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Abstract

Olive fruit fly Bactrocera oleae (Rossi) (Dip.: Tephritidae), is the main and considerable damaging pest on olive trees (Olea europaea,
Oleaceae) and causes huge economic losses. In this study, the effect of temperature on developmental rate of the Olive fruit fly was studied
at 7 constant temperatures,10, 15, 20, 24, 28, 32, and 35 °C, 60-70% RH, and a photoperiod of (L:D) 16:8h. 26 nonlinear models were
evaluated to determine development rate of olive fruit flies at different temperatures and to estimate the thermal developmental
thresholds.Among evaluated nonlinear models, Lactin-2 and Briere-2 were the best fitting models for all immature stages considering the
statistical criteria and biological significance of the estimations. Accordingly, the lower temperature threshold values (To) estimated using
Briere-2 model for incubation period, egg+ larval period, pupal period and the total period of immature stages, 5- 5.001, 5- 9.16, 7.19- 9.76,
and 7.69- 8.68 °C respectively. In addition, the values of the upper temperature threshold (Tu) for the mentioned developmental stages
estimated 32- 43.42, 32.04- 36.23, 32.03- 36.42, and 34.03- 34.4 °C, respectively. Furthermore, estimated values for the optimal temperature
(Topt) for the same mentioned developmental stages were 27.99- 30.09, 24.43- 28.04, 25.82- 30.32, and 25.94- 26.86 °C, respectively. Finally
the values of lethal temperature threshold (Ti) for the mentioned developmental stages by using Lactin-2 model estimated as 34.31- 43.8,
37.44- 39.53, 33.67- 45, and 37.93- 40.13°C, respectively. The findings of the present study are useful for predicting the population
dynamics of olive fruit flies and can be effective in developing optimal management strategies of B. oleae.
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Table 1. Nonlinear models for fitting to developmental rate of olive fruit fly Bactrocera oleae as a function of temperature.

Model

Equation

Reference

Pradhan-Taylor
Davidsons logistic
Logan-6

Hilbert and Logan
Lactin-1

Lactin-2

Logan-10

Analytis-1

Analytis-2
Analytis-1/Allahyari
Analytis-3

Briere-1

Briere-2
Analytis-3/Kontodimas
Janisch/Kontodimas
Janisch/Rochat
Sharpe and DeMichele
Sharp and

DeMichele/Schoolfield
Sharp and
DeMichele/Kontodimas
Polynomial (cubic)
Sharp-Schoolfield-1kemoto
(SSI model)

Performance-1
Performance-2

Wang

Ratkowsky

Beta

-1 T-Tm

R(T)= Ry, X exp[— ()’

K
T+e(@=bT)

R(T)= ll)[epT _ e(pTU—t)],t — Ty-T
Ar

. Ty _ (T=Tp).
R(M= [ | — e 5 )

((T-To)?+ D?)

R(M=

R(T)=efT — elere=57)

R(T)=eT — e(pT”_T_) + 2
RM= a [ -ﬂt=@i

1+Ke—PT Ar

R(T)=P5™(1 — 6)™,6 =

Ty— TD
T—To
Ty=To
1Ty

R(=P&"(1~6™),8 = 1=
RM=a(T - Ty)"(Ty =)™

R(T)= [P6™(1 — &)]™, & =

R(M)= aT (T = Ty)(T, — T):
R(M)= aT (T = To)(Ty — T)n
RM=a(T = T)*(Ty —T)
R(T)= :

Dmm(eK(T_T"Pf) " g_A(T_TOPt))
2¢
(@(T-Tu) 4 p(Tu=1))

R(M=

e(@—8HA®/T)/R
1+g(ASL_AHL/T)//R+e(ASH_AHL/T)//R

AHA

RM=T

(ﬁ - ;)]
AH

( )_ P(25°C) Jog 298 EXP[
—*)1+6Xp &G

AH,
1+exp[—~ L(

exp(a b/T)
1+exp(c—d/T)+exp(f—g/T)

o —;)]

RM=T

R(M=aoT?* + a,T? + a,T + a4

Po ;eXP[ﬂ(a - %)]
R(T)_ THL Hy 1
Lrexpl e —Djrexp FRL D]

R(M=C( - _Kl(T T0))(1 — e~ K2(T=Tv)
R(T)= m(T = Tp)(1 — e(T70)

R(TM)= _m[1-exp (=K1 (T-Tp))|[1-exp(K2(T-Ty))]
1+exp (—c(T—Tp))

JR(T) = C(T — Tp)(1 — eXT-Tw)

Topt—To
RD= 1 G 7 G

TU -T ) T-To YTu=Tope

(Pradhan 1945, Taylor 1981)
(Davidson 1942, 1944)

(Logan et al.,1976)

(Hilbert and Logan 1983)

(Lactin et al.,1995)

(Lactin et al.,1995)

(Logan et al.,1976)

(Analytis 1977, 1980)

(Analytis 1977, 1980)

(Zahiri et al., 2010;Alahyari,1383)

(Analytis 1977, 1980)
(Briere et al.,1999)

(Briere et al.,1999)

(Kontodimas et al.,. 2004)
(Janisch 1932, Kontodimas et al.,2004)

(Rochat and Gutierrez 2001)
(Sharpe and DeMichele 1977)

(Schoolfield et al.,1981)

(Kontodimas et al.,2004)

(Harcourt and Yee 1982)
(Ikemoto 2005, 2008)

(Shi et al., 2011)
(Shi et al., 2011)
(Wang et al., 1982)

(Ratkowsky et al., 1983)
(Yinetal., 1995)

T is temperature (Celsius) in all models except Sharpe and DeMlcheIe, Sh and DeMi/Schoolfield, Sh and DeMichele/Kontodimas and SSI models
which is absolute temperature or Kelvin. To, Top and Ty mean the lower temperature threshold (no measurable development is detected), optimum
temperature (development rate is highest) and upper temperature threshold (development is zero or life cannot be maintained for long), respectively.



b ¢, ailais ;5 Bactrocera oleae ROSST 055 o g oo 2o GLabal oni 5o b gladde 1 eslinul 101,Ken 5 g gtame KR

Slp dsd LB sladae sla 2el)ly pslie copl e sdle

0 LY sladsdr 53 L) ogme Ko gad 5 b, Al o
Slesleal U Jue 5l Ol 4 am 5 b ol 0 4515
i la eyl slie 5 ol o lal g bl gla axls
e Sl el s Ll &S Ll Ol wdde b Ju.
by oSe yad 3y e Sl ) Topt 5 Tu To oles
0 55 Ol el gty polie oa 5 s S 0525

