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ABSTRACT 

	Background: Tephritid fruit flies (Order Diptera: Family Tephritidae), commonly known as true fruit flies, are amongst the most destructive insect pests of agricultural and horticultural production. These pests cause significant economic losses through direct fruit damage and quarantine restrictions in tropical and subtropical regions and affect a wide variety of fruits and fleshy vegetables, leading to both quantitative and qualitative losses in yield. Traditional management practices which often rely heavily on chemical pesticides, have led to concerns regarding environmental contamination, insecticide resistance and non-target effects. The urgency for alternative strategies to develop more ecologically sound and sustainable strategies for managing tephritid fruit flies is thus essential. 
Materials and methods: A systematic literature survey was conducted using peer-reviewed articles, reviews, reports and experimental findings published between 2000–2024. Searches across major scientific databases with targeted keywords ensured a transparent, comprehensive and unbiased evaluation of biological control strategies for Tephritid management. 
Result: Our review highlights the diverse biological control methods researched and implemented against Tephritid fruit flies, highlighting the roles of parasitoids, predators and entomopathogens with remarkable specificity. Classical, augmentative and conservation biological control strategies are discussed against key pest genera like Anastrepha, Bactrocera, Ceratitis, Rhagoletis. Braconid parasitoids such as Fopius arisanus and Diachasmimorpha longicaudata are widely used, while entomopathogenic fungi (Metarhizium anisopliae, Beauveria bassiana), nematodes (Steinernema, Heterorhabditis) and bacteria (Bacillus thuringiensis) show promise against multiple life stages. Predators including ants and spiders also contribute to suppression. In India, limited studies highlight fungal, nematode and bacterial applications, emphasizing the need for region-specific, integrated strategies.
Conclusion: Biological control of Tephritid fruit flies offers an ecologically sustainable alternative to chemical pesticides, enhancing food security while preserving biodiversity. By integrating parasitoids, predators and entomopathogens within IPM frameworks, region-specific strategies can ensure long-term suppression of pest populations, reduce environmental risks and promote resilient, climate-adaptive agricultural systems.
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1. INTRODUCTION 

Agricultural pests pose a significant economic burden, globally impacting food security, trade and economy, particularly in regions where agriculture is a primary source of livelihood (Pretty & Bharucha, 2015). The economic losses arise from direct damage to crops leading to significant yield reductions, increased costs for pest management, the potential for pests to spread diseases or contaminants and the resultant trade restrictions affecting export markets. The common types of agricultural pests include insects, nematodes, fungi, weeds, rodents etc. Alarmingly, arthropod pests cause approximately 20% of global annual crop losses, valued at over US$ 470 billion (Culliney et al., 2014). 
Tephritid flies (Order Diptera: Family Tephritidae), commonly known as true fruit flies, are amongst the most destructive and economically important entomological agricultural pest species in the world. Species belonging to genera such as Anastrepha, Bactrocera, Ceratitis, Rhagoletis, Dacus, Zeugodacus (Garcia et al., 2020) attack a wide range of fruits and fleshy vegetables throughout the tropical and sub-tropical areas, causing both quantitative and qualitative losses. Their wide climatic tolerance, rapid dispersal ability, high reproductive potential and extreme polyphagy has necessitated development of suppression and eradication programmes in various parts of the world. For decades, control of Tephritid fruit flies has heavily relied on broad-spectrum chemical insecticides, including organophosphates and pyrethroids. However, growing public and scientific concern over the adverse effects of these chemicals; such as insecticide resistance, detrimental impacts on beneficial insects including pollinators, environmental pollution and risks to human health has spurred the search for safer and more ecologically sound alternatives.
Management strategies of Tephritids include advanced trapping systems, insecticide sprays to foliage and soil, bait-sprays, male annihilation techniques (MAT), Sterile Insect Technique (SIT) as well as cultural controls, mechanical controls and quarantine and surveillance measures (Ganie et al., 2022; He et al., 2023). Biological control of Tephritids involving use of natural enemies, like parasitoids, predators and pathogens is an environment friendly alternative to reduce pest populations to economically acceptable levels and hence stands out as a cornerstone of sustainable pest management (Samada et al., 2020). These methods are highly specific to target pest species and contribute to long-term suppression of fruit fly populations (Dias et al., 2022). Biological control programs have evolved from classical (introduction of exotic agents) to augmentative (mass-rearing and release) and conservation (enhancing native natural enemy populations) approaches (Kumar, 2015) and sustains fruit quality and cost-effective in long run (Wang et al., 2024). It focuses on such sustainable agriculture practices that are effective, environmentally nondegrading, technically appropriate, economically viable and socially responsible (Kumar, 2015). These practices maintain soil health, conserve water and promote biodiversity while minimizing the use of synthetic chemicals (Shaurub, 2023). By incorporating traditional knowledge with modern techniques, this form of sustainable agriculture practice seeks to meet current food needs without compromising the ability of future generations to meet theirs. It helps to gain resilience against climate change and supports rural communities. The aim is to balance the productivity with ecological integrity, thereby also ensuring a perfect relation between the agricultural and natural world.
However, implementing biological control methods require a deep understanding of the local ecosystem, otherwise introduction of natural enemies might result in unintended consequences on non-target species and complexity of multitrophic interactions in the ecosystem (Barratt & Ehlers, 2017). Parasitoids like wasps, entomopathogenic fungi, nematodes and predators like ants (Formicidae) cause significant mortality of tephritid flies and have shown promising results as their control agents. When appropriately implemented, biological control methods can provide substantial and sustainable suppression of tephritid fruit fly populations, reduce reliance on chemical insecticides and contribute to the long-term resilience of agroecosystems. 
Our review aims to provide a comprehensive view of global research on biological control strategies targeting Tephritid fruit flies, exploring the various agents and approaches that form the crucial component of Integrated Pest Management (IPM) programs. The study will benefit not only the agriculturists and researchers in agricultural entomology, but also organizations and professionals dedicated to educating and advising farmers on effective pest management practices. By highlighting biological control methods that reduce reliance on chemical pesticides, our work will also help policymakers and government officials focused on agricultural sustainability and public health.

