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I. INTRODUCTION 

An astonishing characteristic exhibited by members of the class In-
secta is their widespread susceptibility to attack by parasitic species 
that are themselves insects. As one may readily suspect, this par t icular 
type of parasitism has certain un ique features which tend to set it apar t 
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from other forms of symbiosis. Accordingly, some writers prefer to desig
nate such parasitic species as parasitoids ra ther than parasites, and 
while there is ample justification zoologically for the proposed termi
nology, the words parasite and parasitoid are for the purposes of this 
paper used interchangeably. 

Whi le the dividing line between a parasitoid and a predator may at 
times become nearly indistinguishable, the t rue predators are not dis
cussed here because their attack generally results in the immediate 
death and consumption of the prey individual . Also this chapter does 
not concern itself with any pathologies that may be induced by or asso
ciated with mites, a l though that is a subject which has been relatively 
neglected and deserves future at tent ion. 

As a general rule the insect host is ult imately killed by the para
sitoid that develops in or upon it, bu t before death occurs the two spe
cies may have gone through several developmental stages and may have 
experienced a very int imate association over a substantial period of 
time. T h e sequence of pathologies that result from such an extended 
attack are herein given comprehensive review and analysis, and the 
chapter is organized to reflect the changing host disabilities from the 
time of the injection of venom by the parasite unt i l the host dies. 

I I . VENOM OF PARASITIC HYMENOPTERA 

I n the vast majority of cases the female parasitoid deposits her eggs 
in or upon the host individuals. T h e far more unusual si tuation is 
where the eggs are deposited at some distance from the hosts and the 
larval parasitoids must in some manner , by themselves, find the host 
individuals. T h e Hymenoptera , which constitute most of the parasitoids, 
are usually equipped with poison glands associated with the ovipositor, 
and, since they generally attack the host directly, the female wasps fre
quently employ the venom produced by these glands to subdue the host, 
at least dur ing the period of oviposition. 

Effect on the Host 

T h e effect of the venom on the host depends pr imari ly on the spe
cies of parasite which attacked it. Some venoms are fatal to the host 
whereas others cause paralysis, either total or par t ia l and, at the same 
time, either permanent or temporary. T h e studies on ar thropod venom 
have yielded some fascinating results and have emphasized that it is a 
field in which much more research could be profitably conducted. 

A few examples from the parasitic Hymenoptera may be cited to 
il lustrate the range of effects of the venom. One should keep in m i n d 
that, depending upon the species of parasite which attacks it, the host 
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may be paralyzed, killed, or not stung at all. In the latter category are 
species of Aphidi inae which develop as solitary internal parasites of 
aphids. Except for a slight reflex movement by the host aphid at the 
moment of the insertion of the ovipositor, no other reaction is evident, 
and apparent ly no venom is injected. T h e same thing is observed when 
Apanteles medicaginis Muesebeck oviposits in the small larvae of Colias 
eurytheme Boisduval. It is significant that oviposition by such braconids 
which do not inject venom is almost instantaneous. Al though Colias 
reacts violently when touched by the female Apanteles, the oviposition 
requires no more than one second of time (Allen, 1958). 

O u r present knowledge indicates that species of Eulophidae, which 
attack leaf-mining larvae, usually kill the host at the time of oviposition. 
W h e n such a host is killed there is a rap id decomposition of the body, 
which becomes black with the contents liquefied. In the case of Soleno-
tus begini (Ashmead), a parasite of the chrysanthemum leaf miner, Phy-
tomyza atricornis Meigen, there is a delayed effect of the venom on the 
host maggot which continues to feed after having been stung. However, 
in about 25 minutes the host's movements suddenly stop and death 
apparent ly occurs at that instant (Doutt, 1957). 

1. Paralysis 
From the s tandpoint of the insect pathologist, by far the most inter

esting effect of the venom is its inducement of host paralysis. Such paraly
sis may be complete, bu t of only a short dura t ion , a condit ion which 
gives the parasitoid t ime to oviposit wi thout being subjected to violent 
defensive countermeasures by the host. For example, the nor thern mole 
cricket, Gryllotalpa hexadactyla Perty, is at first completely paralyzed by 
Larra analis Fabricius bu t recovers in 5 to 10 minutes and resumes nor
mal activities (Smith, 1935). Similarly, the parasitic cynipid Figites an-
thomyiarum Bouche attacks maggots in decaying meat and effects a 
temporary paralysis of 1 or 2 minutes ' dura t ion. 

Not all hosts which have been temporari ly paralyzed are able to re
sume activities that appear entirely normal . W h e n spiders attacked by 
the psammochar id Homonotus iwatai Yasumatsu recover from paralysis 
after 30 minutes , they are capable of moving about bu t are ra ther slug
gish (Iwata, 1932). Likewise Clausen (1940) reports that crickets stored 
by certain sphecids recover from temporary paralysis in 10 to 15 minutes 
bu t show a considerable lethargy and no incl inat ion to escape from the 
burrow. 

On the basis of our present knowledge it appears that most host 
paralysis is permanent , bu t it may be only par t ia l or it may be nearly 
complete. I have observed tortricid larvae stored by an unidentified 
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eumenid which could wriggle if touched with a needle bu t which were 
incapable of normal locomotion by the use of their legs. These same cat
erpillars had a regular and seemingly normal pulsat ion of the dorsal 
vessel. One of my students, Tamash i ro (1960), has carefully described 
the symptoms elicited in hosts by the venom of two related species of 
Bracon as follows: 

"After the host was stung, one of the first symptoms of the effect of 
the venom was the loss of coordination in the host. Activity gradually 
slowed down and the host semed to be moving in 'slow motion. ' Move
ments often stopped unless it was stimulated. T h e r e was a general ap
pearance of lethargy. I t seemed to lose the ability to locomote and 
though it still made walking movements, it was not able to move from 
one place to another. Th i s phenomenon, in appearance, generally re
sembled an insect a t tempt ing to walk on a surface on which it has no 
traction, a l though in the semi-paralyzed larva the movements are much 
slower than in a normal insect. 

"Even these slow walking motions gradually ceased and the larva, 
when st imulated was able to make only slow lateral movements of the 
head. In the final stages, the larva was immobile except for occasional 
twitching or slow movement of the m o u t h parts. T h e larva was com
pletely flaccid. 

"These same general symptoms prevail no mat ter where the host was 
stung. T h e paralysis generally seemed to start from the posterior region 
of the body and progress anteriorly. T h e muscles that aid in maintain
ing the turgidity of the body seemed to be affected later than the loco
motor muscles. 

" T h e heart and gut in a paralyzed larva still functioned for many 
days after the larva was completely paralyzed. Pulsation of the heart 
could easily be seen through the integument . T h e rate and strength of 
these heartbeats gradually diminished unt i l the larva died. 

" T h e larva continued to defecate bu t the excreta came out in one 
long connected piece instead of the normal little pellets. T h e anal sphinc
ter apparent ly was paralyzed. 

"A larva that had been paralyzed for a protracted period of t ime 
shrunk and flattened dorso-ventrally as it desiccated. T h e rate at which 
desiccation occurred depended on the host species. T h e last few segments 
of the abdomen were laterally compressed, and usually darker than the 
rest of the body. T h e anterior limits of this lateral compression were 
marked by the beginning of the h indgut . T h e rest of the larva usually 
retained its na tura l color. Death was apparent ly due to dehydrat ion 
and not to the venom itself. After death, the larva generally dried into 
a hard, light brown scale." 
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These observations parallel those of Beard (1952) in his admirable 
study of Bracon venom. 

