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PrLATE 1 NEsTS OF MASON-WASP. vontispicce

Odynerus tunnels into banks and provisions her cells with caterpillars,  Whilst the
work is in progress she constructs curved tubes of the excavated material to keep
out the ruby-tailed wasp which is a parasite. (See p, 72.)

Drawn by T. Carreras.
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INTRODUCTION

No one who has devoted any considerable part of
his open-air leisure to the observation of living
insects can fail to be struck by the fact that each
species has its own definite method of life, its own
way of doing things, and, in the construction of a
shelter for itself or its progeny, its own preference
for materials and its own mode of using them.
These are the methods and preferences not of the
individual, but of the species; and the individual
needs no apprenticeship, but goes directly to work
with the experience it has inherited from an enorm-
ously long line of ancestors. In an earlier period of
our civilization the son followed the vocation of
his father, taught by him, and inheriting the
secrets of the craft. Many of our surviving sur-
names are due to this fact, the names of Smith,
Taylor, Fletcher, Bowyer, and the like becoming
permanently attached to the families pursuing these
crafts and mysteries. In the case of the Insects,
the parents cannot instruct their offspring, for as
a rule they never see them. One marvels at the
skill displayed by the bird in constructing its first
nest ; but it may be said that the newly mature
bird has at least a chance of watching a second-
year matron of its kind building, and getting some
hints that way. In the case of the Insects there is

as a rule, no possibility of such help. In the vast
b ix



X INTRODUCTION

majority of species the parent is dead long before
the daughter comes to that stage of existence when
the necessity for making provision for her progeny
arises ; so the knowledge has to pass by way of
transmitted memory. Somewhere in the minute
speck of protoplasm constituting the egg of one of
the Solitary Bees, there is an infinitesimal particle
of nerve matter which contains the secret of how
to cut accurate circles and ovals of rose-leaf so that
a number of them will overlap and curve into a
perfect cylinder. During the greater part of its
life the creature that hatches out from that egg
will have no need of the secret, but the germ of it
will go on developing, and when the insect has
attained to the complete bee form there is the idea
in the memory cells ready to instruct the nerves
that govern the action of wings and legs and cutting
jaws.

Here is a marvel which should make us keen to
follow with interest the industries of these little
creatures. It is only one example of the thousands
of marvels that reward the inquirer into Insect
Economics. With a view to awakening an interest
in these matters, the following pages have been
written; and the better to attract the attention
of those to whom a more systematic treatment
would be considered dry and uninteresting, the
examples chosen have been grouped under headings
borrowed from the human industries that most
nearly correspond to the activities of these Insect
Artizans.
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I
SPINNERS AND WEAVERS

From very early times man has been acquainted
with, and has made use of, the spinning powers of
insects. The Silkworm, that came originally from
China or India, has been the principal source of
the finest raiment with which the human species
has clothed itself, but the faculty of producing silk
is shared by many insects in a minor degree. In
most of them it is utilized in the final stage of the
grub state to make provision for the security of
the chrysalis, but many caterpillars possess it already
when newly issued from the egg. As an example
of this we may cite the case of the young caterpillar
of the Puss Moth (Dicranura vinula), which feeds
upon the upper surface of the leaves of sallow,
willow, and poplar. The last named are not only
glossy, affording an insecure foothold, but are kept
in a state of constant fluttering by the slightest
movements of the air. 'The tiny caterpillars, looking
like smuts that have clung to the leaf, and that
might be detached by a breath, at once set to work
to spin a little pad of silk on the leaf, in which the
hooks of their feet may catch and so enable the

3



4 INSECT ARTIZANS AND THEIR WORK

animated particle to feed in safety, no matter how
violent the jerking of the leaf from side to side.

Another simple, but highly useful, example of
the spinning power is exhibited by leaf-rolling
caterpillars (Tortrix) and the elongated caterpillars
known as Geometers from their peculiar manner
of progression, in which they appear to be care-
fully measuring the distance traversed. Some
caterpillars of these two families, when the bough
upon which they are feeding is rudely jerked, at
once loose their hold and simultaneously spin a
single thread by which’they hang suspended in
mid-air until the supposed danger has passed, when
they ascend the thread and regain their former
station.

These same leaf-rollers depend largely upon their
power of spinning threads for the skill with which
they accomplish the neat leafy tube which is at once
a house and a dining-table. If we walk, in May
or June, through an oak wood, we shall see a number
of these caterpillars hanging by silken threads
which are only made visible to our sight by their
reflecting the sun’s rays. Tracing one of these
gleaming threads upward, we shall see that it
depends from the open end of an oak leaf that has
been rolled into a tube, and if we wait a few minutes
we shall see the wriggling larva after climbing up
by its thread disappear into the green tunnel.
Plucking a rolled leaf, we find that the coils are
held in position by a great number of threads which
stretch like tent-ropes from the curved to the
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flat portions of the leaf. By pressing upon these
threads with the weight of its small body, the
caterpillar gives a further turn to the coil, and
prevents its springing back by attaching a short
new thread at an angle between the old thread
and the leaf. Other threads are attached farther
up the coil and farther out on the leaf, and these
are shortened and tightened in a similar manner,
until the little Green Tortrix larva has rolled up
sufficient of the leaf for its purpose.