2. materialS and methods 

Literature survey of biological control agents against Tephritid fruit flies was conducted using peer-reviewed original research articles and review articles, literature, reports and experimental findings published between year 2000-2024. Scientific databases like Google Scholar, PubMed, Web of Science, Scopus were searched using terms like “biological control”, “Tephritid flies”, “Anastrepha”, “Bactrocera”, “Ceratitis”, “Dacus”, “Rhagoletis”, “Zeugodacus”, “parasitoids”, “predators”, “entomopathogens”, “nematodes”. The search was updated periodically to include the most recent articles. This methodology has ensured a transparent, comprehensive, unbiased, structured and systemic approach to evaluate the available literature on biological control strategies for Tephritid fruit fly management.


3. results and discussion

3.1 Commonly used natural enemies:
The three most common natural enemies utilised in biological control programs against Tephritid fruit flies are parasitoids, entomopathogens and predators.
3.1.1. Parasitoids
Parasitoids are insects whose larvae develop by feeding on or inside another insect (the host), eventually killing it. They are among the most widely used and effective biological control agents for Tephritidae. They primarily belong to the Order Hymenoptera, with key families including Braconidae, Figitidae, Diapriidae, Pteromalidae, Ichneumonidae and Chalcididae. 
· Egg Parasitoids [example: species of Trichogramma (Chalcididae)] attack the egg stage.
· Larval Parasitoids are the most extensively studied and Braconid wasps [example: Diachasmimorpha longicaudata, Fopius arisanus, Psyttalia fletcheri, Doryctobracon areolatus] are particularly prominent. 
· Pupal Parasitoids [example: Dirhinus spp. (Chalcididae) and Pachycrepoideus vindemmiae (Pteromalidae)] attack the pupal stage, usually found in the soil. 
The major parasitoids used in the biological control of Tephritid flies are listed in table 1
	Parasitoid Genus
	Target Stage
	Main Host Flies
	Reference

	Diachasmimorpha
	Larva
	Anastrepha, Bactrocera, 
Ceratitis
	Shaurub, 2023; Barratt & Ehlers, 2017; Wakil et al., 2022, Kepenecki et al., 2015; Begg et al., 2017, Ovruski & Schliserman, 2012; Ovruski et al., 2004; Barbosa-Negrisoli et al., 2009; Heve et al., 2017, Estrada-Marroquín et al., 2023; Heriberto et al., 2017; Lezama-Gutiérrez  et al., 2006, Bon et al., 2016; El-Heneidy et al., 2019; Layodé  et al., 2020; Liu & ji, 2024; Liu et al., 2016; Argov et al., 2011

	Fopius
	Egg/Larva
	Bactrocera, Ceratitis
	Heve et al., 2017, Estrada-Marroquín et al., 2023, Aluja et al., 2013, Layodé et al., 2020

	Psyttalia
	Larva
	Ceratitis, Bactrocera, Dacus, Zeugodacus
	Heve et al., 2017, Estrada-Marroquín et al., 2023, Lezama-Gutiérrez et al., 2006; Guillén et al., 2002, Miranda et al., 2015; Zamek et al., 2012; Hintènou et al., 2023

	Aganaspis
	Larva
	Anastrepha, Ceratitis
	Langford et al., 2014, Ilias et al., 2013, Mohamed et al., 2008, Sánchez-Ramos & González-Núñez, 2023; Benelli et al., 2013; Segura et al., 2012 

	Doryctobracon
	Larva
	Anastrepha
	Langford et al., 2014, Ilias et al., 2013, van Mele et al., 2009; Kepenecki et al., 2015; Ovruski et al., 2007; Barbosa-Negrisoli et al., 2009

	Opius
	Larva
	Anastrepha
	Langford et al., 2014, Ilias et al., 2013

	Utetes 
	Larva
	Anastrepha, Rhagoletis
	Langford et al., 2014, Ilias et al., 2013, Van Lenteren, 2012; Ovruski et al., 2007; Castillo et al., 2000

	Coptera
	Larva
	Anastrepha, Ceratitis
	Piovesan et al., 2023, Tormos et al., 2013


Table 1. List of major parasitoid genuses used in the biological control of fruit flies


3.1.2. Entomopathogens
· Entomopathogens used as biopesticides in Tephritid control include fungi, bacteria, viruses and nematodes. 
· Entomopathogenic Fungi (EPF) [example: Metarhizium anisopliae, Beauveria bassiana and Isaria fumosorosea] have demonstrated efficacy against various life stages of Tephritid fruit flies, particularly adults and pupae in the soil. They can be applied as sprays or soil drenches. Lures combined with fungal spores (autodissemination devices) are being developed to target adult flies. However, formulation and environmental conditions (humidity, UV radiation) are critical for their effectiveness. 
· Entomopathogenic Nematodes (EPNs) are applied to the soil and are particularly effective in moist conditions. Their efficacy can vary with soil type and nematode species/strain. Nematodes of the genera Steinernema and Heterorhabditis are soil-dwelling and seek out Tephritid larvae and pupae (Langford et al., 2014). EPNs carry symbiotic bacteria (Xenorhabdus for Steinernema and Photorhabdus for Heterorhabditis), which are released into the insect's hemocoel, causing rapid septicemia and death.
· Bacteria: Bacillus thuringiensis (Bt) strains and other entomopathogenic bacteria produces bacterial proteins that have insecticidal activity against Tephritid flies (Ilias et al., 2013).
· Viruses: Research into viral pathogens specific to Tephritid fruit flies is less advanced compared to fungi and nematodes, but some insect-specific viruses might offer future control options.
The major entomopathogenic fungi and nematodes used in the biological control of Tephritid flies are listed in Table 2.
	Biocontrol Agent Genus
	Target Fly
	Life Stage Targeted
	Mortality Rate (%)
	Application Method
	Reference

	Beauveria 
	Bactrocera, Zeugodacus, Ceratitis, Rhagoletis
	Larva/ Adult
	60–90
	Soil spray, attract & infect
	Montoya et al., 2000, 2016; Moraiti et al., 2020; Sookar et al., 2014; El-Heneidy et al., 2019; Ali et al., 2016; Tormos et al., 2009; Toledo et al., 2017; Yousef et al., 2014

	Metarhizium 
	Bactrocera, Ceratitis, Rhagoletis Zeugodacus
	Larva/Pupa
	40–83
	Soil application
	Montoya et al., 2000, 2016; Cancino et al., 2014; Appiah et al., 2014; Yokoyama et al., 2014; Moraiti et al., 2020; Ali et al., 2016; Tormos et al., 2009; Toledo et al., 2017; Yousef et al., 2014