N flosl ol allae s sl NEPURT W

e sy S )~ (Mohammadipour et al., 2021)
Jds 4 S il calses lales 53 0503 05e S
ks gy S e ailis a3V = 5 ) — Y =S
338 b Top 5 Tue To gles glaasls ¥ — 8V oS sl
DS Joe ol W g o 355 1 i 8 5b 4 503 S
seste dae Y = s s ) — o dde ss 5 A 2sliS
@l bl shoss B 5IY = oy Jis D5 5 o (ool
s ol Jie pl 1 g 5 LS Y = dde 5l (b
5o o )Y+ 03 Sl gl adlais 53l Gl
SUVL0 0 (To) slos ol wlinl s Sa P
FUYY EY/EY (Tu) slos (VL wiliel ¢ o gadon 455 V14
SYOAY YN8 XFe/eQ (To) olas Ll 5 TE/8 5 ¥Y/0Y
Jace Sl eslemad Uy el s 550 5 Y= 0y Jde awe s YVUAR
275 208 3 b (T oS o (el U150 ¥ =Sy
SYYW YANYA EYA 5 5 an o gl ailaie (gl 4 S
(Y Jsd) el s 4 YA/TY
IS 5 eptd Y 0SS (055 Gl ol B adlis o
@+ ) @fr ) (To) glos by lin] i 5y UL 1 0
XY (Tu) los VU wlaal ¢ ook a3 VVE 5 VYA
sl joxli g sl a s s VY S YVEY YA
s A 3 YUVE 5 Y TY (Y08 YV/A (Topt)
(M) oS wled ol oman Y- U by
Jiis Lo i g a3 FV/AY 5 Y4/ F4/0F 6T

Cou g mls
Bactrocera oleae 0% o ges oS (sled @b god ki
sl OLSGl s gladiis Sl eslizad L oS bl
Gladdes 5l @oliss 55100 355 VU Gl 5 ang gles
Dl eslanad 5yse Sl lales pl aculoes )y o 8
(Ranjbar Aghdam et al., 2009a, Pakyari et al., 2011, ,Uﬂf&
G s b e sladie 5 b 5| Golizadeh et al., 2008).
L) SFpms mles oS 52 Ll b gladus
(o5 ) ) ol sedsdldy b b
ogn oS WL sad sy 6555 JS 5 (S i )Y +o
adarly Sl eslinal LS sl S s w055
AUTJae YU S 5 (et 8 (b gl adlate 55 Rank
b Gl 5o i ‘j,w[p;; ‘(p',:_msu&-lf); oS
53 men (Y Jdr) S0 8 s ey UL A e
ol Sl Jel sl Els bl = ekl oLl bl

(Y Jsde) L3 i S e op oo Laduts

bl 2 e sladde S bedde (551 s, Y g
oK gad gy s |1 s sl (A= AICi = AlChin) A aLs
Bactrocera oleae {5z o o0

Table 2. Ranking of models fitting and selection of the best models
based on the index A (A= AIC: — AlCwmir), for different developmental
stages of olive fruit fly Bactrocera oleae.

Ranking and regions

Stages - - -
Siapoush Qushchi Kallaj
E
99 15-1 14-1 12-1
Egg+ Larva 17-1 14-1 12-1
Pupa 20-1 20-1 18-1
Total immature 16-1 17-1 16-1
stages
. Beta Pradhan-
Analytis- .
. Lactin-2 Taylor
$/Kontodimas Briere-1 Analytis
Fitted models for Briere-1 . s .
] . Briere-2 3/Kontodimas
total immature Briere-2 .
i Pradhan- Briere-1
stages Lactin-2 .
Taylor Briere-2
Performance-2 . .
. Hilbert and Lactin-2
Polynomial

Logan Polynomial
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Table 3. Parameter values of nonlinear models on the developmental rate of immature stages of olive fruit fly Bactrocera oleae in the Siapoush.

Model No. of Egg Rank Egg+ Larva Rank Pupa Rank  Total immature stages  Rank
parameters
Rm 0.3071 (0.276, 0.338) 0.0782 (0.071, 0.085) 0.09114 (0.081, 0.102) 0.0415 (0.0381, 0.0448)
if:?:;?_n Topt(°C)  28.63 (24.75, 32.52) 3 2862(2441,3283) 5 2519 (23.01,27.37) 2 26.67 (23.65, 29.69) 8
To (°C)  10.26 (7.669, 12.86) 10.68 (7.154, 14.21) 6.798 (4.73, 8.86) 8.575 (6.096, 11.05)
. 3.903 (3.057, 4.75) 3.8(1.878,5.721) 5.707 (0.821, 10.59) 4.718 (2.58, 6.85)
Ez\i/slsizons 0.2288(0.1642,0.2933) 1  0.2331(0.0985,0.368) 6  0.334(0.0183,0.649) 14 0.2816 (0.136, 0.427) 9
k 0.3324 (0.2914, 0.3734) 0.0823 (0.0682, 0.0963) 0.0927 (0.0677, 0.118) 0.04363 (0.04, 0.0507)
A 4.992 (-19.29, 29.27) 2.089 (-3.33, 7.508) 1.652 (-2.62, 5.93) 2,502 (-3.21, 8.21)
yi -1.1(-1.214, -0.9847) -1.024 (-1.05, -0.996) -1.06 (-1.11, -1.01) -1.024 (-1.042, -1.01)
p) 0.01423 (0.0024, 0.026) 0.003794 (0.002, 0.005) 0.00593 (0.003, 0.009) 0.002642 (0.002, 0.004)
Lactin-2 Ty (°C) 6.78 9 6.25 3 9.38 3 8.98 2
Tu (°C) 38.35 33.49 30.03 32.09
T1(°C) 43.8 (-17.41, 105) 38.38 (18.29, 58.47) 33.67 (20.17, 47.17) 39.21 (16.21, 62.21)
Topt (°C) 29.59 28.19 25.95 26.57
a 0.001274 0.00186 6.549¢-06 0.0003871
(-0.1186, 0.1212) (-0.1003, 0.104) (-0.00144, 0.00145) (-0.04, 0.04)
m 0.4188 (-16.78, 17.62) 0.3684 (-10.64, 11.38) 0.9424 (-27.5, 29.39) 0.5543 (-21.75, 22.86)
Analytis-3 n 1.451 (-10.74, 13.64) 13 09776 (-5.993,7.948) 12 2547 (-41.55,46.65) 12 1.176 (-10.03, 12.38) 11
To(°C)  5.074 (-41.46, 51.61) 8.627 (-21.22, 38.47) 5.435 (-120.9, 131.7) 9.061 (-25.1, 43.22)
Tu (°C) 37.7 (-304.7, 380.1) 37.62 (-182.3, 257.5) 33 (-101.7, 167.7) 36.95 (-292.2, 366.1)
Topt (°C) 30.39 29.69 25.56 28.02
a 0.000193 5.021e-05 8.103e-05 3.436e-05
(0.000109, 0.000276) (2.7¢-05, 7.4e-05) (2.29¢-05, 0.00014) (2.143e-05, 4.729¢-05)
Briere-1 1o (°C) 5(1.2,8.8) 8  5.004(-0.41510.42) 8 8.485(3.11,13.86) 10 7.238 (4.07, 10.41) 1
Tu(°C)  34.07(29.82, 38.33) 34.04 (30.98, 37.09) 32 (26.95, 37.05) 32.16 (29.56, 34.76)
Topt (°C) 27.81 27.78 25.61 26.57
a 3.344¢-05 3.122¢-05 6.923¢-05 2.068e-05
(-0.0006737, 0.0007406) (-0.000184, 0.000247) (-0.000367, 0.000506) (-0.000124, 0.000165)
n 1.027 (-4.813, 6.867) 1.545 (-4.153, 7.242) 1.594 (-4.3, 7.49) 1.484 (-3.63, 6.59)
Briere-2 To (°C) 5 (-3.829, 13.83) 6 5 (-9.591, 19.59) 10 9.76 (2.66, 16.86) 11 7.697 (0.226, 15.17) 6
Tu(°C)  43.42(-57.88,144.7) 36.23 (6.11, 66.34) 32.03 (9.55, 54.5) 34.4 (5.41, 63.4)
Topt (°C) 30.09 28.04 25.82 26.86
2 -3.525¢-05 -2.727e-06 -5.5¢-05 -8.972e-06
(-0.0001178, 4.728e-05) (-3.06€-05, 2.51e-05) (-0.000134, 2.38e-05) (-3.34€-05, 1.55¢-05)
a 0.001797 2.306e-05 0.00301 0.000427
(-0.002885, 0.006479) (-0.00174, 0.00178) (-0.0017, 0.00771) (-0.00103, 0.00189)
Polynomial a, 101309 (-0.09727, 0.07109) 0'00601‘3 4(;;.)0296, -0.0467 (-0.137, 0.0437) -0.003713 (-0.0318, 0.0244)
(cubic) as 0.04062 (-0.4358,0.517) 4  -0.052(-0.283,0.179) 4  0.2381(-0.319,0.796) 6 0.00668 (-0.167, 0.18) 5
To (°C) - 8.49 - 8.2
Tu (°C) 42.95 47.33 32.91 36.93
Topt (°C) 32.28 30.31 25.27 26.55
K2 0.172 (-1.075, 1.418) 0.211 (-0.5, 0.921) 0.1368 (-0.917, 1.191) 0.1897 (-0.484, 0.864)
m 0.0171 (0.005, 0.029) 0.0046 (0.001, 0.008) 0.00811 (-0.0103, 0.026% 0.00299 (0.000735, 0.0053)
Per;ormance To (°C) 7.072 (3.842, 10.3) 10  7.261(2.161,12.36) 2 1053 (5.2, 15.9) 17 9.192 (6.023, 12.36) 3
’ Tu(°C)  39.96 (-27.76, 107.7) 36.36 (20.63, 52.1) 35.01 (1.38, 68.63) 35 (17.38, 52.62)
Topt (°C) 30.55 28.33 26.53 27.18
rm 0.3171 (0.2215, 0.4128) 0.07807 (0.07, 0.086) 0.094 (0.08, 0.11) 0.0418 (0.0374, 0.0462)
To(°C)  3.177 (-15.47, 21.82) 5  5432(-16.37,27.24) 9 -11.6 (-134.2, 111) 1 0.83 (-41.47, 43.13) 10
Beta Tu(°C)  44.54 (4.967, 84.12) 43.61 (13.28, 73.95) 31.14 (26.85, 35.43) 35.63 (20.77, 50.49)

