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PART 1
BIOLOGY OF THE MUTILLID WASPS

When Linnaeus published the tenth edition of Systema Naturae
in 1758, he included eight species in his genus Mutilla. Two of
these species were later shown to belong to the Ichneumonidae.
Two of the six remaining species were known before the publica-
tion of this work. Petiver had figured the female of occidentalis
from North America as early as 1703, and Uddmann had figured
the female of europace in 1753, giving it the name of “Apis aptera.”
The Mutillids were regarded as social insects during most of the
eighteenth century, principally on account of the similarity of
appearance between them and the ants, which were known to be
social, and because of the lack of any empirical data on the subject.

Hundreds of new species of Mutillids were discovered during the
latter half of the eighteenth, the nineteenth, and the first part of
the twentieth centuries by Fabricius, Olivier, Lucas, Burmeister,
Gerstaecker, Radoszkowski, André, Cameron, Bingham, and Bischoff
in Europe, Peringuey in Africa, and by Cresson, Blake, and Fox
in the United States. It is estimated that 3,500 to 4,000 species
have now been described, the great majority of them in the single
genus Mutilla. Practically nothing was done to subdivide this
great mass of species, and to recognize genera with narrower limits
until the beginning of the twenticth century, although Blake (1871)
and Radoszkowski (1885) made an attempt in this direction, only
to have their work disregarded and the species returned to the
genus Mutille by later workers. Ashmead (1899, 1903) and André
(1903a¢) were the first to attempt a general classification of the
family and proposed many new genera. Bischoff (1920) also pro-
posed many new genera in his treatment of the African species of
Mutillidae. The genera which have been proposed up to the present
time number about 100.
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The classifications that have thus far been proposed for the Mutil-
lidac have had a purely morphological basis, and the problem has
been approached by most workers with the idea that the family is an
exceedingly variable group. Recent study has shown that in the case
of many American species, at least, this idea has originated from the
fact that series of specimens in collections supposed to represent a
single species were really composite and represented two or more
species. Even from the strictly morphological viewpoint many val-
uable structural characters which have specific and possibly generic
or higher value have been completely overlooked. The classification
and phylogeny of the Mutillidae is still very obscure, due to the fact
that the morphological basis on which the former has been erected 1s
very incomplete, and also to the fact that morplology alone is too
inadequate a basis for a natural classification.

A true phylogeny of any group of organisms represents the rela-
tionships of the component parts of the groups and also represents
the course of evolution during their development in geologic time.
The relationships of groups of organisms as they have actually
existed during the course of evolution can only be completely under-
stood when all the facts regarding them are available, and the phy-
logeny representing all these developments may be referred to as the
“ideal phylogeny.” The nearer a classification of a group of or-
ganisms can approach to expressing this ideal phylogeny, the more
natural it will be, and the nearer it will come to expressing true
relationships.

The factors of phylogeny are morphology, physiology, ontogeny,
and ecology. All of these factors have expressed themselves in all
organisms and the ideal phylogeny is the sum of this expression. A
classification based on morphology alone is then obviously incom-
plete since it ignores the facts of physiology, ontogeny, and ecology.
In other words, the biological data which will reveal some knowl-
edge regarding the relationships of the organisms in question have
been neglected.

As mentioned above, the classifications of the Mutillidae so far
proposed have been based almost entirely on morphological grounds.
This is not surprising in view of the fact that comparatively little is
known regarding the biology of the family as a whole and the
knowledge that we do possess is widely scattered through the litera-
ture and more or less inaccessible. In order to overcome the latter
difficulty the writer has attempted to bring together in the following
pages all the facts available regarding the biology of this interesting
family of wasps. It is believed that a summary of this sort will not
only serve to stimulate further investigation of the group, but will
also be of some material aid in any phylogenetic study of the family
that may be undertaken.
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EARLY SUPPOSITIONS REGARDING THE HABITS OF MUTILLIDS

The first account of the habits of the Mutillids is that of Barbut
(1781), who wrote regarding Mutilla europaca Linnaeus as follows:

These beautiful insects are inhabitants of the ground, and to be met with
under the moss, more especially when there is a hollow space between the
moss and the earth. Walking in Hyde Park the latter end of the summer in
pursuit of insects, upon turning up the moss, I had the pleasure of seeing a
most beautiful company of these animals. Their wings, which shone like
pearl, were laid horizontally on their back, and but few of them being alatae,
gave the group a splendid appearance. They were so swift in motion that I
conld not catch any more than one. I believe there might be 20 together, which
convinces me they live in society similar to that of ants.

