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			Fungus gnats (sciarids) are among the most important pests in undercover crop production. They cause direct physical damage to plant roots, transfer fungal pathogens and create entry points for soil-borne plant pathogens. In 2007, Bradysia impatiens, an important fungus gnat pest was found in association with major tree nursery beds in the Mpumalanga and KwaZulu-Natal Provinces of South Africa and was considered invasive. In this study, eight greenhouses were surveyed in the Western Cape Province and B. impatiens was found to be present in all the greenhouses. Similar to the results of the previous studies, a high haplotype diversity was identified for B. impatiens, which may indicate multiple strain introductions into South Africa. Two other fungus gnat species, Lycoriella sativae and Lycoriella ingenua – globally important sciarid pests of mushroom cultures – were identified as new from South Africa. Through a laboratory culture, the life cycle of B. impatiens was observed to be approximately 21 days at 25 °C. Females laid between 100 and 250 eggs. Possible introduction sources include contaminated vegetative material and growth media, thus there maybe need to revise the importation restrictions on these commodities. The identification of two novel species of sciarid pests that have only previously been identified in the Holarctic region could further emphasise this need. However, the recent discovery of such high sciarid diversity could also be due to only a few studies having been previously done on sciarid pests in South Africa. 

			Significance:

			
					The fungus gnat species Bradysia impatiens is reported as present in several undercover crops in the Western Cape Province of South Africa, including cucumbers, tomatoes, chrysanthemums, mushrooms, blueberries and various herbs. 

					Lycoriella ingenua and Lycoriella sativae were also found to be present in mushroom gardens – the first report of Lycoriella from the Afro-tropical region. 

					The three fungus gnat species are some of the most important sciarid pests in undercover crop production worldwide. This study highlights the need for more studies on the distribution of these sciarids and possible invasion history.
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			Introduction

			Dark-winged fungus gnats (Diptera: Sciaridae) are some of the major insect pests in undercover crop production and are found in greenhouses, nursery bed crops, house plants and mushroom farms, among others. They are known to cause economic losses through direct feeding on the roots, contamination of vegetative material and marketing problems.1,2 Their secondary effects include the transmission of fungal spores3-5, and the creation of entry points for soil-borne plant pathogens, which have in the past tended to be overlooked1,6,7.

			Fungus gnats are a problem, primarily under conditions of excessive moisture, which commonly occur during propagation8, at which time cuttings and plugs are developing young root systems. The larvae use their prominent chewing mouth parts to feed on most plant parts, especially on young and developing plant root systems, tender roots and root hairs. Fungus gnat larval feeding results in significant physical damage to the roots and a decrease in the plant root biomass.9 Adult flies have also been reported to transfer fungal pathogens3,5 when they fly from one plant to another. Additionally, they cause discomfort to farm labourers,10 which may reduce worker productivity.

			The symptoms presented by the affected plants include wilting, loss of vigour, reduced vegetative development, and loss of leaves.3 The roots generally appear to be abraded with small brown lesions.1 The effects concerned may result in the death of the plant, especially in cases of heavy infestation, as have been reported by Springer1 and Mansilla and Pastoriza6, whereas the physical damage results in the weakening of the plants involved, which reduces their marketability.9 The combined effects of pests not only reduce the resulting yield, but also to a large extent increase the production costs per hectare.11

			Bradysia impatiens Johannsen is one of the most prominent sciarid pests in greenhouses in the world and has recently been identified in South African pine tree nursery beds as an introduced species.12,13 In this study, B. impatiens is reported as a present pest in several other crops in the Western Cape Province. Other than B. impatiens, this study reports Lycoriella ingenua Dufour and Lycoriella sativae Johannsen as pests of mushrooms from South Africa and the Afro-tropical region for the first time. Lycoriella ingenua and L. sativae are the most important sciarid pests in mushrooms worldwide.14,15 An overview of the current Afro-tropical fungus gnats can be found in Menzel and Smith16. 