Tont (°C)

30.5 (14.7, 46.31)

29.1 (20.86, 37.34)

25.48 (24.05, 26.9)

26.8 (22.55, 31.05)
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Table 4. Parameter values of nonlinear models on the developmental rate of immature stages of olive fruit fly Bactrocera oleae in the Qushchi.

No. of
Model ; Egg Rank Egg+ Larva Rank Pupa Rank Total immature stages Rank
parameters
Rm 0.3151 (0.248, 0.383) 0-07%838(50)-075! 0‘09%3112()0.08, 0.04122 (0.039, 0.0433)
Pradhan .c 30.00 (22.71, 37.47 2 maanmi 8 20.94 (2431, 3 26,37 (24.38, 28.35 4
-Taylor opt (°C) 09 (22.71, 37.47) 31 (2447, 28.16) 35.57) 37 (24.38, 28.35)
To (°C)  10.47 (6.057, 14.88) 9.208 (7.37, 11.23) 9.59 (6.2, 12.95) 8.254 (6.53, 9.974)
AT 5.078 (-46.95, 57.11 5624 (-18.1, 29.35 009 (-92.56, 5.081 (-40.57, 50.73
e e
) 0.00937 (-0.072, 0.0056 (-0.622, 0.003421 (-0.189,
w 0.02134 (-1.21, 1.25) X 0659) o0,
Logan-6 o 0.1647 (-1.27, 1.595) 4 013(0337,0597) 4 0'16219(2')2‘58’ 18 0.1659 (-1.16, 1.49) 9
Ty (°C) 3267 (24.38, 40.96) 33.44 (305, 36.39) 33"5 (()1;'77’ 31.81 (27.2, 36.42)
Topt (°C) 27.12 2689 27.98 26.28
4 5.625 (4.366, 6.884) 6.067 (5.2, 6.91) 5.723 (3.81, 7.64) 5.731 (4.68, 6.78)
0.1746 (0.116,
L actin1 P 0.1773 (0.137, 0.217) 1 0165001420183 10 0.239) 14 0.1744 (0.142, 0.21) 6
Ty(°C)  32.85(2958,36.11) 32.85 (31.71, 33.98) 34.1 (28,01, 40.18) 32.12 (30.01, 34.23)
Topt (°C) 27.22 2678 28.38 26.39
4 1,508 (-10.16, 13.35) 2788 (-1.196, 6.77) 2'24235%21()"82’ 2,244 (-1.17, 5.66)
1026 (-1.056, - 1,049 (-1.091, -
A -1.09 (-1.18, -0.1) oo, A -1.023 (-1.036, -1.01)
P 0.0127 (0.00793, 0.0174) 000425 (0.0024, 0,0061) 0005074 (0.0025, 0.0076) 0.002619 (0.0018, 0.0034)
Lactin-2  T,(°C) 6.81 15 6.04 6 9.43 8 8.68 2
Tu (°C) 322 3328 34.8 315
T/(°C) 34,31 (-9.98, 78.61) 39,53 (27.54, 51.53) 39'? g%ﬂ' 37.93 (24.14, 51.72)
Topt (°C) 27.95 2701 29.49 26.34
AT 3.25 (-102.1, 108.6) 4(-1075, 115.5) 2.142 (-507, 507) 2.891 (-51.84, 57.62)
K 52.68 (-1236, 1341) 50.07 (-538, 548) 82'85953'%?9'9* 78.61 (-4360, 4517)
P 0.1564 (-0.2116, 0.5244) 0.1141 (-0.249, 0.477) 0.2248 (-0.389, 0.838) 0.1417 (-0.34, 0.62)
0.1114 (052,
Logan-10 a 0.6737 (-17.91,19.25) 10  0.4061(-4454531) 7 07 15 01722 (10.12,1046) 12
Tu (°C) 32.21 3227 41.89 31.05
. ) ) 41.91 (-2.85¢+04, _
T(°C) 3405 (-73.71,1418) 36.29 (:309.6, 382.2)  5e100) 33.01 (-113.6, 179.7)
Topt (°C) 27.55 2692 33.49 26.11
P 2.771 (184, 189.5) 1.135 (-37.67, 39.94) 1'3025655'22?3'5* 0.8932 (-50.26, 52.04)
m 0.6843 (-21.17, 22.54) 09647 (-10.79, 12.72) 0.9967 (-90.7, 92.7) 1.301 (-25.31, 27.92)
- n 6.031 (-159.5, 171.6) 11 4951(-68457835 5  4.492 (-226,235) 17 4.417 (-65.75, 74.58) 10
Analytis-1
To(°C)  -20.49 (-796.7, 755.7) -15.13(:3828, 3525) 6807 (8148, 801) -4.595 (-234.9, 225.7)
Ty (°C) 33 (-86.64, 152.6) 34.72 (12,04, 81.49) 36.78 (5213, 594.9) 35.2 (-72.91, 143.3)
Topt (°C) 27.55 2659 28.85
. 0.000164 (2.365¢-05, 5.863¢-05 (4.013¢- 5.6486-05 (2.126¢- 3.441¢-05 (2.3¢-05,
0.000303) 05, 7.71e-05) 05, 9.17¢-05) 4.6e-05)
Brereg 10O 5 (-1.79, 11.79) 9 5(1071, 893) 9 7.533 (348, 1159) 1 7.31 (4.54, 10.09) 3
riere-
Tu (°C) 36.61 (24.98, 48.24) 3257 (3117, 33.98) 36'?‘%(0287)'84’ 32.09 (29.87, 34.31)
Topt (°C) 29.83 2661 3045 26.52
. 0.000304 (0.000201, 4.4580-05 (-7.28¢- 6.2046-05 (- 2.189¢-05 (-0.000103,
0.000407) 05, 0.00017) 0.00071, 0.00083) 0.00015)
n 3.148 (0.1025, 6.194) 1685 (-1.424, 4.795) 2'1‘15';55)'56' 1523 (-2.96, 6.01)
Briere-2  T,(°C)  5.001(-2.368, 12.37) 13 5001(5191,1519) 13 7'312 (2'2)'49' 5 7.737 (115, 14.32) 11
Ty (°C) 32 (fixed at bound) 336 (2357, 4363) 36"50('3)8'1' 34.03 (10.25, 57.8)
Topt (°C) 27.99 2654 3032 26.74
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Table 4.
No. of .
Model Egg Rank Egg+ Larva Rank Pupa Rank Total immature stages Rank
parameters
- -8.961e-05 3.014e-05 11e-05 15576-05
0 (-0.00021, 2.6e-05) (:4.850-05, -1.18e-05) -5.856-05, 3.65¢-05) (:3.3116-05, 1.9816-06)
0.005193 (-0.0014, 0.001693 0.0006305 (- 0.0008438 (-
a 00118) (0.00054, 0.0022.0.005%) 0.0002042,
: 0.00285) 0022, 0. 0.001892)
. -0.07983 (-0.198, -0.02641 -0.006192 2001217
Polynomial 0.0382) (-0.05, -0.003) (-0.061, 0.049) (-0.03231, 0.00797)
oubic ) 0.154 0.01779 0.06103
(cubic) & 04347(023,1103) 5 402 031) 1 (0319, 036) 6 (-0.06319,0.1852) '
To (°C) - - ; -
Tu (°C) 37.76 35.57 45.79 35.11
Topt (°C) 28.05 26.37 32.42 26.18
0.185 0.414 0.1872
K2 0.4491 (-7.91, 8.81) (-0.236, 0.605) (-5.18, 6.01) (052, 0.89)
0.00532 0.005542 0.002972 (0.00055,
m  001558(0.0072,0024) 19 5151 0o0oa3) 4 (0.0028 00083)  ° 0.0054) 14
Performance - o0y 7.21 (2,04, 11.48 7:409 9:469 9.146 (5.7, 12.6
2 0 (°C) 21 (2.94,11.48) (2.621, 12.2) (6.23,12.71) 146 (5.7,126)
To(°C)  35(-85.7,155.7) 35 (27.29, 42.71) 35 (-49.01, 119) 35 (16.32, 53.68)
Topt (°C) 29.65 26.77 206 27.13
0.0824 0.09907 0.04199
rm 0.3042 (0.28, 0.33) (0.077, 0.088) (0.057, 0.1412) (0.04, 0.05)
. -958.7 5231 1.966
Beta  °0C) (974e+04,955e404)  °  (:3622,2575) 2 (-42.22,46.15) ! 1512 (:97.7,675) 1
Ty(°C)  32.74 (24.34, 41.15) 3411 (30,87, 37.35) 40.16 (0.83,79.49) 32.55 (28.5, 36.6)
T (°C) 2713 (24.26, 30) 2671 (2572, 27.7) 3004 (1321, 46.87) 26.03 (25, 27.06)

