DIPTERA

Families with parasitoids where most or all of the family members are parasitoids of insects

Nemestrinidae




Bombyliidae 




Pipunculidae





Conopidae








Pyrgotidae





Cryptochaetidae




Tachinidae 





parasitoids (and a few predators in Sciomyzidae) of other inverts


Acroceridae 
 

Sciomyzidae 


Dryomyzidae


Rhinophoridae


most of the family members (or at least the better known spp) are not parasitoids, but some are

Cecidomyiidae

Phoridae

Sarcophagidae (well, most spp. are probably entomophagous, but better known ones are on carcasses)

Calliphoridae

Chloropidae

Rare ones

Mycetophilidae: couple spp. on planarians

Asilidae: couple species complete development on a single scarab larva

Empididae: couple spp. on Trichoptera pupae

Phaeomyiidae and Muscidae possibly a sp. each on millipedes

See reviews by Eggleston and Belshaw (1992, 1993)

Mitter & Wiegmann and Brown and Feener (1997):  Annual Review of Entomology

Yeates and Wiegmann (2005) The evolutionary biology of flies

CULICIDAE


Members of the genus Toxorhynchites have non-biting adults and predaceous larvae.  They have been introduced to islands such as Hawaii and Samoa to control other mosquitoes, but have not proven successful thus far.  Some other mosquitoes also have predaceous larvae, but are blood-suckers as adults.

CECIDOMYIIDAE


Some of the gall midges have been used in weed control.  Of importance to us in this course, however, are the many predaceous species found primarily in one subfamily.  Larvae of this groups feed on aphids, scales, whiteflies, thrips, and mites.  Adults are not predaceous.  Introductions to the U.S. have been against balsam wooly aphid, citrophilous mealybug, pineapple mealybug, and aphids in greenhouses.  At least a few species are known as koinobiont endoparasitoids of aphids and some of the “predators” feeding on scales may also have this habit.

Nearly all  biological control work since 1968 has been on Aphidoletes aphidimyza.   It was introduced for control on greenhouse tomatoes in Florida,  but has been the subject of intensive work in Europe since about 1975.   Mass produced for commercial growers in Finland since 1978, Netherlands since 1980, and Canada since 1983.  Studies in California (1986/87) showed it to be an important predator of potato aphid.  Main advantages over other aphidophages according to Gilkeson and Hill (1986) is its density-dependent predation: when aphids abundant, larvae may kill  many more than they consume,  but when scarce,  larvae can survive to adulthood on as few as 7 green peach aphids.  Aphidoletes feeds exclusively on aphids, but attacks over 60 spp.  Overwinters well in greenhouses, but diapauses as prepupae in fall in temperate zone until early spring---thus growers with winter crops cannot rely on this species.

CERATOPOGONIDAE


Wirth and Ratanaworabhan (1981) found that 26 species of predaceous ceratopogonids were important in rice paddies in Thailand because their larvae feed on chironomids, thus forcing non-host specific predators to attack a higher proportion of rice pests.  Bezzia is a good example of a ceratopogonid genus with predaceous species.

TABANIDAE


Larvae are mostly aquatic or semi-aquatic.  Larvae feed on tipulid larvae and other invertebrates found in damp soils (for the most part). One species is known to have larvae that eat frogs.
STRATIOMYIDAE

Most of the pachygastrine larvae living under bark are predaceous, and some attack bark beetles.  But this is a small, less- commonly encountered group, and nearly all other stratiomyiid larvae are not predaceous. 

RHAGIONIDAE


Adult biology unknown for many species, but several are predaceous.  Larvae also predaceous.  Athericidae usually treated as a separate family (though not in older general texts).  The latter have aquatic larvae that feed on chironomids.

VERMILEONTIDAE


Vermileo makes ant-lion like pits in soil and eats mostly ants.

THEREVIDAE


Adults not predaceous, but larvae are.  Live in sandy situations, usually in arid areas.

BOMBYLIIDAE


This is a large family with 14 subfamilies and many species, all of which are entomophagous as immatures.  Many species are ectoparasitic on larvae, prepupae, and pupae of Aculeata.  Others are ectoparasitic on Lepidoptera and Orthoptera, and more rarely on Coleoptera and Diptera.  However, hosts are known for only about 35 genera; and adequate life histories for only a few species.  See Hull (1973), Bombyliidae of the World.  Oviposition behavior and egg deposition sites are highly variable among bombyliid species, and depend to a large extent on host habitat.  Many species oviposit while hovering over aculeate nests, flipping eggs down the tunnel or hole.  Many have larvae which are quite mobile (especially early instars), moving around to prey on a number of hosts.  A few species are facultative hyperparasitoids or primary parasitoids on predators of their normal hosts.  At least one species has been used in classical biocontrol, against grasshoppers (on egg masses).


