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PROCTOTRUPOIDEA

Heloridae


Pelecinidae

Roproniidae



Peradeniidae


Diapriidae

Vanhorniidae



Austroniidae


Proctotrupidae

Monomachidae


Maamingidae

PROCTOTRUPIDAE  13 genera and about 100 species in N. Am.; about 310 species worldwide as of 1981 (the last world revision).  Solitary or gregarious endoparasitoids of Coleoptera (elaterids, carabids, staphylinids, nitidulids, and chrysomelids) and Diptera (Mycetophilidae).  Many associated with rotten wood and leaf litter.  Pupate externally, without cocoon, with the tip of the abdomen embedded ventrally in the host larva.  This is the same type of attachment and postembryonic development found in Pelecinidae (see below). Biocontrol use: 1 sp. imported to U.S. against Colorado Potato Beetle.  World Revision:  Townes and Townes (1981) as Serphidae.  

PELECINIDAE there's a web site out of Ohio State, a recent publication on distribution and sex ratio anomaly; and a "world" revision (of the 3 known species) by Johnson and Musetti in 1999.  Pelecinids have been reared from scarab larvae, with females ovipositing through the soil to reach the grubs.  Pupate externally, without cocoon, with the tip of the abdomen embedded ventrally in the host larva, parasitoid pupa facing rear of host.  This is the same type of attachment and postembryonic development found for Proctotrupidae; and has been used as an argument for including the Pelecinidae in with the Proctotrupoidea (formerly treated by some as a separate superfamily).  Helorid development is not much different, either, but takes place in host cocoon.

DIAPRIIDAE  about 40 N. Am. genera, in 4 subfamilies; about 150 genera and 2300 species worldwide.  Internal larval-pupal and pupal parasitoids.  Hosts: Ismarinae hyperparasitic on dryinid wasps through cicadellids.  Ambositrinae and Belytinae, where known, on Nematocera, esp. Sciaridae and Mycetophilidae in mushrooms. Published host records, however, are rare.  Diapriinae mostly endoparasitoids on orthorrhaphous and cyclorrhaphous Diptera, though some on staphylinids.  Latest revision: Masner and Garcia (2002): New World genera of Diapriinae.

Apparent natural groups:


Proctotrupidae + Pelecinidae + Vanhorniidae


Heloridae (Jurassic) + Peradeniidae +/- Roproniidae


Austroniidae + Diapriidae + Monomachidae + Maamingidae

Scelionidae + Platygastridae [metasomal development as a bellows for ovipositor extrusion and storage (apodemes and antagonistic muscles---important work by Austin); sensilla on flagellar club].

PLATYGASTROIDEA

SCELIONIDAE  150 genera, 3000 species worldwide; 50 genera in N. Am..  Largest family of “proctos” in N. Am.  Exclusively egg parasitoids.  Usually solitary.  No hyperparasitoids, though some workers have reported hyperparasitism based on external evidence, such as meconia, exit hole differences, etc.  Wide range of hosts, but most commonly on Orthoptera, Araneae, and Heteroptera.  Many also on leps (Telenomus), and the smallest of the 3 subfamilies is found on carabids.  Important genera include Telenomus, Trissolcus, and Trimorus.  Used in biocontrol for Lepidoptera and Pentatomidae, among others.  

PLATYGASTRIDAE  30 N. Am. genera, most N. Am. spp. undescribed; about 60 genera and 1100 species worldwide.  Most oviposit in host eggs, usually emerge from pupal or late nymphal instars, though some are definitely egg parasitoids (e.g. on boll weevil).  They are thus internal parasitoids; and are solitary or gregarious.  Polyembryony common in one of the subfamilies.  Hosts: mostly Cecidomyiidae, but many in mealybugs, whiteflies, and some in fulgoroids and beetles. Several species (esp. in genus Amitus) have been used in biocontrol---e.g. for whiteflies.  Masner and Huggert (1989) - revision of Inostemmatinae.

CERAPHRONOIDEA

2 families, both containing some hyperparasitoids.  Hyperparasitoids in this superfamily tend to be ectoparasitic.  

