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Opius concolor Szfpligeti is a parasite of Bactrocera oleae (Gmelin) and other 
Tephritid flies. Its development rate was studied with the Sharpe-DeMichele 
mathematical model, modified by Schoofield et al. (1981), using the S.A.S. 
program elaborated by Wagner et al. (1984). This program chose a four parameter 
poikilotherm model with high temperatures inhibition. Duration of parasitoid 
development at seven constant temperatures ranged from 14.6 + 1.7 days at 28~ 
(males), to 77.2 + 5.5 days at 15~ (females). Male development was consistently 
found to be shorter than that of females. Low development threshold and degree- 
days needed to complete total development were determined with the "Regression 
Line" and "Thermal Summation" methods. Values (cumulated for both sexes) were 
found to be respectively 11.7~ and 11.8~ (low threshold), 255.9 and 
251.9+ 16.8 days (thermal constant). Considerations on the possibility of estab- 
lishing Opius concolor in northern and central Italian regions are discussed. 

KEY-WORDS: biological control, development, temperature influence, parasitoid 
establishment. 

Opius concolor Szrpligeti is a koinobiont endoparasitoid of Bactrocera oleae (Gmelin), 
the olive fruit fly, and of other Tephritidae such as Capparimyia savastani (Martelli), 
Carpomiya incompleta (Becker) L. and Ceratitis capitata (Wiedeman) (Feron, 1952; Biliotti 
& Delanoue, 1959; Monastero, 1969). Found originally in Tunisia as a parasitoid of 
B. oleae (Marchall, 1910) and described by Szdpligeti in the same year, this parasitoid was 
subsequently and repeatedly released in other Mediterranean regions to improve biological 
control of Bactrocera oleae (Silvestri, 1916; Kapatos, 1977; Arambourg, 1986; Jimenez, 
1990). In Italy it is now permanently established in the southern region, Sicily in particular, 
where the species was recovered by Monastero in 1931. In the remaining regions this 
species showed difficulty in establishing itself and many attempts at introduction, by 
releasing both wild and mass-reared specimens, have failed (Silvestri, 1940; Jannone & 
Binaghi, 1959; Fenili & Pegazzano, 1971; Monaco & Nuzzaci, 1970; Raspi & Loni, 1994). 

Successful establishment of any insect species (acclimatation) in a new environment 
depends upon a combination of abiotic and biotic factors and, as concern O. concolor, it has 
been suggested that temperature could be the most important factor influencing its accli- 
matation capacity (Silvestri, 1940; Fenili, Pegazzano, 1971). The present study was 
therefore undertaken to provide specific quantitative data on temperature-dependent O. con- 
color development. 
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MATERIALS AND METHODS 

The species was reared using Ceratitis capitata (Wiedemann) as laboratorial host. 
Tephritid larvae were reared using an artificial substrate previously proposed by Cavalloro 
and Girolami (1969) and the mass-rearing was conducted in cylindrical plexiglass cages 
(volume 0.063 m 3) following the technique described by Raspi and Loni (1994). Cages, 
each containing about 600 Opius females, were maintained at laboratory temperatures 
fluctuating between 20 and 25~ with 16:8 (L:D) photoperiod. After 20minutes of 
exposure to parasitoids oviposition in parasitization units (foam-rubber tubes 0 5 cm, 
supporting small net-nylon bags with about 600 host larvae) tephritids larvae were 
immediately placed in thermostatic cells under nine different constant temperature regimes: 
13 - 15 -18 - 20 - 23 - 25 - 28 - 30 - 33~ (+ 0.5~ to evaluate total development time 
and developmental rate. 

