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INTRODUCTION

In the course of the investigations upon the natural enemies of
the Japanese beetle (Popillia japonice Newm.) in the Far East dur-
ing the period from 1920 to 1928, inclusive, occasion arose to study
the habits of a considerable number of species of Scoliidee parasitic
upon the grubs of this and other Scarabaeidae,.representing the
subfamilies Rutelinae and Melolonthinge. For comparative pur-
poses only those from Japan and Chosen (Korea) are dealt with in
this bulletin, though occasional notes are given upon certain Chinese
and Indian species. Among those treated the .genera Seolia and
Campsomeris are represented by a single species each, and the
remaining 13 species are’ of the genus Tiphia. Several of the
Japanese and Chosenese species oceur also in China and were studied
there by H. A. Jaynes from 1924 to 1926, inclusive.

The taxonomic determinations of all the species of Tiphia dealt
with herein, with the excepfion of three previously described by
8. A. Rohwer, have been made by H. W. Allen and H. A. Jaynes.
Their recent publication (7)* deals with practically all the species
encountered in the investigations in Japan, Chosen, China, and

3T{alle pumbers in parentheses refer to Litersture Cited, p. 25,
195738—32 1 ’
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India,.and the greater proportion of them have been described

- #s new in the article cited. . _ \
The principal points dzait with in this comparative study are the
host: relationships, the Iife cycle, the food habits of the adults, the
position and manner of placement of the egg upon the host body, and
the type of cocoon. Notes are also given upon such of the natural
enemies of the family as have been sncountered. :

HOST EELATIONSHIPS

A1l the seoliid species studied have been found to be parasitic upon
scarabseid bs of the subidimilies Melolonthinze and Riitelinae.
In the Iist %:iow are given the species and  their recorded hosts.
The records on some of these host species are based on field observa-
tions and thus represent the normal host relationship of the para-
sites, whereas the records on the remsining grub species are from
insectary experiments and indicate suitability for development only,
with the possibility thsat some may properly belong to the first group.

Bpecles . Hosts
Beolia japonica Smith Anomagla sieversi Heyd?
: {Phyuophaﬂa diomphalic Bates?

Compsomeris annulsta Fab_______.___j4dnomela sp
Popiliia spp.
1Serioa orientalie Mots?

L are 1
Tiphic agiliz Smit \Serica sp.

Tiphic asericae A, and J .
ps S Anomala sieversi Heyd.?
Tiphis biceringto Cam |PRylopertha pubicoliis Waterh.

Tiphig bigeculaio A, and J

Anomala sieversi Heyd™

Tiphia brevilineata A. and J_ _____ _ —{Phyllopertia pubicollis Waterh®
Popillia mutens Newman,
Emwla sieversi Heyd?

Piphia koreanq Roh Popillis atreooerulea Bates.
hyllopertha pubicollis Waterh,
Tiphia melayane Cam Serice spp*

i . Phaylloperthe conspurcaie Haor.!
Tiphic notopolite alleni Roberts ””“{Phguopmna pellidipennis Reitt,
Tiphia ovidorsalizg A. and J_ . _______ Rerica sp’®
Tiphia ovinigrie A. and J__._________ Phyllophaga sp.

Phyllophaga diomphaliza Bates.?

Phytlophage sp.t

Popillie japonice Newman.! (Japan.)

Popillia gtrocoerulee Bates? (Chosen.)

Tiphia popillievora Roh Popiltia. eastanoptera Hope.® ( Chosen.}
Popillia formosang Arrow.? {China.}
Phytlopertha sp.

Tiphia tegitiplaga A, and J_____._____ Anomglse sp?

e e Anomala gieversi Heyd?
Tiphia totopunciate A. and Jo________ {
P P an Phyllopertha pubicollis Waterh,

Tiphia phyllophagae A. and Jo .. _.{

Tiphig vernoliz Boh

Anomala sp.
Fhyllapertha sp.

{Popsuia castanopterg Hope.®

ZFrom field observaion.
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In view of the wide distribution of Bcolie japonica (fg. 1}, as
compared with that of its kmown host, it is evident, that other species,
and possibly other generz as well, are attacked in addition fo An-

omala sieversiy of which there is a single rectrd. The larger Scol- =

.« lidae, represented by Scolin and Campsomeris, appesr to be more
* genera} in their choice of hosts than is Tiphia. Campsomeris an-
nulate (fig. 2), of wide distribution throughout the Far East, is
found in %_hosen srasitic wpon Phyllophaga diomphaelic and An-
omala sp. and will develop very readily upon Poa?lz’a- spp. under - -
laboratery conditions; in Iaet, it has occasionally been found upon
this genus in the field. : .
- In the genus Tiphia the number of species with known host rec-
- ords is su?ﬁciently great to permit of some conclusion being drawn
regarding the general host Telationships of the group. It may be
stated ‘that the species of Tiphia are, in general, generic rather than
specific in their choice of hosts. Specificity in this respect has been.

PioUuRk 1.—Bcolia faponica, femnle, X 27

claimed for many species, but investigations indicate that this is
only regional and not absolute. Thus Tiphia popilliavore (fig. 3)
1s specific upon Popillia japonica in northern Japan, owing primar-
ily to the lack of other representatives of the host genus in that
eountry. ‘The parasite, however, occars in Chosen and China,
whereas P. japonica does not occur on the Asiatic meinland, where
the hosts are P. castanoptera, P. atrocoerulea, P. formosana, and
other members of the genus, In any given locality it confines itself
almost exclusively to a single host species, even though others of
apparently equal suitability sre present. T. popilligvera will de-
velop quite readily upon Phyllopertha grubs under laboratory con-
ditions.

It is rather noteworthy that a considerable number of species of
Tiphia wiil oviposit and develop readily upon Phyllopertha grubs
in the laboratory. Practically every species tested in this respect,
which had as ifs normal host either Anomala or Popillia, would
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transfer and develop readily on grubs of this genus. In contrast to
this was the reaction of the several Phyllophaga parasites of this
genus under similar conditions. From the very few eggs that theso
species were induced fo deposit on grubs of other genera nos a single
larva developed beyond the primary stage,

The stage of development at which the host larva is attacked is of
importance from the point of view of parasite development and in-
crease. Seolia and Campsomeris confine themselves quite strictly to
the final larval stage of the host, but this does not hold true in the
-case of many species of Tiphia. It has been noted that several spe-
cies parasitic upon Phyllophaga normally attack the intermediate
rather than the final stage, and this has been observed in the case of
1. notopolita alleni.- T. popillicvore in northern Japan also ovi-
posits indiscriminately upon the last two host stages. At the time
when the adults of this species are in the field (the middle of August.

FIGURE 2.-—Campsomeris arnulate, female, X 3.3

to the middle of September) in northern Japan the host is repre-
sented by two %enerations of grubs in the seil, this condition being
due £0 a partial 2-year cycle. Thus, both fully mature grubs from
eggs of the preceding season and first and second stage ones of the
current generation are found in good numbers. Both the mature
forms and those of the early second stage are attacked, apparently
without any marked preference being shown between them. The
cocoons resulting from development on the very small, immature
grubs are often less than 3 mm. in length, much resembling an
average sized Apanteles cocoon, and a great proportion of them
never yield adult svasps.

