactin non-
linear model (Kontodimas et al. 2004). The
average total fecundities of N. includens at
15, 20, 25, 30, 32.5 and 35°C were 49.2,
97.8, 162.8, 108.5, 874 and 31.1
eggs/female and the intrinsic rates of
increase (r,) 0.014, 0.041, 0.083, 0.086,
0.077 and 0.024 females/female/day,
respectively. For N. bisignatus, the average
total fecundities at 15, 20, 25, 30 and 32.5°C
were 54.7, 72.1, 969, 56.0 and 22.8
eggs/female, and the intrinsic rates of
increase (1) were 0.017, 0.035, 0.060, 0.051
and 0.024 females/female/day, respectively
(Kontodimas et al. 2007).

Several mathematical models have been
used for describing the development of
insects over a wide range of temperatures
such as Logan-6, Lactin, Sharpe and
DeMichele, Briere, Bieri-1 and 2, Analytis
and Enkegaard equations (Lactin et al. 1995,
Roy et al. 2002, Kontodimas et al. 2004,
Arbab et al. 2006, 2008, Zahiri et al. 2010,
Ranjbar et al. 2011). Similarly, some
mathematical models have been used to
describe fecundity or fertility at different
temperatures such us the equations of Bieri-1
and 2, Enkegaard, Ydergaard and Analytis
(Bieri et al. 1983, Enkegaard 1993,
Ydergaard et al. 1997, Lanzoni et al. 2004,
Kontodimas et al. 2007, Ranjbar et al. 2011).

From the above mentioned models the
equations of Enkegaard, Analytis, Bieri 1
and Bieri 2 could describe both features
(development and fecundity). In the current
study these equations were assessed for their

fitness to the experimental data using as
indices the adjusted coefficient of nonlinear
regression (Rzad,-), the residual sum of square
(RSS) and the Akaike information criterion

(AIC).
Materials and Methods

Rearing and experimental conditions

Nephus bisignatus and N. includens reared
in the laboratory wunder controlled
conditions (15, 20, 25, 30, 32.5, and 35°C;
65+2% RH; L:D 16:8h) in incubators
(model MLR-3500T, 3500HT; Sanyo).

Newly laid eggs were placed
individually in plastic petri dishes and
transferred to incubators. On hatching,
coccinellid larvae were constantly supplied
with an excess of P. citri of various stages.
Progress in  development (hatching,
pupation, moulting, adult emergence) and
survival was assessed every 12h. In case of
immature mortality, the dead individual was
removed and replaced by another of the
same age, taken from laboratory rearing of
the same temperature. Thereby, 25
individuals (males and females) of each
species completed their development to
adult emergence. The pre-ovipositional
period (time interval required for ovary
maturation and initiation of mature egg
production) was measured for newly
emerged females (N=25) of both species.
The total time for completion of the
biological cycle (time elapsed from egg
stage until adult oviposition) was estimated
by adding the duration of immature stages
with the respective pre-ovipositional period
(Kontodimas et al. 2004). The fecundity of
the two predators was determined using 25
newly emerged pairs of adults of each
species, which were kept in plastic cages
under the above mentioned constant
conditions. The longevity and fecundity of
the 25 females were recorded daily
(Kontodimas et al. 2007)
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Non-linear Mathematical Models

Enkegaard Model
This non-linear model was suggested by
Enkegaard (1993) to fit fecundity data:

r(T)=(a+bxT)x[e(~(c+dxT))]
where r(T) is the developmental rate or the
daily fecundity, T is temperature or female

adult age, depending on fitted data, a, b, ¢
and d are empirical constants.

Bieri-1 and Bieri-2 Models

Also these equations were used to fit the data
of fecundity (Bieri et al. 1983):

Bieri-1:

r(T) = [ax (T =X, )]~ o™=

where r(T) is developmental rate or
fecundity, T is temperature or adult female
age depending on the fitted data, Xmax, Xmin, &,
and b are empirical constants (Xmax, Xmin
represent the lower and upper temperature
threshold or the days of starting and stopping
of oviposition).