u._a\ﬂk_:J._.Sdﬂdﬁfe)\,\._g‘bbjjd_ﬂwb)‘dmbj
(Je ;}5/"%) Je bl sl J;Ld AIC 5 5
B s LS el Laesls (9, Jde (5515 Olee
JAs AIC Lo 5 48 Jue Sl Ol o0 f5b 50 opl 8 5
Shlsasas o ul Jiasy Sesls o 25wl
et Sl s il e (Overfitting)" 1 i
il b Jie 15 0T 0ls5 e 5 3 500 g, (Underfitting)
Ol pol sl syl bo2d S K s b
sLazel ol 0l S5 g a5 a5l Jlas ol oS 515
u&é@)d}‘frujbbbbmbijjcf

4<°urd}-)\—>'>¢_w‘))bﬁ\' )'\J_'LQSA.::))J Qﬁ) 0 a0

S s e Y o5 (o Gl IS s
VAL AN 0 (To) sl ol wliwl s 5w S J1
FY/AY (Ty) gles VU wlal  opdee a3 AW
wles e li g g ndo a3 YE/YA 5 YUYY (YY/0 8
O Semedes a2 53 YO/AL 5 YA/0V (Y E/EY (YA/0¢ (Topt)
e S (M) skliS oles Latls 5 Y= n Jde bu
Jdos vy sk a3 £0/\Y 580 FV/EE FVUTE
(0 Jaz) A 3,50 5 Y — SN
Ladds aewlzel ¢l o Solal 5l o= AIC
S ks e Sldles 51 g5l 53 5 (Akaike 1974) dib
(Zahiri et al., 2010, C—wl oo oslawl LaJos gluad
p<_«. Olgeas o Pakyari et al., 2011; Mirhossgini et al., 2017)
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Table 5. Parameter values of nonlinear models on the developmental rate of immature stages of olive fruit fly Bactrocera oleae in the Kallaj.