19 genera attack soil-inhabiting hosts, 4 genera on wasps in mud cells or stem mines, 3 genera on exposed caterpillars, 13 genera as egg predators of grasshopper egg pods.  Those on leps attack primarily noctuids and psychids, though pyralids also attacked. Pupal spines used to escape from host cell (e. 9. mud).  Spineless condition has evolved more than once in the family.

ASILIDAE


Adults and larvae are generalized predators, though some species show prey specificity at the ordinal level.  Oviposition occurs in a variety of habitats, and the morphology of the ovipositor is an important clue to the oviposition behavior.  Beware of statements in the literature or in seminars about the importance of asilids as natural control factors.

NEMESTRINIDAE


Species of 2 genera parasitize grasshoppers and species of a third genus attack scarab larvae.  Eggs are laid in wood-boring beetle exit holes in posts or on other elevated objects near large host populations.  Upon hatching, planidial larvae crawl to surface, assume erect position, and are blown away by the wind.  Later instars are endoparasitic, with pupation in the soil.  Life cycle may take up to two years.  These may be either koinobionts or idiobionts depending on whether or not they attack an adult or immature.  The same is true for acrocerids.

ACROCERIDAE


Like nemestrinids, adults are flower feeders.  Larvae are endoparasitic in spiders.  Eggs laid in vicinity of host on twigs and stems, often from the air.  As in nemestrinids, egg production is high, with 4000-5000 eggs per female recorded for members of both families.  Planidia enter spider via leg joint membrane or abdomen at base of cephalothorax.  Larva then attaches to book lung so it can breathe.  Generation time quite variable, but most of this period is spent in diapause.  Actual feeding by third instar, where known, varies from 1-5 days.  All species pupate away from host, or in host premolting web.

Panopinae attacking tarantulas: can live for 10 years in their host, with several years as a second instar.  Oviposition differences (on twigs, grass stems, tree trunk, tops of shrubs;  from air or on ground) may be generic.    Host relationships:  No  species  specificity  known,  but there seems  to  be some restriction of acrocerid genera to certain families or family groups of spiders.
DOLICHOPODIDAE


Larvae and adults are predaceous.  Many larvae are aquatic.  Some males have a characteristic mating dance.  Medetera is an important predator of bark beetles, especially the Medetera species whose larvae feed on mountain pine beetle (Dendroctonus).  Adult Dolichopus feed on mosquito larvae.  Many which skate on water can pull things from beneath the surface.

EMPIDIDAE


Larvae are predaceous, except for one species, which is a confirmed parasitoid of trichopterans.  Adults take protein meals and/or nectar.  Protein is often in the form of living insects, but some take dead insects, and some pollen.  Empids will eat simuliids and culicids, and some adult empids are thought to be important as natural controls of agromyzids, coccids, and mites.


Feeding and mating are intimately related and highly specialized in 3 of the largest empid genera, but separate in other empids.  Females in these genera do not hunt.  In Rhamphomyia and some Empis, male captures other insects (usually small, swarming or emerging Nematocera) and presents them uneaten to female when mating.  Courtship and food transfer is highly ritualized and best developed in Hilara and some Empis species: male makes a frothy or silken balloon, which he carries into a swarm to attract a female.  The balloon, which may or may not contain a small prey, is offered to the female as a mating stimulus.  According to Kessel, Melander, and Imms, this offering probably distracts female from attacking male during mating.  However, as we noted above, females are not known to hunt in this group.  Downes has an alternative hypothesis: in those species of Rhamphomyia and Empis  that offer real prey items, prey is needed for maturation of egg.  In those with ritualized behavior, there may be a different type of ovarian maturation (e.g. autogenous, utilizing nutrients stored during larval stages).  Chvala (1976) has suggested that swarming was the original mode for meeting of sexes, and this pattern is found in most of the phylogenetically older groups.  Nectar feeding is a later adaptation, coincident with angiosperm evolution.  See Cumming (1994) for recent review and discussion in light of sexual selection theory.


