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The insect first came under mny !Il)'i"l' in 1918 when | owas “b“”"hi"“-! the
habits of and making experinents with certaim solitary bees and Wasps l»n .ln.\'
warden in Cambridge. 1 had started there a small valc.m.\' of Odynerus Spinipes
?,\. bringing home pieces of an old mud wall «:nnt.-nnlln:' larvae from a Tuined
‘-;ntagv at Histon and | had attracted various other wasps and bees by
providing vlass and elder tubes .~u'r;m~_:|f(l on .~|wlv|-~:‘ttt:u-h«:d to !n.\' varden f(‘n.(‘.p_

On the 30th May of that vear I noticed that a minute ( llill('l.(l Wils SWarming
over one of the picees of the mud wall and I:|l|ir freely 4'nt4'rl.n}_: tubes which
were being occupied by bees and wasps .‘n?al. in VYJI" case of vlass tubes s
occupied, I noticed that numbers of this minute insect became sealed up in
the cells constructed by the bees or wasps.

At first | thought that these imprisoned individuals had been caught
accidentally in the cells and that thev wounld quickly perish but, on .\\".-m-hin:.z
them, | nn'tic-wl certain acts which caused me to form a different opinion.

I therefore began to investigate the life-history and by the autumn of that
vear 1 had worked it out and it was not until I was deseribing some of the
curious habits of this little parasite to my friend Dr Keilin that he referred
me to Malyshev's paper which he very kindly translated for me. 1 then fnu_ml
that. ultlu.m;_'h in the main myv observations agreed with those of the Russian
author there were various points upon which I differed from him and I there-
fore decided to work out the life-history avain and to make some further
experiments. '

It was not until January 1921 that 1 was again able to obtam the necessary
material as 1 had allowed all my stock to die out after completing my ohserva-
tions in 1918. )

(b) Technique.

In order to watch the life-history of and to experiment with this minute
insect I made a number of cells by cutting picces of glass tube of about
8 mm. diameter gauge into 3 inch lengths and fixing these horizontally to
small pieces of cardboard by means of thin wires (Pl. XXVI, fie. 9). Into the
middle of such a piece of tube a wad of cotton wool was pushed and rammed
tight, the wad being about half an inch long. Each end of the tube plugged
with a similar wad gave me two cells to each tube. I found that these cotton-
wool plugs were sufficient to prevent the escape of the insects under ordinary
circumstances since, if the female is placed under conditions which give her
suitable food and suitable material for the reception of her eggs. she makes
no effort to escape. If however females were rotained in sich a cell without
food they frequently attacked the plugs and when they were numerous a8
when a whole brood hatched out and was left in a cell. they frequently bit
their way out. It is curious to notice that under these circumstances, the
central plug was seldom, if ever, attacked and presumably the insects were
guided to the end plug by air currents through the wool. The cardboard to
which the tubes were attached made them stable and upon it numbers and

dates referring to the imprisoned insects were written.

BOHAR,
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The food-material, in (e

301
larvae and of pupae of various

g .\--r.\- movement of the l'-‘“‘-‘i'" on its host
could be watched under a4 Zejss binocular dissecting mi--rum-n]w The tube

could be rotated so as to cause the host larva OF pupi to roll over <o that
Melittobia egus and larvae could he seen and even counted. if not numerous
without removing the host from the cell. Asarule however the cel) was "l”'"‘""
and the host tipped out whenever 4 count of eges and larvae of the parasite
was to be made and at these times the parasite sometimes remained in the
tube and sometinies came ont upon the host. Iy the latter case she
remained upon the host the whole time that her eous and lary
removed and usually showed no siuns of fe

form of restiny
species, was placed in the coll and o

frv'llun'ml.\‘
ae were being
Ar or annovanece even when pushed
out of the way 'D‘\' the brush or needle,

Oceasionally the cells required cleaning as the slass beeame dulled by the
excreta of the female.

The cotton-wool plugs scemed 1o permit the passage of all NECeSSATY air
and in every way these colls were most convenient to handle. Most of my
experiments were made with the larvae of species of Odynerns and of ll-\‘nu:u
rafa but, as will be scen later on. the lattor was. for some unknown reason.
not an ideal host, so that most of my results were obtained from experiments
with the wasp larvae,

1. Tue Hosts o Mevirrom ,

Melittobea is parasitic npon e number of kinds of bees and Wasps.
Howard (1892) wives a list of 11 different senera which are attacked by it.
Malyshev (1911) adds three more and Girault (1912) adds another two. [t
was also known to be parasitic apon various flies of which it attacks the pupa.

Experiment however shows that almost any larva or pupa of bee or wasp
isattacked by it under laboratory conditions and even beetle larvae and pupae
served as food for both imaso and larva.

But although almost any insect larva or spider in a quiescent condition
such as those paralyzed and stored up by various fossorial and Eumenid wasps,
or larvae about to pupate  seemed to be regarded as suitable for oviposition
and as food for the resulting larvae, in many cases such larvae failed to mature,
mainly, I believe, because the food material dried up and the parasites con-
quently starved.

The following is a list of the wenera of hosts previously recorded :

N lll’mp/mrll (oratina Pison

Osmia Prosopis Neeliphron

Chalicodoma Stelis Chrysis

Heriades Odynerns M :malm‘llnmrrun
Anthidium Tryporylon Leucospia

Bombus Agenia Musca and other fly pupac.
Megachil.
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I have experimented with the following hosts:

Osmrar vufa Chrysis aignita

Megachide spp. Tehneumonid parasite of larvae of Hypera cariabily

Ordyrecrus spowt pes Paralyzed .I.‘n'\.n- of Hypera carvaliulis | Soon it of
antidogn e Fineid caterpillars )
cillons ayiiilons | solitary wasps

Vispa sp. Donacia pupae

Tryporylon figulus Calliphora. Musca, cte., puparia

€ rabro sp. Urophora solstitialis (Museid) pupae

Psen B A

In every case, excepting the paralvzed spiders and larvace from the cells
of solitarv wasps, I have succeeded in rearing the parasite on these hosts but,
as will be seen later. in one case, that of Osmia rufa. the food seemed very
unsatisfactory (v. Chap. XI).