Model No. of Egg Rank Egg+ Larva Rank Pupa Rank Total immature stages Rank
parameters
Pradhan- Rm 0.3685 (0.34, 0.4) 0.08156 (0.073, 0.09) 0.08895 (0.072, 0.11) 0.04068 (0.037, 0.044)
Topt (°C) 28.65 (26.12, 31.2) 7 24.05(22.652545) 4 28.91 (22.1, 35.72) 8 25.55 (23.39, 27.7) 1
Taylor To (°C) 8.869 (6.8, 10.94) 6.907 (5.32, 8.49) 9.542 (5.04, 14.05) 7.815 (5.81, 9.82)
D 43.14 (-2.7e+04, 2.8¢+04) 50,61 (-6.36e+05, 6.366-+05) 50.07(-9.89%-+05, 9.8%+05) 50.2 (-7.45¢+05, 7.45+05)
AT 4.335 (-45.72, 54.39) 5.945 (-604, 615.9) 5.836 (-1429, 1441) 5.628 (-493.5, 504.8)
Hilbert and v 1.693 (-214, 214) 1004(-2.74e-+04, 2.74e+04) 0.737 (-2.9e+04, 2.9e+04) 0,6097 (-153¢+04, 1.53e+04)
To (°C) 3.503 (-38.18, 45.18) 16 3.5(-1142, 1149) 7 3.5 (-1759, 1766) 17 3557(737.1,7442) 15
Logan Tu (°C) 35.67 31.44 35.01 32.46
TI(°C) 32.5 (22.11, 42.89) 34.48 (-433.2, 502.2) 38.77 (-1304, 1381) 39.81 (-736.2, 815.8)
Top (°C) 28.95 24.64 27.65 25.64
4 1.825 (-4.454, 8.103) 3112 (-1.2, 7.5) 3.805 (-30.81, 38.42) 2.934 (-3.96, 9.83)
) -1.123 (-1.224, -1.021) -1.058 (-1.11, -1.01) -1.046 (-1.12, -0.97) -1.026 (-1.053, -1)
P 0.01497 (0.0102, 0.02) 0.006084 (0.003, 0.009) 0.005015 (-0.00067, 0.011) 0.002849 (0.001, 0.005)
Lactin-2 To (°C) 777 15 9.29 1 8.99 7 9.02 4
Tu (°C) 34.24 30.78 37.13 31.96
TI(°C) 36.34 (22.19, 50.49) 37.44 (26.42, 48.47) 45 (-87.15, 177.2) 40.13 (15.19, 65.06)
To (°C) 29.59 24.86 29.64 25.97
P 4.961 (-192.8, 202.7) 2484 (-183.7, 188.7) 1.046 (-225.9, 228) 1.169 (-144.3, 146.7)
m 0.759 (-10.3, 11.9) 1.581 (-34.74, 37.9) 1.349 (-166.2, 168.9) 1.569 (-63.99, 67.1)
Analytis-1 n 7.628 (-136.7, 152) 10 4.237(-83.94,9241) 8 2421 (-97.7, 102.5) 14 4103 (1217,129.9) 13
To (°C) -28.49 (-748.3, 691.4) -1.067 (-251.7, 249.5) 3.822 (-279.7, 287.4) -1.767 (-367.4, 363.9)
Tu (°C) 34.82 (-6.25, 75.9) 33.85 (-73.56, 141.3) 43.74 (-1432, 1520) 36.07 (-214.5, 286.7)
To (°C) 29.09 24.36 29.46 25.6
a 4.406e-05 (-0.0029, 0.0029) 6.749-05 (-0.007,0.007) 0.004273 (-0.67, 0.67) 5.071e-05 (-0.007, 0.007)
m 0.3375 (-3.15, 3.82) 0.8916 (-16.26, 18.04) 0.185 (-36.47, 36.84) 0.8538 (-25.37, 27.08)
Analytis-3 n 2.553 (-12.97, 18.07) 14 1812(-18.07,21.69) 11  0.8983(-10.11,11.91) 10  1.631(-17.73,2099) 11
To (°C) 0.001941 (-80.04, 80.04) 7.168 (-54.3, 68.64) 10.09 (-21.67, 41.85) 7.763 (-48.98, 64.51)
Tu (°C) 33.27 (13.65, 52.89) 33(-58.82, 124.8) 39.92 (-2136, 2216) 35.69 (-174.9, 246.3)
Topt (°C) 29.39 24.48 34.83 26.1
5.951e-05 5.6176-05 3.37e-05
a 00002292 (0.00014, 0.00082) (2.25€-05, 9.65¢-05) (1.38e-05, 9.866-05) (1.73e-05, 5.02¢-05)
Briere-1 To (°C) 6.98 (2.6, 11.4) 12 5.234(-2.46,12.93) 6.831 (1.13, 12.54) 2 6.923 (2.65, 11.2) 3
Tu (°C) 35.43 (32.7, 38.2) 32.39 (29.76, 35.03) 35.17 (26.56, 43.79) 32 (28.78, 35.22)
Topt (°C) 20.14 26.17 28.91 26.4
a  0.0003931 (-1.89-05, 0.00081) 4196805 (:0.00014, 0,00022) 4,4536-05 (-0.0007, 0.0008) 1.638¢-05 (-0.00011, 0.00014)
n 3.958 (-6.21, 14.12) 1.236 (-1.11, 3.58) 1.719 (-12.83, 16.26) 1.241 (-2.54, 5.022)
Briere-2 To (°C) 5 (-5.96, 15.96) 11 9.156(4.23,14.08) 5 7.186 (-6.89, 21.26) 8.676 (2.51, 14.84) 5
Tu (°C) 32.93 (27.67, 38.18) 32.04 (20.16, 43.92) 36.33 (-50.03, 122.7) 34.29 (8.26, 60.31)
Topt (°C) 29.54 24.43 29.07 25.94
Analytis- a  5.826e-05 (1.12-05, 0.000105) 3.1536-05 (1.37e-05, 4.94¢-05) 1.283¢-05 (-3.56-06, 2.9¢-05) 1.124e-05 (3.666-06, 1.88e-05)
3Kontodim 1 ¢©) 5.992 (2.26, 9.72) 17 7.071(4.78,9.36) 2 552 (1.16, 9.9) 1 6.495 (3.9, 9.09) 2
Tu (°C) 40.83 (34.42, 47.24) 32.97 (30.58, 35.36) 41.7 (28.1, 55.3) 35.48 (31.45, 39.51)
as Topt (°C) 29.22 24.34 29.64 25.82
a0  -0.0001138 (-0.0002, -3.57e-05) -3.6626-05 (-9.1e-05, 1.8-05) 7.8520-07 (-5.26-05, 5.4-05) -1.186-05 (-3.426-05, 1.06¢-05)
a 0.006783 (0.0018, 0.012) 0.001798 (-0.002, 0.005) -0.0001436 (-0.003, 0.003) 0.0005805 (-0.0008, 0.002)
Polynomial a -0.1086 (-0.21, -0.0086) 8  -0.02245(-0.09,0.04) 4  0.009523 (-0.051,0.07) 3  -0.006342(-0.03,0.02) 6
! as 0.5923 (-0.033, 1.22) 0.09091 (-0.3, 0.5) -0.08086 (-0.46, 0.3) 0.02098 (-0.14, 0.18)
(cubic) To (°C) _ - 9.89 -
Tu (°C) 38.18 32.65 - 35.45
To (°C) 28.62 24.34 - 25.83
K2 0.3979 (-1.03, 1.8) 0.07029 (-0.4, 0.5) 0.2088 (-1.96, 2.38) 0.1442 (-0.47, 0.76)
performanc. ™ 0.02021 (0.011, 0.03) 0.01048 (-0.03, 0.05) 0.005459 (-0.00046, 0.0114) 0.003369 (-0.0009, 0.008)
To (°C) 8.384 (4.76, 12.01) 18 1021(6.19,1422) 5 9.129 (4.18, 14.08) 5 9.518 (5.65, 13.38) 8
e-2 Tu (°C) 35 (25.64, 44.36) 35.01 (15.49, 54.53) 37.76 (-41.12, 116.6) 35.01 (16.19, 53.82)
Topt (°C) 29.38 24.91 29.77 26.43
rm 0.3884 (0.34, 0.44) 0.08269 (0.072, 0.09) 0.09133 (0.041, 0.142) 0.04054 (0.036, 0.045)
Beta To (°C) -60.04 (-535.1, 415) 3 2585(23.75,28.92) 3 7.241(-14.59, 29.07) 6  6241(-11.36,23.84) 7
Tu (°C) 35.51 (31.61, 39.41) 31.87 (27.69, 36.05) 44.88 (-25.88, 115.6) 35.53 (23.16, 47.9)