	Steinernema 
	Anastrepha, Bactrocera, Dacus
	Pupa
	30–50
	Soil drench
	Borowiec & Sforza, 2022; Vargas et al., 2007, 2001; Ovruski et al., 2008; Montoya et al., 2000; Ouna, 2010; Miranda et al., 2008; Torrini et al., 2017; Baeza-Larios et al., 2002; Malan & Manrakhan, 2009; Yee et al., 2021

	Heterorhabditis 
	Bactrocera Dacus,, Anastrepha, Rhagoletis
	Pupa
	40–70
	Soil drench
	 Borowiec & Sforza, 2022; Vargas et al., 2007, 2001; Montoya et al., 2000; Yousef et al., 2013; Torrini et al., 2017; Baeza-Larios et al., 2002; Malan & Manrakhan, 2009; Yee et al., 2021


Table 2. List of major entomopathogen genuses used in the biological control of fruit flies
3.1.3. Predators
Predators actively hunt and consume Tephritids and contribute significantly to natural pest suppression, especially in undisturbed ecosystems. Ground-dwelling predators like ants (Formicidae), ground beetles (Carabidae), staphylinid beetles (Staphylinidae), spiders (Araneae) are important predators of Tephritid larvae, Avian predators might consume adult fruit flies or larvae in exposed/fallen fruit. Predatory mites, neuropteran larvae (lacewings) and some predatory bugs prey on Tephritid eggs and young larvae. Weaver ants (Oecophylla smaragdina) have shown promise in some tropical orchard systems by preying on adult fruit flies and disturbing their oviposition behavior (van Mele et al., 2009).

Effective utilization of natural enemies (like predators, parasitoids, entomopathogenic fungi and nematodes) can significantly reduce reliance on chemical pesticides, thereby boosting agricultural sustainability (Figure 1). Integrating these eco-friendly methods into agricultural practices will promote healthier ecosystems and support a resilient farming system.
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3.2. Three main biological control strategies:
Classical, augmentative and conservation biological controls are the three main strategies against Tephritid fruit flies. Table 3 provides a comparison of the three main biological control strategies.
A. Classical Biological Control (CBC) strategy involves the intentional introduction of an exotic biological control agent from the pest's native region into an area where the pest has become invasive and lacks effective natural enemies (Borowiec & Sforza, 2022). The introduction of Fopius arisanus and Diachasmimorpha longicaudata from Southeast Asia into Hawaii and later to other regions for the control of Bactrocera dorsalis and Ceratitis capitata are notable examples (Vargas et al., 2001, 2002; 2007) of CBC.
B. Augmentative Biological Control (ABC) strategy involves increasing the population of existing natural enemies through periodic releases. It can be inoculative (small number of natural enemies are released at critical time to colonise an area and establish a population early in the season to provide control over a longer period) or inundative (mass releases for immediate knockdown of pest populations) (Van Lenteren, 2012). The success of EPNs like Steinernema feltiae, Heterorhabditis bacteriophora against Tephritid pupae in soil and EPF like Metarhizium anisopliae applications targeting adult flies and soil-dwelling stages are noteworthy (Wakil et al., 2022; Kepenecki et al., 2015).
C. Conservation Biological Control focuses on modifying the environment or agricultural practices to protect and enhance the effectiveness of naturally occurring or introduced natural enemies (Begg et al., 2017). It aims to make the agroecosystem more hospitable to beneficial organisms. This strategy is low-cost for farmers, promotes biodiversity, contributes to long-term and sustainable pest regulation.

	Features
	Classical Biological Control
	Augmentative Biological Control
	Conservation Biological Control

	Primary Goal
	Permanent introduction of exotic natural enemies
	Increase in the population of existing natural enemies
	Enhance existing and introduced natural enemies

	Source of Agents
	Exotic 
	Native or exotic (mass-reared)
	Native or established exotic

	Release Frequency
	Typically once or few times for establishment
	Periodic (inoculative or inundative)
	None (focus on habitat manipulation)

	Cost Profile
	High initially, low in long-term if successful
	Moderate to high per application (rearing costs)
	Low to moderate (practice modification)

	Timescale of Impact
	Long-term, self-sustaining
	Short to medium-term
	Medium to long-term

	Sustainability
	High if successful
	Moderate (requires repeated inputs for inundative)
	High


Table 3. Comparative analysis of the three main biological control strategies against fruit flies


3.3. Biological control agents of highest damage causing genera of fruit flies
Fruit fly species belonging to genera Anastrepha, Bactrocera, Ceratitis, Rhagoletis, Dacus and Zeugodacus are the most harmful ones in the tropical and sub-tropical areas, causing both quantitative and qualitative losses (Garcia et al., 2020).

3.3.1. Anastrepha genus (Diptera: Tephritidae: Trypetinae):
True fruit flies of the genus Anastrepha Schiner (Diptera: Tephritidae) are widely distributed through the tropical and subtropical parts of the Americas and comprises of at least 328 species, which are presently classified into 33 species groups. One of the most economically important species groups is the fraterculus group, which comprises 34 species, including Anastrepha fraterculus (Wiedemann), Anastrepha obliqua (Macquart), Anastrepha ludens (Loew), Anastrepha suspensa (Loew) etc. Anastrepha striata (Schiner) of striata group is also economically important. The biological control strategies of Anastrepha genus are presented in Table 4.

	Species name
	Biological control agent used
	Country name
	Reference

	South American fruit fly Anastrepha fraterculus 
(Wiedemann,1830)

	1. Parasitoid wasp:
Diachasmimorpha longicaudata (Ashmead, 1905) (Hymenoptera: Braconidae, Opiinae) 
	Argentina
	Ovruski et al., 2007; Ovruski & Schliserman, 2012

	
	2. 4 species of 2 Hymenoptera families: Parasitoid wasp:
Aganaspis pelleranoi (Brèthes, 1924) 
(Hymenoptera: Figitidae: Eucoilinae) and Doryctobracon brasiliensis (Szépligeti,1911), Utetes anastrephae (Viereck,1913) and 
Opius bellus Gahan,1930 
(all three of Hymenoptera: Braconidae, Opiinae)
	Argentina
	Ovruski et al., 2004, 2008

	
	3. Parasitoid wasp:
Doryctobracon areolatus (Szépligeti, 1911) (Hymenoptera: Braconidae)
	Brazil, Argentina
	Ovruski et al., 2004; Piovesan et al., 2023

	
	4. Indigenous strains of entomopathogenic nematodes (EPNs):
Heterorhabditis bacteriophora Poinar RS88 and Steinernema riobrave Cabanillas, Poinar, & Raulston RS59 (Rhabditida: Heterorhabditidae, Steinernematidae)
	Brazil
	Barbosa-Negrisoli et al., 2009

