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ABSTRACT We tested natural and factitious host insects for their physiological responses 
to stinging by the gregarious ectoparasite, Euplectrus plathypenae Howard, and observed 
hosts injected with tissue from the lower reproductive tract of the female parasitoid. Tests 
included eight recorded lepidopteran hosts and larvae of 36 other species of Lepidoptera 
not previously recorded as hosts, plus 19 species in six other orders. The arrestment of 
development produced by E. plathypenae was expressed in all natural hosts and in most, 
but not all, insects outside the natural host range of the parasite. 
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Euplectrus spp. are naturally gregarious ectopar­
asites that develop on noctuid and geometrid larvae 
(Noble 1938, Neser 1973, Gerling & Limon 1976, 
Puttler et al. 1980). They inhibit host molting once 
stinging (=puncture with the ovipositor), oviposi­
tion (=egg deposition), or parasitism (=stinging and 
oviposition) has occurred. Oviposition ranges from 
1 to > 10 eggs per host. Molting inhibition usually 
occurs without host paralysis and prevents shed­
ding of the cuticle, which is the site of attachment 
of the parasite's eggs. In contrast, almost all other 
hymenopteran ectoparasites (e.g., Braconidae, Ich­
neumonidae, Eulophidae, and Bethylidae) of lep­
idopteran and coleopteran larvae paralyze their 
hosts (Beard 1952, Puttler 1963, Gordh 1976). Pa­
ralysis occurs when the female injects venom into 
the host before or at the time of oviposition. 

Euplectrus puttleri (Gordh) and E. kuwanae 
(Crawford) are host specific (Puttler et al. 1980, 
Uematsu 1980). In contrast, E. plathypenae How­
ard has several lepidopteran host species (Wall & 
Berberet 1974, Krombein et al. 1979). All three 
species arrest the development of the host. Ovi­
position and parasitism of Trichoplusia ni (Hub­
ner) by E. plathypenae affect the molting hormone 
titer, arrest molting, and prevent new cuticle for­
mation of the host (Coudron & Kelly 1985). 

Our study examines the effect of E. plathypenae 
and an extract of the lower reproductive tract from 
E. plathypenae on some of its recorded hosts as 
well as on other insect hosts. The species was chosen 
because it is polyphagous and parasitism of more 
species might be possible. 

Material and Methods 

Parasite Rearing. Euplectrus plathypenae were 
reared on third- and fourth-instar fall armyworm, 
Spodoptera frugiperda 0. E. Smith), and main­
tained on a semisynthetic modified wheat germ 

diet (Wilkinson et al. 1972). Ovipositional cham­
bers for the parasite consisted of 0.35-liter paper 
cartons that contained host diet, honey drops on a 
plastic Petri dish lid, and two host larvae per female 
parasite. The larvae were exposed to parasitism for 
24 h, removed from the ovipositional chamber, and 
maintained on diet as the parasites developed. 
Emerging parasites were kept in an acrylic cage 
(30 by 30 by 30 cm), two males per three females, 
and were supplied with water and honey. Four 
days were allotted for mating before the adults 
were used in parasitism tests. 

Host Insect Rearing. All tested insect species 
were obtained from laboratory cultures maintained 
at the Biological Control of Insects Research Lab­
oratory insectary, provided by cooperating ento­
mologists, or were field collected in Missouri. Field­
collected insects that could not be maintained on 
an artificial diet were reared on the host plant from 
which they had been collected. Laboratory-reared 
insects were maintained individually on wheat germ 
diets in 10-ml containers or as groups in 50-ml 
containers. Developing host insects were observed 
through each stadium and the times of ecdysis were 
recorded. Penultimate instars were used for these 
studies. Rearing and testing of insects were done 
at 23-26°C, 40-60% RH, and 12:12 (L:D) photo­
period. 

Parasitism Procedure. Euplectrus plathypenae 
was tested by using 23 noctuid species (including 
seven species previously recorded as natural hosts), 
larvae of 18 other lepidopterans representing 10 
families and including one species previously re­
corded as a natural host, and seven species from 
four nonlepidopteran insect orders. Immature host 
insects were parasitized in the second quarter of 
their penultimate stadium to avoid physical dis­
turbance of growth and development. For para­
sitism, female Euplectrus were transferred into 
50-ml host-rearing chambers (5-10 parasites/im-
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Table 1. Larvae and nymphs of insects parasitized in the laboratory to determine the effect of E. plathypenae on 
development and molting 