THE LIFE CYCLE
NUMBER OF GENERATIONS

The life cycles of the Scoliidre are markedly affected by climatic
conditions—far more so in fact than are those of many other para-
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| “sitic groups. - In the Tropirs; unless ﬁctiﬁty is -iﬁhibited ':durin%; &
portion of the year by higli temperatures and exceptionslly low hu-

midity, resulting in o period of aestivation, breeding goes on con- - =

tinuously throughout the year, and from three to six generations
may be produced. In countries in the Temperate Zone, such as
Japan and Chosen, this number is-considerably reduced. Here Sco--
léia japonica has, questionsbly, a single generation each year, while
Cumpsomeris apnulote has two, and possibly three. Of the 15 spe-
cies of Tiphia lsted herein, 11 have a single generation each year,
while -biseculate and tegitiplaga have two- This latter case is due
to their occurring in & locality baving #n exceptionally short snd
mild winter and & ¥ery sandy soil, the latter factor being responsibls

. .
FioUre 3-—TFiphic popilliavere, female, % 7.3

for an earlier emergence in the spring and longer-continued growth
in the fall than is the case in heavy soils, 7. ovinigris and T, phyllo-
phagae, both parasitic upon Phyllophaga grubs, apparently have a
2-year cycle to accommodate themselves to a corresponding cycle in
the host, : _

LENGTH OF THE EGG STAGE

Within the family the duration of the egg stage ranges from 1 to 6
days under optimum summer conditions, with Tiphia in general
having a longer incubation period than Scolia or Campsomeris. The
above period may be extended to 10 or 15 days in the case of Tiphia
breeding under lower temperature conditions. In the insectary
breeding werk with the species occurring in late fall it was found




6 TECENIOAL BULLETIN 308, U, 5. DEPT OF AGRICULTURE

Ahat development was almost entirely inhibited, and consequently it
wag necessary to provide heating facilities to raise the temperature
sufficiently to bring them to hatching and to carry on the development
to the maturity of the larva.

The minimum pertod of incubation of Scolia japonica was found-
to be 1 day and that of Compsomeriz annulate 214 days. Of ths
species of Tiphia ovipositing in May the eggs of vernalis hatched in
13 days (7 days in June) and of malayene in 10 to 11 days. In
June, July, and August, the period of maximum temperatures and
high humidity, the time of hatching renged from 3 days in the case
of asericac and bicarinaie, and 3 to 4 days in agilis, brevilineata, and
ovidorselis to 5 or 6 days with tofopunctate. Eggs of T. biseculate
required 4 days in the spring generation (June) and 5 days in the
fall brood (September). The eggs of 7. popilliavore hatched in 3
days at Suigen, Chosen, in late August, in 5 days ai Yokobama in
the same month, in 8 to 11 days in northern Japan in late August
and September, and, 25 2 maximum, in 10 to 14 fays in Chosen dur-
ing early October. Of the remaining fall species notopolite allent
required 4 or 5 days in SBeptember, phyllophagac and ovinigris 5 or 6
days in the same month, and fegitiplaga 7 days in the latter part of
that month. Egpgs from late emerging 7. koreana females also
required 5 to 6 days for incubation in September. It is thus seen that
there is 2 considerable uniformity among the different species occur-
ring at the various seasons of the year, and that the longer incubation .
recorded for many species is attributable directly to temperature in-
fluences rather than being a constant species characteristic. This
point is brought out particularly well in the case of 7. popilligvore
in the various localities in which it is found, the duration of the stage
rang:ng from 3 to 14 days, due solely to variations in temperature.

LENGTH OF THE LARVAL STAGE

The variaiion in the duration of the active larval stage, from the
time of hatching to the formation of the cocoon, ds similar in extent
to that found in the incubation peried. In Scolia japonica and
Campsomeris annulate this stage is very short, covering only 4 days
for the former and 5 days for the latter species nnder optimum sum-
mer conditions. Among Tiphia, vernalis and malayana require 20
to 25 and 21 to 22 days, respectively, at the end of May, under the
relatively high temperatures then prevailing. In June, July, and
August asericae larvae matured in 10 to 12 days, owidorsalis in 11 {o
14 5‘1 s, agilis in 12 to 13 days, bdiseculate in 18 days in June (30 in
late geptember), brevilineata 1n 12 to 15 days, tofopunctate in 18
to 20 days, dicarinata in 12 to 20 days (late August and early Sep-
tember), and koreana in 18 to 20 days. Of those developing in Sep-
tember notopolita alleni required 15 to 17 days (18 to 19 in ear!
Qctober), p&fy?lopﬁagae 17 to 21 days, ovinigris about 18 days, an
tegitiplage 21 days. T. popilliavora attained the cocoon stage in 11
or 12 days in Chosen in early September but required 30 days or
nere in &:tober and early November, whereas at Koiwai, in northern
Japan, from 18 to 30 days were required during September, under
temperature conditions approximating those of Chosen a month later.




BIOLOGY OF JAPANESE AND CHOSENESE GRUB PARASITES 7

TIME PASSED IN THE COCOON

So far as known, all Scoliidae in the temperate régions pass the
winter within the coccon, though this niay be as a mature résting
larve, & pupa, or & fully developed sdult. Scolia japonice hiber-
nates in the mature larval stage, while Campsomeris 1s largoly in the
~ pupal form, though there is some evidence to indicate that in certain
southern localities a portion of the adult females of the latter carry
through the winter. _In the surumer generations of the species having
this habit, the period from the formation of the cczoon to the emer-
gence of the adult comprises a minimum of three weeks.

Aniong the Tiphia having a single generation annuaily, approxi-
mately i0% months ‘of each year is passed within the cocoon.
those species regarding which the winter stage is definitely known,
asericae, malayana, and vernalis are found as sdults, whereas bicari-
nate, brevilineaia,
koreana, notopolita
alleni, phyllophagae,
popilliavora, tegiti-
plagae, and fotopunc-
tate hibernate as
mature larvae, Of
the three first-named
species some of the
late-developing indi-
viduals may pass
the winter in the ad-
vanced pupal stage.

In general it may e  LMEIOPOLITA ALLEN 1
said that the spring- LGS APRIL MAY JUNE JULY AUG. SEPT. OCT.
emerging species pass
the winter in the
adult stage in the co-
coon, and that the summer snd fall species do so as mature larvae.
The first group would comprise those s ecies that might be expected
to produce 2 second brood under somew at more favors’le tempera-
ture conditions.

MAL AYA NA i 1
VERNALIS
ASERICAE
KOREAMA
BREVILINEATA
TOTOPUNLITATA
AGILIS
GWDORSALIS
BICARINATA
PHYLLOPHAGAE,
PORILLIAVORA

Fiauer 4 -~Seagonal appearance of adults of Tiphin 1o
Chosen

LENGTH OF ADULT LIFE

The larger Scoliidae, such as Scoliz and Campsomeris, have &
considerabTy longer pericd of adult life than does Tiphia, and this
may extend over several months. Williams (13, p. 69) records a
fernale of Scolia manilae Ashm. living nesily four months under
insectary conditions, while the average of a series was 49 ds%ys.

nder normal field conditions the average length of life o Tiphia
females is from 3 to 4 weeks, though this can be ];:‘olonged cousider-
ably under insectary conditions by withholding the opportunity for
oviposition. Among the different species there is a considerable
variation in the length of the period during which they may be found
in the field. 'This shorter period on the part of some is not due fo
o shorter individual life, but rather to a greater uniformity in the
time of emergence of some species than of others.

In Figure 4 there is shown, for comparative purposes, the period

of adult occurrence of all the species of Tiphia studied at Suigen,
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Chosen, the observations having all been made in the one general
loeality. Conditions being identical for all species, there is greater
significance in the variations between them than would be the case
were the data secured in widely separated sections with diverse
factors influencing them. ’

FEEDING HAEITS OF ADULTS

In sll the species studied the general habit is for the females te
feed for about three hours during the morrning or at midday and
then to spend the remainder of the day either resting in the soil or
beneath vegetation on the surface, or in the search for host grubs for
oviposition. The time of day at which they feed most extensively
varies somewhat with the species. 7. popilliavora in northern Japan
was out in greatest numbers from: 10 a. m. until 1 p. m., whereas 7.
mature A. and J. in India was to be found in numbers only from
8 to 11 a. m. The males generally appear slightly earlier in the
morning then do the females and persist until about the middle of the
afternoon. Some asuthors have noted a tendency on the part of
the males of Scolia, Campsomeris, Dielis, and Elis te swarm at night,
a habit not noticed with the Tiphia males.