If the young leaf has so far hardened that the
midrib has too much spring in it, the caterpillar
overcomes this tendency by reducing its thickness
and its resistance with its jaws. In this tube the
caterpillar lives, feeding upon the inner folds of its
house, and when it has attained to its full develop-
ment, as a larva, spins a slight cocoon and changes
into the chrysalis condition, from which a little
later it emerges as the beautiful little moth with
pale green wings known as the Oak Tortrix (Tortrix
viridana). This is the insect that in some years
almost entirely defoliates our oaks before mid-
summer, though apparently without inflicting any
serious damage to the tree, which is soon well
clothed again.

Similar rolled leaves may be found upon many
trees, the work of other species of Tortrix, which
pursue their industry upon similar lines by the
use of the simple silken thread. In some cases,
however, the same end is attained in a more
simple manner—the edges of the leaf being spun
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together before they expand, so that the result
is a flat bag. Everybody who has grown rose-
trees is familiar with examples of this use of the
silk thread; another common species treats the
apple-leaf in similar fashion, and in other cases
several leaves are spun together with the same
object in view—the hiding of the destructive
caterpillar until it has developed into a moth.

A most remarkable example of an insect that
cannot make silk using another that can for its
ends is afforded by an Asiatic ant (Ecophylia
smaragdina). 'This ant haunts the foliage of trees,
and is desirous of having shelters among the leaves;
but as it is not a spinning ant (there are such), it
has brought what looks like intelligence to its aid,
and got its desires satisfied partly by proxy. Ant-
larve have the power of spinning silk which is
necessary for the construction of the cocoons in
which they pass the chrysalis stage of their life-
history. A party of ants hold together the edges
of leaves which they have decided are to form the
shelter, and whilst they are so held other ants
come up from the nest, each with an ant-larva in
its mouth. The desire of its adult relations is by
some means conveyed to it, and it produces a
sufficiency of fluid silk to connect the edges of the
leaves together.

Several Indian species of ants (Polyrbachis) build
their nests on the upper side of leaves, or between
two leaves. These consist of a single cell, and
those that are fully exposed on the surface of the
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leaf are covered with fragments of leaves and
other vegetable matter to make it less obtrusive.
But the point to which we desire to call attention
is that the ant lines these nests with silk of its
own manufacture, and of a texture similar to spiders’
web.

The chief spinners, however, are the caterpillars
of the butterflies and moths, especially of the
moths. As a rule the spinning of butterfly cater-
pillars is restricted to the fabrication of a silken pad,
into which the terminal hooks of the chrysalis
become attached, and of a girdle around what we
may term the waist of the chrysalis. There are
exceptions, as we shall show. The fluid silk is
produced by two large glands, one on each side of
the body, whose ducts unite and are continued
externally as the spinneret, which is a point on the
middle line of the lip, differently developed in the
various families and species. The glands are of
simple structure, and vary in size according to the
amount of silk-production required by the species.
In some of the moth-caterpillars that elaborate
thick cocoons their length and weight are con-
siderable : the Silkworm, for instance, possesscs a
pair of silk-glands (sericteria) each measuring five
times the full length of the body.

This length is exceeded in some other species. In
the full-grown Silkworm their weight equals two-
fifths of the insect’s total weight. This is not sur-
prising when one considers the great length of thread
that is produced in the weaving of the cocoon.
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The average length of silk wound off from a single
cocoon is 1,526 feet; but there is a difference
between the produce from a cocoon containing a
female chrysalis and one containing a male sufficient
to enable the silk-farmers to sort out the sexes by
the weight of the cocoons. In agreement with this
result it is found that a Silkworm that is to develop
into a female moth has larger silk-glands than one
that is to become a male moth.

The history of the domestication of the Silk-
worm, like that of the Honey-bee, extends so far
back that its beginning$ are hidden in the mists
of antiquity. Silk is known to have been in general
use among the Chinese at a period compared with
which the introduction of the inscct to Europe
may be spoken of as recent. Silk tissue reached
Europe from Asia long before anything certain
was known here as to its origin, “ some supposing
it to be the entrails of a spider-like insect with
eight legs, which was fed for four years upon a
kind of paste, and then with the leaves of the green
willow, until it burst with fat; others that it was
the produce of a worm which built clay nests and
collected wax; Aristotle, with more truth, that
it was unwound from the pupa of a large horned
caterpillar.

“ Nor was the mode of producing and manu-
facturing this precious material known to Europe
until long after the Christian era, being first
learnt about the year 550, by two monks, who
procured in India the eggs of the Silkworm moth,
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with which, concealing them in hollow canes,
they hastened to Constantinople, where they
speedily multiplied, and were subsequently intro-
duced into Italy, of which country silk was long a
peculiar and staple commodity. It was not culti-
vated in France until the time of Henry IV, who,
considering that mulberries grew in his kingdom
as well as in Italy, resolved, in opposition to the
opinion of Sully, to attempt introducing it, and
fully succeeded ” (Kirby and Spence).

