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INSECT ARCHITECTURE.

Cuarpter I,
INTRODUCTION.

IT can never be too strongly impressed upon a mind
anxious for the acquisition of knowledge, that the
commonest things by which we are surrounded are
deserving of minute and careful attention. The
most profound investigations of Philosophy are
necessarily connected with the ordinary circum-
stances of our being, and of the world in which
our every-day life is spent. With regard to our own
existence, the pulsation of the heart, the act of respi-
ration, the voluntary movement of our limbs, the
condition of sleep, are among the most ordinary
operations of our nature; and yet how long were the
wisest of men struggling with dark and bewildering
speculations before they could offer anything like a
satisfactory solution of these phenomena, and how
far are we still from an accurate and complete know-
ledge of them! The science of Meteorology, which
attempts to explain to us the philosophy of matters
constantly before our eyes, as dew, mist, and rain,
is dependent for its illustrations upon a know-
ledge of the most complicated facts, such as the
influence of heat and electricity upon the air; and
that knowledge is at present so imperfect, that even
these common occurrences of the weather, which
B
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men have been observing and remsoning upon for
ages, are by no means satisfactorily explained, or
reduced to the precision that every science should
aspire to. Yet, however difficult it may be entirely
lo comprehend the phenomena we daily witness,
every thing in natare is full of instruction. Thus
the humblest lower of the field, although, to one
whose curiosity has not been excited, and whose un-
derstanding has, therefore, remained uninformed, it
mey appeur worlhless and contemptible, is valuable
to the botanist, not only with regard to its place in
the arrangement of this portion of Llhe Creator's
works, but as it leads his mind forward to the con-
sideration of those beautiful provisions for the sup-
port of vegetable life, which it is the part of the phy-
siologist to study and to edmire.

This train of reasoning is peculiarty applicable 1o
the economy of insects. They constitute a very large
and interesting part of the animel kingdom. They are
everywhere about us. The spider weaves his curious
web in our houses; the caterpillar constructs his silken
cell in our pardens; the wasp that hovers over our
food has a mest not far removed from us, which she
has ussisted to build with the nicest art; the beetle
that crawls Beross our path is also an ingenious and
Iaborious mechanic, and has some curious instincts to
exhibit o those who will feel any interest in walching
his movements; and the moth that eats into our
clothes has something to plead for cur pity, for he
eame, like us, naked into the world, and he has de-
stroyed our garments, not in malice or wantonness,
but that he may clothe himsell' with the same wool
which we have stripped fram the sheep. Au obser-
vation of the habits of these littte creatures is full of
¥aluahle lessons, which the abundance of the examples
has no tendeney to diminish. The more such observa.
tions are multiptied, the more are we led lormard tothe
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freshest and the most delightful parts of knowledge ;
the more do we learn to estimate rightly the extraor
dinary provisions and most abundant resources of n
creative Providence ; and the better do we appreciate
our own relations with all the infinite varieties ot
Nature, and our dependence, in common with the
ephemeron that flutters its little hour in the summer
sun, upon that Being in whose scheme of exialence
the humblest as well ag the highest creature has its
destined purposea. ** If you speak of a stone,” saya
Bt. Basil, one of the Fathers of the Church, “if you -
speak of m fly, a gnat, or a bee, your conversation
will be a sort of demonstmation of His power whose
hand formed them; for the wisdom of the workman
is commonly perceived in that which is of little size,
He who has stretched out the heavens, and dug up
the bottom of the sen, is aiso He who has pierced a
pasmge through the sting of the hee for the ejection
of its poison.”

If it be granted that makiog discoveries is one of
the most satisfactory of iuman pleasures, then we may
without hesitation affirm, that the study of insects is
one of the most delightfnl branches of natural his-
tory, for it affords peculiar facilities for its pur-
suit, These facilities are found in the almost inex-
haustible variety which insects present to the enlomo-
logical observer. As a proof of the extraordinury
nnmber of insects within a limited field of ghservation,
Mr. Stephens informs us, that in the short space ot
forty duys, between the middle of June and the be-
ginning of August, he found, in the vicinity of Ripley,
specimens of above two thousand four hundred species
of insects, exelusive of caterpillars and grubs,—a
number amounting to nearty a fourth of the insecta
ascerlained to be indigenous. He further tells us,
that among these specimens, although the ground
had, in former seasonn, been frequently explored,

n2
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there were nbout one hundred species altogether new,
and not before in any collection which he had in-
spected, including several new genera; while many
insects reputed scarce werc in considerabie plenty®.
‘The localities of insects are, to o certain extent, con-
stantly chunging; and thus the study of them has,
in this circumstance, as well as in their manifold
abundance, 8 source of perpetual variety. Insects,
also, which are plentiful one year, frequently become
scarce, or disappear altogether, the next—a fact
strikingly illustrated by the uncommon sbundance,
in 1826 and 1827, of the seven-spot ludy-bird (Coc-
cinelle septempunctala), in the vicinily of London,
though during the two succeeding summers this
insect was comparalively scarce, while the small two-
spot lady-bird (Coccinelie bipunciala) was plen-
tiful.

There is, perhaps, no situation in which the lover
of nature and the observer of animal life may not
find opportunities for increasing his store of facts. It
is told of & state prisoner under & eruel and rigorous
despotism, that when he was excluded from ali com-
merce with mankind, and was shut out from books,
he took an interest and found consolation in the visits
of a spider; and therc is nu improbability in the
slory. ‘The operations of that persecuted creature
are among the most extraordinary exhibitions of
mechanical ingenuity ; and 2 daily watching of the
workings of its instinet would beget admiration in
= rightly constituted mind. 'T'he poor prisoner had
abundant leisure for the speculations in which the
spider's web wonld enchain his undersianding. We
have all of us, at one period or other of onr lives, been
struck with some singular evidence of contrivance in
the economy of insects, which we have seen with our

® Biephens’s [llustrations, vol. i., p. 72, note,
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own eyes. Want of leisure, and probably want of
knowledge, have preveoted us from following up the
curiosity which for a moment was excited. And yet
some such accident has made meno Waturalists, in the
highest meaning of the term. Bonnet, evidently
spenking of himself, says, “I knew a Naturalist,
who, when he was seventeen years of age, having
heard of the operations of the ant-lion, began by
doubting them. He had no rest till he had examined
into them ; and he verified them, he admired them,
he discovered new facts, and soon became the disciple
and the friend of the Pliny of France®” (Rénumur).
It is not the happy foriune of muny to be able Lo de-
vote themselves exclusively to the study of nature,
unqnestionably the most fascinating of human em-
ployments ; hut slmost every one may acquire suffi-
cient knowledge to be able to derive a high grati-
fication from beholding the more eommon operations.
of animul life. His muterials for contemplation are
slways before him. Some weeks ago we made an
excursion to West Wood, near Shooter's Hill, ex-
pressly for the purpose ot observing the insects we
might meet with in the wood ; but we had not got far
among the bushes, when heavy rain came on, We
immediately sought shelter among the boughs of
some thick underwued, composed of cak, birch, and
wspen; but we could not meet with a single insect,
not even a goat or o fly, sheltered under the leaves.
Upon Jooking more narrowly, however, into the
bushes which protected us, we soon found a variety
of interesting ohjects of study. The oak shounded
in galls, several of thewn quite new to us; while the
leaves of the hirch and the aspen exhibited the
curious gerpentine paths of the minute mining cater-
villars, When we hud exhuusted the narrew field of

* Contemplation de 1a Nature. part i, chap, 42,
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observation immediately around us, we found thet
we could considerably extend it, by breaking a few of
the taller branches near us, and then examining their
leaves at leisure. In this manner two hours glided
quickly and pleasantly away, by which time the rnin
had nearly ceased; and though we had heen dis-
appointed in cur wish to mmble through the wood,
we did not retun without adding a few interesting
facts o our previous knowledge of insect economy®.
It will appear then, from the preceding observations,
that cabinets and collections, though undoubtedly of
the highest use, are by no means indispensable, aa
the observer of nature may find inexheustible sub-
jects of study in every garden end in every hedge.
Nature has been profuse enough in affording us
materials for observation, when we are prepared to
look about us with that keenness of inquiry, which
curiosity, the first step in the pursuit of knowledge,
will unquestionably give. Nor shall we be dis-
appointed in the gratification which i3 thus within
our reasch. Were it no more indeed than a source
of agreeable amusement, the study of insecis comes
strongly recommended to the votice of the well-
educated. The pleasures of childhood are generally
supposed to be more exquisite, and to contain less
alloy, than those of riper years; and if so0, it must
be because then every thing appears new and dressed
in fresh beauties: while in manhood, and old age,
whatever has frequently recurred begins o wear the
tarnish of decay. The study of nature affords us a
succession of **ever new delights,” such as charmed
us in childhood, when every thing had the aitractions
of novelty and beeuty: #nd thus the mind of the
- naturalist may have its own fresh and vigerous

* The original observations in this velume which are marked
by the initials J. R,, are by J. Reanie, .M., A.LS,, Lee, Keol
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thoughts, even while the infirmities of age weigh
down the hody.

It has been objected to the study of ineects, as
well es w0 that of Natural History in pgeneral,
that it tends to withdraw the mind from subjects
of higher moment; that it cramps and narrows
the range of thought ; and that it destroys, or
at least weakens, the finer creations of the faumcy.
Now, we should allow this objection in its fullest
extent, and even be disposed to carry it furiher
than is usually done, if the collecting of specimens
only, or, as the French expressively call them, chips
{échantilions), be called a study. But the mere col-
lector is not, and cannot be, justly considered as a
naturalist; and, taking the term naturalist in its en-
larged senze, we can adduce some distinguished in-
stances in opposition to the objection. Rousseau, for
example, was passjonalely fond of the Linneean botany,
even to the driest minutim of its technicalities; and
yet it does not appesr Lo have cramped his mind, or
impoverished his imagination. If Rousseau, how-
ever, be objected Lo as an eccentric being, from
whose pursuits no fair inference can be drawn, we
give the illustrious example of Charles James Fox,
end may add the nemes of our distinguished poets,
Goldsmith, Thomson, Gray, and Durwin, who were
all enthusiastic naturalists. We wish particularly 1o
insis{ upon the example of (ray, because he was
very pariial 10 the sludy of insects. It may be new
lo many of vur readers, who are familiar with the
Elegy in a Country Cburch-yard, to be told that
ita author was at the pains to turn the characteris-
tics of the Linnman orders of insecta into Latin
hexameters, the manuseript of which is still preserved
‘in his interleaved copy of the * Sysiema Nature.”
Further, to use the somewhat exagmerated words
of Kirby and Spence, whose work ou Entomology
in one of the most instructive and pleasing books on
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the science, ** Aristotle among the Greeks, and Pliny
. the Elder ameng the Romans, may be denominated
the fathers of Natural History, as well as the preatest
philosophers of their day; yet both these made
insects a principal object of their attention : and in
more recent times, if we look abroad, what names
greater than those of Hedi, Malpighi, Vallisnieri,
Swammerdam, Leeuwenhoek, Réaumur, Linneus,
De Geer, Bonnet, and the Hubers? and at home,
what phitosophers have done more honour to their
oountry and to human nature than Ray, Willughby,
Lister, and Derham ? Yet &ll these made the study
of insects one of their most favourite pursuits *.”
And yet this study has been considered, by
those who have superficielly examined the subjeet,
as belonging to a small order of minds; and the
satire of Pope has heen indiscriminately applied
to all collectors, while, ju truth, it only touches
those who mistake the meuns of knowledge for
the end :—
“ 0% would the sons of men once think their eyes
And reasun given them but to atudy Flies!
See Nature in some partial, narrow shape,
And lel the Anthor of the whole escape ;
Learn but to trifle ; or, who most obzerve,
To wonder at their Maker, nol 10 serve .
Thus exciaims the Goddess of Duluess, sweeping
into her net all those who study nature in detail.
But if the matier were rightly appreciated, it would
be evident thet no part of the works of the Crealor
can be without the deepest interest to an inquining
mind ; and that a portion of creation, which exhibita
such extraordinary manifestations of design as is
shewn by insecis, must have attractions for the very
highest understanding.
An accurate knowledge of the properties of insecis

* [ntroduction to Emomology, vol, i,
+ Dunciad, book iv.
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fe of great importance to man, merely with relation to
his own comforl and security. The injuries which they
inflict upon us are extensive and complicated ; and the
remedies which we attempt, by the destruction of
those creatures, hoth insects, birds, and quadrupeds,
who keep the ravagers in check, are generally ag-
gravations of the evil, because they are directed by
an ignorance of the economy of nature. The little
knowledge which we have of the modes by which
insects may be impeded in their destruction of much
that is valuable to us, has prebably proceeded from
our contempt of their individuel insignificance. The
seeurity of properly has ceased to be endangered by
quadrupeds of prey, and yet our gardens are ravaged
by aphides and caterpillars. It is somewhat startling
to affirm that the condition of the humean race is
seriously injured by these peity annoyances; bnt it
is perfectly true that the art and industry of man have
not yet been able 1o overcone the collective force,
the individual perseversnee, and the complicaled
machinery of destrnction which insects employ. A
smaill ant, sccording to & most careful and philo-
suphicpl observer, opposes aimost invincible obstacles
to the progress of civilization in many parts of the
equinoctial zone. These animals devour paper and
parcbment ; they destroy every book and manu
script.  Many provinces of Spanish America can-
not, in consequence, shew a written docnment of a
hundred years’ existence. ** What development,” he
adds, ** can the civilization of a people assume, if
there be nothing to connect the present with the
past— if the depositories of human kuowledge must
be constantly renewed—if the monumenis of genins
and wisdom cannot be transmitted to posterity *#"
Apwin, there are beetles which deposit their larve

* Humboldt, Voyage, lib, vii, ch. 20,
B3
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in trees, in such formidable numbers, that whole
forests perish, beyond the power of remedy. The
pines of the Hartz have thus been desiroyed to an
enormous extent; and in North America, at one
place in South Carolina, st least ninety trees in
every hundred, upon a tract of two thousand acres,
were swept away by a small, black, winged bug. And
yet, according to Wilson, the historian of American
birds, the people of the United States were in the habit
of destroying the red-headed woodpecker, the great
enemy of these insects, because he oceasionally spoilt
aoapple®. The same delightful wriler, and true natu-
relist, speaking of the labours of the ivory-billed wood-
pecker, says, ** would it be believed that the larve of
an insect, or fly, no larger than a grain of rice, should
silently, and in one season, destroy some thousand
acres of pine trees, many of them from two to three
feet in diameter, and a hundred and fifty feet high ?
In some places the whole woods, as far as you can
see around You, are dead, siripped of the bark, their
wintry-looking arms and bare trunks bleaching in
the sur, and tumbling in ruins bhefore every blast +.”
The subterraneous larva of a species of beetle (Zabrus
gibbus) has often caused a complete fajlure of the
seed-corn, us in the district of Halle in 1812}. The
corn-weevil, which extracts the flour from grsin,
leaving the husk behiod, will destroy the contents of
the largest siorehouses in a very short period. The
wire-worm and the turnip-fly are dreaded by every
farmer, The ravages of the locust are teo well known
not 1o be at once recollected, as an example of the
formidable coliective power of the insect race. The
white ants of tropical countries sweep uway whole
villuges, with as much certainty as a fire or an inun-
dation ; and ships even have been destroyed by these

® Amer. Oraith, i., p. 14d. ¢ lb, iii, p. 21, ¢ Blumenbach
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indefatigable republica. Qur own docks and em-
benkmenis have beeu threatened by ruch minute
ravagers,

The enormous injuries which insects cause to man
may thus be held as one reason for ceasing to consider
the study of them ms an insignificant pursuit ; for
& knowledge of their structure, their food, their
enemies, and their general habits, may lead, s it
often has led, to the means of gusrding against their
injuries, At the same time we derive from them
both direct and indirect benefits. The honey of the bee,
the dye of the cochinenl, and the web of the silk-worm,
the advantages of which are obvious, may well be
baluuced agminst the destructive propensities of in-
sects which are offensive to man. But a philosophi-
cal study of matural history will teach us, that the
direct benefita which insects confer upon us are even
less important than their general uses in maintaining
the economy of the world. The mischiefs which
result to us from the rapid incremse and the activity
of insects, are merely results of the very principle by
which they vonfer upon us numberless indirect ad-
vantages. Forests are swept away by minutle flies;
but the same agencies relieve us from that extreme
ebundance of vegetable matter, which would render
the earth uninhabitable, were this excess not periodi-
cally destroyed. In hot couatries, the great business
of removing corrupt animal matter, which the vulture
and the hyena imperfectly perform, is eflected with
certninty and speed by the myriads of insects thai
spring from the eggs deposited in every carchss, by
some fly seeking therein the means of life for her
progeny. Destruction and reproduction, the great
Inws of Nature, are carried on very greatly through
the instrumentality of insects ; and the same princi-
ple regulaies even the increase of particular species
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of insects themselves, When aphides are so abuy
dant that we know not liow to escape their ravages,
flocks of lady-birds instantly cover our fields and
gardens to destroy them. - Such considerations aa
these are thrown out 1o shew thut the sulject of
insects has a great philosophical importance--and
what porlion of the works of Nature hos not?
The habits of all God's creatures, whether they are
noxious, or harmless, or beneficial, are worthy
objects of our study. If they aflect ourselves, in
our hezlth or our possessions, whether for good or
for evil, au additional impulse is naturally given to
our desire to attain a knowledge of their properties.
Such studies form ane of the most interesting oecu-
patiens which can engage a rational and inquisitive
mind; and, perhaps, none of the employments of
human life are more dignified than the investigation
and survey of the workings and the ways of Nature
in the minulest of her produetions.

The exercise of that habit of observation which
can alone make & naturalis—* an out-of-door natu-
ralist,” ag Daines Bartington called himself—is well
caleulated 10 strengthen even the most practical aud
merely uselul powers ot the mind. One of the most
valuable mental acquirements is the power of diseri-
minating among things which differ in many minute

" points, but whose general similarity of appenrance
usually deceives the common observer into a belief of
their identity. Entomology, in this point of view, is
a study peculiarly adapted for youth. According to
our experience, it is exceedingly difficult for persous
atrived at manhood to acquire this power of discri-
mination ; but in early life, a little care on the part of
the pareut ur teacher will render it comparatively easy.
In this study the knowledge of things should go
a'ong with that of wards. *° If names perish,” saya
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Linneeus, *“the knowledge of things perishes also ;"
and without names, how can any one communicate
to unother the knowledge he has acquired relative to
any particular fact, either of physiology, habit, utility,
or locality? On the other hand, mere catalogue
learning is as much to be rejected as the loose
generalizations of the despisers of classification and
nomenclature, To neme a plant, or an insect, or 8
bird, or a quadruped rightly, is one step towards an
accurale knowledge of it; bntit is not the knowledge
itself. 1Iiis the means, and not the end, in natnral
history, as in every other science,

If the bins of opening curiosily be properly di-
rected, there is not auy branch of natural history so
fasciuating to youth es the study of insects. It is,
indeed, 8 common practice in many families, to
teach children, from the earliest infancy, to treat the
greater number of insects as if they were venomous
and dangerous, and, of course, meriting to be de-
stroyed, or, at least, avoided with borror. Associa-
tions are by this means linked with the very ap-
pearance of insects, which become gradually more
inveterate with advancing years; provided, as most
frequently happens, the same system be persisted in,
of avoiding or destroying almost every insect which
is unlucky encugh to attract observation, How much
rational amusement and innocent pleasure is thus
thoughtlessly lost ; and how many disagreeable feel-
ings are thus created, in the most absurd manner!
* In order to shew,” says a writer in the Magazine
of Natural History, * that the study, or (if the word
be disliked) the observation of insects is peculiarly
fascinating to children, even in their eerly infancy,
we may refer to what we have seen in the family of a
friend, who is partial {o this, as well as to all the

* Nomina si pereant, perit et cognitio rerum.
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depariments of natural history. Our friend's children,
a boy and s girl, were taught, from the moment they
could distinguish insects, to treat them as objects of
interest and curiosity, and not to be afraid even of
those which wore the most repulsive appearance.
The little girl, for example, when just beginning to
walk alone, encouniered one day a large staphylinus
(Goérins olens ? STEPHENS; vulgo, the devil’s coach-
horse), which she fearlessly seized, and did not quit
her hald, though theinsect grasped one of her fingers
in his tormideble jaws. 'The mother, who was by,
knew enough of the insect 1o be rather alarmed for
the consequences, though she prudently concealed
her feelings from the child. She did well ; for the
insect was wot strong enough to break the skin, snd
the child taok mo potice of its altempts to bite her
finger. A whole series of disagreeable associations
with this formidable-looking tamily of insects was
thus averted, st the very moment when a different
mode of acting on the part of the mother would have
produced the contrary effect. For more than two
years after this occurrence, the hitde girl and her
brother assisted in adding numervus specirsens Lo
their father's collection, without the parents ever
having had cause, from any accident, Lo repent of
their employing themselves in this manner. The
seque] of the little girl's history strikingly illustrates
the position for which we contend. The child hap-
pened Lo be sent to a relative in the country, where
she was not fong in having carefuily instilled into
ber mind sll the usual antipathies against *every-
thing that creepeth on the eacth ;7 and though she
afterwards returned to her paternal howme, no persun-
sion nor remonstrance could ever sgain persuade her
10 touch a common beetle, much less a staphylinus,
with its tail turned up in a threatening sttitude, and its
formidable jaws ready exiended for attack or defence.”
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We do not wish that children should be encouraged
-0 expose themselves to danger, in their encounters
wilth insects. They should be taught w avoid those
few which sre really noxious—to edmire ali—to
injure noue.

