OPEN ACCESS

Journal of Entomology
ISSN 1812-5670
DOI: 10.3923/je.2020.58.67

Research Article
First Report of Psyttalia lounsburyi, a New Larval Parasitoid of the
Mediterranean Fruit Fly Ceratitis capitata in Moroccan Argane
Forest
1

Hallouti Ayoub, 3Zahidi Abdelaziz, 2Lamharchi El Hassane, 1Boubaker Hassan, 1El Mousadik Abdelhamid
and 2Ait Benaoumar Abdellah
1

Laboratory of Microbial Biotechnology and Plant Protection, Faculty of Sciences, Ibn Zohr University, B.P 8106, Agadir, Morocco
Laboratory of Biotechnology and Valorization of Natural Resources, Faculty of Sciences, Ibn Zohr University, B.P 8106, Agadir, Morocco
3
Faculty of Applied Science, Ait Melloul Campus, Ibn Zohr University, Agadir, Morocco
2

Hallouti Ayoub and Zahidi Abdelaziz contributed equally to this work

Abstract
Background and Objective: Ceratitis capitata is considered as one of the most economically destructive pest. Several alternatives have
been used but efficacy remains limited. The objective consists in the search for other natural enemies such as parasitoids and evaluate
parasitism rate of larval stages from infested fruits by medfly collected in argane forest. Materials and Methods: About 400 fly larvae per
sample and per locality were isolated and placed in breeding boxes at optimal temperature until the emergence of adults. Number of

Ceratitis adults and parasitism rate have been observed. Morphological and molecular identification using COI-F/COI-R primers of
collected parasitoids were also occurred. Results: Morphological and molecular analyses confirmed the occurrence of a new haplotype
of the larval parasitoid belonging to Psyttalia genus in argane forest. In addition, phylogenetic analyses revealed that these specimens
were 92% (E-value = 2e-85) identical to Psyttalia lounsburyi. The presence of this parasitoid was noted in all studied localities with a variable
parasitism rate which reached a value of 21.5% in the localities where agricultural activities are present. Conclusion: It can be concluded
that this natural parasitoid could be native to argane forest and will be used as biological control agent against Ceratitis capitata and
Bactrocera oleae in Morocco. Also in Mediterranean region which constitute a handicap to the extension of biological agriculture of fruit
trees.
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the most successful examples of using natural parasitoids to
control fruit flies including C. capitata was in Hawaii by
introducing over 20 parasitoids including one egg-larval
parasitoid, Fopius arisanus (Sonan) and seven larval
parasitoids: Psyttalia fletcheri, F. Vandenbosch,
Diachasmimorpha tryoni, Diachasmimorpha longicaudata,
Procecidochares incise, Opius Artun and Tetrastichus
givardianus (Silvestri)12,14,17-20.
Psyttalia lounsburyi (Silvestri) is a larval parasitoid of
Braconidae family used against Bactrocera oleae. It can also
parasitize Ceratitis capitata larvae as reported by several
studies11,21,22. This parasitoid discovered for the first time in
East Africa (Kenya), is known by its endoparasitism of
B. oleae23. The female of P. lounsburyi attacks the first larval
stages of its host24,25. In addition, larvae located near to the
surface of infested fruits are more susceptible to this insectʼs
attacks and therefore these larvae are easily infected than
those protected by fruits tissues13,26,27. Currently, several
researches are interested in this type of parasitism and its
application in biological control especially in USA and France
against B. oleae24,25,28. Host suitability and host range studies
are demonstrated that B. oleae is the specific host of
P. lounsburyi24,28, however, other studies showed the
possibility of attacking other pest such as C. capitata26. In fact,
this parasitoid attacks successfully larvae of C. capitata under
laboratory conditions and could be easily multiplied on this
fly26. In this context and with the aim of widening the range of
natural enemies against ceratitis, this work has been
undertaken. The objective consists in the search for other
natural enemies such as parasitoids and evaluate parasitism
rate of larval stages from infested fruits by medfly collected in
argane forest.