There are several silk-producing moths of larger
size of which great hopes in a commercial sense
have been held, but, with the exception of certain
Indian species which supply the Tussore silk and
Eri or Arindy silk, the results have been somewhat
disappointing. These big silkworms belong to a
family different from that which includes the
Silkworm. They are more closely related to our
own Emperor Moth (Saturnia carpini), whose
beautiful green-and-pink caterpillar spins an ela-
borate cocoon that has long been famous among
insect structures. The upper part of this cocoon
is so contrived by the untaught caterpillar that its
exit when it becomes a moth will be easy, whilst
entry on the part of any intruder will be the reverse.
At this upper part the cocoon is not closed, but
tapers to a point formed by straight silken hairs con-
verging. These may be pushed against from outside
without yielding, but very slight pressure from
within will serve to separate them and reveal the
opening. At a little distance inside this structure



10 INSECT ARTIZANS AND THEIR WORK

is repeated, so that the chrysalis reposes behind
two puzzle-doors which oppose no obstruction to
the moth.

In a North American species of Silkworm (Platy-
samia cecropia) this type of cocoon is improved
upon. There are in fact two cocoons, one inside
the other, with a packing of loosely spun threads
between the two walls, which keeps the inner cocoon
in place, and must protect the contained chrysalis
from great changes of temperature. But this
arrangement, though admirable for the chrysalis
and the moth, is not dppreciated by those who
would convert its filaments into woven tissues.
The open upper end of the cocoon makes it a
difficult matter to unwind the silk, and so it does
not appear to have a high commercial value, though
it is said to have been successfully woven into
stockings. As the cocoon is threc inches or more
in length and nearly an inch and a half broad, one
would expect that the extra quantity of silk would
make up for this defect. In California, however,
a smaller species of the same family is reared for
the sake of its silk much as the Silkworm of the
Old World is.

The Cecropia Moth, as may be supposed from
the dimensions of its cocoon, is a large insect. When
the moth spreads its beautifully ornamented wings,
the distance between the tips of the forewings is
about six inches; and the caterpillar that spins
the big cocoon is four inches long and nearly an
inch in thickness. It is gloriously coloured with a



PLATE 2

COCOONS OF A SILK-MOTIH. " Page 10

Three cocoons of the Cecropia-moth, the lowest example cut open to show structure

and chrysalis, 1t will be seen that there are really two cocoons of firm texture

with an intermediote packing of looser silk. The provision for casy cxit of the
wmoth is also evideut.

Photo by Author.
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SPINNERS AND WEAVERS 11

beautiful green shaded with blue, and from each of
the rings or segments of its body there stand out
five stout fleshy spines of red, blue, and yellow,
some of them knobbed, and the knobs supporting
sharp black bristles.

There are several other large moths, both in
America and India, that produce large silk cocoons
of varying texture. In that of the Cecropia Moth
the outer portion is so closely woven and the
interstices filled in with liquid silk that it is as
tough and firm as vellum; the inner cocoon is of
similar consistence, though thinner. An Indian
species is described as having the cocoon of leather-
like consistence, and Colonel Sykes says it is cut
into strips by the Mahrattas and used as thongs
to bind the barrel and stock of their guns together.
Some of the insects that have to make their way
through such resisting cocoons when they reach
maturity are helped by the chrysalis having a sharp
spine in front of the head, with which the more
solid envelope may be pierced. In others the
emerging moth discharges an alkaline fluid which
dissolves the silk at the top of the cocoon and
allows the insect to break through.

Our native Puss Moth (Dicranura vinula) resorts
to this method of getting free from the strong box
in which the remarkable caterpillar immured itself.
To make this cocoon the Puss caterpillar gnaws a
depression or enlarges a crevice in the bark of a
tree, and builds over itself a skeleton dome of silken
net. All over the surface of this net it attaches the
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fragments of rasped bark and cements the whole
with a plentiful supply of liquid silk which sets
very hard. If one of these caterpillars is put into
a glass vessel, so that there is nothing it can gnaw
for this purpose, the resulting cocoon will be
transparent and glass-like.

A section cut from one of these cocoons is not
to be distinguished—even with the aid of a pocket
lens—from actual bark. It may therefore be ques-
tioned whether it should be included among
spinners and weavers ; but the first stage at least is
pure spinning, and the Tinished article shows how
the product of the silk-glands may be utilized to
elaborate a structure wholly different from the
ordinary web-cocoon. Thehead end of the cocoon
is said to be made of thinner material than the
rest, the object being to offer less resistance to the
emergence of the moth.

