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Abstract  22 

 With increasing worldwide pressure on bee pollinator populations and an increase in 23 

insecticide resistance amongst pest insects, there is a growing need for diversification of 24 

pollinator and pest control systems. Syrphid flies (Diptera: Syrphidae) contribute ecosystem 25 

services to agroecosystems through their supporting roles as crop pollinators and predators 26 

of pests. Adult syrphids are important pollinators with high floral visitation rates and pollen 27 

carrying capacity, while predatory syrphid larvae are natural biological control agents, 28 

reducing aphid populations in both field and laboratory conditions. The present challenge is 29 

to determine whether syrphid flies have the potential for application as pollinators and in 30 

integrated pest management (IPM) schemes as biological control agents. Currently, there 31 

are gaps in research that are hindering the use of syrphids as dual service providers. Such 32 

gaps include a lack of knowledge of syrphid floral preferences, the role and viability of adult 33 

syrphids as pollinators in natural and agro-ecological pollinator networks, and the predatory 34 

efficiency of larvae in field and greenhouse conditions. By reviewing relevant literature, we 35 

demonstrate syrphids flies have the potential to be used as pollinators and biological control 36 

agents.  37 

 38 
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1) INTRODUCTION  39 

Pollination and pest control are two critical services provided by insects in natural and 40 

agricultural ecosystems. In 2012, crop pollination specifically performed by insects was 41 

estimated to produce USD$361 billion worldwide.1 However, there is considerable doubt in 42 

regards to the precision of these figures.2 Regardless of economic value, approximately 35% 43 

of crops depend upon insects for some or all of their pollination needs.3 At the same time, 44 

farmers spend billions of dollars controlling insect pests in their crops; these expenditures 45 

would be at least one order of magnitude higher if natural enemies did not keep pests 46 

below economically damaging thresholds.4  47 

Despite the massive economic value of insect pollination and natural enemies, there is 48 

increasing evidence that insect populations, including critical agricultural pollinators such as 49 

wild bees, are declining worldwide.5 The reduction of insect populations and the critical 50 

services they provide are often attributed to agrarian intensification, agrochemical 51 

pollutants, landscape fragmentation and climate change.5 52 

It is vital to understand and maintain the ecosystem services that insects provide, and to 53 

promote the growing need to replace insecticides with natural enemies and parasitoids. 54 

Traditionally, research has focused on species that excel at the provision of a single service 55 

(e.g. honeybees for pollination or parasitoid wasps for pest control). While this approach is 56 

useful, it may be more efficient to investigate species capable of simultaneously rendering 57 

multiple services. Syrphid flies (Syrphidae: Diptera) are among the better-known dual 58 

service providers.6  59 

Syrphids, commonly known as hoverflies or flower flies, make up one of the largest families 60 

of true flies. The family has 6674 species in 284 genera, with most species distributed in the 61 
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Neotropical, Nearctic and Palaeotropical regions of the world.7 The distribution of syrphids 62 

is global with the exception of Antarctica and some remote oceanic islands.8 Adults of most 63 

species of syrphids are flower visitors, where they feed on pollen, nectar, or both.9 Several 64 

of these flower-visiting dipterans are recognised as essential pollinators in natural and 65 

agricultural systems.10, 11 Syrphid larvae, however, are predatory in their feeding behaviour. 66 

The larvae of three of the four Syrphidae subfamilies– Syrphinae, Pipizinae and Eristalinae 67 

(Eristalinae to a lesser extent)– are important predators of aphids (Aphidoidea), and other 68 

soft-bodied arthropods including thrips (Thysanoptera) and caterpillars (Lepidoptera) 69 

(Figure 1).6 70 

The predatory nature of syrphid larvae has encouraged investigation into the potential for 71 

syrphids to be used as a part of an integrated pest management (IPM) regime. IPM regimes 72 

aim to integrate numerous pest management strategies to reduce pesticide use and pest 73 

damage. A main component of IPM is using biological control, which entails the promotion 74 

of natural enemies (I.e syrphid larvae) to predate or parasitise pests (I.e. aphids). While 75 

biological control will not achieve total suppression of the pest in question, the main goal is 76 

to reduce pest damage to below the economic injury threshold. 12 77 

In this review, we discuss the strengths, weaknesses and potential of using syrphids to 78 

provide both pollination and biological control services as part of an integrated IPM scheme. 79 