Because it is impossible to distinguish parasitized from unparasitized larvae, an extensive 
sample of exposed larvae was assayed to obtain a comparable number of parasitized hosts. 
For easier calculation of adult emergence, a total of 2500 larvae was used for each 
temperature equally distributed into 25 small transparent cylindrical plastic containers 
(diameter of 4,3 cm and about 125 cm 3 of volume). Opius adult emergence was checked 
daily and each specimen scored and removed. For each temperature, percentage of 
parasitoid emergence, sex-ratio and total developmental (egg/adult-emergence) time were 
recorded. Weighted averages were used to calculate preimaginal development time. The 
development rate was studied with Sharpe-DeMichele's mathematic model, modified by 
Schoofield (1981), using the equation: 

RHO25 ~ exp ['-ff- ( 298.15 T 
r ( T ) =  [_H_~ + exp [_H~ 1 (1) l+ox  

TL T 

where r(T) = is the development rate at temperature T (~ R = the universal gas constant 
(1.987 cal degree -l mole-l), RHO25 = development rate at 25~ (298.15~ assuming 
absence of enzyme inactivation, HA = enthalpy of activation of the reaction that is 
catalyzed by a rate-controlling enzyme, TL = Kelvin temperature at which the rate- 
controlling enzyme is half active and half low-temperature inactive, HL = change in 
enthalpy associated with low-temperature inactivation of the enzyme, TH = Kelvin tem- 
perature at which the rate-controlling enzyme is half active and half high-temperature 
inactive and HH = change in enthalpy associated with high-temperature inactivation of the 
enzyme. This equation was elaborated with the S.A.S program as described by Wagner et 
a/.(1984) (Orr & Obrycki, 1990; Morales & Cate, 1993). 

Low development threshold and degree-days needed to complete development from egg 
to adult were calculated both with thermal summation (Wigglesworth, 1972) and with the 
regression line. The first equation is: 

t , ( T , - c )  = ( T 2 -  c)... = t ( T  - c )  = Thc (2) 

where t 1, t2...t" represent test temperatures, c = developmental zero and Thc = the constant 
value of degrees needed to complete total development egg adult emergence ("thermal 
constant"). The regression line equation is: 
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y = a x  - b ( 3 )  

correlating the development rate, calculated as development duration inverse, and the tested 
temperature a and b are parameters. 

RESULTS 

Opius development occurred in the range between 15 and 30~ No adult emergence was 
obtained at 13 and 33~ Mean development time ranged from 14.62 + 1.69 days at 28~ 
(males), to 77.25 + 5.5 days at 15~ (females). Male development was consistently shorter 
than that of females but this difference was reduced at high temperatures (from 4.25 days 
at 15~ to 0.1 days at 30~ (table 1).The parasitoid emergence range is given in table 2. 
Adult emergence peaked within a few days (2-4) under all experimental regimes and 
subsequently decreased. Fig. 1 shows the trend of adult emergence at 20~ Percentage of 
emergence is also listed in table 1, calculated from samples of 2500 host larvae exposed to 
parasitization. It showed roughly similar percent values at 18, 20, 23 and 25~ (ranging 
from 31.84 to 36.16%). Values decreased markedly at 28~ (9.32%) and became very low 
at 15 and 30~ (< l%). 

TABLE 1 

Development o f  O. concolor  at various constant temperatures 

Opius Mean total Emergence 
Temp. concolor d 9 development S.D. ~5 S.D. 9 S,D. percentage 

(~ (adult n.) time (days) (%) 

13 0 0 0 0 0 0 0 0 0 0 0 0 
15 10 2 8 74.3 4.5 73 4.8 77.25 5.5 0.4 0.08 0.32 
18 846 218 628 42.68 1.96 40.20 2,04 43.54 2.5 33.84 8.72 25.12 
20 796 198 598 33.87 1.89 30.67 2.63 34,93 3.08 31.84 7.92 23.92 
23 867 251 616 21.52 1.42 20.33 1.33 22 1.55 34.68 10.04 24.64 
25 905 288 616 17.87 1.36 16.89 1.41 18.36 1.55 36.16 11.52 24.64 
28 233 88 145 15.38 1.43 14.62 1.69 15.83 1.65 9.32 3.52 5.8 
30 18 7 11 14.72 0.78 14.67 0.66 14.77 0.92 0.72 0.28 0.44 
33 0 0 0 0 0 0 0 0 0 0 0 0 

The S.A.S Program adopted a four parameter poikilotherm model with high temperature 
inhibition. Table 3 shows parameters of the Sharpe-Demichele Mathematic Model elabo- 
rated with Wagner's S.A.S. Program. Graphical representation for both sexes is shown in 
fig. 2 (A, B). 

