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Aphidius funebris, Trioxys angelicae, and Praon
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1. Introduction

Aphids are an extremely widespread group of insects globally, having diversified alongside flowering
plants, almost all of which serve as their hosts. Currently, they have become major pests of forests,
and ornamental plant crops. They are particularity known for their rapid development and their life
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cycle, which in most cases requires alternating between wild and cultivated plants (Ait-Amar and al.,
2022).

Due to the harmful effects of insecticides on the environment and the increasingly frequent cases of
resistance in aphids, humanity is becoming increasingly concerned with environmental preservation
through the use of biological control (Woolley and al., 2022; Kishinevsky and al., 2023)
Hymenoptera play a discreet yet important role. Several species are commercially utilized for
biological control. Hymenoptera include two parasitoid families of aphids, with the most significant
being the Braconidae family, which encompasses 27 genre of the Aphidiinae subfamily (Talebi et al.,
2009; Tahar Chaouche, 2019).

Several studies have highlighted the importance of the tri-trophic relationship between plants, aphids,
and parasitoids. It is particularly the plant-aphid complex that determines the current distribution of
parasitoids worldwide. Additionally, human intervention has to be considered, especially regarding
the introduction of plants along with their pests from one continent to another, as well as the
introduction of auxiliary organisms to address certain phytosanitary issues.

This study is part of a work program initiated in Algeria years ago, aiming to highlight the biodiversity
of parasitoids associated with aphids, particularly in natural environments, and to enhance the
different plant-aphid-parasitoid associations in the Ghardaia region for better preservation and
utilization of data in biological control.

2. Material and methods

The plant material used during the various sampling phase consisted of twigs, leaves, and
inflorescences from plants found mainly in unicultivated land, field borders, and weeds. The animal
material comprised colonies of aphids and mummies encountered on plant in their natural
environment. The study was conducted in five locations in the ghardaia region ( Laadira, Toutouz,
Old Palm Grove, N’tissa, and El Atteuf).

The quantitative assessment of aphids and their parasitoid hymenoptera requires meticulous and
repeated examinations of a maximum number of species and plant organs during the study period.
Due to the heterogeneity of the surveyed environments and strata, it is challenging to follow a well-
defined sampling method. Additionally, it was very difficult to find an aphid colony showing signs
of mummification. For this reason, all aphid colonies containing mummies, collected over time and
space, are considered for the calculation of emergence rates and hyperparasitism.

The aphids found, along with the mummies, are collected together with the plant organs to which
they are attached. These are then placed into Petri dishes, which are labeled with the host plat, the
date of collection, and the location of the harvest. The Petri dishes reserved for the mummies are
covered with a piece of tulle to facilitate the respiration of the parasitoids inside the mummies. Once
brought to the laboratory, healthy aphids and emerged parasitoids are preserved in 75% ethanol for
identification. The mummies that have not emerged are left in the Petri dishes for up to 21 days.
Accurate identification of aphids requires observation of the frontal sinus, the length and number of
antennal segments, the presence or absence of sensory organs and their arrangement, the shape of the
tail, the cornicles and cauda, the wing venation, the abdominal ornamentation, and the presence or
absence of dorsal plates.

Regarding the parasitoid hymenoptera of aphids, identification is based on keys developed by Talebi
and al. (2009); Rakhshani and al. (2019).
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Identifying these parasitoids requires the observation of specific morphological characters, such as
the individual’s color, wing venation, presence or absence of setae on the wings, stigma shape, the
form of the first abdominal tergite (petiole), propodeum shape, and the form and number of antennal
segments. Occasionally, the identification of these parasitoids necessitates microscopic examination
of certain features, particularly the hairs on the flagellum, the number of placodes, the shape of
flagellomeres, and the shape of the ovipositor (Ghelamallah and al., 2018).

The resultants obtained are utilized to compile a list of inventoried parasitoid species and to
understand various tri-trophic associations.

3. Results and discussion
3.1 Inventory of aphid-associated parasitoid hymenoptera

In this study, a total of 8 parasitoid species were found among the aphid colonies infesting both
cultivated and uncultivated plants in the Ghardaia region. These species are listed in table 1 according
to the classification adopted by Talebi and al. (2009); Ghelamallah and al. (2018); Rakhshani and al.
(2019).

