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Abstract 
The study of the parasitic community of Bactrocera dorsalis revealed that Diachasmimorpha tryoni was 
the species most capable of controlling populations of this fly. In this perspective, the study of the 
biology of this parasitoid was carried out under orchards semi natural Conditions in southern, central, 
northern areas of Côte d’Ivoire. The study parameters D. tryoni, highlighted in the north, the number of 
eggs (113.33 ± 2.62) was higher while the development time and the life was short. South, longevity was 
higher (36.03 ± 1.47 days) and longest development time (18.33 ± 1.16 days). In the center, the 
parameter values were between those obtained in the north and south. In the three agro-ecological zones, 
the male development time was shorter than that of the female. The resulting sexual rates were in favor 
of males. Changes in climatic conditions seem to affect the reproductive ability of D. tryoni. 
 
Keywords: Mangiferaindica, Bactrocera dorsalis, Diachasmimorpha tryoni, biological parameters, 
agroecological zones 
 
Introduction 
The Côte d’Ivoire is the leading producer of mangoes in Africa and third largest exporter to the 
European market. The mango industry reported in 2006 about 11.2 billion CFA francs to 
producers in Côte d’Ivoire [5]. Unfortunately, the fruit sector, particularly in Africa and in Côte 
d’Ivoire, is facing heavy economic losses because of the numerous attacks by pests. This 
predatory activity is essentially the fact of fruit flies. 
In Côte d’Ivoire, the Tephritidae cause of mangoes and melons losses estimated at more than 
50% of annual production [16]. 
The situation has worsened with the introduction of new invasive species Bactrocera dorsalis, 
which causes enormous damage on fruits [5]. 
Fruit flies are classified "quarantine insects", no dive fruit containing larvae, can not be 
exported under penalty of rejection of the entire load by European phytosanitary services. Fruit 
bearing traces of bites must be strictly identified, separated and removed at harvest and sorting 
station [4]. 
The fight against fruit flies is by means of physical methods, chemical, biological, and genetic 
crop. The most used is chemical control. But the synthetic insecticides are sometimes 
dangerous for users, consumers and the environment [23]. 
In seeking solutions to the problem of the protection of mangoes, biological control through 
the use of auxiliary insects is as a happy alternative that can help minimize the impact of insect 
pests without harming the environment. The use of parasitoids to combat fruit flies has been 
much work in fruit exporting countries. This method has shown promising results and is 
currently successfully used in orchards invaded by these pests [21]. 
In Côte d’Ivoire, a parasitoid directory of fruit flies has been established in areas south, center, 
north, and parasitism rates of parasitoids was estimated. These results showed that these 
parasitoids could be used to fight against fruit flies. The first tests on their parasitic activity 
revealed that the species D. tryoni was the most appropriate parasitoid in the fight against B. 
dorsalis [13].
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The objective of this work is to study the biology of this 
parasitoid, to assess its reproductive potential in three 
agroecological zones of Côte d'Ivoire, as part of a biological 
control against B. dorsalis. 
 
2. Materials and methods 
2.1. Study area 
The experiments were conducted in three agro-ecological 
zones of the Côte d' Ivoire, they are: 
• Southern area (subequatorial climate): the area of Abidjan 

(lat 5° 23’ N, long 4° 11 W; annual average of 27±1.4 °C 
and 1500 mm of rainfall) 

• Central area (climate of transition between the 
subequatorial climate and the Sudanese climate): the 
Yamoussoukro region (lat 6° 48 ' N, long 5° 17’W; annual 
average of 28±3.1 °C and 1100 mm of rainfall) 

• Northern area (Sudanese climate): the Korhogo region (lat 
9° 34' N, long 5° 37' W; annual average of 24.42±0.5 °C 
and 928.85 mm of rainfall) 

 
2.2. Specific breeding of B. dorsalis 
Fly adults and newly emerged parasitoids were separated and 
arranged by species in cages. For each species of B. dorsalis 
newly emerged, ten couples aged 24 hours were each placed in 
a breeding sleeve containing five ripe fruits. The flies were fed 
with honey soaked in cotton; all suspended with a thread in the 
sleeve. Infested Fruit were removed after 48 hours and then 
placed in incubation trays containing sterilized sand and 
covered with a muslin cloth, until adult emergence. The 
experiment was continued until the death of females. B. 
dorsalis adults emerged were used for further experiments. 
 