Bieri-2:

T — X,
()= ax (< on)

where r(T) is considered as developmental
rate or daily fecundity, T is temperature for
developmental rate or female adult age for
daily fecundity, depending on fitted data,
Xmin, &, @nd b are empirical constants.

Analytis Model

The Analytis model was developed to
determine relationship between temperature
and developmental time of phytopathogenic
fungi and plant pests (Analytis 1980).
However this model could also describe the
fecundity of insects (Kontodimas et al.
2007). The expression of this model is:

r(T) =a (T = Xmin )n '(Xmax _T)m
where r(T) is developmental rate or
fecundity, T is temperature or adult female
age depending on the fitted data and Xmax,
Xmin, @, M and n are empirical constants (Xmaxs
Xmin, represent the lower and the upper

thresholds for development or the first and
the final age of oviposition).

All of the non-linear models were
assessed for goodness of fit to data based
on:

- The adjusted coefficient of non-linear
regression (R%):

RZ, _po (021 gy,
(n—-p)

where n is the number of observations, p is

the number of model parameters, and R? is

the coefficient of non-linear regression. This

criterion is parameter independent. Higher

value of Rzadj indicates better fit.

- The residual sum of square (RSS):
Lower value of RSS indicates better fit.

- The Akaike information criterion
(AIC): AIC =n-In(RSS /n)+2p,

where n is the number of observations
and p the number of model parameters.
Lower value of AIC indicates better fit
(Akaike 1974).

The non-linear regressions for the
development and fecundity of Nephus
includens and N. bisignatus were analyzed
with the Marquardt algorithm (Marquardt
1963) using the IMP (v. 4.02; SAS Institute
1989) statistical program.

Results and Discussion

Data concerning development and fecundity
of the two predators are presented in Table
1. All fitted parameters were estimated by
regression analysis, whereas the measurable
parameters were calculated by solving the
equations or their first derivatives. The
parameters and the values of estimated
criteria for model evaluation are presented
in Tables 2, 3 and 4.

The curves of the influence of
temperature on developmental rate of
overall immature stages fitted by each
model are shown in Fig. 1. The respective
curves concerning the fecundities of the two
predators are presented in Figs. 2 and 3.
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TABLE 1. Development and fecundity (mean + SE) of the pseudococcid predators Nephus
bisignatus and N. includens at constant temperatures.

Temperature N. includens N. bisignatus N. includens N. bisignatus
°O) (days) (days) (eggs/female) (eggs/female)
15 114.32 £1.61 112.98 £2.51 492 +2.5 54.7+2.6
20 55.82+1.10 58.06 £2.90 97.8+2.9 72.1+£24
25 34.90 +£0.46 38.06 £2.25 162.8 £5.7 96.9+2.5
30 25.50+0.66 30.32+2.14 108.5+3.6 56.0+1.6
32.5 22.80+1.53 3430+1.84 87.4+3.2 22.8+1.1
35 25.84+1.57 - 31.1+1.5
0,050 ) 0,050
0,045 Analytis 0,045 Enkegaard
0.040 o Nephus includens 0040
0,035 o NeEhus bisignatus 0.035
0,030 0,030
0,025 - 0,025
0020 0,020
0,015 0,015
0’010 0,010
’ 0,005
0,005
0,000 :
0,000 i 0 5 10 15 20 25 30 35 40
0 5 0 15 20 25 35
0,050 0,050
0,045 Bieri-1 0,045
0,040 0,040 Bieri-2
0,035 0,035
0,030 0,030
0,025 0,025
0,020 0.020
0,015 0015
0,010 0010
0,005 0.005
0,000 T
) 5 10 15 20 25 30 35 40 0,000 ' '
0 5 0 15 20 25 30 35 40

FIG. 1. Fitting of nonlinear models on development of Nephus includens and N. bisignatus. In

all charts, the ordinate is the rate of development (1/D, in days™), and the abscissa is the

temperature (in °C).
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TABLE 2. Fitness of nonlinear models to the development of the pseudococcid predators
Nephus bisignatus and N. includens.