			Recently, fungus gnats were reported as concerning by many greenhouse farmers in the Western Cape Province of South Africa. This study was then conducted to determine their diversity and biology. Fungus gnat samples were collected from eight targeted greenhouses. The identification and life cycle of B. impatiens and its culture on artificial media, under laboratory conditions, were also investigated.
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			Materials and methods

			Insect collection

			Adult fungus gnats and larvae were collected from eight greenhouses located in the Western Cape Province of South Africa (Figure 1, Table 1), after they had been reported as concerning pests by greenhouse growers. The various crops grown in these greenhouses included cucumbers, tomatoes, different herbs, blueberries, mushrooms and chrysanthemums. The cucumber farm was the most heavily infested and was the principal target for this study. 

			Infested plant parts, as well as the organic growing medium were randomly collected and brought to the laboratory. The mixture of plant parts and growing media was placed in closed plastic containers that were lined with moist paper towels. The containers were kept in a growth chamber (MRC 358, Labotec) at 25 °C, and the emerging adult fungus gnats were collected and used for identification. The collections from the plant greenhouses were made between February and May 2016 while the collections from the mushroom farms where made in April 2017.
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			Table 1:	List of GPS co-ordinates at which the fungus gnats were obtained, as shown in Figure 1, the host plants and the GenBank accession numbers in this study

			
				
					
					
					
					
					
					
					
				
				
					
							
							Numbered locality

						
							
							GPS

						
							
							Species name

						
							
							Host

						
							
							Strain number

						
							
							No. of sequences

						
							
							GenBank accession no.

						
					

					
							
							1

						
							
							-33°51’21.5”S
018°59’16.5”E

						
							
							Bradysia impatiens

						
							
							Herbs; various other cuttings

						
							
							–

						
							
							–

						
							
							NA

						
					

					
							
							2

						
							
							-34°09’22.0”S
019°03’21.5”E

						
							
							B. impatiens

						
							
							Chrysanthemum spp.; various other cuttings

						
							
							B_imp21-30

						
							
							10

						
							
							MK860993–MK861002

						
					

					
							
							3

						
							
							-33°49’43.2”S
018°55’03.0”E

						
							
							B. impatiens

						
							
							Herbs

						
							
							–

						
							
							–

						
							
							NA

						
					

					
							
							4

						
							
							-33°39’55.9”S
018°56’04.4”E

						
							
							B. impatiens

						
							
							Cucumbers; Cucumis sativus and tomatoes

						
							
							B_imp31-42

						
							
							12

						
							
							MK861005–MK861016

						
					

					
							
							5

						
							
							33°48’38.6”S
18°55’23.7”E

						
							
							B. impatiens

						
							
							Blueberries; Cyanococcus spp.

						
							
							–

						
							
							–

						
							
							NA

						
					

					
							
							6

						
							
							33°49’41.7”S
18°55’03.6”E

						
							
							B. impatiens

						
							
							Blueberries; Cyanococcus spp.

						
							
							B_imp1-10

						
							
							10

						
							
							MK860972–MK860981

						
					

					
							
							7

						
							
							33°47’38.7”S
18°41’28.9”E

						
							
							B. impatiens

						
							
							Mushrooms; Pleurotus ostreatus

						
							
							B_imp11-20

						
							
							10

						
							
							MK860982–MK860991

						
					

					
							
							Mushrooms; P. ostreatus

						
							
							B_impAK1-2

						
							
							2

						
							
							MK861003–MK861004

						
					

					
							
							8

						
							
							33°45’38.8”S
18°48’42.9”E

						
							
							Lycoriella sativae 

						
							
							Mushrooms; P. ostreatus

						
							
							L_sat1

						
							
							1

						
							
							MK861017

						
					

					
							
							L. ingenua

						
							
							Mushrooms; P. ostreatus

						
							
							L_ing1-2

						
							