2.3. Specific breeding D. tryoni 
 Infested fruit removed from breeding sleeves were placed in 
cages each containing a pair of parasitoids, aged 72 hours 
(period of sexual maturity) [1, 3, 9, 10]. Infested fruits were 
removed after 24 hours and then placed in incubation trays 
containing sterilized sand and covered with a muslin cloth, 
until adult emergence. Newly infested fruits were placed in 
cages until the death of females. Emerged parasitoid adults 
were also used for further experiments. 
 
2.4. Determination of biological parameters for D. tryoni 
Two batches of ten couples D. tryoni from newly fledging 
were formed: lot 1 and lot 2. These insects were fed with 
cotton soaked in diluted honey (50: 50), suspended while in 
the cage livestock [7]. 
Each of the ten pairs of lots 1 and 2, D. tryoni were subjected 
fruit infested with B. dorsalis. Every 24 hours, these fruits 
were removed and replaced immediately by new infested fruit. 
Infested fruit of lot 1, were dissected and the number of 
parasitized larvae was counted every day. The experiment 
continued until the death of the female, the amount of eggs 
laid per female was made. 
For lot 2, the removed fruit have not been dissected. They 
were held to adult emergence. 
Lot 1 was used to determine the number of eggs laid and 
longevity. 
Lot 2 was used to determine the development time and sex 
ratio. 
Lots 1 and 2 were used to calculate the rate of emergence. 
 
• Number of eggs laid by D. tryoni 
 
The average number of eggs laid per female of lot 1, during his 
life (F) was calculated. Three repetitions were made. 

 

oi = number of laid eggs 
ni = number of the females 
 
• Rate of emergence  
The number of eggs obtained with lot 1 was considered. But 
the number of individuals emerged considered was that of lot 
2, because of the fact that the opening of lot 1 fruit can cause 
death of some eggs. 
The average rate of emergence (Te) is the ratio, expressed as a 
percentage, the number of emerged insects (lot 2) the number 
of eggs laid by a female (lot 1). Three repetitions were made. 
 

 

 

fi= Number of female parent 
 
2.5 Development time of D. tryoni 
The development time is the average time between egg laying 
to adult emergence. 
Each female of lot 2, the dates of all the punters were taken; 
then each infested fruit has been trackeddaily, in a tray 
containing sterilized sand and covered with a muslin cloth. 
Emergences of dates were noted and development time in days 
was determined. Three repetitions were made. 
 

                  

xi= time between egg and adult 
ni= number of adults 
 
• Sexual rates 
The average sexual rate (Ts) as a percentage of the number of 
males to the total number of insects born to female of lot 2, 
during his life. Three repetitions were made. 
 
 

 

 

hi= Number of female parent 
 
• Longevity of the adults of D. tryoni 
Longevity or lifetime is the period between the emergence of 
the insect and its death. 
The number of parasitoid (s) lot 1 death (s) were counted daily 
until the death of the last insect. Three repetitions were made 
and the average life (Dv) of adults in days was determined. 
 

 
ki= longevity 
li = number of insects 
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2.6 Statistical analysis 
All data collected were subjected to analysis of variance using 
the Statistica software version 7.1. The test of Student-
Newman-Keuls at 5% was used to classify the means into 
homogeneous groups. 
 