T h u s Tamash i ro (1960) considers the paralysis to be a smooth con
t inuous process from the init ial onset of symptoms unt i l the larva is 
completely paralyzed. H e concludes (as does Beard, 1952) that it is a 
dosage-response situation, and the rapidi ty and degree of paralysis of 
the host are a function of t ime and dosage, and there is evidence that 
the speed of host paralysis is indicative of venom potency and host 
susceptibility. Ful ton (1933) reported that Angoumois grain moths stung 
by Habrocytus cerealellae (Ashmead) became quiescent in just a few sec
onds. O n the other hand, Hylobius abietus (Linnaeus) stung by Bracon 
hylobii (Ratzeburg) cont inue feeding for 4 to 6 days before the host is 
paralyzed (Munro, 1917). Genieys (1925) found that Pyrausta nubilalis 
(Hübner) may move for several days after being stung by Bracon brevi-
cornis Wesmael, a l though under normal conditions, repeated stingings 
by the parasite immobilizes the host in one to several hours. 

2. Mode of Action 
Beard (1952) proved by the l igaturing technique that the venom in 

the host is t ransported by the blood, and he concluded that the paral
ysis results from impai rment of the excitatory processes of the body wall 
musculature; he therefore considered the site of action of the venom to 
be the neuromuscular junct ion. Beard calls a t tent ion to the interesting 
analogy between the venom, as a na tura l insecticide, and the action of 
toxic chemicals. Th i s was also suggested by Hartzell (1935), who pre
sented histopathological evidence showing the paralyzed cicadas, Tibicen 
pruinosa Say, had nerve lesions through the ma in parts of the central 
nervous system similar to those caused by neuromuscular poisons, such 
as triorthocresyl phosphate and the Pyrethrins. Richards and Cutcomp 
(1945) have observed that such histological changes can be simply a 
consequence of autolysis associated with a general degenerative condi
tion and thus do not necessarily indicate a specific action of the toxicant 
on the ganglion nor reflect a causal mechanism of action of the chemical. 
Al though this is undoubtedly true, the evidence is moun t ing in support 
of the view that the venoms of parasitic wasps are neurotoxic. 

3. Collateral Effects of Venom 
Paralyzed hosts sometimes remain in a state of preservation for a 

seemingly long period of time. Hartzell (1935) reports that if the para
site egg fails to hatch, then the paralyzed cicada may remain in a state 
of coma for as long as a year. Clausen (1940) states that noctuid larvae 
paralyzed by a species of Sphex may live for as long as 39 days. Such ob
servations may have given rise to what Beard (1952) has described as a 
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popular assumption, namely, that the venom of parasitic wasps is an 
antibiotic (antiseptic) in the sense that when injected into host insects 
it prevents growth of, or destroys, pathogenic microorganisms, thus assur
ing uncontaminated food for the wasps' offspring. However, bo th Beard 
(1952) and Tamash i ro (1960) could find no evidence that the injected 
venom has any antiseptic qualities. 

I I I . PATHOLOGIES ASSOCIATED WITH PARASITE EGGS AND EMBRYOS 

A. Ovipositional Puncture 

W h e n attacked by a female of an endoparasit ic species, the host will 
suffer slight mechanical injury at the point of insertion of the parasite's 
ovipositor. Ordinari ly this has little or negligible effect on the host and 
the wound apparent ly quickly heals. In some cases, however, the female 
parasite does not oviposit bu t instead uses her ovipositor to punc ture 
the derm of the host in order that she may feed on the material which 
exudes from the wound. In this si tuation the death of the host may 
ensue. For example, Flanders (1942) described the extensive and pro
longed probing of the viscera of the black scale by the parasite Meta-
phycus helvolus (Compere). Soon after this probing the contents of the 
scale become pinkish in color, the parasite feeds at the wound made by 
the ovipositor, and death of the scale results. 

Marchal (1905) observed feeding by Tetrastichus xanthomelaenae 
(Rondani) at the ovipositor punc ture wounds that it made in the eggs 
of the elm leaf beetle. H e concluded that the repeated insertion of the 
ovipositor into the host eggs served the purpose of disorganizing the 
contents and prevent ing further embryonic development. 

To th i l l et al. (1930) observed that repeated stinging of Artona trisig-
fiata Snellen by a Javanese species of Elachertus caused the host's body 
to become greatly distended, and then, when the female parasite with
drew her ovipositor, the host's fluids gushed out through the perforation 
in the integument . Surprisingly, half an hour later the host recovered. 

B. Oviposition in Special Host Organs or Tissues 

Some species of parasitic Hymenoptera that develop as internal para
sites obligatorily oviposit in special host organs or tissues. T h u s Monoc-
tonus pallidum Marshall lays a single egg, with great precision, into the 
fused thoracic ganglia of its aphid host (Griffiths, 1960, 1961), and the 
eggs of Trichacis remulus Walker are deposited in the posterior por t ion 
of the ventral nerve cord of its i todont id host (Marchal, 1906). As the 
T. remulus egg increases in size, it is pushed toward the exterior and 
finally expelled outside the nervous tissue; bu t it is always stopped by 
the conjunctive envelope of the nerve cord and remains between the 
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envelope and the nervous tissue, so that , th roughout its development, it 
remains in the form of a cyst suspended to the nerve cord. Inostemma 
piricola Kieffer develops wi thin cysts appended to the bra in of its host 
larva. T h e cells of the bra in of the host i todont id immediately surround
ing the parasite do not mul t iply to any great extent. 

In the polyembryonic encyrtid Copidosoma koehleri Blanchard, the 
polygerm or cluster of developing embryos is located in the fat body of 
the young host caterpillar. T w o host pathologies are apparen t in this 
association, for the developing embryos first derive nu t r imen t by ab
sorbing the sur rounding host tissue, and the host tracheae soon grow in 
a network a round the polygerm to provide oxygen in this area of oxygen 
want (Doutt, 1947). 

C. Defensive Reactions of Host 

Most internal hymenopterous parasites of insects place their eggs in 
the general body cavity of the host instead of in special localized organs, 
and no appreciable degree of host pathology ordinari ly results there
from. Whi le the eggs commonly increase in volume because of the ab
sorption of the host's body fluids, the effect on the host appears otherwise 
to be absolutely minimal . T h e r e are cases, however, where the host tis
sues react immediately and positively to the in t roduct ion of the para
site egg into the body cavity. Th i s phenomenon is of especial interest to 
insect pathologists for it bears directly u p o n the subject of host im
muni ty . These host responses are fundamental ly identical to the de
fensive reactions exhibi ted by the insects to the in t roduct ion into their 
bodies of inert , foreign particles such as small splinters of glass. 

Depending u p o n the species of host and parasite involved, the de
fensive reaction of the host may not deter the parasite's development, 
or it may do so in only a certain percentage of attacks, or it may be 
completely effective and invariably preclude development of the para
site. T h e degree to which the host may be i m m u n e to a given parasite 
is unders tandably further influenced by its physiological condit ion at 
the t ime of attack, and thus such things as the age of the host (Strick
land, 1930), whether it is in a state of diapause (Salt, 1955), or whether 
it has been subjected to mul t ip le or superparasit ism are impor tan t fac
tors in host immuni ty (or susceptibility). As an example of the effect of 
mul t ip le parasitism, the normal larvae of the melon fly, Dacus Cucurbi
tae Coquillett , are i m m u n e to the development of Tetrastichus giffar-
dianus Silvestri, for the eggs of the parasite become encysted and die. 
T h e melon fly larva, however, continues its development, eventually 
transforms into an adul t fly, and carries these parasite eggs wi thin its 
body, usually wi thin the fat masses, unt i l death. Pember ton and Wil lard 
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(1918) found by exper imentat ion that these melon fly larvae could be 
made susceptible to T. giffardianus by subjecting them to mul t ip le para
sitism, i.e., s imultaneous parasitization by another parasitic species, 
Opius fletcheri Silvestri. I n the host larvae in which both parasites ovi
posited, the larvae of O. fletcheri always died, whereas all the larvae of 
T. giffardianus survived. 