The food materials required by the adult Scoliidge are derived
from three general sources: {1) The exudations or secretions of
aphids, scale insects, and various other Homoptera, these occurring
particularly upon pine, oak, chestnut, ete.; (2) the blossoms of cer-
tain plants, especially of the Umbelliferae and Polygonaceae; and
(3) nectar from varicus glands associated with foliage. The writers
have observed Scolia and Campsomeris feeding only at blossoms,
whereas Tiphia is represented as feeding a$ all these sources. Iling-
worth {10) records Discolia soror Smith as feeding very extensive%y
upon the secretions of leaf hoppers on corn. In Table 1 are given
the sources of food supply of the species dealt with, the Tiphia
being listed in the order of their appearance during the season.

Tapre 1.—Sources of food supply of the adulfs of the varicus species of
Beoliidae lisled as occurring in Japan and Chosen

Honeydew Nectar

Bpeciea

Timme of oeourenca

Blosspms

giagds

Seofle faponics
Compsomeris a

Mf'y to September. .

Al season

Tiphie malayana

T e
it ¢ egitiplaga
m’ﬁm B! tata {I)

Late April to middic of
M

¥
'Masr)to June
Late May fo Tnoe
Jume_.

1,
Foravthin

L 1 T

Tiphia asericae.

Tiphia kortana
Tiphia brecilineata..___

Tiphia fofopuncinia

TIPhIa Gt e e e

T¥phia ovddorratix

(4]
July to early Aupgust

Tuly to middie of Au-
gust.

Early July fo Iate Au-
fust,

Middle of July to late
Augnst,

Angust -

Tiphia bicarinata
Tiphis phyllophagae
Tiphia popilliatora
Tipkia natoenolile atleni

August to middle of
Heptembaer,

Middle of August to
errly October,

Middle of August to

- September.

j Late Aumast to Sept

ber.
4o,

Tiphia biseculols (D
Tig?lr_.a {egitiplage {1T) .
Tiphkia erinigris

Umbeliferae. ..
Seseli, Fagepy-
rum,

Umzbeliiferan. .

Polygonum

Swegtpotato
- Do,
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Table 1 shows that the spring species cf Tiphia confine their feed-
ing almost exclusively to the Iiquid secretions of aphids and other
bugs, with the exception of some malayane and vernalis 'feeding ab
Forsythin blossoms; that those "ji]ipearing during midsummer feed
either upon such secretions or at blossoms, though seldom both; and *
that the fall species are quite largely restricted to blossoms and nectar
glands.. The two species occurring at Miho, Japan, which have iwo
generations a year, feed in the spring upon insect secretions and in
the fall at the nectar glands of sweetpotato. The second genersiion
of biseculata, however, has béen not.e(f, to feed quite extensively upon
aphid secretions upon pine. - .

The probable explanation of this seasonal change in feeding habit
is that the insect secvetions represent the faveored food of the group,
and that these aphids, scales, and btergs are particularly.sbundant dur-
ing the early part of the season. They decrease in number by mid-
summer and are usually relatively scarce during the fall months. In
this latter part of the season s much greater variety of flowering
plants is available than during the spring.

The wasps are evidently attracted to their source of food by odor,
and they usually feed in tﬁe general vicinity of the breeding grounds.
A notable exception to this latter generalization is the case of Tiphia
mature in India, which species was found to travel several miles,
" and to a considerably higher elevation, to the aphid-infested plants
gt which it fed, and thexn to veturn to the locality of origin for ovi-
position. In northern Japan 7. popilliavora feeds at the blossoms
and nectar glands of various plants, notably Polygonwum, when grow-
ing on waste land situated at opposite sides of the breeding grounds.
The females were always :Eoung in far greater numbers on the side
of the field from which the wind was blowing.

In the utilization of Scoliidae in the natursl control of Scara-
baeidae the provision of an adequate supply of food plants, in the
case of the blossom and nectar feeding species, would seem to be es-
sential for attaining the desired results. The dispersion of the para-
site can follow that of the host only so long as this condition is met,
and large aress may be heavily infested with grubs and yet be prac-
tically Immune from parasite attack, not because of any ineffective-
ness of the parasites themselves but owing to the absence of their food
supply. This condition seldom occurs in an ares where there is any
amount of waste land, as this connotes variety in vegetation, hut is
most likely to occur in relation to such Scerabaeidae gs develop in
cultivated soil and where a large area is under intensive cultivation
for a single crop, which itself neither provides food for the adult
Tiphia nor harbors insect species which do so. :

(Ii‘ertai.n species of Tiphia have, in the adult stage, developed =
slight tendency toward an entomophagous habit. This is shown in
the case of T, popilliavora, the female of which, at the time of ovi-
position and immedistely after the laying of the egg, often grasps a
leg between her mandibles and bites upon it until a puncture is rade
or the Jeg entively bitten off, after which she feeds upon the body
fluids exuding from the wound. Field-collected grubs often show
this type ¢f injury, and the wound at times serves as a point of
entrance for disease-producing organisms.

10573832 2
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OVIPOSITION

It has not been possibie to observe closely the sequence of events
incident to oviposition by Scolia and Campsomeris, and these can
only be surmised from the conditions observed when the cells contain-
ing ovipositing females are opened. In stinging, the parasite female
faces in the same direction as the host grub, and dorsally of it,
and the abdomen is then curved diagonally beneath the body so that
the tip reaches the mid-veniral ares of the thoracic segments. The
stinging takes place near this point, and paralysis is effected through
action upon one or more of -the thoracic nerve ganglia. The sting
is mnserted several times and with considerable pressure. Iiling-
worth (10, p. 35) states that Campsomeris radula Fab. attacks the
grub by first seizing a mandible in her jaws and then inserting the
sting, first in front of the anterior coxa and ther in the throat.

Judging from the flaccid, extended condition of the grub body
after oviposition by these parasites it would appear that a consider-
sble lneading of the ventral surface must take place following sting-
ing, though this has not been actually observed. Williams (13, p. 56),
in describing the act of oviposition, does not mention this kmeading
in the case of Scolia manilge., With all species, the inert body of the
host is left lying on its back, :

PARALYSIS OF THE HOST

The influence of the sting of the various Scoliidae upon the host
ranges from the complete and permanent paralysis effected by some
of the larger genera to a very tempotary immobility by Tiphia. All
Sealia and Campsomeris known to the writers permanently paralyze
the host grub, though this is not always complete, as in some in-
stances a cerfein degree of disordvred movement of the legs may be
observed. In no case has complete or even partial Tecovery been
noted. According to various authors the geners Elis and Dielis simi-
larly paralyze the host grubs, as does also the South American genus
Pterombus studied by Williams (14, p. 149).

The sting of Tiphiz and the effect of the poison injected into the
wound are much less severe than with the foregoing genera, resulting
in a temporary and often incomplete paralysis lasting only 10 to.
15 minutes in some species and extending to 30 miinutes or slightly
longer in others. While mobility is regained in a comparatively
short time yet the full effects of the sting do not disappear for many
hours, the more lasting effect being evident in a weakness in the
abdominal region. No species of this genus is known to paralyze
its prey permanently.