INTRODUCTION
The Mediterranean fruit fly (Ceratitis capitata
Wiedemann) also called the medfly is a fruit fly of the
Tephritidae family. Despite of being native to tropical Africa
and especially West Africa, this pest is continuously expand its
geographic distribution globally and now occurs on five
continents1. Attacking over 300 host plant species, this fruit fly
is considered one of the most destructive pests of fruits
production in the world especially in the Mediterranean
region and Morocco2-4. The damages of the medfly are caused
by the laying of the female in the fruit and the larval
development inside fruits. Because larvae of this pest live
inside the fruit, control is exceedingly difficult and expensive.
Consequently, the medfly is responsible of extensive
economic and crop losses5,6. Besides causing large damages
to production, producer countries lose their international
markets due to quarantine regulation against this pest in
several importing countries. Accordingly, the success of fruit
industries in the Mediterranean region and in Morocco
depends heavily on the medfly management5,7.
Moroccan moderate climate coupled to intensive
monoculture of fruits and wide Argania spinosa forests
(wild host plant of medfly) form a favourable environment
with uninterrupted supply of host fruits for the medfly to
multiply and breed3,8. Under such circumstances, the
development of extensive control programmes becomes a
priority. In the current time the control of the medfly mostly
based on using cover sprays of insecticides with the
carbamate, organophosphate and synthetic pyrethroid when
fruits becomes susceptible to oviposition in order to prevent
direct attacks of fruits5. In addition, spot sprays of protein baits
coupled to orchard sanitation and fruit wrapping aimed at
reducing the medfly population. This chemical compounds
when misused can induce ecological and toxicological
problems5,9,10. In order to reduce the negative effects of
chemical control, it is necessary to develop other alternative
strategies for managing populations of this pest.
The use of biological control agents such as parasites,
parasitoids and predators could be a promising and
sustainable alternative to chemical control by pesticides. In
addition to being safe, economical and permanent solution,
natural enemies are proving effective in reducing medfly
populations in many regions to economic tolerance
thresholds11. Furthermore, a major biological control effort
against the medfly was carried out using egg-larval parasitoids
belonging to Psyttalia and Fopius genera such as
Fopius arisanus, Fopius concolor and Fopius ceratitovorus
and Psyttalia fletcheri (Braconidae)11-16. In this context, one of

MATERIALS AND METHODS
The study was carried out at the Faculty of Sciences
Agadir, from March, 2018-February, 2019 in Biotechnologies
and Valorization of Natural Resources and Microbial
Biotechnologies and Plant Protection. Molecular analyzes
(DNA extraction and sequencing) were carried out at the
Technical Support Units for Scientific Research at the National
Center for Scientific and Technical Research (CNRST) Rabat
Morocco. This study is in continuity until today.
Insect collection and identification: During research work on
entomopathogenic fungi against C. capitata isolated from
argane (wild host plant of medfly) soil (thesis data), infested
fruits with this fly were also collected in Souss region.
Following this sampling, which occurred in May 2018, it was
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Table 1: Collect localities geographical references
Sampling sites

Latitude and longitude

Amskroud forest
Bousehab site
Tamaayt site
Admin forest
Ihchach site

30E27'22.7"N 9E23'09.8"W
30E29'22.6"N 9E13'11.8"W
30E24'28.6"N 9E20'51.7"W
30E20'17.0"N 9E28'13.8"W
30E17'10.8"N 9E30'31.8"W