We also identify research gaps and make suggestions for future studies.80 
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2) LARVAL SYRPHIDS AS BIOLOGICAL CONTROL AGENTS  81 

One sustainable solution for the pest management crisis is to use natural enemies as 82 

biological control agents. Natural enemies are capable of coevolving with the pest and can 83 

respond effectively to pest population dynamics.6 For example, in US agricultural systems, 84 

naturally occurring insect predators and parasitoids provide an estimated USD$4.5 billion of 85 

pest management services each year,4 through reductions in crop loss and savings from 86 

reduced insecticide use. 87 

Predatory syrphid larvae are potential candidates for the biological control of pests such as 88 

aphids and whiteflies. Aphids cause significant economic damage to the world’s food 89 

production industries13 and are a difficult pest to manage because they occur at high 90 

densities and have rapid generation rates.14 Aphid colonies are temporary, and their 91 

locations can be unpredictable, which makes them difficult for generalist predators to find.14  92 

One-third of all syrphid species have aphidophagous (aphid predating) larvae, and several of 93 

these species’ adults have specialised aphid-finding adaptations (such as identifying prey 94 

pheromones), and as such make aphidophagous syrphids potential biological control agents 95 

for aphids in agricultural systems.15, 16  96 

For a predator to be an active biological control agent, it should be suitable for the 97 

particular environment and be able to control its prey population size (thus limiting plant 98 

injury).17 The functional response defines the voracity and rate at which predators attack 99 

prey; this is a decisive factor in predator-prey population dynamics.18 Factors such as 100 

temperature, competition, prey availability and syrphid developmental stage influence the 101 

functional response of syrphid larvae.19102 
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a) FACTORS INFLUENCING THE PERFORMANCE AND VORACITY OF SYRPHIDS 103 

i) Performance under laboratory conditions 104 

Life stage and aphid density drive the voracity of aphidophagous syrphid larvae. In general, 105 

the third larval stage –third instar– is the most voracious. 15, 18 Larval voracity also increases 106 

with aphid density, which is a useful feature as it might allow syrphid larvae to match prey 107 

consumption rates to changes in aphid population density. 20 Under laboratory conditions 108 

mimicking the short cropping cycle of a lettuce crop, several syrphid species native to the 109 

United States were found to consume between 132 – 502 lettuce aphids (Nasonovia 110 

ribisnigri),
 with a daily maximum of 168 lettuce aphids being consumed per day by Eupeodes 111 

fumipennis. 21 112 

Temperature influences the aphid-consumption rate of syrphid larvae with optimal aphid 113 

predation occurring between 15 and 20°C.17 The effect of temperature is species-specific, 114 

explaining the range of optimal temperature. The voracity of two species, Melangyna 115 

viridiceps and Symosyrphus grandicornis, increased with temperatures up to 20°C; once at 116 

this temperature, third instar larvae only consumed up to 80% of the total. However, 117 

Melangyna viridiceps consumed more aphids than Symosyrphus grandicornis at 10 and 118 

15°C. Larval development time was shorter at temperatures over 23°C, so overall, larvae 119 

reared at higher temperatures consumed fewer aphids than larvae reared at a lower 120 

temperature.17, 22 These seemingly contradictory results highlight the necessity of 121 

considering the effect of environmental variables overall larval period. Understanding the 122 

effect of temperature on predatory efficiency is crucial to the effective deployment of 123 

syrphids in a range of crop environments.  124 

  125 
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ii) Performance under field conditions 126 

Despite encouraging laboratory results, few field and greenhouse studies have 127 

demonstrated a direct reduction of aphid numbers as a result of syrphid predation.23 128 

Instead, most studies use the presence of syrphid eggs or adults as a proxy for predation20, 24 129 

under the assumption that a higher density of syrphids necessarily results in lower pest 130 

numbers. Of more concern, several studies have found that the number of syrphids in a field 131 

is too low or too variable to reduce pest numbers effectively.25-28 Given their efficacy under 132 

laboratory conditions, why have in-crop studies generally failed to find evidence of aphid 133 

suppression by syrphids? 134 

One possible explanation for the lack of evidence of syrphid larval efficacy under field 135 

conditions stems from the fact that syrphids are rarely the only predators within a system. 136 