Chvala (1983) has presented a classification of the Empidoidea which differs from that found in textbooks.  He removes 3 groups from the Empididae and elevates them to family status.  The 5 families thus included in the Empidoidea are Empididae, Dolichopodidae, Hybotidae, Atelestidae, and Microphoridae.  Only the first two are included in the 7th edition of Triplehorn and Johnson (2005).

PHORIDAE


Most species are scavengers, but quite a few others are either predators or parasitoids.  The problem with rearing them from insect hosts is in determining the state of health of the host at the time of attack in order to determine the correct host-natural enemy relationship.  Adults of only a few species are known to be predaceous, with the predaceous or parasitic habit thus confined mostly to larval stages.  Healthy hosts known to be attacked include grasshopper and spider eggs, adult and pupal ants, adults bees, coccinellid pupae, immature Lepidoptera and Diptera, adult Coleoptera, crickets, and myriapods.


Borgmeier listed 5 genera known to parasitize ants, all characterized by pronounced development of the ovipositor.  One species of Apocephalus, for example, develops solely in the head of carpenter ants and completely hollows out this structure.  Not all species of Apocephalus develop in the head, however.  Some species oviposit internally, but the relationship has not yet been definitely established for most species.  The nature of host specificity is largely unknown, with some evidence of non-specificity, and several recent claims (often poorly documented) of specificity.  Feener has suggested that phorids control the outcome of competition between ant species, and his studies are the basis of the current biological control program on fire ants.  Species attacking ants are technically idiobionts because they attack the adult stage, but functionally they are more like koinobionts.

Brian Brown has been publishing large tomes on parasitoid and predaceous species.  Feener and his students, in cooperation with Brown, have done some excellent field studies on phorid behavior, especially in relation to impact on ant foraging.  See our own Robert Puckett for more details relating to his work on phorids and fire ants.  One well-studied phorid species develops gregariously on coccinellid pupae. Eggs are deposited externally, and hatch within a few hours up to 3 days.  Larvae penetrate host through membranes, e. g. at base of legs.
PIPUNCULIDAE


All species are solitary endoparasitoids of nymphal and adult Homoptera, especially Cicadellidae, Cercopidae, and Delphacidae.  They often attack economically important species (including the glassy winged sharpshooter.  Adults pounce on the hosts, carry them up into the air, and oviposit inside the hosts.  Larva lives in the host abdomen until ready to pupate.  Pupation is in the soil.

Piercing ovipositor; at least one species host specific, but others are known to be polyphagous within a host family.   Number of larval stages = 2-5, based on lit. records.  Detailed biologies were almost non- existent prior to Clausen's 1940 book, but several papers have been published since.  One problem is that it is difficult to rear the host.  Apparently some were introduced into Hawaii to control sugarcane leafhopper (a delphacid), though the records are a bit vague relative to establishment. 

SYRPHIDAE


Syrphids, conopids, and bombyliids show remarkable mimicry.  In terms of number of species, syrphids are one of the dominant fly families.  Adults are pollinators and the larvae of many species are predaceous, especially on aphids.  However, some syrphid larvae are phytophagous.  Eggs of predaceous species are often laid singly near the prey.  Other syrphid species often lay egg masses.  There are few classical biological control programs using syrphids; however, they are very important as natural control agents and thus figure prominently in programs emphasizing conservation of natural enemies.  Conservation of syrphids is important in aphid control, for example.  One species was manipulated in Trinidad for control of a frog hopper (spittlebug), others used in glasshouses.  See works by Rotheray.

Lots of studies have been done on larval syrphids as predators:

1) Scarcity of food leads to prolongation of instar. 

2) Leir and Barlow (l982): starved larvae caught prey more quickly and fed longer at carcass (eating 43% more of each prey item); older larvae generally captured prey more quickly than younger ones.

3) Gries (1986): fasciinating videos on how syrphid larvae feed (see below)

4) Stanley-Samuelson et al (1990): Microdon and association with ants.


Gries: 1) lateral and tergal mechanoreceptors detect thigmotactic response of aphids; 2) syrphid larva touches aphid with antenna, followed by 3) release of glue from glands near head which fixes aphid to larva’s thorax; 4) aphid immediately pierced and sucked dry.  When in a colony of aphids, larva swings back and forth over aphids, glueing them to each other and to substrate, then pierces and sucks them individually.  Oviposition stimuli: 1) chemical attractant bring fly into colony; 2) touch receptors on feet upon landing; 3) taste receptors on mouthparts touched to surface immediately after landing.

