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I. INTRODUCTION 

I n a comprehensive study publ ished in 1941, Kobayasi listed 137 
species as valid members of the genus Cordyceps, and of these 125 are 
recorded as parasitic on insects. Since that t ime new species have been 
added (Mains, 1958; Mathieson, 1949) so that from a taxonomic point 
of view the genus is well known. From other aspects, however, the genus 
has been investigated little and the s tudent must search extensively to 
find other than taxonomic descriptions of most species. 

Members of the genus Cordyceps are found on Diptera, Hymenoptera , 
Coleoptera, Lepidoptera , Hemiptera , Isoptera, and Or thopte ra among 
insect orders and on spiders, the sclerotia of the fungus Claviceps, and 

ι Journal Paper N o . 1285, N e w York State Agricultural Experiment Station, 
Geneva, N e w York. 

2 T h e author wishes to express thanks to Director emeritus Ε. B. Mains for 
permission to reproduce photographs from his publication, to Miss Gertrude Catlin 
for preparing the illustrations herein contained, and to Dr. S. E. Lienk for assistance 
with the literature. 
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the fruit bodies of Elaphomyces. O n insects the appearance of a Cordy
ceps may be qui te striking. T h u s it is not unexpected that early writers 
(e.g., Gray, 1858; Cooke, 1892) were attracted by their unusual habi t and 
wrote extensive accounts concerning them. Whi le these accounts are of 
interest to the reader from a historical viewpoint and from the stand
point of early records of biological curios, the descriptive ' 'vegetable 
wasp" and "plant worm" terminology can now be updated through a 
better knowledge of the fungal parasite. 

It is of interest to note that in certain parts of the world lepidop
terous larvae and pupae infected with Cordyceps have long been used 
for medicinal purposes and as food (Hoffman, 1947). Lloyd (1918) re
counts the Chinese belief that larvae infected with Cordyceps sinensis 
(Berkeley) Saccardo had wide-spectrum medicinal value and, especially 
when boiled with pork, would cure op ium poisoning, the habi t of op ium 
eating, and even tuberculosis. Th i s par t icular species has an early history 
and, according to Lloyd (1918), was figured by Reaumer in a French 
periodical in 1726. Recent research indicates that C. sinensis produces 
cordycepic acid, an isomer of quinic acid with the formula C 7 H 1 20 6 

(Chatterjee et al, 1957). 

I I . TAXONOMY 

T h e genus Cordyceps belongs to the order Hypocreales of the sub
class Euascomycetes. Under the name Torrubia, Tu lasne (1865) was the 
first to define the group somewhat as it is known today. Following 
Tulasne (1865), Massee (1895) and other early taxonomists studied the 
genus (see Kobayasi, 1941), and more recently Kobayasi (1941) and 
Mains (1958) have reworked the group extensively from a taxonomic 
viewpoint. Generic l imitations have varied somewhat among taxonomists 
since the hypocreaceous genera Balansia, Claviceps, and Torrubiella 
have characters similar to those of Cordyceps (Mains, 1958). In general, 
taxonomists have based their major subdivisions on the host relat ionship 
(mycogenous or entomogenous) and the location of the perithecia in 
relat ion to the stromata, i.e., immersed, semi-immersed, or superficial. 
In the most recent in terpreta t ion of the genus, Mains (1958) proposes 
four subgenera (based primari ly on whether or not asci are capitate and 
the character of the perithecia) and four sections as follows: 

I. Subg. Racemella 
II . Subg. Cordyceps 

1. Sect. Hemicordyceps 
2. Sect. Cordyceps 
3. Sect. Cremastocarpon 

3a. Subsect. Mycogenae 
3b. Subsect. Entomogenae 
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4. Sect. Cystocordyceps 
I I I . Subg. Cryptocordyceps 
IV. Subg. Ophiocordyceps 

Few of the records of conidial stages of Cordyceps species have been 
verified through cul tural techniques. Most reports are based on circum
stantial evidence, bu t though seemingly valid, may prove otherwise. I t 
would appear that a n u m b e r of species of Cordyceps have their conidial 
stage in the Fungi Imperfecti among the genera Isaria, Hirsutella, 
Hymenostilbe, Stilbum, and Akanthomyces of the Stilbaceae and in 
Spicaria, Sporotrichium, and Cephalosporium of the Moniliaceae 
(Kobayasi, 1941; Mains, 1958; Mathieson, 1949). 