	
	5. Entomopathogenic nematodes of the genera Oscheius
	Brazil
	Foelkel et al., 2017

	
	6. Entomopathogenic nematode: three isolates of Heterorhabditis amazonensis IBCB 24, Steinernema carpocapsae IBCB 02 and Steinernema feltiae IBCB 47
	Brazil
	Chaneiko et al., 2021

	Caribbean fruit fly (Caribfly)
Anastrepha suspensa (Loew, 1862)

	Twelve entomopathogenic nematode (EPN) species or isolates: Steinernema riobrave, S carpocapsae, S glasseri-group, S glasseri, S rarum, S feltiae, S diaprepesi, Heterorhabditis indica (Isolate Bartow FL), H indica (Isolate Homestead FL), H zealandica, H floridensis, H bacteriophora
	Florida
	Heve et al., 2017

	West Indian fruit fly Anastrepha obliqua 
(McQuart, 1835)

	1. Parasitoid wasp:
Utetes anastrephae (Viereck, 1913) (Hymenoptera: Braconidae)
	Mexico
	Estrada-Marroquín et al., 2023

	
	2. Parasitoid wasp:
Diachasmimorpha longicaudata (Ashmead, 1905) (Hymenoptera: Braconidae: Opiinae) 
	Mexico
	Montoya et al., 2000, 2016; Heriberto et al., 2017

	
	3. Parasitoid wasp:
Doryctobracon areolatus (Szépligeti,1911) (Hymenoptera: Braconidae: Opiinae)
	Mexico
	Montoya et al., 2016

	Mexican fruit fly Anastrepha ludens (Loew, 1873)

	1. Parasitoid wasp:
Utetes anastrephae (Viereck, 1913) (Hymenoptera: Braconidae)
	Mexico
	Estrada-Marroquín et al., 2023, Aluja et al., 2013

	
	2. Parasitoid wasp:
Diachasmimorpha longicaudata (Ashmead, 1905) (Hymenoptera: Braconidae: Opiinae) 
	Mexico
	Montoya et al., 2000, 2016; Heriberto et al., 2017; Cancino et al., 2023

	
	3. Parasitoid wasp:
Doryctobracon areolatus (Szépligeti,1911) (Hymenoptera: Braconidae: Opiinae)
	Mexico
	Montoya et al., 2016; Aluja et al., 2013

	
	4. Parasitoid wasp:
Larvae exposed to Diachasmimorpha longicaudata (Ashmead, 1905) (Hymenoptera: Braconidae: Opiinae) and sequentially exposed as pupae to Coptera haywardi (Oglobin) (Hymenoptera: Diapriidae).
	Mexico
	Cancino et al., 2014

	
	5. Steinernematid nematodes (Rhabditida: Steinernematidae) 
Steinernema carpocapsae (Weiser 1955) All strain and S. riobrave (Cabanillas, Poinar & Raulston)
	Mexico
	Lezama-Gutiérrez et al., 2006

	Guava fruit fly Anastrepha striata Schiner, 1868 
	Parasitoid wasp:
Diachasmimorpha longicaudata (Ashmead, 1905) (Hymenoptera: Braconidae: Opiinae) 
	Mexico
	Heriberto et al., 2017

	Sapote fruit fly Anastrepha serpentina (Wiedemann, 1830)
	Larvae exposed to Diachasmimorpha longicaudata (Ashmead, 1905) (Hymenoptera: Braconidae, Opiinae) and sequentially exposed as pupae to Coptera haywardi (Oglobin) (Hymenoptera: Diapriidae).
	Mexico
	Cancino et al., 2014

	Anastrepha  spp
	Parasitoid wasp:
Coptera haywardi (Ogloblin) (Hymenoptera: Diapriidae) and Pachycrepoideus vindemiae (Rondani, 1875) (Hymenoptera: Pteromalidae)
	Mexico
	Guillén et al., 2002

	Anastrepha spp.
	Parasitoid wasp:
The exotic Diachasmimorpha longicaudata (Ashmead, 1905) (Hymenoptera: Braconidae: Opiinae) and the native Doryctobracon crawfordi (Viereck, 1911)
	Mexico
	Miranda et al., 2015


Table 4. Biological control agents of Anastrepha fruit flies

3.3.2. Bactrocera, Dacus and Zeugodacus genus (Diptera: Tephritidae: Dacinae):
The genus Bactrocera Macquart is a Tephritid fly genus comprising of 651 described species distributed primarily in tropical Asia, the south Pacific and Australia (Vargas et al., 2015). Earlier, Bactrocera was considered a subgenus of Dacus until Drew proposed a classification (Drew, 1989) recognizing both taxa as genera, based upon the abdominal tergites being fused in Dacus, but not in Bactrocera. Zeugodacus and Dacus are two other genera of Tribe Dacini other than Bactrocera within the sub-family Dacinae of the Tephritidae family.
At least 50 species of genus Bactrocera are considered to be important pests, many of which are highly polyphagous. Species such as Bactrocera dorsalis (Oriental fruit fly), Bactrocera oleae (olive fly) cause widespread damage to fruit and vegetable crops. Biological control strategies for managing Bactrocera, Dacus and Zeugodacus fruit flies rely on using natural enemies and biological agents to suppress populations without the negative impacts of chemical pesticides. Table 5 and Table 6 illustrates the biological control strategies which provides long-term and sustainable control of Bactrocera and Dacus fruit flies in agriculture respectively. 