Thus the idea that the Mutillids were social insects gained credence
very early.

The earliest important observations on the Mutillids are those of
J. L. Christ (1791). Christ regarded these wasps as wild bees and
discovered that a relationship existed between J. europaea and bum-
blebees, but interpreted it as being commensal. A translation of the
account of his observations is as follows:

First I must mention that all the Mutillid nests I have been able to find
have contained bumblebees. I have, in part, found Mutillid families in which
bumblebees lived, in part, bumblebee families in which the Mutillids lived.
In the first, the Mutillids formed approximately five parts and the bumblebees
one part; but in the latter the bumblebees amounted to approximately six
parts and the Mutillids one part. In each of these combined dissimilar societies
there were males, females, and young of each species in the nest. The young
of both the bumblebec and the Mutillid were found together in the cells, like
children of one family, so that I was much pleased with this brotherly harmony
in two so different appearing species of insects, and I would have liked to have
given them the name of Damon and Pythias, if they had not already been
named by Linné. X

The idea that the Mutillids were social insects was rather firmly
established by those observations and it was not until many yeans
later that the true relationship between bumblebees and . europaea
was discovered. It is remarkable that, with the observations of
Christ to be used as a foundation, the true relationship existing
between the bumblebee and /. europaca was not learned very soon
afterwards. However, it was more than 50 years before any addi-
tional facts were discovered.

Latreille (1792¢) wrote that he did not believe the Mutillids to
be social insects, but his later writings do not indicate that he was
ever able to show that they were not. E. Sibly (1802?) in a popular
work on natural history restates the observation made by Barbut.
Fabricius (1804) quotes Christ in regard to the habits of the Mutil-
lidae. Jurine (1807) apparently did not know of Christ’s work and
in his account of the Mutillids says practically nothing regarding
their habits. He was uncertain as to whether the individuals con-
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sisted of only males and females, or whether workers were also
present as in the social insects.

Champion (1836) was the first to suggest that the Mutillids were
parasites of other wasps and bees. He gives his reasons for such a
conclusion, as follows: “ I have frequently seen the females enter
the nests of Andrenicae, and occasionally those of Cerceris. 1 also
once caught a female climbing the trunk of Ubnus campestris, on
which some of the Zumenes had formed their clay bottle-shaped
nests. Another species I took commonly on the sea sand, in which
the Bembex rostrata had dug its nests.” Shuckard (1837a) believed
that possibly the larva was fed on Diptera, because “my friend,
Mr. Pickering, dug a female out of the ground during the last winter
at Coombe wood, and mixed in the sand he had removed he found
the wings of flies.” This, of course, has never been confirmed, since
none of the Mutillids, either in the larval or adult state, are known
to feed on adult insects. Nylander (1846) reports that Dahlbom
bad collected A/. europaea in the nests of Bombus rajellus Kirby,
but makes no other comment regarding it, and Dahlbom (1847)
himself called attention to this same fact and suggested that the
Mutillid was really a parasite.

The various textbooks on entomology of this period and even as
late as 1860 quote various of the above-mentioned authors regarding
the habits of the Mutillids, but in most of these the suggestions
regarding the parasitic role of these wasps were ignored.

OBSERVATIONS ESTABLISHING THE PARASITIC ROLE OF THE MUTILLIDS

Over 50 years after Christ made his observations regarding the
relationships of bumblebees and Mutillids, Drewsen (1847) estab-
lished the fact that this relationship was parasitic. Even Drewsen
calls attention to the fact that Christ’s statements had been prac-
tically neglected during this 50-year period by the entomologists
who wrote on the subject of Mutillids. Drewsen collected a nest of
the bumblebee Zomous scrimshiranus Kirby and took it home for
observation. The nest contained over 100 cells, but he obtained only
two worker bumblebees from it. In addition to these, however, he
reared 44 males and 32 females of M. ewropaea from the nest. He
observed that the cells from which he obtained the Mutillids had
been closed after the bumblebee larvac were full grown and that,
therefore, the former must have destroyed the full-grown bumble-
bee larva and in its turn have become the occupant of the cell. It
was also his opinion that the ovipositor of the Mutillid served as an
apparatus to bore through the wall of the cell and either kill or
arrest the development of the bumblebee larva.