CERAPHRONIDAE  360 spp. worldwide.  Attack a wide range of hosts (at least 5 orders), but published records are mainly from Diptera (e.g. Cecidomyiidae); also hypers on Microgastrinae.  Many ceraphronids are endoparasitic. 

MEGASPILIDAE  14 genera, 450 species worldwide.  Best-studied species feed externally on pupae inside puparia of syrphids and related Diptera and as hypers on aphidiines.  As with ceraphronids, megaspilids have been recorded from many hosts.


CYNIPOIDEA
Family and subfamily classification undergoing many changes this century.

IBALIIDAE  search for siricid oviposition holes in logs.  Symbiotic fungi associated with siricids (often found in these oviposition holes) is attractive to  Ibalia, and illicits ovipositor probing.  One sp. used in New Zealand for biocontrol, fairly effective.  7 N. Am. spp.

Remaining families:  females with 13 ant. segms, males with 14 or 15: best way to sex them because ovip. often concealed.  All parasitoids are in Figitidae, all gall wasps and nearly all inquilines are in Cynipidae.

FIGITIDAE  When excluding Eucoilinae and Charipinae, there are 60 described spp. in N. Am. contained in 3 subfamilies; 250 species in about 30 genera worldwide. Aspicerinae are pupal parasitoids of Syrphidae.  Anacharitinae attack larvae and emerge from cocoons of lacewings (hemerobiids and chrysopids).  Figitinae, largest of these 3 subfamilies, are parasitoids of cyclorrhaphous Diptera, attacking larvae and emerging from puparium (esp. Chamaemyiidae, Syrphidae, and dung or carrion decomposers).   All species for which we have records are internal parasitoids. 


EUCOILINAE  (subfamily of Figitidae) 16+ genera and about 80 described species in N. Am.; 70-90 genera and about 1000 species worldwide.  Internal parasitoids of Diptera, usually ovipositing in early larval stages and all emerge from puparium.  Like figitids, however, biology of most spp. unknown.  Extensive biological information is available on the drosophilid parasitoid Leptopilina heterotoma, formerly called Pseudeucoila bochei. One species, Aganaspis daci, introduced for Oriental fruit fly biocontrol in Hawaii and elsewhere and against Anastrepha in Florida.  Recent phylogenetic work by Fontal-Cazalla et al. and Buffington 


CHARIPINAE, ALLOXYSTINI (& CHARIPINI).  Subfamily and tribes in Figitidae.  Alloxystines are all hyperparasitoids on aphids through chalcidoids and aphidiines.  Alloxysta was treated as Charips before 1978, but the two genera are now treated as different subfamilies by some authors.  Charipinae, in the latter sense, are hyperparasitoids on Psyllidae through Encyrtidae.

ACULEATA = CHRYSIDOIDEA + APOIDEA + VESPOIDEA

In the Aculeata, the egg does not pass through ovipositor valves as in "Parasitica," and the "ovipositor" becomes a sting.  Superfamily classification has changed dramatically since the 1970's.


CHRYSIDOIDEA
Chrysidoids are characterized by reduced venation and a curious articulation of sting mechanism. 

BETHYLIDAE  21 genera and about 200 spp. in N. Am., with 3 subfamilies.  Epyrinae and Pristocerinae usually develop on Coleoptera larvae.  Bethylinae and some Epyrinae attack lepidopterous larvae.  All develop externally.  Female stings host, often several times, until the latter is USUALLY permanently and completely parasitized.  Host may be left in place or transported to a crevice of some sort, or buried in the soil.  Number of eggs deposited on a host varies considerably: sometimes only one, but often many/host (gregarious).  At least 4 spp. display some form of maternal care (e. g. Sclerodermus).  This is usually expressed by remaining with the host after oviposition and actively defending brood.  Some species are thelytokous.  Several have been used in biocontrol.  Most of the biocontrol activity has involved members of the genus Goniozus on Lepidoptera, and the genera Holepyris and Cephalonomia on stored product insects. Sclerodermus was mass reared and released in the Beijing area in 1982.  Examples: against pink bollworm, navel orangeworm (previous claims of success unsubstantiated), coffee berry borer in Brazil (success) and Mexico, and stalk-boring Lepidoptera.   