	Species name
	Biological control agent used
	Country name
	Reference

	Oriental fruit fly, 
Bactrocera dorsalis 
(Hendel, 1912)
	1. Parasitoid wasp:
Fopius arisanus (Sonan, 1932), 
Diachasmimorpha longicaudata (Ashmead, 1905), 
Fopius vandenboschi (Fullaway, 1952), 
Psyttalia incisi (Silvestri, 1916),
Diachasmimorpha tryoni (Cameron, 1911), Psyttalia fletcheri (Silvestri, 1916) 
(all of Hymenoptera: Braconidae)
	Hawaii
	Vargas et al., 2002, 2007

	
	2. Entomopathogenic fungi:
Beauveria bassiana (WG-18) (Bals.-Criv.) Vuill. and Metarhizium anisopliae (WG-02) (Metchnikoff) Sorokīn (both of Ascomycota: Hypocreales: Clavicipitaceae)
3. Entomopathogenic nematodes:
Heterorhabditis bacteriophora (VS strain) Poinar, 1976 and Steinernema carpocapsae (ALL strain) (Weiser, 1955) (both of Nematoda: Rhabditida)
	
	Wakil et al., 2022

	
	4. Entomopathogenic fungi:
All 21 isolates of Beauveria bassiana (WG-18) (Bals.-Criv.) Vuill. and Metarhizium anisopliae (WG-02) (Metchnikoff) Sorokīn (both of Ascomycota: Hypocreales: Clavicipitaceae)
	Pakistan
	Usman et al. 2021

	Bactrocera invadens 
(Drew, Tsuruta & White, 2005)
	1. Parasitoid wasp:
Diachasmimorpha longicaudata (Ashmead, 1905)
(Hymenoptera: Braconidae)
	Kenya
	Mohamed et al., 2008

	
	2. Predatory ant and parasitoid wasp:
African weaver ant Oecophylla longinoda (Latreille, 1802) (Hymenoptera: Formicidae) and egg Opiine parasitoid Fopius arisanus (Sonan, 1932) (Hymenoptera: Braconidae)
	Kenya
	Appiah et al., 2014

	
	3. Predatory ant:
African weaver ant Oecophylla longinoda (Latreille, 1802) (Hymenoptera: Formicidae)
	Southern Benin, Africa
	Van Mele et al., 2009

	
	4. Entomopathogenic fungus
Metarhizium anisopliae (Metschnik.) Sorokīn (Ascomycota: Hypocreales) 
	Kenya
	Ouna et al., 2010

	Malaysian fruit fly, 
Bactrocera latifrons 
(Hendel, 1915) 
	Parasitoid wasp:
Fopius arisanus (Sonan, 1932), 
Diachasmimorpha longicaudata (Ashmead, 1905), 
Fopius vandenboschi (Fullaway, 1952), 
Psyttalia incisi (Silvestri, 1916),
Diachasmimorpha tryoni (Cameron, 1911), and Psyttalia fletcheri (Silvestri, 1916) 
(all of Hymenoptera: Braconidae)
	Hawaii
	Vargas et al., 2002

	Olive fruit fly Bactrocera oleae (Rossi, 1790)
	1. Parasitoid wasp:
Psyttalia ponerophaga (Silvestri, 1916) and Diachasmimorpha longicaudata (Ashmead, 1905) 
(all two of Hymenoptera: Braconidae)
	locations in the Himalayan foothills (China, Nepal, India, Pakistan) 
	Bon et al., 2016

	
	2. Parasitoid wasp:
Psyttalia concolor (Szepligeti, 1910) (Hymenoptera: Braconidae) 
	Spain, California
	Miranda et al., 2008; Yokoyama et al., 2014

	
	3. Parasitoid wasp:
Muscidifurax raptorellus Kogan & Legner, 1970 (Hymenoptera: Pteromalidae) 
	Spain, Japan
	Sánchez-Ramos & González-Núñez, 2023

	
	4. Larval-pupal endoparasitoid wasp:
Aganaspis daci (Weld, 1951) (Hymenoptera: Figitidae)
	Greece
	Moraiti et al., 2020

	
	5. Entomopathogenic fungus:
Mitosporic ascomycete Metarhizium brunneum (Petch) (Ascomycota: Hypocreales: Clavicipitaceae)
	Spain
	Yousef et al., 2013

	
	6. Entomopathogenic nematodes:
Steinernema carpocapsae (Weiser, 1955) and Heterorhabditis bacteriophora Poinar, 1976 (both of Nematoda: Rhabditida)
	Italy
	Torrini et al., 2017

	Queensland fruit fly, Bactrocera tryoni
(Froggatt, 1897)
	1. Parasitoid wasp:
Diachasmimorpha tryoni (Cameron, 1911)
(Hymenoptera: Braconidae)

	Australia
	Zamek et al., 2012

	
	2. Entomopathogenic nematodes  

Steinernema feltiae (Filipjev, 1934), Steinernema carpocapsae (Weiser, 1955) and Heterorhabditis bacteriophora Poinar, 1976 
(all three of Nematoda: Rhabditida)
	Australia
	Langford et al., 2014

	Peach fruit fly, Bactrocera zonata (Saunders, 1842)
	1. Entomopathogenic fungus: 
Metarhizium anisopliae (Metchnikoff) Sorokīn (Ascomycota: Hypocreales: Clavicipitaceae)
	Mauritius
	Sookar et al., 2014

	
	2. Entomopathogenic fungi:
Beauveria bassiana (WG-18) (Bals.-Criv.) Vuill. and Metarhizium anisopliae (WG-02) (Metchnikoff) Sorokīn (both of Ascomycota: Hypocreales: Clavicipitaceae)
3. Entomopathogenic nematodes:
Heterorhabditis bacteriophora (VS strain) Poinar, 1976 and Steinernema carpocapsae (ALL strain) (Weiser, 1955) (both of Nematoda: Rhabditida)
	
	Wakil et al., 2022

	
	4. Entomopathogenic fungi:
All 21 isolates of Beauveria bassiana (WG-18) (Bals.-Criv.) Vuill. and Metarhizium anisopliae (WG-02) (Metchnikoff) Sorokīn 
(both of Ascomycota: Hypocreales: Clavicipitaceae)
	Pakistan
	Usman et al., 2021

	
	5. Endoparasitoid wasp:
Aganaspis daci (Weld, 1951) (Hymenoptera: Figitidae)
	Egypt
	El-Heneidy et al., 2019

	
	6. Entomopathogenic fungi: 
Metarhizium anisopliae (WG-02) (Metchnikoff) Sorokīn, Beauveria bassiana (WG-18) (Bals.-Criv.) Vuill. and Verticillium lecanii (Zimm.)
(all three of Ascomycota: Hypocreales: Clavicipitaceae)
	Pakistan
	Murtaza et al., 2022

	
	7. Entomopathogenic nematodes:
Heterorhabditis bacteriophora Poinar, 1976 and Steinernema feltiae (Filipjev, 1934) (both of Nematoda: Rhabditida)
	Egypt
	NS Mandour et al., 2021


Table 5. Biological control agents of Bactrocera fruit flies

	Species name
	Biological control agent used
	Country name
	Reference

	Cucurbit fly, Dacus (Didacus) ciliatus Loew, 1862
	1. Entomopathogenic nematodes (EPNs) from the families Steinernematidae and Hererorhabditidae:
Heterorhabditis bacteriophora Poinar (Rhabditida: Heterorhabditidae) and a commercial strain of Steinernema carpocapsae Weiser (Rhabditida: Steinernematidae). 
	Iran
	Kamali et al., 2013