A similar effect of superparasitism was suggested, bu t not proved, by 
Boese (1936). Later, the fact that superparasitism could destroy host im
muni ty was clearly proved by Schneider (1950) when he showed the 
following mortal i ty of eggs of Diplazon fissorius (Gravenhorst) in rela
tion to superparasitism of its syrphid host: In the case of one egg per 
host the mortali ty was 92 percent, in the case of two eggs per host the 
mortali ty was 50 percent, and when there were three to five eggs per 
host the mortal i ty of the eggs dropped to 0. Th i s may be a fairly com
mon phenomenon, for Put t ier and van den Bosch (1959) showed that 
92 percent of a popula t ion of the noctuid Laphygma exigua (Hübner) 
were ordinarily immune to the solitary endoparasite Hyposoter exiguae 
(Viereck), bu t in cases of superparasitism the defensive reaction of the 
host was insufficient to prevent development of the parasite and only 
3.3 percent of such superparasitized hosts were immune . 

1. Phagocytosis 
T h e r e have been many interesting studies on the defensive reactions 

of hosts to the eggs and young larvae of their endoparasites. From these 
published works a repeated, common, and basically similar pa t te rn has 
begun to emerge. First, it is generally agreed that the defensive reaction 
is a function of the host's blood cells. Secondly, it is clear that this mani
fests itself either in the encystment (encapsulation) of the foreign object 
or in the melanization reaction, or in a combinat ion of bo th encystment 
and melanization. Th i s entire process by which the host thus reacts to 
the internal i r r i tant has too readily, frequently, and probably inaccu
rately been called phagocytosis, for this may well be an unjustified ex
tension of the term and technically open to criticism. Th i s broad appli
cation of the word phagocytosis has arisen from the belief that the blood 
cells attracted to the parasite eggs or larvae are phagocytes (Boese, 1936; 
Bess, 1939), and while this may or may not be correct the action by such 
hemocytes is not phagocytic in the generally accepted manner . There 
fore this par t icular usage of the term phagocytosis is not confined or 
restricted, as it originally was, to the phenomenon of intracellular ab
sorption, bu t instead it is expanded to include the agglomerations of 
hemocytes a round parasites and other foreign bodies. Muldrew (1953) 
believes, nevertheless, that the reactions are probably the same in prin
ciple. 



12. PATHOLOGIES CAUSED BY INSECT PARASITES 401 

T h e work of Boese (1936) is a good example of how the term phago
cytosis has become applied to the encystment of parasite eggs. H e says 
that as soon as the eggs of the parasite get into the body cavity of the 
host, the phagocytes of the host a t tempt at first to envelop them, then to 
kill, to disintegrate, and to phagocytose them. Bess (1939) defines the 
term as used in his paper as not confined to intracellular digestion 
proper , bu t as having reference to the formation of agglomerations of 
cells a round parasites and other foreign bodies. Parasites surrounded by 
a thin melanized sheath were considered to be "phagocitized," a l though 
cells were not always identified in the sheaths. Salt (1956) purposely does 
not speak of such parasites as being "phagocytosed," for to many that 
would imply that they were engulfed in the cytoplasm of a single cell. 
Schneider (1950) similarly and significantly does not use the term. T h u s , 
strictly speaking, it seems best to avoid the use of the word phagocytosis 
when one is referring to the init ial process by which the endoparasit ic 
egg or larva is killed or prevented from normal development within the 
host insect. 

I t should be ment ioned that T h o m p s o n (1930a, b) discussed phago
cytes when he expressed his belief that healthy parasites, no mat ter in 
what stage of the host they are found, are practically never surrounded 
by phagocytes provided they lie free in the body cavity of the host. 
O n the other hand , if a parasite has an anatomical relat ion with the 
host of such na tu re that destruction of tissue is produced, then T h o m p 
son believes that a considerable accumulat ion of phagocytes may occur 
a round the poin t of the lesion. As indicated above, these views have not 
received general acceptance or support by other workers, and Strickland 
(1930) was quick to respond to Thompson ' s papers with an observation 
on a tachinid, Gonia sp., whose eggs are swallowed by noctuid larvae. 
T h e maggots pass through the wall of the mesenteron and enter the 
host body cavity. If they are not able to travel to and enter the supra-
esophageal ganglion of the host, they are encysted and die. After a few 
days of feeding on the host's ganglion they then reenter the body cavity 
and then are not encysted. 

2. Encystment (Encapsulation) 

T h e process of encystment (often termed encapsulation) begins very 
quickly after the parasite egg is deposited in the host's body cavity, for 
the hemocytes almost immediately begin to aggregate a round the egg. 
These hemocytes have been variously referred to as amoebocytes (Tim-
berlake, 1912), phagocytes (Thompson, 1930a; Boese, 1936; Bess, 1939), 
or lymphocytes (Schneider, 1950). Th i s hemocytic reaction of various 
host insects to a single parasitic species, Exidechthis canescens (Graven-
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hörst), was studied in a series of ingenious experiments by Salt (1955, 
1956, 1957). I n one series of experiments the eggs of the parasite were 
placed by artificial means into the larvae of eight species of microlepi-
doptera, none of which were ever recorded as na tura l hosts of E. canes-
cens. A fairly representative reaction to the parasite egg was exhibited 
by a species of the tortricid genus Adoxophyes, and Salt (1955) found 
that dur ing the first day after injection the parasite eggs were completely 
enveloped in dense cysts of hemocytes, generally 20 μ thick. Each cyst was 
formed of colorless, closely coherent cells, and had a smooth surface 
which was elastic and slightly sticky. A few black particles were em
bedded in it at the anterior pole of the egg, and a large black mass 
at the posterior pole. T h e parasite larvae were fully developed and 
frequently rotated on their long axis inside the unbroken egg shell. 

After 48 hours the cyst had increased in size to an average thickness 
of about 50 μ. T h r e e cysts examined by Salt at this t ime contained un-
hatched eggs, and in two of them the parasite larva could be seen making 
violent movements of its body and persistently snapping its mandibles 
in vain at tempts to escape from its eggshell, which was prevented from 
burst ing by the pressure of the cyst about it. Apparent ly the young larva 
dies if it is unable to break from its eggshell before the th i rd day. T h e 
cyst reached a m a x i m u m thickness of 80 μ on the sides of the eggs found 
on the thi rd day and thereafter degenerated, becoming progressively 
th inner and more deeply tinged with yellow. T h e parasite eggs and the 
remnants of cysts about them persisted through the histolytic processes 
of pupat ion , and were recovered from the abdomens of moths as much 
as seven days old. 

I t is interesting that the hemocytes composing these cysts retained 
some powers of movement, bo th individual and as a mass. Slight changes 
in the shape of the cyst, apparent ly due to movement of individual cells 
on the surface, were noticed by Salt on several occasions. Fur thermore , 
the fact that most of the hemocytes disperse after the parasite egg is 
dead indicates that they can disengage themselves from the cyst. 

Boese (1936) believes that the lymphocytes which constitute the cyst 
mult iply and thereby increase the thickness of the cyst. Lartschenko 
(1933) is not of this opinion and in fact thinks that the cyst has its ori
gin in mesenchymal cells. Lartschenko, in translation, says: "They are 
mesenchymal cells, which—as much as can be judged according to their 
size and the presence of vacuoles—can develop to typical fat cells, which, 
however, are capable of assuming the function of connective tissue cells 
in the presence of a foreign substance. T h e i r place of origination are 
the accumulations of young cells in the pericardial section, from where 
the cells transfer to the egg." 



12. PATHOLOGIES CAUSED BY INSECT PARASITES 403 

T h e encapsulation of the egg of the ichneumonid Mesoleius tenthre-
dinis Morley by the larch sawfly, Pristiphora erichsonii (Hartig), was 
recently studied by Bronskill (1960). She found that the capsule is 
formed by an accumulat ion of basophilic host blood cells a round the 
developing egg. These cells are round to oval in the earliest stages of 
capsule formation, bu t as their numbers increase those nearest the 
chorion soon become flattened and appear spindle-shaped. Cytoplasmic 
inclusions which contain some neut ra l mucopolysaccharide and (or) 
mucoprote in were observed in these oval and spindle-shaped cells. Ac
cording to Bronskill these cells "acquire a fibrous cytoplasm, their nu
clei disappear, and eventually the cells become a mass of concentric 
sheaths of non-cellular mater ia l ." T h u s the capsule is seen to consist of 
a cellular region (outer) and sheath layers (inner). It is suggested that 
the capsule inhibits the embryonic development of the parasitoid by as
phyxiat ion. Th i s reaction of the larch sawfly is of par t icular interest be
cause the host popula t ion which exists in the central provinces of Can
ada forms the capsule and is thereby immune to the attack of M. tenthre-
dinis, whereas the populat ions in British Columbia and Newfoundland 
do not encyst the parasite egg and are therefore susceptible to attack 
(Muldrew, 1953). 