Table 1: List of parasitoid hymenoptera of aphids associated with fruit trees in the Ghardaia region

Primary parasitoids

Superfamily Family Subfamily Genus Species
Ichneumonidea | Aphidiidae Ahidius Nees, 1819 A. matricariae Haliday,1834
Aphidiinae A. colemani Viereck, 1912

A. ervi Haliday, 1834

A. funebris Mackauer, 1961

Lysiphlebus  Forester, 1862 L. fabarum Marshall, 1898
Trioxynae Trioxys Haliday, 1960 T. angelicae Haliday, 1833
Prainae Praon Haliday, 1833 P. volucre Haliday, 1966

Hyperparasitoids

Superfamily Family Subfamily Genus Species

Chalcidoidea Pteromalidae / / Unidentified specie

Through the obtained results, we observe a significant biodiversity of parasitoids active on colonies
of aphids infesting both cultivated and non-cultivated plants in the Ghardaia region. Data analysis
reveals, for the first time, the presence of the species Praon volucre of the genus Praon, as well as
the subfamily Trioxynae, with Trioxys angelicae. The Aphidiinae are the most diverse, with four
parasitoid species: Aphidius colemani, Aphidius ervi, Aphidius matricariae, and Aphidius funebris.
These findings are consistent with those obtained by Chehma and Laamari (2014). The species
Lysiphlebus fabarum is characterized by intense activity across all surveyed regions.
Hyperparasitoids are represented by only one species, which is Pteromalidae sp.
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The species Praon volucre (Fig. 1a) is an aphidiid known for its polyphagy (Derocles and al., 2019).
It is a parasitoid of Nearctic origin (Mkenda and al., 2019). The nymphosis of its larvae typically
occurs beneath the host aphid. It has a significant biotic potential and its appearance is seasonal.
According to Hemidi (2023), this parasite has the ability to shift its hosts according to the season of
activity. It can live on several aphids belonging to the Aphidininae and Lachnidae groups.

Among its hosts, it parasitizes Diuraphis noxia (Laamari and al., 2012). In the Mediterranean region,
it is considered a biological control agent against Hyperomyzus lactucae (Aggoun and al., 2022). It
inhabits forests, steppes, and other environments. It has been reported in Europe (Aparicio and al.,
2019), Irak (Bandyan and al., 2021), Tunisia (Ayadi and al., 2017), and Algeria (Laamari and al.,
2012) in the majority of the studied regions. In Ghardaia, P. volucre (Haliday) is found on Aphis
craccivora established on Medicago sativa. According Derocles and al. (2019), this species is often
associated with Lysiphlebus fabarum. In some cases, Preon volucre appears at the end of spring and
the beginning of summer to replace L. fabarum.

For the species Trioxy angelicae (Haliday) (Fig. 2b), it is a seasonal parasite, common from spring to
autumn. According to Alhmedi and Belién (2015), it is of Palaearctic origin (Mediterranean
province). It inhabits forests, steppes, and other intermediate habitats. It also lives on Aphidinae,
notably A. craccivora, Brevicoryne brassicae, and Myzus persicae. It has the ability to alter its host
spectrum according to environmental conditions. In Algeria, it inhabits various types of habitats but
is particularly active on aphids associated with trees in urban environments (Laamari and al., 2012).
In the study regions, it has been found with Lysiphlebus fabarum on the same colony of A. craccivora
and also Praon volucre. This association is noted by Bandyan and al. (2021) in the Kurdistan Region.
The complementarily between parasitoids is a valuable trait, as the aphid can be controlled at any
location, season, and host plant.

Among the primary parasitoids encountered in the study regions, Lysiphlebus fabarum (Fig. 1c) is a
Palaearctic-origin parasitoid, very common in Europe and the Mediterranean basin. It is a generalist
and polyphagous parasitoid. It can attack 144 aphid species (Tomanovic and al., 2022). The range
of attacks by this parasitoid in the Ghardaia region is very broad this year, as its presence has been
reported on the majority of the aphid species collected. In contrast, Chehma and Laamari (2014)
reported it on Capitophorus eleagni, Brevicoryne brassicae, Aphis gossypii, Aphis fabae, and Aphis
craccivora.

The results obtained from these studies demonstrate that this parasitoid can live outside the
Palaearctic region (Mediterranean province).

The Aphidiinae, particularly the genus Aphidius, is the best represented. According to Hemidi (2023),
the genus Aphidius with 70 species is considered the richest among the Aphidiinae subfamily,
comprising cosmopolitan species. In the study region, this genus is represented by A. matricariae, A.
colemani, A. ervi Haliday, A. funebris.

Aphidius matricaciae (Fig. 1d) is the most dominant. It is a parasitoid with a wide host range, found
is almost every country in the world (Ward and al., 2021). This parasitoid is present throughout almost
the entire study period, with heightened activity during the spring.

The species Aphidius ervi (Fig. 1e) has parasitized Aphis craccivora and Acyrtosiphon pisum in the
study region. This parasitoid is of Palearctic origin. It can develop up to 10 generation per year in
temperate zone. This parasitoid can develop on any stage of its host. Experiments have shown that is
particularly prefers the second and third larval stages (Ismail and al., 2021).
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The species A. colemani (Fig 1f) was found only once on a spontaneous plant (Xanthium strumarium)
with a very small population, in Chehma and Laamari (2014) in the same region, it was recorded on
several species of aphids with significant on Citrus sinensis. It is highly polyphagous and can
establish itself on many aphids associated with crops.