The various beauty of insecls—their glitlering
colours, their graceful forms—supplies an inexhaus-
tible source of attraction. Even the most formidable
insects, both in appearance and reality,—the dragon-
fly, which is perfectly harmiess 1o man, and the waap,
whose sting every human being slmost inslinctively
shuns,—are splendid in their appearance, and are

inted with all the brilliancy ot natural hues, It
E.n been remarked, that the plumage of tropical
birds is mot superior in vivid celouring to what may
be obeerved in the greater number of butterflies and
moths ¥, “See!” exclaims Linngus, “the large,
elegant painted wings of the butterfly, four in num-
ber, covered with delicate feathery scales! With thene
it sustains itsell in the air a whole day, rivalling the
flight of birds and the briiliancy of the peacack.
Consider this insect through the wonderful progress
of its life,—how different is the fimt pericd of its
being fram the second, and both from the parent
insect! Its changes are an inexplicable emigma Lo
us : we see a green caterpillar, furnished with sizieen
feet, feeding upon the leauves of a plant; this is
changed into 8 chrysalis, smooth, of golden lustre,
hanging suspended to a fixed point, without feet, and
subsisting without food ; this insect again undenzoes
another transformation, acquirves wings, and six feet,
and becomes a gay butierfly, sporting in the air, and
living by suction upon the honey of planmts. What
has Nature produced more worthy of our admiration
tban such an nnimal coming upon the stage of the

» Miss Jerwyn's Butterfly Collector, p, 11
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world, end playing its part there under so many difs
ferent masks #”' The ancients were so struck with
the transfurmations of the butterfly, and its revival
from a seeming temporary death, as to have consi-
dered it an emblem of the soul, the Greelk word
Jxn signifying both the soul and a butterfly ; and
it is for this reason that we find the butterfly intro-
duced into their allegorical sculptures as an emblem
of immortality. [rifling, therefore, and perhaps con-
terpptible, as to the unthinking may seem the study
of a butterfly, yet when we consider the art and me-
thanism displayed in so minute & structure,—the
fluids circulating in vesseis so small as almost to
escape the sight—the beauty of- the wings and
covering—and the manner in which each part is
adapted for its peculiar functions,—we cannot but
be struck with wouder mud admimtion, and allow,
with Paley, that **the production of beauty was as
much in the Creator's mind in painting a butterfly
es in giving symmetry to the human form.”

A collectiun of inseets is 10 the true naturalist what
8 collectiou of medals is to the sccurale student of
history. The mere collectur, who looks only to the
shining wings of the ane. or the green rust of the
other, derives little knowledge from his pursuit. But
the cabinet of the entomologist becomes rich in the
most interesting subjects of contemplation, when
he regards it in the gennine spirit of scientifie
{nquiry. What, for instance, can be so delightful
as to examine the wonderful variety of structure in
this portion of the creation; and, above all, to trace
the beautiful gradations by which one species runs
into eoother. Their differences are so minute, thatan
unpractised eye would proclaim iheir ideatity; and
yet, whau the speciea are separated, snd nut very
distantly, they become visible even te the common
observer. It is in examinations such as Lthese that
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the naturalist finds a delight of the highest order.
While it is thus one of the legitimete objects of his
study to attend to minule differences of structure,
form, and colouring, heis not less interested in the in-
vestization of habits and economy ; and in this respect
the insect world is inexhaustibly tich. We find herein
examples of instinct to parallel those of all the larger
animals, whether they are solitary or social; and
innumerable others besides, altogether unlike those
manifested in the superior depariments of animated
nature. These instincts have various directions, and
are developed -in 2 more or less striking manner Lo
our senses, according to the force of the motive by
which they are governed. Some of their instincis
bave for their ohject the preservation of insects from
exterual aitack; some have reference to procuring
food, und involve many remarkable strategems ;
some direct their sacisl econvmy, and regulate the
condition under which they live together either in
monarchies or republics, their colonizations, and their
migrations. but the most powerful instinet which
belongs to insects hes regard to the preservation of
their species. We find, accordingly, that as the ne-
cessity for this preservation is of the utmost imporiance
in the ecanomy of nature, so for this especial object
many insects, whose nffspring, whether in the egg or
the larva state, are peculiarly exposed to danger,
are endued with an almost miraculous foresight, and
with an ingenuily, perseverance, and unconquerable
industry, tor the purpose of avoiding those dangers,
which are not to be paralleled even by the most singu-
iar eflorts of human contrivance. The same ingenuity
which is employed for protecting either eggs, or ca-
terpillars and grubs, or pupe and chrysalides, is also
exercised by many insecis for their own preservation
against the changes of temperature to which they are
exposed, or against their natural enemies. Many
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species employ those contrivances during the period
of their hybernation, or winter-sleep. For all thess
purposes some dig holes in the earth, and form them
into cells ; others build nests of extraneous substances,
such a9 bits of woed and leaves ; olliers rofl up leaves
into cases. which they close with the most curicus
art; others build a house of mud, and line it with
the cotlon of trees, or the petals of the most delicate -
flowers; olthem construct ceils, of secretions from
their own bodies; others form cocoens, in which
they undergo their transformation; and others dig
sublerraneous galleries, which, in complexity of ar-
rangement, in solidity, and in complete adaptation Lo
their purposen, vie with the cities of civilized man.
The contrivances by which insects effect these ob-
jects have been accurately observed and minutely de-
scribed, by patient and philosophicsl inquirers, who
knew that such employments of the instinet with
which each species is endowed by its Creator offered
the most valuable and instructive lessons, and opened
to them a wide field of the most delightful study,
The coustruction of their habitativns is certainly
among the most remarkable pecnliarities in the
economy of insects ; and it is of this subject that we
propose to treat under the general name, which is
sufficiently npplicable to our purpose, of Iwsgct
ARCHITEOTURE.
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In the descriptions which we shall give of Insect
Architecture, we shall employ as few technical words
as possible; and such as we cannot well avoid, we
shall explain in their places: but, since our object
chiefly relates to the reproduction of insects, it may
be useful to many readers to introduce here a brief
description of the changes which they undergo.

It was of old believed that insects were produced
spontaneously by putrefying substances ; and Virgil
gives the details of a process for creating a swarm
of bees out of the carcass of a bull: but Redi, a cele-
brated Italian naturalist, proved by rigid experiments
that they are always, in such cases, hatched from eggs
previously laid. Most insects, indeed, lay eggs, though
some few are viviparous, and some, like serpeuts,
propagate both ways. The eggs of insects are very
various in form, and seldom shaped like those of
birds. We have here figured those of several species,
as they appear under the microscope.

Eggs of Insects.—Magnified.
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When an insect first issues from the egg, itis called
by naturalists larva, and, popularly, a caterpillar, a
grub, or a maggot. The distinction. in popular lan-
guage, seems to be, that calerpillars are produced
from the eggs of moths or butterflies; grubs, from
the eggs of beetles, bees, wasps, &c.; and maggots
(which are without feet), from blow-flies, house-flies,
cheese-flies, &c., though this is not very rigidly ad-
hered to in common parlance. Maggots are also
sometimes called worms, as in the instance of the
meal-worm ; but the common earth-worm is not a
larva, nor is it by modern naturalists ranked among
insects.

Larvae are remarkably small at first, but grow
rapidly. The full-grown caterpillar of the goat-moth
(Cossus ligniperda) is thus seventy-two thousand
times heavier than when it issues from the egg; and

Larves, Grubs, Caterpillars, or Maggols.
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the maggot of the blow-fly is, in twenty-four hours,
one hundred and fifty-five times heavier than at its
birth. Some larvee have feet, others are without :
none have wings. They cannot propagate. They
feed voraciously on coarse substances; and as they
increase in size, which they do very rapidly, they cast
their skins three or four times. In defending them-
selves from injury, and in preparing for their change
by the construction of secure abodes, they manifest
great ingenuity and mechanical skill. The figures
on the preceding page, exemplify various forms of
insects in this stage of their existence.

When larvee are full grown, they cast their skins
for the last time, undergo a complete change of form,
and, with a few exceptions, cease to eat, and remain
nearly motionless. When an insect, after this change,
does not lose its legs, or continues to eat and move,
it is popularly called a Nympl; and when the inner
skin of the larva is converted into a membranous or
leathery covering, which wraps the insect closely up
like a mummy, it is termed Pupa, from its resem-

L}

Puper, vr Chrysalides,

blance to an infant in swaddling bands. ‘Frnm the
pupe: of many of the butterflies appearing gilt as if
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with gold, the Greeks called them Chrysalides, and
the Romans Aurelie, and hence naturalists frequently
call a pupa, chrysalis, even when it is not gilt. We
shall see, as we proceed, the curious contrivances re-
sorted to for protecting insects in this helpless state.

After a certain time, the insect which has re-
mained in its pupa-case, like a mass of jelly without
shape, is gradually preparing for its final change,
when it takes the form of a perfect insect. This
state was called by Linneus, Imago, because the
insect, having thrown off its mask, becomes a per-
fect image of its species. Of some, this last por-
tion of their existence is very short, others live

Insects in the Imngo or perfect state.
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through a year, and some exist for longer periods.
They feed lightly, and never increase in size, 'The
chiel object of all is to perpetuate their species, after
which the greater number quickly die. Itisin this
state that they exercise those remarkable instinets for
the preservation of their race, which are exhibited in
their preparations for the sheller of their eggs, and
the nourishment of their farvee. The foregoing are
examples of insects in the émago, or perfect slate,
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STRUCTURES FOR PROTECTING EQUS.—MASON-WARP
MABCN-BEES ; MINING-BEES.

THe provisions which are made by the different
species of insects for protecting their eges, appear in
many cases to be admirably proportioned to the kind
_ of danger and destruction to which they may be ex-
posed. The eggs themselves, indeed, are not so liable
to depredation rod injury as the young brood hatched
from them ; fov, like the seeds of plants, they are ce-
pable of withstanding greater degrees both of heat and
cold than the insects which produce them. Aeccording
o the experiments of Spallanzani, the eggs of frogs
that had been exposed to various degrees of artificial
heat, were acarcely altered in their productive powers
by a temperature of 111°.of Fahrenheit, but they
became corrupted afler 133°.  He tried the same ex-
periment upon ladpoles and frogs, and found they
all died at 111°, Silk-worms died at a temperature
of 108°, while their eges did not entirely cease to be
fertile till 144° The larvez of flesh-flies perished,
while the eggs of the same species continued fertile,
at sbout the same comparative degrees of heal as in
the preceding instances, Tulense cold hes a still less
effect upon eggs than extreme heat.  Spallanzani ex-
posed the eggs of silk-worms to an artificial cold 23°
below zero, and yet, in the subsequent spring, they
all produced caterpillars. Insects almost invariably
die at the temperature of 14°, that is at 18° below the
freezing point®. The care of iuseets for the pre-

* Bee Spallanzani’s Tracls, by Nalyell, vol. i,
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teclion of their eggs is not entirely directed to their
preservation in the most fuvourable temperature for
being hatched, but to secure them agaiust the nume-
rous enemies which would attempt their destruction,
and, above all, to protect the grubs, when they are
first developed, from those injuries to which they are
peculiarly exposed. Their prospective contrivances
for accomplishing these objects ure in the highest
degree corious.

Most persons have more or less acquaintance
with the hives of the social species of bees and
wasps: but iittle is generally known of the nests
construcled by the solitary species, though in many
respects these are not inferior {e the others in dis-
plays of ingenuity and skill. We admire the social
bees, labouring together for one commou end, in the
same way thal we look with delight upon the great
division of labour in a well-ordered manufactery.
As in a cottoo-mill, some attend te the carding of
the raw material, some to its formation into single
threads, some to the gathering these threads upon
gpindles, others to the uoicn of many threads into
one,~—all labouring with invariable precision because
they attend to » single ohject;—so do we view with
delight and wonder the successive stepa by which
the hive-bees bring their beautiful work to its com-
pletiou,—striving, by individoal efforts, to aceomplish
their general task, never impeding each other by use-
less mssistance, each taking a particular depariment,
and each knowing its own duties. We may, how-
ever, not the less admire the solitary wasp or bee,
who begins and finishes every part of its destined
work ; just as we admire the ingenious mechanic
who perfects something usefui or ernamental entirely
by the labour of his own hands,—whether he be the
patient Chinese carver, who cuts the most elaborately
decorated boxes out of a solid piece of ivory, or the

€
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turner of Kurope, who produces every veriety of
elegant-form by the skilful application of the simplest
meuTrs. )

...Otir isfand abounds with many varieties of solitary
swusps and bees; and their nesls may therefore be
~Euily discovered by those who, in the proper seasons,
Are desimus of observing the peculiaritics of their
arefiitdcture.

MasoN-Wasrs,

In September, 1828, B common species of solitary
mason-wasp (Odynerus, LATR) was observed by us*

Ddymerns.—Natural size,

on the east wall of a house at Lee, in Kent, very busy
in excavaling a hole in one of the bricks, about five
feet from the ground Whether there might not
have been an mccidental hole in the brick. before
the wasp commenced her labours, is unknown, es
ghe had mede considerable progress in the work
when first observed; but the brick was one of the
hardest of the yellow sort made in this neighbourhood.
The most remarkable circumstence in the process of
hewing into the brick, waa the care of the insect in
removing to a distance the fregments which from
time to time she succeeded in detaching. It did not
appear to suit her design lo wear down the brick,
particle by particle, aa the furniture-beetle (Anobium
pertinaz) does, in making its pin-hole guileries in
old wood. Qur wasp-architect, on the contrary, by
meens of her strong {ranchani-loothed jaws, severed

*JLR
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Mandibles—Jaws of Mason-Wasp —Greatly magoified.

a piece usually about the bigness of a mustard-seed.
It might have been supposed that these fragments
would have been tossed out of the hole as the
work proceeded, without further concern; as the
mole tosses above ground the earth which has been
cleared out of its subterranean gallery, The wasp
was of a different opinion ; for it was possible that
a heap of brick chips, at the bottom of the wall,
might lead to the discovery of her nest by some of
her enemies, particularly by one or other of the
numerous tribe of what are called ichneumon-flies.
This name is given to them, from the similarity of
their habit of destroying eggs to that of the little
animal which proves so formidable an enemy to the
multiplication of the crocodile of Egypt. They may
be also denominated cuckoo-flies, because, like that
bird, they thrust their egg into the nest of another
species. These flies are continually prowling about
and prying into every corner, to find, by stealth, a
nidus for their eggs. It might have been some such
consideration as this which induced the wasp to carry
off the fragments as they were successively detached,
‘That concealment was the motive, indeed, was proved;
for one of the fragments which fell out of the hole by
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accident, she immediately sought for at the botlom of
the wall, and carried off like the rest. It was no easy
matter to get out one of the fragments, as may readily
be conceived, when the size of the insect is compared
with that of the entrance, of which this () is the
exact size, as taken from the impression of a bit of
dough upoen the hole when finished. Tt was only by
seizing the fragment with her jaws, and retreating
backwards, that the matter could be accomplished;
though, after the interior of the excavation was barely
large enough w admit of her turning round, she more
than once attempted to make her exit head-foremost,
but always unsuccessfully. The weight of the frag-
ments removed did not appear to impede her flight,
and she generally returned to her task in about two
or three minutes

Within two days the excavation was completed;
but it required two other days to line it with a coating
of clay, to deposit the eggs, two in uurber, and, no
doubt, to imprison a few live apidera or caterpillars,
for the young when hatched,—a process which was
first observed by Ray and Willughly™®, but which
has since been frequently ascertained. In the present
instance, this peculiarity was not seen; but the little
architect was detected in closing up the entrance,
which was formed of o layer of c¢lay more than
double the thickness of the interior lining. In No-
vember following, we hewed away the brick around
this nest, snd found the whole escavation waa rather
Jess than an inch in depth,

Notwithstanding all the precautions of the careful
parent te conceal her nest, it was found out by ane of
the cuckoo-flies (Taching larvarum §}—prohably a
common apecies very similar to the house-fly, but

* Ray, Hist. Insect, 254,
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Cuchoo-Fly—(Tachina larvarem?)—Nataral size.

rather larger, which deposited an egg there; and the
grub hatched from it, after devouring one of the wasp-
grubs, formed itself a cocoon (@), as did the other

Mason-Fasp's Nest and Cocoons.—About one-third the natnral size.

undevoured grub of the wasp (b). Both awaited
the return of summer to change into winged insects,
burst their cerements, and proceed as their parents
did.

Mason-Wasp—( Odynerss muraries.)—Nataral sise,

Another mason-wasp (Odynerus murarius, LATR.),
differing little in appearance from the former, may
often be seen frequenting sandy banks exposed to
the sun, and eonstructing its singular burrows.

c3
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The sort of sand-bank which it selects is hard and
compact ; and though this may be more difficult to
penetrate, the walls are not liable to fall down upon
the little miner. In such a bunk, the mason-wasp
bores a tubular gallery iwo or three inches deep.
'The sand vpon which Résumur found some of these
wasps at work was almost as hard as stone, and
yielded with difficulty to his nail ; but the wasps dug
inte it with ease, huving recourse, as he ascertained,
to the ingenions device of moistening it by letting
full two or three drops of fluid from their mouth,
which rendered the mass ductile, and the separation
of the grains easy to the double pickuxe of the little
pioneers.

When this wasp has delached a few grains of the
mwistened sand, it kneads them together into a
pellet about the size of one of the seeds of a goose-
berry, With the first pellet which it detaches, it
lays the foundation of m round tower, as am out-
work, immedialely over the mouth of its nest
Every pellet which it afterwards carries off from
the interior is added to the wall of this outer round
tower, which advances in height es the hole in the
sand increases in depth, KEvery two or three minutes,
however, during these operativns, it takes a short
excursion, for the purpose, probably, ol replenishing
its store of fluid wherewith to moisten the sand.
Yet so little time is lost, that Réautnur has seen a
mason-wasp dig in &n hour r hole the length of its
body, and at the satne time build as much of its
round tower. For the greater part of its height this
round tower is perpendicular ; butl towards the sum-
mit it bends into a curve, corresponding to the bend
of the insect’s body, which, in ail cases of insect
archilecture, is the model followed. The pellets
which form the walls of the tower are not very
nicely joined, and numerous vaculties are left be-
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Neits, §e. o?' Mason-Harps~Ahout half the natural size—
@ The tower of the nest. b entrance after the tower is re-
moved. ¢ The cell. d The rell, with a roll of caterplllars pre-
pared for the larva.

tween them, giving it the appearance of fillagree

work. That it should be thus slightly built is not

surprising, for it is intended as a temporary structure
for protecting the insect while it is excavating its
hole ; and as a pile of materials, well arranged and
ready at hand, for the completion of the interior
building,—in the same way that workmen make a
regular pile of bricks near the spot where they are
going to build, This seems, in fact, to be the main
design of the tower, which is taken down as expedi-
tiously as it had been reared. Réaumur thinks, that
by piling in the sand which has previously been dug
out, the wasp intends to guard its progeny for a time
from being exposed to the too violent heat of the
sun ; and he has even sometimes seen that there were
not sufficient materials in the tower, in which case
the wasp had recourse to the rubbish she had thrown
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out afler the tower was completed. By mising a
tower of the materials which she excavates, the wasp
produces the same shelter from external heal, as a
human creature would who chose to inhabit a deep
cellar of a high house. She further protects her
progeny from the jchneumon-fly, as the engineer con-
structs an outwork to reoder more difficult the ap-
proach of an ememy to the citadel. Réaumor has
seen this indefutigahle enemy of the wasp peep into
the mouth of the tower, and then refreat, apparently
frightened at the depth of the cell which he was
anxious to invade,

The mason-wasp does not furnish the cell she has
thus consiructed with pollen™ and honey, like the
solitary bees, but with living caterpillars, and these
always of the same species,—being of a green colour,
and without feet. She fizes the caterpiliars Logether
in a spiral column: they canpot alter their position,
although they remain slive. They are an easy prey
Lo their smaller enemy ; and when the grub has eaten
them all up, it spins a case, aod is transformed into
8 nymph, which afierwards becomes a wasp. The
number of caterpillars which is thus found in the
lower cavity of the mason-wasp's nest is ordiparily
from ten to twelve. The mother is careful to lay in
the exact quantity of provision which is necessary to
the growth of the grub before he quits his retreat,
He works throngh his store till his increase in this
stute is perfected, and he is on the point of under-
going B change into another state, in which he te-
quires no food. The careful purveyor, croei indeed
in her choice of a supply, but not the less direcied
by an unerning instinet, selects such caterpillars as
shie is conscious have completed their growth, and
will remain {bus imprisoned without increase or cor-

* The prolific powder o {flowers,
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ruption till their destroyer has gradually satisfied the
necessities of his being. ** All that the worm of the
wasp,” says Rdaumur, * has to do in his nest, from
his birth to his trapsformation, is to eat.” There is
another species of wasp which does not at once en-
close in its mest all the sustenance which its larve
will require before transformation, but which, from
time to time, imprisons a living caterpillar, end when
that is consumed opens the nest and introduces
another*.

Mason-BeEs

It would not be easy to find a more mimple, and,
at the same lime, ingenious specimen of insect archi-
tecture, than the nests of those species of solitary
bees which have been justly called mason-bees
(Megachile, Latrernre.) Réaumur, who wasstruck
by the nnalogies between the proceedings of insecls
and human arts, first gave to bees, wasps, and cater
pillare those names which indicate the character
of their labours; and which, though they may be
considered a little fanciful, are at least calculated to
arrest the attention. The nests of mason-bees are
constructed of various muierials; some with sand,
some with earth mixed with cholk, and some with a
mixture of earthy substances and wood

On the north-east wall of Greenwich Park, facing
the road, and sbout four feet from the ground, we
discoveredt, Decemnber 10th, 1828, the nest of a
mason-hee, formed in the perpendicular line of
cement between iwo bricks Externally there was
an srregular cake of dry mud, precisely es if & hand-
ful of wet road-stufl’ had been teken from a cart-rut
and thrown egainst the wall; though, upon closer
imspection, the cake contained more small stones

* Bannot, Conwmplation, &c., 1. xii. ¢. 41. + LR
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Mason- Bee—( Anthophora retusa).—~Natural size,

than usually oceur in the mud of the adjacent cart-
ruts. We should, in fact, have passed it by without
notice, had there not been a circular hole o1 oue side
of it, indicating the perforation of some insect. This

Exterior wall of Masun-Bee's nest.

hole was found to be the orifice of a cell about an inch
deep, exactly of the form and size of a lady’s thimble,
finely polished, and of the colour of plaster of Paris,
but stained in various places with yellow.

This cell was empty ; but upon removing the cake
of mud, we discovered another cell, separated from
the former by a partition about a quarter of an inch
thick, and init a living bee, from which the preceding
figure was drawn, and which, as we supposed, had
just changed from the pupa into the winged state,
in consequence of the uncommon mildness of the
weather. The one which had occupied the adjacent cell
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had, no doubt, already dug its way out of its prison,

and would probably fall a victim to the first frost.
Our nest contained only two cells—perhaps from

there not being room between the bricks for more.

= N. - e»ll
Colls of a Mason-Bee (Anthuphora retusa).—One-third the natural size.

An interesting accountis given by Réaumur of ano-
ther mason-bee (Megachile muraria), selecting earthy
sand, grain by grain ; her gluing a mass of these toge-
ther with saliva, and building with them her cells from
the foundation. But the cells of the Greenwich Park
nest were apparently composed of the mortar of the
brick wall ; though the external covering seems to
have been constructed as Réaumur describes his
mest, with the occasional addition of small stones.