I I I . MORPHOLOGY 

T h e gross morphology for the exposed por t ion of Cordyceps is in
dicated in early writings by characterizing them as trees growing out 
of insect bodies. Th i s aerial por t ion is the stroma (Plate I) produced by 
the Sclerotium (endosclerotium) or compact mycelial mass within the 
body of the infected host. T h e stromata vary greatly between species 
and within a species. Basically this stroma consists of a central core of 
parallel and interwoven hyphae with an outer layer of short hyphae at 
more or less right angles to the central fascicle. Th i s stalk consists of 
an erect sterile por t ion usually with an enlarged fertile por t ion termi
nally or near the apex. T h e demarcat ion between fertile and sterile 
port ions is not always well defined. Th i s is especially t rue in species 
with filamentous, cylindrical, or clavate stromata (Mains, 1958). Ex
ternally the stromata may be of various colors; the color is constant 
for a given species, bu t it varies depending on maturi ty . In general the 
colors are mainly dull hues of grays or browns, a l though some more 
highly colored species are known. Cordyceps militaris (Fries) Link, a 
species with orange stromata, owes its color to the presence of a carot-
enoid (Friederichsen and Engel, 1958). Internal ly the stromata of 
entomogenous species are white. Cordyceps ophioglossoides (Fries) Link, 
a species parasitic on Elaphomyces, is yellow internally (Kobayasi, 1941). 

Stromata vary in size depending on species and, in species pathogenic 
for subterranean hosts, on the location of the host in relat ion to the 
substratum. T h e stromata of Cordyceps thaxteri (Mains) (a species path
ogenic for spiders) are 1.5 to 2.5 m m long, and those of Cordyceps nor
vegica Sopp ( a species pathogenic for lepidopterous larvae) may reach a 
height of 300 m m (Kobayasi, 1941). Kobayasi (1941) reports that the 
stromata of Cordyceps nipponica Kobayasi (a species pathogenic for a 
hemipteran nymph) may reach a height of 240 m m in order to extend 
its fertile por t ion above the soil; s tromata 10 to 15 m m long have been 
observed where the parasitized host was not embedded in the soil. 
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PLATE I. Infection by Cordyceps. 
FIG. 1. C . sobolifera showing two clavae bearing perithecia in the terminal portion 

and with a conidial branch. 
FIG. 2 . C . militaris stroma on lepidopterous pupa. 
FIG. 3 . C. gracilis capitate clava on lepidopterous larva. 
FIG. 4 . C. australis clava arising from the thorax of an ant. 
FIG. 5 . C . dipterigena stromata on a fly. (Reprinted from Mains, 1 9 4 0 , 1 9 4 9 , 1 9 5 1 , 

1 9 5 8 ) . 
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T h e perithecia develop on the fertile por t ion of the stromata. These 
are flask-shaped, ovate or elliptic, their ostioles opening to the outside. 
In some species the perithecia are superficial whereas in others they 
are immersed or part ly immersed in the stroma. These characters, as 
ment ioned earlier, have taxonomic significance. In C. militaris and 
Cordyceps ravenelii Berkeley and Curtis, the perithecial layer com
pletely covers the terminal por t ion of the stromata, as is also the case 
with the capitate stromata of Cordyceps amazonica Hennings , Cordyceps 
gracilis Dur ieu and Montagne, and Cordyceps clavulata (Schweinitz) 
Ellis and Everhart . In Cordyceps stylophora Berkeley and Broome the 
perithecial layer surrounds the stroma par t way to the apex, leaving the 
terminal por t ion sterile. In Cordyceps variabilis Petch and Cordyceps 
unilateralis (Tulasne) Saccardo the perithecia p ro t rude from cushions 
borne laterally on the stromatal fascicle (Kobayasi, 1941; Mains, 1958). 

T h e asci are cylindrical, long, and nar row in most species [650 to 
750 by 5 to 6 μ in C. curculionum (Tulasne) Saccardo] and contain eight 
filiform, mult iseptate ascospores which break into segments at maturi ty. 
In some, e.g., C. clavulata, the asci are less filamentous (80 to 110 by 
8 to 12 μ) and the ascospores do no t fragment at matur i ty (Mains, 1958). 
In C. sinensis each ascus contains only two or four ascospores, this being 
the only recognized species in the genus with this character (Kobayasi, 
1941). In all bu t two species, C. blattae Petch and C. peltata Wakefield 
(probably not a Cordyceps, see Mains, 1958), the walls of the asci are 
thickened at the apex into cylindric or hemispheric caps. Paraphyses 
are absent. 

T h e S c l e r o t i u m from which the stromata are produced consists of a 
compact mass of mycelial hyphae contained within the body wall of the 
parasitized host. Mycelial ne t t ing may be present forming a dense 
mycelium about the body of the insect host or as an arachnoid envelop 
which fastens the host insect to the substratum. In some species the 
stromata arise through specific areas of the host integument , bu t most 
commonly from the m o u t h or anus (Kobayasi, 1941; Mains, 1958). 