1. MarLe axD FEMALE CHARACTERS.

The male and female imagines are very different from one another. The
former (Plate XX V1. fig. 1) is of a dark brown colour, even reddish, with minute
wings quite useless for flight. The anterior pair, which are the larger. are only
about one-third the length of the insect and, when lving at rest on the dorsum,
only reach just bevond the first visible abdominal segment, the posterior pair
not extending more than two-thirds of the wayv across this segment.

The head bears on each side, instead of the usual compound eyes. a sinule
ocellus and there are also three ocelli in a group in the usual position on the
vertex.

The antennae are very peculiar. They consist of what are apparently cizht
segments but the apical one is two or three segments compressed to form a
club. The scape consists of one very large segment which forms about half
the total length of the antenna. This large segment is broad and triangular
in shape, attached to the head by one angle, the flagellum being attached to
it at one of the others, the inner one when the antenna is viewed from above.
On the under side of the scape at its distal end and between the two angles
is 2 hollow space (Plate XXV1, fig. 1 a, b).

The female(Plate XX VI, fig. 2) is darker inappearance, being usually pitchy
h."'" has compound eyes and the normal chalcid elbowed antennae. The
wings, which overlap when at rest, extend almost to or slightly beyond the
apex of the abdomen, this depending upon whether the latter is full of eggs
or otherwise,

'l;be only published figures, 5o far as I can find, are those of Graham Smith
(1915-16 and 1918-19) who illustrates male and female in both his papers, but
o e ﬁ‘;!“"“ in the two papers are 5o different and as. in my opinion, they
do not give a eorrect i"l“ of the insect, I have made drawings for this paper.

Waterston (1917) gives figures of certain parts of the adult insects such as

the male .ntenna;. and the metasternum and first abdominal segment on a
larger scale than in my drawings.
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IV, Lire-nistory.,

() General statewent,

Various facts in the life-history have heen wiven by different anthors but

there are “"I.‘. twoaccounts which are in any way l'nnllilvh-. those of Malvshev

(1911) and of Graham Smith (1915 16 and 1917 18). The former anthor deals

with the species as a parasite of Odynerus, a genus of solitary diplopterons
wasps, while the latter deals with it as a parasite of cortain Diptera,

Malyshev's observations and experiments go farther than those of Graham
Smith but in one or two important points they are incomplete, In view of
the fact that Malyshev's paper is in Russian, 1 offer no exense for giving here
a detailed account of the life-history.

No far as [ have observed, the imagines first appear under natural conditions
some time after the middle of May and they can be found in their haunts as
late as September. Under laboratory conditions, by keeping the species in
an incubator at summer temperatures, it is possible to continue to produce
successive generations throughout the winter, and this fact has enabled me
to complete and repeat certain experiments which otherwise would have
taken perhaps six or seven months (see Chap. XIL = Winter rearing of
Mclittobia.” p. 367).

Although occasional over-wintering pupae are to be found the <pecies
normally: winters in the larval condition and although. as I have said. the
imagines may appear in Mav, overwintered larvae may remain as larvae until
June, the imagines not appearing until.Julv, even when kept in the liboratory,
These hibernating larvae are not alwavs full-grown but as many batehes of
such larvae have completely finished their food supply before commencing
hibernation. they either complete their growth by feeding upon their neizh
bours in the mass or perhaps in some cases pupate prematurely.

It might also be reasonably assumed that any food left over would be
unfit for consumption by the time the larvae became active again but thif is
not necessarily the case as the host larva remains alive for a long time duriny
the process of *“deflation.” )

Under natural conditions, shortly after emergence, the females, having
mated, break out of the cells in which they have developed. At this smgn'
they show a definitely positive heliotropism. Such individuals, .r"|ﬂt~""‘l n
front of a window in the laboratory. move directly towards the ll::h.t u.ncl. if
confined in a horizontal glass tube closed at one end. they will remain in the
tube if the open end is turned away from the source of light. !f such a tube
is turned round. the females at once stream out towards t.ho' Im'"'. ,

This positive phototropism lasts for a considerable time but it is ap-
parently eventually overcome by a chemiotropism when the insects seek the
cells of their hosts, primarily for nourishment. )

The first tendenev of the female on entering the cell of a host 15 to feed.
&lthough 0‘.“)‘““;0“. upon the hest may commence Very soon.
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But females can delay oviposition apparently almost i"(l"l'lnih'lA\'. oven
when their abdomens are swelled almost to bursting point.if the host is not,
in & suitable condition or. as will be seen Laters it mating has not taken place,
Thus 1 have had females laving within 21 hours of emeraing from the pupal
stage. when placed upon <uttable material.and T have had other females which
had not oviposited 50 and even 60 davs after emergence. when placed in o
coll with an unhatehed ege of the host-species. these females having waited
for the host to reach the full crown larval condition hefore commeneing
n\’ipusitiun.

M The eqg. (Plate XXV, fig. 5.)

The eges. which are hvaline and ahnost transparent. vary somewhat in
shape and in size. The smallest egus measured were about <33 mm. in leneth
while the largest were about =37 mu. They are eloncated and taper somewhat
towards one pole and measure about <1 mm. across at the widest part. Some
taper more strongly than others and as these were scarcer 1 assumed at first
that th(‘)’ were destined to l»rmlllm' males. but l'\pn'rinll'lll showed that this
was not the case and that there is no visible diiference between male and
female eggs.