Table 4 lists data on O. concolor low development threshold and thermal constant, 
calculated with the regression line and thermal summation methods for males and females 
respectively. Table 5 lists the same data calculated for both sexes cumulated. The O. con- 
color low threshold was 11.7~ if calculated with the regression line and 11.85~ by the 
thermal summation method, whereas the thermal constant was 255.9 days with regression 
line and 251.887 days with thermal summation respectively. As a result of their faster 
development, the biological parameters were lower in males than in females. These 
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Fig. 2. Opius concolor Sharpe & DeMichele mathematical model graphic representation. (A) Males. (B) Females. 
The black triangles represent experimental data. 

TABLE 2 

Opius concolor emergence range at various constant temperatures 

Temperatures ~ Emergence range Emergence range 
(Days) d (Days) 9 

15 64-  73 64- 79 
18 36- 48 40-  52 
20 26-  41 30- 47 
23 17- 25 20- 29 
25 14- 25 16- 25 
28 13- 19 14- 22 
30 13 - 15 13- 16 

biological  parameters were shown to be very similar  in both methods.  Graphics  correspon- 
ding to these two equations are i l lustrated in fig. 3. 

DISCUSSION 

The O. concolor developmental  temperature range lies between 15 and 30~ with a 
mean development  t ime lasting from 14.62 to 77.25 days. At  the 13 and 33~ temperature 
regimes O. concolor was unable to comple te  its development .  Adul t  emergence ranged from 
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TABLE 3 

Opius concolor poikilotherm model parameters 

Sharpe & deMichele 9 parameters 

RHO25 0.093 0.091 
HA 31259.4 31628.4 
TL - -  - -  
HL - -  - -  
TH 300.11 299.76 
HH 51515.45 45065.74 
R 2 0.999 0.998 

0.1% to 36.16%. The percentage remained more or less constant between 18 and 25~ with 
a mean value of  about 34%. At  15 and 28~ on the other hand, a marked reduction was 
observed.  Although a mean percentage of  emergence of  34% may not seem very satisfac- 
tory, previous O. c o n c o l o r  mass-rearing experiences report adult emergence percentages of  
no more  than 26% and often below 10%, even if  parasit ized larvae numbered over 90% 
(Monastero & Delanoue,  1966). Percentage values in the present experiment  are thus fairly 
good  in comparison.  I t ' s  clear, however,  that a mortali ty of  about 66% cannot depend on 
temperature only, and must also be influenced by other complex biotic factors l ike bacterial 
infections, favourited by parasi toid activity especial ly in mass-rearing conditions,  where 
results very high the superparasit ization (An-Ly-Yao,  1987; Loni, 1994). Their  influence is 
not considered in this paper. 
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Fig. 3. Opius concolor - -  Regression line and thermal constant graphics. Continue lines represent mathematical 
models. The black square and the black triangles represent experimental data of thermal constant and 
regression line graphics respectively. 

O. c o n c o l o r  shows a satisfactory deve lopment  at temperature regimes in the 18-25~ 
range, where emergence  varies from 33.84 to 36.16%. Assuming  that the shortest deve- 
lopmental  t ime is the optimal,  then it can be assumed that the optimal temperature lies 
between 23 and 25~ where development  t ime ranges from 17.87 to 21.52 days (table 1). 
A confirmation of  this observation came from adults behaviour  observed at the four 
constant  temperature regimes.  20 and 25~ are temperatures well within the optimal 
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development range in facts, adults living at these temperature regimes present a regular 
reproductive behaviour: females were able to mate immediately after emergence, matings 
were very rapid (5-10") artd female parasitization activity was very high with every host 
exposure (up to 400 females could be noted ovipositing on the muff surface). At 15 and 
30~ on the other hand, adult reproduction activity (mating and oviposition) was almost 
completely inhibited, parasitization activity was found to be strongly reduced and parasitoid 
adults spent must of their time on the cage surface, showing marked reduction in flight and 
walking movements. 