Parasitized hostsb 
Control hostsd 

Species Recorded Parasite 
[common name/plant origin] host<l No. parasitized/ Molting 

No. treated development" 
no. exposed arrested %c 

Lepidoptera 

Noctuidae 

Heliothis zea (Boddie) 
[bollworm/laboratory] + 20/20 100 20 + 

Peridroma saucia (Hubner) 
[variegated cutworm/laboratory] + 20/20 100 20 + 

Plathypena scabra (F.) 
[green cloverworm/soybean plant] + 20/20 100 20 + 

Pseudaletia unipuncta (Haworth) 
[armyworm/ alfalfa] + 20/20 100 20 + 

Spodoptera frugiperda 0. E. Smith) 
[fall armyworm/laboratory] + 20/20 100 20 + 

Spodoptera ornithogalli (Guenee) 
[yellowstriped armyworm/laboratory] + 20/20 100 20 + 

Trichoplusia ni (Hubner) 
[cabbage looper /laboratory] ++ 20/20 100 20 + 

Agrotis ipsilon (Hufnagel) 
[black cutworm/laboratory] 15/20 100 20 + 

Anticarsia gemmatalis (Hubner) 
[velvet bean caterpillar/laboratory] 15/20 100 20 + 

Melanchra picta (Harris) 
[zebra caterpillar / dock] 17/20 100 20 + 

Heliothis subflexa (Guenee) 
[-/laboratory] 20/20 100 20 + 

Heliothis virescens (F.) 
[tobacco budworm/laboratory] 20/20 100 20 + 

Pseudoplusia includens (Walker) 
[soybean looper/soybean] 4/10 100 5 + 

Schinia marginata (Haworth) 
[-/ragweed] 3/10 100 4 + 

Syngrapha falcifera (Kirby) 
[celery looper / red clover] 20/20 100 20 + 

Tarachidia candefacta (Hubner) 
[-/ragweed] 5/5 100 3 + 

Sphingidae 

Manduca sexta (L.) 
[tobacco hornworm/laboratory] + 20/20 100 20 + 

Arctiidae 

Estigmene acrea (Drury) 
[saltmarsh caterpillar/cabbage] 4/4 100 2 

Spilosoma virginica (F.) 
[yellow woolly bear / cabbage] 3/10 100 4 

Danaidae 

Danaus plexippus (L.) 
[monarch butterfly/milkweed] 4/4 100 2 

Geometridae 

Paleacrita vernata (Peck) 
[spring cankerworm/plum] 4/6 100 2 + 

Unidentified geometrid 
[-/alfalfa] 1/1 100 

Hesperidae 

Pholisora catullus (F.) 
[-/lambs quarters] 3/5 100 2 

Lasiocampidae 
Malacosoma americanum (F.) 

[eastern tent caterpillar / cherry] 1/20 100 20 * 
Papilionidae 

Papilio polyxenes asterius Stoll 
[black swallowtail/dill] 5/5 100 2 

Pieridae 

Pieris rapae (L.) 
[imported cabbageworm/cabbage] 16/20 100 20 
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Table I. Continued. 

Species 
[common name/plant origin] 

Colias eurytheme (Boisduval) 
[alfalfa caterpillar /alfalfa] 

Diatraea grandiosella (Dyar) 
[southwestern corn borer /laboratory] 

Evergestis rimosalis (Guenee) 
[cross-striped cabbageworm/ cabbage] 

Homoeosoma electellum (Hulst) 
[sunflower moth/laboratory] 

Ostrinia nubilalis (Hubner) 
[European corn borer /laboratory] 

Loxostege commixtalis (L.) 
[alfalfa webworm/ alfalfa] 

Hellula rogatalis (Hulst) 
[cabbage webworm/cabbage] 

Plutella xylostella (L.) 
[diamondback moth/laboratory] 

Crioceris asparagi (L.) 
[asparagus beetle/asparagus] 

Hypera postica (Gyllenhal) 
[alfalfa weevil! alfalfa] 

Musca domestica (L.) 
[house fly/laboratory] 

Ravinia lherminieri (Robineau-Desuoidy) 
[-/bovine dung] 

Syrphus sp. 
[-/milkweed] 

Chrysopa carnea (Stephens) 
[common green lacewing/laboratory] 