MANNER OF OVIPOSITION

In the case of both Scolia japonica and Campsomeris annulata
the egg is placed upon the ventral surface of the body with its own
ventral surface facing caudad, and with the posterior end lightly
adhering to the derm of the host. From this position it Woulﬁ ap-
pear that during the actual deposition of the egg the body of the
parasite female must lie paraliel with that of the host, and facing
caudad, rather than coiled transversely about it. This position dur-
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ing the course of oviposition is not common to all members of these
geners, for Illingworth (10, PL_4) shows the concave {ventral)
surface of the egg of 0. radula facing cephalad; and consequentiy
the female parasite must face in the same direction as the host dur-
ing the act of ovipesition.

With respect to the genus Tiphis, the manner of oviposition of 7.
popilliavora has been gescribed in some detail in & previous publica-
tion {4) and may be taken as representative of the group. By the
use of & large gelatin capsule as a substitute for the soil cell of the
grub the entire process of oviposition takes place very readily and
can be closely observed under the binocular. 'The female approsches
the grub from the rear, brings her head near to that of the host, and
then lowers the abdomen diagonally behind and around the legs to
effect stinging in the ventral mid-thoracic region. This stinging
may be repeated many times, or until the grub becomes guiescent.
Turning about, the female now devotes several minutes to & thorough
kneading of the ventral surface of the abdomen with her mandibles.
As a result, the body becomes flaceid and the abdomen relaxed and
extended as compared with its normal turgid and curved condition.
This accomplished, the parasite then grasps with her mandibles a
fold of skin just above the lateral margin of the fifth or sixth
abdominal segment, at the same time extens in%:1 the body transversely
across the dorsum of the host and bringing the abdomen across the
ventral sarface from the opposite side, thus forming almost a com-
plete ring, the tip of the abdomen then being situated just beneath
the head. The last abdominal segment of Tiphia bears at its' ex-
tremity a roughened pygidium, and this is applied to_the suture
between the two segmenfs and moved rapidly backwards and for-
wards for several minutes. The effect of this action is to broaden
the groove for the reception of the egg and to wear away to a cer-
tain extent the integument of the body at this point, thus permitting
its ready perforation by the young larva later. This extensive rasp-
ing of the integument is largely responsible for the rarity with
which two or more eggs or larvse are found upon « single host
grub. There is evidenced no disinclination whatever to oviposit
upon & host already bearing an egg or young larva, but where these .
already oceur they are, in most species, almest invariably broken or
rubbed off before the succeeding egg is laid. This fresh egg is
usuelly placed one segment in front of, or behind, the position of
the earlier egg, rather than in the same suture. Grubs found im
the field often bear a number of oviposition scars, though ususlly
only the on3 egg, whereas in the laboratory instances have been ob-
served of oviposition at least 2 dozen times upon the same grub, as
evidenced by the two rows of oviposition scars in the interse mental
grooves between the second and successive segments to the eighth,

In several species this habit of rubbing ogn:}r destroying the eggs

previously laid is not nearly so pronounced, and instances have
been noted of grubs bearing as many as six fresh eggs upon the
abdomen. This duplicate oviposition is particularly noticeable in
the case of 7. dicarinala.

The kneeding of the body of the host is not habitual with all
species of the genns; in fact, popillicvora seems to represent the ex-
ireme development of the habit. Those species that oviposit dor-
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sally upon the thorax dispense with it entirely, and it is consider-
ably reduced in extent in the case of such species as place their eggs
ventrally on the anterior half of the body.

The normal habit of all Secoliidae is to locate the host grub in its
cell in the soil, or in exceptional cases in plant tissue, sting it imme-
diately, deposit the egg on the body, and then leave it in the same
loeation in which it was first found. With some of the larger
genera, however, the quiescent grub is buried deeply in the soil in
a cell excavated by the female parasite, and the egg is then placed
on it. This is }barticularly true of Seolia, and to o lesser extent of
Campsomeris. During their feeding period the host grubs are
quite near the soil surface, whereas those parasitized may be buried
several feet deep, dependent on the physical condition of the soil.
It is due to this habit of the females, of burying their prey, that
cocoons of the above two genera are observed only in small numbers
in the field, even though the number of adults present indicates
their occurrence in abundance. No instance is known of Tiphia
burying its host grub deeper than the normal feeding or resting cell,
and the female always leaves the grub immediately affer oviposi-
tion without any effort fo modify the conditions under which it lies.

Although the habit of the family is to search out the host in its
feeding cell or chamber, yet instances are known of various species,
or, more exactly, individuals of various species, attacking their prey
on the exposed surface of the ground and then burying it before ovi-
position, o manner identical with that of many of the other hunting
wasps which store their cells with adult insects or larvae of various
kinds. Gosse (9, p. 120} in Alabama, in 1859, recorded having seen
2 female Scolic gquadrimaculata Tab. drageing g large lamellicorn
grub along the surface of the ground fo bury if. Xerton {7, p. 409}
observed AMyzine andrei Ferton in North Africa hunting a tene-
brionid larva over the ground, and then stinging and burying it.
In Ilinois, Forbes (8, p. 4*2) noted Tiphia doing likewise with
Phyllophaga grubs. In the present investigations this habit has
heen noted in the case of only a single species, 7. biseculata, in
Japan. In the particular locality in which this species ocours abun-
dantly the soil is very sandy, and during heavy rains the Anomala
grubs often come to the surface and wander about for a time. This
is presumably due to the collapse of their soil cells. The females
of T, biseculata become active very shortly afier the rain ceases and
may then he observed attacking the grubs which they find above
ground. '

POSITION OF THE EGG

The point of placement of the egg on the body of the host is quite
constant among the individuals of any given species, but varies
greatly between species and genera. In eonjunction with this speci-
ficity in position another factor, the direction of the egg (that is,
whether the anterior pole s directed towards the lateral margin or
the median line of the body of the hest) is of value. In Table 2 the
direction and position of the eggs of the 17 treated species are
given, the respective positions being also illustrated in Kigure 5.
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- Tany® 2.—Location end direction of the egy as placed by the various species
I of Jupanese and Chosencse Scoliidae listed o o

Posltion. of egg A Diveos
s
L]

Ventral | Lateral

Ad
A3

Tiphia :

Tiphis dresilineate

Tiphic maluy

Tiphia oeindgrie
thia i e

Tiphie notepolite alteni

Tiphia L4

‘Explanation of symbols:-T, on thorax; A, oo abdomen; the snmerals fapmsent!ng the respective seg-
ments of the bod¥ divisions, 1, anterior 'pc‘]e of egg directed taward side of hody; M, antetlor pole directed:
toward the median line; V, vertical, with the pesterior pole adkering to the host hody. .

In Scolia japonice snd Campaomeris annuleie the egp stands ver-
tically upon ifs postérior end on thé body of the host, and always
on one of the middle abdominal segmients. In respect to the former
genus several writers have asserted that it is the anterior end that

— Tiphia togitiplage

[Tighia koveans
Tiphia ovidorealis
Tiphie totepunctata

Tiphia bissculata
Tighia phylloghagao
Tiphia vernalis

[Tiphia agilis
{Tirhia bicarinsta
Tiphia bravilinsata.
Tighla malsyana

B Cempoomerie snnuiate
““"‘-
- ™ 8colis japonice
o
* Tipnla ovinigrin

~
™ Tiphia popilliavera

Y
~w ™ Tiphia notopolita alleni
T
.

B » ~~ Tiphis americsa
FiGURE 5.—Position of the egg upon the host fmb of 17 speries of Japanese snd Chosencee
Beolildae

adheres to the host derm, but it is difficult to Eerceive how this rever-
sal of position of the egg could be accomplished by the parasite.