CONOPIDAE


These are mainly solitary internal parasitoids of adult bees and wasps.  Stylogaster is associated with ants in the tropics, but the exact host association has not been well worked out (see papers by Kotrba, 1997 and following).  Some conopids have been observed to oviposit in adult bumblebees in flight, and this is thought to be the main method of oviposition in at least three of the genera!  Pupation takes place in the dead host.

PYRGOTIDAE


The biology of very few species is known.  Those that are known are solitary or gregarious internal parasitoids of adult scarabs.  Adults of at least some species have been observed ovipositing through intersegmental membranes of scarabs when the scarab raises its elytra to fly.  Pupation is within the host.  They are of little or no importance in controlling host populations.

DRYOMYZIDAE


One group is predaceous on barnacles.  They are thus true marine insects.  Other dryomyzids are terrestrial and apparently not predaceous.

SCIOMYZIDAE


All are parasitic or predaceous on snails, slugs, and clams; and most are therefore aquatic or semi-aquatic (fresh or brackish water), though some are terrestrial.  Adults are not predaceous.  Shape of the puparia is important in classification, and reflects biology; some conform to shape of the host snail shell, and some have various shapes designed for floating.  Several species have been used in classical biological control against snails and slugs, either plant pests or those that serve as intermediate hosts of schistosomes.

Antichaeta---snail eggs.

Renocera (3 spp.) and Knutsonia (l sp.)---kill and feed exclusively on clams (eggs laid on shore debris, 1st instars enter water and find a host, 1st and possibly 2nd instars don't need a surface contact, but 3rd instars die if kept submerged.

Sepedon on freshwater pulmonates with no obvious host preferences, each larva eats up to l2 individuals, larva kills and eats quickly, then moves on, excellent swimmers (Neff & Berg).  So, this one is definitely a predator.

Pherbellia mostly not host specific, some Pherbellia larvae secrete a calcareous septum, walling themselves off inside snail shell for pupation, at least one species is a parasitoid, all Pherbellia spp. kill aquatic or terrestrial pulmonates, eggs laid on vegetation, or, in a few host-specific species, on the shell of the host, larvae not aquatic, kill fewer snails per larva than Sepedon, and may feed on dead tissue for several days after killing host. 

Sciomyza varia has one of the most fully developed suites of specific habits: 1) parasitoid feeding behavior :  develops on a single host; 2) kills late, and therefore koinobiont; 3) host specific; 4) oviposits on host shell; 5) solitary; 6) completes larval and pupal life in shell of host, with  puparium functioning as an operculum (puparium is much larger than the pupa inside it).  Barnes (1990) Ann. ESA.

Biocontrol attempts in Hawaii and California. 

CHAMAEMYIIDAE


Most known genera have predaceous larvae, and feed on aphids, soft scales, mealybugs, and psyllids.  One species was imported to Canada from Europe to control the balsam wooly aphid (but didn’t).  Several species were imported to the U. S. during the Russian wheat aphid biological control program in the early 1990s.

EPHYDRIDAE


One genus has predatory adults with raptorial legs.  Immatures of Trimerina madizans are predaceous on spider eggs.

CHLOROPIDAE


Members of one genus, Pseudogaurax, have larvae that feed on egg masses – especially of spiders, mantids, and some Lepidoptera.  Another chloropid is a predator of a sugarbeet aphid.

CRYPTOCHAETIDAE


All species are internal parasitoids of scales, especially those in the family Margarodidae.  Adults oviposit in the nymph, and pupation is within the host.  Some species are gregarious and emergence can take place over a 6-8 month period.  One species is very important in the classical biological control of the cottony cushion scale (works better in cooler coastal regions than the Vedalia beetle).  Another species was responsible for successful control of a related scale on the island of Mauritius.  There are no native North American species.

SCATHOPHAGIDAE


One of the most common and widespread species, Scathophaga stercoraria, has predaceous adults, which usually feed on other flies.  Larvae are either phytophagous or saprophagous.  Most of the genera treated under the family name Anthomyiidae in Clausen (1940) are now placed in Muscidae, and scathophagids were formerly included in the Anthomyiidae.

MUSCIDAE


Adults of some genera are predaceous; and larvae of several are predators as well.  Some are thought to be important natural biological control agents in habitats such as dung pads.

CALLIPHORIDAE


Larvae of some groups are parasitoids of snails, while others are parasitic on earthworms.  These parasitoid species tend not to be metallic in coloration.  Most calliphorids, however, are your typical carcass flies.