							2

						
							
							MK861018–19
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			Identification of the Bradysia species

			Adults, and in some cases first-generation larvae, were used in the molecular identification of the species by means of the cytochrome oxidase 1 (COI) gene. DNA was separately extracted from the intact larvae and adults using the column-based QIAamp® DNA micro-extraction kit. The following Folmer primer set was used in the polymerase chain reaction (PCR): (LCO1490) 5’-GGTCAACAAATCATAAAGATATTGG-3’ and (HCO2198) 5’-TAAACTTCAGGGTGACCAAAAAATCA-3’. The primer sets are used to amplify a 658-bp fragment of the COI gene in a wide range of invertebrate taxa.17 The resulting DNA sequences were edited using CLC Main Workbench (ver. 7.7.3) and blasted in on the US National Center for Biotechnology Information (NCBI)’s GenBank to determine the species identity. To determine to which clades these samples belonged, a neighbour joining tree was generated using MEGA V 6.18 Additional sequences of fungus gnats were obtained from GenBank and added into the analysis. These sequences included COI sequences of B. impatiens (MG295935.1, KR756595.1, EU450797.1, DQ060500.1), Bradysia nomica (KY846435.1), Bradysia aprica (JX418164.1), Bradysia longimentula (JN378636.1), Bradysia pallipes (MG295853.1), Bradysia hilaris (MG159303.1), Bradysia ocellaris (MG155760.1), Bradysia japponica MG157878.1 and Masakimyia pustulae (JQ613784.1). A distance-based phylogeny was generated using the neighbour-joining method.19 The test of phylogeny was performed using the bootstrap method and 1000 replicates. Sequence polymorphism was analysed using DnaSP v.6.20 The p-distance was used as the substitution model with transition and transversion included. Specimens were further morphologically verified by Hans-Georg Rudzinski (Entomo-graphisches Studio, Schwanewede, Germany) and Kai Heller (independent researcher, Quickborn, Germany).
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			Bradysia impatiens rearing on artificial media

			The fungus gnats that were collected from the cucumber greenhouse were used to establish a culture in the laboratory. The method used to raise the fungus gnat culture was a combination of modified protocols employed by Cloyd and Dickinson21 and Lee et al.22 Greenhouse media, which consisted of partially composted, 3-mm pine wood chips (sawdust), were sterilised at 40 °C overnight, and then allowed to cool to room temperature. Sterilising the substrates at this temperature ensured the death of contaminating micro- and macro-organisms, but allowed survival of the fungal spores. The substrate was then mixed with soy meal and cornmeal, in a ratio of 3:1:1, respectively. The mixture was used as the oviposition and growth medium throughout the experiments. 

			Glass Petri dishes (100 × 20 mm) were lined with moist filter paper (Whatman No. 1, 90 mm), filled with moist growth media, then covered and left for 24–48 h in the growth chamber, to allow for fungal colonisation. The Petri dishes were then placed in a Perspex box, along with other Petri dishes containing adult fungus gnats. The new Petri dishes were kept moist, to attract the female fungus gnats for egg laying. After 24 h, the Petri dishes (now containing eggs), were removed, covered and transferred to a growth chamber, where they were kept at a temperature of 25 °C. The Petri dish covers were fitted with thin tissue paper to prevent the accumulation of condensed moisture on top, opened frequently for aeration, and a few drops of water were added daily until the onset of pupation. Food, consisting of cornmeal and soy meal, was sprinkled on top of the Petri dishes every second or third day, depending on the needs of the larvae population involved. As soon as the adults emerged, the original Petri dishes were transferred to the Perspex box, where they were left open for the adults to emerge, mate and fly to lay eggs in new Petri dishes. 