In the cases of superparasit ism where the normal immuni ty of the 
host is broken, Schneider (1950) found that with an increase in the 
n u m b e r of parasite eggs per host the formation of the cysts becomes in
creasingly fragmentary unt i l it exists as only a small cap over the micro-
pyle or is altogether absent. T h i s is a t t r ibuted not to any belief that the 
n u m b e r of available lymphocytes is just sufficient to encyst one egg suc
cessfully bu t ra ther that the capsule formation is somehow blocked or 
obstructed by the increase in the n u m b e r of parasite eggs. 

T h a t there are differences in appearance of the capsules in different 
species of hosts has been frequently recorded. Schneider (1950) has sug
gested that the capsules fall in to two groups. One g roup has thick, 
colorless, jellylike walls, of which the cells may retain their nuclei; the 
other has thin, tough, b rown walls formed of dead tissue. Salt (1955) 
questions the validity of such a classification, for he cautions that by vir
tue of the mobil i ty of the lymphocytes the cyst may be changed in shape 
or may be largely dispersed. However, the existence of different types of 
cysts is indicated by some of the work of others. For example, Griffiths 
(1961) describes a th in capsule which is formed by the aphid Aulacor-
thum circumflexum (Buckton) a round the embryo of the parasite Monoc-
tonus paludum Marshall and which effectively isolates the parasite from 
the host tissues. H e found that pyriform blood cells with long pointed 
processes formed just outside the serosa of the parasite. They appeared 
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to be attracted in some way to the parasite embryo, where they then ap
plied themselves to the serosa and spread out to form a th in layer of 
tissue, with indistinct cell boundaries. Each cell then secreted small 
pieces of capsule material which later coalesced to form a plate. Th i s 
plate then joined u p with plates formed by neighboring cells, with the 
result that the embryo was completely surrounded by a thin brown mem
brane, about 4 μ in thickness. 

" T h e capsule substance is very refringent when looked at in side 
view, bu t presents a brown appearance when viewed from above. I t tears 
easily dur ing sectioning and broken pieces of it have a somewhat cellular 
appearance. Sometimes the individual elements of the capsule break 
away, appearing as brown, roughly circular objects, having the approxi
mate dimensions of the blood cells which formed them." 

It is significant that the reaction of a given host species to a par t icular 
parasitic species is qui te characteristic. Salt (1955) found that three hosts 
(Adoxophyes, Cacoecia, Pandemis) react promptly to Exedichthis by 
encysting its egg; bu t the cysts formed by the three are easily distinguish
able in thickness, structure, color, inclusions, and fate. T w o hosts (Enar-
monia, Spilonota) do not react to the parasite egg sufficiently promptly 
to prevent its hatching, and both make their pr incipal defense reaction 
by assembling hemocytes about the parasitic larva; bu t one forms a 
dense cyst, the other, a loose aggregation of cells. In a sixth host, Trico-
phaga, hemocytes appear to play a minor role and the parasite is sup
pressed by the deposition of melanin, especially at the mou th and anus. 
In Hofmannophila bo th reactions are slight and sometimes fail to pre
vent the development of the parasite. In Esperia there is no visible re
action, so this host is susceptible. 

I t is of more than passing interest that a l though each of these micro-
lepidopteran hosts reacts to the same parasite in a different and charac
teristic way, nevertheless the different reactions of these eight hosts fall 
into groups which coincide with the systematic classification of the 
hosts at the family level. T h e three hosts (Adoxophyes, Cacoecia, Pan
demis) in which the egg is encysted and prevented from hatching, belong 
to the Tort r ic idae. T h e two hosts (Enarmonia, Spilonota), in which the 
parasite egg hatches bu t the parasitic larva is encysted, are bo th mem
bers of the Eucosmidae. Trichophaga, in which the melanin reaction 
predominates, is a tineid; and the two hosts (Hofmannophila, Esperia), 
in which defense reactions are weak or nonexistent, both belong to the 
Oecophoridae. 

3. Melanization 
As the works of Salt (1955, 1956, 1957) so clearly demonstrate, when a 

host reacts defensively to an internal parasite it does so in one or both 
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of two ways; by a hemocytic reaction and (or) by the deposit of melanin. 
T h e product ion of melanin is sometimes regarded as a method for dis
posing of toxic phenols arising as breakdown products in metabolism. 
T h u s the dis t r ibut ion of melanin may be related to the intensity of 
metabolism in certain areas. T h e formation of melanin a round a para
site is presumably the result of the well-known reaction of the tyrosinase 
complex of enzymes on the amino acid tyrosine, or on an intermediate 
chromogen in the presence of oxygen. 

Salt (1957) states that in his studies with Exidechthis the deposition 
of melanin frequently takes one of two pat terns , at least in its earlier 
stages. T h e more common of these has the appearance of transverse ribs 
about the t runk of the parasite, often connected later by a dorsal lon
gi tudinal stripe. I t occurred only when the parasite was completely cov
ered by hemocytes. In many cases the transverse lines were found to cor
respond to the intersegmental creases of the larval cuticle. Th i s pa t te rn 
could be explained by supposing that the innermost cells of the hemo
cytic covering were distorted or abraded by wri th ing movements of the 
enclosed parasite, the injury to the cells allowing tyrosinase and a suita
ble chromogen to come into contact; and then, either that the melanin 
accumulated in the intersegmental creases, or that cells covering those 
creases were most susceptible to injury. 

T h e other common pa t te rn of melanin deposition is that in which 
darkening is first apparen t at the m o u t h or at bo th the m o u t h and anus 
of the parasite larva. Salt found that the deposit of melanin was external 
on some parasites and that it blocked the m o u t h and anus by covering 
them; in other parasites it was internal and formed a p lug in the phar
ynx and rectum. Th i s pa t te rn sometimes occurred in the absence of a 
general hemocytic reaction. According to Salt (1957) the formation of mel
anin at the m o u t h can be a t t r ibuted to the lytic action of the saliva on 
the blood cells of the host, either those gathered about the m o u t h or 
those sucked into the pharynx. A similar process may explain the deposit 
at the anus, for, a l though the proctodeum is not connected with the mid
gut at this stage, the young larva of Exidechthis has a p rominent rectal 
gland which seems to secrete through the anus. T h e effect of block and 
p lug alike is to stem the flow of saliva or rectal secretion and, obviously, 
to prevent feeding. 

I t is clear that the hemocytic reaction of encystment is a common 
defense reaction in insects and very often prevents the development of 
alien parasites in a host. T h e role of the melanin reaction is not so clear, 
and Salt (1957) suggests that the deposition of melanin acts as a defense 
only fortuitously, when the deposit is so sited as to prevent a vital ac
tivity, such as the hatching or feeding, of the parasite. 
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D . Giant Cells 

In cases of attack by certain euphor ine braconids a reliable indicator 
of parasitism is the presence of so-called "giant cells" within the body of 
the host. In his study of Microctonus vittatae Muesebeck, a parasite of 
adul t flea beetles, Smith (1952) states, "When parasitized beetles are 
opened these hyper t rophied cells p o u r out in to the dissecting pan. They 
are reliable indicators that the beetle has been parasitized." T h e same 
phenomenon was reported earlier by Ogloblin (1925) and Jackson (1928, 
1935) in their studies on species of Perilitus (Dinocampns), the braconid 
genus which commonly parasitizes adul t coccinellids and other beetles. 