About the middle of May, 1829, we discovered the
mine from which all the various species of mason-bees
in the vicinity seemed to derive materials for their
nests*. It wasa baak of brown clay, facing the east,
and close by the margin of the river Ravensbourn, at
Lee, in Kent. The frequent resort of the bees to this
spot attracted the attention of some workmen, who,
deceived by their resemblance to wasps, pointed it
out as a wasp's nest; though they were not a little
surprised to see so numerous & colony at this early
scason. As the bees had dug a hole in the bank,

*JL.R.
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where they were incessantly entering and re-appear-
ing, we were of opinion” that they were a peculiar
sort of the social earth bees (Bombus). On ap-
proaching the spot, however, we remarked that the
bees were not alurmed, and manifested none of the
irritation usual in such cases, the conseguence of
jealous affection for their young. Thisled us lo ob-
serve their operations more minutely; and we soon
discovered that on issuing from the hole each bee
carried out in jts mandibles a piece of clay. Suill
supposing that they were social earth bees, we con-
cluded that they were busy excavating a hollow for
their nest, and carrying off the refuse to preveut dis-
covery. The mouth of the hole was overhung, and
partly concezled, by a large pebble. This we removed,
and widened the entrance of the hole, intending to dig
down and ascertain the state of the operations; but
we soon found that it'was of small depth. The bees,
being scared away, began scooping out cley from
another hole about a yard distant from the fmt
Upon our withdrawing a few feet from the first hole,
they returned ihitherin preference, and continued as-
siduously digging and removing the clay. Itbecame
obvious, therefore, from their thus changing place,
that they were not constrocting a nest, but merely
quarrying for clayas a building material. By caiching
one ot the bees (Osmia bicornis) when it was loaded
with its hurden, we ascertained that the clay was not
only carefully kneaded, but was also more moist than
vhe mass from which it had been taken. The bee,
therefore, in preparing the pellet, which was nearly
as Jarge 83 8 garden pea, had moistened it with ils
ealiva, or soine similar fluid, to render it, we may
suppose, mnre tenacious, and better fitted for build-
ing. The reason of their digging a hole, instead of
taking clay indiscriminately from the bank, appeared
e be for the purpose of economizing their saliva, sa
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the weather was dry, and the clay at the surface was
parched and hard. It must have been this circum.
stance which induced them to prefer digging a hole,
as it were, in concert, though each of them had to
huild a separate nest

The distance to which they carried the clay waa
probably considerable, ms there was no wall near, in
the direction they all flew towards, upon which they
could build; and in the same direction also, it is
worthy of remark, they could have procured much
nearer the very same sort of clay. Whatever
might be the cause of their preference, we could
not but admire their extraordinary industry. It
did not require more than half & minute to koead
one of the pellets of clay ; end from their frequent
returns, probably not more than five minutes io
carry it to the nest, and apply it, where wanted.
From the dryness of the weather, indeed, it was in~
dispensable for ihem {0 work rapidly, otherwise the
clay could not have been made o hold together.
The extent of the whole lebour of forming a single
nest may be imagined, if we estimate that it must
take several hundred pellets of clay for its completion..
If a bee work fourteen or fifteen hours a day, there-.
fore, carrying ten or twelve pellets to its nest every
hour, it will be shle to finish the structure in about:
two or three days ; allowing some hours of extra time-
for the more nice workmanship of the cells in which
the egys are to bo deposiled, and the young grubs.
reared,

That the coustruction of such & nest is mat a:
merely agreeable exercise W the mason-bee has been
sufficiently proved by M. Du Hamel. He has ob-.
served B bee (Megackhile murariz) less careful to
perform the necessary labour for the protection of
ber offspring than those we have described ; but, nat-
less desirous of obtaining this proiection, attempt to

D
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usurp the nest which another had formed. A fierce
battle was invariably the consaquence of this atlempt ;
for the true mistress would never give place (o the
intruder. The motive for the injustice and the re-
sistance was an indisposition to further labour. The
trial of strength was probably, sometimes, of as litile
use in eatablishing the right a8 it is amongst man-
kind; end the proper owner, exhausted by her
efforts, had doubtless often to surrender to the dis-
bonest usurper.

The account which Réaumur has given of the opera-
tions of this class of bees differs considerably from
that which we have here delailed ; from the species
being different, or from his bees not having been able
to procure moist clay. On the contrary, sand was
the chief material used by his mason-bees (Megachile
muraria}; which they had the patience to select from
the wulks of a garden, and knead into a peste or
mortar, adapled o their building, They had con-
sequently (o expend s much greater quantity of
saliva, than our bees {Osmix bicormis) which worked
with moist clay. Hdaumur, indeed, ascertained that
every individual grain of sand is meistened previous
to ita being joined (o the pellet, in order to make
it adhere more effectually. The tenacity of the
mass iz besides rendered stronger, he tella us, by
addipg & proportion of earth or garden mould. In
this manper, a ball of mortar is formed, about the
size of a amall shot, and carried off (o the nest. When.
the structure of this is examined, it has all the appear-.
ance externally of being composed of earth and amall
stones or gravel, The ancients, who were by no means
accurate naturalists, having observed bees carrying
pellets of earth and small stones, supposed that they
employed these to add to their weight, in order to
steady their flight when impeded by the wind.

The nests thus consiructed appear to have been
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more durable edifices than those which have fallen
under our ohservation;—for Réaumur says they
were harder than many sorts of stone, and could
scarcely be penetrated with a knife. Ours, pn the
contrary, do not seem harder than a piece of sun-
baked clay, and by no means so hard as brick. One
circumstance appeared inexplicable to Réaumur and
his friend Du Hemel, who studied the operations of
these insects in concert. After taking a porion of
sand from ore part of the garden-walk, the beea
usually took ancther portion from a spot aimoat twenty
and sometimes a hundred paces off, though the sand,
80 [ar as could be judged by close examination, was
precisely the same in the two places. We should be
disposed to refer this more to the restless charecter
of the insect, than to any difference in the sand.
We have observed s wasp paring the cutside of a
plank, for materials tw form its nest; and though the
plank wes as uniform in the.qualities of its surface,
nay, probably more so than the sand could be, the
wasp fidgeted about, nibbling & fibre from one, and
& fibre from another portion, till enough was procured
for one load. In the same way, the whole tribe of
wasps end bees fiit restlessly from flower to flower,
not uvnfrequently revisiling the same blossom, again
and again, within a few seconds. It appears to us,
indeed, 10 be far from improbable, that this very rest-
lessness and irritahbility may be one of the springs
of their unceasing industry.

By observing, with some care, the bees which we
found digging the clay, we discovered one of them
{QOmmia bicornis} at work upon a nest, about & gun-
ehot from the bank. The place it had chosen was
the inner wall of a coal-house, facing the south-west,
the brick-work of which was but roughly finished.
Ip an upright interstice of hall an inch in width, be-
tween (wo of the bricks, we found the little architect

o2
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assiduously building ils walls. 'The brickiayer’s
mortar had either partly falien out, or been removed
by the bee, who had commenced building at the
lower end, and did not build downwards, ms the
social-wasps construct their cells.

The very different behaviour of theinseet here, nnd
et the quarry, struck us as not a litile vemarkable.
When digging and preparing the clay, our spproach,
however” near, produced no alarm; the work went
on as if we had been at a distance; and though
we were standing close to the hole, this did not scare
away any of the bees upon their arrival to procure a
fresh load. But if we stood near the nest, or ever in
the way by which the bee few tq it, she turned back
or made & wide circuit immediately, as if afraid to
betray the site of her domicile. We even observed
ber turning back, when we were so distant that it
could not reasonably be supposed she was jealous of
us; bnt probably she had detected some prowling
insect-depredator, tracking her flight with designs
upon her provision for her future progeny. We
imagined we couid perceive not a little art in her
jealous caution, for she would alight on the tiles as
if to rest herself; and even when she hud entered the
coel-house, she did not go directly to her nest, but
apain tested on a shelf, and at other times pre-
tended to examine several crevices in the wall, at
some distance from the nest. But when there was
nothing to alarm her, she flew directly to the spet,
and began eagerly to add to the building.

It is in instances such as these, which exhibit the
aduptation of instinct lo circumstances, that onr
reason hinds the greatest difficulty in explaining the
goveruing principle of the minds of the irferior ani-
mals. The mason-bee mekes her mest by an inva-
riable rule; the model is in her miod, as it has been
in the wmind of her race from their first creation ; they
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have learnt nothing by experience. But the mode in
which they accomplish this task varies according to
the situations in which they are placed. They appear
to have a glimmering of reason, employed as an
accessary and instrument of their instinct.

- The structure, when finished, consisted of a wall of
clay supported by two contiguous bricks, enclosing
six chambers, within which a mass of pollen, rather
larger than a cherry-stone, was deposited, together
with an egg, from which in due time a grub was
hatched. Contrary to what has been recorded by pre-
ceding naturalists, with respect to other mason-bees,
we found the cells in this instance quite parallel and
perpendicular; but it may also be remarked, that the

il
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Cells at'umnA‘Beex, bnilt, in the first and second Tu. b
Osmia_bicornis between bricks, aad in the third, wn’;
muraria in the fluting of an old pilaster; about half the naiural
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bee itself was a species altogether different from the
one which we have described above as the Antho-
phora retusa, and agreed with the figure of the one
we caught quarrying the clay—(Osmia bicornis).
There was one circumstance attending the pro-
ceedings of this mason-bee which struck us not a
littde, though we could not explain it to our own
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satisfaction. Every time she lefL her nest for the pur. .
pose of procuring a fresh supply of materials, she

paid a vegular vigit to the blossoms of a lilac trea:
which grew near, Had these blossoms afforded a

aupply of pollen, with which she could have reple-

nished her cells, we could have easily understood her

design; but the pallen of the lilac is not suitable for

this purpose, and that she had never used it was

proved by all the pollen in the cells being yellow,

whereas that of the lilac is of the same pale, purple

colour as the flowers. Besides, she did not retum

immediately from the lilac tree to the building, but

always went for & load of clay. There seemed to us,

therefore, to be only two ways to explain the circum-

stance :-—she must either have applied to the Jilac

blossoms to obtain a refreshment of honey, or to pro~

cure glutinous materials to mix with the clay.

When employed upon the building itself, the bee
exhibited the restless disposition peculiar to most
hymenopterous® insects ; for she did not go on with
one particular portion of her wall, but ran about from
place to place every time she came to work, At first,
when we saw her ruoning from the bottom io the
top of her building, we naturally imagined that she
went up for some of the bricklayer's mortar to mix
with her own materials ; but upon minulely examiniog
the walls afterwards, no lime could be discovered in
their structure, similar (o that which was apparent in
the nest found in the wall of Greenwich Park.

Réaumur mentions auotber sort of mason-bee,
which selects a small cavity in a stone, in which she
forins her nest of gurden mould moistened with glu-
ten, and afterwards closes the hole with the same
materiaf.

* The filh order of Linnmns; ingects with four transparwnt
veined wings.
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Mason-Bee and Nest—From Réaumur.

MiniNGg-Bees.

A very small sort of bees (dndren®), many of
them not larger than a house-fly, dig in the ground
tubular galleries little wider than the diameter of
their own bodies. Samouelle says, that all of them
seem to prefer a southern aspect; but we have found
them in banks facing the east, and even the north.
Immediately above the spot where we have described
the mason-bees quarrying the clay, we observed
several holes, about the diameter of the stalk of a
tobacco-pipe, into which those little bees were seen
passing. The clay here was very hard; eand on
passing a straw into the hole as a director, and digging
down for six or eight inches, a very smooth circular
E:llery was found, terminating in a thimble-shaped

rizontal chamber, almost at right angles to the
entrance, and nearly twice as wide. In this chamber

©Coll of Mining-Bee { Andrena).—About hulf the natural size.
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there was a ball of bright yellow pollen, as round as
a garden pea, and rather larger, upon which a small
white grub was feeding ; and to which the mother
bee had been adding, as she had just entered a minule
before with her thighs loaded with pollen, That it
was not the male, the load of pollen determined ; for
the male has no apparatus for collecting or trans-
porting it. The whole labour of digging the nest
and providing food for the young is performed by
the female, The females of the solitary bees have
no assistance in their tasks. The males are idle ; and
the females are unprovided with labourers, such ea
the queens of the hive command.

- Rdaumur mentions that the bees of this sort, whose
operations he had observed, piled up at the entrance
of their galleries the earth which they had scooped
out {rom the interior, and when the grub was hatched,
and properly provided with food, the earth was again
employed to cloze up the passage, in order to prevent
the intrausion of ants, ichneumon flies, or other de-
predators, In those which we have cbserved, this
was not the case; but every species differs from
another in some litlle peculiarity, though they a.grm
ic the geaeral principles of their cperations.
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Cuarten III

CARPENTEN-BEES ; CARPENTER-WASPS , UPHOLSTRRER~
BEES.

CanpEnTER-BEES.

Awmonn the solitary bees are several British species
which come under that class called carpenter-bees by
M. Réaumur,-rom the circnmstance of their working
in wood, as the mason-bees awork in stone. ¥e have
frequently witnessed the operations of these inge-
pivus little workers, who are particularly partial to
posts, palings, and the wood-work of houses which has
become soft by beginning to decay. Wuood actually
decayed, or affected by dry-rot, they seem to reject
‘as nnfit for their purposes ; but they make no ohjec-
‘tions to ony hole previously drilled, provided it be
not oo large; and, like the mason-bees, they not
unfrequeuntly take possession of an old nest, a few
repairs bemng all that jn this cuse is necessary.

* When a new nest is to be constructed, the bee
proceeds to chisel sufficient space for it ont of the
wood with her jaws. We say Aer, because the task
‘in this instance, as in most olhers of solitary bees
and waeps, devolvea solely upon the female, the male
taking no concern in the affuir, and probably being
altogether irnorant that such a work is guing forward,
It is, at least, certain that the male is never seeo giv-
ing his assislance, and he seldom, if ever, approaches
<he neighbourhood. The female carpenter-bee hasa
tesk to perform no less arduous than the mason-bee ;
for though the wood may he tolerably soft, she can

]
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only cut outa very small portion ate time. The puc-
cessive portions which she gnaws off may be readily
escertained by an observer, aa she carries them away
from the place. In giving the history of & mason-
wasp (Odynerus), at psge 25, we remarked the
care with which she carried to a distance little frag-
ments of brick, which she detached in the progress of
excavation. We have recently watched a precisely
similar procedure in the instance of a carpenter-bee
forming u cell in & wooden post®, The only difference
was, that the bee did not fly so far away with her frag-
menls of wood es the wasp did; but she varied the
direction of her flight every time: and we could ob-
serve, that after dropping the chip of wood which she
had camied off, she did not return in a direct line to
her nest, but made a circuit of some extent before
wheeling round 1o go back.

On observing the proceedings of this carpenter-bee
next day, we found ber coming in with balls of pollen
on her thighs ; and on tracing her from the nest into
the adjacent garden, we saw her visiting every flower
which was likely to yield her a supply of pollen for
ber future progeny. This was not all: we subse-
qnently saw her taking the direction of the clay-
quarry [requented by the mason-bwees, as we have
mentioned in page 85, where we recognized her
Toading hersell with & pellet of clay, and carrying it
into her cell in the wooden post. We observed her
elternating this labour for several days, at one time
carrying clay, and at another pollen; till at length
she completed her task and closed the entrance with
a barricado of clay, to prevent ihe intrusion of any
ingectivorous depredator, who might make prey of
her young; or of some prying parasite, who might
introduce its own eggs into the nest she had teken
80 mkh trouble to construct.

+ 1 R
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Cells of C: Bees, excavated in anold post.—In fig. 4 tna
cells contain the young grubs ; in fig. ® the cells are empty. Both
figures are shewn in section, and about half the natural size,

Some days after it was finished, we cut into the
post, and exposed this nest to view. It consisted of
six cells of a somewhat square shape, the wood
forming the lateral walls ; and each was separated
from the one adjacent by a partition of clay, of the
thickness of a playing card. The wood was not
lined with any extraneous substance, but was worked
as smooth as if it had been chiselled by a joiner.
There were five cells, arranged in a very singular
manner—two being almost horizontal, two perpendi-
cular, and one oblique.

The depth to which the wood was excavated, in
this instance, was considerably less than what we
have observed in other species which dig perpendi-
cular galleries several inches deep in posts and gar
den-seats ; and they are inferior in ingenuity to the
carpentry of & bee described by Réaumur (Xylocopa
violacea), which has not been ascertained to be a
native of Britain, though a single indigenous species
of the genus has been doubtingly mentioned, and is
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figured, by Kirby, in his valuable *‘Monographia.” Tf
it ever be found here, its large size and beautiful
vinlet-coloured wings will render mistakes impos-
sible.

The violet carpenter-bee usually selects an up-
vight piece of wood, inta which she bores ohliquely
for nbout an inch ; and then, changing the direction,
works perpendiculurly, and parallel to the sides of
the wood, for twelve or fifteen inches, aod half an
inch in breadth. Sometimes the bee is contenled
with one or two of these excavations; at other times,
"when the wood is adapted to it, she scoops out three
or four—a task which sometimes requires several
weeks of incessant labour,

The tunnel in the wood, however, is ouly one part
of the work ; for the little architect has afterwards
to divide the whole into cells, somewhat less than an
inch in depth. It is necessary, for the proper growth
of her progeny, that each should be separated from
the other, and be provided with adequate food. She
knows, most exactly, the quantity of food which each
grub will require, during its growth; and she there-
fore does not hesitate to cut it off from any additional
supply. In construcling her cells, she does not employ
clay, like the bee which we have mentioned sbove,
but the sawdust, if we may call it so, which she has
collected in gnawing out the gallery. It would nnt,
therefore, have suited her design to scatter this about,
ms our carpenter-bee did. ‘The violet bee, on the
contrary, collects her gnawings into a little store-heap
for future use, at a shorl distance from her nest, She
proceeds thus :—At the bottom of her excavation she
depaosits an egg, and over it fills a space nearly an
inch high with the pollen of flowers, made into a paste
with honey. She then covers this over with a ceiling
composed of cemenled sawdust, which also serves
for the floor of the next chamber ebove it, For thiy
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A, represents a part of an espalier tunnelled in several
places by the vio urpmtn-hep:.the lfi?l?‘u split, and shews the
nests and passages by which they are approached. B, a portion
ot the prop, half the naturalwize.” C, a piece of thin stick, pierced

by the ca;genmhee. and split, to shew the nests. D, Perspee.
tive view of one of the partitions- E, cl"lle"'-'"h'ls:flm“
wivlacea). F, Teeth of the carpenter-bee, greatly maynified : @, the
upper side ; b, lower side.

purpose, she cements round a wall a ring of wood
chips, taken from her store-heap ; and within this ring
forms another, gradually contracting the diameter till
she has constructed a circular plate, about the thick-
vess of u crown-piece, and of considerable hardnesa

|

L00gle



50 INSECT ARCEHTECTURE,

This plate of course exhibits concentric circles, somes
whal gimilar to the annual circles in the cross section
ofa tree  In the same manner she proceeds till she
has completed ten or twelve cells ; and then she closes
the main entrance with 8 barrier of similar materials.

Let us compare the progress of this little joiner with
a human artisan—one who has been long practised in
his trade, and has the most perfect and complicated
togls for his assistance. The Lee has learst nnthing
by practice ; she mzkes hér nest but once in her life,
but it is then as complele and finished as if she had
made a thousand. She has no pattern before her—
but the Architect of all things has impressed a plan
upon her mind, which she can realize without scale
or compusses. Her two sharp teeth are the only
tools with which she is provided for her laborious
work ; and yet she bores a tunnel, twelve tiwnes the
length of her own body, with greater emse than the
workman who bores into the earth for water, with
his apparatus of augers adapted to every soii. Her
tunnel is clean and regular; she leaves no chips at
the hottom, fur she iz provident of her materials,
Further, she has an exquisite piece of joinery to per-
form, when her ruder labour is accomplished, The
patient bee works her rings from the circumference
to the centre, and she produces a shelf, united with
such enre with her natural glue, that B number of
fragments are as solid as one piece.

The violet carpentar-bee, as may be expected, cc-
cupies several weeks in these complicated labours;
and during that period she is gradually depositing
her eggs, each of which is successively to become
a grub, a pupa, and a perfect bee. It is obvious,
therefore, as she does not lay all her eggs in the
same place—aa each is separated from the other by
e laborious process—that the egg which is first laid
will be the earliest hatched ; and that the first perfect
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insect being older than its fellows in the same tun.
nel, will strive to make its escape socner, end so on
of the rest. The careful mother provides for this
contingency. She makes a lateral opening at the
bottom of the cells; for the teeth of the young beea
would not be strong encugh to pierce the outer wood,
though they can remove the cemented rings of saw-
dust in the interior. Raéaumur observed these holes,
in several cases; and he further noticed another ex-
ternal opening opposite to the middle cell, which he
supposed was formed, in the first instance, to shorten
the distence for the remnval of the fragments of wood
in the lower half of the building.

That bees of similar habits, if not the same spe-
cies ns the violet bee, are indigenous to this country,
is proved by Grew, who mentions, in his * Rerities
of Gresham Collepe,” having found a series of such
cells in the middle of the pith of an old elder branch,
in which they were placed lengthwise, one after an-
other, with a thin boundary between each. As he
does not, however, tell us that he was acquainted
with the insect which constructed these, it might
as probably be allied to the Ceratina albilabris, of
which Spinola has given so interesling en account
in the * Annales du Muséum d'Histoire Natureile’
(x. 236). 'This noble and learned naturalist tells
un, that one evening he perceived a female ceratina
alight on the branch of a bramble, partly withered,
and of which the extremity had been hroken; and,
after resting a moment, suddenly disappear, On
deteching the branch, he fourd that it was perfo-
raled, and that the inseet was in the very act of exca~
vating 8 nidus for her eggs, He forthwith gathered
a bundie of branches, both of the bramble and the
wild-rose, similarly perforated, and touk them home
to examine them st leisure. Upon inspeclion, he
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found that the nests were furnished, like those of the
same tribe, with balls of pollen kneaded with honey,
as a provision for the grubs.

The female ceratina selects a branch of the bramble
or wild-rose which has been accidentally broken, and
digs into the pith ounly, leaving the wood and bark
untouched. Her mandibles, indeed, 'are not adapted
for gnawing wood ; and, accordingly, he found in-
stances in which she could not finish a nest in
branches of the wild-rose, where the pith was not of
sufficient diameter.