			The cycle was maintained for more than 10 generations. A new container was used for each generation, to prevent contamination of the later generations, especially in respect to mites. However, controlling all types of contamination, especially mites, in the medium was difficult, as the adult fungus gnats were observed to carry mites on their bodies as they flew to new growth media. An extra effort to reduce the mite population was made through establishing cultures using fungus gnat larvae rinsed in distilled water. Even then, mites were still a constant problem in the growth medium. The Perspex box containing the fly cultures was kept at room temperature. 
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			Life cycle of Bradysia impatiens under laboratory conditions

			To observe the life cycle of B. impatiens, an oviposition and growth medium was prepared as described above; however, finer wood chips of about 500 microns were used. The finer wood chips were obtained by means of drying out the pine sawdust at 40 °C overnight, and by blending the dry sawdust using a commercial bar blender (stainless steel; HBB250SR). The resulting powder was then sieved through a 500-µm sieve. The smaller pine wood chips permitted easy observation and the counting of the eggs laid by each female fungus gnat. The smaller cell culture dishes (35 x 10 mm CELLSTAR®) that were used for the purpose were lined with 3-cm moist filter papers (Whatman®). Freshly emerged (neonate) adult fungus gnats (1 female and 2 males) were aspirated into the growth media, where they could mate and oviposit. After the death of the females, the eggs were counted using a light microscope, and oviposition behaviour was observed. It was important to count the eggs immediately, because fungi colonisation in the media – resulting from the dead adults – would make it difficult to observe the egg-laying patterns or to count the eggs later. The Petri dishes were then fitted with fine tissue paper on the Petri dish cover, and transferred to the growth chamber to allow for the emergence and growth of the fungus gnat larvae. Individuals from each growth stage – eggs, different larval instars, pupae and adults – were randomly removed from the medium and imaged using a Zeiss Stereo Discovery.V8 microscope fitted with an Axiocam ERc 5s (n=20). The ZEISS Labscope App for iPad was then used to measure the length and width of each selected individual.
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			Results 

			Insect collection

			All insects collected were from greenhouses in the Western Cape Province, South Africa (Figure 1, Table 1). The different host crops include chrysanthemums, herbs, cucumbers, tomatoes, blueberries and mushrooms. 

			[image: ]

			Figure 1: 	Localities from which fungus gnats have been reported in South Africa. Localities in the Western Cape Province are from the current study while localities in Mpumalanga and KwaZulu-Natal Provinces are from Hurley et al.12
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			Identification of Bradysia and Lycoriella species

			Figure 2 shows the morphology of the three identified species. The specimens were identified morphologically using the male genitalia and the length of the antennae. Male B. impatiens are characterised by a comb-like row of bristles on the fore tibia and the antennal segments are more compact. Lycoriella ingenua is easily recognised by the conspicuous bristles on the basal lobe of male genitalia, while Lycoriella sativae is characterised by a fuscous, darker hypopygium and longer antennae.

			[image: ]

			Figure 2:	(a) Male and (b) male genitalia of Lycoriella ingenua. (c) Male and (d) male genitalia of Lycoriella sativae. (e) Male and (f) male genitalia of Bradysia impatiens.
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			For molecular identification, the resulting DNA sequences were blasted on GenBank which resulted in a 100% match with B. impatiens, L. sativae and L. ingenua. These sequences were submitted in the NCBI GenBank database (Table 1). The results from the neighbour-joining tree showed that the B. impatiens grouped together with other Bradysia species. It seems that there are variations in the sequences as observed in the neighbour-joining tree, which shows sub-groups within the B. impatiens clade, although unsupported by bootstrap support values. Analysis of sequence polymorphism revealed eight polymorphic sites (Table 2). 