Kit (ExoSAP-IT) to remove primers and nucleotides (dNTPS) not
used during the PCR reaction. All sequencing reactions were
prepared using a Big Dye Terminator v3.1 according to the
manufacturerʼs recommendations.
The obtained purified products were prepared for
sequencing in the forward and reverse directions using
2 µL (3.5 pmol µLG1) of COI primers, BigDye Terminator v3.1
cycle sequencing kitʼs (1 µL), Sequencing buffer (5x, 3 µL), DNA
matrix (1.5 µL) and Milli-Q water (2.5 µL). The products were
sequenced using an Applied Biosystem ABI 3130xl sequencer
(Genetic Analyzer, 16 capillaries, Applied Biosystem).
The obtained sequencing results were submitted to a
homology test using BLAST search function from the
NCBI GenBank website. To confirm BLAST results, a
Maximum-Likelihood phylogenetic analysis was applied to
compare the specimenʼs generated DNA sequences with
other species form the Opiinae subfamily which are
morphologically near to our insect using the Neighbor-Joining
method. These species are: Diachasmimorpha longicaudata
(GU097655.1),
Phaenocarpa
sp.
(KJ412475.1),
Pseudognaptodon sp. (KJ412473.1), Asobara japonica
(JF430429.1), Cotesia autumnatae voucher (KC414765.1),
Cotesia griffini (AF102704.1), Glyptapanteles
indiensis
(AF102713.1), Cotesia salebrosa voucher (KC414773.1),
Habrobracon hebetor (MG744442.1), Fopius arisanus
(KC581417.1), Psyttalia lounsburyi (DQ983810.1) and Psyttalia
concolor TN0227 (EU761025.1). The DNA sequences of these
species were collected from the NCBI Genbank website then
compared to our P. lounsburyi (UIZ FSA-H1) COI gene
sequence using MEGA6 software31.

noted the presence in addition to fruit fly in stars several
specimens (adults) of Hymenoptera. In addition, several
infested larvae and pupae of C. capitata were also observed.
In order to study this new parasitoid, several collects of
infested fruit by the host insect (C. capitata) were done
between May-June, 2018 in different localities in Argania
spinosa Forest (Table 1). Infested fruits thus collected were
placed at room temperature in laboratory to recover pest
larvae. About 400 larvae were isolated from each sample per
locality and placed in boxes until the emergence of adults.
During this study, the parasitism percentage and the number
of the insectʼs adults were calculated for each sampling site.
Some parasitoid were conserved in 90% alcohol and stored at
-4EC. Collected specimens were identified according to
Wharton description keys11,21,22,29,30-32 . Other specimens were
sent to Technical Support Unit for scientific research at the
National Center for Scientific and Technical Research (CNRST)
in Rabat for molecular analysis.
Molecular analysis: In order to confirm morphological
identification, total genomic DNA was extracted from insectʼs
adults according to kit protocol (BIOLINE) following standard
protocol for animal tissues. Concentration and purity of DNA
of sample are measured by a 8000-Nanodrop-photometer.
Primers used for PCR amplification in this study were COI-F
(5'GTCACTTGCCGGCATTTGGATTATTT-3') as a forward and
COI-R (5'TGATTTTTT GTCACCCA GAAGTGTTA-3') as a reverse.
The PCR amplification of the mitochondrial Cytochrome
Oxidase I (COI) gene was performed in a total of 25 µL reaction
volume with the following concentrations: PCR buffer (5x),
MgCl2 (2 mM), dNTP (0.2 mM of each), primer (COI-F 10 µM
and COI-R 10 µM (1 µL of each)), Taq polymerase (0.2 µL)
(MyTaq DNA polymerase kit, Bioline) insect DNA (150 ng).
The conditions for PCR were the following: Initial
denaturation (95EC, 1 min) followed by 35 cycles of
denaturation (95EC, 15 sec), primer annealing (60EC, 20 sec)
and DNA extension (72EC, 15 sec). The reaction was held
at 4EC.
The size of the amplified COI-region was determined
using a 7 µL aliquot of the PCR product electrophoresed on
1.5% agarose gel. The ladder used was 100 bp. A volume of
5 µL of the amplified products were purified using purification

Data analysis: Analysis of Variances (ANOVA) with one factor
(sampling site factor) was adopted. The Least Significant
Difference test (LSD " = 5%) of equality of means was used to
compare differences between means for the three variables:
Number of Psyttalia sp. adults, percentage of parasitism and
percentage of natural mortality. All statistical analyzes were
performed using the statistical version 6 software.
RESULTS
Morphological identification: Several morphological criteria
characterize the parasitoid collected (Fig. 1). Size of individuals
was between 2.3-3.4 mm (female adult) and 1.9-2.9 mm
(male adult), with orange to brown color. The ovipositor is
brown and 1.8±0.1 times longer than mesosoma. Wings are
hyaline containing brown veins, with a large stigma about
2.9 times longer than wide, with rarising slightly in stigma
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(a)