3. Results 
3.1 Number of eggs 
The number of parasitized larvae was counted every day. 
Analysis of the results showed that during the breeding period, 
the females of D. tryoni have laid in average 113.33 ± 2.62 
eggs in the northern region, 102.33 ± 2.05 eggs on average in 
the center and 100 ± 1.63 eggs in south. Thus the females of 
the parasitoid significantly deposited more eggs in the north 
and the center and south (Newman- Keuls test at 5%: F: 320.2, 
P˂ 0.001) (Fig 1). 
 
3.2 Development time 
In the northern area, the duration development of D. tryoni 
ranged from 13 to 16 days with an average of 14.63 ± 0.91 
days and that of his host B. dorsalis, 15 to 21 days with an 
average duration 17.93 ± 1.48 days. Analysis of the results 
showed that the duration of development D. tryoni was shorter 
than that of B. dorsalis. The duration of male development of 
D. tryoni ranged from 13 to 15 days with a mean of 14.03 ± 
0.75 days and females 14 to 16 days with a mean of 15.2 ± 
0.70 days. Analysis of the results showed that male 
development time was shorter than that of females. 
In the center area, the duration development of D. tryoni was 
between 14 to 18 days with an average of 15.8 ± 1.01 days and 
that of his host B. dorsalis, 17 to 21 days with an average 
duration 18.86 ± 1.17 days. D. tryoni emerged before B. 
dorsalis. The duration male development of D. tryoni ranged 
from 14 to 16 days with an average 15.3 ± 0.73 days and 
females 15 to 18 days with a mean of 16.7 ± 0.86 days. The 
male development time was shorter than that of females. 
Analysis of the results showed that the duration of 
development of D. tryoni was shorter than that of B. dorsalis 
and male development period of D. tryoni was shorter than 
females. 
In the southern area, the development time of D. tryoni ranged 
from 16 to 21 days with an average of 18.33 ± 1.16 days and 
that of his host B. dorsalis, 20 to 24 days with a mean of 21.16 
± 1.12 days. The duration of development of D. tryoni was 
shorter than that of B. dorsalis. The duration male 
development of D. tryoni ranged from 16 to 18 days with an 
average of 17.16 ± 0.73 days and females 18 to 21 days with a 
mean of 19.23 ± 0.76 days. The male development time was 
shorter than that of females. Analysis of the results showed 
that the duration of development D. tryoni was shorter than 
that of its host and the male development time of D. tryoni was 
shorter than that of females (Table I). 
 
3.3 Rate of emergence 
The highest emergences (82.34 %) were found to the north in 

the hottest region and lowest in the middle (80.77 %) and 
South (79.99 %) in the cooler zones (Table I). 
 
3.4 Sexual rates 
Sexual rates calculated were above 50% in three 
agroecological zone. The average sex rates were 56.19 ± 
2.58% in the north, 58.29 ± 1.75% in center and 58.98 ± 
0.66% in the south. These rates were in favor of males. 
Analysis of the results showed that sex rates were significantly 
different in the three zones (Table II). 
 
3.5. Longevity 
In the northern area, the life of the species D. tryoni ranged 
from 26 to 32 days for the male and 28 to 35 days for the 
female. The average lifespan of the species was 29.8 ± 1.55 
days. Analysis of the results showed that there is a significant 
difference between the life of the females and the males of 
parasitoids. 
In the center area, the life of D. tryoni ranged from 27 to 35 
days for the male and 29 to 36 days for the female. The 
average lifespan of the species was 31.66 ± 1.79 days. The life 
of females was significantly different from that of males. 
In the southern area, the life of the parasitoid D. tryoni ranged 
from 31 to 38 days for males and from 34 to 40 days for the 
female. The average duration of the species was 36.03 ± 1.47 
days. The life of females was different from that of males. 
Analysis of the results showed significant differences between 
the life span of the species in the north, center and south. The 
life span has varied according to agroecological zones. 
Parasitoid females lived longer than males in the three 
agroecological zones (Fig 2). 