Model Parameters N. includens N. bisignatus

Bieri-1 a 0.002046 + 0.000050 0.001744 + 0.000055
b 5.183307 + 9.678861 1.945088 + 0.253437

Xonin 37.769480 + 3.114961  39.408338 + 1.271350

Xmax (Zlin) 10951158 +0.310764 9.974940 + 0.325453

Lopt 33.7 30.5

bnax 36.0 34.7

Rui 0.9985 0.9988

RSS (10 0.6044 0.1250

AIC -61.034 -56.496

Bieri-2 o -0.018947 £ 0.000966  -0.015074 + 0.000613
b 0.850826 + 0.005341 0.845770 + 0.004176

Xonin (= ta) 38.767602 + 0.387503  35.941459 + 0.264145

lopt 32.6 30.1

R 0.9938 0.9966

RSS (107 3.5663 0.6499

AIC -52.383 -50.254

Analytis a 0.000479 + 0.000268 0.000089 + 0.000000
T in 7.960193 + 1.138093 4.912560 + 0.000021

T s 35.027647 +0.044579  33.078122 + 0.000188

n 1.394577 + 0.148580 1.776622 + 0.000034

m 0.057720 + 0.021610 0.174076 + 0.000009

lopt 34.0 30.6

Rai 0.9995 0.9996

RSS (107 0.0425 0.0019

AIC -74.962 -75.428

Enkegaard a 1.936232+ 0.293853 3.340830 + 0.359428
b -0.049945 £ 0.007207  -0. 092952 £ 0.009470

c 7.2320754 + 0.362901 7.839623 + 0.459907

d -0.161547 £0.006278  -0. 167508 + 0.004938

Lope 32.6 30.0

bnax 38.8 36.0

Rui 0.9908 0.9932

RSS (10 89.1572 16.2472

AIC -31.070 -32.159
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TABLE 3. Fitness of nonlinear models to data of fecundity of the pseudococcid predator
Nephus includens at constant temperatures

Model/ Temperature
Parameters 5o~ 20°C 25°C 30°C 32.5°C 35°C
Analytis
a 0.0560x1  0.0699x10° 1.5284x10° 0.2074x10° 0.6510x1077 2.2901x10”
Dhonin 0" 9.5208 3.9094 5.9629 4.6541 4.7292
Do 22.9964  127.9999 98.8467  122.1913  106.8212  55.3308
n 211.3905 1.3136 0.3567 0.2460 0.6121 0.5811
m 0.6832 43721 3.1611 3.3878 3.4995 1.9278
Ry 4.5884 0.8957 0.9704 0.8640 0.8170 0.7823
RSS 0.6298 14.2759 12.8859 21.7619 15.3284 3.9849
AIC 13.0140 -239.23 -170.84 -110.56 -106.50  -112.96
-363.59
Bieri-1
a -0.0062 -0.0241 -0.0598 -0.0369 -0.0378  -0.0363
b 0.8890 0.9051 0.6094 0.6256 0.8252 0.8161
Xomax 158.1020  112.9830 80.5844 84.2101 777340  50.9418
Xomin 19.8986 19.5896 6.3986 7.2743 9.5927 6.8444
Ry 0.6177 0.8207 0.9439 0.7528 0.8058 0.7793
RSS 13.5452 24.2148 24.0736 25.1653 15.8350 3.9479
AIC -373.24 -186.67 -115.34 -99.92 -106.10  -115.41
Bieri-2
a 0.0834 0.2442 0.9430 0.5471 0.3967 0.2968
b 1.0420 1.0492 1.0794 1.0744 1.0683 1.0984
Xomin 21.8056 11.1616 2.2699 3.4707 4.1489 43513
R 0.6513 0.8740 0.9611 0.8695 0.8347 0.7813
RSS 12.6902 18.7506 17.1473 22.3715 14.1230 3.9593
AIC -385.41 -219.61 -148.56 -112.16 -116.56  -117.27
Enkegaard
a -1.7280 -1.3964 -1.0943 -0.6405 -0.7247  -0.5264
b 0.0792 0.1251 0.4821 0.1845 0.1747 0.1210
¢ -0.9487 -1.2051 -0.8442 -1.3358 -1.0943  -1.3057
d 0.0411 0.0480 0.0764 0.0718 0.0661 0.0938
R 0.6490 0.8730 0.9606 0.8679 0.8324 0.7765
RSS 12.6902 18.7506 17.1473 22.3715 14.1230 3.9593