Competition between predators can powerfully affect their ability to control insect pests if 137 

one predator feeds on another, a phenomenon known as intraguild predation or 138 

hyperparasitism. Asian lady beetles (Harmonia axyridis) and mirid bugs (Macrolophus 139 

caliginosus) are two examples of predators within the aphidophagous guild. Adults and 140 

larvae of H. axyridis predate on Episyrphus balteatus larvae even when the extraguild prey 141 

Acyrthosiphon pisum is present in the system.29 Adult mirids, (Macrolophus caliginosus), 142 

predated 100% of the eggs of the syrphids Sphaerophoria rueppellii, Sphaerophoria scripta, 143 

and Episyrphus balteatus upon 48 h of exposure on Mediterranean vegetable crops.30  144 

The presence of ants also reduces the predatory performance of syrphid larvae and reduces 145 

oviposition by syrphid females.31 As a result, the presence of lady beetles, mirids, ants or 146 

other predators will most likely lower the efficiency of aphidophagous hoverflies in 147 

controlling aphids.31 148 
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Adult syrphid females may have behavioural strategies that can reduce the risk of intraguild 149 

predation. Females avoid laying eggs close to the eggs of other syrphids, mummified aphids 150 

or other aphid predators.15, 21 For example, the probability of finding Parasyrphus syrphid 151 

eggs declined as the densities of two predatory mirid larvae increased.32 It should be noted, 152 

however, that this decrease can also be attributed to mirid larvae eating the eggs of 153 

syrphids.32  154 

Even though some predators inhibit each other’s performance, other predator combinations 155 

can have an additive effect, reducing populations more drastically when occurring together.  156 

For example, the syrphid Episyrphus balteatus reduces rose apple aphid (Dysaphis 157 

plantaginea) populations more when used in combination with the common earwig 158 

(Forficula auricularia) .15 Unfortunately, relatively few experimental studies study the impact 159 

of syrphids when combined with other biocontrol agents. More laboratory and field 160 

experiments are needed to assess which combination of aphid-predators are most efficient 161 

for controlling aphid infestation in different plants.  162 

To some extent, adult female syrphids optimise the number and quality of their offspring by 163 

carefully choosing the best larval environments. Gravid females use their mouthparts to 164 

detect the presence of honeydew,33 and prefer to oviposit on sites with higher aphid 165 

density21, 26 and lay fewer eggs on plants lacking aphids.34 From an IPM perspective, this is a 166 

useful characteristic as it allows females to minimise the impact of suboptimal larval 167 

microhabitats within crops. 168 

Adult female syrphids are skilled decision-makers using factors such as the nutritional value 169 

and density of the aphids present, the predation risk associated with the site, competitive 170 
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pressure from other aphid predators and quality of the host plant to determine the quality 171 

of oviposition site in regards to optimum offspring survival.35  172 

The decision-making ability of syrphids has largely been determined through both field and 173 

laboratory studies where syrphid species are exposed to a range of potential oviposition 174 

stimuli to establish oviposition preferences and triggers. For instance, the presence and 175 

absence of aphids (Aphis fabae Scop.) on potted bean plants (Vicia faba L.), was used to test 176 

aphid colony presence as an oviposition stimulus for a variety of syrphid species. 36All but 177 

one species of syrphid showed no effective response (i.e chose not to oviposit) to plants 178 

uninfested with aphids. Moreover, syrphids were not deterred from ovipositing on suitable 179 

plants infested with aphids in the presence of other syrphid eggs, syrphid larvae or larval gut 180 

contents.36 181 

The fact that syrphids typically occur at low population densities is another potential reason 182 

for the lack of aphid suppression in field studies. A shortage of the nectar and pollen 183 

required for adult nutrition is a possible constraint.37 Adult syrphids use nectar as an energy 184 

source and rely on pollen to complete their reproductive cycle.6 Given the importance of 185 

flowers for syrphid maintenance and reproduction, inadequate floral resources –for adults– 186 

or alternative prey –for larvae– could explain low syrphid population numbers in the wild. 187 