IV. PHYSIOLOGY 

Although extensive host-range studies have not been reported, it 
would appear from the l i terature that most species of Cordyceps are 
ra ther host specific, confined to a single species or minor grouping of 
insects. Th i s may be apparent only, since, as pointed out by Kobayasi 
(1941), more than half of the total species of Cordyceps are known only 
from the original collection. Some exceptions occur, notably C. militaris 
which is almost cosmopolitan in dis t r ibut ion and reported as parasitic 
on 13 genera of Lepidoptera , on coleopterous pupae , and on certain 
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Hymenoptera (Willis, 1959). O n the other hand, larvae of the Victorian 
swift moth are susceptible to infection by at least four species, C. gunnii 
(Berkeley) Saccardo, C. hawkesii Gray, C. cranstounii Olliff, and C. 
robertsii (Hook) Berkeley (Willis, 1959). 

From the foregoing it might be concluded that these fungi have 
rather strict physiological and nutr i t ive requirements. Whether or not 
this is so has not been determined since most of the published accounts 
on Cordyceps include only a taxonomic description and, occasionally, 
some reference to moisture as a prerequisite to development. Attempts 
to culture these fungi in artificial media have been limited. Studies by 
DeBary (1887), Pett i t (1895), Möller (1901), Petch (1936), Shanor (1936), 
Kobayasi (1941), and Mathieson (1949) would indicate that while the 
imperfect stage of several species of Cordyceps can be readily produced 
in artificial media, development of the perfect stage requires more exact 
conditions. However, Kobayasi (1941) succeeded with C. militaris on rice 
media in one instance and reports that Yakusiji and Kumazawa had 
similar success with this and two other species. Mathieson (1949) tried 
unsuccessfully to produce the perfect stage of C. aphodii Mathieson on 
artificial media a l though he used sterilized rice (used successfully by 
Kobayasi) as well as other cereals. 

H u b e r (1958) included C. militaris in a study of the physiology of 
four species of fungi lethal to insects. H e reported that in earlier work 
he had found that this fungus grew well on fat agar (1.5 gm N H 4 N 0 3 , 
0.5 gm K H 2 P 0 4 , 0.25 gm M g S 0 4 , 0.25 gm KCl, 3 % nonnutr i t ive agar, 
5 % beef fat, 1 liter of water). By adding various kinds of fat to a basic 
noncarbon-containing medium (1.0 gm N H 4 N O a , 0.25 gm K 2 H P 0 4 , 0.125 
gm M g S 0 4 , 0.125 gm KCl, 1 liter of distilled water) he found that the 
fungus favored glycerin as a carbon source, utilizing pu re glycerin bet ter 
than either neutra l fat or the acid stearate. I n a similar test it was shown 
that C. militaris grew poorly in a med ium containing glycogen as a 
carbon source, this material not being utilized sufficiently to supply the 
fungus. W h e n C. militaris was cul tured in a med ium containing 1 per
cent asparagine, ammonia was released in quant i ty indicating that the 
fungus produced an asparaginase capable of split t ing the ni trogen bond 
of the asparagine molecule. Tests indicated that C. militaris is non
specific in its ni trogen requirement , utilizing both inorganic and organic 
sources at p H 3.3 to p H 8.5. 

In studies on chit in hydrolysis, H u b e r (1958) placed the wing of a 
J u n e bug on nonnutr i t ive agar seeded with spores of C. militaris. T h e 
fungus grew poorly unt i l it reached the wing and then growth proceeded 
at a rapid rate a l though the perfect stage of the fungus was not pro
duced. Addi t ional evidence on chit in hydrolysis was obtained by growing 
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the fungus in a nonnutr i t ive agar to which chit in was added. T h e fungus 
grew poorly, bu t evidence of chit in hydrolysis was observed after 20 days. 
Such hydrolysis was more pronounced at p H 5.7 than at p H 4.8 or p H 
4.2. W h e n glucose and a m m o n i u m ni t ra te were added to the chitin-
agar as a source of carbon and nitrogen, no hydrolysis of the chitin was 
observed after 20 days. Apparent ly, a l though C. militaris can hydrolyze 
chit in to supply nutr i t ive need, such hydrolysis does not readily occur 
when the elements for growth are available in another form. Th i s was 
also found to be true for Aspergillus flavus Link even though this fungus 
hydrolyzed chit in much more rapidly than did C. militaris and sporu-
lated on the J u n e bug wing placed on nonnutr i t ive agar in the test 
ment ioned previously (Huber , 1958). 