Aphidius funebeis (Fig. 1g) was collected from the mummies of Uroleucon. It is a specific parasitoid
of aphids from the genera Uroleucon, Brachycaudus, Hyperomyzus, and Aphis, which are associated
with plants in the Asteraceae family.

The last species of Hymenoptera encountered in the study area belong to the family Pteromalidae
(Fig. 1h). It is a hyperparasitoid found among colonies of aphids parasitized by A. ervi, and P.
volucre. This highly virulent hyperparasitoid has a broad range of host species in the regions surveyed
this year, and warrants a specific study.

=

Figurel: Parasitoid species of aphids found in the Ghardaia: a, Praon volucre; b, Trioxys angelicae;
¢, Lysiphlebus fabaru; d, Aphidius matricacia; e, Aphiduis ervi; f, Aphidius coleman; g, Aphiduis
funebris; h, Pteromalideae sp.

3.2. Tritrophic relationships (Parasitoid-Aphid-Plant)
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According to the results reported in Table 2, tritrophic relationships involving plants, aphids, and
parasitoids have been recorded in the study region. Some parasitoids have a fairly wide host range.
This is the case for Lysipheleus fabarum, Aphidius matricariae and Aphidius ervi, each with five
associations. On the other hand, the two species Praon volucre and Trioxys angelicae, which have
been reported for the first time in the region, have formed only one association.

Table 2: Different parasitoid-aphid-plant host relationships noted in the study region

Parasitoid Locality Aphid Plant species Families
Al atteuf Aphis crassivora
Palmerie _ ' Vicia fabae Fabacea
. Acyrtosiphon pisum
ancienne
I.\Irzté?f; Aphis craccivora Xanthium strumarium Asteraceae
Aphidius
_ N’tissa Esp .non identifiee | Amaranthus retroflexus | Amaranthaceae
ervi
N’tissa
Aphis craccivora Medicago sativa Fabaceae
Al atteuf
N’tissa Aphis craccivora Xanthium strumarium Asteraceae
Palr_nerle Aphis craccivora Medicago sativa Fabaceae
ancienne
Aphidius Aphis crassivora
funebris Al atteuf _ _ Vicia fabae Fabaceae
Acyrtosiphon pisum
- Uroleucon sp Sonchus asper Asteraceae
Aphis craccivora
Al atteuf Vicia fabae Fabaceae
Acyrtosiphon pisum
Aphldlqs - Uroleucon sp A.craccivora Asteraceae
matricariae
N’tissa Aphis craccivora
Medicago sativa Fabaceae
N’tissa Esp .non identifiée | Amaranthus retroflexus | Amaranthaceae
Aph|d|u§ Tzouz Aphis craccivora Xanthium strumarium Asteraceae
colemani
Tzouz Aphis craccivora Xanthium strumarium Asteraceae
Al atteuf
L¥Z'k§);r|3r?]us :r?(lzriz(;rr:g Aphis craccivora Medicago sativa
Fabaceae
Al atteuf
Al atteuf Aphis craccivora Vicia fabae Fabaceae
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Palmerie Acyrtosiphon pisum
ancienne
Uroleucon sp Sonchus asper Asteraceae
Praon Aphis craccivora
Al atteuf Medicago sativa Fabaceae
volucre
Trioxys Aphis craccivora
Al atteuf Medicago sativa Fabaceae
angelicae

Aphids are of three types: polyphagous, oligophagous, and monophagous. The listed species belong
to two types. The species Aphidis craccivora is polyphagous, whereas Acyrtosiphon pisum is
oligophagous to the Fabaceae, and Uroleus sp. is oligophagous to the Asteraceae. The first two
species are very dangerous to crops, in contrast to Uroleucon species.

According Baaren and al. (2019), many parasitoids, including aphid parasitoids, use volatile chemical
compounds to locate their hosts. These substances are either emitted by the plant (the first trophic
level) in response to damage caused by phytophages, or are kairomones produced by the host or pests
(the second trophic level), such as aggregation, sexual, and alarm pheromones, or by auxiliary insects
(parasitoids and predators), the third trophic level.

Aphids, causing significant crop damage by extracting phloem sap from their host plants, excrete a
thick and sticky substance through their digestive system: honeydew. It is known that honeydew acts
both as a volatile kairomone and as a contact kairomone. The volatile compounds associated with and
emitted by honeydew are believed to originate from the natural alteration (fermentation, oxidation,
etc.) of the sugars and amino acids it contains. These abiotic factors (temperature, light, relative
humidity) can similarly explain the emission of volatile compounds that are detected by the sensilla
present on the antennae of beneficial insects.