But this is not invariably the case. At the time
of writing these lines we have opened a Puss cocoon
from which no moth had emerged, and found the
upper end of the cocoon actually much thicker
than the other parts. The moth had succeeded in
throwing off the chrysalis skin, but had evidently
been unprovided with the dissolvent fluid, for there
was no sign of its action on the glazed lining of the
cell. So the insect had perished. To the same
end the front part of the chrysalis skin has a low
sharp ridge with which it cracks the cocoon, and
this part of the skin remains attached to the moth’s
head until after emergence. The reason for this



SPINNERS AND WEAVERS 13

appears in the secretion by the moth of a strongly
alkaline fluid which softens the cracked cocoon
sufficiently to enable the insect to push through ;
but a fluid sufficiently strong to so act on this hard
material would probably injure the moth if its
head were not protected by this cap. Several of
the near relations of the Puss Moth make similar,
though smaller, cocoons on bark, but others descend
to earth, and these caterpillars spin only a flimsy
cocoon, sufficient to hold the surrounding earth
particles together.

One of the caterpillars of the Puss Moth group—
the Dragon (Hybocampa milhauseri)—constructs a
cocoon of the solid silk kind, and to effect the exit
of the moth the chrysalis is provided with a
hard head-spine. 'The cocoon is made to fit the
chrysalis closely, so that when the time comes for
the emergence of the moth the chrysalis is able to
rotate the fore-part of its body, and the spine thus
travels over the same part of the cocoon until it
has cut out sufficient space to allow of the moth’s
exit. The process—which has been fully described
by Dr. T. A. Chapman—is helped by the pouring
out of a softening fluid guided to the right place
by the same spine.

The caterpillars of the Oak Egger family spin
firm, close-textured cocoons of an oval shape,
mostly attached to twigs or leaves, and with the
hairs from the spinner’s body interwoven with the
silk. These cocoons are in some cases given the
appearance of egg-shell by the caterpillar ejecting
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on the silk a fluid containing oxalate of lime, which
hardens and gives the chalky appearance. The
caterpillars of the Tussock Moth family, which
includes the Gold-tail, the Gipsy, and the Vapourer,
also mix hairs with the silk, but the cocoons are less
substantial than those of the Eggers; and in the
Tiger Moths they are still more flimsy, the chrysalis
in some cases being plainly visible through them.

The butterfly-like moth Castnia eudesmia, of
Chili, comes from a caterpillar that is still more
sparing in its use of silk. Though its cocoon is
five inches long, it is composed mainly of twigs,
leaves, and other vegetable matter merely bound
together with silken threads. In this respect it
comes close to our Goat Moth (Trypanus cornus),
whose huge and strong-smelling caterpillar, after
several years spent in the interior of trees, wanders
out and constructs a cocoon which is largely made
of rotten wood fragments held together by silk.

The two little moths known as the Festoon
(Limacodes testudo) and the Triangle (Heterogena
asella) issue from roundish cocoons attached to
leaves and twigs of oak, that look more like vegetable
galls than silken structures. The coccon is fur-
nished with a distinct hinged lid which opens on
the pressure of the emerging moth. The related
American species, Lagoa opercularis, constructs a
similar cocoon.

In the familiar Burnet Moths (Zygena) the silk
is so closely woven and varnished with liquid silk
that the long spindle-shaped cocoons are parch-
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Page 50

SOME SCARABS.

veloped into efficient digging organs, whilst the head
1y manure for the nutriment of their grubs.

legs are dev

is often broad and flat to serve as a shovel. They bu:

Beetles of this type are miners in the earth, and their

Photos by Author.
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menty, and crackle when touched. The chrysalis
contrives to force its way half out of the upper
end just prior to the emergence of the moth.

Although the butterflies as a class are contented
with a pad of silk for the chrysalis to hook its tail
in, and a silken girdle round its middle, there
are a few whose caterpillars spin cocoons. Such is
the case with the Grayling Butterfly (Satyrus
semele), although it must be confessed that the silk
is reduced to the minimum—just sufficient to hold
the earth particles together. The caterpillars, too,
of the Skipper Butterflies spin a slight cocoon, as
a rule drawing together a few of the leaves of the
plant upon which they feed.

The caterpillars of some moths as soon as they
leave the egg combine to weave an extensive sheet
of silk around the twigs of their food-plant, enclosing
a considerable number of leaves upon which they
can feed in safety. A very familiar example of this
class of spinner is the little grey moth Hypono-
meuta padella, which often strips hawthorn hedges
completely of their leaves, and the twigs are bare
save for the caterpillars’ extensive sheets of webbing.
It is remarkable that, throughout their larval
existence, the caterpillars hatched from one batch
of eggs will keep together under the protection of
their own common tent. An allied species, Hypono-
meuta cagnagella, makes havoc of the spindle-tree,
and of the garden Euonymus, under similar pro-
tective webs.

Other species construct these webs for their
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protection during their infancy only; later the
caterpillars disperse, and each continues to lead a
separate existence thereafter. Of this group is the
caterpillar of the Lackey Moth (Malacosoma neus-
tria), which, however, keeps up the communal
habit until it is of considerable size. They issue
from the tent to feed upon the surrounding leaves.
Often when the sun is shining they may be seen
clustered on the exterior of the tent as though
enjoying a sun-bath. When about to change
their skins they usually seek the retirement afforded
by the tent. These structures do not present
the finished appearance of the cocoon and do not
suggest the skilled worker as that does. In fact,
they are generally passed by as being of the same
character as the dusty sheets spread across obscure
corners by the big house spider.