1. Origin in Trophserosa 
Investigation has shown (Ogloblin, 1925; Jackson, 1928) that these 

are the hyper t rophied cells of the embryonic membrane (trophserosa) 
which surrounds the young parasite. At the t ime of eclosion the troph
serosa dissociates into its component cells, which become free in the 
body cavity of the host. These nei ther degenerate nor lose their t rophic 
function bu t take on an independent existence, absorbing fatty mat ter 
from the body fluid. As a rule these cells develop at the same rate as the 
parasite larva so that their size gives a rough indication of the age and 
size of the larva; however, if the parasite larva dies young, these cells are 
able to cont inue their development and they then at tain an abnormally 
large size (Jackson, 1928). Smith (1952) reports an increase in volume of 
such cells of nearly 3400 times, and Ogloblin (1925) found that they 
could increase in size far beyond this. 

Jackson (1928) found the cells in numbers throughout the abdominal 
cavity and also in the meta thorax of the weevil Sitona lineata (Linnaeus). 
They are most numerous when the larva is young. Jackson counted over 
600 in one beetle containing a first-instar larva, and 4217 in another host 
in which six first-instar parasite larvae were present. I t is probable that 
each egg gives rise to about 800 such cells. T h e cells have never been 
seen to divide after dissociation, and it is probable that the full n u m b e r 
is present in the embryonic membrane some t ime before the larva 
emerges from the chorion. W h e n the larva enters its period of active 
growth and dur ing its later instars, the giant cells diminish markedly 
in number , and, by the t ime the larva leaves the host, the cells have all 
disappeared. T h e fate of these cells is obvious when one examines the 
gut of the parasite larva, for it reveals the as tounding fact that these 
hyper t rophied cells constitute the pr incipal food of the parasite larva 
in its later stages. 

Spencer (1922) studied braconids in the subfamily Aphidi inae and 
concluded that the embryonic membrane does not separate in to its in-
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dividual cells as described above bu t breaks in to pieces containing many 
nuclei. These pieces assume a spherical shape and begin a peculiar pe
riod of vacuolization and growth. According to h im these masses are ulti
mately consumed by the parasite larva at the time when it eats the in
ternal organs of the host aphid. 

2. Oenocytes 
Boese (1936) speaks of giant cells in a n u m b e r of insects which are 

known to be hosts of the braconids ment ioned above. H e at tr ibutes 
these cells to an origin in the host oenocytes, bu t his in terpreta t ion seems 
in error. Mackauer (1959) does not find such abnormal changes in oeno
cytes in parasitized aphids. 

3. Teratocytes 
Large cells, called teratocytes, have been noted in the blood of cater

pillars of Pieris brassicae (Linnaeus) which have been parasitized by the 
gregarious in ternal parasite Apanteles glomeratus Linnaeus. Recent 
studies (Tuzet and Manier , 1957; Manier , 1958) have shown that these 
cells, unl ike the giant cells discussed above, have their origin in the 
blood cells of the host. They apparent ly arise either from a micro- or a 
macronucleocyte which becomes polyploid by repeated nuclear divisions 
in the presence of the larval parasite. Al though the function of such 
teratocytes may not yet be clear, their occurrence certainly reflects a 
pathological condit ion in the host. 

IV. PATHOLOGIES ASSOCIATED WITH PARASITE LARVAE 

Although there are distinct host reactions and pathological condi
tions associated with the egg and embryonic stages of parasitoids, it is 
dur ing the parasite's active feeding and larval stages that the greatest 
injury to the host occurs. 

A. E n t r y Wounds 

Many of the parasitic species which hatch from externally placed eggs 
and then enter the host's body to begin an endoparast ic existence do not 
cause appreciable injury to the host at the site of entry. Other species, 
however, utilize the entry hole for respiratory purposes. Th i s is illus
trated by the tachinid Dexia ventralis Aldrich, which parasitizes scara-
baeid grubs. At the poin t of entry of the first-instar larva, and immedi
ately after entry, a funnel-shaped structure appears to which the caudal, 
spiracle-bearing por t ion of the parasitic larva is at tached (Clausen et al., 
1927; Clausen, 1952). I t has been suggested that this in tegumental "res
piratory funnel" represents an ingrowth of the hypodermis. I t may rep
resent a defense reaction on the par t of the host to the i rr i ta t ion inci-
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dent to the perforation of its integument . T h e funnel is dark in color 
and easily visible externally on light-colored hosts. 

A strikingly similar structure, apparent ly in bo th formation and func
tion, has been observed in the eucharid genus Orasema when their 
p lanidia invade host ant larvae of the genera Solenopsis and Pheidole 
(Wheeler and Wheeler, 1937). 

A number of hosts exhibit discomfiture and irr i ta t ion when para
sitic larvae are in the process of a t tempt ing to gain entry to the host's 
body. Cole (1919) mentions that host spiders bearing planidia of Op-
sebius scratched themselves frantically. Similarly, discomfort is obvious in 
cutworm larvae and brown-tail caterpillars when tachinid larvae try to 
bore into the integument . 

B. Exi t Wounds 

W h e n parasites leave the body of a still-living host, either to pupa te 
or to begin feeding from an external position, there is, of course, a de
gree of mechanical injury at the point of exit. Th i s usually has no 
marked effect on the host, bu t T h o m p s o n (1915) points out that when 
planidia of Perilampus leave the p u p a of the tachinid Ernestia the effect 
on the host is out of all propor t ion to the mechanical injury inflicted at 
emergence. T h e p u p a takes on a distinctive translucent appearance, 
especially in the head and thoracic regions, the head attains only half its 
normal size, and the eyes and appendages are only slightly developed. 
Thompson suggests that the minu te emergence wound at this critical 
t ime brings about an upset in the equi l ibr ium of the body fluids, re
sulting in virtually complete cessation of development. 

T h e manner by which tachinid larvae emerge from the host body pre
sents several variations. I n hosts which are still in the larval stage the 
tachinid maggots usually make an incision in the ventral area of the 
host abdomen, at which poin t the in tegument is thinnest. Th i s is nor
mally accomplished by the use of the m o u t h hooks, bu t sometimes it is 
brought about by pressure of the maggot's caudal end aided by the 
solvent action of the body secretions. T h e exit aper ture may be made 
some time pr ior to actual emergence. W h e n the host is a lepidopterous 
p u p a the emergence is often effected at some poin t on the venter of 
the body, and at times from the wing pads. 

Many species of hemipterous hosts are still alive at the t ime the 
mature maggots emerge to pupate . Frequently in these cases the maggots 
leave the host body through the anal opening or through the inter
segmental membrane nearby. Depar ture of the maggot of Minella 
chalybeata Meigen from a chrysomelid beetle, Cassida, is through an 
aper ture dorsally situated between the first and second abdominal seg-
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merits. In these cases, as in the case of parasitized earwigs, death follows, 
ra ther than precedes, parasite emergence from the body. T h e maggot of 
Thrixion emerges from the body of its phasmid host through the wound 
at the side of the thorax which had previously been used for respiratory 
purposes, and consequently the mechanical injury that is inflicted at 
this t ime is relatively slight (Clausen, 1940). 

C. Associations with Host Tracheae 

A number of endoparastic larvae exhibi t ei ther permanent or tem
porary associations with the host's tracheae. T h e most striking pathologi
cal condit ion that results therefrom is the formation of a funnel-shaped 
structure very similar to that of the in tegumental respiratory funnel 
formed either at the site of an entry wound or by a secondary perfora
tion of the host's derm by the internal parasite. T h e tracheal funnel 
consists of several layers of cells and is thickest and darkest at its base. 
I t is probable that the funnel represents a heal ing or defensive reaction 
of the host to the punc tu r ing of the trachea and to the constant irrita
tion caused by the parasite in main ta in ing its position in the wound, 
for Beard (1942) concludes that " . . . the funnel is noth ing more than 
wound tissue, the growth and form of which is determined by the para
site acting as a mechanical barr ier to the normal healing of the tracheal 
vessel." 