The egs is not firmly fastened to the host hut adheres very slightly as if
it were just damp. It is quite casilv lifted off by means of a needle point or
fine brush but as a rule it will not fall off if the host is turned over. o however,
in the process of turning over the host. the cgg comes in contact with the
glass cell it adheres more readily to the latter.

Incubation varies from 2 to 9 davs and the cmergence of the larva from
the egg is almost impossible to determine. The chorion is extremely thin and
the larva apparently begins to feed through it as I have observed is the case
m some other hymenoptera. for instance Tryporylon figulus. Sooner or later
this thin “shell™ splits and contracts.

(¢) The larva. (Plate XXVT, figs. 6 and 7.)

The newly emerged larva is transparent and is composed of a head and
thirteen segments. The tracheal system shows only four pairs of spiracles, one
on the mesothorax and one on each of the first three abdominal segments,
though the branches from the lateral trunks in the three or four succeeding
abdominal segments indicate where, at 4 later stage. additional spiracles will
appear.

The larva remains in the first stage from two to six days or even longer
and then 3 moult takes place and five additional pairs of .s])irm'.ll's' appear,
one on the metathorax and the others on the fourth to the seventh abdominal
segments. | have never actually seen a moult take
numbers of larvae 60 to -70 mm.
about to moult in
cutaneously.

place but, by examining
. in length, it is possible to find individuals
which the additional spiracles are faintly visible sub-
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A seeond monlt tales place before the final Larval stage i reached but
no further chanze takes place i the number of spiraches,

The full-grown I;_nr\.‘:l attainsa length of about 17 to 149 mm and is usually
smooth. the constrictions hetween the segments h.-.\m._. .||.“',',..“r,.,| during
erowth.

It has been said that the larva foeds withont puneturing it~ host hut ths
does not seem to e stricthv acenrate, The Lirva possesses o mimute pair of
mandibles which. in the first stage, are more or less trianeular in hape, the
free angle being sharply pointed: bt in larger laevae this point s greatly
lengthened (Plate XXV e Sand 1, T imagine that these poimtsare driven
in subcutancously and serve to hald the mouth of the parasite 1o the host
and at the same time allow the = blood ™ of the host to pass out, The minuteness
of the punctures can be cathered from the faet that. on the removal of a fecding
larva the spot at which it has heen feeding is not recognisable, even under
high magmification. On the other hand if a large number of feeding larvae are
gentlyv removed from a host the surface of the latterappears asif it were cently
perspiring, though of course this mizht be due to exudation of thiid from the
mouths of the larvae at the moment of removal.

The Larvieis full grown, under the most favourable conditions of food and
temperature, in eicht or nine dayscand only then does it begin to produee
excrenient, This habit of not producing exerement until feeding has coased
seems to oceur ina large number of Hymenopterons larvae though there are
others, such as Ospea. Megachde, Sapyga. etewhich begin to produee fueeal
pellets when about half grown.

Shortly after completing this cleansing process the Melittobia larvae hecome
pupite.

It is interesting to note that the farvae take the colour of the host upon
which they feed. as do other = hlood ™ sueking Hymenoptera, e.g. Odynerus,
Chrysis, ete. By feeding the Melitohu larvae upon the =almon-red coloured
larvae of a small Crabro <p.. the larvae became salmon red. Foed on larvae of
Odynerus spini pes the larvae are vellow, while if fed upon larvae of 0. antilopn
they are ereamy white and this colour depends upon the hlood colour of the
host. which in turn depends upon the blood colour of the heetle- or moth-
larva or spider upon which it fed. By feeding larvae for a few days on Crabro
and then transferring them to Odynerus, the colour of the parasite changes
from salmon-red to vellow or cream.

As soon as the larva begins to east out excrement. the ,
disappear and all Melittobia larvae. however they have been fed. ultimately
become a pale transparent creamy-white colour.

colour begins to

() The gt

¢ sex of the individual
though at first
In the

As soon as the pupa appears it is possible to decide th
since, in the female pupa. the compound eyes are \'ls_lblv.
without colour, while no eves are at first visible in the male pupa.
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course of time the eves of the female pupa become red and shortly before the
emergence of the imago, the whole pupa becomes black while that of the male
lmw‘m-s reddish brown. The duration of the pupal period under the maost
advantageous conditions is about seven days.

But both larval and pupal periods vary very considerably in their duration
under different conditions. So far as I know, the species normally hibernates
in the larval stage and such larvae, as 1 have already mentioned. may not
pupate until the following July, so that we have the shortest larval period
as eight davs and the longest as about eleven months. The pupal period also
varies between about seven dayvs and perhaps ten months.

V. Tue Hapirs oF THE FEMALE.
(a) Food and method of feeding.

The female feeds upon the blood of her host which she obtains by
puncturing with her ovipositor. A hungry female walks about upon the host,
be it egg, larva or pupa. tapping it with the apices of her antennae until she
selects a suitable spot. She then bends the apex of her abdomen downwards
and thus brings the point of her ovipositor into contact with the surface of
the host (Plate XXV, fig. 8a). The ovipositor is then released from its sheath
by the abdomen straightening again and the insect by a steady or, may be,
a shightly jerky pressure of the body forces the apex of the ovipositor through
the “skin™ of the host (Plate XXV, fig. 84). The stvlet may be driven in
deeply, even to its base, or it may merely penetrate but, after a short interval,
it is withdrawn and the insect rapidly moves backwards, feeling about with
her antennae until the puncture is discovered, when the mouth is at once
applied to it (Plate XXVI, fig. 8¢). After sucking for a short time, the insect
moves away and may at once repeat the process at some other spot.