This was the first step in advance that the biclogy of the Mutillids
had taken since the work of Christ. It clearly established the para-
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sitic relation existing between M. europaea and the bumblebees,
proved that they were not social insects, and that they did not pro-
vision their nests with other insects as in the case of other fossorial
wasps.

The hosts of a number of other species of Mutillids were discovered
following the work of Drewsen. It was found that the Mutillids
were not limited to bumblebees for hosts, but parasitized many other
species of bees and wasps.

The observations of Christ, Dahlbom, and Drewsen indicated that
M. europaea was not limited to any single species of bumblebee as a
host, since Christ had observed Bombus muscorum Linnaeus, Dahl-
bom made his observations with Bombus rajellus Kirby, and Drew-
sen’s material was that of Bombus serimshiranus Kirby.

Hoffer (1886) carried out many rearing experiments with bumble-
bee nests and reared /. europaea from the nests of 11 different
species of Bombus. New points in the life history of this wasp
observed by Hoffer were as follows:

1. The female Mutillid pierces the wax wall of the cell, paralyzes
the Bombus larva within with her sting, and then deposits the egg.

9. The egg hatches in three days.

3. When full grown the Mutillid larva spins its own cocoon within
the cell of the bumblebee.

4. The length of the pupal stage was estimated at 20 days.

In addition to these he says that he did not observe any hostile
action on the part of the bumblebees when Mutillids entered their
nest for purposes of oviposition, and that he thought there might be
two generations per year of M. europaea.

Borries (1892) gives an account of a species of Mutillid which has
a species of Crabro as a host and thinks it doubtful that the Mutillid
female stings and paralyzes its host, since the host larva is full
grown and has spun its cocoon before it is parasitized. In contrast
to Hoffer’s statement that no hostilities were observed between
M. europaca and the bumblebees is the account of Melander and
Brues (1903) in which they describe the combats between Pseudo-
methoca canadensis (Blake) and Halictus bees.

The most complete and detailed account of the life history of any
Mutillid is that relating to Mutilla glossinae Turner, which has been
worked out in connection with the investigations on tsetse flies in
Africa. This wasp was first reported as a tsetse fly parasite by
R. A. F. Eminson (1915) as follows:

In a batch of 258 collected Glossina pupae, from one puparium there emerged,
on the 21st of June, 1914, a wingless parasitic wasp of the genus Mutilla. It
was observed that the wasp on emerging had broken open the puparium in
precisely the same way as would the fly itself, so that a mere external exam-

ination of the case would not reveal the fact that the fly pupa had been
parasitized. On investigating a number of pupa cases collected in the field,
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four were found to contain remains of parasitic pupae which were probably
referable to the same species of Mwutilla. On August 21, 84 of the tsetse pupae
were still unhatched, and seven of them were therefore opened. Two of these
contained larvae of the parasite, and in the other five the fly pupae had died
from other causes. From the 77 remaining puparia 2 males and 8 females of
the Mutille were bred out between the 2d and 6th of September.

Lamborn (1915) shortly afterwards presented a much more de-
tailed account of this same wasp which is quoted here in its entirety.

The large number of Mutillid wasps in the Lingadzi district attracted my
attention from the first, and I endeavored during my earlier days here to
parasatize tsetse pupae“with them, but without success. Loug series of the
smaller species, which seemed suitable, have been sent home.

In late May, however, two Mutillids, a male and a female, which I have since
learnt from the Bulletin are Mutilla glossinae Turner, were bred out from
pupae found in the vicinity of Monkey Bay, and a good series has now been
obtained, 6 males and 10 females having been bred out. The tsetses which
have emerged from the 1,143 living pupae which I have obtained since April 10
number 54 males and 71 females.