	
	2. Parasitoid wasp:
Psyttalia phaeostigma (Wilkinson, 1927) (Hymenoptera: Braconidae)
	The Republic of Benin
	Layodé et al., 2020

	Dacus (Dacus) bivittatus 
(Bigot, 1858), Dacus (Dacus) punctatifrons Karsch, 1887, Dacus (Didacus) vertebratus Bezzi, 1908
	Parasitoid wasp:
Psyttalia phaeostigma (Wilkinson, 1927) (Hymenoptera: Braconidae)
	The Republic of Benin
	Layodé et al., 2020


Table 6. Biological control agents of Dacus fruit flies

[bookmark: _Hlk162726352][bookmark: _Hlk162727960]Zeugodacus cucurbitae was originally described as Dacus cucurbitae by Coquillett (1899). Its systematic position has revised several times further and the available literature mostly refers to it by its former nomenclature, Bactrocera (Zeugodacus) cucurbitae. The classification has changed recently (Virgilio et al., 2015) and the new generic combination Zeugodacus (Zeugodacus) cucurbitae is being used for the melon fly and Zeugodacus (Zeugodacus) tau is used for the pumpkin fruit fly. Table 7 illustrates the biological control methods for sustainable control of Zeugodacus fruit flies.

	Species name
	Biological control agent used
	Country name
	Reference

	Melon fly Zeugodacus (Zeugodacus) cucurbitae 
(Coquillett, 1899)
	1. Parasitoid wasp:
Psyttalia phaeostigma (Wilkinson, 1927) (Hymenoptera: Braconidae)
	The Republic of Benin
	Layodé et al., 2020

	
	2. Parasitoid wasp:
Fopius arisanus (Sonan, 1932), 
Diachasmimorpha longicaudata (Ashmead, 1905), 
Fopius vandenboschi (Fullaway, 1952), 
Psyttalia incisi (Silvestri, 1916),
Diachasmimorpha tryoni (Cameron, 1911), and Psyttalia fletcheri (Silvestri, 1916) 
(all six of Hymenoptera: Braconidae)
	Hawaii
	Vargas et al., 2002

	
	3. Entomopathogenic fungus: 
Metarhizium anisopliae (Metchnikoff) Sorokīn (Ascomycota: Hypocreales: Clavicipitaceae)
	Mauritius
	Sookar et al., 2014

	
	4. Entomopathogenic fungi: 
Different isolates of Metarhizium anisopliae (Metchnikoff) and Beauveria bassiana (Balsamo-Crivelli) (both of Ascomycota: Hypocreales: Clavicipitaceae)
	Republic of Benin
	Hintènou et al., 2023

	Pumpkin fruit fly Zeugodacus (Zeugodacus) tau (Walker, 1849)
	1. Entomopathogenic fungi: 
MZ041024 strain of Verticillium lecanii (Zimm.) Spatafora, Kepler & B. Shrestha (Ascomycota: Hypocreales: Cordycipitaceae) and XD0104015 strain of Beauveria bassiana  
(Ascomycota: Hypocreales: Clavicipitaceae)
	China
	Hintènou et al., 2023

	
	2. koinobiont endoparasitoid: 
Diachasmimorpha anshunensis 
	China
	Liu & Ji, 2024

	
	3. Parasitoid wasp:
Spalangia endius Walker, 1839 (Hymenoptera: Pteromalidae)
	China
	Liu et al., 2016


Table 7. Biological control agents of Zeugodacus fruit flies

3.3.3. Ceratitis genus (Diptera: Tephritidae: Dacinae):
The Afrotropical fruit fly genus Ceratitis MacLeay is an economically important group that comprises of around 100 species (De Meyer, 2016), subdivided into six subgenera.  The most destructive global pest of the genus is Ceratitis (Ceratitis) capitata (Wiedemann, 1824) that affects over 400 varieties of plant hosts and survive in tropical, subtropical and temperate environments. Native to eastern sub-Saharan Africa, C. capitata has invaded other regions of Africa, Hawaii, South America, Central America, Australia and Mediterranean countries. Species like Ceratitis (Ceratalaspis) cosyra (Walker, 1849), Ceratitis (Pterandrus) fasciventris (Bezzi, 1920), Ceratitis (Pterandrus) anonae Graham, 1908, Ceratitis (Pterandrus) rosa Karsch,1887 are also of major economic importance. Parasitoid wasps like Fopius arisanus, Diachasmimorpha longicaudata, entomopathogenic fungi and nematodes attack fruit fly larvae or pupae, laying their eggs inside the host, and eventually killing the developing fruit fly. Other than parasitoids, predators like ants and spiders are also effective biological control agents used against economically important pest species.of Ceratitis genus, that offer a sustainable and eco-friendly alternative to chemical control. The biological control strategies of Ceratitis genus have been discussed in Table 8.

	Species name
	Biological control agent used
	Country name
	Reference

	Mediterranean fruit fly (Medfly) 
Ceratitis (Ceratitis) capitata (Wiedemann, 1824)
	1. Parasitoid wasp:
Fopius arisanus (Sonan, 1932)
(Hymenoptera: Braconidae)
	Hawaii
	Vargas et al., 2001

	
	2. Parasitoid wasp:
Fopius arisanus (Sonan, 1932), 
Fopius ceratitivorus (Wharton, 1999), 
Diachasmimorpha kraussii (Fullaway, 1951) 
(all three of Hymenoptera: Braconidae)
	Israel
	Argov et al., 2011

	
	3. Koinobiont larval-pupal endoparasitoid wasp:
Psyttalia concolor (Szepligeti, 1910) (Hymenoptera: Braconidae) 
	Italy
	Benelli et al., 2013

	
	4. Koinobiont larval-prepupal endoparasitoid wasp:
Diachasmimorpha longicaudata (Ashmead, 1905) (Hymenoptera: Braconidae)

	Argentina, Kenya, Brazil
	Ovruski et al., 2007, Mohamed et al., 2008, Segura et al., 2012; Buonocore Biancheri et al., 2022; Paranhos et al., 2007

	
	5. Larval-pupal endoparasitoid wasp:
Aganaspis pelleranoi (Brèthes, 1924) and Aganaspis daci (Weld, 1951) 
(both of Hymenoptera: Figitidae)
	Spain, Syria
	Tormos et al., 2013; Ali et al., 2016