One would scarcely expect that the ey or yvoung larva of a bee or a wasp
could sufier this treatment and survive and yet I have had many examples
of eggs punctured, even so that a globular effusion of **blood ™ appeared upon
the surface, without the vitality being, to all appearance, affected. 1 have
placed as many as 15 Melittobia females in a cell with a newly hatched larva
of Osmia and have allowed them to feed freely upon the host for a fortnight, and
vet ultimately these heavily taxed hosts have pupated and emerged as adults.

In the xame way Melittobia females placed in cells with older host larvae
produced no ill-effects so long as they were only feeding and I am therefore

quite satisfied that the feeding habits of this parasite are not necessarily
mjurious to the host.

(b) Preparation of food for the larvae.
On the other h‘fnd, once a Melittobia female lays an egg upon its host,
whether the' latter is in the egg, larva or pupa stage, the host is apparently
doomed. This seemed at first o most extraordinary thing. It was difficult to
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believe that the mere fact of the parasite

3o7
e being i contaet with the body
of the host could canse the l|"\ll’lll'llnll of the latter and the experiment u[

4 . ' moupon another with which no
Melittobia female had come into contaet proved that the

in no wav affected the host.

removing eggs from one host and placing the
parasite eur gtself

This point puzzled me for some time as it seemed that the

: only explanation
was that the Melittoba possessed some subtle

\ instinet by which it knew when
a host was moribund and that, in such a case, the parasite

‘ oviposited on what
was really an unsuitable host,

What seems to he the real 0-.\pl.~nmlinu came
to me accidentallv. With a high power binocular microseope, 1 was watching
a Meldttobia female puncturing a mature Odyuerus larva and 1 happened to
notice a fluid oscillating in the semi-transparent ovipositor. Gradually the
ovipositor was buried to its base in the host and after an interval of about
two minutes it was withdrawn and | was surprised to see the inseet move
away without making any attempt to find or to suck the puncture. This,
then, appeared to be a different process from the feeding one and I made a
number of experiments with ripe female Melittobias, 1., females which had
already begun to oviposit, isolating individuals in glass eells each with o host
suitable for oviposition, the host in every case being a resting larva of either
an Osmia, an Odynerns or a Chrysis,

3y watching these females it was easy to establish the fact that they
frequently made punetures without afterwards sucking them and occasionally
it was possible to imagine a fluid passing down the ovipositor into the
wound ',

As soon as | saw a host larva punctured in such o manner, 1 transferred
it to a separate cell and left it, with the objeet of seeing whether it would
ultimately become a pupa and emerge in the normal manner. In some cases
these larvae may have been thus punctured only onee and in other cases they
may have been punetured a mumber of times but they were always removed
from the parasite before the latter laid any eggs upon them. All but one of
these larvae, numbering thirtv-cight. failed to develop.

In another set of experiments, involving twenty Odynerus larvae in the
resting stage, | allowed Melittobias to lay a few eggs upon them, always
removing the egas before they hatched and removing the females after a few
days and in all these cases again the Odynerus larvae failed to pupate.

It seems therefore that the Melittobia female punctures her host for two
different purposes, one in order that she may feed upon its “blood™ and the
other in order that she may inject something so as to stop the development
of the host for the benefit of her offspring.

' I have used the word “ imagine ™ here because it is extremely diflicult to Me the observation,
it being necessary to get the parasite in a particular position with regard to the light and, of course,
to weo the ovipositor before it is driven in to its base. The only case of which | am absolutely
certain that [ saw a movement of fluid in the ovipositor from parasite to host was one in whish

a female was puncturing a fly puparium but, as in the case of fly pupa rm o P.m“:, l;,\‘.n “:
egg on the fly pupa contained within the puparium, 1 may have been s b e b
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Malvshev (1911) had observed the puncturing in connection with ovi
. warded its function as twofold: first to paralvse the host

position and he © _ .
but here, 1 think. he went too far. He only

and secondly to preserve it
mentions one case, in which he saw a larva of Odynerus antidope veceive three
punctures in the beginning of September and he remarks that it remained
soft and fresh. without showing any other sign of hife. until the following May,
when it dried up. Had this larva not been punctured at all it would have
remained soft and fresh until the following May when it wonld have pupated,
There seems to me to be no need to imagine any preservative effeet, apart
from which there is good reason for believing that there is none, sinee in every
case where eggs were laid upon eges or immature larvae of a host. these host
eggs and larvae quickly collapsed and showed all the usual signs of decay,

It is sufficient then to regard this preparation of the host by the injection
of some paralysing fluid as similar to that seen in those solitary wasps which
store up living food for their progeny.

So far as my observations go. this “stinging™ by Melittobia always takes
place at least once. and sometimes frequently, before any eges are laid.
although Malyshev asserts that oviposition may be commenced before any
“stinging” takes place, though this is less usual.

(¢) Ociposilion.

Melittobia is in all cases ectoparasitic and the statement of Malyshev that,
under certain circumstances. it is an endoparasite is misleading. Thus he
speaks of it as becoming endoparasitic when it oviposits through the cocoon
of an hymenopterous host or the puparium of a fly.

I have opened numbers of fly puparia after having observed Melittobias
puncturing them but in no case did I find any eggs except on the enclosed
pupa.

When a female is about to lay her eggs she moves over the host, tapping
with her antennae until she finds a suitable spot. Such a spot is usually. though
not always, upon the upper side of the host larva or pupa as it lies in the cell.
whether it be dorsum or venter uppermost and, if there is any choice of
position, of which I am doubtful, the head end is more favoured than the apex
of the abdomen.