Parasitized hostsb 

Recorded 
host" No. parasitized/ 

no. exposed 

Pyralidae 

8/10 

10/15 

2/2 

2/5 

10/10 

4/5 

3/5 

Y ponomeutidae 

10/20 

Coleoptera 

Chrysomelidae 

Curculionidae 

Diptera 

Muscidae 

9/15 

4/10 

15/20 

Sarcophagidae 

Syrphidae 

Neuroptera 

Chrysopidae 

10/20 

2/10 

4/10 

Molting 
arrested %c 

100 

100 

100 

100 

100 

100 

100 

100 

o 

o 

o 

o 

o 

100 

Control hostsd 

No. treated 

5 

5 

2 

3 

5 

5 

2 

5 

10 

5 

20 

5 

5 

10 

933 

Parasite 
development€ 

a +, previously recorded (see Krombein et al. 1979); + +, previously recorded in our records and referenced by Wall & Berberet 
(1974); -, not recorded before in the literature. 

b Studies done with insects parasitized under controlled laboratory conditions. 
C Percentage of parasitized hosts that had arrestment in development at the point of molting. 
d Insects were held under the same conditions as the treated insects, except there was no exposure to the parasite. All of the control 

species developed normally. 
e +, successful development of the parasite through to the adult stage; -, incomplete development of the parasite; *, the host died 

as a result of parasitism and before the development of the parasite could be determined. 

mature host) and removed 6-12 h later. Control 
hosts were treated identically to parasitized hosts 
but were not exposed to parasites. Control and par­
asitized hosts were observed for molting every 8 h. 

Inj ection Procedure. Insects that could be han­
dled and injected during the penultimate instar 
were selected from available species and subjected 
to injection tests. An extract of tissue dissected from 
the lower reproductive tract of E. plathypenae fe­
males was injected into eight lepidopteran and 15 
nonlepidopteran insect species. The tissue was ho-

mogenized in 40 mM KCI (potassium chloride) and 
centrifuged at 4,500 x g for 10 min. A 5-JLI aliquot 
of the supernatant was injected into the abdominal 
hemocoel of each test insect by using a 10-JLI syringe 
with a 33-gauge needle. Dilutions of the super­
natant were prepared by altering the amount of 
the KCI solution. The amount injected was ex­
pressed in parasite equivalent units (PEU); one unit 
represented the amount of material extracted from 
one female parasite. Response to an injection was 
correlated with concentration. Two and four PEU 
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Table 2. Development and molting of insect larvae and nymphs tested with inj ection of an extract from E. plathypenae 

Treated insects" Control insectsd 

Species Molting Molting Death from common name/plant origin] PEUb No. treated arrested No. treated arrested injection %C %e 

Lepidoptera 

Arctiidae 

Euchaetias egle (Drury) 
[-/milkweed] 2 6 100 4 0 0 

Hyphantria cunea (Drury) 
[fall webworm/walnut] 2 6 100 6 0 

Noctuidae 

Heliothis virescens (F.)! 
[tobacco bud worm/laboratory ] 2 10 100 10 0 2 

Heliothis zea (Boddie)! 
[bollworm/laboratory] 

Spodoptera frugiperda 0. E. Smith)! 
2 20 80 10 0 0 

[fall armyworm/laboratory] 2 10 100 10 0 0 
Trichoplusia ni (Hubner)! 2 20 100 10 0 0 

[cabbage looper /laboratory] 4 10 * 10 0 0 

Sphingidae 

Manduca sexta (L.)! 
[tobacco hornworm/laboratory] 2 10 100 10 0 3 

Hemiptera 

Coreidae 

Anasa tristis (DeGeer) 
[squash bug/squash] 2 6 83 6 0 0 

Pentatomidae 

Podius maculiventris (Say) 
[spined soldier bug/laboratory] 2 10 8 0 5 

Orthoptera 

Acrididae 

Dissasteira carolina (L.) 
[Carolina grasshopper/alfalfa] 2 3 0 2 0 0 

M elanoplus femurrubrum (DeGeer) 
[red legged grasshopper/alfalfa] 2 3 0 2 0 0 

Blaberidae 

Gromphadorhina portentosa (Schaum) 
[hissing cockroach/laboratory] 4 5 0 4 0 0 

Blattidae 

Periplaneta americana (L.) 
[American cockroach/laboratory] 2 8 0 4 0 0 

Gryllidae 

Acheta domesticus (L.) 2 10 0 5 0 2 
[house cricket/laboratory] 4 10 * 5 0 3 

Tettigoniidae 

Microcentrum rhombifolium (Saussure) 
[broad winged katydid/alfalfa] 2 10 * 4 0 4 