	
	6. Parasitoid wasp:
Spalangia cameroni Perkins 1910 and Pachycrepoideus vindemmiae (Rondani, 1875) (both of Hymenoptera: Pteromalidae)
	Spain
	Tormos et al., 2009 a and b

	
	7. Parasitoid wasp:
Coptera haywardi (Ogloblin) (Hymenoptera: Diapriidae)
	Guatemala
	Baeza-Larios et al., 2002

	
	8. seven strains of entomopathogenic fungi:
a. Metarhizium anisopliae 
b. strain CG-260 of Paecilomyces fumosoroseus 
c. strain CECT-2705 of Paecilomyces fumosoroseus 
d. Aspergillus ochraceus
e. Beauveria bassiana
f. Verticillium lecanii
g. Penicillium chrysogenum
	Spain
	Castillo et al., 2000

	
	9. Entomopathogenic fungi:
Three formulations of Beauveria bassiana (Balsamo) Vuillemin (Hypocreales) – Bb-ET, GHA, and Bb-AES 
(Ascomycota: Hypocreales: Clavicipitaceae)
	Guatemala
	Toledo et al., 2017

	
	10. Entomopathogenic fungi:
Metarhizium brunneum (Petch) strain EAMb 09/01-Su and its crude extract 
(Ascomycota: Hypocreales)
	Spain
	Yousef et al. 2014

	
	11. Entomopathogenic nematodes:
Heterorhabditis bacteriophora Poinar, 1976, Heterorhabditis zealandica Poinar, 1990 and Steinernema khoisanae Nguyen, Malan & Gozel, 2006 (all three of Nematoda: Rhabditida)
	South Africa
	Malan & Manrakhan, 2009

	
	12. Parasitoid wasp:
Fopius arisanus (Sonan, 1932), 
Diachasmimorpha longicaudata (Ashmead, 1905), 
Fopius vandenboschi (Fullaway, 1952), 
Psyttalia incisi (Silvestri, 1916),
Diachasmimorpha tryoni (Cameron, 1911), and Psyttalia fletcheri (Silvestri, 1916) 
(all of Hymenoptera: Braconidae)
	Hawaii
	Vargas et al., 2002

	
	13. 5 species of 2 Hymenoptera families: Parasitoid wasp:
Aganaspis pelleranoi (Brèthes, 1924) (Hymenoptera: Figitidae: Eucoilinae) and 
Doryctobracon areolatus (Szépligeti, 1911), Doryctobracon brasiliensis (Szépligeti,1911), 
Utetes anastrephae (Viereck,1913), Opius bellus Gahan,1930 
(all four of Hymenoptera: Braconidae, Opiinae)
	Argentina
	Ovruski et al., 2004

	Ceratitis (Ceratalaspis) cosyra 
(Walker, 1849)
	1. Koinobiont larval-prepupal endoparasitoid wasp:
Diachasmimorpha longicaudata (Ashmead, 1905) (Hymenoptera: Braconidae)
	 Kenya
	Mohamed et al., 2008

	
	2. Parasitoid wasp:
Psyttalia phaeostigma (Wilkinson, 1927) (Hymenoptera: Braconidae)
	The Republic of Benin
	Layodé et al., 2020

	
	3. Predatory ant:
African weaver ant Oecophylla longinoda (Latreille, 1802) (Hymenoptera: Formicidae)
	Southern Benin, Africa
	Van Mele et al., 2009

	Ceratitis (Pterandrus) 
rosa 
Karsch,1887
	1. Koinobiont larval-prepupal endoparasitoid wasp:
Diachasmimorpha longicaudata (Ashmead, 1905) (Hymenoptera: Braconidae)
	 Kenya
	Mohamed et al., 2008

	
	2. Entomopathogenic nematodes:
Heterorhabditis bacteriophora Poinar, 1976, Heterorhabditis zealandica Poinar, 1990 and Steinernema khoisanae Nguyen, Malan & Gozel, 2006 (all three of Nematoda: Rhabditida)
	South Africa
	Malan & Manrakhan, 2009

	Ceratitis (Pterandrus) fasciventris (Bezzi, 1920)
	1. Koinobiont larval-prepupal endoparasitoid wasp:
Diachasmimorpha longicaudata (Ashmead, 1905) (Hymenoptera: Braconidae)
	 Kenya
	Mohamed et al., 2008

	Ceratitis (Pterandrus) anonae 
Graham, 1908
	1. Koinobiont larval-prepupal endoparasitoid wasp:
Diachasmimorpha longicaudata (Ashmead, 1905) (Hymenoptera: Braconidae)
	 Kenya
	Mohamed et al., 2008


Table 8. Biological control agents of Ceratitis fruit flies

3.3.4. Rhagoletis genus (Diptera: Tephritidae: Trypetinae):
Fruit flies of the genus Rhagoletis Loew contains about 60 species throughout the world and are major agricultural insect pests, responsible for significant economic damage in orchards, especially of apples, blueberries, cherries etc. Species with major economic importance are Rhagoletis completa Cresson, 1929 (walnut husk fly), Rhagoletis pomonella (Walsh, 1867) (apple maggot fly), Rhagoletis indifferens Curran 1932 (western cherry fruit fly), Rhagoletis cerasi (Linnaeus, 1758) (European cherry fruit fly) etc. Parasitoids, particularly certain species of braconid wasps and entomopathogenic nematodes are used as biological control agents to target Rhagoletis larvae and soil-dwelling pupae respectively. Table 9 illustrates the strategies for biological control of Rhagoletis fruit flies.