Having selected the spot the female brings the apex of her abdomen into
?ultaet with the surface of the host and. having fixed the apex of the ovipositor
in the chitin, the apex of the abdomen withdraws to its normal position. So
fﬂthe action has been that of a feeding or a “stinging” female but, for ovi-
position, the ovipositor is not driven into the host, merely remaining fixed
by its apex. s

The abdomen ean now be seen slowly expanding and contracting until, after
. k' such movements, & slight bulge appears at the base of the ovipositor
on its anterior side and this bulge rapidly passes downwards and the egg
suddenly shoots out near the apex. It is & most extraordinary sight and looks
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ike a coni e 1 e . - 0
like a g trick to see the omparatively enormous egy appear from the
exceedingly fine tube.

I'he c-;T',-_r shoots «.ml mfmi or less lu-riznnlully and lies on the surface of
the host, its long axis, as it lies, corresponding more or less closely with that

» ol ;. , N i 2 : S 5 .
of ohe "’ll’(’“h'"' ometimes one of the middle legs seems to be used to uide
the egg as it emerges,

Within about hall & minute another egg may be laid alongside the first
and as many as 7 or 8 eggs may be laid 4n one spot within 5 or 6 minutes,
A large number of eggs may ultimately become massed together at one spot
or the female may scatter her eggs over the surface, but where <he is ovipositing
through a cocoon or puparium the eggs are almost invariably laid in heaps.

VI Tue Havres oF te MALE.
(«t) CGeneral habits,

I have said that. as a rule. the males emerge first in the cells. These males
are very active: theyv creep over and amongst the larvae and pupae. even
seizing them in their jaws and thus moving them about. though I have never
seen a male injure a larva or pupa.

Two males. on meeting. usually engage in mortal combat, though when
a cellis very full of emerging females the males are <o busy that they seem
to pay less attention to one another, '

No far as I ean find the males do not feed.,

I have paid but little attention to the length of life of the male, but in
those cases where a male has been introdueed into a eell containing a female,
the former has usually <uccnmbed within seven davs, In these cases, however,
I have no record of the age of the male when he was introduced into the
female cell but in one case | found a male alive twenty davs after introduction.
the female having died or having been killed by the male  within 24 hours
after his introduction. It is possible that inability to fulfil the sexual funetion
may prolong life as in the case of the female. (See section upon ** Longevity of
the Female,” p- 363.) Smith. F. (1853) says that the male usually lives about
seven weeks.

The killing of the female by the male was, unfortunately, a not uncommon
occurrence and on several oceasions stopped experiments of some importance.
Whether or not this is a phenomenon caused by the experimental conditions
it is, of course, impossible to say.

(b) Courting.

Courting is a strange phenomenon in that a special contact is made between
the antennae of the male and female as a preliminary to (-upulatim.l. The male
mounts upon the back of the female and moves forws.rd. m!""ﬂ_ for her
antennae, the apices of which he ultimately succeeds in getting into the
pocket on the underside of the long scape segment of his antennae (v. Plate
XXVI, fig. la and b).
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Coitus is very rapid and the male immediately seeks for another mate.
He quickly decides whether a feniale is willing or unwilling and wastes very

little time over the latter.

VIL Tug NUMERICAL PROPORTION OF THE NEXES,

There seems to be no reliable wayv of determining the proportion of the
sexes in a familv. since the male and female eges are indistinguishable, as
1 have alreadv caid. and the larvae are more or less cannibals, so that some-
times quite la;r-,_f" numbers of individuals disappear during the larval period.
By counting pupae one gets more reliable results than by counting the imagines
since the males in the latter stage destroy one another. and. under laboratory
conditions, also sometimes destroy females.

Graham Smith gives results of counts of imagines which range from less
than one to more than fiftv males per hundred females but, since a female
may lay more than a thousand eggs and his ficures are all for small batches,
they give us no reliable criterion.

By counting pupae I found that, in any one batch of eggs, the males ran
from about one to four or five per cent. of the females.

Now, as will be shown later. a female normally layvs two, and perhaps
three, batches of eges and she mates with a male before each bout ol egu-
laving. If she is unfertilized or if. after laving a batch of cggs she is not
permitted to mate again. she can only lay male egus, that is. the eges can only
develop into males. Presumably therefore unfertilized eggs produced males
and fertilized produce females, as in many other Hymenoptera. As therefore
she produces both male and female offspring alter mating and before she has
exhausted her supply of spermatozoa, it is reasonable to conclude that she
can eontrol the flow of spermatozoa from her spermotheca and thus determine
the sex of her offspring - as Fabre has shown is the case with certain species
of Osmia and Chalicodoma (v. Bramble Bees and Others. Chaps. IV and V).
It might also be concluded from the fact that males usually emerge first in
a brood, that the first eggs laid by the female are male eggs, but it may be that
males develop more rapidly than females, a point | have so far omitted to
investigate.

If therefore the sex is determined by the mother at the time of oviposition
the proportion may well vary for each female according to circumstances.

VIIL. FecunpiTy.

I have already mentioned that oviposition may commence within twenty-
four hours of the emergence of the female but it is often. perhaps usually.
a very prolonged process.

.l'ly whev n",t”' that the females lay 200 to 300 eggs and perhaps more
(llurmg s Ik g “?eh but he does not say how he obtained his figures.
l:'", Wowever, obtained results in my experiments which seem to indicate
that the femalex are much more prolific than this author has shown.
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I order ta test the fecundity of imdividuals | placed m separate eells five

freshlv: emerged females which had mated. supplving cach with a resting

Odyueras Tarvacand. at intervals, removing fron, the Latter the vuues and larvae
Hs 3 arvae,

keeping a record of the totals for each female, In this wav 1 found that the
cgge-laying capacity of the females varied considerably, the total number of
euags Jaid by each being: 961,529 1217, 1086 and 398, It will be noted however
that the lowest total exceeds considerably

the ficures wiven by previous
observers,

The egus and larvae were removed and counted, usually at intervals of
seven days after the first few weeks, and at the end of <ix or seven wereks the
females had almost ceased to lay eggs. The few egus laid by each at this period
were placed upon fresh hosts and allowed to hateh out in order that pupae
might be obtained to determine the sex. They all proved to be males, indicating
that the mother had come to the end of her supply of spermatozoa. A male
was therefore introduced into cach of the eells containing the females and,
during the following week. the number of eces laid in four out of the five
cases ran into three fivures,

Although the number of individuals experimented with is too small to
justifv any definite statement. these experiments seem to indicate that the
female normally lavs about half her eges after her first mating, the totals
being 139, 2700 680, 318 and 597 and. in three out of the five examples, she
had exhausted her egg-laving capacity after the results of a second mating,
the numbers of eges in the second broods being 522, 259, 333, 738 and |
respectively.