(b)

1 mm

(c)

(d)

1 mm

(e)

1 mm

(f )

1 mm

Fig. 1(a-f): Morphological characteristics of parasitoid, (a) Female lateral view, (b) Male lateral view, (c) Female up view (d) Female
antennas (e) Male antennas and (f) Head
midpoint; 2RS weakly sinuate; 3RSa 2.5 times longer than r;
3RSb ending slightly in wing tip (Fig. 2). Antennas with brown
color are 3.0-3.1 times longer than the mesosoma and
constituted by 31-37 segments in adult females and between
30-35 for adult males. The head of this insect is characterized
by variable dimensions, it is 1.55-1.75 (average = 1.65±0.07)
times wider than long. In addition, it was 1.25-1.35 times
broader than mesoscutum, with face distinctly punctate
throughout and containing an ocellar triangle with brown
colour. Eyes are brown to black and they are very large and

seemingly bare (no bristles), large, 1.5±0.3 times longer than
wide, the temples are very receding in dorsal view. The
maxillary palps are longer than the height of the head.
Mesosoma 1.3±0.05 times longer than high and
1.65±0.05 times longer than broad. In the field, during
the month of May, 2018 as well as in 2019, around 5 pm, a
remarkable activity of the parasitoid was noted on some
infested fruits by Ceratitis. This activity is observed at tree
level and even on the fruit on the ground as illustrated
in Fig. 3.
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Fig. 2: Observed Psyttalia sp. wings venation under binocular loupe (Gx40)

(a)

(b)

(c)

(d)

(e)

(f )

Fig. 3(a-f): Activity of larvae parasitoid Psyttalia lounsburyi noted on some infested fruits by Ceratitis capitata in the field during
2018 -2019
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0.72
0.08
0.66

0.11
0.64

0.15

Glyptapanteles indiensis: AF102713.1
Cotesia griffini: AF102704.1

0.79

Habrobracon hebetor: MG744442.1

0.05
0.55

Fopius arisanus: KC581417.1
0.71

0.05

Diachasmimorpha longicau data: GU097655.1
0.02

0.27

0.01

0.56

0.81
0.03

0.66
0.63

0.26

Phaenocarpa sp. KJ412475.1

0.74

0.03

Cotesia salebrosa voucher: KC414773.1
Psyttalia lounsburyi haplotype 1: DQ983810.1
Psyttalia lounsburyi UIZFSA-H1
Asobara japonica: JF430429.1

0.69
0.05

Cotesia autumnatae voucher: KC414765.1

Pseudognaptodon sp.: KJ412473.1
Psyttalia concolor TN0227: EU761025.1

Fig. 4: Evolutionary relationships of taxa. The evolutionary history was inferred using the Neighbor-Joining method33. The optimal
tree with the sum of branch length = 9.29029587 is shown (Next to the branches). The evolutionary distances were
computed using the Jukes-Cantor method and are in the units of the number of base substitutions per site. The analysis
involved 13 nucleotide sequences 34. Codon positions included were 1st+2nd+3rd+Noncoding. All positions containing
gaps and missing data were eliminated. There were a total of 563 positions in the final dataset. Evolutionary analyses were
conducted in MEGA631
influenced significantly the three parameters studied
(Table 2). Indeed, variable parasitism rate was detected in

C. capitata larvae obtained from all the studied sampling sites
(Fig. 4). The highest parasitism (%) was observed in “Ihchach
site” with 21.5% followed by “Amskroud site” with 5.5% then
Admin forest with 5% of parasitism by the Psyttalia sp. In
addition, these highest percentages were observed in
localities near to the agricultural area. Natural mortality was
also observed and could be explained by the effect of
temperature, conditions inside boxes or even by the
parasitism.
Molecular analysis: The PCR showed positive amplification
results of the COI-F/COI-R primers with the insectʼs extracted

Fig. 5: PCR amplification results of insect DNA with COI-F
primer and NAV-F primer, the positive result was clearly
observed with the COI-F primer

DNA (Fig. 5). The analysis of the obtained DNA sequences
using BLAST search revealed that these specimens were
92% (E-value = 2e-85) identical to the Psyttalia lounsburyi
(Family Braconidae, subfamily Opiinae) haplotypes 1, 2 and 3

The identification results revealed that this species
belongs to the genus Psyttalia (Opius) from the Braconidae
family, subfamily Opiinae know by their larval parasitism of
other insects such as fruit flies.