			Table 2: 	Polymorphic sites identified in seven haplotypes of cytochrome oxidase 1 gene (primer set: LCO1490 and HCO2198) of Bradysia impatiens. Shaded regions show haplotypes that were collapsed into Hap2 when a 350-bp (portion amplified by primers CI-J-1751 and CI-N-2191) sequence alignment was used.
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							63

						
							
							68

						
							
							85

						
							
							453

						
							
							515

						
							
							610

						
							
							616
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							C
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							–
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							G

						
							
							C

						
					

				
			

			Based on these polymorphisms, these sequences were grouped into seven haplotypes: Hap1 (B_imp1-10), Hap2 (B_imp11-23), Hap3 (B_imp24-25), Hap4 (B_imp36), Hap5 (B_imp37), Hap6 (B_imp38-44) and Hap7 (B_imp45). The haplotype (gene) diversity was 0.788 and the nucleotide diversity was 0.00325. Sequences homologous to L. sativae and L. ingenua grouped together, but separately from the Bradysia species (Figure 3). Haplotype analysis using a portion of sequence (350 bp) amplified by the primers CI-J-1751 and CI-N-2191 used in a previous study by Hurley et al.23 to analyse a population of B. difformis, revealed four haplotypes including Hap1 (B_imp1-10), Hap2 (B_imp11-35,37,45), Hap3 (B_imp36) and Hap4 (B_imp38-44). In this data set, the haplotype diversity was 0.579 while the nucleotide diversity was 0.00258. 
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			Figure 3: 	Neighbour-joining tree showing grouping of identified Bradysia impatiens, Lycoriella ingenua and L. sativae sampled and analysed in this study (Table 1). The node denoted as a blue triangle represents all the Bradysia impatiens sequences. Other Bradysia species and Masakimyia pustulae were included in the neighbour-joining tree for comparative purposes and to provide structure. Only bootstrap values over 50% are shown.
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			Rearing of Bradysia impatiens on artificial media

			The culture medium used served as an ideal oviposition and growth medium for the fungus gnats. Up to 10 generations of fungus gnats were maintained on the same constitution of the culturing medium, without any changes being noticed in the behaviour of the fungus gnat colony. A diagram of the observed life cycle is shown in Figure 4.

			[image: ]

			Figure 4: 	Observed life cycle of Bradysia impatiens at 25 °C.
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			Life cycle of Bradysia impatiens under laboratory conditions

			The adults

			Newly emerged adults had a pale neonate body with wings that barely covered the abdomen. The wings attained full length in under 30 min after emergence. The emerged adults were very active. Within a few hours after emergence, the adults had a dark-brown or dark body colour and dark wings. Mating occurred within the first few hours after emergence. The body size of the adults was 2–3 mm, with a wingspan of about 7 mm. Males were slightly smaller than females. The males hovered on top of the medium, with a bent abdomen, as they waited to mate with the emerging females. After mating, the females lived for approximately 2–4 days, after which they laid eggs and died, either immediately after or during the process of egg laying. They lowered their abdomens into crevices to lay their eggs on top of the culturing medium, or just below the moist wooden chips. If the medium particles were small enough, as was the case with the 500-µm wood chips, the females lowered their abdomens into the medium, thus completely covering the eggs.

			Eggs

			Egg laying was variable among females, which tended to lay eggs either in groups of variable numbers or singly, while moving on top of the medium, or at once, either in clusters or in chains, as shown in Figure 5a. The eggs were oval, with a shiny, semi-transparent light-yellowish colour, as soon as they were laid, but changed to colourless towards hatching. Before hatching, the larvae, with their prominent black heads, could be seen actively moving around and eating through the eggshell (Figure 5b). The eggs seemed to turn more yellow only under moisture stress. The eggs measured about 0.25 × 0.15 mm. The number of eggs laid by the females was variable and ranged between 100 and 250 (n=20). 
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			Figure 5: 	(a) Egg-laying pattern in the form of a chain – observed for the first time in Bradysia impatiens. (b) First instar larva of B. impatiens ready to emerge from the egg.
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			First instar larvae

			After eating through the eggshell, the first instar became active almost immediately. Their body was transparent, while their head was shiny, black and chitinised. The food and its colour could be seen through the semi-transparent abdomen. The larvae quickly moved to the bottom of the medium, becoming active feeders. They were capable of surviving completely submerged in water, but showed a high level of susceptibility to moisture stress. The first instar larvae measured about 1.2–2.5 mm in length and 0.2–0.3 mm in width (n=20). The first instar stage lasted 2 days, after which the larvae hatched into second instar larvae.