The last few egus of these second broods were allowed to hateh and the
larvae reared in order to test their sex and, with the exception of a single
individual. all were males, so that. at the same time as the female exhausted
her supply of egus she had exhansted her second supply of spermatozon,

The following table (p. 362) gives details of all the results referred to

above:
*As to the rate of oviposition I have made no daily counts and at first
I adopted a somewhat rough method of estimating which gave some very
divergent results. Thus in August. in 17 davs, out of a bateh of four females
the lowest vield was 152 egas while one female gave 213 egus. Of another
batch of six females in the same month, one laid 92 eggs in 12 days while
another laid 218 in the same period. These figures give averages per day of
9, 12:5, 7-6 and 18-1.

In December I began to go into this question more carefully, using the
five females already referred to, and Table 11 shows the days upon which the
counts of eges were made and the average number of egus laid per «ln'\'.us
worked out from these counts. This table thus shows that the """""'“"","
of the female, when at her best. may reach 31 eggs per day and that shf is
at her best from 7 to 11 days after mating. [ shall refer to the fecundity
of the unfertilized female later on.
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Table 1. Showing the number of eggs laid by fertilized females kept in the incubator al a temperature of
about 21° C. (abowt 70° F.). On the dates given all eqys and larvae were counted and removed.
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Table 11. Showing the dates wpon which cqys and lareac were countod and remored
and the average number of cqys laid per duy by cach female,
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INC LoNGEVITY 0F iy FrvaLe,
P'able 1 already referred to, shows that. in the cases of the four females
which produced second hroods, the length of life varied from twelve to sixt

e een
weeks, oo SEto 112 davs, and that. d

ek aring all this time, they wore actively
ovipositing.  Graham Smith (1918 19) records having seen one female nvi-
positing over a period of 183 davs and another overa period of 37 davs but it
is possible that his observations were upon females whieh had no «‘Ahvmn- of
a second mating and had therefore ceased to lav eges becanse theyv had
exhausted their supplies of spermiatozon.

I have several other records of ovipositing females which survived for
periods exceeding 90 davs and it scems. therefore, that. under normal con-
ditions. this wonld be about the average length of life of the female,

If. however, unfertilized females are prevented from mating, the length
of life is enormously increased, eight such females having lived as follows:
211200225, 223, 200, 195, 202, 202 davs, This will be referred to further
in the next chapter where full details are siven in Tablo 111, p. 365,

No Tk Usverminizen Fevae,

I have already mentioned that, under natural conditions. the males never
leave their natal cells, so that mating takes place there: and 1 beliove that it
is not until after mating has taen place that the females become positively
heliotropic. I have never, under natural conditions, come across an unfertilized
female: that is. every female which has been allowed to emerge from the pupal
stagge in the cell where it grew up mates before leaving that cell. It is
quite easy. however. to obtain unfertilized females by simply removing female
pupae from the cells and allowing them to hatch out without a male having
aceess to them.

Several aunthors mention the results of experiments with unfertilized
females. Such a female, when placed in a cell with suitable food material
will, sooner or later. lay a small number of egzs it may be only one but is
more usually four or six. though occasionally there are a few more. The female
takes grvut.intvrest in these eggs and in the larvae which hatch from them,
patting them with her antennae and returning to them again and again. She
takes. perhaps. greater interest in the resulting pupae and may even be said
to show excitement when one of them is about to become an imago. All the
resulting imagines are males and she mates with the first one to emerge and
within a very short time commences to lay freely, twenty or thirty eges some-
times being deposited within twentyv-four hours of the appearance of the
male.

At first sight this habit of the unfertilized female of pr«ulm-ing her own
mate when another is unobtainable seems a somewhat extraordinary phe-

nomenon and vet. from what I have shown by experiment. it appears to be
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a normal phase i the life-history of the inseet after >!..- has exhausted her
first supply of spermatozoa and preparatory to l"'"“_"""l"-' her .\l.l'nml brood.
It is mainly conjecture, but T believe that the female imprisoned in the host's
cell develops a desire to break out of the eell only when she has her sperma-
theea full, so that onee the female has produced her first brood <he waits
patiently for her second mating and then passes on to another eell to produce
her second brood. My only evidenee in support of this belief lies in the fact
that in my glass cells the female was often to be seen on the cotton-wool plug
after her second mating especially when the host Tarva within the cell was
already fully stocked or was almost reduced to an empty skin.

It t- inh.-n-stin;_' to notice that inbreeding is the rale with this species, the
first mating being between brother and sister and the subsequent ones hetween
mother and son. Exceptions to this rule may occur when two females together
enter a host cell and both produce a brood but as in sucha case the two females
must frequently come from the same cell, they will usually be sisters and the
second mating would in this case be between nephew and aunt.

I made a number of experiments with a view to seeing what an unfertilized
female would do if I prevented her from mating by removing her egus or
larvae so that no male could develop, and these experiments have given
somewhat interesting results.