V . PATHOGENESIS 

In some species of Cordyceps (e.g., C. militaris) the spore fragments 
into smaller nonseptate spore parts (Plate I I , Fig. 6B) while in others 
(e.g., C. clavulata) such fragmentation does not occur (PI. I I , Fig. 7). 
In either case when these spore parts or spores come in contact with 
suitable environmental conditions, they germinate by sending out one 
or more germ tubes (PI. I I , Figs. 6c, 7). W h e n germinat ion occurs on 
the surface of a suitable insect host, the germ tubes penetra te the 
integument . Jus t how this is accomplished is not known. DeBary (1887) 
states that in the case of C. militaris, they penetra te the in tegument at 
any point . Th i s may be possible since H u b e r (1958) demonstrated the 
ability of germ tube tips to hydrolyze chitin. Soon after these germ tubes 
enter the host, hyphal bodies (PI. I I , Fig. 1) appear in the hemocoel. 
Sweetman (1958) states that these hyphal bodies arise through a frag
ment ing of the hyphae as they reach the hemocoel whereas DeBary (1887) 
believes another stage is interposed. According to DeBary (1887) 
when the germ tube of C. militaris enters its host it develops a mycelium 
of stout hyphae which penetra te the muscles and fat body. At this 
poin t mycelial growth is arrested and the hyphal bodies are cut off from 
the ends and sides of the hyphae. Such an init ial development of 
mycelium was not reported by Pet t i t (1895) for any of several species 
of Cordyceps studied, nor was it observed by Mathieson (1949) for C. 
aphodii. I n any event hyphal bodies soon appear in great numbers 
circulating in the blood. T h e hyphal bodies reproduce by budd ing as 
do yeasts, bu t as the hemocoel becomes filled with the unicellular bodies, 
the daughter cells no longer split from the parent un i t bu t remain 
attached in chains (or else congregate in chains) and fill the entire body 
cavity, replacing or digesting the softer host components in the process. 
At this point death of the host occurs, the host body is soft and may 
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PLATE I I . Reproduction in Cordyceps. 
FIG. 1. Hyphal bodies from cockchafer larvae infected with C. aphodii. 
FIG. 2 . Hyphal bodies being budded off from a hypha of C . aphodii in artificial 

culture. 
FIG. 3 . C . aphodii conidia of stage A . 
FIG. 4 . Germinating conidia of stage A . 
FIG. 5 . C . aphodii conidia ( A ) of stage Β and germinating conidia of stage Β (Β). 
FIG. 6 . C . aphodii ascus containing mature ascospores ( A ) , part spores (B), and 

germinating part spore ( C ) (redrawn after Mathieson, 1 9 4 9 ) . 
FIG. 7 . Germination of the nonfragmenting ascospores of C. clavulata (redrawn 

after Pettit, 1 8 9 5 ) . 
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become somewhat shrunken. T h e hyphal chains cont inue to develop and 
become more compact to form the S c l e r o t i u m . At the same time slender 
hyphae penetrate the gut, in tegument , and other tissue of the host, and 
while these may not be completely digested (especially the gut and 
integument) , the entire mass becomes hardened and the in tegument is 
distended to near normal size by the ma tu r ing endosclerotium from 
which the stromata will later arise (DeBary, 1887; Steinhaus, 1949; 
Mathieson, 1949). 

A. Coleoptera 

In his t reatment of the genus Cordyceps, Kobayasi (1941) lists 31 
species as parasitic on the larvae of Coleoptera, 1 on the pupae , and 7 
on the adult stage. In addit ion, C. militaris, considered primari ly as a 
parasite on lepidopterous larvae and pupae , has been reported on 
coleopterous larvae a l though there is some question as to the validity 
of such reports (see Kobayasi, 1941). Petch (1942) examined a Cordyceps 
from the larva of a cockchafer: the fungus was too immature to permit 
positive identification, bu t he was inclined to believe it was C. militaris. 

Kobayasi (1941) reports the following species parasitic on Coleoptera: 

On larvae: 

C. acicularis Ravenel 
C. armeniaca Berkeley and Curtis 
C. barnesii Thwai tes ex Berkeley 

C. 
C. 
C. 
C. 
C. 
C. 
C 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
C, 

michiganensis Mains 
neovolkiana Kobayasi 
obtusa Penzig and Saccardo 
palustris Berkeley 
ramosa Petch 
ravenelii Berkeley and Curtis 
rhizoidea Hohne l 
rubra Möller 
scottiana Olliff 
stylophora Berkeley and Broome 
subsessilis Petch 
superficialis (Peck) Saccardo 
translucens Petch 
variabilis Petch 
viperina Mains 
volkiana Möller 

and Broome 
C. brasiliensis Hennings 
C. brittlebankii McLennan and 

Cookson 
C. citrea Penzig and Saccardo 
C. dovei Rodway 
C. falcata Berkeley 
C. gracilioides Kobayasi 
C. insignis Cooke and Ravenel 
C. joaquiensis Hennings 
C. larvicola Quelet 
C. macularis (Mains) Kobayasi 
C. martialis Spegazzini 
C. melolonthae (Tulasne) Saccardo 

On pupae: 

C. coccinea Penzig and Saccardo 

On adults: 