SARCOPHAGIDAE


Adult sarcophagids are not predaceous; but the majority of species are entomophagous as immatures.  Some attack nymphal and adult grasshoppers and mantids.  Members of the Miltogrammini (a very large group of very small sarcophagids) attack bees and wasps.  Other sarcophagids attack spider egg masses.  Like members of the Phoridae, there is a complete range in biology from those species that attack dead or dying insects to those that attack perfectly healthy hosts – thus necessitating caution in interpretation when rearing sarcophagids (especially from caterpillars, beetle larvae, and molluscs).  Larviposition is common in this group.  See paper by Spofford and Kurczewski (1990) on Miltogrammini.

Adults have relatively short lives, and produce relatively few eggs per female (Clausen records a max of 280 for any sp: vs. thousands for acrocerids).  Larvae usually larviposited on the host, and bore into host body to develop (hatch in female uterus shortly before deposition).  

Miltogramines: some attack adult hosts, some are internal parasitoids of larvae, some are ectopar. or pred. on broods, and some develop on provisions, esp. of predaceous hosts (cleptoparasites).  Host location has been categorized for miltogrammines as follows:

1) hole searchers.  Seek out and larviposit in burrows in soil.  Subdivided into open and closed nest species.  Have small eyes and large flagellum.. Search cues are visual and chemical.

2) Satellites. Pursue provisioning wasps.  Larviposit on prey or in burrow.  Large eyes (frontal and central facets enlarged) and short flagellum.

3) Stalkers or lurkers.  Perch nearby trail constructing or provisioning wasp’s nest (ones that keep entrance closed) and oviposit in burrows as opportunities present themselves.  Category 3 overlaps  with category one quite a bit.

4) Accidentals.  Accidentally introduced into host cells on captured prey Diptera: Macronychia, known as parasitoid of adult flies.

TACHINIDAE


By far the largest and most important family of entomophagous Diptera. 

Adults not predaceous.  Larvae all endoparasitoids.  The biology of this family is quite diverse.  Some species larviposit, others oviposit either on or away from the host. Macrotype eggs are laid on the host; microtype eggs are laid, often in very large numbers, on plants and are eaten by the host.

a) Microtype eggs (REALLY TEENY) are laid on leaves---generally have a large number of eggs in the uterus and a large number of ovarioles.  Goniinae: eggs stimulated to hatch by gut enzymes. 

b) Some species larviposit on foliage or soil, with deposition of moderately large numbers in a short period of time.   Planidia may be starionary in some spp. (waiting for victim to wander by) or highly motile in other species.

c) Those which larviposit directly on the host (the most common method of birth in tachinids, via macrotype eggs---see  next paragraph) have relatively few larvae per uterus vs. type b species.  In both b and c, the posterior uterus (= vagina) serves as an incubation chamber.  According to Herting (1960), true larviparous species, such as occur, for example, in the Sarcophagidae, don't occur in the Tachinidae---true larvipary in this case being defined relative to nourishment of the larva in the uterus and the lack of a chorion.  Thus Herting defines tachinids as ovolarviparous.  Herting also claims that there are 3 phylogenetic lines of ovolarviparous types. 

(1) Macrotype egg has no appreciable uterine incubation, and there is low daily egg production, females have about 100-200 eggs.  Ovip. on host is extremely rapid (</= 1 sec.) to avoid host defense.  As mentioned under topic of host suitability, it's also important to put eggs where host can't bite them (e. g. Winthemia: 73% of eggs placed on mesothor., 23% further posteriorly; 5% of penetrating larvae from mesothor eggs and 37% of others were chomped by mandibles).   Generally tough chorion.  Pedicellate eggs: short pedicel which acts as an anchor amoung setae of hairy larval hosts.

(2) Some have tubular ovipositors, and oviposit onto the host from a distance.  According to Mellini,  a tubular ovipositor is important for partially concealed hosts, and they often wait around for victim to appear or expose part of self, then quickly oviposit.  Others have short ovipositors, and must land directly on the host in order to oviposit. 

(3) With macrotype eggs, larvae often bore into host through weakened portion of chorion attached to host; Winthemia larvae, though, penetrate integument just anterior to egg. 

Most tachinids are solitary, but some (e. g. Winthemia) have more than one developing per host.  Gregarious tachinids often have macrotype eggs. 