Supplying extra floral resources or artificial diets (i.e sugar water) to attract adult syrphids to 188 

an area is a possible solution that requires more research.27, 38 189 

Recent field studies have focused on attracting syrphid adults into crops by planting floral 190 

resources20, 39. Flowers such as buckwheat (Fagopyrum esculentum), cornflower (Centaurea 191 

cyanus), alyssum (Lobularia maritima), coriander (Coriandrum sativum), and mint (Mentha 192 

spicata) are attractive to syrphid adults.20, 24, 37 However, syrphid fecundity, larval density 193 
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and aphid suppression were not affected when additional floral resources were grown on 194 

land adjacent to the cropped lands.20, 24 This may be because of the differing dietary needs 195 

of adult and larval syrphids that complicates attempts to provide a syrphid-promoting 196 

habitat.  197 

Adult female’s syrphids will make a decision to oviposit in an area more suitable for the 198 

larvae over her own requirement or desire for floral resources (nectar and pollen) such that 199 

aphid population and density rather than floral resources available and attractive to adult 200 

females directly affect ovipositional choice and subsequent syrphid larval density. 20, 24 As 201 

such, if the goal is to incorporate extra floral resources to encourage adult females to 202 

oviposit, and thus benefit from the predatory larvae, then planting extra floral resources is 203 

likely not the best method. However, it would still be useful to have floral resources in 204 

surrounding habitats that are attractive to adult syrphids to encourage their presence 205 

throughout the landscape.40  206 

While adding floral resources does not seem to influence syrphid fecundity, larval density or 207 

aphid suppression, the presence of naturally occurring resources can influence 208 

aphidophagous syrphids in the area. Surrounding landscape features such as forests, floral 209 

resource availability or landscape fragmentation can influence populations of 210 

aphidophagous syrphids in the area40.  Focus has often been on the effect of landscape 211 

changes aphidophagous syrphid species, due to their role in agricultural systems. Floral 212 

density over a landscape radius of between 500 and 1000 metres positively influences 213 

abundance of aphidophagous syrphids.40, 41 But an increase in flower numbers does not 214 

translate into an increased number of eggs.6 These studies suggest that attempts to increase 215 

syrphid numbers in crops need to consider both larval and adult habitat preferences.  216 
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Syrphid larvae have shown great potential as aphid control agents under laboratory 217 

conditions, but several knowledge gaps remain. In particular, research on intraguild 218 

predation, syrphid dispersal and the habitat requirements of larvae and adults are needed 219 

to improve the efficacy of pest suppression under field conditions.  220 

3) ADULT SYRPHIDS AS POLLINATORS 221 

a) POLLINATION ABILITY AND EFFICACY 222 

We reviewed papers in which species of plants visited by syrphid flies were reported 10, 43, 52, 223 

53, 56, 58, 59, 69-77 and found records of syrphid visits on plants from 36 families (Figures S1 and 224 

S2). Both aphidophagous and non-aphidophagous syrphid species are typically classified as 225 

generalist flower visitors (i.e. visiting a wide range of plant species ).12 Syrphids in the genera 226 

Eupeodes, Sphareophoria, Syrphus, Eristalis and Episyrphus visited at least 40 different 227 

species of plants, from not less than 15 families (Figures S1 and S2). Although these five 228 

genera seem to be more generalist than many other species, this could be an artefact of the 229 

other species being studied less frequently, being less pervasive, or to differences in the 230 

scope of the reviewed studies.  231 

While syrphids are known to visit a broad range of plants, including many crop species, 232 

visitation alone is not sufficient to guarantee adequate pollination.42 Three key components 233 

determine the pollinating ability of an insect: the number of pollen grains the insect can 234 

transport, the insect’s visitation rate and the frequency of pollen deposition on the stigma 235 

of the flowers of interest. 43, 44  236 

Bees can carry more pollen than syrphid flies, due to morphological traits such as hairiness 237 

and size. 45, 46 Despite these morphological limitations, some syrphid species can carry 238 

relatively high numbers of pollen grains, 46 and be as effective pollinators as other insects 239 
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such as wild bees and honey bees.11, 44, 45 For example, the syrphid species Eristalis tenax 240 

was as likely as honey bees to touch the stigmatic surfaces when attending flowers of 241 