The young caterpillars of several of our butter-
flies construct similar tents for common protection.
Thus the larvae of the Marsh Fritillary (Melitea
aurinia) soon after they escape from the eggs in
July spin together the leaves of devil's-bit scabious,
connecting them by sheets of gauzy webbing, and
under the tent so formed they feed in company.
When all the leaves in this tent have been robbed
of their nutritive parts, the company abandons this
dwelling and moves off to another plant, which
they surround with a larger structure than the
first. Towards the end of summer they leave this
in turn and retire to the lower parts of the plant,
where they construct another web, become sluggish,
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and pass the autumn and winter in an inactive
condition; but as soon as vegetation becomes
active in spring these caterpillars throw off their
sluggishness and leave their winter shelter. Each
now goes his own way and lives independently of
his fellows. The caterpillars of the Glanville
Fritillary (Melitea cinxia) adopt a modification of
this plan. They live in company, and when about
a month old spin a common tent in which they
pass the winter, leaving it in spring, when they
separate somewhat.

The eggs of the Small "Tortoiseshell Butterfly
(Vanessa urtice) are laid in a batch of sixty or
more on a terminal leaf of stinging nettle, and as
soon as they are hatched the tiny caterpillars set
to work spinning a tent which includes a number
of leaves, and as these are eaten by them they
extend the bounds of their tent to include more
food. Here they remain in company until more
than half-grown, when they separate. 'The Peacock
Butterfly (¥ anessa i0) and the Camberwell Beauty
(Vanessa antiopa) follow a similar method in the
larval stage ; but the caterpillars of the Red Admiral
(Pyrameis atalanta) and the Painted Lady (Pyrameis
cardui), whose eggs are laid singly, naturally follow
a different course, though they are both spinners.
Each young caterpillar constructs a habitation for
itself, by connecting the edges of the leaf upon
which it was born with another leaf on the stem of
the plant—the Red Admiral on the nettle, the
Painted Lady on the thistle.

2
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Though we propose to deal with bees in a later
chapter, under the head of workers in wax, it should
be noted here in passing that the bee grub, or
larva, is a spinner. ‘The worker bees provide it
with a cell of wax and with its food, but before
becoming a chrysalis the larva constructs a cocoon
by lining its cell with fine silk.
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MINERS

Tue mining industry is very strongly represented
among the insect races. Its exponents practise
many diverse forms of the art, some crude, others
highly specialized. Some insects are miners from
their birth, others take up the craft only when they
have reached maturity, and do so then not as a
means of subsistence for themselves, but solely for
the purpose of providing for a progeny that they
will never see. One of the most astonishing things
to an observant entomologist is the sight of the
little bees of the genus Andrena busy sinking their
vertical mine-shafts into a path that has been
beaten down to make it uniformly firm and level,
and trodden by feet innumerable. Try with your
fingers or your pocket-knife to excavate such a
hole yourself, with all a man’s strength, and you
will acknowledge that your best efforts only make a
very sorry job of it. The little bee has only her
slender legs and her jaws to help her in this work,
but she loosens the little stones and the hard com-
pacted soil, and gets it out bit by bit, and in a
remarkably short space of time has sunk her mine
to a depth of four inches or more.

21
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Well might Kirby and Spence exclaim: ‘No

circumstance connected with the storge of insects
is more striking than the herculean and incessant
labour which it leads them cheerfully to undergo.
Some of these exertions are so disproportionate to
the size of the insect, that nothing short of ocular
conviction could attribute them to such an agent.
A wild bee or a Sphex, for instance, will dig a hole
in a hard bank of earth some inches deep and five
or six times its own size, and labour unremittingly
at this arduous undertaking for several days, scarcely
allowing itself a moment for eating or repose. It
will then occupy as much time in searching for a
store of food; and no sooner is this task finished,
than it will set about repeating the process, and
before it dies will have completed five or six
similar cells or even more. If you would estimate
this industry at its proper value, you should
reflect what kind of exertion it would require in a
man to dig in a few days, out of hard clay or sand,
with no other tools than his nails and teeth, five or
six caverns twenty fect deep and four or five wide
—for such an undertaking would not be compara-
tively greater than that of the insects in question.”

If we carefully dig around one of these mine-
shafts—no easy matter, for any tools we use appear
to be too clumsy for the purpose—we shall find that
they end in a round or oval chamber at the side
of the shaft. In this, if the miner’s work is finished,
there is a compact ball of pollen, on which is an

egg or a newly hatched grub. The pollen is just
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that amount of food necessary for the grub until it
attains to that stage of development when it is fit
to enter upon the fasting pupal period in which
will be formed the wings and other organs of the
perfect bee.

The species of Andrena are much like small
Honey Bees, but they are solitary in their habits,
and have short tongues. They form a large genus
—about fifty species are found in the British Islands
—but their habits are very similar. They are very
noticeable in spring, for it is then that they set
about their mining operdtions; when they are
busy collecting pollen from the early flowers they
are more likely to be set down as Honey Bees and
therefore too ordinary to be particularly noticed.
The mines in the different species vary from five
to ten inches deep. “The little black bees of the
small genus Panurgus agree generally in their habits
with Andrena.