The writers have not %ad the opportunity to observe the oviposition

habits of Elis and Dielis. Box {2) bhas studied three species of the

~ latter genus and found that the egg in each case was placed verti-
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cally, while with £%s xanthonotus Roh. it was in a horizontal and -
transverse position. Davis (§) noted with £. 5-cincle Fab. that it
was placed horizontally and diagonally across the body.
In Tiphia the egg always lies fist on the body, transversely in one
of the segmental or intersegmental grooves. The %:'eater number
the basis of egg

of species seem to fall into three general groups on
placement, as-follows: '

(1) Egg ﬁ'laced dorsally in one of the grooves of the third thoracic
segment and only s]ight.lﬂ to one side of the median line. In this
case the anterior pole of the egg is directed medially.

{2) Egg placed ventrally in the intersegmental groove between
the third ﬁmmcic and the first abdominal segments, with the anterior
pole directed laterad. _

(3) Egg placed ventrally between the third and fourth abdominal
segments, with the anterior pole directed laterad.

Of those depositing their eggs ventrally only a single -sgfcies, 7.
popilliavora, has the unterior pole directed toward the median line,
while 7', asericae, which places its egg laterally just above the ninth
spiracle, also has the pole directed medially.

This position of the anterior pole of the egg seems to be due to
the length of the Tiphia female in relation to the circumference of
the host body at the point at which the egg is laid. In those species
in which ti:e body of the parasite is of sufficient length to extend
gcross the dorsum and then across the ventral surface as well, thus
forming almost s complete ring, the anterior pole of the egg will be
directed medially. If, however, it is too short for this and extends
only to the side of the venter op{msite the head of the female para-
site the egg pole will consequently be directed laterad. With those
species which oviposit dorsaily on the thorax the body of the parasite
extends first across the thorax of the host ventrally, rather than
dorsally. .

The egg position given for the various species is not absolutely
constant, and many instances have been noted of eggs beinf' placed
one segment in front of, or behind, the normal position. 1t is not
implie?l that the positions given in Table 2 are the only ones taken
advantage of by the different species of Tiphia. Other species are
known that oviposit upon the second thoracic seginent dorsally, and
between the second and third ventrally, the egg thus being found
between the coxae of the last two pairs of legs; and it is probable
that species will eventually be found which represent among them
every intersegmental position between the first and the eighth ab-
dominal segments. In popilliavore the normal egg position on the
grubs of Popillia japonica in Japan, and in China on other Popillia,
is between the fifth and sixth abdominal segments ventrally, whereas
in Chosen, on P. atrocoerulea and P, castanoptera, it is largely be-
tween the sixth and seventh, only about one-third being between the
fifth and sixth.

NUMBER OF EGGS

No complete oviposition records were secured for Scolia japonice
or Campsomeris annulate, but general observations indicate that
their reproductive potential somewhat exceeds that of the various
species of Tiphia in the same region.
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Williams {73, p. 58) records Scolia manilac as de ositing a maxi-
mum of 52 eggs during a pericd of 79 dsys, and Ilii orth (10,
p. 38} in Australie secured 84 and 95, respectively, from two females
of Campsomoris tasmaniensis Sauss., with the general average for
the series under observation slightly more than one egg per day.
The rate of oviposition of these geners is about the same as that 1
Tiphia but extends over a considerably longer period of time.
~ Among the Tiphia which bave been tested sufficiently to give an

iden of their normal capacity for oviposition it has been found that
40 eggs represent approximately the general maximum. Of the
three speeies that have been reared very extensively in the insectary,
popilliavora in Jspan deposited an average of mearly 2 eggs per
day during the oviposition period, whereas vernelis in Chosen and
maiwra in India averaged only I in two days, these representi
the extremes of the genus in this respect. Under field conditions
it is probable that this difference in rate is not so great, that men-
tioned being possibly due more to a difference in adaptebility of the
various species to the insectary conditions provided. In the breed-
ing cages the greatest number of eg secured from a single female
in one day was 6, this being from T.gbsicarinata. Under forcing con-
ditions in gelatin capsules 2 female of popilliavora was induced to
deposit 8 eggs during & period of six hours.

A notable exception to the above-mentioned average capacity for
oviposition is that of the Chinese race of popilliavora studied by
H. A. Jaynes at Pennin. In the investigations of 1925 a series of
46 females yielded an average of 54.9 eggs each, while one of them
produced the very exceptional total of 115, This is in marked
contrast to the results secured with the Japanese and Chesenese
races, the general average of these being approximately doubled.
These observations, in conjunction with various published reports
by other authors, indicate that the reproductive potential of the
tropical and subtropical forms is considerably greater than that
of those species occurring in the more temperate regions.

D’Emmerez (6) presents figures for Elis and Tiphia in Mauritiug
which differ markedly from those above mentioned. In the case
of Elis rufa Lep. he states that, in captivity, host larvae are normally
parasitized by twos, at intervals of from six to eight days, and this
conclusion was corroborated by field observations. His examination
of the reproductive systems of the females showed one mature egg
in each oviduect, while those still in the ovaries were of markedly
omaller size. With Tiphia parallela Smith the normal egg capacity
is said to be approximately 70, with the same rate and intervals be-
tween depositions as given for £. rufa. Such periodicity in oviposi-
tion has not been ncted in any of the 35 or more scoliid species
studied in the course of the writers’ investigations.

HOST MORTALITY THROUGH MECHANICAL INJURY

Tn the larger Scoliidae particularly the reproductive potential
of the species does not necessarily indicate the maximum host mor-
tality that may be attained. The permanent paralysis and conse-
quent death of the grub ar? brought about in a variable proportion
of cases by Scolia, Campsomeris, and others, without oviposition,
and from the point of view of natural control this factor represents
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an added value. With some known parasitic Hymenoptera the
number of hosts thus destroyed is far greater than that caused by
the feeding of the progeny. In the laboratery the proportion
destroyed m this way by Scolia and Campsomeris is El)arge, but
this is difficult .of determination in the field. That it does ocenr
under normal conditions is unquestionsble, as grubs very evidently

aralyzed by species of one of these geners have been found in the
field. In his report on the parasites of scarabaeid grubs.in Queens-
iand Illingworth, who worked with the larger species (10, p. 25),
states that the females of Scoliidae often paralyze a much greater
number of grubs than actually receive eggs.

This factor is of much less importance in Tiphia, where recove
from the effects of the sting is complete, and the mortality effected,
aside from that due to normal larval development, is very lmited.
Such of these s may die without bzing successfully parasitized do
so gs a result of the entrance of disease organisms at feeding punc-
tures rather than of direct mechanical injury. This point has been
discussed under the feeding babits of the adults.

THE IMMATURE STAGES

THE EGG

The e%ﬁs of Scolia and Campsomeris are quite similar in size and
form. ose of average-sized species measure 2 to 4 mm. in length,

with the maximum width, near the anterior end, approximately cne-
fourth fo one-third of the length, and with both poles smooi;hlg

rounded. The ventral side 1s straight or very slightly concave, wit
the dorsum somewhat arched. The eggs at first are a translucent
white but become somewhat yellowish or cream-colored towards the
end of the incubation period.

In Tipbia there is likewise very little diversification either in size
or form, the eggs of the largest species being about 2 mm. in length
and 0.7 mm. in width, with the dorsum slightly convex and the ven-
tral line nearly straight. In the smallest species studied the egg is
approximately half the above length. The chorion is, in general,
considerably heavier than in Scolia or Campsomeris. The one dis-
tinguishing character among the eggs of this genus is the color, and
this is of very limited application. In the great majority of species
the egg is white when laid but quickly assumes an amber tint of
varying depth, owing largely to the drying out and oxidation of the
mucilaginous material which envelops it and by mesns of which it
adheres to the integument of the hest. A further slight darkening
in color oceurs as incubation proceeds. The extreme in egg color is
represented by ovinigris and phyllophagae, the only two species in
the series parasitic upon Phyllophaga, in which it is nearly black.
Intermediate in the color range are the eggs of aegilis, notopolita
alleni, and totopunctate, which are brownish black, and of asericae,
which are a dark gray towards the end of the incubation period.