Brassica rapa var. chinensis, and both insects deposited a similar amount of pollen on the 242 

stigmas of virgin flowers.44 However, the higher abundance of honey bees resulted in them 243 

being the more effective pollinator overall.44 244 

Syrphids might be reducing interspecific competition by avoiding flowers preferred by other 245 

species, as revealed by using DNA metabarcoding.47 The pollen transport networks of the 11 246 

species across five genera were more generalised in their structure than specialised; this 247 

means that syrphid species are transporting pollen of multiple plants and individual plants 248 

are visited by multiple syrphids.47 Furthermore, although pollen loads are similar between 249 

syrphid species, pollen load composition (i.e. the main constituents of pollen loads) varies 250 

between syrphid species. Thus, syrphids may fulfil complementary roles in pollen 251 

transport.47 Complementary roles, often referred to as niche differentiation or resource 252 

partitioning, is where competing species use the environment and resources differently to 253 

successfully coexist.48  254 

For pollination to occur, the pollen deposited on the stigma of the flower must be viable. 255 

Bees often carry a higher proportion of viable pollen than syrphid flies due to bees’ 256 

morphological traits such as size, body hair and pollen carrying traits such as pollen sacks on 257 

the legs. 45 258 

The distance that a pollinator travels before landing on a suitable partner plant influences 259 

the carrying capacity of viable pollen. Some Syrphidae are able to carry viable pollen a 260 

maximum of 400 metres, while bees (Apidae and Halictidae) carry viable pollen only up to 261 

300 metres. 45 Bee species from the Apidae and Halictidae families carry more total pollen 262 
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than flies from Stratiomyidae and Syrphidae families at 200 metres; however, flies retained 263 

significantly more total pollen than bees at 100 metres. These results suggest that syrphid 264 

flies are capable of carrying pollen effectively and might outperform honeybees (Apidae) in 265 

carrying viable pollen to greater distances. Thus, having a variety of different pollinating 266 

insects with varying dispersal rates present in an agricultural setting can promote pollen 267 

movement and gene flow through the landscape. 45 268 

Though adult syrphids are usually generalist feeders, flowers differ in their attractiveness to 269 

syrphids. The main trait that drives attractiveness is pollen and nectar accessibility. Whether 270 

or not syrphids can effectively, access nectar or pollen depends on the shape of their 271 

mouthparts. Aphidophagous syrphids tend to have a short proboscis that prevents them 272 

from feeding on flowers that are tubular or have deep corollas such as broad bean (Vicia 273 

faba). 49 Syrphids with short proboscises typically show a stronger preference for plants with 274 

short corollas of less than 3mm in-depth and available (i.e easily accessible through a short 275 

corolla) nectar i.e coriander (Coriandrum Sativum). Field trials suggest that corolla length is 276 

the most important flower trait that drives syrphid abundance- even more so than flower 277 

colour.37 For example, E. balteatus and E. corollae (to a lesser extent) were more abundant 278 

in fields with high cover of flowers with open nectar and shorter corollas. 37, 39 279 

While nectar accessibility is important to syrphids, morphological features such as corolla 280 

length, floral ‘openness’ and floral shape are typically only useful to attract pollinators at 281 

close range.50 At a distance, some pollinating insects may not visually perceive the shape 282 

and form (i.e corolla length) of a flower. However, floral traits such as colour may influence 283 

attractiveness from a distance.51 284 
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Syrphids are typically attracted to yellow and white flowers but colour preference can vary 285 

between species and sexes, 52, 53 and there is limited literature available to determine 286 

preferences for the vast majority of syrphid species. Further research into flower colourings 287 

such as intensity, brightness, wavelength content and contrast has been suggested.54 288 

Additionally, more in-depth investigations into colour perception of flies are needed54. 289 

 In regards to colour vision stimuli for syrphid flies, a recent study has tested the 290 

psychophysics of the syrphid species E. tenax and concluded that syrphids can distinguish 291 

two stimuli from the same colour category (e.g., two different shades of yellow) but 292 

struggled to distinguish between blue and yellow. The fact that syrphid eyes appear tunned 293 

to distinguish shades of yellow supports other studies demonstrating that syrphids have an 294 

innate preference for yellow flowers.52, 53, 55 295 

b) SYRPHIDS AS POLLINATORS OF COMMERCIAL CROPS 296 

The effectiveness of syrphid pollination in agro-ecosystems has primarily been examined in 297 

horticultural plants in greenhouses,20, 56 with some more recent studies undertaken in field 298 

or semi-field conditions.20, 57 Controlled pollination experiments have shown that syrphids, 299 

predominantly Eristalis tenax, are useful in increasing seed production of some food crops 300 

such as onion, oilseed rape (Brassica napus), sweet pepper (Capsicum annuum), strawberry 301 