The insect usually makes her perforation a foot in
depth, and divides this into eight, nine, or even
twelve cells, each about five lines long, and sepa-
mated by parlitions formed of the gnawings of the
pith, cemented by honey, or some similar glutinous
fuid, much in the eame manner with the rylocopa
viclacea, which we have already described.

CanPENTER-WasEs,

As there are mason-wasps similar in economy to
meson-bees, so are there solitary carpenter-wasps
which dig galleries in timber, and partition them out
into several cells by means of the gnawings of the
wood which they have detached. 'This sort of
‘wasp is of the genus Fumenes. The woud se-
lected ie generally such as is soft, or in a state of
decay; and the hole which is dug in it is much less
neat and regular than that of the carpenter-hees,
while the division of the chambers is nothing more
than the rubbish produced during the excavation.

The provisien which is made for the grub consists
of flies or gnats piled into the chamber, but without
the nice order remarkable in the spiral columns of
‘green  caterpillars provided by the mason-wasp
{Odynerus muranius). 'The most remarkable cir-
cumstance is, that in some of the species, when the
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A B rep tions of old len posts, with the cells of
the carpenter-wasp. [n fig. A the young gruhs are shewn feeding
on the inwects placed there for their support by the parent wasp.
The eells in fig. B contain cocoons. C? carpenter-wasp, natural
size. D, cocoon of & carpenter-wasp, composed of sawdust and
wings of insects.

grub is about to go into the pupa state, it spins a
case (a cocoon), into which it interweaves the wings
of the flies whose hodies it has previously devoured.
In other species, the gnawings of the wood are em-
ployed in a similar manner.

UprHoOLSTERER-BEES.

In another part of this volume we shall see how
certain caterpillars construct abodes for themselves,
by cutting off portions of the leaves or bark of
plants, and uniting them by means of silk into a
uniform and compact texture; but this scarcely ap-
pears so wonderful as the prospective labours of
some’ species of bees for the lodgment of their pro-
geny. We allude to the solitary bees, known by the
name of the leaf-cutting bees, but which may be de-
nominated more generally upholsterer-bees, as there
are some of them which use other materinls beside
leaves,
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One spacies of our little upholsierers has been
called the poppy-bee (Osnic papaveris, Lara.},
from its selecting the scarlet petals of the poppy as
tapestry for its cells, Kirby and Spence express
their doubts whether it is indigenous to this coun-
try: we are almost cerlain that we have seen the
nests in Scotland ®. At Largs, in Aymhire, a beau-
tiful sea-bathing village on the Firth of Ciyde, in
July, {814, we found in a foot-path 8 grest num-
ber of the cylindrical perforations of the poppy-bee.
Réaumur remarked that the cells of this bee which
he found at Bercy, were situated in & northern ex-
posure, contrary lo what he had remarked in the
mason-bee, which prefers the south. The cells at
Largs, however, were on an elevated hank, facing
the south, near 8ir Thomas Brisbane's observatory,
With respect to exposture, indeed, no certain rule
seems applicable; for the nests of mason-bees which
we found on the wall of Greenwich Pork faced the
norih-east, and we have often found carpeuter-bees
make choice of a similar sitnation. In one instance,
we lound carpenter-bees working indifferently on the
north-enst and south-west side of the same post.

As we did not perceive mny heaps of earth near
the holes at Largs, we concluded that it must either
have been carried off piecemeal when they were
dug, or that they were old holes re-occupied—(n
circumstance ¢common with bees), and that the rub-
bish had been trodden down by passengers. Réau-
mur, who so minutely describes the subsequent ope-
rations of the bee, says nothing respecting its exca.
vations, One of these holes is sbout three inches
deep, gradually widening as it descends, till it assumes
the form of a small Florence flask, The interior of
this is rendered smooth, uniform, and polished, in

* )R,
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order to adapl it to the tapestry with which it is in-
tended to be hung, and which is the next step in the
process,

The material used for tapestry by the insect uphol-
sterer is supplied by the petals ® of the scarlet field-
Ppoppy, from which she successively cuis off small
Pieces of an oval shape, seizes them between her legs,
and conveys them to the neat. She begins her work
ut the bottom, which she overlays with three or four
leaves in thickness, and the sides have never less than
two. When she finds that the piece she has brought
is too large to fit the place intended, she cuts off what
in superfluous, and carries away the shreds. By cut-
ting the fresh petal of a poppy with s pair of scissors,
we may perceive the difficulty of keeping the piece
free from wrinkles and shrivelling ; hut the bee knows
how to spread the pieces which she uses as emooth as

898,

e When she has in this manner hung the little cham-
ber alt round with this splendid scarlet tepestry, of
which she is not sparing, but extends it even be-
yond the entrance, she then fills it with the pollen
of flowers mixed with honey, to the height of about
half an inch. In this magatine of provisions for her
future progeny she lays an egg, and over it folds
down the tapesiry of poppy petals from above. The
upper pari is then filled in with earth; hut Latreille
says, he has observed more than one cell constructed
io a single excavation. This mey account for Réau-~
mur's describing them as sometimes seven inches
deep; & circumstance which Latreille, however, thinka
very surprising.

It will, perhapa, be impossible ever to ascertain
beyond & doubt, whether the tapesiry-bee is led to

* Peta) is the term employed by botanisis to denote the lasd
o divicion of tha coloured porion of a Aower,
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select the brilliant petals of the poppy from their eos
lour, or from any other quality they may possess,
of softness or of warmth, for instance. Réaumur
thinks that the largeness, united with the flexibility
of the poppy-leaves, determines her choice. Yet it
is not improbable that her eye may be gratified by
the appearance of her nest;—that she may possess
a feeling of the beautiful in colour, and meay look
with complacency upon the delicate hangings of the
spartrnent which she destines for her offspring,
Why should not en insect be supposed to have a
glimmering of the value of ornament? How can we
proncunce, from our limited notion of the mode in
which the inferior animals think and amet, that thejr
gratifications are wholly bounded by the positive
utility of the objects which surround them? Why
docs & dog howl at the sound of & bugle, but because
it offends his organs of hearing?—and why, there-
fore, may not a bee feel giadness in the brilliant hues
of her scarlet drapery, because they are grateful to
her organs of sight? All these little creatures work,
probably, with more neatness and finish than is
absoiutely essential for comfort; and this circum-
stance alone would imply that they have something
of tsste to exhibit, which produces to them s plea-
surable emotion.

The taupesiry-bee is, however, content with orna-
menting the interior only of the nest which she forms
for her progeny. She dees not misplece her embel-
lishments with the error of some human artists. She
desires security as well as elegance; and, therefore,
she leaves no external traces of her operations. Her’s
is not a mansion rich with columns and friezes with.
out, but cold and unfurnished within, like the deso-
late palaces of Venice, She covers her tapestry
quite round with the common eatrth; and leaves her
eggs enclosed in their poppy-case with m certainty
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that the outward show of her labours will attract no
plunderer.

The poppy-bee may be known by its being rather
mote than the third of an inch long, of & black colour,
-studded on the head and back mth reddish grey
hairs ; the belly being grey and silky, and the rings
watgined with grey above, the second and third
having an impressed transversal line,

A species of solitary bee (Anthidium smanicatum,
Fanarcius), by no means uncommon with us, forms
a nest of a peculiarly interesting structure. Kirby and
Spence say, that it does not excavate holes, but makes
choice of the cavities of old trees, key-holes, and
similer localities ; yet it is highly prebable, we think,
that it may sometimes scoop out a suitable cavity
when it cannot figd one; for its mandibles seem
equally eapable of this, with those of any of the car-
-penter or mason bees.

Be this as it may, the bee in question having
‘selected a place suitably sheltered from the weatlier,
-and from the intrusion of depredators, proceeds to
form her unest, the eaterior walis of which she forma
of the wool of pubescent plants, such as rose-cam-
pion {Lychnis coronaria), the quince (Pyrus cydo-
nia), cats-ears (Stachys lanata), &e, “It is very
pleasant,” says Mr, White of Selborne, * to see with
what address this insect strips off the down, running
from the top 1o the bottom of the branch, and shaving
it bare with all the dexterily of a hoop shaver. When
it has got 8 vast bundle, almost as large as itself, it
flies away, holding it secure between its chin and its

. fore-legs ™"

‘The manner in which the cells of the nest zre

* Naturalisls® Calendar, p. 109.
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made seems not to be very clearly understood, M
Latreille says, that afler constructing her nest of the
down of quince leaves, she depasits ber eggs, tngether
with a store of puste, formed of the pollen of flowers
for nourishing the grubs. Kirby and Spence, on the
other hand, tell us, that * the parent bee, after
haviug constructed her cells, leid an egg in each, end
filled them with s store of suitable food, plasters
them with a coavering of vermiform masses, appa-
rently composed of honey and polien; and beving
done this, aware, long before Count Rumford's expe-
riments, what materials condact heat most slowly,”
she collecta the down from wooily plants, and “ sticks
it upon the plaster that covers her cells, and thos
closely envelnps them with m warm coating of down,
impervions {0 every change of temperature.”! * From
later observations,” however, they sre ** inclined to
think that these cells may possibly, as in the case of
the humble-bee, be in fact formed by the larva pre-
viously to becoming a pupa, alter having eaten the
provision of pollen end honey with which the parent
bee had surrounded it. The vermicular shape, how-
ever, of the masses with which the cases mre sur-
ronnded, does not ecem easily reconcileable with this
supposilion, unless they are considered as the excre-
ment of the larva *.”

Whether or not this second explanation is the true
one, we have not the means of ascertaining ; but we
are nlmost certain \he first is incorrect, as it is eon-
trary to the regulur procedure of insects, to begin
with the interior part of any structure, and work out-
wards. We should imagine, then, that the down is
first spread out into the form required, and afterwarnls
plesiered on the inside to keep it in form, when pro-

* Introduction 1o Entomology, vol. i., p. 433, Sth edit.
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bably the grab spins the vermicular celis previous 1o
its metamorphnsis.

It might prove interesting o inveatigate this more
minutely; and as the bee is by no means scarce in
the neighbourhood of London, it might not be difficult
for a careful observer to witness ail the details of this
singular architecture. The bee may be readily known
from its congeners, by its being about the sige of the
hive-bee, but more broad and fiattened, blackish
brown above, with a row of six yellow or white
epols along each side of the rings, very like the rose-
leaf cutier, and having the belly covered with yei-
lowish brown hair, and the legs fringed with long
hairs of & rather lighter colour,

A common bee belonging o tbe family of uphol-
sterers is called the rose-leaf cutter (Megachile cemn-
tuncularis, Larn.). The singularly ingenious habits
of this bee have long mitmacted the attention of na-
turalists, but the moat interesting descriplion is given
by Réaumur. So extraordinary does the constraction
of their nests appear, that a French gardener having
dug up some, and believing them to be the work of
2 magician, who had placed them in his garden with
evil intent, sent them to Paris to his master, for ad-
vice as to what should be done by way of exorcism.
On applying to the Abbé Nollet, the owner of the
gurden wes soon persuaded that the nests in question
were the work of insects; and M. Rdaumur, to
whom they were subsequently sent, foupd them to
be she nesta of one of the upholsterer-bees, and pro-
bably of the rose-leafl cutter, though the nests in
question were made of the leaves of the mouniain-
ash (Pyrus aucuparia).

The rose-lenf culter makes a cylindrical bole in a
beaten pathway, for the sake of more consolidated
earth (or in the cavities of walls or decayed wood},
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from six Lo ten inches deep, and does not throw the
earth dog out from it into s heap, like the an-
drene®.  In this she constructs several cells about
en inch in length, shaped like a thimble, and made
of cuttings of leaves (not petals), neatly folded wo-
gether, the bottomn of one thimble-shaped cell being
inperted into the mouth of the one below it, and so on
in suecession.

It is iuteresting to observe the manoer in which
this bee procures the malerials for forming the ta-
pestry of her cells. 'The leaf of the rose-tree seems
to be that which she prefers, though she sometimes
takes other sorts of leaves, particularly those with ser«
rated margins, such as the birch, the perennial mer-
cury (Mercurialis perennis), mountain-ash, & She
Pluces herself upon the outer edge of the leaf which
she has selected, so that its margin may pass beiween
her legs. Turning her head owards the point, she
commences near the footstalk, and with ber maudi-
bles cuts out a circular piece with ms much expedi-
tion as we could do with & pair of scissors, and with
more accuracy and neatness than could easily be done
by us. As she proceeds, she keeps the cut portion
between her legs s0 a3 not to impede her progress;
and using her body for & trammel, as a carpenter
would say, she cuts in a regular curved line. As she
supports herself during the operation upon the por-
tion of the leaf which she is detaching, it must be
obvibus, when it is nearly cut off, that the weight of
her body might tear it away, 50 as Lo injure the accu-
Tacy of its curvilineal shupe. To prevent any acci-
dent of this kind, as soon as she suspects that her
weight might tear it, she poises herself on her wings,
till she hus completed the incision. It has heen
said, by naturalists, that this maocuvre of poising

* Seo p. 43.
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herself on the wing, is to prevent her falling to the
ground, when the piece gives way ; but as no winged
insect requires to take any such precaution, our ex-
planation is probably the true one. :

Rose-leaf-cutter bees, and nest lined with rose-leaves.

With the piece which she has thus cut out. held in

a bent position, perpendicular to her body, she flies
off to her nest, and fits it into the interior with the ut-
most neatness and ingenuity ; and, without employing
any paste or glue, she trusts, as Réaumur ascertained,
to the spring the leaf takes, in trying to retain it inits
m_ition. It requires from nine to twelve pieces of
to form one cell, as they are not always of pre-
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cisely the same thickness. The interior surfece of
ench cell consists of three pieces of leaf, of equal size,
narrow at one end, but gradually widening at the
other, where the width equals half the length. One
gide of each of the pieces is Lhe sermted mergin of
the leaf from which it was cut, and this margin is
always placed outermost, and the cut margin inner-
most. Like most insects, she builds from the inte-
rior, beginning with a layer of tapestry, which ia
composetl of three or four oval pieces, larger in
dimensions than the rest, adding a second and a
third layer proporiionately smaller. In florming
these, she is careful not to place & joining opposite
to s joining, but, with all the skill of e consummuate
arlificer, lays the middle of each piece of leaf over the
margins of the others, 0 as by this means both 1o
cover and strengthen the junctions. By repeating
this process, she sometimes forms a fonrth or fifth
layer of leaves, laking care io bend the leaves at the
narrow extremity or closed end of the cell, 80 as to
bring them into a convex shape,

When she has in this manner completed a cell, her
vext business is 1o replenish it with a store of honey
and pollen, which, being chiefly collected from thistles,
forms s bemutiful rose-coloured conserve. In this
she depesits s single egg, and then covers in the
opening with three pieces of lesf, so exactly circular,
that a pair of compasses could not define their mar-
gin with more accuracy, In this manuer the indus-
tricus and iogenious upholsterer proceeds (ill the
whole gallery iz filled, the convex extremity of the
oue fitting into the open end of the next, and serving
both as @ basis and as the means of strengthening
it. If, by eny accident, tbe labour of these insects is
interrupled or the edifice dermanged, they exhibit
astonishing perseverance in setling it agnin to righta.
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Insects, indeed, are not easily forced to abandon auy
work which they may have begun.

The monkish legends tell us that St. Francis
Xavier, wulking one day in a garden, and seeing an
insect, of the Maniis genus, moving along in its
soleman way, holding up its two fore-legs as in the
act of devotion, desired it to sing the praises of God.
The legend adds that the saint immediately heard
the iusect carol a fine canticle with a loud emphasis.
We want no miracnlous voice to record the wonders
of the Almighty hand, when we regard the insect
world. The little rose-leaf cutter, pursuing her work
with the nicest mathematical art—using no artificial
instruments to form her ovals and her circles—Eknow-
ing that the elastic property of the leaves will relain
them in their position—making her nest of equal
strength throughout, hy the most rational adjustment
of each distinet part—demands from uvs something
more than mere wonder; for such an exercise of
instinctive ingenuity at once directs our admirstion
to the great Contriver, who has so admirably pro-
portianed her knowledge to her necessities.
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Crarren IV,
CARDER-BEES ; HUMBLE-HEEE; SOCIAL-WASPS,

Tue bees and wasps, whose ingenious architecture
we have mlready examined, ure solitary in their la-
bours, Those we are about to deseribe live in su-
ciety. The perfection of the socisl state among this
clags of insects is certainly that of the hive-bees,
They are the inhabitants of a large city, where the
arts are carried to a higher excellence than in small
districts, enjoying little communication of intelli-
gence, But the bees of the villages, if we may follow
up the paralle], are nut without their interest. Such
are those which are called carder-bees and humble-
bees.

Canper-BErs.

The nests of the bees which Réaumur denomi-
nates carders { Bombus muscorym, Liarn.) are by no
means uncommon, and are well worth the study of
the naturalist. During the hay harvest, they are fre-
quently met with by mowers in the open fields and
meadows ; but they may sometimes be discovered in
hedge-banks, the borders of copses, or among moss-
grown stones, The description of the mode ot build-
ing adopted by this bee has been copied by most of our
writers on insects from Rdaumur ; though he is not a
little severe on those who write, without having ever
had a single nest in their possession. We have been
able to avoid such a reproach ; for we have now befure
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us a very complete nest of carder-bees, which differs
from those described by Réaumur, in being made, not
ol moss, but withered grass. With this exception,
we find that his account agrees accurately with our
own observations®.

The carder-bees select for their nest a shallow ex-
cavation about half a foot in diameter; but when they
cannot find ooe to suit their purpose, they under-
take the Herculean task of digging one themselves,
They cover this hollow with a dome of moss—some-
times, as we have ascertained, of withered grass.
They make use, indeed, of whatever materials may be
within their reach ; for they do not attempt Lo bring
any thing from a distance, not even when they are
deprived of the greater porticn by an experimental
naturalist. Their only method of tmnsporling ma-
terials to the building is by pushing them along the
ground—the bee, for that purpose, working back-
wards, with its head turned lrom the nest. If there
is only one bee engaged in this labour, as usually
happens in the eatly spriug, when a nest is fonnded
by a solitary female who kas oullived the winter, she
transports her litile bundles of moss or grass by suc-
cessive backward pushes, till she gets them home,

In the Intter part of the season, when the hive is
popnlous acd can afford more hands, there is an in-
genious division of this labour, A file of bees, 0 the
number sometimes of half a dozen, is established,
from the nest to the moss or grass which they intend
to uee, the heads of all the file of bees being turned
from the nest and towards the material. The last
bee of the file lays hold of some of the moss with
her mandibles, disentangles it from the rest, sad
having carded it with her fore-legs into a sori of felt
or amall bundle, she pushes it under her body to the

* L. R
EJd
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next bee, who passes it in the same manner to the
next, and so on till it is brought to the border of the
nest,—in the same way as we somelimes see sugar-
loaves conveyed from a cart to a warehouse, by a file
of portera throwing themn from one to another.

Fig. A represenis two carder-bees heckling moss for their nests,
B, Exter orview of the nest of the carder-bee.

The elevation of the dome, which is all built from
the iuterior, is from four to six inches above the
level of the field. Beside the moss or grass, they
frequently employ coarse wax to form the ceiling of
the vault, for the purpose of keeping out rain, and

a0 qle
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preventing high winds from destroying it. DBefore
this finishing is given to the nest, we have re-
matked, that on & fine sunshiny day, the upper
portion of the dome was opened to the extent of
more than an inch, in order, we suppose, to forward
.the hatching of the eggs in the interior; but on the
approach of night this was carefully covered in again.
It was remarkable thet the opening which we have
just mentioned was never used by the bees for either
their entrance or their exit from the nest, though
they were all at work there, aud, of course, wonld
have found it the readiest and easiest passage. But
they inveriahly made their exit and their entrance
through the covert-way or pgallery which opens at
the bottom of the uest, and, in some nests, is abouta
foot long und half an inch wide, This is, no doubt,
intended for concealment, from field-mice, polecats,
wass, and olher depredators.

On removing a portion of the dome and bringing
the interior of the structure into view, we find fittle
of the srchitectural regularity so conspicuous in the
eombs of & common hee-hive; insteed of this sym-
metry, there are only a few egg-shuped, dark-coloured
cells, placed somewhat irregularly, hut approaching
mire to the horizontal than te the vertical position,
and connecled together with small amorphous®
columns of brown wax. Sometimes there are two or
three of these oval cells placed one above another,
without anything to unite them,

These cells are not, however, the workmanship of
the old bees, but of their young prubs, who spin
them when they are about lo change into nymphs,
But, from these cases, when they are spun, the en-
closed insects have no memns of escaping, and they
depend for their liberation on the old bees gnowing

o Shape el
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off the covering, as is done also by ants in the same
circumstances, The instinet with which they know
the precise time when it is proper to do this is truly
wonderful. It is no less so, that these cocoons are
by no means useless when thus untenanted, for they

absequently serve for honey-pots, and are indeed
the only store-cells in the nest. For this purpose the
edge of the cell is repaired and strengthened with a
ring of wax.

Breeding-Cells.

The true breeding-cells are contained in several
amorphous masses_ of brown-coloured wax, varyin
in dimensions, but of a somewhat flat and globular
shape. On opening any of these, a number of eggs
or grubs are found, on whose account the mother
bee has collected the masses of wax, which also con-
tain a supply of pollen moistened with honey, for
their subsistence.

The number of eggs or grubs found in one sphe-
roid of wax varies from three to thirty, and the bees
in a whole nest seldom exceed sixty. There are
three sizes of bees, of which the females are the
largest ; but neither these nor the males are, as in
the case of the hive-bee, exempt from labour. The
females, indeed, always found the nests, since they
alone survive the winter, all the rest perishing with
cold. In each nest, also, are several females, that
live in harmony together.
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Interivr views of Carder-Bee's Nest.

The carder-bees may be easily distinguished from
their congeners (of the same genus), by being not
unlike the colour of the withered moss with which
they build their nests, having the fore part of their
back a dull orange, and hinder part ringed with dit-
ferent shades of greyish yellow. They are not so
large as the common humble-bee (Bombus terrestris,
Latr.), but rather shorter and thicker in the body
than the common hive-bee (Apis mellifica).

(ETe ] \,‘I\
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Larioary-Bees.