The Hairy-legged Miner (Dasypoda hbirtipes), a
near relation of the Andrenas, has had its industrial
operations chronicled at length by Hermann Miiller,
who says the excavating work is performed by the
bee’s jaws. It sinks a perpendicular shaft like
Andrena, only much longer—in this case extending
to a length of a foot, or even two feet. Itshairy
body and limbs are useful adjuncts, for after loosen-
ing the soil with its jaws it carries the particles out
of the burrow by walking backwards and so sweeping
them out at the entrance. Before going back for
another spell of digging it distributes the expelled
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material over a comparatively wide area, so as not
to be incommoded by it being too near the pit
mouth at this stage. This is effected very rapidly,
but methodically, by means of its fore and hind
legs, whilst the movements of the bee, as a whole,
depend upon the middle pair of limbs. The front
pair of legs in one second make four distinct move-
ments backwards, throwing the soil under the body
where it can be reached by the hind legs, which are
stretched outward in a manner that sweeps the
earth to each side. Then the bee returns to the
hole, digs out more earth, hoists it out, and distri-
butes it as before.

Miiller found that each excavating operation took
a minute or two, but the distribution of the soil
was effected in fifteen seconds. As the shaft gets
deeper, so a corresponding increase of the time is
required for getting up the débris; and when at
length the full depth has been reached there are
the brood-chambers to be excavated. These number
from three to six, and the first made is at the
bottom of the shaft. The provisioning of this cell
with pollen is completed before the second one
is dug out. For this work Dasypoda is well organized.
Her hind legs are densely coated with long hairs,
and able to hold a great quantity of pollen. It
has been ascertained that a normal load of pollen
is equal to half the bee’s own weight, and six of
such loads are required to properly provision one cell.
With a little honey to bind it, this pollen is kneaded
into a ball. Then a further load of pollen is
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gathered, mixed with honey and spread as an outer
layer over the mass, which now has three feet,
fashioned apparently to prevent its rolling and
injuring the bee-grub.

Dasypoda now lays an egg on the top of it, and
leaves it whilst she excavates her second chamber.
With the material resulting from this work she
closes up the entrance to the first chamber, and
so saves the labour of carrying it up to the top.
In like manner she excavates and provisions the
other chambers, laying an egg in each. The pollen-
mass is in each case over a‘'hundred times the bulk
of the egg, and is just sufficient to satisfy the food
cravings of the grub that is to issue from the egg
a few days later. The outer layer of the food-
ball, with its extra proportion of honey, is evidently
more suited for the first digestive efforts of the
infant grub, for it eats evenly all round before
attacking the less sweetened pollen of the central
mass. All the waste due to the vital processes is
retained by the grub until all the food is consumed,
and then it is voided en bloc. By this arrangement
there is no danger of the unconsumed food being
polluted, as must otherwise happen. The larva
having finished eating, casts its skin, and lies quiescent
until the following year, when it becomes a chrysalis
and finally a bee.

Another group of these short-tongued solitary
bees is the genus Halictus, whose numerous species
are all small, some indeed being the smallest of
all bees. Some of these may be seen on emerging
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from the underground cells where they have lain
dormant through the winter. There is this differ-
ence in the habits of Halictus and Andrena, that
certain work is done by Halictus in common. A
number of females unite in excavating the shaft,
and then each one builds her own set of cells
unaided. Instead of each cell being a separate
chamber opening out of the shaft at different
levels, the cells of one worker form a mass in a
common vault—an enlargement of one part of
the shaft which, however, is continued far below
the level of the vaults.” The object of this down-
ward extension is probably the better drainage of
the vault. The entrance shaft is only wide enough
for one bee to pass in or out at one time, but as
several workers are engaged, this would lead to
much loss of time and confusion if special provision
were not made. This takes the form of an enlarge-
ment of the width not far from the entrance, and
allows two bees going in opposite directions to pass
each other. Some species make branch corridors
from which the vaults of each worker open. The
cells are oval and lined within by a coat of liquid
silk or varnish. The winged bees emerge from
these cells in September; but the males are all
killed by the autumn frosts, whilst the females
continue to live underground through the winter,
emerging from their mine-shafts in spring and
setting to work at once to enlarge the colony or
to start new ones. Their mining operations are
pursued at night, especially in moonlight.
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Bees of the genus Colletes dig burrows often
eight or ten inches deep. Although solitary bees
in the sense that each sinks her own shaft and
provisions only her own cells, yet they are gregarious,
large numbers of them mining into one small area.
Sometimes it is a clay-bank, a vertical face of
weathered sandstone, or the mortar between the
masonry of an old wall. The shafts are filled with
a succession of cells in line—from two to eight—
each provisioned with a paste of pollen kneaded up
with honey. The cells themselves are formed by a
secretion from the bee’s mouth, which dries and
hardens into a film much like gold-beater’s skin.
Three or four layers of this delicate substance can
be separated with care from each cell—more from
the ends. When the last cell is completed the
shaft is closed with grains of sand or earth. Panur-
gus, of which we have two species, sinks vertical
shafts, each containing six cells.