C. aspera Patouil lard 
C. curculionum (Tulasne) Saccardo 
C. entomorrhiza (Dickson) Fries 
C. erotyli Petch 

C. 
C. 
C. 

geotrupis T e n g 
interrupt a Hohne l 
memorabilis (Cesati) Saccardo 
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Mathieson (1949) studied a new species of Cordyceps pathogenic for 
larvae of the pasture cockchafer, Aphodius howitti Hope . H e was un
able to determine the manne r in which the fungus gained entry into 
the host bu t suggested it was not through the al imentary canal since 
no stages of the parasite were found in the gut or its linings at early 
stages of infection. I n the early stages of infection parasitized and non-
parasitized larvae are indistinguishable on the basis of external symp
toms. Microscopic examinat ion, however, reveals the presence of uni
cellular hyphal bodies (PI. I I , Fig. 1) in the blood of infected larvae and 
clustered on the surface of organs bathed by the hemolymph. T h e first 
external symptoms appear as a change in color of the larvae from the 
grayish white of an actively feeding larva or the milk white of the pre-
pupa l stage to a buff yellow tinged with pink. T h e body wall becomes 
opaque and often somewhat wrinkled. Early external symptoms may be 
localized in the anterior por t ion of the gut. In ternal examinat ion when 
these symptoms first appear reveals large numbers of hyphal bodies 
clustered a round the tracheal tubes, the muscles, fat body, Malpighian 
tubes, and outer surface of the gut. I t is at this stage that the daughter 
cells (PI. I I , Fig. 2) from the hyphal bodies no longer split off bu t 
remain attached in chains. Death soon occurs and the body of the host, 
somewhat flaccid at death, becomes rigid and somewhat shrunken from 
the normal size. Growth of the chains of hyphal bodies continues, now 
forming the hyphae and gemmae of the mature endosclerotium. T h e 
incubat ion period is believed to be somewhere between 2 and 8 weeks. 

Mathieson (1949) describes two distinct conidial stages for C. 
aphodii. In the first, conidial stage A, development may occur on 
stromata while still qui te small or on any por t ion of the surface of the 
endosclerotium. Colorless hyphae grow out from the surface of the 
stroma and these branch monopodial ly with conidiophores developing 
at the end of the branches. Phialides develop at the t ip of the conidio
phores and colorless spores are budded off from these (PI. I I , Fig. 3). 
T h e conidiophores curve in a sickle shape to form a terminal ball with 
sterile hyphae surrounding it at maturi ty. 

Conidial stage Β may develop on the same stroma as that which 
produced conidial stage A. In stage Β a palisade-like layer of phialides 
arise from the longi tudinal hyphae of the stroma. Each phial ide termi
nates in a fine sterigma which in tu rn bears a slender "pip-shaped' ' 
hyphal spore (PL II , Fig. 5A). 

Jus t what role each stage plays in na ture is obscure. Mathieson 
(1949) was unable to study the disease in larvae artificially infected with 
the fungus. Mathieson (1949) reports germinat ion and growth in cul
ture from spores of conidial stages A and B, hyphal bodies, and ascospores 
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(PI. II) . T h u s it might be logical to conclude that each of these spore 
types can produce parasitic growth in the insect host. 

Examinat ion of a large n u m b e r of cockchafer grubs led Mathieson 
(1949) to conclude that only the younger larval stadia were susceptible 
to invasion by the Cordyceps since early stages of infection were never 
observed in prepupae . Th i s raised a question as to the role of the 
ascospore (PL II , Fig. 6A) in the na tura l ecology of the fungus since 
ma tu re ascospores are not produced unt i l late in the season, at which 
t ime cockchafer grubs are predominant ly in the p repupa l stage and 
probably not susceptible to infection. Conidial stage A was always found 
on stromata in the field from Apri l to August (grubs in susceptible 
stage abundan t at this time) and a l though conidial stage Β developed 
readily in the laboratory, this stage was found in the field on only one 
occasion. Mathieson (1949) observed that while stromata tended to 
shrivel dur ing the summer, they were able to revive and produce addi
tional growth when moisture became abundan t . H e recounts that after 
a ra in of one and one-half inches in February 1947, old stromata were 
found which had produced a new crop of spores of conidial stage A. H e 
postulates that this growth may serve as a source of infection each year. 

Of the species of Cordyceps pathogenic for Coleoptera, artificial 
cul ture has been a t tempted with C. militaris (Pettit, 1895), C. rubra, C. 
martialis (C. submilitaris) Möller (1901), and C. aphodii (Mathieson, 
1949). Al though the conidial stage has been produced on a variety of 
cul ture media, in no case has the perfect stage developed. 

B. Lepidoptera 
Lepidopterous larvae and pupae are hosts to some of our best-known 

and most-studied species of Cordyceps. Among them are included the 
largest "vegetable caterpil lar" in the world, C. taylori, whose branched 
stromata may a t ta in a height of one foot (Willis, 1959); C. sinensis, 
widely used as a d rug in Chinese medicine and C. militaris, the most 
widely dis tr ibuted and studied member of the genus. 