	Species name
	Biological control agent used
	Country name
	Reference

	Western cherry fruit fly Rhagoletis indifferens Curran 1932
	1. Parasitoid wasp:
Uteles tabellariae (Fischer) and Diachasma muliebre (Muesebeck, 1956)
(Hymenoptera: Braconidae)
	Western North America
	Yee et al., 2021

	European cherry fruit fly
Rhagoletis cerasi (Linnaeus, 1758) 
	1. Entomopathogenic fungi:
Beauveria bassiana (Balsamo), 
Metarhizium anisopliae (Metschnikoff), 
Isaria farinosa (=Paecilomyces farinosus) (Dicks) Isaria fumosorosea (=P. fumosoroseus) (Wize) 
(all four of Ascomycota: Hypocreales)
Two commercial fungus isolates from the products Naturalis-L (Intrachem Bio Italia S.p.A., Grassobbio (BG), Italy) and 
PreFeRal WG (Biobest N.V., Westerlo, Belgium)
	Switzerland
	Daniel & Wyss, 2009; 2010

	
	2. Entomopathogenic nematodes:
Steinernema carpocapsae (Weiser, 1955) (Anamur isolate), Steinernema feltiae (Filipjev, 1934) (Rize isolate), Heterorhabditis bacteriophora Poinar, 1976 (Ekecik isolate) and Heterorhabditis marelatus Liu & Berry, 1996 (Ankara isolate),
(all four of Nematoda: Rhabditida)
	Turkey
	Kepenecki et al., 2015

	Apple maggot fly
Rhagoletis pomonella (Walsh, 1867) 
	Entomopathogenic nematodes:
Steinernema carpocapsae (ALL strain) (Weiser, 1955)
Steinernema feltiae (Filipjev, 1934) (SN strain), 
Steinernema riobrave Cabanillas, Poinar & Raulston, 1994 (355 strain), 
Steinernema glaseri (Steiner, 1929) (VS strain), 
Heterorhabditis bacteriophora Poinar, 1976 (VS strain), 
Heterorhabditis indica Poinar, Karunakar & David, 1992 (HOM1 strain) and 
Heterorhabditis megidis Poinar, Jackson & Klein, 1987 (UK211 strain)
(all seven of Nematoda: Rhabditida)
	USA
	Usman et al., 2020

	Rhagoletis tabellaria (Fitch, 1855)
	Parasitoid wasp:
Uteles tabellariae (Fischer) and Diachasma muliebre (Muesebeck, 1956)
(Hymenoptera: Braconidae)
	Western North America
	Yee et al., 2021



Table 9. Biological control agents of Rhagoletis fruit flies

3.4. Biological control methods of Tephritidae in India
India is the largest producer of tropical and subtropical fruits and vegetables in the world. However, fruit flies cause huge economic loss to fruits and vegetables, ranging from 2.5 – 100% depending upon the crop and season (Verghese et al., 2002) and hence have been identified as one of the ten most serious problems of horticulture. Indian research on Tephritids is mostly restricted to studies on seasonal abundance (Nair et al., 2021; Vignesh et al., 2020), spatial distribution (Satarkar et al., 2009), spatio-temporal variations (Choudhary et al., 2021), peak incidence of fruit flies based on weather parameters (Begam et al., 2021; Chongloi et al., 2022), annual population dynamics (Math et al., 2018; Pramanik et al., 2022), development of targeted pest management strategies (Mitra et al., 2025) etc. There are very limited studies on biological control strategies of Tephritids from India. Application of entomopathogenic fungi (Beauveria bassiana and Metarhizium anisopliae) were analysed for control of Bactrocera dorsalis (Hendel) (Elbashir, 2013). Entomopathogenic fungus Paecilomyces lilacinus and entomopathogenic nematode Heterorhabditis indica were used in the control of Melon fruit fly, Zeugodacus (Zeugodacus) cucurbitae (Coquillett, 1899) in Kerala (Amala et al., 2013; Borgia et al., 2017). A very recent study from Tamil Nadu has evaluated the efficacy of nine indigenous Bacillus thuringiensis (Bt) Berliner (bacteria) isolates to Zeugodacus (Zeugodacus) cucurbitae (Sharmitha et al., 2024). Research on formulating bacteria-based control measures for tephritid flies can offer an eco-friendly alternative to chemical insecticides. 
Although research on the biological control of tephritid flies in India is currently limited, further studies like integration of biological control strategies with other environmentally friendly methods (such as pheromone traps, sterile insect technique etc) will enhance the effectiveness of biological control while minimizing the reliance on chemical insecticides. Future research on region-specific biological control agents in different agro-ecological zones of India will ensure sustainable agriculture, providing long-term solutions to fruit fly infestations.


4. Discussion:

The increasing prevalence of Tephritid fruit flies poses a significant threat to global agricultural sustainability, jeopardizing the food security and economic stability in many regions. Traditional pest management practices often rely on chemical pesticides and raise concerns about the environmental degradation and impacts on non-target species. In response to these challenges, this comprehensive review explores the biological control strategies as a viable alternative for managing the nuisance caused by Tephritid fruit flies. By using natural enemies - such as parasitoids and predators, this approach targets pest populations with high specificity while promoting ecological balance and long-term agricultural viability. It is essential to complement biological control with additional measures for advancement of agricultural sustainability. These not only include enhancing farmer education and training on integrated pest management, but also investing in research to better understand local ecosystems and promoting community engagement. So, if the dependency on chemical insecticides and pesticides is to be reduced, developing supportive policies that encourage sustainable practices and providing financial incentives to farmers will be crucial for promoting adoption of biological control methods.
Despite successes, biological control of Tephritid fruit flies face challenges too. Producing large numbers of high-quality natural enemies consistently and cost-effectively remains a hurdle, especially for parasitoids (Heve et al., 2017). The efficacy of agents like EPFs and EPNs can be highly dependent on environmental conditions like temperature, humidity, UV, soil type etc (Piovesan et al., 2023; Barbosa-Negrisoli et al., 2009). Introduction of biological control agents carry a level of risk that other control methods do not carry, the reason is that the agents are alive; they can disperse far from the areas where they are intended to control pests and they can evolve to use new plant or host species. However, it is important to remember that the negative consequences do not imply that the net effect of BCAs are negative. Balancing negative effects against the positive effects of biological control is required to make a determination about the net effect of the program. Hence, an important component is the comprehensive risk assessment process before introduction of biological control agents.

Conclusion
This review advocates for a paradigm shift towards environment-friendly pest management practices, emphasizing the importance of integrating biological control into broader agricultural systems. By prioritizing sustainability and combining these approaches with community involvement and policy support, both crop health and biodiversity can be safeguarded, ensuring an impressive agricultural future in the face of escalating pest pressures. The continued exploration, evaluation and implementation of biological control are paramount for ensuring food security and environmental sustainability in the face of the persistent threat posed by these notorious pests. The future of Tephritid fruit fly management undoubtedly lies in a holistic, ecologically-based approach where biological control plays a central and expanding role. By prioritizing biological control and integrating it into broader agricultural systems, we can advance towards a more sustainable future, cultivate healthier crops, preserve our ecosystems and ensure a resilient agricultural landscape for generations to come.
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Figure 1. Effective biological control methods against Tephritid fruit flies
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