Among the different species of Tiphia there is a considerable vari-
ation in the Srmness with which the eggs are fastened to the host
body, and in some species apparently the amount or degree of adhe-
siveness of the material used is much greater than in others. In the
case of biseculata and asericae a great deal of difficulty was experi-
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enced in the breeding work owing to the high percentage of eggs -
which were rubbed off. A similar condition was noted In several
other species, and this was in marked contrast to the relatively high
percentage of development secured with phyllophagae, popilliavora,
and vernalis. The position of the egg on the body of ‘the host offers
20 indication of the probable loss from this cause, as that of bisecu-
late is placed between the last thoracic and the first abdominal seg-
ments, a relatively protected position, whereas those placed dorsally
on the thorax would seem to be most exposed to injury and loss, yet
this was not reflected in the breeding results or indicated by field
obsarvations. The latter revealed, through the presence of _oviposi-
tion “scars” {the dried, amber-colored adhesive material which re-
mains on the host integument when the egg is removed), that much
the greater loss usually occurs among those species which place the
egg in the mid-ventral region.

HATCHING

In Scolia japonica and Campsomeris annulata hatching is accom-
plished by & median and irregularly longitadinal splitting of the
chorion over the head and the thoracic segments. The fore part of
the body of the young larva then emerges from the opening and is
bent ventrally until the head comes in contact with the host body, at
which point the feeding puncture is made. This mode of emergence
from the egg gives a constant position for the feeding puncture with
respect to the parasite egg, it being always on the median ventral
line of the host body one segment caudad of that on which the egg
is situated. In such other species and genera as place the egg with
its ventral surface facing cephalad, this feeding position would be
on the segment in front of, rather than behind, the egg.

In the hatching of the egg of Tiphia the median split of the
chorion also oceurs over the head and thoracic segments, and this
portion of the larval body is then extruded slightly forward and
the feeding puncture immediately made. As feeding progresses and
the body enlarges, the split extends dorsally nearly to the posterior
end, the caudal segments being entirely freed before the end of the
Erunary stage. The cast shell then remains as a pad beneath the
hodty of the larva, adhering both to it and to the integument of the

ost.
THE LARVA

FEEDING HABITHE

The feeding habits of Scolia and Campsomeris larvae differ mark-
edly from those of Tiphia in several respects. In the former two
genera a very noticeable feeding puncture is made, and the head
of the first-sfage larva becomes imbedded in the body of the host.
As development progresses not only the head but the thoracic seg-
ments as well are within the body. To permit of this, or as a result
of it, the thoracic segments are considerably elongated and much
narrower than the abdomen. By the time the larva attains the last
instar.the aperture in the host derm is slightly less than 2 mm. in
diameter, and an appreciable quantity of body fluids exudes from the
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wound and appears as a ring about the “neck * of the parasite larva.
In the early larval stages feeding is in the anterior portions of the
host body, and the exposed abdomen of the parasite consequently
lies diagonally on that of the host and is directed somewhat caudad.
In the final larval stage feeding is completed in the posterior por-
tions of the host body, and the entire contents are consumed, though
none of the integumentis eaten. ' .

In view of the grossness of the feeding habits of these two genera.
resulting in a very large wound and in the constant exudation of
body fluids at this point, it is surprising that putrefaction does not -
set 1n before the completion of feeding. With a mechanical injury
producing such a wound, decay would be evidenced very quickly, but
there is no trace of it in the parasitized grubs. The very short feed-
ing period guards against this contingency to a certain extent. It
has not been possible to distinguish the point at which complete
patalysis ceases and death takes place, but this is believed to be about
the middle of the feeding period of the parasite.

Hlingworth (10, p. 35) states that the larva of Campsomeris rad-
rla, when disturbed just prior to pupation, ejects water from the tip
of the abdomen to a distance of 6 inches or more. Box (2, p. 917)
states that those of the larger Scoliidae in general have this habit.
In the writers’ investigations, however, this has not been noted to
oceur ia J. japoncia or €. annulata.

In Tiphia the manner of feeding corresponds more nearly to a
true parasitic habi than does the qualified predatory habii of
Scolia and Campsomeris. In the first four larval stages feeding is
entirely suctorial, and the puncture is consequently of such minute
size that when the larva is removed from the host body thers is ne
exudation of fluids from the wound. The body of the larva in ali
stages is of normal form, widest in the mid-abdominal region, and
with no appreciable narrowing or elongation of the thoracic seg-
ments,

In the last larval stage feeding by suctorial action gives way to
the direct use of the mandibles, and thé rormal habit of all species
is to consume not only the entire body contents but also the integu-
ment, with the exception of the head, legs, and at times a portion
of the thorax,

During the early stages the body of the Tiphia larva lies trans-
Verseldy on that of the host. In those species in which the egg is
placed ventrally near the lateral margin, and with the anterior pole
directed toward the margin of the host body, the body of the parasite
larva extends across the venter, whereas in the case of those which
place the egg with the pole directed toward the median line the
posterior portion of the parasite body curves over the lateral margin
and extends dorsally.

NUMBER OF LARYAL INSTARS

In Scolia and Campsomeris there are four larval instars, and
the three cast skins do not remain sattached in a fixed position to the
bodies of the succeeding instars or to that of the host. In contrast
to this there are five stages in Tiphia, and the eggshell and the four
cast skins remain in leaflike form adhering to the ventral side of the
following stages. The eggshell, which forms a part of the ventral
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pad, still sdheres to the integument of the host, and the mandibles
of eech of the exuvia remain imbedded in their respective feeding
punctures, Molting is effected by a longitudinal dorsal split over
the thorax and sbdomer, and the head, upon being extruded from
the old skin, is extended slightly forward of the previous position,
_and a new feeding puncture is made. In figure 6 is shown diagram-
matically s fifth-instar Tiphia larva with the four cast skins and the
eggshell outlined heneath, -
and also a separate feeding
puncture for each stage, as
represented by the regu-
larly spaced heads of the
exuvia.
The mandibles of Scolia
japonica, Compsomeris an-
nulata, and Tiphia koreana
are illustrated in Figure 7,
and the differences shown
serve ns a ready means of Fioma O Diagtummati seprcptaton of he v
distinpuishing between lar-  situ upon the host, showing the mouth parta re-
vie of these three gemern. unline refrescuts tho GHECund last Incval ags
Those of Scolia and Camp- .
someris have three large teeth and are quite similar in general form,
oxcept that in Scolia the front tooth 1s proportionately somewhat
larger and the grooves between the teeth are V-shaped, whereas in
Campsomeris these grooves are narrower and the sides very nearly
Earallel. In Tiphia. the three large teeth are also present, the first
roader and larger than the remaining two, which are subequal with
the grooves broadly V-shaped. The one ready character which
distinguishes the mandibies of this genus from those of Scolia and

Campsomeris is the possession of an additional small tooth at the

Fictam 7.—Mepdibles of mature spolifd laryae: A, Hcolis onice; B, Tampaomeris
ennulate; C, Tiphis koreans fag .

basal margin of the third of the main teeth. This varies some-
what in size according to the species but has been noted in all
the species studied.

THE COCOON

In Scolie japonica the cocoon is broadly oval in form, the posterior
end only slightly narrower than the anterior, and both evenly
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rounded. It isdarlk brown with a somewhat glazed surface and lacks
any locse covering of silk on the outside. That of Campsomeris
arnulata is of the same generpl form, reddish brown, and enveloped
in & fairly heavy mass of silken strands, giving it a pronounced
woolly appearance. The cocoon wall is comparatively delicate.