T h e following 32 species are considered parasitic on Lepidoptera 
(Kobayasi, 1941). 

O n larvae: 
C. atrobrunnea Penzig and Saccardo 
C. baumanniana Hennings 
C. consumpta Cunningham 
C. craigii Lloyd 
C. cranstounii Olliff 
C. deflectens Penzig and Saccardo 
C. glaziovii Hennings 
C. gracilis Durieu and Montagne 
C. gunnii (Berkeley) Saccardo 
C. hawkesii Gray 

C. henleyae Massee 
C. javensis Hennings 
C. klenei Patouil lard 
C. lacroixii Hariot and Patouil lard 
C. larvarum (Westwood) Olliff 
C. nikkoensis Kobayasi 
C. norvegica Sopp 
C. sinensis (Berkeley) Saccardo 
C. taylori (Berkeley) Saccardo 
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On pupae: 

C. flavo-brunnescens Hennings 
C . hokkaidoensis Kobayasi 
C . michaelisii Hennings 

C. 
C 
c. 

miryensis Hennings 
obliqua Kobayasi 
takaomontana Yakusiji and 
Kumazawa 

On larvae and pupae: 
C. eIon gata Petch 
C . militaris (Fries) Link 

C. 

C. 

polyarthra Möller 
pruinosa Petch 

On adults: 

C. isarioides Curtis apud Massee 
C. tarapotensis Hennings 

C. tuberculata (LeBert) Maire emend. 
Petch 

Shanor (1936) studied the development of C. militaris in artificial 
culture media (20 gm malt extract, 15 gm agar, 500 ml distilled water) 
in sterilized lepidopterous pupae and in nonsterilized pupae . Spores 
taken from the ostioles of natural ly produced perithecia germinated 
when seeded on the artificial agar and produced a white mycelial net t ing 
which changed to orange in about 3 weeks and produced conidiospores 
abundant ly . These conidiospores germinated readily on the artificial 
media, bu t perithecia-bearing fruit bodies were not produced. 

Hyphae from this laboratory culture of C. militaris were used as a 
source of inoculum to infect a p u p a of the imperial moth , Eacles 
imperialis (Drury). T h e p u p a was inoculated by placing hyphae in the 
body with a sterile needle. T h e specimen was kept in a moist chamber 
and died on the 5th day after inoculation. At this t ime it was noted 
that the wing and antennal cases had collapsed, and later dissection 
revealed that almost all the soft tissues of the insect had been digested 
by the fungus. Twenty-four days after the inoculat ion orange-colored 
hyphae began to emerge from the spiracles and thin parts of the 
abdomen. T e n days later white conidia-bearing hyphae were produced. 
Forty-six days after inoculat ion a knob-shaped projection appeared, 
which 1 week later had developed to a height of 2 cm and the shape of 
the typical Cordyceps fructification. T h e surface of this stroma was 
covered with orange-colored hyphae and after an addit ional period of 
1 week, the perithecial ostioles were visible as small dark dots scattered 
among the hyphae on the upper par t of the stroma. 

Addit ional inoculat ion tests using pupae of the promethea moth , 
Callosamia promethea (Drury), indicated that the fungus grew somewhat 
faster when the inoculated pupae were embedded in moist sterilized 
sphagnum than when held in Erlenmeyer flasks and kept moist with 
filter paper. Forty-five to 60 days were required from the inoculation to 
the development of mature perithecia and "puffing" of the spores. 
Shanor (1936) was unable to obtain perithecia when inoculations were 
made into autoclaved pupae . 
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Petti t (1895) and Petch (1936) a t tempted to cul ture C. militaris in 
artificial media bu t succeeded in producing only the conidial stage. 

Kobayasi (1941) reports that Sopp in 1911 was the first botanist to 
succeed in obta in ing the perfect stage of a Cordyceps (C. norvegica) in 
artificial culture. As cited by Kobayasi (1941) " the cul ture med ium used 
was mal t extract agar, or agar and gelatin mixed with peptone, ur ine , 
extract of pea or soy-beans, or boiled meat or coagulated colostrum-milk, 
of which the last ment ioned med ium was the most fruitful." Kobayasi 
(1941) obtained the perfect stage of C. militaris on an artificial med ium 
consisting of boiled rice (10 gm cleaned rice, 25 ml distilled water) and 
also states that in 1932 Yakusiji and Kumazawa easily obtained stromata 
of C. militaris, C. takaomontana, and C. pruinosa using this media. 