 

 
 

Fig 1: Number of eggs laid by D. tryoni depending on breeding areas 
 

Test Newman- Keulsat the 5% 
F = 320.2 df = 2 P ˂ 0.001 
 
The averages followed by the same letters are not significantly 
different. 

 
Table 1: Average development time and rate of emergence of D. tryoni 

 

Areas Males n* Females n* Male+Female n* Rate of 
emergence (%) 

North 14.03 ± 1.75f 1590 15.2±0.70e 1210 14.63±0.91f 2800 82.34±0.40a 
Center 15.3±0.73e 1430 16.7±0.86d 1050 15.8±1.01e 2480 80.77±1.82b 
South 17.16±0.73c 1410 19.23±0.76a 990 18.33±1.16b 2400 79.99±0.33c 

n * = effective 
Test Newman- Keuls at the 5% 
Development time: F = 117.33 df = 8 P ˂ 0.001 
Rate of emergence: F = 35.7 df = 2 P ˂ 0.001 
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In the same column and on the same line, the averages 
followed by the same letters are not significantly different. 

 
Table 2: Average sexual rate of D. tryoni 

 

Area Average number 
of male 

Average number 
of female 

sexual rate 
(%) 

North 53.00±2.44a 40.33±0.94a 55.57±1.07c 
Center 47.33±0.47b 35.00±1.63b 56.03±0.73b 
South 47.00±0.81b 33.00±0.81c 57.00±0.11a 

Test Newman-Keulsat the 5% 
 Number of male F = 143.6 df = 2 P ˂ 0.001 
 Number of female F = 296.1 df = 2 P ˂ 0.001 
Sexual rate F = 27.1 df = 2 P ˂ 0.001 
 
In the same column, the averages followed by the same letters 
are not significantly different. 
 

 
 

Fig 2: Longevity of the adults of D. tryoni 
 

Newman- Keuls test at the 5% 
F = 53.78 df = 5 P ˂ 0.001 
 
The averages followed by the same letters are not significantly 
different. 
 
4. Discussion 
The average number of eggs laid by the females of D. tryoni 
has varied in different agro-ecological zone. The highest 
fertility was recorded in the northern area. The change in the 
number of laid eggs is influenced by climate. According [2], 
seasonal variations in fertility observed in two species of 
parasitoids, Dinarmus basalis and Eupelmus vuilleti would be 
to liaise with the observed high relative humidity during the 
long rains and relatively low temperatures recorded during the 
small dry season. The relatively cool temperatures may slow 
the metabolism of parasitoid females; it would lead to a 
decline in fertility. This argument is similar to that of [18] that 
showed that low temperatures caused a reduction in fertility 
among Callosobruchus maculatus in Bobo Dioulasso. 
Development time, separating the nesting emergence, was 
short in the north, long in the center and very long in the south, 
both in the parasitoid D. tryoni and its host B. dorsalis. These 
results are similar to those of [20]. This author reported that in 
controlled conditions, pre- imaginal development time of the 
parasitoid F. arisanus going from 30 to 18 days, in a range of 
temperature rising from 20 to 30 °C. Also, the work of [6] 
revealed that, in a temperature range of 15-35 °C the 
development time of the parasitoid F. arisanus ranged from 
67.4 ± 0.4 days at 15 °C to 18.4 ± 0.2 at 30 °C; that of D. 
longicaudata 62.7±0.6 days at 15 °C to 14.7±0.2 days at 30 °C. 
These results confirm those obtained in high parasitoid wasps 
on beetles Bruchidae. Thus, according [2], the total 