The appearance presented by a pupa case from which a Mutillid parasite
has emerged seem to me characteristic and unmistakable, though a contrary
opinion has recently been expressed. (Eminson, quoted in Bull. Ent. Res., v,
p- 382.) On taking such a case in the fingers there is, owing to the presence
of the Mutilla cocoon within, a sense of greater solidity than when a fly has
emerged, and it is possible by gentle pressure to crumble away the wall of the
puparium so as to obtain the cocoon, a light chestnut-colored structure com-
posed of several layers of a very tough silky-looking material. The orifice of
exit is usually much smaller and has a serrate edge, instead of the larger clean-
cut fracture produced by the emergence of the fly, owing to the parasite having
nibbled out a circular cap, and one can always see the walls of the cocoon
within. In the course of time the cocoon tends to shrink, the result being that
it draws in with it the margin of the hole of exit in the pupa case, so that this
is no longer circular but somewhat oval, a condition never seen in the case of
a normal puparium.

There has been no difficulty at all in dealing with the Mutillids in captivity,
for all, except two, one of which was accidentally drowned, arc still alive now,
one or two of the earliest specimens being several weeks old. The original
male placed in a box with the female shortly after the emergence of the latter
manifested the greatest excitement, running about with its antennae on the
ground on the trace of the female, which it overtook after a considerable chase
and immediately seized, pairing taking place almost at once. It is noteworthy
that in the course of the chase it ran repeatedly very near to the female, but
being off the fresh track did not detect it, the sense of sight being evidently of
very little help to it in the matter.

Various pairs have been kept in captivity in jars containing a number
of tsetse pupae buried in earth, in the hope that the females would sooner
or later parasitize them. The expectation seems li\kely to be fulfilled, as on
May 30 the first female, which emerged so long ago as the 3d of that month,
was actually witnessed ovipositing in one of the pupae. As the manner in
which oviposition was effected presented features of interest, I jotted down
at the time a full note concerning it, which I now transcribe: At 5.45 p. m., on
coming into camp from a day’s trek, I removed from inside a box, which had
been closed all day, a jar containing the Mutilla female, No. 1, and a number
of tsetse pupae, mostly buried in earth, though one or two were on the surface.
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On the top of one of the latter the Mutilla was seen. It remained still a few
seconds, then precipitately vanished beneath a lump of earth, as is their habit
when alarmed. In a few minutes it came out into the open again cautiously
and, after examining with its antennae some pupae near the one on which I
had first seen it, started, with its head facing the tail end of the pupa, to
whittle away with its jaws at a point midway between the two poles with
such energy as to rock it. Its antennae were crossed and below its head.
After five minutes’ work in the horizontal position it gradually raised itself
vertically, with its head down on the pupa, supporting itself against the
side of the jar, so that a full view of its movements with a lens could readily
be obtained. Extremely fine movements of the jaws in and out took place
with great rapidity and with such delicacy that unless one’s attention had
been attracted by corresponding movements of the labial palpi the operations
in progress would have been undetected. From time to time a sharp turn
of the head through a quarter of a circle on each side also went on.

After half an hour's work the Mutilla retired a short way from the
pupa and, resting on its side, cleaned its antennae and rubbed its legs together,
but then manifested some uneasiness at the light, for at this point I had to
watch it by lamp light, and concealed itself. But when the light was very
much shaded it returned to the pupa, put its head to the site of its previous
operations, where with a lens I could see a small breach of surface, and then
gradually raising the hinder part of its body so as to rest again on its head,
recommenced work, its antennae being this time in front of its head, but resting
on the pupa. Occasional movements of anteflexion of the abdomen then took
place, as if the insect were preparing for oviposition, and finally, after at least
an hour’s work, the insect resumed the horizontal attitude on the pupa, and
having examined its work advanced so that its hinder end came somewhere
over the breach. It then moved to and fro, feeling for the exact spot, and then
remained still, doubtless in the act of oviposition, running away a few seconds
later.