TABLE 4 

O p i u s  c o n c o l o r  total development (egg - adult) 

Total  deve lopmen t  d 9 

L inea r  regress ion  
Equa t ion  y = 0 . 0 0 3 9 7 x  - 0 .045 y = 0 . 0 0 3 8 7 x  - 0 .046 

L o w  threshold  " c "  11.33 11.8 
The rma l  cons tan t  " T h c "  252 .010  258.431 

r 0 .986  0 .993  

The rma l  s u m m a t i o n  
249.363 254.333 

Equa t ion  Y = ( x - 11.530 ) Y = ( x - 11.964 ) 

L o w  threshold  " c "  11.5 + 0 .56  11.9 +_ 0 .44  
The rma l  cons tan t  " T h c "  249 .363  + 15.9 254 .333  + 16.6 

The four parameter poikilotherm model with high temperature inhibition adopted by the 
S.A.S. program shows a highly significant linear correlation between the experimental 
development rate and the Sharpe DeMichele Model (r 2 = 0.999 for males and 0.998 for 
females) (Schoolfield et al.; 1981). The TH parameter value was 300.1 K for males and 
299.76 K for females, suggesting that O. concolor will experience thermal stress at about 
27~ Similar considerations were made about Catolaccus grandis Burks (Hymenoptera, 
Pteromalidae) by Morales and Cate (1994). Analysis of the correlation between the 
O. concolor TH parameter value and the temperature range at which percentage emergence 
was markedly reduced led to a very interesting finding: this range was shown to lie between 
25 and 28~ (table 3), the same temperature range within which O. concolor experienced 
thermal stress. Results obtained concerning the influence of temperaure on parasitoid 
emergence thus present an extremely good fit to the model predictions. 

Low threshold and thermal constant values were found to be very similar for males and 
females, calculated both with the regression line and thermal summation method (tables 4 
and 5). The O. concolor low threshold, cumulated for both sexes (11.7~ with line 
regression and 11.85~ with thermal summation) was just a little higher than that of 
Bactrocera oleae (10.01~ with thermal summation method) (Crovetti et al., 1982), which 
usually survives at Tuscan latitudes (comprised between parallel). From the above consi- 
derations, it would appear that temperature influence alone is not sufficient to explain 
O. concolor establishment difficulties at Tuscan latitudes. Further studies are therefore 
necessary to provide data on its tolerance of extreme temperatures and on the complex of 
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TABLE 5 

Opius concolor total development male & female cumulated (egg - adult) 

Equation Low developmental Thermal  constant 
threshold "c . . . .  Thc" r 

Linear regression y = 0.00391 x - 0.046 11.7 255.9 0.992 
251.887 

Thermal summation Y ( x - 11.849 ) 11.8 + 0.42 251.887 + 16.77 - -  

biotic factors influencing its biology. In particular, research should be focused on the 
relationship with its host complex and with other B. oleae parasitoids. 
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RI~SUMI~ 

Vitesse de d6veloppement d'Opius concolor (Hym. : Braconidae) : ~t diff6rentes temp6ratures cons- 
tantes. 

Opius concolor est un parasito'l'de de Bactrocera oleae (Gmelin) et d'autres tephritid6s. Sa vitesse 
de d6veloppement a 6t6 6tudi6e avec le module math6matique de Sharpe-DeMichele, modifi6 par 
Schoofield (1981), utilisant le programme S.A.S. 6labor6 par Wagner et al. (1984). Ce programme a 
choisi un module h quatre param~tres pour les poikilothermes avec inhibition aux temp6ratures 
61ev6es. La dur6e de d6veloppement du parasitoide sous sept diff6rentes temp6ratures constantes est 
comprise entre 14,62+ 1,69jours ~ 28 ~ (males) et 77,25 +5,5jours ~ 15 ~ (femelles). Le 
d6veloppement des males est nettement plus court que celui des femelles. Le seuil de d6veloppement 
et les degr6s-jours n6cessaires ~ un d6veloppement complet 6taient d6termin6s par les m6thodes de la 
~ ligne de r6gression >~ et de la somme thermale. Les valeurs (pour les deux sexes cumul6s) 6taient 
respectivement de 11,7 ~ et de 11,8 ~ (seuil bas), 255,9 et 251,9 + 16,77 jours (constante thermale). 
La possibilit6 d'acclimater Opius concolor dans le nord et le centre de l'Italie est discut6e. 
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