AIC -383.41 -217.61 -146.56 -110.16 -114.56 -115.27
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1 50C 2 OOC 2 SDC
2 3 5
18 o —Enkegaard 45 ¢ o — Enkegaard
6 —Enkegaard 25 .

— Analytis

— Analytis — Analytis

0 20 40 0 80 100 120
2 3 s
S0
18 ° ori. 4, °
’ — Bieri- 080, 5
Bieri-2 2 9% — Bieri2 — Bieri-2
16 25 s
o — Bieri-1 oo o R
° o, — Bieri-1 — Bieri-1

25
2
15
1
05
0 o D
0 20 4 60 80 100 120
35°C
45 4 ’
o —Enkegaard 18 —Enkegaard
4 B N o
3
16 °
35 ° o o —Enkegaard ° .
Analytis 3 ° — Analytis
o 14 N
e o o
25 Analytis N

4 2
o 18
38 —Bieri-2 ° —Bieri-2
o © 16 °
3 Bieri-1 ° o — Bieri-1

FIG. 2. Fitting of nonlinear models on fecundity data of Nephus includens. In all charts, in the
ordinate is presented the daily fecundity (eggs laid per female per day) and in the abscissa is
presented the longevity of adult females (days after adult females’ emergence).
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TABLE 4. Fitness of nonlinear models to data of fecundity of the pseudococcid predator
Nephus bisignatus at constant temperatures.

Mode/ Temperature

Para-

meters 15°C 20°C 25°C 30°C 32.5°C
Analytis

a 0.5800x10” 0.0235  0.7103x10™" 0.0329 2.4724x10°
Doin 25.9349  12.5509 5.8130 5.9842 6.0000
Dy 199.0866  149.9998 214.8710 98.0000 98.9992
n 0.7145 0.1611 0.2643 0.1966 0.4378
m 3.3249 0.6685 4.8863 0.6764 2.1116
Ry 0.8089 0.7684 0.8827 0.7027 0.7006
RSS 9.7424 7.8320 9.7829 7.7660 3.2617
AIC -487.69  -409.27 -239.20 -224.39 -200.58
Bieri-1

a -0.0083  -0.0095 -0.0252 -0.0128 -0.0138
b 0.9210 0.9088 0.6882 0.8328 0.7992
X 170.1980 161.1187 105.5711 119.5261 83.9593
Xonin 242492  14.4014 7.4009 6.9846 6.3123
Ry 0.7785 0.8273 0.8246 0.7154 0.7156
RSS 11.5360 6.3982 9.2729 7.7872 3.1634
AIC -460.45  -440.39 -246.82 -226.14 -204.69
Bieri-2

a 0.0869 0.0891 0.2939 0.1182 0.1290
b 1.0338 1.0306 1.0497 1.0383 1.0581
Xonin 22.3410 9.6433 0.6491 1.3294 44818
Ry 0.8073 0.8138 0.8520 0.6820 0.6984
RSS 10.5782 6.9187 12.3201 8.5973 3.3656
AIC 47745  -431.12 -218.99 -218.83 -202.41
Enkegaard

a -1.1757  -0.2232 -0.0371 -0.0397 -0.1957
b 0.0526 0.0231 0.0572 0.0298 0.0437
c -1.2453  -1.6377 -1.6679 -1.4264 -1.3358
d 0.0333 0.0301 0.0485 0.0376 0.0564
Ry 0.8061 0.8125 0.8875 0.6784 0.6937
RSS 10.5782 6.9187 12.3201 8.5973 3.3656