A bee still more commosn, perhaps, than the carder,
is the orange-tailed bee, or lapidary (Bombus lapi-
daria), readily koown byits general black colour and
reddish orange tail Tt builds its nest sometimes in
stony ground, but prefers a heap of stones such as
are gathered off grasa fielda, or are piled up near
querries. Unlike the carder, the lapidary carries to ita
nest bits of moss, which are very neatly arranged into
a regular oval. These insects associale in their
labours ; and they make honey with great industry.
The individuals of 8 nest are more numerous than
the carders, and likewise more perlineciously vin-
dictive, Ahout two years ago, we discovered i nest
of these bees at Compton-Basset, in Wiltshire, in the
centre of a heap of limestone rubbish; but owing
to the brisk defensive warfare of their legionaries,
we could not obiain a view of the interior, It was
not even safe to approach within wany yards of the
place, and we do not exaggerate when we say that
several of them pumued us most pertinaciously about
a quarter of a mile®.

HuubLE-BEEs.

The common humble-bee (Bombus terresiris) is
precisely similar in ils economy to the two preceding
gpecies, with this difference, that it forma its rnest
underground like the common wasp, in an excavaced
chamber, 1o which a winding passage leads, of from
one to two feel, and of diameter sufficient to allow
of two bees passing. The cells have no covering
beside the vault of the excavation and patches of
ecarse wax similar W that of the carder-bee.

*i.R,
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SocraL-Wagps,

The nest of the common wasp (Fespa vulgarin}
attraets more or less the atlention of everybody; but

. #s interior architecture is not so well known as it

deserves to be, for its singular ingenuity, in which it
rivals even that of the hive-bee (Apis mellifica).
In their general economy, the social, or republican
wasps, closely resemble the humble-bee (Bombus),
every colony being founded by a single female who
has survived the winter, to the rigours of which all
her summer associates of males and working wasps
uniformly fall victims. Nay, out of three hundred
females which may be found in ome vespiary, or
wasp's nest, towards the close of autumn, scarcely ten
or a dozen survive till the ensuing spring, at which
season they awake from their hybernal lethargy, and
begin with ardour the labours of colonization.

It may be interesting to follow one of these mo-
ther wasps through her reveral operations, in which
she merits more the praise of industry than the queen
of a bee-hive, who does nothing, and never moves
without & numerous train of obedient retainers, al-
ways ready to execute her commands and to do her
homage. The mother wasp, un the eontrary, is at
first alone, and is obliged to perform every species
of drudgery herself.

Her first care, after being roused to activity by the
returning warmth of the semson, is to discover a
place suitable for her intended colony; and, ze-
cordingly, in the apring, waspe may be seen prying
into every hole of a hedge-bank, particulariy where
field-mice have burrowed. Some authors report
that she is partial to the forsaken galieries of the
mole, but this does not accord with our observations,
a3 we have never met with a single vespiary in any
situation likely to have .been frequented by moles.
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But though we cannot assert the fact, we think it
highly probahle that the deserted nest of the field.
mouse, which is not uncommun in hedge-banks, may
be sometimes appropriated by a muther wasp as an
excavation convenient for her purpose. Yet, if she
does make choice of the hurrow of a fAeld-mouse, it
requires to be afterwards cousiderably enlarged in
the interior chamber, nnd the entrance gallery very
much narrowed.

The desite of the wasp to save herself the labour
of excavation, by forming her nest where other ani-
mals have burrowed, is not without a parallel in the
actions of quadrupeds, and even of birds. In the
splendid eontinuation of Wilson’s American Orni-
thology, by Charles L. Bonaparte {whose scientific
“pursuits have thrown round that name a beneficent
lustre, pleasingly contrasted with his uncle’s glury),
there is an interesting example of this instinctive
adoption of the laboums of others. “ In the Trans-
Mississippian tertitories of the United States, the
burrowing-owl resides exclosively in the villages
of the marmot, or preirie-dog, whose excavations
are s¢ commodious, as to render it unnecessary
that the owl should dig for himself, as he is
said to do where no burrowing animals exist®.
The villeges of the praide-dog are very nume-
rous and variable in their extent, -~ somelimes
covering only a few acres, and at others spreading
over the surface of the country for miles together,
They are composed of slightly-elevated mounds,
having the form of s truncated cone, sbout two feet
in width at the base, and seldom rising as high ss
eighteen inches from the surface of the soil. ‘The

* The owl ohserred by Vieillot in S1. Domingo dige ilself a
botrow two feet in depth, st e bottom of which it deposita it
egpi vpon a bed of moss.
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entrance ig placed either at the lop or on the side,
and the whole mound is beaten down exiernally,
especially at the summit, resembling a much-used
footpath. From the entrance, the passage into the
mound descends vertically for one or two feet, and
is thence continued obliquely downwards until it ter-
mioates in an apartmend, within which the industrious
prairie-dog constructs, on the approach of eold
weather, a comfortable cell for his winter's sleep.
The cell, which is composed of fine dry grass, is
globular in form, with an opening at top, capable of
admitting the finger; and the whole is so firmly
compacied, thet it might, without injury, be rolled
over the floor™.”

In case of need, the wasp is obundantly fur-
nished by nature with instruments for excavating a
burrow out of the solid ground, as she no doubt
most commonly does,—digging the earth with her
strong mandibles, and carrying it off or pushing it
out as she proceeds. The entrance-gallery is about
an inch or less in diameter, and usually runs in a
winding or zigzag direction, from une Lo two feet in
depth, In the chamber to which this gallery leads,
and which, when completed, is from one 1o iwo feet
in diameler, the mother wasp lays the foundations of
her city, beginuing with the walls.

The building materials employed by waspa were
long & matler of conjecture to scientific inquirers; for
the bluish-grey papery substance of the whole strue-
ture has no resemblance to any sort of wax employed
by bees for a gimilar purpose. Now that the discovery
has been mede, we can with difficulty bring our-
selves to helieve that & paturalist so acute and inde-
fatigable as M. Réaumur should have, for twenty
years, as he tells us, endeavoured, without success,

* American Oroithology, by Charles Lucien Bunaparte. ¥ob. i

p. 89
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to find out the secret. At length, however, his per-
severance was vewarded. He remarked a female
wasp alight oa the sash of his window, und begin to
gnaw the wood with her mandibles; and it struck
him at once that she was procuring materials for
building. He saw ber detach from the wood a
bundle of fibres shout & tenth of an inch in length,
and finer (han a hair: and as she did not swallow
these, but gathered them into n mass with her feet,
he could not doubt that his first ides was correct.
In a short time she shifted to another part of the
window-frame, carrying with her the fibres she had
collected, and to which she continued to add, when
he caught her, in order to examioe the nature of her
bundle; and he found that it was not yet moistened
nor rolled into a ball, as i3 always done before em-
ploying it in building. In every other respect it
had precisely the same colour and fibrous texture
as Lhe walls of & vespiary. It struck him as remark-
able that it bore no resemblance to wood pnawed
by other insects, such as the goat-moth caterpiliar,
which is granular like sawdust. This would not
have suited the design of the wasp, who was well
aware thot fibres of some length form =& stronger
lexture. He even discovered, that before detaching
the fibres, she bruised them (les charpissaif) into a
sort of lint (charpie) with her mandibles. All this
the careful naturalist imitated by braising and paring
the same wood of the window-sash with his pen-knife,
till he succeeded in making a little bundle of fibres
scarcely to be distinguished from that collected by the
wasp.

\{r'e have ourselves frequenily seen wasps em-
ployed in procuring their maierials in this manner,
and have ulways observed that they shift from one
part to another more than once in preparing a single
load,—a circumatance which we ascribe entirely o
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the resiless temper peculiar to the whole order of
hymenopterous inseeis. Réaumur found thaet the
wood which they preferred was such as had been
long exposed to the weather, and is old and dry.
White of Selborne, and Kirby and Speuce, on the
contrary, meintain that wasps obtain their paper
from sound timber, hornets only from that which is
decayed®. Qur own abservations, however, confirm
the statement of Réaumur, with respect to wasps, as,
in every instance which has fallen under our notice,
the wood selected was very much weathered; and in
one case an old oak post in a garden at Lee, in
Kent, half destroyed by dry-rot, was seemjngly the
resart of all the wasps in the vicinity. In another
case, the deal bond in & brick wali, which had been
built thirty years, is at this moment (June, 1829)
literally striped with the gnawings of wasps, which
we have watched at the wark for hours together 4.

The bundles of lignecus fibres thus detached, are
nioistened, before being used, with a glutinous liquid,
which causes them to adhere together, and are then
kneaded into a sort of paste, or pepier maché.
Having prepared ssme of this material, the mather
wasp begins first ta line with it the roof of her
chambher, for wasps always build downwards. 'The
round ball of fibres which she has previously kneaded
up with glue, she now forms juto a leat, walking
backwards, and spreading it out with her mandibles,
her tongue, and her feet, till it is as thin almost as
tissue paper.

One sheel, however, of such paper as thia would
form but o fragile ceiling, quite insufficient to pre-
vent the earth from falling down into the nest. The
wasp, accordingly, is not satised with her work

* Réaumur, vol, wi, boltom of page 182; Hist. of Selb, iL
228; and lntrod. to Entomol. 3. 504, 5th editicn.
t LR
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till she has spread fifteen or sixteen layers one above
the other, rendering the wall altogether nearly two
inches thick. The several layers are not placed in
contact like the layers of a piece of pasteboard, but
with small intervals or open spaces between, ap-
pearing somewhat like a grotto built with bivalve
shells, particularly when looked at on the' outside.
This is probably caused by the insect working in a
curviliveal manner. .

Section of the Social-Wasp's Nest.—a a, the external wal ;
¢ ¢, five small terraces of cells for the neater wasps; dd, e e,
three rows of larger cells for the males and females.

Having finished the ceiling, she next begins to
build the first terrace of her city, which, under its

L 2000l
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protection, she suspends horizontally, and not like
the combs in a beqhive, in a perpendicular position.
The suspension of which we speak is also light and
elegant, compared with the more heavy union of the
hive-bees’ combs. It is in fact a hanging floor,
immoveably secured by rods of similar materials
with the roof, but rather stronger. From twelve to
thirty of these rods, about an inch or less in length,
and a quarter of an inch in diameter, are constructed

A, represents one of the rods from which the terraces are sus-
* pended. ag' a purtion of the external crust,

for the suspension of the terrace. They are elegant
in form, being made gradually narrower towards the
middle, and widening at each end, in order, no doubt,
to render their hold the stronger.

The terrace itself is circular, and composed of an
immense number of cells, formed of the paper al-
ready described, and of almost the same size and
form as those of a honey-comb, each being a perfect
hiexagon, mathematically exact, and every hair's
breadth of the space completely filled. "These cells,
however, are never used as honey-pots by wasps, as
they are by bees; for wasps make no honey, and
the cells are wholly appropriated to the rearing of
their young. Like other hymenopterous insects, the
grubs are placed with their heads downwards; and
the openings of the cells are also downwards : while
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their united bottoms form a nearly uniform level
upon which the inhebitants of the neat may walk.
We have seen, in describing the economy of (he
carder-bee, that when a young bee had escaped from
its cradlecell, and so rendered it empty, that cell was
subsequently appropriated to the storing of honey,
But in the case of wasps, a cell thus evacuated is
immediately cleaned out and repaired for the recep-
tion of another grub—an egg being laid in it by a
female wasp ag soon as it is ready.

When the foundress wasp has completed s certain
number of cells, and deposited eggs in them, she
sgon intermits her buildiug operations, in order to
procute food for the young gruhs, which now require
all her care. In a few weeks these become perfect
wasps, and lend their assistance in the extension of
the edifice; enlarging the original coping of the
foundress by side walls, and forming another plat-
form of cells, suspended to the first by columns, as
that had been suspended to the eeiling.

In this manner several platforms of combs are
constructed, the outer walls being extended at the
same time; snd, by the end of the summer, there is
generally from twelve to ffteen platforms of cells.
Each contains about 1060 cells—forty-nine heing
contained in an inch and a half square, and, of course,
making the enormous number of about 16,000 cells
in one colony. Rdaumur, upon these data, caleolates
that one vespiary may produce every year more than
80,000 wasps, reckoning only 10,000 cells, and each
serving successively for the cradle of three genera-
tions. But, although the whoie structure is built at
the expense of so much labour and ingenuity, it has
pearcely been finished before the winter sets i, when
it becomes nearly useless, and serves only for the
abode of a few benumbed females, who abandon it
oo the epprosch of spring, and never return for
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wasps do not, like mason-bees, ever make use of the
same nest for more than one season

Both Héaumur and the younger Huber stndied
the proceedings of the common wasp in the manner
which has been so successful in observing bees—by
means of glazed hives, and other contrivances. In
this, these naturalisls were greatly aided by the ex-
treme affection of wasps for their young ; for though
their nest is carried off, or even cut in various direc-
tions, and exposed to the light, they never desert it,
nor relax their attention to their progeny. When a
wasp’s nest is removed from its natural situation, and
covered with a glass hive, the first operation of the
inhabitants is to repair the injuries it has suffered.
They carry off with surprising activity all the earth
or other matters which have falleu by accident into
the nest; and when they have got it thoroughly
cleared of everything extraneons, they begin to se-
cure it from further derangement, by fixing it to the
glass with papyraceous columns, similiar o those
which we have already described. The breaches
which the nest may have suffered are then repaired,
and the thickness of the walls is asuginented, with
the design, perhaps, of mote effectually excluding
the light.

The nest of the hornet is nearly the same in strue-
ture with that of the wasp; but the materials are
considerably coarser, and the columns to which the
platforms of cells are suspended are larger and
stronger, the middle one being twice as thick as any
of the others. The hornet, also, does not build
under ground, but it the cavities of trees or in
the thatch or under the eaves of barns., Réaumur
ance found upon a wall 8 hornet’s nest which had
not been long begun, and had it transferred o the
ouside of his study window; but in consequence,
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as he imagined, of the absence of the foundress
hornet at the time it was removed, he could not get
the other five hornets, of which the colony consisted,
either to add to the building or repair the damages
which it had sustained.

Hornet's Nest inits first stage.

M. Réaumur differs from our English naturalists,
White, Kirby, and Spence, with respect to the ma-
terials employed by the hornet for "building. The
latter say that it employs decayed wood ; the former,
that it uses the bark of the ash-tree, but takes less
pains to split it into fine fibres than wasps do; not,
however, because it is destitute of skill; for in con-
strueting the suspensory columns of the platforms, a
paste is prepared little inferior to that made by
We cannot, from our own observations, decide which
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of the above statements is correct, as we have only
once seen a hornet procuring materials, at Compton-
Bassett, in Wiltshire ; and in that cace it gnawed the
inmer bark of nn elm which had been felled for seve-
rul months, and was, consequently, dry and tough.
Such materials as this would account for the common
yellowish-brown colour of a hornet's nest®,

When hornets make choice of a tree for their
dumicile, they select one which is in a state of decay,
and already partly hollowed: but they possess the
means, in their sharp and stronr mandibles, of ex-
tending the excavation o suit their purposes; and
Rdéaumur frequently witnessed their operations in
mining into a decayed tree, and carrying off what
they had gnawed. He observed, also, that in such
cuses they did not make use of the large hole of the
tree for an entrance, but went to the trouble of dig-
ging a gellery, sufficient for the passage of the largest
hornet in the nest, through the living and undecayed
portion of the tree. As this is perforated in a wind-
ing direction, it is no doubt intended for the purpose
of protecting the uest from the intrusion of depre-
dators, who cauld more easily effect an entrance if
there was not such a torluous way to pass through.

One of the most remarkable of aur native social-
wasps is the Pespa Britannica, or tree-wasp, which is
not uncommon in the northern, but is seldom to be
met with inm the southern parts of the island. Instead
of burrowing in the ground like the common wasp
(Vespa vulgaris), or in the hollows of trees like Lhe
hornet (Fespa erabro), it boldly swings its nest from
the extremity of a branch, where it exhibits some
resemblance, in size and colour, to 8 Welsh wig,
hung out to dry. We have seen more than one of
thege nests on the same tree, at Catrine, in Ayrshire,

*IL R,
Fd
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and at Wemyss Bay, in Renfrewshire. The tree
which the Britannic wasp prefers is the silver fir,
whose broad flat branch serves as a protection to the
suspended nest both from the sun and the rain. The
materials and structure are nearly the same as those
employed by the common wasp, and which we have
already described *.

A singular nest of a species of wasp is figured by
Réaumur, but is apparently rare in this country, as
Kirby and Spence mention only a single nest of similar
construction, found in a garden at East-Dale. This
nest is of a flattened globular figure, and composed
of a great number of envelopes, so as to assume a
considerable resemblance to a half-expanded Provence
rose. The British specimen mentioned by Kirby and
Spence had only one platform of cells; Réaumur's
had two ; but there was a large vacant space, which
would probably have been filled with cells, had the
nest not been taken away as a specimen. The whole
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nest was not much larger than a rose, and was com-
posed of paper exactly similar to that employed by
the common ground-wasp.

There is another species of social-wasp (Eplpum
midulans, LaTr.) meriting attention from the singu-
lar construction of its nest. It forms one or more
terraces of cells, similar to those of the common wasp,
but without the protection of an outer wall, and quite
exposed to the weather. Swammerdam found a nest
of this description attached to the stem of a nettle.
Réaumur says they are sometimes attached to the
branch of a thorn or other shrub, or to stalks of grass;
—peculiarities which prove that there are several
species of these wasps.

The most remarkable circumstance in the archis

Wasp's Cells attached to n branch.
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tecture of this species of vespiary is, that it Is
not horizontal, like those formerly described, het
neariy vertical.  The reason appears to be, that
if it had been horizontal, the cells must have
been frequeritly filled with rain; whereas, in the
position in which it is placed, the rain runs off
without lodging. It is, besides, invariably placed
so as to face the north or the east, snd conse-
quently is less exposed to rmins, which moat fre-
quently come with southerly or westerly winds. It
is another remarkable peculiarity, that, unlike the nesta
of other wasps, it is covered with a shining coat of
varnish, 1o prevent moisture from sosking into the
textitre of the wasp's paper. The laying on this
varnish, indeed, forms a considerable portion of the
labour of the colony, and individuals may be seen
employed for hours together spreading it on with
their tongues.

Few circomstances are more striking with regard
to insecls, as Kirby and Speuce justly remark, thoan
the greut and incessant labour which maternal
affection for their progeny leads them to undergo.
Some of these exertions are so disproportiouate to
the size of the insect, that nothing short of ccular
conviction could attribute them to such an sgent. A
wild bee, or 8 wasp, for instaoce, ns we have seen,
will dig & hole in a hard bank of esrth some inches
deep, and five or six times ita own size, labouring
unremittingly at this arduous task for scveral doys in
suceession, and scarcely allowing itself » moment for
eating ot repose. 1t will then occupy us much time
in searching for a store of food; and no sooner is
this finished, than it will set about repeating the pro-
cess, and hefore it dies, will have cumpleted five or
six similar cells, or even more.

We shall have occasion more pariicularly to dwell
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upon the geometrical arrangement of the cells, both
of the wasp and the social-bee, in cur description
of those iuteresting operations, which have long at-
tracted the notice, and commanded the admiration,
of mathematicians and naturalists, A few observa-
tions may here be properly bestowed upon the ma-
ferial with which the wasp-family construct the in-
terivr of their nests.

The wasp is a paper-maker, and a most perfect
and intelligent one. While munkind were arriving,
by stow degtrees, at the art of fabricating this valu-
able substauce, the wasp was making it before their
eyes, by very much the same process as that by
which human hands now manufacture it with the
best aid of chemistry and machinery. While some
nations carved their records on woud, and stone, and
brass, and leaden tablefs,—others, more advanced,
wrole with a style on wax,—others employed the inner
bark of trees, and others the skins of animais rudely
prepared,—the wasp was manufacturing a firm and
durable paper. Even when the papyrus was rendered
more fit, by & process of art, for the transmission of
idess in writing, the wasp was a better arlisan than
the Egyptians; for the early attempls at paper-
making were so rude, that the substunce produced
was "olmost useless, from being estremely friable,
The paper of the papyrus was formed of the leaves
of the plant, dried, pressed, and polished ; the wasp
alone knew how to reduce vegetable fibres to a
pulp, and then unite them by a size or glue, spread-
ing the substance out into a smooth and delicate
leaf, Thijs is exactly the process of paper-making.
It would seem that the wasp knows, ss the modern
paper-makers now know, that the fibres of regs,
whether linen or cotton, are uot the unly muterials
that can be used in the formation of paper; she em
ploys other vegetable matters, converting them into
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a proper consistency by her assiduous exertions. In
some respects she is more skilful even than our
paper-makers, for she takes care to retain her fibres
of sufficient length, by which she renders her paper
as strong as she requires. Many manufacturers of
the present day cut their material into smmll bits, and
thus produce a rotten article.  One great distinetion
between good and bad paper is its toughness ; and
this difference is invariably produced by the fibre of
which it is composed being long, and therefore Lough ;
or short, and therefore friable.

The wasp has been labouring at her manufacture
of paper, from her first crealion, with precisely the
same instruments and the ssme materials ; and her
success has been unvarying. Her machinery is
very simple, and therefore it is never out of order,
She learns nothing. and she forgets nothing. Men,
from time Lo time, lose their excellence in particular
mris, aud they are slow in finding out real improve.-
menis. Such improvemenis are oflen the effect of ac-
cidenL Paper is now manufactured very extensively
by machinery, in all its stages ; and thus, instead of
a single sheet being made by hand, a stream of paper
is poured out, which would form a roli large enough
to extend round the globe, if such a length were de-
sirable. The invenlors of this machivery, Messrs,
Fourdrinier, it is said, spent the enormous sum
of 40,0004 in vain attempts Lo render the machine
capable of determining with precision the width of
the roll; and, at last, accomplished their object,
at the suggestion of e hystander, by a sirap re-
volving upon an axis, at a cost of three shillings
and sixpence. Such is the difference between the
workinge of human knowledge nnd experience, and
those of unimal instinet. We proceed slowly and in
the dark—but our course is not bounded by n nar-
row line, for it seems difficult to say what is the per-
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®ction of any art; animals go clearly to a given
point—but they can go no further, We may, bow.
ever, learn something from their perfect knowledge
of what is within their range. . It is not improbsble
that if man had attended in an earlier sate of society
to the labours of wasps, he would have sooner known
how to make paper. We are still behind in our
aris and sciences, because we have ot always been
observers, If we had watched the operations of in-
sects, and the structure of animals in general, with
more cate, we might have been far advanced in the
konowledge of many arls, which are yet in their in-
fancy, for nature has given us abundance of patterns.
We have learnt to perfect some instruments of sound,
by examining the structure of the human car; and
the mechanism of an eye has suggested some valu~
able improvements in achromatic glasses,

Réeumur has given a very interesting account of the
wasps of Cayenne, which hang their nests in trees®,
Like the bird of Africa called the Loxia, they fabricate
a perfect house, capable of containing many hundreds
of their community, and suspend it on hizh out of
the reach of attack. But the Cayenme waap is a
more expert arlist than the bird. He is a card-
maker ;—and travellers of veracity agree that the
card with which he forms the exterior covering of his
abode is so smooth, so strong, so uniform in its
texture, and so white, that the most skilful manu-
fucturer of this substance might be proud of the
work.