(Fragaria x ananasa), and a variety of wild plants.20, 56, 58 For example, in a greenhouse 302 

experiment, sweet pepper (Capsicum annuum) plants that were visited by E. tenax had 303 

more abundant fruit and higher seed set than the sweet pepper plants that were not visited. 304 

58 305 

In cage trials using the solitary red mason bee, Osmia rufa and two syrphid species (Eristalis 306 

tenax and Episyrphus balteatus), the yield of oilseed rape positively correlates to insect 307 
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density. Syrphids required densities approximately five-fold higher than that of the red 308 

mason bee to reach a similar fruit set and yield, possibly because hoverflies carry less pollen 309 

than mason bees.56, 59 310 

Unlike bees, syrphids are not central place foragers meaning that they do not return to a 311 

consistent nesting site after foraging. As a result, syrphids may respond to high pollinator 312 

densities by shifting from small-scale movements between neighbouring flowers to large-313 

scale dispersal activities 56. If so, then the effectiveness of adding syrphids to crops may be 314 

limited when there is an overall abundance of pollinators 24 as syrphids may respond by 315 

leaving the system. More research on syrphid dispersal is needed to address this potential 316 

shortcoming. 317 

There is increasing interest in supporting pollinators by adding floral resources between 318 

crop rows (intercropping). However, intercropping can backfire if the support plants attract 319 

pollinators away from the focal crop. For example, intercropping strawberry (the target 320 

crop) with coriander and mint under greenhouse conditions, resulted in insects 321 

preferentially visiting the coriander and mint plants at the expense of the strawberry crop.20, 322 

24 In these studies, the numbers of syrphid larvae and eggs were positively correlated to 323 

aphid abundance but did not differ by presence or absence of additional floral resources.20, 324 

24 Moreover, the marketable yield of strawberry was not increased. These results seem to 325 

indicate that intercropping may not be a good strategy for enhancing pollination and pest 326 

control by syrphids; but more research, using different crops and intercrop species, is 327 

urgently needed to determine the generalisability of this finding. A better understanding of 328 

how syrphids choose flowers would aid in the selection of intercrop species that support 329 

syrphids without distracting them away from focal crops. 330 
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4) DISCUSSION 331 

Only a few species of syrphids have been studied in-depth, and this paucity of knowledge 332 

currently limits the inclusion of syrphids in a successful IPM strategy. Little is known about 333 

the aphid consumption rates, habitat requirements, flower preferences, and pollination 334 

potential of the vast majority of syrphid species. Since most experiments on syrphids have 335 

been conducted in laboratories, translation of findings to the crop environment is limited. 336 

Laboratory experiments do not always show a clear demonstration of what will be 337 

successful in the field 21 and often fail to consider environmental factors such as 338 

temperature, rainfall, humidity, competition and predation that may occur in the field.25 339 

Additional field-based and greenhouse trials are necessary to determine the efficacy of 340 

syrphids as biological control agents and pollinators. 341 

The results of experiments focused on the pollination efficacy of syrphids in greenhouse and 342 

field environments have led to equivocal results. However, even if syrphids are not the most 343 

efficient pollinators in particular systems, attracting them can lead to an increase in overall 344 

pollinator diversity which in turn can increase fruit and seed production,60 reduce the risk of 345 

pollinator dilution,61 and maintain pollination services across regional scales.62 Therefore, 346 

the encouragement of syrphids alongside more traditional pollinators such as honeybees is 347 

likely to improve outcomes for food production systems.  348 

There are several ways that syrphid larvae could be introduced in the crop environment.  349 

Techniques based on ‘conservation biological control’ aim to attract beneficial insects 350 

through the provision of suitable habitat. Future work should focus not just on the 351 

proximate effects of floral plantings on the number of syrphids but also on metrics relevant 352 

to producers (number of aphids, yield, and crop quality). More research is also needed to 353 



 17 

understand the nutritional needs and flower preferences of syrphid flies, as this knowledge 354 

can inform the choice of support plants within the crop. 355 

Mass rearing and release of syrphids is another option for use in crop environments. 356 