Eucera longicornis, whose male is notable for the
length of its antennaz—as long as its body—fre-
quents loamy and sandy soils, and sinks a shaft
six or eight inches deep. At its termination it
hollows out an oval cell, and apparently treats the
walls with its saliva to prevent the absorption of
the mixture of pollen and honey that is stored for
the grub. Like Colletes it is gregarious in some
localities, though not in all. Three of our species
of Anthophora likewise mine in the ground, but the
other is a carpenter and mines into wood. The
former from the main shaft of their mine construct



28 INSECT ARTIZANS AND THEIR WORK

several elliptical cells and line these with saliva
which dries into a delicate membrane. The cell
is then stored with pollen and honey, an egg laid,
and the cell is sealed up.

One of our species of leaf-cutting bees (Megachile
argentata) mines in the earth, unlike its near rela-
tions, but as it forms its cells of leaf-cuttings we
have included it under the heading Upholsterers,
with the other members of the genus.

Some of the solitary wasps share this habit of
mining in order to make provision for their young.
In these it is not a mals of pollen that is provided
for the food of the future grub. Wasp-grubs
require animal matter for their aliment, so the
wasp has to hunt for caterpillars or spiders with
which to stock the larder. Certain species restrict
themselves entirely to spiders, others to grass-
hoppers, others again to caterpillars of a particular
family of moths. The catching of caterpillars is
a simple matter to a wasp, for its prey has no means
of protecting itself; the grasshopper’s activity
and leaping powers give it a sporting chance; but
the spider has to be approached warily, for its
poison-fangs might put it upon equal terms with the
wasp, were it not for the wings of the latter, which
give it considerable advantage in manceuvring.
However, the wasp has a due sense of the respect
to be paid to those poison-fangs, the additional pair
of legs, and the possibility of having strong cords
wound round one; she, therefore, resorts to strategy
when hunting spiders.
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One of these spider-hunters is Calicurgus, but
although it belongs to the group of burrowing
Hymenoptera it mostly seeks for a ready-made hole
in which to deposit its prey and its eggs. 'The
Spider-wasp (Pompilus) is a true miner, but it
reverses the order of operations followed by the
solitary bees we have mentioned. Instead of first
sinking a shaft and forming cells, and then seeking
for provisions for the future grub, Pompilus first
captures its spider and then excavates a hole in
which to accommodate it. It is probable that this
plan may frequently lead to the nest being ready
first, owing to the first secured prey being carried
off by another wasp whilst the mining operations
are in progress.

Fabre gives a detailed account of some experiments
he made in order to test Pompilus’ sense of locality,
and to ascertain how she would behave under certain
conditions. A Pompilus that he had watched catch
and sting a spider to render it helpless left her prey
on a tuft of vegetation whilst she proceeded to
make a burrow. She does not wait until the burrow
is finished before looking for the spider, but leaves
off work at intervals in order to visit the spider,
to touch it and so assure herself that it is ber spider,
and that it is quite safe. In this case, as soon
as the wasp had set to work on her mining operations,
Fabre removed the spider to a distance of about
eighteen inches. When Pompilus had worked for
a spell she left off and flew straight to the spot
where she had left her treasure, and exhibited grave
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concern at its absence. She carefully walked over
the surrounding ground as though to make sure that
her memory was not at fault, then, satisfying herself
that it was not there, she extended her survey and
at length found her spider. But her actions showed
that she was greatly astonished at the change of
position, and she appeared to be unable to account
for it. It was incomprehensible that she could
have left a spider in that position; but seizing
one of its legs she removed it to a tuft of vegetation,
and resumed her digging. Fabre again removed it,
and when the wasp next rested from her digging she
flew straight to the place where she had last left
it, and, failing to find it, quartered the immediate
surroundings as she had done in the first place.
Five times the naturalist removed the spider,
and every time Pompilus went through the same
performance, seeking her treasure where she had
last laid it, showing that her sense of locality was
perfect. Had she been guided by scent she would
probably have gone to one of the places where the
spider had previously lain, but this she never did.
Nor could sight have played anything more than a
subordinate part in the discovery, for Fabre found
that, though the spider was only a couple of inches
from the wasp in some of her searches, she passed
without seeing it. When, however, her sense of
locality had brought her to the exact spot where
she had left her prey, it was clear that the sense
of vision came into play, for when Fabre placed
the spider in a slight depression of the ground
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and covered it with a leaf, the wasp could not
find it.