Evans (1964, 1978) revised all N. Am. spp and includes a host list in his 1978 paper.  His 1978 paper was not included in North American Hymenoptera Catalog so the latter still shows Parasierola as a separate genus from Goniozus.  See also the bibliography by Hawkins and Gordh; the world catalog by Gordh and Moczar (1990); and revision of genera of Bethylinae by Polascek and Krombein (1994).

CHRYSIDIDAE  25 genera and about 230 spp. in N. Am.  Members of 2 subfamilies develop exclusively in phasmid eggs---only egg parasitoids in Aculeata that I know of.  These 2 (Loboscelidiinae and Amiseginae) and a third subfamily, the Cleptinae, were often treated as separate families in the past.  The Cleptinae are parasitoids of sawfly larvae; 7 N. Am. spp. of cleptines.  Remaining chrysidids parasitize bees and wasps almost exclusively (a few odd records on other groups).  A few species chew their way into host cells, but most oviposit into the cell before closure.  They are aided in this procedure by highly telescoped abdomen (consisting of 2-7 abd. segms)---essentially an ovipositor tube formed secondarily by abdominal segments.  See book on World Chrysidoidea by Kimsey & Bohart (1990).

DRYINIDAE  Olmi (1984 and supplements) increased the number of subfamilies in N. Am. from 4 to 7 (11 worldwide).  27 gen & about 120 spp. in N. Am.  Exceptional sexual dimorphism makes it difficult to associate sexes without rearing for many of the groups.  (e. g. stubby, black, winged males and slender, pale, apterous females).  Hosts are membracids, cicadellids, and 11 families of fulgoroids (delphacids and flatids being very commonly attacked).  In those groups with chelate forelegs, the female grabs prey mantid‑like, temporarily paralyzes host with sting, and oviposits between overlapping sclerites.  Wasp larva protrudes as a brown or black sac on abdomen formed by shed larval skin of parasitoid.  In those without chelate fore legs (Aphelopinae), the female apparently catches host with fore and middle legs.  A sac‑like bulge is also produced, but from the host's tissues instead of larval skins (some older interpretations) or as a soft last larval skin (Olmi's and other, more recent interpretations).  There is also at least one species which is polyembryonic, and its larvae develop internally without a bulge.       


Dryinids have been used in biocontrol because they are known to attack several important leafhopper pests. In most programs, percent parasitism has usually been too low to prevent economic damage (e. g. a N. Am. parasitoid of 6-spotted leafhopper, Barrett et al. 1965).  In recent years, species have been collected in North America for introduction to Italy against several target pests.

ODDITIES AMONG THE CHRYSIDOIDEA:

SCLEROGIBBIDAE  1 species recorded from Arizona, but the species also occurs in College Station.  Mainly a tropical group.  Only known biology – external parasitoids of Embiidina nymphs (develop like dryinids, embolemids, and rhopalosomatids).  

EMBOLEMIDAE  Most have same biology as Dryinidae.  2 North American species, both of which occur in Brazos County.  Host = Achilidae (Fulgoroidea) for one of the species.  Shared host development  of embolemids and dryinids = a synapomorph indicating the close relationship between these two families though Rasnitsyn (1980) has expressed some doubts.

PLUMARIIDAE  No known host, not North American (Southern Hemisphere only), only about 3 females have ever been reported.

SCOLEBYTHIDAE  Reared from scolytid-infested log.  Not known from North America.

APOIDEA (SPHECIDAE + BEES)

Bees and sphecids are very closely related, and it's not always easy to see the differences.  Several leading workers feel that bees and sphecids should be placed in the same superfamily, and this is reflected in the classification presented here, which follows the latest edition (2004) of Study of Insects (Triplehorn and Johnson).  However, in some recent texts and general classifications, bees (as superfamily Apoidea) and Sphecidae (as superfamily Sphecoidea) are treated separately from Vespoidea.  Pemphredonines are generally the most bee-like group, and nesting similarities support this relationship: 1) lining and partitioning nest cells with a membrane secreted by salivary glands is found only in pemphrodonines of the Sphecidae, but is found in several bees (e.g. Hylaeus and Colletes).  2) 1 gen. of pemphrodonines uses resin to partition nests, much as in some megachilids, apids, and anthophorids; 3) Microstigmus is more or less social.