In the first place, as I have already mentioned, the lifte of the female is
areatly prolonged, the ninety days, which I believe to be about the average
life of the normal female, being, in & number of cases. more than doubled and
in my eighteen experiments averaging 174-8 days,

In the second place, whereas under normal conditions no imago is to bhe
found after about the end of October, unfertilized [emales remained alive all
through the winter, withstanding at times temperatures helow freezing-point
and only died in the second week of March after living 202 days ~in fact,
longer than many similar females kept at summer temperatures in the in-
cubator.

In the third place the female can be induced to lay many more male egus
under experimental conditions than she would probably do under natural
ones—although it must be remembered that we have no definite knowledge
of the number of male eggs laid by a female under natural conditions.

Of eighteen cases, the average number of egas laid per female was 356,
one individual laying as many as 93 eggs, others 70 and 61, while one individual
only laid 7 eggs in 131 days. In all these cases the experiment was kept going
until the female died, so that the number of eggs obtained from each female
was the total number she laid during her life. The following Table (I1I) gives
the details of these experiments.




Table 111, The unfertilized female, Oviposition cpduced by frequent remoral of eqys,
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¥0 top transverse columns refer to the month and the day. The next refers to the number of day<” interval since the previous inspection,
’ M 9 are the 9 unfertilized females used in this experiment and the transverse columns show the number of eges laid by cach of them and removed at short or long

itervals,. M1 to M7 were placed in an incubator at a temperature of about 21 C. (707 F.) on December 6th. 3 death of the female Medittidna.
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XL Oswre weer Lanvak axn PUpag vsen as Hosrs.

| have already said something about the apparently indefinite variety of
hosts which .‘,',,,},,,],,',, will attack but I have had one very curious experience
in this matter.

In a large number of my carlier experiments the larvae and pupae of the
red Oswia iﬂ. rufa) were used because it was one of the commonest species
at mv garden fence and. although Melittobia eggs were laid in the normal way
upon the resting larvae and pupae in the laboratory. the eggs often failed to
hatch out and frequently the larvae died before they were full grown. in fact
it was rather exceptional to rear a Melittobia from egg to adult using this
species as the host.

At the time that my garden fence was infested with the parasite I opened
more than 130 cells of Osmia rufa which had been constructed in tubes placed
upon shelves attached to the fence and in only one case did 1 find any sign
of the Melittobia and in that one cell were two half-grown larvae. And vet
in the laboratory the resting larvae and pupae of the Osmia were readily
accepted by the parasite which fed and oviposited upon them—but the
majority of the brood died.

Another interesting point in the relationship of Osmia rufa to Melittobia
is that in the number of cases in which | have allowed one or more of the
parasites to enter the cell of the growing larva. the parasites have invariahly
perished when the Osmia larva began to spin its cocoon, being caught amongst
the outer threads—and vet Melittobia, in similar relationship with any of the
three species of Odynerus with which I have worked, always survived and
destroved its host.

Iu a number of cases 1 placed Melittobia females in cells with Osmia rufa
pupae enclosed in cocoons and in almost every case the parasite failed to
destroy the bee. In these cases it was evidently because the Osmia cocoon was
too tough for the parasite to penetrate, since pupae removed from their cocoons
were invariably oviposited upon and in such cases the female Melittobia lived
for many weeks, feeding upon the blood of the pupa. while those placed with
Osmia cocoons died after three or four weeks, evidently from starvation.

This is the only host which so far [ have found, upon which Melittobia
does not really flourish and it seems as if there is some quality in the blood
which has a deleterious effect upon the parasite. '

That the toughness of the cocoon should be an additional safeguard is
wortb'_v of remark since Malyshev suggests that some species may escape the
P"‘”‘_‘" because of the nature of the building materials used in the con-
::;T(:-ll‘l,:-::hﬂ:; r":::’; i:h:";l :;;; ";l;:izl‘;!? some of the Heriades which build
Odynerss alpestris possibly en e u‘) tobia gets caught and he suggests that

-’M’" i e T m ;l";pei;l“  some extent. fo.r 'tho same reason.
bt it ond ho;.t wr '[‘)) sine the. peculiarities of the re'lu.mo'nshlp

give an idea of the apparent triviality of
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the thin';.v.« which make all the difference in that relationship. Another example
of this s m.lw seen in the “f"’hi"""'." of the fossorial wasp Napyga guing Ep
prunctata which I have recently investigated. ol aa

In this case the usual host of this parasite in m

: . v garden in Cambridge
was the Blue Osmia (). wenea (1'rlc'rlllc'mv'n.~r)) while

' : Osmia rufa was immune
and it appeared that the latter Species owed its immunity to the fact that

the pollen paste stored in the cells by the mother bee was too drv for the
larvae of the parasite. Egus of Napyga were oceasionally laid in th.v cells of
this species but the larvae always perished and. in laboratory experiments,
where the Sapyga egas were placed in the colls of 0, rufa. the result was alwavs
the ~ame. I, however, the pollen paste was made suitably moist by the
addition of honey or even treacie the latter, as vxp«riuwni showed, .lwin:_'
quite useless as a food for the Nepyga larva  the parasite could be brought
to maturity without anv difficulty.

XIL Wisrkr vesvisa ok Metirronsa,

I have already said that by keeping the species during the winter in an
incubator at a summer temperature 2022 ¢, (about 70 F.) it was possible
1O TAISe SHeCeesspve Lenerations,

[ first tried this because 1 was held up i the autumn in the middle of
experiments which T was very anxious to continue and | therefore placed
batches of hibernating larvae in glass cells in an incubator early in December.

Different batches of larvae hehaved differently. Some responded within
a few days to the warmth and began to void exerement preparatory to
pupation: others remained apparently quite unaffected by the warth for
much longer periods. Morcover a whole bateh of larvae did not necessarily
behave in the same way and a few extreme examples will make this point clear.