Topt (°C)

29.02 (27.73, 30.32)

24.48 (23.13, 25.83)

30.66 (3.19, 58.13)

25.87 (22.76, 28.99)




A

nr_>'J LS‘J’ Sl d")?“"'l‘w a5 MY 5478 NA Lgl.shl.a.)
(Rwomushana et al., 2008) sl s lls 55158 0wt 5 5,Y

EYSpRENG <l Bactrocera zonata (Saund.) 23 pmome

a3 VYA AV ANV s pas o i 5 5N —
(Duyck et al., 2004) cul ol 03 o<l u g
B. &l sles b Sliwd (1447) Ol Kes 5 Vargas
Y 3V NVA Ll Sas o il 5 5,Y 5 &l » dorsalis
B 35 @l_u' ol i les s e g a2
J=e pled 53 O 050 S sadsddy 093 Jsb ol
S s el sl Les 3 e (JLL
53350 T 5IB. oleae (35 i o0 J sk Tsitsipis, 1977
a3 YV/0 glas j5 35y a U wgedo am 5o Ve les
Lapss godgddy Oloy (a5 030 Sslite o gk
Ll ol 158 gk am Y B YV/0 gl oy
|, B. oleae e e B ol glos s Q\Jf.i_a)j.i_
o3 U Sl ey sl ol AJK:MTJUAM a5 YV/0
(Fletcher and Kapatos, Lles sl eckel Cwdas O g 42 53
FHCE] et «(Tsiropoulos, 1972; Tsitsipis, 1977; 1983
Gl ol Ji5l5S g a5 YO 5 Y s gles VL
Jsb o= ;s s (Tsiropoulos, 1972; Tsitsipis, 1977)
Sl ol el ol 4 bos SRl L Y 405 o5
I VAR W 0P el sl sles by
o YUY B/t s glon YU wlul o gondes
S i3 5 Gl Kiss en ol sty o o
3 VT L VA o gles ol Slnl s salin 50
s YUY LYY/ Y s sles YU aliwd ¢ gandes
5 b ge LB Oleae éb}.‘. J=1e s dol s 0 o sanhs
bl saigddy wgeedr a3 YA B Y s Les 63 gdome
G ged 5 Ay e 5 e o &S 2B S et Ol e
<k, B. oleae FLU Ao S 5 S s oY+ e
o595 J s b Tsitsipis, 1980 s ol asls s e

\Y/0 6‘-#‘5)3\)_})‘“//\ U':—’B oleae LA))V)_AJ}M‘)

Ve Whal ¥ oylad A0 a1 alE slacslew 5 ST

ol sles Sl 3 gl ailats gl Je opl Jl s

M&LL Abfds‘)aﬂiﬂi 4})Y+V.>'=5 ‘V.>'=5 J"‘j’" L;b.; b
DL ‘g_)""ji.—““l"” A 2 '//\Y 9 —\\/‘\ 3 O/Y’ciV/\/\ ;,_,::JS
4_>.-).>—\0/\Y 9 VAV —0Y/YY —A0A/Y 95?5_":}5 aale
VYL jV/Yi F/OAN —\e /0 g J—:" CJS 4.5.]0.'&).) 9 J‘W
u»_<AL;T_WiJ J-?-\J.A CLAS}AJ)J.«Z) u..a.:hp}}' 6‘)’. sles
Cye—es Analytis-1 ¢ Hilbert and Logan (sladde ;3 Os% 5 6 50
é.)”_}J}:‘jb)‘ J-AJ“,JdQJ L&u;.a}u Qﬁ“ 45&[} DL L e.)j
5 Performance-1 sladds s 5 b 5l il jome o 29
b Ll e Sl st a5 asllas ) s Performance-2
IS = s (Mohammadipour et al., 2021) JQK_M,L’ 51 ladllas
el yod 5 Ayl s Gl p 25 sbdie gl slabes
olis Lasds| UJ»“ ..«\JJ}J d)::'.) 0 g0 J”'<" J'I.w.;) J>‘JA
DL L5’<'ijj—lj':’ )L&P\ ‘L;)LJ fw )L&F‘ B a‘jw 45 JAJL;G
Cio 5 6l Js o g bl gl as e 5 oKl
el 3L 550 L 5l il Ol peay S5 a g 5 A &
Bactrocera dorsalis Bactrocera cucurbitae (Coquillett) >
YA e e 5 A sl o slles (sles ¢ B.oleae 5 (Hendel)
(Messenger and .c—wl ol 5,158 o pends az 3 Y0 6
5o s o= L Flitters 1958; Tsitsipis, 1980)
U’“_<'° ) J""J‘ (=l_a3 ‘8U B .L:ﬁ‘w oWl SRS
Ol 15 S 5508l 5 Wnogee 53 3550 55Y 5 0559 050
(Fletcher, 1989) >, . Cbobloes Loy a3l (Ol s
=l slras S 5 S was 5 L (Ekesi et al., 2006) s 5
U S S bl 5l olgn 5 ol Ciliius Ll 3 55 i
Lyl sasamgbse ol slaatle ol (6 s S aad

B. invadens (!~ Jle Ol sioas ol Dslie 455 8 s



b ¢, ailais ;5 Bactrocera oleae ROSST 055 o g oo 2o GLabal oni 5o b gladde 1 eslinul 101,Ken 5 g gtame Yo¥

sl Bl 5 as 5,51, (SSI) Sharpe-Schoolfield-lkemoto
Sharpe-Schoolfield-lkemoto Jus 3| esleewl L glas YL &
U emehondz= 53 VWA 5 54y B. dorsalis épu Jo A o g
(Samayoa et al., 2018) Ui 3,51, e gokes a3 YE/Y
B. zonata (o ,0a 2 5 5,Y ¢« o 555) BLb =l ples 2S5
P R e Cilae Janish-1 Je L 95 a
BY) YRRV WIPEE ST | P i I ék_{L; J=le pled Gl
S IS o LS o s e 5 e RIS
YA LS Yo - B. zonata ax—w s gl — Los o S g tbas
{(Choudhary et al., 2020) sl ol 5158 o gendisar 5o
ol s glaasl Sl gl gla s 55 g Briere-2 Je
il calls Bactrocera .o (gl - (solgin sladde L
Lyl i Ol an by e ol Sae sl sdaline ool
i sy s kol Glesl Jeolss Sl o
ez 350 gl iSOl i G Ol il
S8l Bosn gt 55 Wl oS5 o 5 Wl 6
(Fernandes-Da-Silva & Zucoloto, LiL b oxas Lo 5 L
1993; Vargas et al., 1996; Mohamed 2000; Duyck & Quilici, .

2004; Duyck et al., 2004; Ahmed et al., .2002; Chang et al., .