The nest of the card-making wasp is impervious
to water. It hangs upou the branch of a tree, as
represented in the engraving ; and those rain-drops

* Mémoires sur les [nsectes, tom. ¥i., mem, vii. Seealso Bonne,
ol. ix.
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which penetrate through the leaves never rest upon
its hard and polished surface. A small opening for
the entrance of the insects terminates its funnel-
shaped bottom. It is impossible to unite more per-
fectly the qualities of lightness and strength.

i Curd-maker WWasp, with part removed to shew the arran nt
Wy P O thd Cells, -
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Cuaprrer V,

ARCHITECTURE OF THE HIVE-REE.

Part of a honeycomb, and bees at work.

AvtHoucH the hive-bee (4pis mellifica) has engaged
the attention of the curious from the earliest ages,
recent discoveries prove that we are yet only begn-
ning toarrive at a correct knowledge of its wonderful
proceedings.  Pliny informs us that Aristomachus,
of Soles, in Cilicia, devoted fifty-eight years to the
study ; and that Philiscus the Thracian spent his
whole life in forests for the purpose of observing
them. But in consequence (as we may naturally
infer) of the imperfect methods of research, as-



q0 INSECT ARCHITECTURE,

suming that what they did discover was known to
Aristotle, Columella, and Pliny, we are justified in
pronguncing the statements of these philosophers, as
well as the embellished poetical pictures of Virgil, lo
be nothing more than conjecture, ulmost in every par-
ticular erroneous, It was not indeed till 1712, when
glass hives were invented by Maruldi, o mathema-
tician of Nice, that what we may call the in-door
proceedings of bees could be observed. This im-
portant invention was soon aflerwards taken advan-
tage of by M. Rdaumur, who laid the foundation of
the more recent discoveries of John Hunter, Schi-
rach, and the Hubers. The admirable architecture
which bees exhibit in their miniature cities has, by
these and other naturalisis, been investigated with
great care mnd accuracy. We shall eodeavour to
give s full an account of their wonderful structures
as our limits will ellow. In this we shall chiefly
foltow M. Huber, the elder, whose researches appear
almost miraculous when we consider that he was
blind.

At the early age of seventeen this remarkable man
lost his sight by guifa serena, * the drop serene” of
our own Milton. But, though cut offfrom the sight of
Nature's works, he dedicated himself (o their study.
He saw them through the eyes of the admirable
woman whom he married : his philosophical reason-
ings pointed out o her all that he wanted to mscer-
tain ; and as she reported to him from time to time
the results of his ingenious experiments, he was en-
abled to complete, by diligent investigation, one
of the most accurate and satisfactory accounts of
the habits of bees which has ever been produced.
This venerable naturalist ia, we believe, siill alive.

It hed long been known that the hees of a hive
consist of tbree sorts, which were ascertaived by
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M. Rdaumur to be distinguished as workers or
neuters, constituting the bulk of the population;
drones or males, the least numerous ¢lass ; and a sin-
gle female, the queen and mother ofthe colony.  Schi-
rach subsequently discovered the very extraordinary
fact, which Huber and others have proved beyond
doubt, that when a hive is accidentally deprived of a
queen, the grub of a worker can be and is fed in
a particular manner, so as to become a queen and
supply the loss ®. But another discavery of M. Hu-
ber is of more importance to the subject of urchi-
tecture now hefore us. By minute research he ascer.
tained, that the workers, which had been considered
by former uaturalists to be all alike, are divided
into two important classes, nurse-bees and wax-
makers,

The nurse-bees are rather smaller than the wax-
workers, and even when gorged with honey their
belly does not, ss in the others, eppear distended.
Their business is to collect honey, and impart it to
their compacions ; to feed and take care of the young
grubs, aud to complete the combs and cells which
have been founded by the others; but they are not
charged with provisioning the hive.

The war-qwerkers on the other hand are not only
a little larger, but their stomach, when gorged with
hooey, is capable of considerable distension, as M.
Huber proved by repeated experiments. He also
pscertained that neither of the species can alnne
fuifil all the functions shared among the workers of
a hive, He painted those of each class with different
colours, in order to study their proceedings, and their
labours were not ioterchanged. JIn enother experi-

* It is right 1o remark that Huish and others have suggested
that the grubs thus royalized may originally be misplaced queens;
yet this admission is not necessary, since Madlle, Jurine hwa
proved, by dissection, ibe workers 1o be imperfect females,



92 INSTCT ARGHITECTURBE.

ment, afler supplying a hive deprived of a queen with
brood aud poilen, he saw the nurse-bees quickly oc-
cupied in the nutrition of the grubs, while those of
the wax-working class neglected them. When hives
are full of combs, the wax-workers disgorge their
honey into the ordinary magazines, making no wax:
but if they want a reservoir for its reception, and if
their queen does not find cells ready made wherein
to lay her eggs, they retain the hooey in the stomach,
and in twenty-four hours they produce wax. 'Then
the labour of constructing combs begina.

It might perbaps besupposed thet, when the conntry
does not afford honey, the waxz-workers consume
the provision stored up in the hive. But they are
not permitted to touch it. A portion of honey is
carefully preserved, and the cells containing it are
protected by a waxen covering, which is never re-
mmoved except in case of exireme necessity, amd
when honey is not to be otherwise procured. The
eells are at no time opened during summer ;
other reservoirs, always exposed, contribnte to the
daily use of the communuity ; each bee, however, sup-
plying itself from them with nothing but what is
required for present wsnts. Wax-workers appear
with large bellies at the entrance of their hive, only
when the country affords a copious collection of
honey. From this it may be coocluded, that the
production of the waxy matter depends on a con-
currence of circumstances not invariably subsisting.
Nuorse-bees aiso produce wax, but in a very inferior
quantity to what is elaborated by the real wax-workers.
Another characteristic whereby an attentive ohserver
can determine the moment of bees colecting sufficient
honey to pruduce wax, is the strong odour of both
these substances from the hive, which is not equaily
intense at any other time. From such data, it was
easy for M. Huber to discover whether the bees
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worked in wai in his own hives, and in those of the
other cultivators of the district.

There is still another sort of bees, first ohserved
by Huber in 1809, which appear to be only casual
inmates of the hive, and which are driven forth to
starve, or are killed in conflict. They closely re-
_semble the ordinary workers, but are less hairy, and
ot a much darker colour. These have been calied
black bees, and asre supposed by Huher to be defective
bees®; but Kirby and Spence conjecture that they
are toil-worn superaoouated workers, of no farther
use, and are therefore sacrificed, because burdensome
to a community which tolerates no unnecessary in-
mates. The very great numbers of black bees, how-
ever, which sornetimes appear, does not weil accord
with such an opinion. The subject remains, there-
fore, still in unceriainty.

PrersraTioN oF Wax.

In order to build the beautiful combs, which every
one must have repeatedly seen and admired, it is
indispensable that the architect-bees should be pro-
vided with the materials—with the wax, in short, of
which they are principally formed. Before we follow
them, therefore, to the operation of building, it may
be necessary to inquire how the wax itself is pro-
cured. Here the discoveries of recent inquirers have
been little less singular and unexpected than in other
depariments of the history of these extraordipary in-
gects, Now thet it has been proved that wax is
secreted by bees, it is not a little amusing to read
the accounts given by our elder naturslists, of
ite being collected from flowers. Qur countryman,

* Hubar on Bees, p. 338,
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Thorley *, appears to have been the first who sus-
pected the true origin of wax, and Wildman (1769)
seems also to have been aware of it; but Réaumur,
snd particularly Bonnet, though bath of them in
general shrewd and accurste chservers, were par-
-tially deceived by appearances.
The bees, we are erroneously told, search for wax
“ upon ell sorts of trees and plants, but especialiy
the rocket, the single puppy, and in general all kinds
of flowers, They amass it with their hair, with
which their whole body is invested. It is something
pleasant to see them roll in the yellow dust which
falls from the chives to the botiom of the flowers,
and then return covered with the same grsins; but
their best method of gathering the wax, especially
when it is not very plentiful, is to carry away all the
little particles of it with their jaws and fore feet, to
press the wax upon them into little pellets, and slide
them, one at & time, with their middle feet, into a
socket ov cavity, that opens at their hiuder feet, and
serves to keep the burden fized and steady till they
returu home. They are sometimes exposed tn incon-
veniences in this work by the motion of the air, and
the delicate texture of the flowers which bend under
their feet, and hinder them from packing up their
booty, on which occasions they fix themselves in some
steady place, where they press the wax into & mass,
and wind it round their legs, mekiog frequent re-
turns to the flowers; and when they have stocked
themselves with a sufficient guantity, they imme-
diately repair to their habitation. Two men, in the
compass of a whele day, could not amass so much
as two little balls of wax; and yet they are no tmore
then the common burthen of & single bee, and the
produce of one journey. Those who are employed

* Melisselogia, or Female Monarchy, 8vo., Lond. 1744,
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in collecting the wax from flowers are mssisted by
their companions, who attend them at the door of
the hive, ease them of their load ai their arrival,
brush their feet, and shake out the two balls of wax ;
upon which the others return to the felds to gather
new treasure, whilst those who disburthened them
convey their charge to the magazine. But some bees,
egain, when they have brought their load home,
earry it themselves to the Jodge, and there deliver it,
laying hold of one end by iheir hinder feet, and with
their middle feet sliding it out of the cavity that con-
tained it; but this is evidently & work of superero-
gation which they are not obliged to perform, The
packets of wax continue & few moments in the lodge,
till & set of officers come, who are charged with a
third commission, which is to knead this wai with
their feet, and sprend it out inlo different sheels, laid
one above another. This is the unwronght wax,
which is eassily distingnished to be the produoce of
different flowers, by the variety of colours that appear
on each sheet. When they afterwards come to work,
they knead it over again, they purify and whiten,
and then reduce it 1o a uniferm colour, They use
this wax with a wonderful frugality; for it is easy to
observe that the whole family is conducted by pra-
dence, and all their actions regulated by good go-
vernment Everything is granted to necessity, but
nothing o superfluity; not the least grain of wax is
neglected, and if they waste it, they are frequently
obliged o provide more; at those very times when
they want to get their provision of honey, they take
off the wax that closed the cells, and carry it to the
magazine .

Résumur hesitated in believing that this wos a

* Fluche, Spectacle de la Nature, vol, i, / \
" i
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correct view of the subject, from observing the grest
difference between wax and pollen; but he was in-
elined to think the pollen might be swallowed, par-
tially dipested, and disgorged in the form of a kind
of pasie. Schirach also mentions, that it was re-
marked by a certain Lusatian, that wax comes from
the rings of the hody, because, on withdrawing a bee
while it is ot work, and exiending its body, the wax
may be seen there in the form of scales,

The celebrated John Hunter shrewdly remarked
that the pellets of pollen seen on the thighs of bees
are of different colours on diflerent bees, while the
shade of the new-made comb is always uniform ; and
therefore he concluded that pollen was not the origin
of wax. Pollen also, he observed, is collected with
greater avidity for old hives, where the comb is com-
plete, than for those where it is only begun, which
would hardly be the case were it the material of wax.
He found that when the weather was cold and wet
in June, so that a young swarm was prevented from
going abroad, as much ¢comb was constructed as had
been made in an equal time when the weather was
favourable and fine.

The pellets of pollen on the thighs being thence
proved not to be wax, he came to the conciusion
that it was an external secretion originating between
the plates of the belly. When he first observed this,
he felt not a little embarrassed te explain the phe-
nomenon, and doubted whether new plates were
forming, or whether bees cast the old omes as lob-
sters do their shells. By melting the scales, he ascer-
tained at least that they were wax; and his opinion
was confirmed by the fact, that the scales are only to
be found during the season when the combs are
constructed. But he did not succeed in completing
the discorery by observing the bees actually detach the
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scales, though he conjectured they might be taken
up by others, if they were once shaken out from
between the rings®.

We need not be so much surprised at mistakes
committed upon thia subject, when we recollect that
honey itself was believed by the ancients to be an
emanation of the sir—a dew that descended upon
flowers, as if it had a limited commission to fall only
on them. The exposure end correction of error is
one of the first steps to genuine knowledge ; and
when we are aware of the stumbling-blocks which
have interrupted the progress of cthers, we can
always travel more securely in the way of truth,

That wax is secreted, is proved both by the wax
pouches within the rings of the abdomeun, and by
actual experimentt, Huber and others fed bees
entirely upon honey or sugar, and, notwithstanding,
wax was produced and combs formed as if they had
been at liberiy to select their food. © When bees
were confined,” says M. Huber, * {or the purpose of
discovering whether honey was sufficient for the
production of wix, they supported their captivity
patiently, and shewed uncommon perseverance in
tebuilding their combs ms we removed them, OQur
experimenta required the presence of grubs; honey
and water had to be provided; the bees were to be
supplied with combs containing brood, and at the
same titme it was necessary to confine them, that they
might not seek pollen abroad. Having a swarm by
chance, which had become useless from sterility of
the queen, we devoted it for our investigation in one
of my leaf hives, which was glazed on both sides,
We removed the queen, and substituted combs con-
taining eggs and young grubs, but no cell with
farine ; even the smallest particle of the substance

* Philosophical Tans. for 1792, p. 143, + Seep. 103
(1]
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which John Hunter conjectured Lo be the basis of
the nutriment of the young, was taken away.

% Nothing remarkable occurred during the first and
second day: the bees brooded over the young, and
seemed to take an interest in them ; but at sun-set,
on the third, & loud noise was heard in the hive,
Impatient to discover the reason, we opened a shut-
ter, and saw all in confusion; the hrood was aban-
doned ; the workers ran in disorder over the combs;
thousands rushed towards the lower part of the hive;
and those about the enirance gnawed at its grating.
Their design was not equivocal ; they wished to quit
their prison. Some imperious necessily evidently
obliged them to seek elsewhere what they could not
find in the hive; and apprehensive that they might
perish if I restrained them longer from yielding to
their instinct, I set them at liberty. The whole
swarm escaped ; but the hour being unfavourable for
their collections, they flew around the hive, and did
not depart far from it. Incremsing derkness and the
eoolness of the air compelled them very soon to re-
turn, Probably these circumstances calmed their
agitation ; for we observed them peaceably remount-
ing theit combs; order seemed re-established, and
}l:fe took advantage of this moment to close the

ive.

“ Next day, the 19th of July, we saw the rudiments
of two royal cells, which the bees had formed on one
of the brood eombs.  This evening, at the same hour
as on the preceding, we again heard a loud buzzing
in the closed hive ; agitation and disorder rose to the
highest degree, and we were again ohliged to et the
awarm escape. The bees did not remsin iong absent
from their habitation; they quieted and returned as
before, We remarked on the 20th, that the royal
cells had not been continued, as would have been the
case in the ordinary state of things, A great tumult
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took place in the evening; the bees appeared tobe in
a delirlum ; we set them at liberty, and order was
restored on their return. Their captivity having
endured five days, we thought it needless to protract
it farther; besides, we were desirous of knowing,
whether the brood was in a suitable condition, and if
it had made the usual progress; and we wished also
to try to discover what might be the csuse of the
periodical agitation of the bees. M., Bummens (the
assistant of Huber} having exposed the two brood
combs, the royal cells were immediately recognized ;
but it was cbvious that they had not been enlarged.
Why should they? Neither eges, grubs, nor that
kind of paste peculiar to the individuals of their
species were there ! The other cells were vacant Jike-
wise; no brood, not an stom of paste was in them.
Thus, the worms had died of hunger, Had we pre-
cluded the bees from all means of sustenance by
removing the fariua? To decide this point, it was
uecessary to confide other brood to the care of the
same insects, now giving them ebundance of pollen,
They had not been enabled to make any collections
while we examined their combs. On this occasion
they escaped in an apartment where the windows
were shut; and after substituting young worms for
thuse they had allowed to perish, we returned them
10 their prison. Next dav we remarked that they had
resumed courage; they had consolidated the combs,
and remained on the brood, They were then provided
with fragments of combs, where other workers had
stored up farina ; and to be able to observe what they
did with it, we took this substance from some of their
¢ells, and spread it on the board of the hive, The
bees snon discovered both the farina in the combs
and whatwe had exposed to them. Theycrowded to
the cells, and also descending Lo the bottom of the
hives, took the pollen gruin by grain in their teeth,
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and conveyed it lo their mouths, Those that had
eaten it most greedily, mounled the combs before the
rest, and stopping on the cells of the young worms,
ingerted their heads, and remained there for & certnin
time. M. Burnens opened one of the divisions of
the hive gently, and powdered the workems, for the
purpose of recognizing them when they should
ascend the combs, He observed them during several
hours, and by this means ascerlained that they ook
8o great a quantity of pollen only to impart it o
their young., Then withdrawing the portions of
comb which had been placed by us on the board of
the hive, we saw that the pollen had been sensibly
diminished in quantity. They were returned to the
bees, to augment their provision still farther, for the
purpose of extending the experiment. The royal,
a3 well as severnl common cells were soon closed ;
and, on opening the hive, all the worms were found
to have prospered. Some still had their food before
them ; the cells of others that had spun were shut
with 8 waxen covering.

* We witnessed these facts repeatedly, and always
with equal interest. They so decisively prove the
regard of the bees towards the grubs which they are
intrusted with rearing, that we shall not seek for
any other explanation of their conducl Another
fact, no less extraordinary, and much more difficult
to be accounted for, was exhibited by bees constrained
to work in wax, several times successively, from the
syrup of sugar. Towards the close of the experiment
they ceased to feed the young, thongh in the begin-
ning these had recdived the usual agtention. They
even frequently drogged them from their cells, and
carried them out of the hive®.”

Mr. Wiston, of Germaatown, in the United Stales,

* Huber on. Bees,
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mentions a fact conclusive on this subject. I had,*
says hie, **a late swarm last summer, which, in eon-
sequence of the drought, filled only one box with
honey, Ae it was late in the season, and the food
collected would not enable the bees lo subsist for
the winter, I shut up the hive, and guve them halt
g pint of honey every day. They immediately set to
work, filled the empty cells, and then constructed
new cells enough to fill another box, in which they
depcsiled the remainder ofithe honey.”

A more interesting proof is thus related hy the
same gentleman, “ In the sammer of 1824, I traced
some wild hees, which had been feeding on the
flowers in my meadow, to their home in the woods,
and which I found in the body of an oak tree, exactly
fifiy feet above the ground. Having caused the
entrance to the hive (o be closed by an experl climber,
the limbs were separated in detail, until the trunk
alone was left standing. To the upper extremity of
this, a tackle-fali was attached, so as to cornnect it
with an adjscent tree, and, a suw being applied be-
low, the naked trunk was cut through. When the
immense weight was lowered nearly to the earih, the
ropes broke, and the mass fell with a violent crash.
The part of the tree which contained the hive, sepa-
rated by the saw, was conveyed Lo my garden, and
placed in a vertical position. On being released, the
bees istued out by thousands, and though alarmed,
soon became reconciled to the change of situation,
By removing a part of the top of the block, the inte-
rior of the hive was exposed to view, and the comb
itself, nearly six feet in height, was observed to have
fullen down two feet below the ruof of the cavity.
To repair the damage was the first object of the
labourers; in doing which, a large part of their store
of heney was expended, because it was at too late a
peuson to obtain materials from abroad. In the fol

9B
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lowing February, these industrious, but unfortunate
insects, issuing in a confused manner from the hive,
fell dend in thousands, around its entrance, the vies
tims of 8 poverty created by their efforts to repair the
ruins of their habitation®.”

In enother experiment, M, Huber confined a
swarm 8o that they had access to nothing beside
honey, and five times successively removed the
combs with the precaution of preventing the escape
of the bees from the apgriment. On each occasion
they produced new combs, which puts i$ beyond dis-
pule that honey is sufficient to effect the secretion of
wax without the aid of pollen. Instead of supplying
ttie bees with honey, they were subsequently fed,
exclugively, on pollen and fruit; but though they
were kept in eaptivity for eight days under a bell-
gless, with a comb containing nothing but farina,
they neither made wax, nor was any secreted under the
rings. Inanother series of experiments, in which bees
were fed with different soris of sugar, it was found
that nearly one-sixth of the sugar was converted into
waz, dark-coloured sugar yieldiug more than double
the quantity of refined sugar.

It may not be out of place to subjein the few
enatomical and physiological facls which have been
ascerlained by Huber, Madlle. Jurine, and Latreille,

The first stomach of the worker-bee, according to
Latreillet, is appropriated to the reception of honey,
but this is never found in the second stomach, which
is surrounded with muscular rings, apd from one
end to the other very much resembles a cask covered
with hoops. It is within these rings that the wax is
produced, but the secreling vessels for this purpose
have hitherto escaped the researches of the acutest

* American Quarterly Review for tune, 1628, p. 352.
1 Latreille, Mem. Acad, des Sciences, 1821,
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naturalists. Huber, however, plausibly enough conjec-
- tures that they are contained in the internal lining of
the wax pockets, which consists of a cellular substance
reticulated with hexagons. The wax pockets them-
selves, which are concealed by the over-lapping of the
rings, may be seen by p-essing the abdomen of a
worker-bee so as to lengthen it, and separate the rings
further from each other. When this has been done,
there may be seen on each of the four intermediate
hoops of the belly, and separated by what may be
called the keel (carina), two whitish-coloured
pouches, of a soft texture, and in the form of a
trapezium. Within, the little scales or plates of wax

Worker bee, magnificd—shawing the position of the scales of was.

are produced from time to time, and are removed and
employed as we shall presently see. We may remark
that it is chiefly the wax-workers which produce the
wax, for though the nurse-bees are furnished with
wax pockets, they secrete it only in very small quan-
tities, while in the queen bee, and the males or drones,
no pockets are discoverable.
L]
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Abdomen of Waxz-worker Bee.