Tortricidae 

Archips cerasivorana (Fitch) 
[uglynest caterpillar /pin oak] 2 5 100 4 0 0 

Coleoptera 

Coccinellidae 

Coleomegilla maculata (DeGeer) 
[-/ cabbage] 2 5 80 4 0 0 

Diptera 

Muscidae 

Musca domestica (L.) 
[house fly/laboratory] 2 12 0 6 0 2 

a Insects were mechanically injected in the abdominal hemocoel with 5 ~l of an extract from E. plathypenae. 
b The lower reproductive tract of the female E. plathypenae was excised, homogenized, centrifuged, and the supernatant used for 

injections. One PEU represents the supernatant from the homogenization of one lower reproductive tract. 
C Percentage of injected hosts which exhibited arrestment in development at the point of molting; *, the host died as a result of the 

injection of the active substance and before the development of the host could be measured. 
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were used based on preliminary data showing T. 
ni development to be arrested at 0.1 PEU and death 
to occur at 4.0 PEU (T.A.G, unpublished data). 
Control insects were injected with 5 JLI of a KCI 
solution alone. Control and treated insects were 
observed for molting every 8 h. 

Interpretation of the Data. Arrested develop­
ment or absence of molting of treated insects was 
determined by comparing the time of molting with 
that of control insects held under identical condi­
tions. Parasitized or injected hosts that molted at 
the same time as their controls were scored "no 
arrestment of development"; those that molted 
within 5 d (endopterygotes) or 10 d (exopterygotes) 
after control molting were scored "delayed devel­
opment"; and those that lived and fed but had not 
molted for 7 d (endopterygotes) or 14 d (exopter­
ygotes) after control molting were scored "devel­
opmentally arrested." Under the rearing conditions 
in these studies, the penultimate stadium of control 
insects was 2-3 d for the endopterygotes and 5-6 
d for the exopterygotes tested. Death of a host 
insect following treatment was recorded separately 
from normal, delayed, or arrested development. 

The development of E. plathypenae on each test 
host was observed and recorded as successful if the 
parasite developed to the adult stage. All other 
instances were recorded as unsuccessful. 

The number of insects treated (parasitized or 
injected) was low for some test species. This reflects 
a limited number of larvae available or a low rate 
of parasitism by E. plathypenae. Where possible, 
sufficient control larvae of each species were re­
tained to estimate the time of molting. 

Voucher specimens of E. plathypenae have been 
deposited in the W. R. Enns Entomological Mu­
seum at the University of Missouri, Columbia. 

Results 

Effect of Parasitism by E. plathypenae. Molting 
was arrested in 16 noctuid species following par­
asitism by E. plathypenae (Table 1). The parasite 
developed successfully on all these hosts. Larvae of 
the remaining seven noctuid species tested (forage 
looper, Caenurgina erechtea (Cramer); dingy cut­
worm, Feltia jaculifera (Guenee); bristly cutworm, 
Lacinipolia renigera (Stephens); green fruitworm, 
Lithophane antennata (Walker); bronzed cut­
worm, Nephelodes minians (Guenee); Parastichtis 
bicolorago (Guenee); spotted cutworm, Xestia c-ni­
grum (L.)) died following parasitism and before 
molting. 

Molting was arrested in all other lepidopteran 
larvae parasitized and none died before control 
molting occurred (Table 1). Successful parasite de­
velopment occurred only on Manduca sexta (L.) 

f-

(Sphingidae), which has been recorded as a natural 
host, and on Paleacrita vernata (Peck) (Geometri­
dae). The one lasiocampid host tested, Malacosoma 
americanum (F.), remained alive after the controls 
molted but died before the parasites had complete­
ly developed. 

Seven nonlepidopteran insect species were also 
tested (Table 1). In one (common green lacewing, 
Chrysopa carnea (Stephens)), molting was arrest­
ed; another died after parasitism (European pine 
sawfly, Neodiprion sertifer (Geoffroy), not listed 
in Table 1); and the remainder continued to de­
velop after parasitism (Table 1). E. plathypenae 
did not develop on any of these species. 

Inj ection Test. Arrested development occurred 
in all lepidopteran species injected with 2 PEU 
(Table 2). Twenty percent of treated Heliothis zea 
(Boddie) larvae continued to develop and molt. 
These larvae bled at the injection puncture and 
perhaps the injected material was lost. Survival of 
sham-treated controls was >70%, indicating a high 
degree of tolerance by these lepidopteran larvae 
for injection (Table 2). 