			Second instar larvae

			The second instar larvae were not behaviourally different from the first instars, but differed in size: they measured about 2.6–4.5 mm in length, and 0.3–0.45 mm in width. The second instar larval stage lasted about 2 days, after which they hatched into third instar larvae.

			Third instar larvae

			The third instar larvae were more easily visible to the naked eye than were the earlier larval instars, and they could be seen eating through the medium. Raw food substances could also be seen inside their abdomen, thus the larvae sometimes took on the colour of the food. They measured about 4.6–6.5 mm in length, and about 0.46–0.65 mm in diameter (n=20).

			Fourth instar larvae

			The fourth instars were thicker than the previous instars, and contained almost no raw food substances, as they prepared to pupate. Thus, they appeared whiter than the previously described instars. They measured about 6.5–7.2 mm in length and ranged from 0.65 to 0.75 mm in diameter (n = 20). The fourth instar larvae migrated to the topmost layer of the medium, with their body continuously shortening, and thereafter pupated. This stage lasted approximately 2 days. As the larvae moved, they left behind a characteristically slimy, shiny translucent gel. All the larvae were sensitive to light, and tended to hide under the medium when they were suddenly exposed to the microscope light.

			Pupa

			The pupae measured about 2–3 mm in length, and 0.6–0.8 mm in diameter (n=20). The pupae cocooned within the top layers of the medium, and on approximately the third day, the adult fungus gnats emerged. The pupae were yellowish-brown in colour, but they turned dark towards emergence as adults. 
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			Discussion

			A recent study by Lee et al.22 clarified that a few fungus gnat species, belonging to the subfamily Megalosphyinae (genus Phytosciara sensu lato, and part of the genus Bradysia sensu lato), have more frequently had their larvae associated with living plants than has any other Sciaridae group. The larvae of these fungus gnat species are capable of mining into the roots, stems and leaves of living plants. Some sciarid species are important pests of certain crops that are of global agricultural importance, especially crops under cover. Bradysia impatiens24, which is a major crop pest, has a global distribution. The species has previously been identified in South Africa in association with major forestry nurseries12,13 where the effects of these species still tend to go unnoticed and unreported by many farmers. Only a few studies have been undertaken thus far for the purpose of identification, and this study is the first on the biology of the species in South Africa. Further studies are needed on the pest status and possible management strategies of the species. 

			During the course of this study, B. impatiens was identified as present and in concerning numbers on cucumber plants in a commercial greenhouse farm in the Western Cape Province of South Africa. Bradysia impatiens was also identified as present in the rest of the sampled greenhouses in which tomatoes, mushrooms, blueberries, herbs and chrysanthemums were grown. Even though fungus gnats have previously been identified in South Africa in forestry nursery beds12,13, the current study presents the first report of fungus gnats on a crop other than pine nursery beds. This study also reports L. sativae and L. ingenua as present on mushrooms, for the first time from South Africa. Lycoriella sativae is a well-known mushroom pest which has to date been identified to be well distributed in the Holarctic region and reported to have been distributed by humans to Central America and the sub-Antarctic islands.24 Although L. ingenua has been determined to be a more important pest species in mushrooms, L. sativae is known to be an agrarian species and the most abundant species of Sciaridae on fields.15,24

			The biology of B. impatiens is known to differ according to different environmental conditions. The duration of the life cycle of sciarids has been regarded as distinctive by a variety of researchers. Such duration has been attributed mainly to the variable environmental temperatures, with shorter life cycles at relatively high environmental temperatures.6,25-27 The optimum temperature for their growth has been determined to be 30 °C.2 In the current study, the duration of the life cycle of a laboratory culture of B. impatiens was found to be 2–3 weeks at 25 °C. On observing the egg-laying habits of the species, apart from their commonly observed habits, a new phenomenon was detected, that is, females were observed to lay their eggs in the form of a chain.