C. Hemip te ra 

Twelve species of Cordyceps were listed by Kobayasi (1941) as para
sitic on Hemip te ra as follows: 

On nymphs: 

C. ctenocephala Sydow C. paradoxa Kobayasi 
C. hesleri Mains C. sobolifera (Hill) Berkeley and 
C. heteropoda Kobayasi Broome 
C. nipponica Kobayasi C. takaoensis Kobayasi 
C. owariensis Kobayasi 

On adults: 

C. clavulata (Schweinitz) Ellis and C. nutans Patouil lard 
Ε verhart C. tricentri Yasuda 

C. dimeropoda Sydow 

Petti t (1895) studied C. clavulata found natural ly infecting scale in
sects (Lecanium sp.) on maple and Lecanium fletcheri Cockerell on red 
cedar. H e observed that in the na tura l state the fungus causes the scale 
to shrink to such an extent that its remains appear as no th ing more than 
a lenticular base for the fungal stromata. Pett i t (1895) records finding 
scale insects which appeared abnormally yellow to orange and in teasing 
one of these apart , the blood was seen teeming with yeastlike hyphal 
bodies. At tempts to cul ture these hyphal bodies on agar were unsuccess
ful. A few days later a specimen of Lecanium fletcheri was found which 
appeared abnormal and when examined under the microscope revealed 
the presence of hyphal bodies, similar to bu t somewhat larger than those 
found in the previous scale examined. Cul ture at tempts from these 
hyphal bodies were more successful and conidia were obtained. Conidia 
from these cultures were transferred to tubes containing sterilized sticks 
of elm with numerous coccids. T h e fungus grew profusely and upon 
microscopic examinat ion it was observed that the coccids contained 
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hyphal bodies somewhat similar to those previously found in the scale 
insects. Growth cont inued with the product ion of a white fringe around 
infected coccids and small white sporophore initials on their backs. On 
examinat ion this white fringe was found to contain flask-shaped sterig-
mata bearing conidia similiar to those produced in culture. On keeping 
the coccids in a moist chamber, a dense white cottony growth appeared 
which covered the insect in a few days. Later the sporophore initials 
continued to grow and produced conidia bu t did not proceed to form 
the club-shaped stromata which characterize this fungus in the na tura l 
condition. Petti t (1895) believed that the economic value of the fungus 
in controlling scale insects was small since it was found in d a m p and 
cool gorges bu t not in dry situations where these insects frequently are 
most destructive. In seeming contradiction to the above statement, 
Pett i t (1895) collected infected Lecanium sp. on cedar on a dry hillside 
and reports that many of the scales were full of hyphal bodies. Kobayasi 
(1941) reports observations of A. Hayakawa relative to the habi t of 
C. nipponica. According to this report the fungus grows in a moist shady 
place under trees and shrubs. T h e host insects are bur ied in the soil, 
usually at a dep th of 2 to 15 cm. "After the fungous mycelia develops 
throughout the internal organs of the infected nymphal body, they are 
transformed into whitish compact sclerotia. T h e n the body is covered 
with the arachnoid hyphae which send the filamentous mycelia toward 
the surface of the ground mostly disappearing afterwards." 

T h e fertile parts of the stroma do not appear above ground unt i l 
Apri l to October of the following year. Under moist conditions they are 
borne about 1 cm above the soil surface, bu t where dry conditions pre
vail they lie close to the soil. These stromata appear normal for several 
months and then tu rn darker, wither, and fall from the stalks. According 
to this account addi t ional stromata are produced as long as reserve 
material is available in the Sclerotium (Kobayasi, 1941). 

D. Hymenoptera 

Many of the early accounts on "vegetable wasps" were based on 
species of Vespa infected with C. sphecocephala (Klotzsch) Saccardo. 
Kobayasi (1941) considered 20 species parasitic on this insect order as 
follows: 

On larvae: 

C . langloisii Ellis and Everhart C . odyneri Quelet 

On adults: 

C . australis (Spegazzini) Saccardo 
C . coronilla Hohne l 
C. dittmarii Quelet 

C . fornicarum Kobayasi 
C . formicivora Schroeter 
C . humberti Rob in 
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C. japonensis Hara 
C. lachnopoda Penzig and Saccardo 
C. lloydii Fawcett 
C. myrmecophila Cesati 
C. oxycephala Penzig and Saccardo 
C. proliferans Hennings 

C. ridleyi Massee 
C. smithii Mains 
C. sphecocephala (Klotzsch) Saccardo 
C. subunilateralis Hennings 
C. thyrsoides Möller 
C. unilateralis (Tulasne) Saccardo 

T h e au thor is unable to find any detailed accounts of the pathologi
cal conditions in the host a t tendant with infection by Cordyceps in this 
g roup of insects which would be of value to the s tudent in insect pathol
ogy. Van Pelt (1958) observed the outward symptom in an ant , Campo-
notus pennsylvanicus (De Geer), infected with C. unilateralis. H e reports 
confining an apparent ly healthy minor worker in a petr i dish containing 
a single specimen of the fungus. T h e ant died 3 days later, and 2 days 
after death of the host a fungal stroma appeared growing from directly 
behind the head of the insect. Eight days later the fungal stroma was 
5 m m in length; it grew an addi t ional 20 m m before perithecial develop
ment was noted about 3 m m from the apex of the stroma. 