Arrested development occurred in only two non­
lepidopteran species that survived injection (Table 
2). A low percentage of these larvae (20% and 17% 
for Coleomegilla muculata (DeGeer) and Anasa 
tristis (DeGeer), respectively) continued to develop 
and molt. These larvae also bled at the injection 
puncture and the injected material may have been 
lost. Larvae of six nonlepidopteran species survived 
injection and continued to develop and molt. Lar­
vae of seven species (asparagus beetle, Crioceris 
asparagi (L.); Labidomera clivicolis (Kirby); alfal­
fa weevil, Hypera postica (Gyllendal); Ravinia 
lherminieri (Robineau-Desvoidy); Syrphus sp.; 
spined soldier bug, Podius maculiventris (Say); 
broadwinged katydid, Microcentrum rhombifol­
ium (Saussure)) died following injection (not listed 
in Table 2). 

The nymphal stadium was extended beyond 10 
d for three orthopteroid species tested: Grompha­
dorhina portentosa (Schaum), Periplaneta amer­
icana (L.), and Acheta domesticus (L.); however, 
all three molted before 14 d had elapsed. There­
fore, the development was delayed but not com­
pletelyarrested. Because of its large nymphal size, 
G. portentosa was treated with 4 PEU. The house 
cricket, A. domesticus, which is much smaller, sur­
vived treatment at 2 PEU, but died when treated 
with 4 PEU. 

Discussion 

Four kinds of host response were observed in 
these studies: complete arrestment of development 
at the time of molting, delayed time of molting, 

d Insects were injected with 5 ILl of a KCI solution and held at the same conditions as the treated insects. 
e Percentage of the control insects which exhibited arrestment in development at the point of molting; *, the host died as a result 

of the injection. 
f Parasitized by the female E. plathypenae. See Table 1. 
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death, and normal development including molting. 
Arrested development occurred in endopterygote 
and exopterygote species. 

Molting was arrested in all 44 lepidopteran species 
subjected to parasitism and injection tests. Eight 
species parasitized and 4 species injected were re­
corded as natural hosts. Complete parasite devel­
opment was observed on 10 other lepidopteran 
species, indicating that E. plathypenae is capable 
of successful development on some species not re­
corded as hosts in nature. However, arrested de­
velopment occurred in 17 species (15 parasitized 
and 8 injected) without concomitant development 
of the parasite. Therefore, arrested development 
in these species is not dependent on the develop­
ment of the parasite. 

The only Heliothis species recorded to be par­
asitized by E. plathypenae is H. zea (Krombein et 
al. 1979). In our study, H. virescens (F.) and H. 
subflexa (Guenee) were readily parasitized and 
supported complete development of the parasite; 
therefore it is likely that all Heliothis spp. will 
eventually be recorded as natural hosts of E. plat­
hypenae. 

Parasitism of some species is less likely to occur 
in nature even though their development was ar­
rested. An example of this is the eastern tent cat­
erpillar, M. americanum (F.). The densely setig­
erous nature of the larva appeared to be an obstacle 
to parasitism; E. plathypenae had difficulty reach­
ing the larva's cuticle. However, another Euplec­
trus sp., E. liparidis (Ferriere), has been reared 
and described from the densely setigerous larvae 
of the gypsy moth, Lymantria dispar (L.) (Ferriere 
1941, Boucek 1977). 

This study records the first parasitism of nonlepi­
dopteran species by an eulophid in the tribe Eu­
plectrini. Five nonlepidopteran species (of the sev­
en tested) developed normally following parasitism. 
This indicates a resistance to the arrestment effect, 
something not observed with lepidopteran species. 
The injection technique was used as an additional 
test of those species that continued to develop fol­
lowing parasitism. Only larvae of the house fly, 
Musca domestica (L.), survived the injection pro­
cess. The continued development of this species 
supports the idea that resistance to the arrestment 
effect of E. plathypenae is possible in some insect 
species. 

Molting was not arrested, but was measurably 
delayed, in three orthopteroid species following 
injection. This may be a dose-response effect where 
the amount injected was insufficient to arrest the 
molting process but sufficient to retard the event. 
A narrow range of tolerance for the injected ma­
terial was shown by A. domesticus, where 2 PEU 
caused a delay in the molting process and 4 PEU 
caused death of the immature host. 

Identification and characterization of the active 
substance in E. plathypenae is in progress. This 
may make possible a new pharmacologically active 
agent and pest control methodology directed at 

controlling the molting process in specific insect 
species. 
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