Bees  Anthophorines, megachilids and other bees won't be treated in this course, though you should be aware that there are a number of complex relationships involving parasitism of bees by other bees, often involving members of the same genus.  An example is Ceratina and relatives, the small carpenter bees; and one genus of anthophorids which appears to be exclusively parasitic ("social" parasites in the genus Nomada).  Glandular secretion of Epeolus (another anthophorine) dissolves host nest cell lining on contact and enables Epeolus to oviposit in Colletes nests (Torchio and Burdick 1988).

SPHECIDAE  Naked apoids (presence or absence of hind tibial strigil also an important character for separation of sphecids from bees).  All known species are solitary, though some subsocial behavior is known, and some of these latter species are occasionally referred to as social.  Most spp. are predators, but a few are cleptoparasitic.  At least one species can truly be considered as a koinobiont ectoparasitoid.  Considerable study has been done on prey-carrying mechanisms and foraging behavior.  There seems to be no important correlation between type of carry and type of prey.  egs: 1) grabbed in mandibles and dragged backwards to nest (Ampulicinae); 2) straddled, grabbed in mandibles, and dragged forwards (some larrines); 3) carried in flight with mandibles, with or without help from legs (some Sphecinae); 4) carried in flight with middle legs only (some Nyssonine); 5) carried in flight with hind legs only (some Crabroninae); 6) carried in flight impaled on sting (some Oxybelus of Crabroninae); 7) carried in flight, held in a clamp formed by apical abdominal segments (2 genera of Philanthinae)‑‑‑ Listropygia and Clypeadon.

Classification of Sphecidae (see Menke 1997):

Ampulicinae:  4 spp. in N. Am.  Largely a tropical group, prey = cockroaches, which they drag backwards on foot to a suitable site.  Prey carry is thus more like pompilids than sphecids, which tend to carry prey while walking forwards (when they walk).  Often treated as a separate family. Have been used in biological control, but not very successfully.  Not well adapted to urban situations.  Populations low.

Crabroninae:  12 insect orders plus spiders.  Diptera predominate as hosts except in larrines (2000 spp. formerly treated as a separate subfamily: orthopterans most common hosts).  Easily the largest subfamily; mostly fossorial.  At least two spp. intro. to Florida for mole cricket control; does fairly well because of its host specificity.  Some host specificity at tribal level.

Sphecinae:  Orthoptera prey in general, with 1 tribe provisioning spiders; this subfamily includes mud daubers and long‑waisted spp.

Pemphredoninae:  Homoptera, Thysanoptera, Collembola.  Small to tiny spp with large fore wing stigma. 2 tribes differ in types of homopteran prey, 1 taking largely aphids.

Astatinae:  Hemiptera.  Small group with robber fly foray patterns.

Nyssoninae:  6 tribes specific on Homoptera, Diptera, and Hymenoptera (cleptoparasitic); l tribe non-specific, even taking dead "prey".  These are the sand wasps; all fossorial; cleptoparasites are heavily armoured.

Philanthinae:  Hymenoptera and a few Coleoptera; includes Cerceris, largest sphecid genus.  All known spp. are ground nesters.  


VESPOIDEA
MUTILLIDAE  More than 500 N. Am. spp.  Females entirely apterous, males usually winged.  Females often with painful sting.  Biologies and even host records known for only a very few spp. (only about 10% of the world species).  Of those with known biologies, host stage attacked is pupa or diapausing larva.  Most records are from aculeate wasp hosts, but there's one good N. Am. record from a beetle pupa.  

POMPILIDAE  Spider wasps.  Well-known group, with monographic works available for N. Am.  Prey exclusively on spiders, and provision only l large spider per cell (vs.  sphecids which provision a number of small spiders per cell).  See papers by Day and earlier works by Evans.

RHOPALOSOMATIDAE  External, koinobiont parasitoids of nymphal crickets. Develop in pouches similar to dryinids and embolemids, but few other details know.  At least two species in Brazos County, one moderately common in Malaise traps.