			Different larval stage feeds have been described for the rearing of Bradysia spp. in the laboratory. Some of such feeds include the use of the fungal culture of Pleurotus astreatus Kumm 1871 grown on potato dextrose agar28; a mixture of moist coconut coir dust, commercial rabbit food and brewer’s yeast; peat8; potato agar6; bacto-agar; and brewer’s yeast29. In all the combinations mentioned, fungi make up a basic element in the feed for fungus gnats. Upon death, the adult flies were observed to act as a primary source of fungi in the media as they deteriorated. This observation suggests that, even without a fungal culture, one could easily rely on the adult fungus gnats for the introduction of fungi into the new medium. The culture medium that was used in the current study, consisting of a 3:1:1 mixture of pine sawdust, soy meal and cornmeal, gave satisfactory results for more than 10 generations. Because some fungus gnat species have been shown to prefer laying eggs on cut planes, rather than on whole stems,22 the use of pine sawdust (blended) provided an ideal medium for egg laying. 
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			During culturing, moisture was an important aspect in the growth of B. impatiens, especially in the case of the larval instars, with the first instars in the current study being observed to be the most susceptible to moisture stress. Consequently, water was added to the mixture more regularly during the larval stages. Aeration of the medium is equally important, with fungus gnats having been observed to not survive under anaerobic conditions. In the present experiment, the Petri dish cover was fitted with tissue paper to prevent the accumulation of condensed moisture on the upper lid, which otherwise was observed to be capable of creating anaerobic conditions if the condensed water created a water film on the edges of the Petri dish cover.

			The fungus gnat species responsible for damage on a commercial cucumber farm was identified as B. impatiens. Under laboratory conditions, the life cycle of the species concerned was determined to be 2–3 weeks at 25 °C. This report is also the first of fungus gnats laying eggs in the form of a chain, as well as the first report of B. impatiens being a pest on any other crops than tree nursery beds in South Africa. The number of eggs laid by each single female, and their short life cycle, show that large numbers of fungus gnats can easily build up in a greenhouse if control measures are not taken. 

			Bradysia impatiens has been reported to be an introduced species to South Africa. A study by Hurley et al.23 suggested that multiple strains of the species had been introduced into the country. Our results corroborate the results of this study where high haplotype diversity and comparable nucleotide diversity in the sequences analysed was observed. Multiple strain introductions could possibly have been caused by the human importation of contaminated material such as substrates and ornamental plants, among others. These findings emphasise the need for more stringent restrictions on the importation of vegetative material, and for constant monitoring of such crop pests. 

			From the results of the current study, as well as on the basis of the findings of previous studies, B. impatiens can be concluded to be a well-established pest of protected crops in South Africa. However, the current study only targeted specific greenhouses to survey fungus gnats. Such a limitation implies that more surveys are required to establish the existence of the species in other regions of South Africa, and the extent to which the species is a problem to South African growers. The question remains if these are truly introduced species or if they are South African species that have only been identified recently. If they are introduced species, it would be paramount to look into the invasion biology of these species in South Africa, as B. impatiens is already known to have a wide distribution in South Africa, since its first report in 2007. There is also a need to look into the management practices for fungus gnats as they are polyphagous and economic pests in undercover production. More important still, is the need for studies regarding the sustainable management of the pests concerned, because they attack crops to which the application of chemicals is relatively inappropriate. Current efforts for South Africa have included a review on the potential for biological control of fungus gnats using entomopathogenic nematodes as well as laboratory and field trials to test for the potential of South African entomopathogenic nematodes to control fungus gnats.30,31
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