development time of the parasitic wasp Dinarmus basalis 
varied from one season to another, in relation to the 
fluctuations of the temperature and relative humidity of the air 
of the room 'breeding. The insect development time seems to 
be shorter when the temperature increases. This would be 
linked to the acceleration of larval growth during the 
development postembryonic of the insect [17, 18, 2]. In our 
experimental conditions, the parasitoid D. tryoni development 
time was shorter than that of its host B. dorsalis in the three 
agroecological zones. Adult parasitoid emerged two to three 
days before the uninfected hosts. The pre-imaginal development 
time of D. tryoni would be closely linked to that of its host. 
These results are in agreement with those of [14, 8] who reported 
that the adult parasitoids emerged before non- parasitized 
hosts. These results also match those of [26]. The authors, after 
rearing the parasitoid F. arisanus, on hosts Anastrepha ludens 
and A. serpentina, found that adult parasitoids emerged still 
before the uninfected hosts. Analysis of the results showed that 
male development times were shorter than those of females. 
These results are similar to those of [12] reported that male 
development time of two parasitoids D. tryoni and Psytalia 
fletcheri, were shorter than that of females. [19, 6] also showed 
that the emergence of female F. arisanus always took place 
two or three days after that of males. Work on the 
Hymenoptera parasitoids belonging to other taxonomic 
families Dinarmus basalis (Pteromalidae) and Eupelmus 
vuilleti (Eupelmidae) revealed that males emerged a few hours 
to three days before the females and were waiting on the 
nesting sites [2, 11, 24]. The life of D. tryoni was very long south 
(36.03 ± 1.47 days), long the center (31.66 ± 1.79 days) and 
short north (29.8 ± 1.55 days). These differences are related to 
the levels of temperature and relative humidity of the three 
agroecological zones. Thus, the longevity of the parasitoid is 
probably shortened to north plateau of the high temperature 
and low relative humidity. These results confirm those of [6] 
which revealed that the life of parasitoids F. Arisanus and D. 
longicaudata lengthened when the temperature decreased. 
Also, [2] reported that the lifetime of the parasitoid D. basalis 
and E. vuilleti were influenced by changes in relative 
humidity. These authors have shown that the lifetime of these 
parasitoids was longer during dry seasons and during the short 
rainy seasons. Parasitoid females lived longer than males in 
the three agroecological zones. This high female longevity 
may be due to the fact that it take feed on the host. Indeed, 
they inject their ovipositor into the host and suck the 
hemolymph which rises by capillarity to the surface of the fruit 
[2, 6, 7]. According [9], the nutrients in the host hemolymph allow 
the female E. vuilleti lengthen its life and develop its eggs. In 
the three agroecological zones, 50% sexual rates superiors 
were males favors. This could be explained by the fact that 
females laid most of their eggs on small hosts. According [2, 3, 

22, 25] females Hymenoptera parasitoid D. basalis and E. vuilleti 
inseminated control the release sperm in response to 
environmental conditions. Thus, the fertilized oocytes which 
are mostly laid on large hosts (older) gives female offspring; 
while non- fertilized eggs are deposited on small guests 
(younger) and develop by parthenogenesis arrhenotokous in 
males [9, 25]. 
 
5. Conclusion 
The study of spawning activity and development of D. tryoni 
highlighted significant differences between the values of the 
biological parameters obtained in the north and those found in 
the center and south. Thus, the females of D. tryoni have laid 
in average 113.33 ± 2.62 eggs in the north, 102.33±2.05 eggs 
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in the center and 100 ± 1.63 eggs in the south. The average 
development time (14.63 ± 0.91 days) and life (29.8 ± 1.55 
days) was shorter in the north, while in the south, longevity 
was higher (36.03 ± 1.47 days) and the average length of 
longer development (18.33 ± 1.16 days). In the center, the 
parameter values obtained were between the north and south. 
In the three agro-ecological zones, the male development time 
was shorter than that of the female. The resulting sexual rates 
were in favor of males. Also, the parasitoid development time 
was shorter than that of its host. The differences between the 
parameters of the three areas seem to attest that changes in 
climatic conditions affecting the reproductive potential of D. 
tryoni. 
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