Kirby and Spence have left us an account of the
doings of a Pompilus which one of them saw hauling
a spider to its shaft. “The attitude in which it
carried its prey, namely, with its feet constantly
upwards ; its singular mode of walking, which
was backwards, except for a foot or two when it
went forwards, moving by jerks and making a sort
of pause every few steps ; and the astonishing agility
with which, notwithstanding its heavy burden, it
glided over or between the grass, weeds, and other
numerous impediments in the rough path along
which it passed—together formed a spectacle
which we contemplated with admiration. The
distance which we thus observed it to traverse was
not less than twenty-seven feet; and great part
of its journey had probably been performed before
we saw it. Once or twice, when we first noticed
it, it laid down the spider, and making a small
circuit, returned and took it up again. But for
the ensuing twenty or twenty-five feet it never
stopped, but proceeded in a direct line to its
burrow with the utmost speed. When opposite
the hole, which was in a sand-bank by the wayside, it
made a sharp turn, as evidently aware of being in
the neighbourhood of its abode, but when advanced
a little farther laid down its burthen and went to
reconnoitre. At first it climbed up the bank, but
as if discovering that this was not the direction,
soon returned, and after another survey, perceiving
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the hole, took up the spider and dragged it in after
it.”

All the species of Pompilus are not to be reckoned
among miners, for some of them look about for a
hole that has been mined by some other insect.
They are all spider-hunters, and some of them
secure their prey before they have prepared a
nest. They take the precaution to sting their
spider and then hang the helpless body in the forking
of some plant until they have excavated their
mine, which they do with such speed that the fine
earth flies out of the hole like a fountain, so rapid
are the movements of their limbs in digging. The
Peckhams tried several experiments of substituting
healthy spiders for those that had been stung,
whilst Pompilus was digging her nest; but the
attempt never succeeded—the wasp always knew
that some trick had been played upon her, and
always refused to be a party to the exchange. Even
when a spider that had been stolen by them from
one Pompilus was dropped near the mouth of
another Pompilus’ nest, her interest in it extended
only as far as a tactile examination. She refused to
accept it, though this would probably have saved
her from a tedious hunt for a fresh specimen.

The mining of one of these—Pompilus quinqueno-
tatus—has been described by these observers: “ She
was working away as furiously as though she had
studied the poets and knew her carpe diem by heart.
Faster and faster went the slender little legs ;
higher and higher rose the jet of dust above her.
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Then suddenly there was a pause. The burrower
had met with some obstacle. A moment more
and she came backing out of the hole, her feet
slipping on its crumbling edges. In her mandibles
she carried a pebble, which was taken to a distance
of four or five inches. Then, moving quickly, she
swept away the dust that had accumulated near
the mouth of the nest, re-entered the hole, and
resumed the labour of excavation. We thought
that the rate at which she worked was too violent
to be kept up very long; and sure enough, before
ten minutes had passed, th'e nest was deep enough
for her purposes. . . . The wasp came out, circled
round the spot three or four times, and then flew
off like a hurricane. Never have we seen a creature
so fiery, tempestuous, cyclonic. Before we knew
her proper title we took to calling her the tornado
wasp, and by that name we shall always think of her.”

She was back in a minute with her spider, dug
out a little more earth, then seizing her victim by
one leg, she dragged it backward into the nest.
¢ She remained hidden for about two minutes, then
reappeared, and, seeming to be in as great a hurry
as ever, filled the hole with dirt. To disguise the
spot and render it indistinguishable from the rest
of the field was her next care. Hither and thither
she rushed, now bringing little pellets of earth
and placing them above the nest, now sweeping
away the loose dust which might suggest the
presence of the cache, and now tugging frantically
at a stone which she wanted to place over the

”
b
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hidden treasure, but which was too deeply embedded
in the earth to yield to her efforts. She did her
work faithfully, although with such eager haste
that all was completed at the end of twenty minutes
from the time we saw her first. So well was the
place hidden that it was only by careful orientation
that we could be certain of its exact locality.”

An allied insect, Sphex, has had its doings chron-
icled at length by Fabre. Sphex is a strenuous
worker, for during the four weeks or so to which
its activities as a winged insect are restricted it
sinks no fewer than ten deep perpendicular shafts
each with three or four separate chambers at the
bottom, stored with food and each furnished with
an egg. It selects a slight elevation of the soil, and
into this it bores a horizontal gallery two or three
inches in length. At the end of this gallery it sinks
the perpendicular shaft, also for a depth of about
three inches, and at the bottom the oval cells are
made side by side. These are so constructed that
the longer axes of the ovals are horizontal ; and the
first formed is provisioned and sealed up before the
second one is dug.

The provisions for each cell consist of three or
four field crickets, and these are carefully stung in
the three principal nerve centres of the body, which
has the effect of completely paralyzing the cricket
without killing it. It is carried by the Sphex
to the mouth of the burrow, where it is dropped
whilst the wasp goes in to ascertain that all
is right. Then. grasping the cricket by its antenne,
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the wasp, going backwards, draws its victim into
the cell. A cricket so treated will remain alive,
though utterly incapable of any movement, for three
or four weeks, a much longer period than it takes
the wasp-grub to consume it.

The cricket is laid on its back, and on one of the
crickets in each cell a Sphex egg is deposited between
the second and third pairs of legs. As soon as the
egg is hatched, the young grub attacks the cricket
at this point and burrows into its body, eating out
all the interior in a week, and leaving nothing but
the cricket’s skin. The other crickets are similarly
disposed of in turn, but, owing to the greater size
of the wasp-grub, the pace is accelerated, so that
in less than a fortnight from th