Van Pelt (1958) collected the ant host in the field in Ju ly and suspects 
that it had been active about 1 m o n t h pr ior to that t ime. Speculating on 
the incubat ion period of the fungus in the host, Van Pelt (1958) reasoned 
that if the ant had been infected the previous season it would be unlikely 
to appear normal when collected in July. If the ant had become infected 
dur ing the current season then the incubat ion period was no longer 
than 6 weeks. If infection was the result of the fungus placed in the 
petr i dish with the ant , then infection occurred rapidly with a period 
of only 3 days to dea th and 5 days to the outward appearance of the 
fungal parasite. 

Petch (1932) notes that C. bicephala usually is found on ants bur ied 
in moss on tree t runks and that the insect is pretty much decayed. 

E. Other Insect Orders 

Kobayasi (1941) lists the following species as parasitic on other insect 
groups: 

O n Diptera : C. corallomyces Möller, C. dipterigena Berkeley and 
Broome, C. forquignoni Quelet . 

O n Isoptera: C. koningsbergeri Penzig and Saccardo. 
O n Or thoptera : Nymphs: C. amazonica Hennings ; on nymphs and 

adults: C. gryllotalpae Ellis and Seaver; on adults: C. blattae Petch, 
C. kirkii Cunn ingham, C. locustiphila Hennings , C. stiphrodes Sydow, 
C. uleana Hennings . 

In addi t ion Kobayasi (1941) lists eleven species of Cordyceps para
sitic on insects bu t for which the insect host is not known. They are: 
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C. ainictos Möller, C. albida Patouil lard, C. fleischen Penzig and Sac
cardo, C. furcata McLennan and Cookson, C. incarnata Möller, C. 
juruensis Hennings , C. podocreoides Hohne l , C. rhizomorpha Möller, 
C. subcorticicola Hennings , C. typhulaeformis Berkeley and Broome, 
C. wallaysii Westwood. 

In a discussion of the entomogenous species of Cordyceps the Arach-
nida are normally included. Mains (1954) lists and describes the follow
ing eight species parasitic on spiders: C. arachneicola Kobayasi, C. calo-
ceroides Berkeley and Curtis, C. cylindrica Petch, C. engleriana Hen
nings, C. grenadensis Mains, C. ignota March, C. thaxteri Mains, C. 
singeri Mains. For a discussion of this group the reader is referred to 
Mains (1954). In a later publ icat ion Mains (1957) discusses the species 
of Cordyceps parasitic on Elaphomyces. 

VI. DISCUSSION 

Parasitism by the genus Cordyceps offers the s tudent in insect pathol
ogy a fertile field for investigation. Al though favoring moist habitats , 
the genus is not restricted to these; the collector may find specimens not 
only in moist soil and decaying logs, bu t also on the bark and foliage of 
trees infested with insect species which are hosts to Cordyceps. Most 
species seem exacting in their environmental requirements , and the fact 
that unfavorable environs may temporarily hal t development of the 
pathogen (Moureau, 1949) has resulted in many incomplete descriptions 
and uncertain determinat ions since only immature specimens have been 
available for study. 

For the taxonomist superparasitism may also complicate the picture 
since the Cordyceps stroma may be parasitized by other fungi, notably 
Tilachlidium, Byssostilbe, or Sporotrichium (Petch, 1931; Kobayasi, 
1941; Mathieson, 1949). Such superparasitism often makes the interpre
tat ion of structures questionable. 

Lit t le is known of the role Cordyceps play in na tura l control. Von 
Tubeuf is cited by Steinhaus (1949) as at tempting, in 1892, to use Cordy
ceps militaris in insect control, bu t without success. From the information 
available, Mathieson (1949) was unable to assess the effect of C. aphodii in 
controlling the pasture cockchafer in Australia, bu t since infected speci
mens seemed readily available one might suspect this fungus as exerting 
a significant effect on the na tura l populat ion. In a recent comprehensive 
report on the diseases of the rhinocerous beetles (Oryctes sp.) in the 
South Pacific Islands, Surany (1960) does not list Cordyceps a l though he 
cites earlier workers as recording infection by this genus. 

Whethe r or not infection by Cordyceps is a significant factor in the 
na tura l control of any insect popula t ion remains to be determined. 
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Th i s renders the group no less interesting from an academic viewpoint. 
T h e apparent stringent environmental requirements of the pathogen 
and its inhibi t ion (by antibiotics?) in nonsterile soil (Huber , 1958) pre
sent un ique challenges to interpret the etiology of the disease in na ture 
and for basic studies on the physiology of this group of fungi. 
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