Tachinids which larviposit can be mass-reared in lab by dissecting mated females and putting larvae on host (e. g. one of the Diatraea pars and one on Ostrinia).  This also can be done with some sarcophagids.

Tachinid species appear to vary from those that are monophagous to those which are polyphagous (e. g. Compsilura concinna, one of the gyp moth parasitoids, is highly polyphagous).   However, Belshaw (1994, in Hawkins and Sheehan, pp. 145-162) has argued that the degree of polyphagy in most species is determined largely by the number of times it has been reared.  Belshaw infers from this that the family as a whole consists of species that are highly polyphagous. [But note that in his database, only 10 spp. had more than 50 hosts and 31 spp. had more than 30 hosts, so “highly” is relative].

Polyphagous species often have more than one generation per year, with 1 generation on 1 set of species and next generation on another set of species.  Formation of the respiratory funnel, as we discussed in the last couple of lectures on host immune systems, may be an “enabling factor” for polyphagy.  Those that feed and/or kill rapidly may be more polyphagous. 

Many species have been used in biological control, with important introductions made against the southern green stinkbug, the sugarcane borer, winter moth, nutgrass armyworm in Hawaii, European corn borer (very successful initially, but later declined), western grape leaf skeletonizer, and the coconut moth in Fiji.

Goniinae: some species very important in biological control.  Attack lepidopterous larvae, beetle larvae and adults, tipulids, vespids, earwigs, grasshoppers, and sawflies.  All members of the tribe Goniini lay microtype eggs.

Phasiinae: most attack adult and nymphal pentatomids, pyrhocorids, lygaeids, and coreids. With the exception of this group, the most common hosts of tachinids in general are lepidopterans.

Tachininae: mostly on stalk and wood-boring Lepidoptera, armyworms, and cutworms; all are ovolarviparous.

Dexiinae: many species on scarab and chrysomelid larvae, more rarely on adults.  Others attack stem and wood-boring Lepidoptera and Coleoptera, as well as Orthoptera.  

Goniinae (=Exoristinae): most species-rich subfamily.

Goniini---a speciose group, all with microtype eggs in vicinity of host; Cyzenis, Sturmia, Blepharipa (= Blepharipoda), Archytas 

Blondeliini---biologically diverse, some with piercing ovipositors, spiracular opening usually secondary; Erynniopsis, Compsilura, Lixophaga. 

Exoristini---oviparous species on lep and sawfly larvae, spiracular opening always primary; Bessa, Chaetexorista. 

Acemyiini---a few small species. 

Siphonini---ovolarviparous on caterpillars and tipulid larvae; Actia. Ethillini 

Winthemiini---oviparous on leps; Winthemia, Nemorilla.

Eryciini---formerly in Goniini; Lespesia, Lydella, Towsendiellomyia

Tachininae: all ovolarviparous; usually ovipositing near host, larvae with a

planidial stage, seldom on body of host. Third instar marked by strong development of anterior spiracle; Gymnochaeta, Triarthuria (=Bigonicheta and Digonochaeta).

Dexiinae: all ovolarviparous.; 1st instars go after larvae in soil.

Phasiinae: nearly all Heteroptera, with one group on other hosts; 

Trichopoda.  Except for this group, the most common hosts of Tachinidae in general are lepidopterans.

Biological Control

     Listed as partial success by Laing and Hamai:

1) Bigonicheta on Forficula in Calif---but this really isn't all that successful since Forficula is such an erratic pest. 

2) Erynnopsis on elm leaf beetle.

3) Lixophaga on N. Guinea sugarcane weevil.

4) Eucelatoria on nutgrass armyworm (minor but important component).

5) Lydella on European corn borer (great success when first introduced, has gone downhill ever since). 

6) Argyrophylax on cocoanut spike moth.

7) Compsilura and Townesendiellomyia on gyp moth! complete success on br tail moth.      

Complete successes:

1) Cyzenis on winter moth. Moth (geometrid) intro. in 1935, seriously damaged native trees in Canada, esp. red oak.  Par. intro about 1955.   Good example of well thought out post-success eval. of par. biol. in reln to its host.  Microtype egg, about 0.2 mm long, laid on foliage near host feeding damage.  Ave. of 1373 eggs per female, with 74% of these successfully oviposited in cage experiments. Host and par. pops. well synchronized in Can. vs. England, where results were not as good. 

2) Bessa remota on cocoanut moth in Fiji (alternate hosts were essential).  This was a spectacular success by a polyphagous species.  It is also an early example of a “new association.”
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