“ All the scales,” says Huber, “are not alike in
every bee, for a difference is perceptible in consist-
ence, shape, and thickness; some are so thin and
transparent, as to require a magnifier to be recog-
nised, or we have been able to discover nothing but
spicul similar to those of water freezing. Neither the
spicule nor the scales rest immediately on the mem-
brane of the pocket, a slight liquid medium is inter-
posed, serving to lubricate the joinings of the rings,
or to render the extraction of the scales easier, as
otherwise they might adhere too firmly to the sides
of the pockets.” M. Huber has seen the scales so
large as to project beyond  the rings, being visible
without stretching the segments, and of a whitish-
yellow, from greater thickness lessening their trans-
parency. These shades of difference in the scales of
various bees, their enlarged dimensions, the fiuid in-
terposed beneath them, the correspondence hetween
the scale, and the size and form of the pockets, seem
to infer the cozing of this substance through the mem~
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branes whereon it is moulded. He was confirmed
in this opinion by the escape of a transparent fluid,
on piercing the membrane, whose internal surface
seemned to be applied to the soft parts of the belly.
This he found coagulated in cooling, when it re-
sembled wax, and again liquefied on exposure to heat.
The scales themselves, also, melted und coagulated
like wax®. ’

By chemical analysis, however, it appears that the
wax of the rings is 8 mote simple substance than that
which composes the cells; for the latler is soluble
in ether, and in spirit of turpentine, while the former
is insoluble in ether, and but partially saluble in spirit
of turpentine. [t shonld seem to follow, that if the
substance found lying under the rings be really the
elements of wax, it undergnes some subsequent pre-
paration afier it is delached ; and that the bees, in
short, are capable of impregnating it with matter,
impariing to it whiteness and duetility, whereas inits
unprepared state it is only fusible,

Prororia.

Wax is not the only material employed by bees in
their architecture. DBesides this, they make use of a
brown, odoriferous, resinous substance, called pro-
polizt, more tenacious and extensible than wax, and
well adapted for cementing and varnishing. It was
strongly suspected by Réanmur, that the bees cal-
lected the propolis from Lhose trees which are known ta
produce a similar gummy resin, snch a3 the poplar,
the birch, and the willow; but he was thrown into
doubt by not beiug able to detect the bees in the
nct of procuring it, and by observing them to collect

* Huber on Bees, p. 322,

t Prom two Oreek words wes wadsr, meaning before fhe cify, as
E‘:e subslance is principally applied to the projecting parts of tha

Y.
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it where none of those tiees, nor any other of the
same description, grew. His bees also refused to
make use of bitumen and other resinous substances,
with which he supplied them, though Mr. Knight, as
we shall afterwards see, was more successful®,

Long before the time of Réaumur, however, Mouf-
fet, in his Tnsectarum Theatrum, quotes Cordus for
the opinion, that propolis is collected from the buds
of trees, such as the poplar and birch ; and Reim
says it is collected from the pine and firt. Huber
at length set the question at rest; and his experi-
meuts and observations are so inieresting, that we
shall give them in his own words:—

* For maoy years," suys he, “I had fruiflessly en-
deavoured to find them ou trees producing an ana-
Jogous substance, though mulmudes had been seen
returning laden with it.

*“ In July, some branches of the wild poptar, which
had been cut since spring, with very large buds, full .
of a reddish, viscous, odoriferous matter, were brought
to me, and I planted them in vessels before hives, in
the way of the bees guing ont 1o forage, so that they
could not be insensible of their presence. Within a
quarter of an hour, they were visited by a bee, which
separating the sheath of a bud with its teeth, drew
out threads of the viscous substance, and lodged a
pellet of it in one of the baskets of its limbs: from
another bud it collected another peliet for the oppo-
site limb, and departed to the hive. A second bee
took the place of the former in a few minutes, fol-
lowing the same procedure. Young shoots of poplar,
recently cut, did not seein to atiract these insects, as
their viscous matier had less consistence than the
former}.

* Phil. Trans. for 1807, p. 242,

% Schirach, Hist. des Abeilles, p. 241.
] Kirby and Spence ohserved Lees vary busy in collecting



HIVE-BEES. 167

* Different experiments proved the ideutity of this
aubstance with propolis ; and now, having only ta
discover how the bees applied it to use, we peapled
a hive, so prepared as lo fulfil our views. The bees,
building upwards, scon reached the glass above;
but, unable to quit their habitation, on account
of rain, they were three weeks without bringing
home propolis, Their combs remained perfectly
white until the beginning of July, when the state of
the atmosphere became more favourable for our ob-
gervalions. Serene warm weather engaged them to
forage. and'they returned from the fields laden with
a resinous gum, resembling a transparent jelly, and
having the colour and lustre of the garnet. It was
easily distinguished from the farinaceous pellets then
collected by other bees. The workers bearing the
propolis ran over the clusters suspended from the
rouf of the hive, and rested on the rods supporliug
the combs, or sometimes stopped ou the sides of their
dwelling, in expectstion of their companions coming
to disencumber them of their burden. We actually
saw two or three arrive, and carry the propolis from
off the limbs of each with their teeth. The upper
pari of the hive exhibiled the most animated spec-
tacle: thither a multitude uf bees resorted from all
quarters, to engage in the predomiuant occupation
of the collectinn, distribution, and application of the
propolis. Some conveyed that of which they had
unloaded the purveyors in their Leeth, and deposited
it in heaps ; others hastened, before its hardeuing, to
spread it out like a varnish, or formed it into strings,
proporlioned to the interstices of the sides of the
bive io be filled up. Nothing could be more diver-
sified than the operativns carried on.

“The bees, apparently cbarged with spplyiog the

propolis from the tecamahaca tree (Fopwlur baleamifera).—
Lowrod,, i, 186.
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propolis within the cells, were easily distinguished
from the multitude of workers, by the direction of
their heads towards the horizontal pane forming the
roofl of the hive, and on reaching it, they deposited
their burden nearly in the middle of intervals sepa-
rating the combs: then they conveyed the propolis
to the real place of its destination. They suspended
themselves by the claws of the hind legs to points of
support, afforded by the viscosity of the propolis on
the glass: and, as it were, swinging themselves back-
wards and forwards, brought the heap of this substance
nearer to the cells at each impulse. Here the bees em-
ployed their fore feet, which remained free, to sweep
what the teeth had detached, and to unite the frag-
ments scattered over the glass, which recovered all
ite transparency when the whole propolis was brought
to the vicinity of the cells.

“ After some of the bees had smoothed down and
cleaned out the glozed cells, feeling the way with
their antennse, one desisted, and having approached
a heap of propolis, drew out a thread with its teeth.
This being broken off, it was taken in the claws of the
fore feet, and the bee, re-entering the cell, imme-
diateiy placed it in the angle of two portions that
had been smoothed, in which operation the fore feet
and teeth were used alternately ; but probably proving
too clumsy, the thread was reduced and polished ;
and we admired the accuracy with which it wag ad-
justed when the work was completed. The insect
did not stop here : returning to the cell, it prepared
other parts of it to receive a second thread, for which
we did noi doubt that the heap would be resorted to,
Contrary to our expectation, however, it svailed
itself of the portion of the thread cut off on the
former oceasion, armanged it in the appointed place,
and gave it all the solidity and finish of which it was
susceptible, Other bees concluded the work which
the first had beguan; and the sides of the c=lls were
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speedily vecured with threads of propolis, while some
were also put on Lhe orifices; but we could not seize
the moment when they were varnisfied, though it
may be easily conceived how it is done ».”

This is not the only use to which bees apply the
propolis. They are exiremely solicitous to remove
such inseels or forcign bodies as happen to get ad-
mission into the hive. When s¢ light as not to
exceed their powers, they first kill the insect with
their stings, and then drag it out with their teeth.
But it sometimes happens, as was first chserved by
Maruldi, and since by R&aumur and others, that an
ilk-fated snail creeps into the hive: this is no sconer
perceived than it is atltacked on all sides, and stung
to death. But how are the hees to carry out so
heavy & burthen? Such a labour would be in vain.
To prevent the noxious smell which weuld arise from
its putrefaction, they immediately embalm it, by co-
vering every part of its body with propoiis, through
which no effluvia can escape, When a snail with a
shell gets entrance, to dispose of it gives much less
tronble and expense to the bees. As soon as it re-
ceives the first wound from a sting, it naturally
retires within its shell. In this case, the bees, instead
of pasting it all over with propolis, content them-
selves with gluing all round the marpgin of the shell,
which is sufficient to render the animal for ever im-
moveably fixed.

Mr. Knight, the learned and ingenious President of
the Horticultural Society, discovered by accident an
artificial substance, more attraclive than any of the
resins experimentally tried by Réaumur. Having
caused the decorticated part of a tree 10 be covered
with & cement, composed of bees’-waX und turpentine,
he ohserved that this was frequei ted by hive-bees,
who, finding it to be a very gond propolis ready made,

* Huber oo Hees, p. 408,
H
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detached it from the tree by their mandibles, and
then, as usual, passed it from the first leg to the
second, and so on. When one bee had thus collected
its load, another often came behind and despoiled
it of all it had collected ; a second and a third load
were frequently lost in the same manner; and yet
the patient insect pursued its operations without
manifesting any signs of anger®. Probably the
latter circumstance, at which Mr. Knight seems to
have been surprised, was nothing more than aninstance
of the division of labour so strikingly exemplified in
every part of the economy of bees.

It may not be out of place here to describe the
apparatus with which the worker-bees are provided
for the purpose of carrving the propolis as well as
the pollen of flowers to the hive, and which has just
been alluded to in the observations of Mr. Knight.
The shin or middle portion of the hind pair of legs is
actually formed into a triangular basket, admirably
adapted to this design. 'The bottom of this basket

Slructure of the lags of the Bee fur carrying propoliz and pollen, magnified,
* Philosophical Trans, for 1807, p. 242.
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ig composed of a smooth, shining, horn.like sub-
stance, hollowed out in the substance of the fimh,
and surrounded with a margin of strong and thickly-
set bristles. Whatever materials, therefore, may be
placed by the bee in ihe interior of this basket, are
secured from falling out by the bristles around it,
whose elasticity will even allow the load 1o be heaped
beyond their points without letung it fall.

In the case of prepolis, when the bee is lobding
her singular basket, she first kneads the piece she
has detached with her mandibles, il it becomes
somewhat dry and less adhesive, as otherwise it would
stick to her limbs, This preliminary process some-
times occupies neerly half an hour. She then passes
it backwards by means of her feet to the cavity of her
basket, giving it two or three pais to make it adhere;
and when she adds a second portion to the first, she
ofien finds it necessary to pat it still harder. When
she has procured as much as the basket will couve-
niently hold, she flies off with it to the hive.

Twe BuiLbiNag o THE CELLs,

The notion commonly entertained respecting glass
hives is altogether erroneous. Those who are un-
acquainted with bees imagine, that, by means of a
glass hive, all their proceedings may be easily waiched
and recorded ; but it is to be remembered that bees
are exceedingly averse to the intrusion of light, and
their first operation in such cases is to close up every
chink by which light can enier to disturb them,
either by clustering together, or by a plaster com-
posed of propolia It consequently requires con-
siderable management and ingenuity, even with the
nid of a glass hive, to see them actually at work,
M. Huber employed a hive with lepves, which opened
in the manner of & book ; and for some purposes he

H2
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used & glass box, inserted in the body of the hive,
but easily brought into view by means of sorews,

But ro inveniion hitherto contrived i3 sufficient to
obviate every difficulty. The bees are so eager 1o
afford mutual assistance, and for this purpose so
many of them crowd together in rapid succession,
that the operations of individuals can seldom be
traced. Though this crowding, however, appeara
to an observer to be mot a little confused, it is al
regnlated with admirable order, as has been ascer-
tained by Rdaumur and other distingnished patu-
ralists,

When bees begin to build the hive, they divide
themselves into bands, one of which produces mate-
rials for the structure ; another wurks upon these, and
forms them into & rough sketch of the dimensions end
parlitions of the cells. All this is completed by the
second band, who examine and adjust the angles,
remove the superfluous wax, and give the work its
necessary perfection; and a third band brings pro-
visions to the labourers, who cannot leave their work.
But po distribution of food is made to those whose
charge, in collecting propolis aud pollen, calls them
to the field, because it is supposed they will herdly
forgel themselves; neither is any allowance made to
those who begin the architecinre of the cells. Their
province ig very troublesome, because they are oblized
to level and extend, as well as cut and adjust the wax
to the dimensions required ; but then they soon ob-
tain a dismission from this labour, and retire to the
fields to regule themselves with food, and wear off
their fatizue with a more egreeable employment.
Those who succeed them, draw their mouth, their
feet, and the extremity of their body, several limes
over ail the work, and never desist till the whole is
polished and completed ; and as they frequently need
refreshments, end yet are not permitted 1o retire,
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there are waiters always attending, who serve them
with provisions when they require them. The labourer,
who has an appetite, bends down his trnok before the
caterer, to inlimate that be has an inclination to eat,
upon which the other opens bis bag of honey. and
pours out & few drops ; these may be distinctly seen
rolling through the whole of his tronk, which in-
senstbly swells in every part the lignor flows through.
When this little repast is over,the labourer returns 1o
his work, and his body and feet repesat the same meo-
tions as before®.

Before they can commence building, however,
wheo a colony or swarm migrates from the original
bive to B new situation, it is necessary first to collect
propolis, with which every chink and crannyin the
place where they mean to build may be carefully
stopped up ; and, secondly, that a quantity of wax be
secreted by the wax-workers to form the requisite
vells. The secretion of wax, it would appear, goes
on best when the bees are in a state of repose; and
the wax.workers, sccordingly, suspend themselves
in the interior io an extended cluster, like a curtain
which is composed of a series of interiwined festoous
or garlands, crossing each other in sl directions,—
the uppermost bee maintaining its position by laying
hold of the roof with its fore legy, and the succeeding
ene by luying hold of the hind legs of the first.

“ A person,” says Réaumur, * mmust have been
borm devoid of curiosity not to lake interest in the
investigation of such wonderful proceedings.” Yet
Rdaumur himself seems not to have nndersigod that
the bees suspended themselves in this manner to
secrete wax, but merely, as he imagined, to reeruit
themselves by rest for renewing their labours, The
bees composing the festooned curlsin are individu-
ally motionless; but this curtain is, notwithsianding,

* Spectacle de la Nature, tom, i
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kept moving by the proceedings in the interior; for
the nurse-bees never form any portion of it, and
contmue their activity—a distinction with which
Réaumur was unacquainted.

Curtain of Fas-workers secreling WWas,

Although there are many thousand labourers in a
hive, they do not commence foundations for combs
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in several places at once, but wait 1il! an individua.
bee has selected a sile, and laid the foundation of. a
comb, which serves s a directing mark for all that
are (0 follow. Were we not expressly told by so
accurate an observer as Huber, we might hesitale to
believe that bees, though united in what appears to
be a hermonious monarchy, are stmngers Lo sub-
ordination, and subject 10 no discipline. Hence it
ts, that though many bees work on Lhe same comb,
they do uot appear to be guided by any simultaneous
impuls¢. The stimulus which moves them iz suc-
cessive.  An individual bee commences each opera-
tion, and severa! others successively apply themselves
to accomplish the same purpose. Each bee appears,
therefore, to eet individually, either as directed by the
bees preceding it, or by the state of advancement in
which it finds the work it hos to proceed with. If
there be anything like -unanimous consent, it is the
innction of several thousand workers while a single
individnal proceeds to delermine end lay down the
foundation of the first comb, Réaumur regrets, that,
though he could by snatches detect a bee ai work in
founding cells or perfecling their structure, bis ob-
servations were generully interrupted by the crowding
of other bees between him and the little builder.
He was therefore compelled rather to infer the dif-
ferent steps of their procedure from an examination
of the cells when completed, than from actual ob-
servation, ‘The ingenuity of Huober, even under all
the disadvantlages of blindness, succeeded in tracing
the minutest operations of the workers from the first
waxen plate of the foundation. We think the narra-
tive of the discoverer's experiments, as given by him-
self, will be more interesting than mny abstract of it
which we could furnish.

* Having taken a large bell-shaped glass receiver,
we glued thin woodeo slips to the arch at certain in-
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tervals, because the glass itself was 100 smooth to
admit of the bees supporting themselves on iL. A
awarm, congisting of some thousand workers, several
hundred meles, and a fertile queen, was introduced,
and they soon ascended to the top. Those first
gaining the slips, fixed themselves there by the fore
feet; others scrambling up the sides, joined them,
by holding their legs with their own, and they thus
formed a kind of chain, fastened by the two ends to
the upper parts of the receiver, and served as ladders
or a bridge to the workers enlarging their number.
The latter were united in a closter, hanging like an
inveried pyramid from the top to the botiom of the hive.

“ The country then affording little honey, we pro-
vided the bees with syrup of sugar, in order to hasten
their labour. They crowded to the edge of a vessel
containing it; and, having satisfied themselves, re-
turned to the group. We were now struck with the
sbsolute repose of this hive, contrasted with the usual
agitation of bees. Meanwhile, the nurse-bees alone
went to forage in the country: they returned with
pollen, kept guard at the eutrance of the hive,
cleansed it, and stopped up its edges with propolis.
The wax-workers remained motionless above fifteen
hours : the coriain of bees, consisting always of the
same individnals, assured us that noue replaced them,
Some hours laler, we remarked that almost ali these
individuals had wax scales under the rings; and
next day this phenomenon was still more genersl,
The bees forming the external layer of the cluster,
having now somewhat ailered their position, enabled
us to see their bellies distinctly. By the projection
of the wax scales, the rings seemed edged with
white, The curlain of bees became rent in several
places, and some commotion began to be observed
in the hive,

“ Convinced thot the combs wounld originate in
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the centre of the swarm, our whole attention was
then directed towards the roof of the glass. A worker
at this time detached itself from one of the central
festoons of the cluster, separated itself from the
crowd, and, with its head, drove away the bees at
the beginning of the row in the middle of the arch,
turning round to form a space an inch or more in
diameter, in which it might move freely. It then
fixed itself in the centre of the space thus cleared.
“The worker now employing the pincers at the
joint of one of the third pair of its limbs, seized a
scale of wax projecting from a ring, and brought it
forward to its mouth with the claws of its fore legs,

Was-worker lying the foundation of the first Cell.

where it apppeared in a vertical position. We re-
marked, that, with its claws, it turned the wax in
every necessary direction; that the edge of the scale
was immediately broken down, and the fragments
having been accumulated in the hollow of the mandi-
bles, issued forth like a very narrow ribbon, impreg-
nated with a frothy liquid by the tongue. The
tongue itself assumed the most varied shapes, and
executed the most complicated operations,—being
sometimes flattened like a trowel, and at other times
pointed like a pencil ; and, after imbuing the whole
substance of the ribbon, pushed it forward again
into the mandibles, whence it was drawn out a
second time, but in an opposite direction.

“ At length the bee applied these particles of wax
to the vault of the hive, where the saliva impreg-
nating them promoted their adhesion, and also com-

HD



118 INSECT ARCHITECTURE,

municated & whileness and opacity, which were want-
ing when the scales were detached from the rings
Doubtless, this process was to give the wax that
ductility and tenacity belonging to its perfect state.
The bee then separated those portions not yet
epplied to use with its mandibles, and with the same
organs afterwards erranged them at pleasure. The
founder bee, o name appropriate to this worker,
repented the same operation, until rll the fragments,
worked up and impregnated with the fluid, were
attached to the vault, when it repeated the preceding
operations on the part of the scale yet kept apart,
and again united to the rest what was obiained from
it. A second and third scale were similarly treated
by the same bee; yet the work was only sketched;
for the worker did nothing but accumulate the par-
ticles of wax together. Meonwhile, the founder,
quitting its* pesition, disappeared amidst its com-
panions, Another, with wax under the rings, suc-
_ceeded it, which, suspending itself to the same spot,
withdrew a scale by the pincers of the hind legs, and
passing it through its mandibles, prosecuted the
wurk ; and taking care to make its deposit in a line
with the former, it united their extremitiea A third
worker, delaching itself from the interior of the
cluster, now came and reduced some of the scales
to paste, and put them near ihe materials accu-
mulated by its companions, but not in a straight line,
Another hee, apparently sensible of the defect, removed
the misplaced wax before our eyes, and carrrying it
to the former heap, deposited it there, exactly in the
order and direction pointed out
* From all these operations was produced a block
of a rugged surface, hanging down from the arch,
without any perceptible angle, or any traces of cells,
It was a simple wall, or ridge, running in a stenight
line, snd without the least inflection, two-thirds of
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an inch in length, about two-thirds of a cell, or two
lines, high, and declining towards the extremities.
We have seen other foundation walls Irom an inch
to an inch and a half long, lhe form being always
the same; but none ever of greater height.

“ The vacuity in the centre of the cluster had per-
mitted us to discover the first manuvres of the
bees, and the art with which they laid the foundations
of their edifices. However, it was filled up too soon
for our satiafaction ; for workers collecting on beth
faces of the wall obstructed our view of their further
operalions *.”

Curtaiz of JVaz-workeys.—(See p. 114.)
p. 398,



CuartEr VI

AHCHITECTURE OF THE HIVE-BEE CONTINUED,—FCRM
OF THE CELLS.

THE obstruction of which M. Huber complains only
operated as a slimulus to bis ingenuity in contriving
how he might centinue his interesting observations,
From the time of Pappus to the prresent day, mathe-
maticians have applied the principles of geometry to
explain the coustruction of the cells of a bee-hive;
bui though their extraordinary regularity, and won-
derfuilly selected form, had so ofien heen investigated
by meat of the greatest lalent, and skilled in all the
refinements of science, the process by which they are
constructed, involving also the causes of their regu-
larity of form, had not been traced iill M. IHuber
devoled himself to the inguiry.

As the wax-workers secrete only a limited quantity
of wax, it is indispensably requisite that as little ag
possible of it should be consumed, and that none of it
should be wasted, DBees, therefore, as M. Réaumnr
well remarks®, have 1o solve this difficult geometrical
problem :—A quantity of wax being given, to {orm
of it similar and equal cells of u delerminate cupa-
city, but of the largest size in proporlion to the
quantity of matter employed, and disposed in such a
manier as to occupy the least possible space in the
hive. This problein is solved by bees in all its con-
ditions. The eylindrical form would seem to be best
adapted 10 the shape of the insect ; but had the cells
been eylindrical, they could not have been applied to

* Réaumur, sol, v., p. 360.
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each other without leaving e vacant and seperfleous
space between every three contiguous cells, Had the
cells, on the other hand, been square or trianguiar, they
might have been constructed withont unnecessary
vacancies; but these forms would have hoth required
more malerial and been very unsnitable to the shape
of a bee's bady. The six-sided fortn of the cells
obviates every objection ; and while it fulfils the con-
ditions of the probiem, it is equaily adapted with a
cylinder to the shape of the bee. .