Other dipterous parasites have spiracular hooks or spined spiracles 
with which they pierce the host tracheae. These connections are not 
pe rmanent and do not induce the formation of respiratory funnels. 

D. Symptoms of Parasitization 

Some hosts, part icularly in the early stages of attack, exhibit no symp
toms of parasitization that are apparen t to man; however, there is evi
dence that changes do occur wi thin the host immediately following 
oviposition by a parasite. These changes are detectable by adul t females 
of the parasitic species, and it is qui te probable that a comparative bio
chemical approach would reveal these differences to man. It has been 
demonstrated many times that through sensory structures on antennae or 
tarsi and similar chemoreceptors on the ovipositor, the female parasites 
are able, in many instances, to discriminate absolutely between healthy 
and parasitized hosts and avoid ovipositing in the latter. Generally 
speaking, however, with many hosts the parasitized individuals become 
soon apparent to anyone who is familiar with the normal individuals of 
the host species. 

Color differences are sometimes apparent , and qui te commonly re
duct ion in size is characteristic of parasitized individuals. T h i s is espe-
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cially noticeable in larvae of the codling moth when attacked by the 
egg-larval parasite Ascogaster. I t is also seen as a general rule in the 
dipterous hosts attacked by eucoiline Cynipidae. A change in shape is 
seen in syrphid pupar ia that contain developing parasites. 

W h e n larvae of the Medi ter ranean flour moth , Anagasta, are para
sitized by Exidechthis canescens (Gravenhorst), they acquire a solitary 
habi t and produce an abnormal amount of silk in the formation of the 
web. Locket (1930) noted that spiders parasitized by the fly Oncodes 
pallipes Latreille spin a mat of silk before death and this is done even 
by male spiders, an abnormal procedure. H e at tr ibutes this action in 
both sexes to increased pressure within the abdomen as a result of the 
presence of the large parasite body; a measure of relief is probably se
cured by expulsion of this quant i ty of silk. 

T h e amount of feeding of the host may be reduced considerably, 
for instance as much as one-half in the case of caterpillars of Pseudaletia 
when attacked by Apanteles militaris (Walsh). Chrystal (1930) reports 
that parasitism by the cynipoid Ibalia produces a pronounced effect on 
the feeding activities of the young Sirex larvae which serve as its hosts. 
Dur ing the first year, their tunnels are only half the length of those made 
by healthy larvae. One very characteristic feature of the tunnels of 
parasitized Sirex larvae is that they tend to tu rn toward the surface of 
the wood, a tendency evidenced in healthy individuals only at the end 
of larval development. 

Sometimes the effect of parasitism is to prolong the active life of the 
host, whereas with other hosts, and more commonly, the opposite effect 
is noted. Eurytomids which parasitize trypetid larvae st imulate prema
ture pupa t ion of their hosts so that it occurs many months in advance 
of normal pupat ion . A similar st imulus to early pupa t ion of hosts is 
evoked by such parasites as the chalcid Brachymeria fonscolombei (Du-
four) and the braconid Alysia manducator Panzer. A compilat ion of 
many such examples of the acceleration of development of insects due 
to parasitism has been made by Varley and Butler (1933). In all their 
cited cases the acceleration of development first manifests itself in the 
precocious onset of pupa t ion . T h e authors state that "this may be sig
nificant as an effect on the dura t ion of the larval stage, or it may be only 
apparent , and actually due to the greater ease of observing the definite 
changes associated with pupa t ion ." I t has been shown experimentally 
that certain stimuli of a violent na tu re (e.g., singeing, pricking, centri-
fuging, subjecting to electrical shocks) will break the diapause in hiber
nat ing larvae and cause p remature pupa t ion . I n the same species it has 
been found that na tura l parasitization will likewise break the diapause 
and induce pupat ion . Varley and Butler (1933) conclude that it is the 
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shock of the sting of A. manducator that causes pupa t ion in its host, 
Lucilla, bu t with other species the pupa t ion apparent ly is induced by 
some, as yet obscure, effect of the larvae of their endoparasites. 

As is suggested from such phenomena , there are marked changes in 
host behavior that accompany parasitism. An example is the gout fly of 
barley, Chlorops taeniopus Meigen, when attacked by the pteromal id 
Stenomalus. T h e healthy larvae move downward in the barley stem, and, 
just pr ior to pupa t ion , tu rn about and ascend to a poin t immediately 
below the junc t ion of the leaf b lade and the stem; at this po in t the 
normal reddish-brown pupar i a are formed. By contrast, the parasitized 
individuals do not make this reversal in position and remain colorless 
(Kearns, 1931). 

A disinclination to fly is repor ted in some parasitized insects, and this 
has been a t t r ibuted to a feeding by parasites on the muscular tissue of 
the thorax. T h i s may explain the observation by Pavlov (1960) that flea 
beetles parasitized by Perilitus bicolor Wesmael do not usually fly onto 
sowings of grain as do the normal beetles bu t instead remain in their 
overwintering sites, where they perish. 

£ . Parasitic Castration 

A very striking effect of parasit ism on hosts is the frequent disrupt ion 
of the normal functioning of the host's reproduct ive system. T h i s phe
nomenon has been termed parasitic castration, and as Wheeler (1910) 
pointed out , the word "castrat ion" is here employed in a broad sense to 
mean any process that interferes with or inhibi ts the product ion of ma
ture ova or spermatozoa in the gonads of an organism; it is not used 
merely in the concise original meaning as the sudden and complete ex
t i rpat ion of the gonads. 

1. Direct and Indirect Effects on Gonads 
Considering parasitic castration in general, Pantel (1910, 1913) distin

guished between the direct effect on the gonad, in which a dipterous 
larva lives wi th in the gonadal tissue, and the indirect effect, in which the 
larva resides outside the gonad, exert ing its influence through a systemic 
effect of a nu t r i t iona l na ture . Beard (1940) shows that when Anasa 
tristis De Geer is castrated by Trichopoda pennipes Fabricius, the action 
is indirect b u t not "a systemic effect, nu t r i t iona l or otherwise." From 
our present knowledge it appears that the indirect effect, of whatever 
na ture , is more common than the direct effect. According to Clausen 
(1940) the association of the larvae of tachinids directly with a gonad, 
though of frequent occurrence in some species, is believed to be more 
or less accidental and is no t known to be obligatory in any species. By 
contrast, the parasitization by many species invariably results in castra-
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tion al though the parasitic larvae does not directly attack the host's 
gonads. 

A splendid example of the castration of the host by an indirect effect 
of the parasite is that of the squash bug, Anasa, when parasitized by the 
tachinid fly Trichopoda pennipes. T h e parasitic maggot attaches itself 
to a trachea of the host arising from the metathoracic spiracle on either 
the right or left side of the bug. T h e only obvious injury is to the host's 
reproductive organs. Beard's (1940) account of this is very descriptive: 
" In these (reproductive organs) progressive atrophy occurs, beginning 
when the maggot is in its second instar. At this t ime the injury is con
fined to the gonad on the side of the bug to which the maggot is at
tached. Promptly after the maggot reaches the third instar, the other 
gonad also gives evidence of degeneration. If a second stage larva is 
surgically removed from its host, the one intact gonad retains its normal 
appearance and may continue to function normally while the affected 
organ fails to recover, thus indicat ing a permanent injury. 

" T h e gross appearance of an affected ovary shows a marked shrunken 
condit ion as compared with the normal . In advanced stages of degenera
tion, the egg tubes are collapsed and distorted, the oviducts are devoid 
of eggs, and only the germaria show any semblance of normal struc
ture. . . . 

" T h e injury is chiefly marked by a disappearance of yolk granules 
from the oocytes and a thickening and distortion of ovariolar wall. 
Whe the r or not the disappearance of yolk is due to resorption is not at 
present understood. W h e n degeneration is extreme, the ovarioles may 
become agglutinated by fatty tissue and by adhesion of the extensive 
tracheation. Even the germaria may become distorted, a l though the 
trophocytes and oocytes remain distinguishable." 