AIC -475.45 -429.12 -216.99 -216.83 -200.41
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15°C

—Enkegaard

— Analytis

—Enkegaard

Analytis

20°C 25°C
18 35
» . —Enkegaard
o —Enkegaard 3 0
14 ®05 50 © e — Analytis
06 o

— Analytis

18 35

°
16 o —Bieri-2 3 o —Bieri2
14 @0 o o

0o 0 — Bieri-1 25 o — Bieri-1

16
—Enkegaard
—Enkegaard 14 o
o
12 N — Anal,

— Analytis

16
14 —Bieri-2
°
°
12 o — Bieri-1

— Bieri-1

FIG. 3. Fitting of nonlinear models on fecundity data of Nephus bisignatus. In all charts, in
the ordinate is presented the daily fecundity (eggs laid per female per day) and in the abscissa
the longevity of adult females (days after adult females’ emergence).
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All models have goodness of fit to data
especially for development [Rzadj, RSS and
AIC ranged 0.9908-0.9996, 0.0019-89.1752
(x10™), and (-75.43) — (-31.07) respectively].
Optimum temperature (7,,) and upper
threshold (7,...) were calculated accurately
by all models (7, ranged 32.6-34.0°C for N.
includens and 30.0-30.6°C for N. bisignatus
and T, ranged 35.0-38.8°C for N. includens
and 33.1-36.0°C for N. bisignatus,
respectively). Lower temperature threshold
(T,in) was calculated accurately by Bieri-1
model (11.0 and 10.0°C for N. includens and
N. bisignatus respectively) whereas Analytis
model underestimated it (8.0 and 4.9°C).
Bieri-2 and Enkegaard models do not
estimate the lower temperature threshold
because are asymptotic to the temperature
axis on the left. The results obtained by the
current analysis are similar with them
obtained by the other common used
mathematical models (Logan, Lactin etc.)
that had been tested in previous studies
(Kontodimas et al. 2004, 2007).

As far as fecundity is concerned the
respective values were less fitted. However
near the optimum temperature (in 25°C) the
models were better fitted [Rzadj, RSS and AIC
ranged 0.8246-0.9704, 9.2729-24.0736 and
(-246,82) — (-115,34) respectively].

Conclusively, this work described
accurately  the  temperature-dependent
development and daily fecundity of Nephus
bisignatus and N. includens using non-linear
models. The results are in agreement with
the origin of the two species, demonstating
that the northern originated species has
lower temperature thresholds.

From the tested models the Bieri-1
equation was proved as the most appropriate
for the reason that could estimate correctly
all the requested parameters (T Tops Tmax)
and could describe sufficiently the fecundity
trend of the two predators. In addition, the
reciprocal of the a parameter of the Bieri-1
model estimate sufficiently the thermal
constant (K) that usually is estimated by
linear model (for N. includens 1/a =488.8

and K=490.5 degree days and for M.
bisignatus 1/a =573.4 and K=614.3 degree
days). For these reasons the Bieri-1 equation
is suggested for the describing of both
development and fecundity of the studied
insects as well as for testing in other
poikilotherms.
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Mn ypoppika podnuotika TtpoTuma Yo TV TEPLYPUON
NG AVATTVENS KOL TNG OVOTUPUYOYIKNS IKAVOTTOS TMV
UPTOKTIKAOV TOV Yevdokkokwv Nephus includens kat
Nephus bisignatus