Unfortunately, rearing predators that require both prey and floral resources across different 357 

life stages can be challenging. Several aspects of syrphid biology including nutritional 358 

requirements need to be investigated thoroughly for mass-rearing programs to be 359 

successfully integrated into IPM strategies.  360 

Understanding potential sources of mortality are important for the development of a mass-361 

rearing program. In the wild, the leading causes of syrphid deaths are parasitoid attacks, 362 

bacterial pathogens and viral infections.63 Of these, bacterial and viral infections are of the 363 

most significant concern as they can quickly destroy mass-rearing operations. Parasitoid 364 

wasps can also be problematic, mainly if they are brought in with collected syrphid larvae. 365 

Ichneumonid wasps are the principal parasitoids of syrphid larvae, although members of 366 

several other Hymenoptera families including wasp species from Pteromalidae and 367 

Encyrtidae have been identified and studied.64-66 At least one study has reported syrphid 368 

larval defence mechanisms against hyperparasitoidism attacks,67 though quantification of 369 

the efficiency of these actions on avoiding parasitism has not been undertaken. Whether 370 

parasitoids are likely to be a significant problem in captive rearing environments is not yet 371 

known. However, if following a mass-rearing practice, hyperparasitism by wasps may be 372 

reduced by releasing syrphid larvae at third-instar only 66 because the feeding capacity of 373 

larvae is impacted less and the survival rate may be higher.64, 65 374 

The development of a synthetic diet would significantly increase the potential for syrphids 375 

to be used as part of an augmentative biological control strategy. Currently, there is little 376 
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known about the specific nutritional requirements of syrphid larvae and adults. Some 377 

generalist soft-bodied insect feeders (e.g. lacewings) can be reared on frozen moth eggs 378 

which simplify the rearing process.38  Given the potential uses of syrphids in both pest 379 

control and pollination, the development of a scalable breeding process should be a 380 

research priority.  381 

The dietary and habitat flexibility of syrphids across spatial scales may safeguard their 382 

populations from fluctuations in food availability. 68 Syrphids are known to be more tolerant 383 

of land-use change than bumblebees and honey bees, 11 and less prone to dilution in 384 

pollinator abundance in mass-flowering crops. 61 This tolerance could help stabilise 385 

pollination services in places where land-use has changed, and bee pollinator populations 386 

have declined.11 Additionally, most aphidophagous syrphid larvae can predate several aphid 387 

species.63 Their broad dietary requirements and ability to withstand land change may make 388 

syrphids essential components in developing resilient pollination and pest control systems.  389 

The biological differences between syrphid species (e.g. larval diet, adult diet, mobility, 390 

floral preferences, etc.), and their ability to tolerate environmental modifications suggest 391 

that syrphids have potential as providers of pollination and pest control services in different 392 

contexts. Integration of syrphids into an IPM program requires more information on the 393 

physiological and dietary needs of syrphid species. Given the vast diversity of syrphid 394 

species, there are many opportunities to target research toward species (or combinations of 395 

species) most appropriate for particular crop plants and contexts (e.g. greenhouses, mixed 396 

cropping, broad acre).  397 

Moreover, the inclusion of syrphids in an IPM program will require research into the impacts 398 

of other agrichemicals such as neonicotinoid insecticides on syrphid pollination and 399 
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predatory efficiency. Such information will inform the creation of best-practise guidelines 400 

that ensure syrphids are not negatively impacted by other IPM tools. 401 

However, when the dual effect of syrphids is harnessed and their integration into IPM 402 

schemes is successful, it may provide economic incentive to consider their introduction in a 403 

place or alongside their single service providing counterparts (e.g. honey bee). The dual 404 

pollination and pest control roles of syrphids make these largely overlooked flies potentially 405 

powerful allies in the struggle to develop sustainable agriculture.  406 
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 417 

Figure 1 The life cycle of aphidophagous syrphids. Gravid females prefer to lay eggs on plants with aphid infestations. As 418 
soon as they emerge, syrphid larvae feed on aphids. After pupation, adult syrphids shift from a predatory  diet to feeding 419 
on nectar and pollen from flowers 12. 420 
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SUPPLEMENTARY MATERIAL 632 

  633 

Figure S 1 Number of plant species visited by non-aphidophagous syrphid genera. Different colours are used to 
represent each plant family. Source:10, 43, 52, 53, 56, 58, 59, 69-77  
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 634 
Figure S 2 Number of plant species visited by aphidophagous syrphid genera. Different colours are used to represent each plant 
family. Source: 10, 43, 52, 53, 56, 58, 59, 69-77  

 