In the case of the testes of Anasa, there is a general shrinking of the 
entire organ. " T h e most obvious effect is the complete destruction of 
many of the spermatic cysts. Th i s destruction is progressive and ulti
mately no cysts are to be found. An apparent abundance of connective 
tissue is presumably due to a loosening and spreading of the dense tissue 
forming the inter lobular septa and the cyst walls." 

T h e degeneration of Anasa reproductive organs is not due to purely 
mechanical injury, and nei ther is it the result of a systemic effect, for 
the two gonads do not degenerate simultaneously in spite, of the fact 
that they are symmetrically placed in the hemocoel. Fur thermore the 
effect is not reversible since once atrophy sets in, recovery does not occur 
by removal of the causal agent. 



12. PATHOLOGIES CAUSED BY INSECT PARASITES 413 

2. Nutritional Basis 
Frequently, the indirect effect of the parasite in causing castration 

of the host seems to have a nut r i t ional basis. Certain Algerian grasshop
pers, for example, are infested with endoparasit ic sarcophagid flies 
which feed on the host fat body, and bo th an atrophy of the reproduc
tive organs and a weakening of the wing muscles result (Kunckel d 'Her-
culais, 1894). Th i s nut r i t iona l basis has been stressed by many subse
quen t workers on entirely different host insects, and it is generally ac
cepted as the explanat ion for the castration of many beetles when 
parasitized by the euphor ine braconids. 

Smith (1952) subscribes to this view and mentions that in such bee
tles loss of appet i te accompanies parasite matur i ty . His dissections showed 
that a l though none of the viscera were entered, they had been thrashed 
and flattened by the parasite, and the digestive tract was empty. H e re
ports that " the normal copious supply of yellow-white adipose tissue 
(filling much of the hemocoel) has been reduced to scattered, small, oily-
appear ing bodies adjacent to the body wall . , , 

According to Smith (1952) the most impor tan t effect of parasitism 
from an economic s tandpoint is the castration of the female beetles. 
"Female gonads are rendered functionless whether the female beetles are 
parasitized before or after oviposition of their own eggs has begun. 
Dur ing two years of study of parasitism in the field, records were kept 
of female beetles that showed noticeable development of the oocytes. Of 
a total of 488 female beetles, 42.29 per cent were parasitized. Of these, 
only 6 per cent were gravid, as compared with 24.6 per cent of unpara-
sitized beetles. Most parasitized gravid beetles contained parasite eggs, 
5 contained first-instar larvae, and 2, third-instar larvae. T h e oocytes of 
the beetles with third-instar larvae were in an obvious state of disintegra
tion. T h e ovaries in females containing first-instar larvae were small, 
which might indicate that all larval stadia are capable of castration." 

Al though the effect of parasitism on the male gonads was not defi
nitely established, Smith (1952) did find that the envelope enclosing 
both of the male reproductive organs appeared scraped or peeled back 
to the extent that the much convoluted epididymis was evident over a 
considerable area. 

F. Changes in External Sexual Characteristics 

Some of the most striking effects of parasitism of adul t insects are 
the changes in external sexual characteristics. A part icularly fine exam
ple of this is to be found in the adul t male membracid Thelia bimaculata 
(Fabricius), when parasitized by the polyembryonic wasp Aphelopus 
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theliae (Gahan). According to Kornhauser (1919) such males assume 
either partially or completely many sexual characteristics of the female. 
T h e degree of change apparent ly depends upon the size of the parasites 
dur ing the fifth nymphal instar of the host, for if the Aphelopus egg is 
deposited early in the nymphal life of the host the parasitic larvae will 
be large and the assumption of the female characteristics pronounced, 
bu t if deposited late, the alterations will be less marked. 

Perhaps none of the changes in the parasitized Thelia male is more 
striking than the assumption of the pigmentat ion of the female. T h e 
character of the p igment and its dis t r ibut ion on the p rono tum and head 
may dupl icate exactly that of the female. However, such males also in
crease in size, approaching bu t not reaching the size characteristic for 
female Thelia. Measurements showed this increase in the pronota , wings, 
heads, legs, acrotergites, and abdomens. T h u s all regions of the body are 
influenced and the amount of increase is correlated with the degree of 
alteration of the pigmentat ion, those with complete female coloration 
being largest. Whi le the shape, p igmentat ion, and texture of the abdom
inal sclerites of parasitized males may become female in character, the 
genital appendages nevertheless are not changed to the opposite sex. 
Instead they are reduced in size and lose their specific characteristics, 
bu t retain the general form found in male Membracidae. By contrast, 
parasitized female Thelia show no assumption of male pigmentat ion, 
nor do they change in size. T h e parasites generally cause the degenera
tion of the gonads, and unl ike other cases of this type, br ing about an 
accumulation of fat in the abdomen of the host. 

G. Stylopization 

Similar to the above effect of Aphelopus, bu t meri t ing at tent ion by 
itself, is the effect on the host insect of the parasitization by species of 
the family Stylopidae. An excellent review of the early work on this 
group was published by Salt (1927), and in it he summarizes the pioneer
ing work of Perez (1886) as follows: 

"A stylopized Andrena differs from a normal individual in general 
appearance. Th i s change in habi tus is consequent u p o n the more glob
ular form of the abdomen and the reduced size of the head. T h e pilosity 
of stylopized bees tends to be altered in several respects, being more 
abundant , longer, finer, and more silky, and brighter in color; while the 
punctura t ion becomes correspondingly finer, closer, and more superficial. 
These alterations are most noticeable on the terminal segments of the 
abdomen. Owing to these four changes, the stylopized Andrena takes on 
a peculiar pseudospecific appearance which renders its determinat ion dif-
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ficult and which has led to the description as distinct species of stylopized 
specimens belonging to known forms." 

T h e most impor tan t changes, however, are those which affect the 
secondary sexual characters. " T h e males of many species of Andrena 
have yellow or white maculat ions on the face or clypeus or both, whereas 
in the cospecific females these light markings are diminished or absent. 
Stylopization tends to lessen or obli terate the yellow marking of the face 
of the male and to produce them in the female; thus the face of the 
stylopized male tends to resemble that of the normal female; the face of 
a stylopized female, that of a normal male. 

" T h e posterior legs of the female Andrena are modified in various ways 
for collecting pollen. T h e tibiae are wide and bear a dense brush of long 
curved hairs. T h e basitarsi are likewise enlarged and supplied with a 
rough brush of short stiff bristles. T h e femora, coxae, and sides of the 
p ropodeum are provided with tufts (flocculi) of long curved hairs which 
serve to suppor t the mass of pollen. In the male the posterior tibiae 
and basitarsi are slender and only sparsely covered with short straight 
hairs; the hairs on the femora, coxae, and p ropodeum are likewise short 
and straight. T h e presence of a Stylops in the abdomen of a female 
Andrena causes a reduct ion on the pollen-collecting apparatus , so tha t 
in certain individuals the posterior legs are of the same shape and ap
pearance as in the male. Conversely, the stylopized male, bu t only rarely, 
displays a marked development of the tibial brush and a slight widening 
of the basitarsus, thus approaching the female condit ion." 

T h u s Salt (1927) points out that the external effects of stylopization 
of Andrena have been considered in two groups—those which alter ordi
nary somatic structures and those which affect the secondary sexual char
acters. T h e former consist, for the most par t , in a reduct ion in the size 
of the head, an enlargement of the abdomen, a disturbance of the wing 
venation, and various changes in pubescence and punc tura t ion . T o the 
lat ter category belong, in the female, the reduct ion of various parts of 
the pollinigerous organs, loss of the anal fimbria, changes in the relative 
lengths of the antennal segments, acquisit ion of angular cheeks, reduc
tion of the facial foveae, l ightening of the color of the ventral abdominal 
pubescence, assumption of yellow on the clypeus, and some diminut ion 
in the size of the sting and its accessories; in the male, the development 
of long hairs representing the female flocculi, widening of the posterior 
basitarsus, acquisit ion of an anal fimbria, changes in the propor t ionate 
length of the an tennal segments, loss of the angle from cheeks, develop
ment to some extent of facial foveae, assumption of a black clypeus, and 
reduct ion in size of the external genitalia. 
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" T h e genital organs of the female Andrena are usually greatly in
jured by the presence of a Stylopa; the ovaries are reduced in size and 
the ova imperfectly developed, so that generally, if not always, a stylo
pized female Andrena is incapable of reproduct ion. 