2007; Rwomushana et al., 2008; Fetoh et al., 2012; Shinwari
B. Laos a4 atsly sl jels ol axllle ;s etal, 2015)

o s o ple S sladde Sl eslacul L oleae
ladace oLl (sl b 51 oslinal b sslizal 3,50 (sladte
e e s slasbas Sl eslial b s 5 005
ol ol s s S SRS Jue e Ol e Yo
Sl Y= Je Sl eslizad b (To) gles (ol leal slis
J}\f‘}ja)jsjajré_‘.ﬂa)jé ‘})Y+r_>'r_7¢)j> cv_'iu“ 693
i S5 e e sl (Tu) slos VU Gl A
J_>-‘JA u_;‘ LS\J’ (Topt) g LSLAJ ﬁaLE.» Oeimad wbu
a3 Y LYo gles caalllas ol @Lﬁ Gk s :,)ﬂﬂ
Lﬂwb c‘ﬂ.Lu:jj)‘y ‘V—”J_}“’"j'\—“':') LS‘J" Juj:.wl.w

s

b a5 Y0 (glas 53 555 AT 5 e sendes 450
B. oleae o el gadgddy (gl o (’*51‘ sles 5 cnl &gl
odlms el 03 S 1S sedes a3 YO L YY/O
T A LIE Jov ISPV PN W Sy S PP A L |
(Tsitsipis, 1980, Fletcher and Kapatos, 1983) o3 9 1 goedos
Aib e b a3 YUY s gles VL sl
Ay d o ypee Sl g a3 YY/Y Gles 3 4 S
.(Neuenschwander et al., 1986) ol o ol Lao ,bld gas 3
3 oY esss 5 Al 0 sy idoy e
T3 A3 o bl e gedis a3 YV/O 5 V0 (les
oS s a3 YO 5 YY/0 Glas 3 1y ol i
a3 VY gles oS sl OLES 55 fags ol Gb sl 03 S
PRV YU iy PN W PV I PR SY TR b
D3 oge oSa 0 it 5 5 (055 Sl gles ol Sl
Csllas glos g gends a3 VYT 5 VY74 AN S S
YW 055 egme oSa JUL ol Glemelis 5 A5 5
(Geng & Nation, 2008) &—. c.\.ATC,_w)st O s 42 53
=8 s ol g glaadl banslie 3 slas cpl &S
S Sl slcal eds 5158 mi olMie s S5
Sl yarls O S LUl i s gl o )2
(Honék & Kocourek 1990; Tanga et al., J_J;Lda < glate &Lﬁa
Ady Ol oY e ol Sy Graes 5 2015)
Slllas o O] ) s Kl e 6 Ll osline L5
354 peiioen J‘—“’j;p—"‘d,v—gﬁ sladue ol calises
o5l (63l g a as 5ol Ol ga Sl a S 13 eslal
gyore Ol g ) St dslas Tsitsipis, 1980 .5 55
e 5 (S Y (ol sed s Al lp e gl S
3,5 oyl 3S b B oleae (oS o i U o35 5D S
ol g 93V @5 Gl edilS YL sl (2009) Liu & Ye
Briere Jus Law 55w sendos a2 53 £Y/VO 5 £Y/YQ (£Y/07
S s B o 0 pid )Y @ b ey e
s performance ¢ > & @L_s 9L B. dorsalis



YoV

U‘Jaomb)‘bbyﬁ_«;ﬁjwk_w@‘fu\buf
50l el i i ( Si50lS oy, S o st
Slidos i3S [ SdpolS Slido 4 g

Ju.il.aw f)&"l qucj;'?-
References

AHMED, A.A., EI-DIN, S., EI-DIN, E., EI-SHAZLY, A,
A.F. MARWA. 2007. Contribution to the effect of
temperature on some biological aspects of the
peach fruit fly, Bactrocera zonata (Saunders)
(Diptera: Tephritidae) reared on artificial diet.
Bulletin of Entomolgical Society of Egypt, No, 84:
121-134.

ALINIAZEE, M.T. 1976. Thermal unit requirements for
determining adult emergence of the western cherry
fruit fly in the Willamette Valley of Oregon.
Environmental Entomology, No, 5: 397- 402.

BRIERE, J.F., P. PRACROS, A.Y. LEROUX, J.S. PIERRE.
1999. A novel rate model of temperature-dependent
development ~ for  arthropods.  Environmental
Entomology. No. 28: 22— 29.

BURNHAM, K.P., D.R. ANDERSON, K.P. HUYVAERT.
2011. AIC model selection and multimodel
inference in behavioral ecology: some background,
observations, and comparisons. Behavioral Ecology
and Sociobiology. No, 65: 23— 35.

CHANG, C.L., C. CACERES, E.B. JANG. 2004. A novel
liquid larval diet and its rearing system for melon
fly, Bactrocera cucurbitae (Coquillet) (Diptera:
Tephritidae). Annals of the Entomological Society
of America, No, 97: 524-528.

CHOUDHARY, JS., SS. MALI, N. NAAZ, LM.
MUKHERJEE, M.S. RAO, B. P. BHATT. 2020.
Predicting the population growth potential of
Bactrocera zonata (Saunders) (Diptera: Tephritidae)
using temperature development growth models and
their validation in fluctuating temperature condition.
Phytoparasitica. No, 48: 1-13.

Ve Whal ¥ oylad A0 a1 alE slacslew 5 ST

16 sl
)4_01)» em\b wﬂ}ﬁ}glﬁ CAiLvL;u:J:jﬁ U'i‘
asl asll B js 55 i8S SCi50lS Gl dse

r)y byfdgv\.w,.ly JA:LJ uﬂ‘f;"“" ok ‘Je-‘ SS>

DAANE, K.M., M.\W. JOHNSON. 2010. Olive Fruit Fly:
Managing an Ancient Pest in Modern Times.
Annual Review of Entomology. No, 55: 151- 169.

DANJUMA, S, N. THAOCHAN, S. PERMKAM, C.
SATASOOK. 2014. Effect of temperature on the
development and survival of immature stages of the
carambola fruit fly, Bactrocera carambolae, and
the Asian papaya fruit fly, Bactrocera papayae,
reared on guava diet. Journal of Insect Science. No,
14: 126 — 142.

EKESI, S., P.W. NDERITU, I. RWOMUSHANA. 2006.
Field investigation, life history and demographic
parameters of Bactrocera invadens Drews, Tsuruta
and White, a new invasive fruit fly species in
Africa. Bulletin of Entomological Research. No,
96: 379- 386.

FERNANDES-Da-SILVA, P.G., F.S. ZUCOLOTO. 1993.
The influence of host nutritive value on the
performance and food selection in Ceratitis
capitata (Diptera, Tephritidae). Journal of Insect
Physiology. No, 39: 883 887.

FLETCHER, B.S., E. T. KAPATOS. 1983. An evaluation of
different temperature-development rate models for
predicting the phenology of the olive fly Dacus
oleae. Fruit flies of economic importance
Proceedings of the CEC/IOBC International
Symposium, Athens, Greece, 16-19 November
1983, 321- 329, Rotterdam Netherlands: A.A.
Balkema

FLETCHER, B.S. 1989. Temperature— development rate
relationships of the immature stages and adults of
tephritid fruit flies. In: Robinson AS, Hooper G
(Eds) Fruit flies their biology, natural enemies and

control, VVol. 3A. Elsevier, Amsterdam.



b ¢, ailais ;5 Bactrocera oleae ROSST 055 o g oo 2o GLabal oni 5o b gladde 1 eslinul 101,Ken 5 g gtame Vot

FETOH, E.S.AB., AA. ABDEL- GAWAD., F.F.
SHALABY, M.F. ELYME. 2012. Temperature-
dependent development and degree-days models of
the peach fruit Fly Bactrocera zonata (Saunders)
and the cucurbit Fly Dacus ciliatus (Loew).
International Journal of Environmental Sciences
and Engineering, No, 3: 85-96.