AHMHTPIOX X. KONTOAHMAX

Mmnevikeio Qvtornaboloyiko Ivotitovto
2Zrepavov Aéira 8, 145 61, Knoioid, e-mail: d.kontodimas@bpi.gr

ITEPIAHYH

Meta&d TV HabnUoTIKOV TPOTUTO TOV (P CLULOTOLOVVTAL Y10, THV TEPLYPAPT TNG AVATTLENG
KOl TNG OVOTOPOY®YIKNG IKAVOTNTOG TV eVIOU®V, ot elomoelg tov Enkegaard, Avodvry,
Bieri 1 wor Bieri 2 £éyovv 1 OSvvatdtmro va meprypdyovv kot To. 600 Proloyikd
YOPOKTNPIOTIKA. ZINV TOPOVLGO LEAETN aLTEG Ol €EI0MOES ypnoponomdnkay yoo vo
TEPLYPAYOLV TNV  OVOATTLEN KOL TNV OVOTOPOYOYIKY  KOVOTHTA VO  OPTOKTIKOV TMV
yevdokOkKkwV [Nephus includens (Kirsch) xou Nephus bisignatus (Boheman) (Coleoptera:
Coccinellidae)] eni Planococcus citri (Risso) (Hemiptera: Pseudococcidae) oe otobepég
Oeppokpacicg (15°C - 35°C)?2. Ohec ot géiomoelg giyov kol mpocopuoyy ota dedopéva.
Edkd yio v avamtuén tov ateAdv 6Tadiov 0 TPOSUPLOGUEVOS GUVTEAESTIG TPOGIIOPIGLOD
(R%dq), t0 GOpotopa teTpaydvev tov voroinov (RSS) Kol T0 TANPOPOPLAKS KPITHPLO TOL
Akaike (41C) kopavonkav omd 0,9908-0,9996, 0,0019-89,1752 (x10'4), ko (-75,43) — (-31,07),
avtiotoyo. H avikr Ogppokpacio avantoéng (Topr) Kot 10 avodtepo OBeppoxpactoxd Oplo
(Tmax) vroloyiomkav wavomomtikd and OAieg Tig e&icnoeg. H T,, xopdvinke omd 32,6-
34,0°C yw to N. includens xon and 30,0-30,6°C yw 10 N. bisignatus. H T,,,, xopavonke anod
35,0-38,8°C w0 10 N. includens xar omd 33,1-36,0°C yio. t0 N. bisignatus. To Kat®dTEPO
Beppoxpaciaxd 6po (7,,;,) vworoyiomke wavomomtikd ond v e&icmon Bieri-1 (11,0 ko
10,0°C yw 10 N. includens xou ywo 1o N. bisignatus ovtictoy) evd vroektuidnke omd v
egicmon AvoAivty (8,0 kor 4,9°C). Zto Sedouévo g yovudtntog uvanpEe kalvtepn
pocopuoyy oto dedopéva mov amoktiOnkov otovg 25°C, dnhadny kovid otnv 1avikh
Beppokpoocio avamtuéng [6mov R?, R%ad, RSS kon AIC xopdvOnkay and 0,8246-0,9704, 9,2729-
24,0736 xon (-246,82) — (-115,34), avtictoya]. ZounepacatiKd, Samiotddnke OtL, 0md To. Un
YPOLUKG pabnpotikd tpotumo Tov dokipdotnkay, 1 e&icoon Bieri-1 gival 1 mo KatdAAnAn
1011 pmopel vo vmoloyicer cwotd Oheg Tig {nrovpeveg maAPAPETPOVS (Thin Tops Tiax) TOVL
aQOpovV oV avanTuén kabdg Kol va meptypdyel e akpifelo T HETOPOAN TNG MUEPNOLNG
OVOTOPAYOYIKNG IKAVOTNTOS TOV 600 OPTOKTIKOV.
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