SAPYGIDAE  17 N. Am. spp. in 2 genera. Uncommon.  Parasitic in nests of aculeate Hymenoptera, with better known genus, Sapyga, apparently confined to Megachilidae.  Can in some cases be especially important pests in nests of leaf-cutting bees used for pollination.  Sapygids usually oviposit through a cell partition.  In some species, newly hatched larvae destroy the host egg and then develop on the pollen stored by the host bee; others feed on the host larva after the latter has spun its cocoon.  Thus, they have the same basic variation in life history as chrysidids.  Development is sychronized with host and many are recorded from vernal bees.

TIPHIIDAE  about 350 N. Am. Spp.  As far as is known, all North American spp. are parasitoids of fossorial hosts.  Known hosts include scarab larvae, cicindellid larvae, and l subfamily is confined to ground-nesting aculeates.   23 species have been used in biological control (+3 spp of thynnines), primarily for control of scarab larvae (e. g. Japanese beetle); 6 intros with some degree of control.  


Members of the subfamily Brachycistidinae have pronounced sexual dimorphism similar to mutillids.  Males fully winged, females apterous.  Females spend all their time under ground, coming to surface only rarely, and this usually only for mating.  

SCOLIIDAE  A small family, though the members are often large and commonly encountered in southern regions.  Only 23 N. Am. spp.  External parasitoids of scarab larvae in soil or debris of wood rat nests.  37 spp used in biological control worldwide, 5 of the introductions gave some degree of control; 1 with full economic control (one of 5 spp released against sugarcane Oryctes in Mauritius).  Most scoliid use naturally in tropics; but at least 2 species released in N. Am. for scarab control (e. g. Japanese beetle).


Both tiphiids and scoliids dependent on nectar or honeydew, and therefore food plants or homopterans important as part of control programs.

And a couple of families you don’t have to know:

BRADYNOBAENIDAE  rare in North America.  Hosts generally not known; included in Mutillidae in most general works.  One species associated with Solifugae.

SIEROLOMORPHIDAE  6 North Am.erican species.  Biology unknown, but scolioid morphology strongly suggests that they are parasitoids.


VESPIDAE
There has been considerable taxonomic activity in this group, with consequent shuffling of taxa from one rank to the next.  Classic families include the Masaridae (all phytophagous and not further considered here), Eumenidae, and Vespidae.  Carpenter (1982), in the most recently accepted treatment, considers them all as subfamilies of Vespidae.  One generality to start with: all vespoids build nests and begin ovipositing before hunting.


EUMENINAE  nests often consist of a single cell or series of cells, usually with mud or dirt.  Most complex arrangement is a single series of cells with complex intercellular plugs. Nests may be placed in soil, hollow twigs, sides of buildings, or old nests of other aculeates.  The latter must be carefully considered if you are studying nest architecture or parasitoids.  Most spp provision lepidopterous larvae, but some provision weevils or other coleopterous larvae, and some provision both.  Although some Zethini are subsocial, there is almost never any contact between parent and offspring in eumenines.  


Remaining predaceous VESPIDAE are all social, with colonies of 1 or more queens.  Ignoring polybiines, we can compare two of the larger included groups, the polistines and the vespines.  Polistinae are paper wasps, they have a single comb nest not enclosed in a paper envelope.  Prey are mostly lepidopterous larvae.  Some spp. are believed to exert strong predation pressure on economically important pests, at least seasonally.  This belief has led to some augmentative work in the U.S. and elsewhere‑e.g., in N. C., Ark., and island of St. Vincent, box‑like shelters have been used to provide increased nesting sites in and around crops in an attempt to increase Polistes predation.  Similar work has been done at CIAT in Colombia in an attempt to control sphingids in cassava by Polistes.  


Vespinae: morphologically the most specialized of social wasps.  Nests consist of several to many combs of paper cells.  Combs are usually enclosed in a paper envelope.   There are few records of provisions, but some spp prey on honeybees and others store flies.  


Social insects in general: 3 traits of eusocial insects: 



1) individuals of same spp. cooperate in care of young.



2) reproductive division of labor with more or less sterile individuals working for fecund individuals.



3) at least 2 generations overlap in laborers so that offspring assist parents at some stage of life.


Presocial insects have one or 2 of the above traits, solitary spp. have none.  2 or more gravid females of same generation cooperatively construct and provision the cells.


Semisocial---unmated females of same generation associated with 2 or more gravid females, and care for the young of the latter (some halictids)