Several studies suggesting the olfactory perception of honeydew by various predators and parasitoids
indicate that using semiochemicals emitted during honeydew degradation (bacteria, fungi, etc.) seems
to be a promising approach to attract and retain beneficial insects in a target area. The biological
control technique would then rely solely on the placement of dispensers containing synthetic
semiochemicals identical to those associated with natural honeydew.

Based on the results reported in Table (2), 23 associations (plant-aphid-primary parasitoid) were
identified in the study region. The genera Aphidius and Lysiphlebus exhibited the highest number of
associations, with 5 each.

The species Aphidius matricariae parasitized Aphis craccivora, Acyrtosiphon pisum, Uroleucon sp.,
and an unidentified aphid species. According Gagui et al. (2023), A. matricariae is a polyphagous,
generalist parasitoid originating from northern India and Pakiistan, and it currently has a wide
distribution worldwide. According to Talebi and al. (2009), it is the most widely used in biological
control against aphids in Iran. It was reported in Tunisia by Ayadi and al. (2017), and in Algeria, it
was reported by Laamari and al. (2012) in all surveyed regions. In Biskra, this species is dominant
and exhibits invasive activity in various habitats according to Tahar Chaouche (2019). The results
obtained in this study confirm the data from Chehma and Laamar (2014), and consequently, this
species remains ranked second in activity in Ghardaia.
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The species Aphidius ervi has a very broad host range: it can parasitize about twenty species (from
the genus Acyrthosiphon such as A. pisum, A. caraganae, A. nigripes, as well as the cereal aphid
Sitobion avenae, or the peach aphid Myzus persicae, etc.) (Gagui and al., 2023). For many years, A.
ervi has been used as a biological control agent for aphid population and has been introduced into
several countries to combat these pests, although it is highly specialized on the pea aphid (Zamora-
Mejias and al., 2017).

In a situation of host specialization in a parasitoid, parasitoids encounter locally very structured and
heterogeneous host populations (both genetically and phenotypically). According to Ghaliow and al.
(2018), this host specialization could have effects on their natural enemies: it could lead to parasitic
specialization in the parasitoids. This phenomenon is referred to as the “Cascade Effect”.
Specialization in parasitoids involves strong fidelity to their host and better performance on that host.
According to Alaserhat and al. (2017), this process constitutes a significant generator of
entomophagous biodiversity: the great diversity of phytophagous insects has facilitated the
diversification of their parasitoids. This phenomenon is well observed in Aphidius funebris, a
parasitoid specific to Uroleucon associated with Asteraceae. However, in some cases and in the
absence of its preferred host, it may attack other aphid species of genus Aphidis, particularly A.
craccivora and A. fabae, but with very low emergence rates (Martinez-Chéavez and al., 2017; Salman
and al., 2022).

Apparently, in Ghardaia, the ecological conditions and the polyculture system practiced in the oases
have altered the behavior and expanded the range of aphids affected by certain parasitoids. This is
the case with Lysiphlebus fabarum, which typically lives on a wide range of aphids associated with
herbaceous plants (grasses, legumes, and composites), thereby the dominant species.

Based on the results obtained, it is clear that the species Lysiphlebus fabarum and A. matricarciae
occupy a broad distribution area in the study region. In contrast, the two species Praon volucre and
Trioxys angelicae were found only in the Al Attuef region. The genera Aphidius and Lysiphlebus are
not highly demanding in terms of environmental conditions and host quality, which may explain their
associative behavior. For instance, in several cases, the presence of Lysiphlebus fabarum and
Aphidius matricariae is simultaneous.

4. Conclusion

The results of this study have allowed for the establishment of an inventory of parasitoids associated
with aphids on cultivated and uncultivated plants in Ghardaia region and the compilation of a list of
8 species collected from the mummies of 4 aphid species belonging to 4 different genera. The plants
supporting these aphids include 6 plant species from 3 botanical families. The data indicate, for the
first time, the presence of the species Praon volucre and Trioxys angelicae. The remaining species
are Aphidius matricariae, Aphidius colemani, aphidius evri, Aphidius funebris, Lysiphlebus fabarum,
and a single hyperparasitoid of an unidentified species from the family Pteromalidae.

According to the results, 23 associations (plant-aphid-primary parasitoid) were identified in the study
region. Some parasitoids have a relatively broad host range. This is the case for Lysiphlebus fabarum,
Aphidius matricariae, and Aphidius funebris, each with 5 associations. In contrast, the two species
Praon volucre and Trioxys angelicae, newly reported in the region, have formed only one association
each, similar to Aphidius colemani.
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