Cytochrome Oxidase Subunit I (COI) genes with the
corresponding Genbank accession DQ983810.1, DQ983811.1
and DQ983812.1, respectively. The phylogenetic tree obtained
from comparison of the specimenʼs generated DNA sequences

Species occurrence and distribution: Adults of this

with other species from the Opiinae subfamily demonstrated

Psyttalia sp. were observed in all boxes of different samples

the relationship with specimens (Psyttalia lounsburyi

collected in the studied localities. The sampling site factor

UIZFSA-H1) and Psyttalia lounsburyi species (Fig. 6).
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0
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b

bc

c

5

b

0
Bousehab site

Amsekroud forest

Tamaayt site

Admin forest

Ihchach site

Sampling sites

Fig. 6(a-c): Observation of (a) Percentage of natural mortality, (b) Number of Psyttalia sp. adults and (c) Percentage of parasitism
in the 5 sampling sites of the argane forest, Homogeneous groups (a-d) obtained by means comparison method
Least Significant Difference (LSD) at an alpha significance level of 5%
Table 2: Analysis of variance of 3 characters observed at the 5 sampling sites (Bousehab, Amskroud forest, Tamaayt, Admin forest and Ihchach)
Mean square
--------------------------------------------------------------------------------------------------------------------Parasitism (%)
Source of variations
Degree of freedom
Natural mortality (%)
Number of Psyttalia sp. adults
Sampling site factor
4
14.72**
463.6**
115.90**
Error
9
6.62
470.5
117.63
**Significant at 0.05

areas where the pest is more abundant. Indeed, the parasitoid
population levels are directly affected by the presence of the
host insect. Which parasitic activity was also noticed in the
forest mainly at the level of trees bearing argane fruits.
Monitoring of population dynamics of the fruit fly and its
natural enemy in the field seems to be a necessity in order to
recommend methods of controlling this pest in the future.
Regarding the identification of this parasitoid,
morphological criteria are identical to fruit flyʼs egg-larval
parasitoid belonging to Psyttalia (Opius) genus, family
Braconidae, subfamily Opiinae. Starting with C. capitata
larvae and pupae in boxes and obtaining as results

DISCUSSION
Several adults of larval parasitoid were observed among
individuals emerged of the fruit fly in all boxes. These
individuals are from samples collected in the localities
studied in the Souss region of Morocco. This parasitoid was
morphologically and molecularly identified using a universal
primer pair COI-F/COI-R. Sampling of the host larvae
(C. capitata) from several localities proved the attack of this
pest by the parasitoid in all the studied samples with
parasitism rates ranged from 3.5-21.5%. The parasitoid
occurrence seems to be higher in localities near to agricultural
64
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the study37 didnʼt use DNA sequencing for identification
and therefore, never mentioned the occurrence of any
P. lounsburyi species in Morocco. No further studies were
found in this context which confirms that the first report of
this larval parasitoid in Morocco and in North Africa. Psyttalia
lounsburyi, the subject of this study, is a larval parasitoid
probably native of Kenya, southern and central Africa11,21. This
insect has often been introduced from Africa into many
agricultural areas around the world to control olive fruit fly
Bactrocera oleae. The most successful biological control
programs using this hymenoptera were against B. oleae in
California, USA24,25 and France28. Comparing to other
Psyttalia parasitoids which are not selective for their hosts,
P. lounsburyi has been reported for been specific for
B. oleae11,22,30 and C. capitata24,26. The parasitism rates of
C. capitata observed on a small sample of 400 larvae are very
promising. Mass collect of argane infested fruits with
C. capitata could be a solution to have more parasitoid and
therefore mass produce it under controlled conditions. This
parasitoid could be a good candidate as biological agent
against C. capitata and B. oleae if itʼs mass produced with
flooding releases following the cycle of its host in the fields in
Morocco and in the Mediterranean region. Its different
morphology suggests that this species could be a new
haplotype of P. lounsburyi and probably native to Morocco.