GENG, H., J. L. NATION. 2008. Survival and development
of Bactrocera oleae Gmelin (Diptera: Tephritidae)
immature stages at four temperatures in the
laboratory. African Journal of Biotechnology.
No,7: 2495-2500.

GOLIZADEH, A., K. KAMALI, Y. FATHIPOUR, H.
ABBASIPOUR. 2008. Life table and temperature-
dependent development of Diadegma anurum
(Hymenoptera: Ichneumonidae) on its host Plutella

Plutellidae).
Environmental Entomology. No, 37: 38— 44.

GONCALVES, F.M., L.M. TORRES. 2011. The use of
cumulative degree-days to predict olive fly,

xylostella (Lepidoptera:

Bactrocera oleae (Rossi), activity in traditional
olive groves from the northeast of Portugal. Journal
of Pest science. No, 84: 187- 197.

HONEK, A., F. KOCOUREK. 1990. Temperature and
development time in insects: a general relationship
between  Thermal  constants.  Zoologische
Jahrblicher fur Systematik. NO,117: 401 439.

KARIMI-MALATI, A., Y. FATHIPOUR, A. A. TALEBI.
2014. Development response of Spodoptera exigua
to eight constant temperatures: linear and nonlinear
modeling. Journal Asia- Pacific Entomology. No,
17: 349-354.

LIU, X., H.YE. 2009. Effect of temperature on development
and survival of Bactrocera correcta (Diptera:
Tephritidae). Scientific Research and Essays. No,
4: 467-472.

MESSENGER, P.S., N.E. FLITTERS. 1958. Effect of
constant temperature environments on the egg stage
of three species of Hawaiian fruit flies. Annals of
Entomological Society of America. No, 51: 109-
119.

MIRHOSSEINI, M.A., Y. FATHIPOUR, G.V.P. REDDY.
2017. Arthropod development’s response to
temperature: a review and new software for
modeling. Annals of Entomological Society of
America. No, 110: 507- 520.

MIRHOSSEINI. M.A., Y. FATHIPOUR, M, SOUFBAF, G.
V. P. REDDY.2018.Thermal Requirements and
Development Response to Constant Temperatures
by Nesidiocoris tenuis (Hemiptera: Miridae), and
Implications for Biological Control. Environmental
Entomology. No, XX(X): 1-10.

MOHAMED, A.M. 2000. Effect of constant temperature on
the development of the peach fruit fly, Bactrocera
zonata (Saunder) (Diptera: Tephritidae). Assuit
Journal of Agricultural Sciences, No, 31(2): 329-
337.

MOHAMMADIPOUR, A, G.H. GHAREKHANI,
RANJBAR AGHDAM, H, A. K. KEYHANIAN.
2021. Estimation of the lower temperature
threshold and thermal requirement of olive fruit fly
Bactrocera oleae (Rossi.) (Dip: Tephritidae) using
Degree-Day and lkemoto linear models. Journal of
Entomological Society of Iran, No, 41(4): 301-
319.

NEUENSCHWANDER, P., S. MLCHELAKIS, E.
KAPATOS. 1986. Dacus oleae (Gmel.), pp. 115-
159. In: Entomologie oleicole (ARAMBOURG Y.,
Ed.). Conseil Oleicole International, Madrid, Spain.

PAKYARI, H., Y. FATHIPOUR, A. ENKEGAARD. 2011.
Estimating  development and  temperature
thresholds of Scolothrips longicornis
(Thysanoptera: Thripidae) on eggs of two-spotted
spider mite using linear and nonlinearmodels.
Journal of Pest Science. No, 84: 153— 163.

RANJBAR AGHDAM, H., Y. FATHIPOUR, G. RADJABI,
M. REZAPANAH. 2009a. Temperature-dependent
development and temperature thresholds of codling
moth  (Lepidoptera:  Tortricidae) in lran.
Environmental Entomology. No. 38: 885- 895.

RWOMUSHANA, 1., S. EKESI, C.K.P.O. OGOL, I.
GORDON. 2008. Effect of temperature on

development and survival of immature stages of


https://www.springer.com/journal/10340

Bactrocera invadens (Diptera: Tephritidae). Journal
of Applied Entomology. No, 132: 832- 839.

SAMAYOA, A.C, K.S. CHOI, Y.S. WANG, S.Y. HWANG,
Y.B., HUANG, J.J., AHN, 2018. Thermal effects
on the development of Bactrocera dorsalis
(Hendel) (Diptera: Tephritidae) and model
validation in Taiwan. Phytoparasitica. No, 46:365—
376.

SHINWARI, I., S. KHAN, M.A. KHAN, S, AHMAD, S.F.
SHAH, M.A., MASHWANI, M.A., KHAN, 2015.
Evaluation of artificial larval diets for rearing of
fruit fly Bactrocera zonata (Diptera: Tephritidae)
under laboratory condition. Journal of Entomology
and Zoological Studies, No, 3(4): 189-193.

SONG, Y., L.B., COOP, M. OMEG, H. RIEDL. 2003.
Development of a phenology model for predicting
western cherry fruit fly, Rhagoletis indifferens
Curran (Diptera: Tephritidae), emergence in the
mid-Columbia area of the western United States.
Journal Asia- Pacific Entomology. No, 6: 187- 192.

TANGA, C.M., A. MANRAKHAN, J.H., DANEEL, S.A.,
MOHAMED, K. FATHIYA, S. EKESI. 2015.
Comparative analysis of development and survival
of two Natal fruit fly Ceratitis rosa Karsch
(Diptera, Tephritidae) populations from Kenya and
South Africa. Zookeys. No, 26: 467- 487.

TSIROPOULOS, G.J., 1972. Storage Temperatures for Eggs
and Pupae of the Olive Fruit Fly. Journal of
Economic Entomology, No, 65: 100— 102.

Ve Whal ¥ oylad A0 a1 alE slacslew 5 ST

TSITSIPIS, J.A., 1977. Larval diets for Dacus oleae: the
effect of inert material cellulose and agar.
Entomologia Experimentalis et Applicata. No, 22:
227-235.

TSITSIPIS, J.A., 1980. Effect of constant temperatures on
larval and pupal development of olive fruit flies
reared on artificial diet.  Environmental
Entomology. No, 9: 764-68.

VARGAS, R.., W.A, WALSH, E.B., JANG, JW.,,
ARMSTRONG, D.T., KANEHISA. 1996. Survival
and development of immature stages of four
Hawaiian fruit flies (Diptera: Tephritidae) reared at
five constant temperatures. Annals of the
Entomological Society of America.No, 89: 64- 69.

YOUNES, M.W.F., AKEL, F.A., (2010). Effect of
temperature on development and reproduction of
Peach Fruit Fly, Bactrocera zonata (Saund.)
(Diptera:  Tephritidae). Egyptian Journal of
Experimental Biology (Zoology). No, 6: 255 - 261.

ZAHIRI, B., Y. FATHIPOUR, M. KHANJANI, S.
MOHARRAMIPOUR, M.P., ZALUCKI. 2010.
Preimaginal development response to constant
temperatures in Hypera postica (Coleoptera:
Curculionidae):  Picking the best model.

Environmental Entomology. No, 39: 177— 189.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4714083/
javascript:;