The Tiphia cocoon is quite distinet from those of the other genera
in that, whereas the anterior end is brosd and smoothly rounded, the
ggsterior end is much narrowed and drawn out fo a distinct point.

he cocoon wall is very dense and compact, with a highly glazed sur-
face inside, and surrounding it is a mass of silken strends of varying
extent, forming either a loosely woven fluffy covering or separated
into one or more thin and distinct envelopes. In agilis, biseculata,
notopolita alleni, ovidorsalis, phyllophagae, popilliovora, tegitiplaga,
and wvernalis this covering is locse and fluffy, and not separable into
distinet layers, This is true also of asericae and malayana, but there
is much less of the covering. In brevilineata, koreana, and éotopunc-
tata the envelopes are quite distinct. Tiphie brevilineate has & co-
coon quite different from that of the other species in that it is heavy
and parchmentlike, with the surface appearing uneven buf some-
what glazed and lacking almost entirely the loose outer strands of
silk, %chept in form it is thos more nearly comparable to the cocoon
of Scolia than to the typical Tiphia coecon. .

The color of the cocoons in the genus Tiphia ranges from tan to a
deep brown, those of the smaller species being in general the lighter
colored. The color has been found to be due, in part at least, to
the composition of the soil in which it is spun, as in a number of in-
stances noted larvae that have been forced to form the cocoon in
glass containers or paper cones free from soil produce nearly white
€OCOONS.

In Scoliz and Campsomeris the meconium is discharged in lquid
form and is absorbed by the cocoon, considerably discoloring it in
irregular patches. There is no trace of a solid meconial pad at the
base of the cocoon, and only the cast skins of the larve and pupa
may be found in the cocoon upon examination after the emergence
of the adult. Tiphia forms a very compact meconial pad pressed
down into the narrow tip of the cocoon with the upper surface, if
somewhat concave, fitting rather closely about the tip of the abdomen
of the pups.

MANRNER OF EMERGENCE FROM THY CoCoow

The adults of Scolia japonica and Campsomeris annulata effect
emergence from the coccon by cutting a relatively large circular
cap from the anterior end, the plane of the opening being at right
angles to the Iongitudinal axis of the cocoon. Aﬁ Tiphia adults
emerge through a hole of irregular ocutline eaten out at one side of
the cocoon near the anterior end, this being barely large enough to
permit of vhe passage of the body,

According to Box (2, p. 18} all Dielis emerge by cutting a neat
lid from the anterior end, whereas Elis, according to Davis (5) and
Box, has the same manner of emergence as Tiphia.

The emergence holes of secondary parasites may af times be mis-
taken for those of the scoliid itself. The Bombyliidae remove a cir-
cular cap from the anterior end of the cocoon, but this can be recog-
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nized by the fact that the edges are always quite ragged, on account
of the cuts being made by the rasping of the head crown of the pupa,
rather than a smooth cut with the mandibles as in“Scolia and Camp-
someris. Tho Rhipiphoridae cut away a similar cap, and cocoons
from which these have emerged can be distinguished only by an
examination of the larval remains containel in them. With Perl-
lampus the hole is in the same position as that of Tiphia, but ustally
iarger and more irregular in outlire. Cocoons of Tiphia from which
Mutillidae have emerged require an examination of the contents for
verification, the holes being of similar form, size, and position.

PARTHENOGENESIS

No extended experiments have been made with the Japanese and
Chosenese Scoliidae with respect to parthenogenesis, as the entire
stock of reared cocoons of t.ge principal species studied was for-
warded to the United States for colonization purposes. The ex-
istence of this mode of reproduction has been demonstrated in_some
species of ths family and its ocourrence denied in others. Davis
(5) states that it does not occur in Elis §-cincta Fab., though un-
mated females will sting grubs. According to Illingworth (10)
Campsomeris radula produces Jargely males when unmafed, though
also a few females, and he states that in general 2 smaller number
of eggs is laid by such females. The production of both sexes of
progeny by unmated females, even in the disproportionate numbers
given, 1s a very unusual occurrence in the parasitic Hymenoptera..
The customary result is the production of males only, or, in a rela-
tively few instances, of females only. :

NATURAL ENEMIES

In the comse of the investigations on the Scolildae in Japan and
Chosen, it was not possible to make extended field collections of
cocoons for the rearing of such parasites as might be contained in
them. This difficulty was due to the intensive cultivation practiced
in these countries, as a result of which very little waste land was
available in which diggings could be made. Ten natural enemies,
as shown in Table 3, have been noted, of which Palarus saishiuensis
?k(;i:moto was found in Chosen and the remaining species in Assam,

ndia.

This wasp, P. saishiuensis, is one of the hunting wasps which
stores its nest largely with adult Apidae, Sphecidae, and Scoliidae.
The species is known to be well distributed in Chosen and in the
island of Saishiu (Quelpart), but has not been recorded from Japan.
A general account of the habits of this insect has been published by
one of the writers {12).

The female wasps are found most commonly during August and
September. Their burrows are invariably situated in rather heavy
clay soil, the surface somewhat sloping, and with little or no vege-
tation upon it. In Figure 8 is shown a section of a typical burrow
with the enlarged cell at the bottom, in which the victims are placed
and the egg deposited among them. The burrow extends for a dis-
tance of from 8 to 12 inches into the soil and at an angle of about
40° from the horizontal. The slope of the burrow is not continuous




& .

22 - TEOHNICAL BULLETIN 308, U. 8. DEFT OF AGRIGULTURE"

but is broken. from two to four times by a short diversion after each
of which the general trend is resumed.” When the excavation of the

_ nest is complete, the mouth of the burrow is filled and covered with
sand and dust. -

Tancs 8.—Inscot enomies of fhe scoliid parasites found in Uhngen and in India

Parstte - - | Faolly Sootisd hodt

Hymanoptars: )
Faigris miphluensiz Diam B dab. . Tiphia app.
., MMulilly stephani Megr nilllidae. . .-.... iy Tiphic malurg A, and 1.
- Multli ap., near axieanais Sm do. s 8. A,
. Parllampidss...... Tiphix puliivors A. and J.

4

. Matreanigon puaiiium Garst................| Rbipiphocidss. o ... [T‘ ta mg“g(ﬁ-
Diptars: ) '
{ Seolia ap.
Cam;

Bombyliidse fssp.

“|{Tipals sp.
da Tiphia gi&bwc A.and ]
do. Do
da__... Do,

Tiphiq mafura A, snd J.
Tiphis pulitrora A.gnd 1.

The search for wasps with which to stock the nest takes place-
largely during the middle of the day.” The actual capture and
stinging has not been observed, but numerous females were noted
bringing the paralyzed prey to the burrow. It is deposited near the
entrance of the burrow, and the female then leaves it and scra
away the sand and dust from the entrance with her forelegs. She
descends into the burrow, then turns sbout and comes to the surfece,
after which she seizes the 1irey by the thorsx and drags it into the
burrow. (Fig. 8, inset.) It appears probable that each burrow is
completed and stocked the same day it ie started, and successive re-
turns of the female with freshly captured prey were seen to occur at’
intervals of 5 to 10 minutes. '

In nine completed nests, which were excavated and the contents
recorded, 73 paral wasps were found, with:i4 as the maximum'in
one cell. By familieg the numbers of individuals were as follows:

Scoliidae 48 (Tiphia orly).
Apidae, 21 {5 or more species).
Sphecidae 2 {Oxybelus, Cerceris).
Mirmosidae 1 (Mirmosa). .
Iehneomonidae. 1

From the forefoing Hist it will be seen that the greater proportion

of the victims of this wésp are Ti%iﬁa, the remainder being largely
various Apidae approximsting Tiphia in size. It is evident that the
numerical abundance of a hunting wasp such as this could affect
decidedly the efficiency of such of these scarabaeid parasites as are
of suitable size and occur during the latter part of the summer. The
injurious effect is accentuated by the fact that by far the greater
proportion of the wasps killed are females.