parasitoid individuals after adult emergence confirms the
endoparasitism of medfly larvae. In this type of parasitism,
females lay their eggs inside larvae of their host. It attacks
first-instar larvae of the fruit fly14,16,22. Indeed, a major biological
control effort against fruit flies was carried out using several
egg larval parasitoids from of the Opiinae subfamily11,12,16,19.
One of the most successful examples of using natural
parasitoids to control fruit flies including C. capitata and
Bactrocera oleae was in Hawaii by introducing about
20 parasitoids including one egg-larval parasitoid, Fopius
arisanu (Sonan) and seven larval parasitoids: Fopius
vandenbosch, Diachasmimorpha tryoni, Diachasmimorpha
longicaudata, Psyttalia fletcheri, Procecidochares incise,
Psyttalia artun and Tetrastichus givardianus (Silvestri)12,17-20.
However, those parasitoids seem not to be specific to the
medfly and could attack non-target and beneficial insects. In
such situations, the choice of specific parasitoids is essential in
order to succeed this biological control method and therefore
control pest populations. Recently, many works were carried
out to test Fopius ceratitivorus (Wharton) in fields as a new
specific parasitoid to medfly13,30,35. These studies are clearly
demonstrated that this parasitoid attacks successfully eggs
and larvae of C. capitata with the advantage of being specific
to this pest, it appears unlikely to attack non-target
Tephritidae in Hawaii14,15.
The DNA sequencing using COI-F/COI-R primers revealed
92% of similarity to P. lounsburyi species COI gene sequence.
This result was confirmed by the Maximum-Likelihood
phylogenetic analysis. Morphological criteria of our species
such as body color are different with description of
P. lounsburyi species22 and P. lounsburyi (Silvestri) which are
known by a dark body color with a black pigmentation on the
mesosoma (thorax) and metasoma21,23. The observed species
was orange with no black spots, this color is similar to Psyttalia
concolor. Several researches showed that variation in color has
been observed in P. lounsburyi during his introduction from
Africa to Hawaii in a great biological control program21,36.
Approximately 50 species of Psyttalia genus are described, all
are native of South and Central Africa21,22,30. Due to the
morphological similarity of Psyttalia species researchers
confronted major difficulty in establishing their taxonomic
identities based on morphology criteria only22,32. Thus, various
names have frequently been treated as synonyms or as
separate species or confused with other species26,29. The DNA
sequencing data in the present study using BLAST and
phylogenetic tree showed that our specimens are genetically
near to P. lounsburyi but not to Psyttalia concolor or Fopius
arisanus. Psyttalia concolor has been reported in Morocco in
a study of the specific wealth of natural enemies of C. capitata
associated to citrus orchards 37 from 2001-2011. However,

CONCLUSION
To minimize the harmful impact of pests on citrus
production, using parasitoid as this new haplotype of
P. lounsburyi would be an effective alternative for controlling
C. capitata populations. Monitoring of population dynamics
of the fruit fly and its natural enemy in the field seems to be a
necessity in order to recommend methods of controlling
medfly pest in the future.
SIGNIFICANCE STATEMENT
This study is the first report of a new haplotype of
Psyttalia lounsburyi as larvae parasitoid of medfly which is
considered as one of the most economically destructive pest
of wide range of fruits and vegetables. It will be a very
promising alternative to reduce the use of pesticides and
ensure phytosanitary protection, respectful of environment
and human health. This study will also allow researchers to
focus their research on optimizing the conditions of mass
production in order to recommend strategies to control
medfly populations by inundative or augmentive releases
depending on the availability of host under field conditions.
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