" T h e male, on the other hand, is not nearly so seriously affected. In 
some species observers have failed to notice any effects whatsoever, 
in others a marked reduct ion in size of the ensemble is apparent . I n most 
cases, however, if not always, the testes of a sylopized male Andrena pro
duce ripe spermatozoa which seem in every way normal and capable of 
performing their function." 

T h e facts are strongly suggestive of a correlation between the struc
tural and functional effects of stylopization, for the activities of the 
host are frequently modified by stylopization. T h e rate of development is 
decreased in one group, increased in others, the length of life may be in
fluenced, and the general vitality and energy of the host is reduced. 
T h e sexual instinct is not usually destroyed, bu t the collecting instinct 
of female bees is often annul led. 

T h e opinion seems to be that the effect of stylopization is to cause 
not merely a convergence toward a mean condition, each sex losing some 
of its own peculiar at tr ibutes, bu t an actual interchange, each sex assum
ing in some degree certain characters proper to the other. Salt (1927) ex
plains the effects of stylopization on Goldschmidt 's famous theory of 
intersexuality. Th i s is because the affected hosts developed normally as 
individuals of one sex u p to the time of their infestation, and then 
finally showed, not a mosaic, bu t a mingl ing of male and female charac
ters. Th i s change induced by the parasite is considered to be the counter
par t of the switch-over reaction of Goldschmidt. 

Salt (1931) cont inued his study of stylopization bu t did not change 
his earlier conclusion that the effects of stylopization seem to be capable 
of explanat ion on the basis of an upset in the nut r i t ional balance of the 
host which affects the reaction of the sexual hormones and produces 
intersexes. Salt found support for his view in the histological work of 
R a b a u d and Millot (1927), which showed that the oocytes of stylopized 
and normal individuals are comparable, and present no sign, either 
nuclear or cytoplasmic, of degeneration. However, only oocytes of small 
or medium size are found in the ovarioles of stylopized specimens, while 
normal individuals invariably contain some of larger size and greater 
development. T h e decrease of the diameter of the ovaries, then, is due 
to the small size of the elements they contain, not to a reduction of the 
number of ovarioles. T h e adipose tissue shows the most striking effects 
of the parasitism. T h e fat cells themselves are not qualitatively altered, 
bu t their n u m b e r is greatly reduced, so that the fat body is very greatly 
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diminished. Th i s decrease of the volume of the adipose tissue parallels 
the decrease in size of the ovaries, being more accentuated in individuals 
having the ovaries much reduced. T h e effect on the fat body, however, is 
more pronounced in each case than that on the ovaries. Th i s then ap
pears to be less of a par t icular action upon the genital organs than a gen
eral effect which robs the host of nour ishment , thereby reducing the adi
pose tissue and, as a secondary result, inhibi t ing the development of the 
ovaries by curtai l ing their food supply. Th i s par t ia l atrophy through 
lack of nu t r i t ion was also suggested by Wheeler (1910). 

A somewhat different view results from the study of the stylopization 
of the cydnid bug Macroscytus japonensis Scott by Esaki and Miyamoto 
(1958). T h e effect there is apparent ly mechanical; visceral organs of the 
host, especially the ovaries, are pressed by the parasites. In this host no 
evidence of intersexuality was observed. 

V. PATHOLOGIES ASSOCIATED WITH PARASITE PUPAE 

T h e pupa l stage of the parasite generally occurs either outside the 
host or wi thin the in tegument of the previously killed host. Conse
quent ly there are few pathological conditions which can be directly as
sociated with the pupa l stage of the parasitoids, bu t in the case of several 
encyrtid species there are striking abnormali t ies in the host tracheal 
systems that appear when the parasite pupates . These encyrtid larvae 
remain immersed within the fluid contents of the still-living host and 
pr ior to pupa t ion become enveloped in a membranous sheath of their 
own product ion. T h e host then grows extensive tracheal branches on 
the surface of this sheath directly opposite the functional spiracles of 
the pupae (Clausen, 1952). T h e host reaction is apparent ly very similar 
to that described for the ingrowth of host tracheae that characteristically 
accompanies the developing polygerms of polyembryonic encyrtids 
(Doutt, 1947). 

VI. PATHOLOGIES ASSOCIATED WITH PARASITE ADULTS 

T h e adul t parasites do cause pathological conditions in the host spe
cies, bu t these, for the purposes of this chapter, have been discussed 
under the foregoing sections. T h u s such things as the injection of venom 
and the feeding at ovipositional punc tu re wounds are, strictly speaking, 
adul t induced pathologies, bu t they do not bear repet i t ion here. Simi
larly, much of the effect of stylopization is also due to the presence of 
the adul t female parasite wi thin the host's body. 

T h e adults of many parasitic species practice phoresy, and in a sense 
this may be considered as a pathological condit ion of the carrier in
dividual. T h e at tachments seem, however, to be mechanical and without 
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appreciable detr iment to the host individual . Of course the effect on 
the progeny of the carrier is disastrous because the phoresy puts the 
parasite into a position to attack the eggs of the carrier as they are 
deposited. For a recent example, one may cite Malo's (1961) study of the 
butterfly Caligo eurilochus (Cramer), which transports its egg parasite, 
Xenufens, to oviposition sites. 

V I I . PATHOLOGIES OF HOST TISSUES AND ORGANS 

T h e specific pathologies (caused by insect parasites) of various host 
organs and tissues have been included in the foregoing sections bu t may 
be briefly summarized here: 

A. Blood 

T h e phenomena, associated with the blood, of most interest to pa
thologists are the defensive reactions of encystment and melanization. 
T h e product ion of teratocytes is also a response to a diseased condit ion, 
and in general the host's blood is an effective barr ier to attack by many 
parasitic species. T h e free-living parasites in the body cavity, which 
either do not induce or do not succumb to the physiological defenses 
of the host, obta in nut r iments from the blood and appear thereby to 
debil i tate other tissues and part icularly those of the fat body. 

B. Fat Body 

T h e adipose tissue may be either attacked directly or may be, as sug
gested above, depleted by the demands of the parasite which may be 
located elsewhere. T h e size and condit ion of the fat body is often a 
reliable indicator of the extent of development and activity of the en-
doparasitic larva. 

C. Nerve Tissue 

T h e nerve tissue similarly may be attacked directly by parasites, and 
a number of species oviposit directly in to host ganglia. Cysts and nerve 
lesions have already been described; the lat ter are often a t t r ibuted to 
the toxins in the venom of parasitic Hymenoptera . T h e sudden death of 
adul t honey bees, even while in flight, has been a t t r ibuted to the sever
ance of the nerve cord at that instant by certain internal parasites 
(Clausen, 1940). 

D . Tracheae 

Host tracheae appear to respond quickly to areas of oxygen want and 
grow tracheal branches in to the area, thereby supplying the respiratory 
needs of certain parasite embryos, larvae, or pupae . T h e punc tur ing of 
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the tracheae by internal parasites and the typical wound reaction that 
results have been described also. 

T h u s all the organs and tissues of the host, including gonads, mus
cular tissue, al imentary canal, and salivary glands, may suffer directly 
from parasitic attack or be affected indirectly by the activities of the 
endoparasites. These effects are not easily generalized, and most fre
quent ly there is a sequence of pathologies which ult imately result in 
death of the host. Such pathologies have many symptoms and often are 
reflected in abnormal host behavior. Al though much careful investiga
tional work has been done on the pathologies caused by insect parasites, 
there remains much more to be accomplished in this interesting, chal
lenging, and impor tan t field of insect pathology. 
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