(%ly an occasional specimen of Mutilla was secured from the
cocoons of Tiphia matura collected in India. An examination of
the contents of these parasitized eocoons showed that development



http:MtJIf.hI

"BIOLOGY OF JAPANESE AND ‘CHOSENESE GRUB PARABITES 23

of the parasite had been completed upon the mature Tiphia. larvee.
The mandibles of the last-stege mutillid larva are larger and diiffer
markedly in form from those of sny of the Scoliidge. Emergence..
from the cocoon is effected through a rather irregular hole near the
anterior end, very similar to that of the hest"though possibly some-
what smaller. : _ -
Among the thousands of cocoons of Téphia pullivore and others
collected in India and shipped to the United States during the
period from 1925 to 1927, inclusive, several eactl year yielded adults
of Perilampus sp. A number of those retained in India-'weére iso-
lated prior to emergence and the contenis later examined. The..
form of the mandibles of the larva showed the cocoons to be un-
guestionsbly those of Tiphia. The cast skins of the Perilampus

Figuna 8.—'Fhe burrow of Palerus salshiuensis, showlng the rearing
bottom, X 143 snd (inset) a female dragging ber prey into the mouth of the
burrow, natural slze

planidia were found still attached to the cast larval skin of the
host, though development had been completed upon the pupse.

It is not considered that Perilampus is & normal parasite of
Tiphia but rather that these few instances re;}):'esent stray planidia
which in some manner had gained access to the host larvae, either
in the feedin§ stage or after the formation of the cocoons and once
* there were able to develop to maturity upon them. The diversity in
the previously known hosts of Perilampus is so great that develop-
ment, upon Tiphia is ngt at all surprising, but the manner of reaching
these larvae in the soil is difficult to explain.

The smaller Tiphia species in India are quite generally, and often
fairly heavily, nttacked by rhipiphorid parasites. One lot of 250
cocoons of Tiphia pullivora collected during July at Shillong was
found upon examination to contain 1 mature larva, & pupae, and 64
adults of Macrosaigon pusillum Gerst3, this representing a para-

1 Determined by E. A, Chapin.
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sitization of 28.4 per cent. Ir the case of this parasite the Tiphia
hosts are killed in the mature larval stage, and the adults of the para-
site emerge slightly earlier than would those of the host. Emer-
gence is effected by cutting away 2 neat cap from the anterior end
of the cocoon.

The life history of this group of beetles in the réle of purasites
in scoliid cocoons bas not been studied, and there is considerable
doubt. as to the ckact manner in which the primary larvee gain
access to the host. Neither is it known whether it is the immature
larval form upon the scargbaeid grub which is first sttacked or the

“mature form within the cocoon. Genersl observations indicate a
mode of developmerit somewhat similar to that of Hyperalonia and
some other Bombyiiidae. ’

Among the females of M. pusillum there is an unusual range of
color forms, some being entirely biack, others with red thorax, and
finally some with both the thorax and abdomen red.

All four species of Bombyliidae listed in Table 3 were reared from
1solated cocoons. The species present in the field in greatest numbers
was Hyperalonia oenomaus, which effected each year a parasitization
of 50 to 60 per cent of the cocoons of a large red-legged Tiphia
which iself attacks Anomale diomphalic. An account of the life
history of this parasite has been published by the senior writer in
an earlier paper (3). In brief it may be stated that the adult flies
appear in the field immediately after the period covered by the host
adults, the eggs are presumably deposited upon the surface of the
ground, and the young larvae find their way into the cocoons and
develop as external parasites of the resting larvae. The active
feeding period covers 10 to 15 days. There is a single generation each
year, and the winter is passed in the mature larval stage within the
host cocoon,

A small proportion of the cocoons of Tiphie pullivora and 7.
mature which had been collected for rearing purposes were found
to yield instead a species of nematode, which has been described by
N. A. Cobb as Eomermis tenwissima. These emerged from the co-
coons early in July, this being only shortly after the formation of
the cocoon of 7. matura and immediately preceding the normal time
of emergence of 7. pullivora.

SUMMARY

All the scoliid species studied have been found to be parssitic on
searabseid grubs of the subfamilies Melolonthinae and Rutelinae.

The food substances required by the adults come from three gen-
eral sources—(1} the secretions of aphids, seales, and various ofher
Homeoptera, (2} certain plant blossoms, and (8) nectar from various
glands associated with foliage. The dispersion of the parasite can
therefore follow that of the host only so far as the range of its par-
ticular food supply extends.

On the basis of the writers’ investigations upon the Scoliidae para-
sitic upon -scarabaeid grubs, and supported by published data of
other writers, the following general habits may be given for the dif-
ferent genera under discussion:

(1) %n Scolia, Campsomeris, Dielis, and Elis there is a marked
tendency foward swarming of the males at night. This habit has
not been noted in Tiphia.
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{2) Pa.r#lysis of the host is permanent in the-case of Scolia, Catnp-

- . someris, Dielis; and Elis, and only temporary in Tiphis. "In the

firgt four genera the host grub is usually buried more deeply in the
- s01l than its normal feeding level. o : R

(3) In Scolia, Campsomeris, and Didlis, the egg is placed per-
pendicularly upon the ventral surface of the abdomen of the host,
whereas in Elis it lies: horizontally. and diagonally in the same gen-
eral region. In Tiphia if is placed transversely in_a segmental or
intersegmental groove, and either dorsally on the therax or venirally
between any two body segments. The egg position Varies with the
species but is constant for each,

{4) In Scolis and Campsomeris and, to a modified extent, in
Dielis and Blis the anterior portions of the body. of the larva are -
thrust into the feedinf uncture, whereas in Tiphia feeding is sue-
torial. In Scoliz an '&xmps{nneris no portion of the integument
is eaten, whereas the Tiphia larva consumes all but the head and
the more heavily chitinized portions of the thorax following the
completion of feeding upon the bedy fluids,

{5) The cocoons of Scolia, Campsomeris, Dielis, and Elis are
smoothly rounded at both ends, as contrasted with the very pointed
posterior end of that of Tiphia. _

(6) The solid meconial pad is absent in the cocoons of Scolia an

Campsomeris, but present in that of Tiphia. o

(7? In Scolia, Campsomeris, and Dielis emergence from the co-
coon is effected by cutting away a circular cap at the anterior end,
whereas in Elis and Tiphis an irregular hole of much smaller size
is eaten out at one side near the anterior end.

An account is given of the natural enemies of the Scoliidae en-
countered during the course of the investigations in the various
countries.

Of the Hymenoptera, Palarus saishiuensis, a sphecid wasp studied
in Chosen, stores its nests with adult Tiphia and certain other wasps
of similar size. Two species of Mutilla and one of Perilampus
were reared from the cocoons of Tiphia in India, though in very
small numbers.

The rhipiphorid. beetle Macrosnigon pusillum was found quite
frequently in the cocoons of 7. pullivora in India.

Four species of bombyliid flies are listed as having been reared
from the cocoons of either Scolia, Campsomeris, or Tiphia in India.
Hyperalonia_oenomaus is the only one of these oceurring in large
numbers, and each year it parasitized from 30 to 65 per cent of the
overwintering cocoens of an undetermined species of Tiphia.

The nematode Eomermis tenuissitne was reared oceasionzally dur-
ing the summer from cocoons of Piphia pullivora and 7. matura.
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