Bateh 1. Batch 2. Batch 3.
Placed in incubator L 21 Inineabator 100 xii. 21 Inincubator 10, xu. 21
Nome casting excrement 26,00, 21 One pupa 24 xii 21 One pupa and the 6 i2
A few pupae SLoxin 21 All pupae 30 xi. 21 male appeared
A few imagines a il 22 About half have 5 ik 22
Mostly pupae, a few larvae 15, i 22 pupated

Many still larvae 19 0. 22

Pupation period 31 days and upwards  Pupation period Sodays
and upwards

During the sunimer, the normal pupal period is only about seven days
and females hatehed in the incubator at summer temperatures gave rise to
generations which had pupal periods of about the normal summer duration
and vet in the case of those hibernating larvae which pupated in the incubator,
the pupal period varied from 18 to 57 days in dumti.on. ..\'nw a long pupal
period is not an innovation to the species, since over-wintering pupae do occur
under natural conditions and therefore the explanation of the long pupal
period in the case of these incubated hibernating larvae m'mn_tn be that the
effects of the incubator are gradual and that it takes some time before the

5 . < s reaction of
inseet reacts to the inereased temperature, or it may be that the reaction
22
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a larva or pupa to change of temperature is slight but that of the imago is
more marked, sinece once the imago appeared she behaved exactly like a
summer individual and passed on her activity to her eges, larvae and pupae.

The apparent irregularity of the action of increased temperature on different
individuals in the same batch (e.g. 21 to more than 67 days in Batch 1) is
perhaps to be accounted for on the assumption that the individuals in a batch
differ considerably in age.

XIII. Meaxs or Dispersan ov MEeLirronna.

In the course of the season there may be two to five and even more genera-
tions of Melittohia so that, but for the cannibalism amongst the larvae and
the poor means of distribution available for the species, this parasite would
be a verv serious menace to a very large number of species of hees and wasps.

Yet, as a matter of fact, in the Cambridge district 1 have only succeeded
in finding one old clay wall of a few square vards in extent from which I have
been able to get myv supplies of material and ¢ven from this wall, after three
or four vears, there are still Odynerus spinipes emerging. although what used
to be a very large and flourishing colony is now reduced to very small numbers.

Now the females can apparently only fly an inch or two at a time and,
for the most part, they do not use their wings. T have never lost a specimen
by letting her run about upon the laboratory table when I have wished to
clean out her glass cell.

These females run about fairly rapidly and are active and it is quite easy
to see how they might quickly overwhelm a colony of a host species once thev
reached it but it is the passage from one colony to another that is difficult
to understand.

Walker mentions that the species occurs “on windows” and although I
have not so far found it in such situations, this suggests to me a possible
means of dispersal. I cannot imagine Melittobia deliberately walking into a
house and then becoming positively heliotropic, but, when wandering about the
haunts of solitary wasps and bees it may occasionally mount upon these, and
thus be transported to other haunts whereby it would occasionally be bumped
off against the window-pane.

XIV. Summary.

Melittobia is a chaleid, ectoparasitic upon a number of species of Hymeno-
ptera and upon the pupae of certain flies. The insect was bred in the laboratory
and the life-history is described in detail,

A number of experiments were made with regard to possible hosts and as
to feeding and reproduction and certain points are of some interest.

.l’o? 'M' thf male apparently does not feed but the female uses her
:’“Po"m;t;l:l:r;hmh;he punctures the eggs, larvae or pupae of various

o sucking the blood which oozes from the puncture. Such
€en, larvae or pupae, in spite of repeated punctures, may continue to develop.
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Before beginning oviposition upon the surface
punctures the host one or more times w
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of a suitable host, the female
! ith her ovipositor and apparently
msect larvae and pupac. upon which eugs

' . ' lop farther and vet remain fresh for o con-
siderable time extending to manv months.

With regard to reproduction, inbreeding appears to be normal, mating
usually taking place between two individuals of the same brood and later
between the female and one of her own offspring. Virgin females, unable to

find a male, lay a few eggs, which always produce males, the fiest of which
to emerge mates with the female,

injects an anaesthetizing fluid, since
have been laid, very rarely deve

The female is very prolific and may lay as many as twelve hundred eggs in
two or three batches, mating taking place before each batch is laid. The last
eges of a batch are almost invariably male eggs, indicating that the female
has exhausted her supply of spermatozoa.

A virgin female, whose eggs are removed so that she cannot rear a mate,
may lay as many as ninety eggs during her life-time, her length of life being
more than doubled, and such a female will survive through the winter, even
withstanding frost. whereas fertilized females apparently all die in October
or November at the latest.

All the eggs of a virgin female are apparently capable of developing and
all such eggs produce males,
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EXPLANATION OF PLATE XXVI.

Fig. 1. Melittobia acasta 3. Dorsal view. sp =spiracle of first abdominal segment. cr3 = hase

of coxa of third pair of legs attached at posterior end of the pleural suture, the epimeron
not being separated by a suture from the first abdominal segment. a and b = dorsal and
ventral views of antenna.

Fig. 2. Melittobia acasta 7. Dorsal view.

Fig. 3. Third stage larva—ventral view of head showing mouth (m.); head skeleton (£.); 1 andibles
(m.), retracted within mouth but ca:able of being protruded, and salivary ducts (sd.)
Ant. =antennae.

Fig. 4. Third stage larva: mandible (ventral view).

Fig. 5. Egg. Two eggs which produced females and two which produced males.

Fig. 6. First stage larva; lateral view.

Fig. 7. Second stage larva; lateral view.

Fig. 8. The female feeding upon its host. Diagrammatic figures made from sketehes showing
the insect placing the ovipositor in position, (a): drawing in the ovipositor, (b): licking the
puncture (c).

Fig. 9. Glass cells used in brecding Melittobia. C.=plugs of cotton-wool. The tube is held down
to a piece of cardboard by wires.
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