Though the female worked so indefatigably, so tiny a puncture was pro-
duced as to be barely visible except in a certain light to the unaided eye, and it
appeared moreover as if definitely sealed by the insect with some secretion
after oviposition. This may possibly be a very important part of its final
operations, as on several occasions I have found an exuberant fungus growth,
brown in colour, sprouting at little fissures accidently produced in tsetse pupae.
Later I hope to be able to study this further.

I should perhaps add that the night when the AMutille was working was
bitterly cold, a rather surprising fact, seeing that as a rule these insects are so
lethargic except on bright sunny days.

1 _have now examined carefully all the pupae to which this female has access,
and 7 out of the 20 show this evidence of attack. There is therefore every
reason to believe that the Mutille can be raised experimentally in some num-
bers and without any great difficulty in the laboratory. Their hardiness, their
activity in finding food for themselves, and their longevity make them singularly
easy to deal with, so that I expect shortly to be able to submit a further report
on the subject.

In regard to their general habits, they do not as a rule become active till
the middle of the afternoon, remaining until then hidden beneath objects on
the top of the ground, or buried beneath the superficial layers of the soil. The
female is an adept at burrowing, and the male in pursuit of her does not hesi-
tate to force his way into the soft earth. Both sexes run with extreme
activity, the male being unusually loth to take to flight for a winged insect.

55287—28 2
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The females in captivity soon lose the quality of shyness, which is so marked
during the first day or two afrer emergence, and will then run about uucon-
ceruedly, cven though one is moving objects in the jar, almost as if they had
learnt that they were unlikely to be molested.

Williams (1919) has succeeded in rearing a species of Mutillid
from 7%phia lucida Ashmead in the Philippine Islands. Since his
account adds some details not hitherto described, it is quoted here in
full:

The country about Los Banos abounded in “ velvet ants ” or Mutillidae—many
of small size. As these insects are known to parasitize the cocoons of various
solitary bees and wasps, I was able to rear a small, two-spotted species from
a bred cocoon of Tiphia lucida. On August 30, 1916, I buried seven cocoons,
containing the quiescent pale yellowish 7'iphie larva, in soil in a tumbler and
introduced a small Mutilla with two white spots on her abdomen. On Sep-
tember 3, I cut open these cocoons and found that two of the quiescent Tiphia
larvae had been parasitized by Muwtilla. In the one case the Tiphia larva had a
Mutille egg transversely arranged on its dorsum between the first and second
thoracic segments, The egg was semitransparent whitish, about five times as
long as thick, somewhat curved, rather broadly rounded at one end and conical
at the other. Under a hand lens its surface showed numerous pointed granula-
tions. The second parasitized 7'iphia had an active Mutilla larva a day or
two old on the underside of the body. Like the egg, its skin was also finely
roughened. It required about four days to become full fed, consuming all its
prey. It failed to spin a perfect cocoon, but remained as a quiescent, dull
whitish larva for about eight days before chaunging into a pupa, which a few
days later hatched into a female wasp.

I succeeded in getting several other Mutilla ovipositions. One cocoon con-
tained two Mutilla eggs. The cocoon’s envelope is not visibly perforated by the
ovipositor of the parasite.

Ferton (1921) has made some observations on Stenonutille argen-
tata var. saundersivora Ferton, which differ in some respects from
those already mentioned. The host of this Mutillid is Osmia
saunderst Vachel, Ierton states that the Mutillid egg in this case is
attached to the interior wall of the Osmia cocoon. Williams, on the
contrary, found the egg attached to the 7'iphia larva, as stated above.
TFerton also observed two Mutillid eggs in one Osmia cocoon, but says
that one was empty and dry; he does not describe the exact position
of the Mutillid larva on its host, but says that it was toward the
middle.

Ashmead and Davidson (1897) write: “ The eggs of Sphaeroph-
thalma anthophora Ashmead are deposited with that of the parent
host before the cell is sealed up, and they probably share with the bee
larvae the food stored in the cell, and only attack the bee when it is
fully grown and which it is seldom able to completely devour.” This
seems very unlikely, since Mutillid larvae are not known to feed on
pollen and honey such as is supplied the larvae of Anthophora; and
furthermore, in all cases where the life history is known, the adult
female Mutillid deposits her eggs through the wall of the cocoon or
cell of the host upon the prepupa or pupa of the host. It is further








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