M. Réumur further remarks, that the base of
each cell, instead of forming & plane, is usvally com-
posed of three pieces in the shape of the diamonds
on playing cards, aud placed in such a manner as to
form a holluw pyramid, This structure, it may be
observed, imparts & greater degree nf strength, and,
still keeping the solution of the problem in view,
gives a great capacity with the smallest expenditure of
malerial.  This has actuaily, indeed, been ascertained
by mathematical measurement and calculation. Ma-
raldi, the inventor of glass hives, delermined, by
minutely measuring these angles, that the pgreater
were 109° 28/, and the smnaller, 70° 82'; and M.
Réaumar, being desirous to know why these parti-
cular angles are selected, requested M. Kenig, a
skilful methematician, (without informing him of his
design, or felling him of Maraldi's researches,) to
determnine, by calculation, what ought to be the angle
of a six-sided cell, with a concave pyramidal base,
formed of three similar and equal rhomboid plates,
so that the least possible matter should enter into its
construction. DBy employing what geometricians de-
nominate the infinitesimal caleutus, M. Kenig found
that the angles should he 109° 26 for the greater,
and 70° 84" for the smaller, or ubout two-sixtieths of
8 degree, more or less, thar the actual angles made
choice of by bees. The equality of inelination in the
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angles has also been said to facilitate the construction
of the cells,

M. Huber adds to these remarks, that the cells of
the first row, by which the whole comb is attached
to the roof of a hive, are not like the rest; for
instead of six sides they have only five, of which the
roof forms one. The base, also, is in these different,
consisting of three pieces on the face of the comb,
and on the other side of two: one of these only is
diamond-shaped, while the other two are of an irre-
gular four-sided figure. This arrangement, by bring-
ing the greatest number of points in contact with the
interior surface, ensures the stability of the comb.

Arrangement of Cells.

It may, however, be said not to be quite certain,
that Réaumur and others have not ascribed to bees
the merit of ingenious mathematical contrivance and
selection, when the construction of the cells may more
probably originate in the form of their mandibles and
other instruments employed in their operations. Im
the case of other insects, we have, both in the preced-
ing and subsequent pages of this volume, repeatedly
noticed, that they use their bodies, or parts thereof,
as the standards of measurement and modelling; and
it is not impossible that bees may proceed on a
similar principle. M Huber replies to this objection,
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.that bees are not provided with instruments corre-
sponding to the engles of their cells; for there is no
more resemblance between these and the form of
their mandibles, than between the chisel of the
scuiptor snd the work which he produces. The
head, he thinks, doea not furnish any better explana-
tion, He admits thet the antenns are very flexible,
so ad to enable the insects to follow the outlioe of
every object; but concludes that neither their struc-
ture, nor that of the limbs and mandibles, are ade-
quate to explain the form of the cells, though all
these are employed in the operations of building,—
the effect, according to him, depending entirely on
the object which the insect proposes.

We shall now follow M. Huber in the experiments
which he contrived, in order to observe the operations
of the bees subsequent to their laying & foundation
for the first cell; and we shall again quote from his
own narrative : —

%1t appeared to me,” he says, “thet the only
methed of isolating the srchitects, and bringing
them individually inte view, would be to ioduce
them to change the direction of their operations, and
work upwards.

“T hed a box made twelve inches squere and nine
deep, with 2 moveable glass lid. Combs full of
brood, honey, and pollen, were next selected from
one of my leaf hives, as containing what might in-
terest the bees, and being cut into pieces a foot long,
and four inches deep, they were arranged vertically
sl the bottom of the box, at the same iotervals as
the iusects themselves usually leave between them,
A small slip of wooden lath covered the upper edge
of each. [t was not prohoble that the bees would
‘attempt to found new combs on the glass roof of the
box, because its smoothuess precluded the swarm
from ndhering (o it ; therefore, if disposed (o build,
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they could do so over the slips resting on the combs,
which lefl a vacuity five inches high above them. As
we had foreseen, the swarm with which this box was
peopled esiablished itself among the combs below,
We then observed the uurse-bees displaying their
-natural activity. They dispersed themselves through-
out the hive, to feed the young grubs, to clear out
their Jodgment, and adept it for their convenience.
Certainly, the combs, which were roughly cat to fit
‘the bottom of the box, and in some parts damaged,
appeared to them shapeless and misplaced ; for they
speedily commenced their reparation. They beat
down the old wax, kneaded it between their teeth, and
thus formed binding materials to consolidate them.
We were astonished beyond expression by such a
multitode of workers employed at once in labours
to which it did not appear they should have been
called, at their coincideace, their zeal, and their pru-
dence,

* But it was still more wonderful, thet ebout half
the numerous populatiou took no part in the pro-
-ceedings, remaining motionless, while the others ful-
filled the fynctions required. 'The wax-workers, in
a stale of absolute repose, recalled our former obser-
-vations. Gorged with the honey we had put within
their reach, and cootinuing in this conditicn during
twenty-four hours, wax was formed under their rings,
and was now ready lo be put in operation. Ta our
greal satisfaction, we soon saw e little foundation
wall rising on one of the slips that we had prepared
to receive the supersiructore, No chstacle was of-
fered to the progress of our observations ; and jor the
second time, we beheld both the undertaking of the
founder bee, and the successive labuors of several
wax -workers, in forming the foundation wali. Would
that my readers could share the interest which the
view of these arclittects inspired !
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* This foundation, originally very small, was en-
larged as the work required; while they excavated
on one side a hollow, of about the width of a com-
mon cell, and on the opposite surface two others
somewhat more elongated. The middle of the single
cell corresponded exactly to the partition separating
the latter; the arches of these excavations, projecting
by the accumulation of wax, were converted into
ridges in a straight line ; whence the cells of the first
row were composed of five sides, considering the
slip as one side, and those of the second row, of six
sides.

Foundation-wall enlarged, and the cells commenced,

“The interior conformation of the cavities, ap-
parently, was derived from the position of their re-
spective outlines. It seemed that the bees, endowed
with an admirable delicacy of feeling, directed their
teeth principally to the place where the wax was
thickest ; that is, the parts where other workers on
the opposite side had accumulated it; and this ex-
plains why the bottom of the cell is excavated in an
angular direction behind the projection on the sides
of which the sides of the corresponding cells are to
rise. 'The largest of the excavations, which was op-
posite to three others, was divided into three parts,
while the excavations of the first row on the other
face, applied against this one, were composed of only
two.

“ In consequence of the manner in which the ex-
cavations were opposed to each other, those of the
second row, and all subsequent, partially applied to
three cavities, were composed of three equal diamond-
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shaped lozenges, I may here remark, that each part
of the labour of bees appears the natural result of
what has preceded it; therefore, chance has no share
in these admirable combinations.

“ A foundation wail rose sbove the slip like a
minule vertical partition, five or six lines long, two
lines high, but only half a line in thickness ; the edge
circular, aud the surface rough. Quitting the cluster
among the combs, a nurse-bee mounted the slip,
turned around the block, and visiting both sides,
began to work aclively in the middle. [t removed
as much wax with its teeth as wight equal the
diemeter of & common ecell ; und after kneading and
‘moisteniug the particles, deposited them on the edge
of the excavation. This insect, having laboured
some seconds, relired, and was soon replaced hy
another; a third continued the work, raising the
margin of the edges, now projecting from the cavity,
and with assistance of ils teeth and feet fixing the
particles, so as to give these edges a straighler form.
More than twenty bees successively participated in
the same work ; and when the cavity was little above
a line and a haif in height, theugh equalling a cell in
width, a bee left 1the swarm, and after encircling the
block, commenced its operations on the opposite face,
where yet untouched. But its leeth acting only on
one half of this side, the hollow which it formed was
npposite to only one of the slight prominences bor-
dering the first cavity, Nearly at the same time
another worker began on the right of the face that
had been untouched, wherein both were occupied in
forming cavities, which may be designed the second
and third; aund they also were replaced by subsli-
totea. These two latter cavities were separated only
by the common margin, framed of particles of wax
withdrawn from them ; which margin corresponded
with the centre of the cavity on the opposite surface.



HIVE-BERS, 127

The touudation wall itself was still of insufficient
dimensions to admit the full diameter of a cell; but
while the excavations were deepened, wax-workers
extracting their scales of wax applied them in en-
larging its circumference; so thal it rose nearly two
iines turther around the circular arch. The nurse-
bees, which appeared more especislly charged with
seulpturing the cells, being then enabled to continue
their outlines; prolonged the cavities, and heightened
their mergins on the new addition of wax.

“ The arch, formed by the edge of each of these
cavities, was next divided as by two equal chords, in
the line of which the bees formed stages or project-
ing borders, or margins meeting at an obtuse angle;
the cavilies now “had four margins, two lateral and
perpendicular Lo the supporting slip, and two oblique,
which were shorter,

* Meantime, it became more difficult to follow the
operations of the bees, from their frequently joter-
posing Lheir heads between the eye of the observer
and the bottom of the cell; but the partition, whereon
their 1eeth imboured, had become so transparent, as
to expose what passed on the other side.

“ The cavities of which we speak, formed the
bottom of the firat three cells; and while the bees
engaged were ndvancing them o perfection, other
workers commenced sketching a second row of cells
sbove the first, and partly behind those in front—
for in general, their labour proceeds by combination,
We canuot say, ‘ When bees have finished this cell,
they will begin new ones; but, “ while particular
workers advance a certain porlion, we are certain
that others will carry on the adjacent cells.’ Farther,
the work begnn on one face of the comb is alreudy
the commencerment of that which is to follow on the
reverse. All this depends on a reciprocal relation,
or & mutual connexion of the parts, rendering the
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whole subservient Lo each other, It is undoubted,
therefore, that slight irregularities on the front will
affect the furm of the cells on the back of the comb®.”

‘When they heve in this manner worked the bot-
tom of the first row of cells into the required forms,
some of the nurse-bees finish them by imparling e
sort of polish, while uthers proceed Wb cut out the
rudiments of a second row from the fresh wall of
wax which has been built in the meeanwhile by the
wax-workers, and also on the opposite side of this
wall; for & comb of cells is always double, bein
arranged in two layers, placed end to end. The ceils
of this second row are engrafted on the borders of
cavities hollowed out in the wall, beine founded by
the nurse-bees, bringing the cuntour of all the bot-
toms, which is at first ‘unequal, to the same level;
and this level is kept uniform in the margins of the
cells till they are compleled. At first sight, nothing
appears more simple, than adding wax to the mar-
gins; but from the inequulities occasioned by the
shape of the bottom, the bees must acenmulate wax
on the depressions, in order to bring them to a level.
It follows accordingly that the surface of a new
comb is not quite flat, there being a progressive slope
produced as the work proceeds, and the comb being
therefore jn the form of n lens, the thickness decreasiug
. towards the edge, and the last formed ceils being
shallower or shorter than those preceding them. So
long as there is room for the enlargement of the
comb, this thinning of its edge may be remarked;
but as soon as the space within the hive prevenis its
eniargement, the cells are made equal, und two flat
and level surfaces are produced.

M. Huber observed, that while sketching the
bottom of & cell, before there was any upright mar-
gin on the rteverse, their pressure on the sull soft

* Huber oo Bees, p. 368.
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aud flexible wax gave rise to s projection, which
sometimes caused & breach of the partition. ‘This,
however, was soon repaired, but a slight prominence
always remained on the opposite surface, to the right
and ieft of which they placed themselves, to begin a
new excavation; and ihey heaped up parl of the
materinls between the two flutings formed by their
labour. The ridge thus formed becomes a guide to
the direction which the bees are to follow for the
vertica! furrow of the front cell,

We have already seen that the first cell determines
the place of all that succeed it, and two ol these are
never in ordinary circumstauces begun in different
parts of the hive at the same time, as iz alleged by
some earlier writers. When some rows of cells,
however, have been completed in the first comb, two
other foundation walls are begun, one ou each side of
it, at the exact distance of one-third of an inch, which
is sufficient to sllow two bees employed on the op-
posite cells Lo pass each other without jostling. These
new walls are also parallel to the former; and two
more are afterwards begun exterior to the second,
and at the same parallel distance. The combs are
uniformly enlarged, and lengthened in a progression
proportioned to the priority of their origin ; the
middle comb being always advanced beyond the two
ndjoining ones by several rows of cells, and these
emain beyonrd the ones exterior to themn. THd the
bees lay the foundations of all their combs at the
same time, they would mot find it easy to preserve
parallelism and an equality in their distances. It may
be remarked further, that beside the vacancies of
hali’ an inch between the cells, which form what we
may call the bighways of the community, the combs
are pierced in severnl places with holes, which serve
as postern-gates for easy communication from one to
another, to prevent loss ol time in going round, The
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equal distance between the combs i3 of more impor-
tance to the welfare of the hive than might at first
sppear ; for were they too distant, the bees would be
so scattered and dispersed, that they could not re-
ciprocally communicate the heat indispensable for
hatching the egps and rearing the young. If the
combs, on the other hand, were closer, the bees
could noi traverse the intervals with the freedom
necessary to facilitate the work of the hive.  On the
approach of winter, they sometimes elongate the
cells which contain honey, and thus contract the
intervals between the combs, Dut this expedient is
in preparation for a season when it is important to
have copious magazines, and when their activity
being relaxed, it is unnecessary for their communi-
cations to be so spacions und free. On the return of
spring, the bees hasten to contract the elongated
cells, that they may become fit for receiving the
eggs which the queen is about to deposit, and iu
this manner they re-establish the regular distance *.

We are indebted to the jate Dr. Barclay of Edin-
burgh, well known as an excellent anatomist, for
the discovery that each cell in a honeycomb is not
simply composed of one wall, but consists of two.
We shall give the aceount of his discovery in his own
words :—

* Having inquired of several naturalists whether
or not they koew any author who had mentioned
that the partitions between the cells of the honey-
comb were double, and whether or not they had ever
remarked such a structore themselves, and they hav-
ing answered in the negative; I now take the liberty
of preseniing lo the Society pieces of honeycomb
in which the youang bees had been remred, upon
breaking which it will be clearly seen that the par-
tilions belween different cells, at the sides and the

* Haber on Bees, p, 220,
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base, are nll double; or, in other words, that each
cell is a distinct, separate, and in some measure an
independent structure, aggiutinated only to the neigh-
bouring cells ; and that when the agglutinating sub-
siance is destroyed, each cell may be entirely sepa-
rated from the rest.

* I have also some specimens of ‘the cells formed"
by wasps, which shew that the partitions between
them are also double, and that the agglutinating sub-
stance between them is more easily destroyed than
that between the cells of the bee*.”

TRREGULARITIES IN THEIR WORKMANSHIP,

Though bees, however, work with great uniformity
when circumatances favour their operations, they may
be compelled to vary their proceedings. M. Huber
tade several ingenious experiments of this kind,
The following, mentioned by Dr. Devan, was acci-
dental, and occurred o his friend Mr, Walond.
 Inspecting his bee-boxes at the end of Oclober,
1817, he perceived that a centre comb, burdened
with honey, had separated from its attachments, and
was leaning against another comb, so as Lo prevent
the passage of the bees heiween them., Thia acci-
dent excited great activity in the colony; but its
nature could not Le ascertzined at the time. At the
end of & week, the wenther being cold, and the bees
clustered together, Mr. Walond cbserved, through
the window of the box, that they had construcied
two horizoutal pillars betwixt the combs alluded to;
and had removed s0 much of the honey aud wax
from the top of each, as to allow the passage of a
bee: iu about ten days more, there was an unin-
terrupted thoroughfare ; the detached comb at its
upper part had been secured by a streng barrier, and

* Memoirs of the Werneriaz Nat. Hisi, Soc., vol.ii, p. 260.
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fastened to the window with the spare wax. This
being accomplished, ihe bees removed the horizental
pillars first constructed as being of no further use®.”

A similar anecdote is told by M. Huber. * Dur-
ing the winter,” says he, **a comb in one of my
beil-glass hives, having been originally insecure, fell
down, but preserved its positiun perallel to the rest.
The bees were unable to fill up the vacuity left above
it, because they do not build combs of old wax, and
none new could be then obtained. At a more favour-
sble season they would have ingrafied a new comb
on the oild one; but now their provision of honey
could not be spared for the elahoration of this sub~
stance, which induced them to ensure the stability
of the comb by another process.

“ Crowds of bees tsking wax from the lower part
of other combs, and even gnawing it from the sur-
fuce of the orifices uf the deepest cells, they con-
structed so many irregular pillars, joists, or® but-
tresses, between the sides of the fallen comb, and
others on the glass of the hive. All these were arti-
ficially adupted to localities. Neither did they con-
fine themselves to repairing the accidents which their
works had sustained. They seemed to profit by the
warning, tu guard against a similar casuaity.

“ The remniniog combs were not displaced ; there-
fore, while solidly adhering by the base, we were
greatly surprised to see the Lees strengthen their
principal fixtores with old wax. They rendered
them much thicker than Lefore, and fabricated a
number of new connexions, to unite them more
flrmly to ench other, and to the sides of their dwelling.
Al] this passed in the middle of January, a time that
these insects ceinmonly keep in the upper part ot
their hive, and when waork is no longer seasonablet.”

‘M. Huber the younger shrewdly remarks, that

* DBuvan on Bees, p. 326. + Huber on Bees, p. 416,
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the tendency to symmetry, observable in the archi-
lecture of bees, does not hold s0 much in small de-
tails es in the whole work, because they are some-
times obliged to adapt themselves to particulur loca-
lities. OQne irregularity leads on to another, and it
commonly arises from mere accident, or from design
on the part of the proprietor of the bees, By allow-
ing, for instance, too little interval between the spars
for receiving the foundation of the combs, the struc-
ture has been continued in a particular direction.
‘The bees did not at first appear to be sensible of the
defect, though they afterwards began Lo suspect their
error, and were then observed Lo change their line of
work till they gained the customary distance, The
cells having been by this change of direction in pome
degree curved, the new ones which were commenced
on each side of it, by being built every where paruilel
to it, partook of the same curvature. But the bees
did not relish such appraaches 1o the ' line of beauty,”
and exerted themselves to bring their buildings again
into the regular form,

In consequence of severnl irregularities which they
wished to correct, the younger Huber has seen bees
depart from their usual practice, and at once lay on
s spar two foundation walls not in the same line
They could consequently neither be enlarged without
obstructing both, nor from their position could the
edges unite had they been prolonged., The little
architects, however, had recourse to a very ingenious
contrivance : they curved the edges of the two combs,
and brought them to unite so neatly that they could
he both prolonged in the same line with ease; and
when carried to some little distance, their surface
became quite uniform and level.

** Having seen bees,” says the elder Huber, * work
both up and down, I wished to try to investigate
whether we could compel them to construct their

1
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combs in any other direction. We endeavoured to'
puzzle them with a hive glazed above and below, so
that they had no place of support but the upright
sides of their dwelling ; bul, betaking themselves to
the upper angle, they built their combs perpendicular
to one of these sides, and 29 regutarly ms those
which they usually build under a horizontal surface,
The foundations were faid on a plave which does not
serve naturally for the base, yet, except in the dif-
ference of direction, the first row of cells resembled
those in ordinary hives, the others being distributed
on both faces, while the bottoms elternately corre-
sponded with the same symmetry. T put the bees to
a still greater trial. As they now testified their in-
clination 1o carry their combs, by the shortest way,
to the opposite side of the hive (for they prefer
uniting them to the wood, or a surface rougher than
glass), I covered it with a pane. Whenever this
smooth and slippery substance was interposed be-
tween them and the wood, they departed from the
straight line hitherlo followed, and bent the struc-
ture of their comb at a right angle to what was al-
ready made, so that the prolongation of the extremity
might reach another side of the hive, which had been
lefi free.

“ Varying this experiment in several ways, I saw
the bees constantly change the direction of their
combs when I preseuted to them & surface too
smooth to admit of their clustering on it. They al-
ways sought the wooden sides. I thus compelled
them to curve the combs in the strangest shupes, by
placing a pane at a certain distance from their edges.
These results .indicale & degree of instinct truly
wonderful. They denote even more than instinet:
for pglass is not a substance against which bees can
be warned by nature. In trees, their natural abode,
there is nothing thal resembles it, or with the same
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polish. The most singular part of their proceeding
is ehanging the direction of the work before arriving
at the surface of the glass, and while yet at a dis-
tance suitable for doing 80. Do they anticipate the
inconvenience which would attend any other mode
of building? No less curious is the plan adopted
by the bee for producing an angle in the combs: the
wonted fashion of their work, and the dimensions of
the cells, must be sitered. Therefore, the cells on
the upper ot convex side of the combs are enlarged ;
they are constructed of three ox four times the width
of those on the opposile surface. How cen 30 many
ingects, occupied at once on the edges of the combs,
coneur in giving them a common curvature from ove
extremity to the other? How do they resolve on
eslablishing cells 8o small on one side, while dimen-
sions so enlarged are bestowed on those of the other?
.And is it not still more singular, that they have the
.art of meking e correspondence between cells of
such reciprocal discrepance? The bottom being com-
mon {o both, the tubes nlone assume n taper form.
Perhaps no other insect has afforded a more decisive
praof of the resources of instinct, when compelled to
deviate from the ordinary course.

. “ But let us study them in their natural state, and
-there we shall find that the diameter of their cells
must be adepled to the individuals which shall be
bred in them, The cells of males have the same
figure, the same number of lozenges and sides as
those of workers, and angles of the same size,
Their dinmeter is 3} lines, while those of workers
are only 2%,

“ It is rarely that the cells of males occupy the
higher part of the comba, They are generally in
the middle or on the sides, where they are not iso-
lated. Tbe manuer in which they are surrounded
by other colla alone can explain how the transition
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in size is effected. When the cells of males are to be
fubricated under those of workers, the bees make
several rows of intermediale cells, whose diameter
wugments progressively, until grining that propot-
tion proper to the cells required ; and, in returning
to those of workers, a lowering in observed in a
tnanner eorresponding,

** Bees, in preparing the cells of males, previously
eatablish a block or lump of wax on the edge of their
comb, thicker than is usually employed for those of
workers. It is also made higher, otherwise the same
order and symmetry could not be preserved on a
larger scale.

* Several naturalists notice the irregularities in the
cells of bees as so many defects, What would bave
been their astonishment had they observed that part of
them are the result of calculation? Had they followed
the imperfection of their organs, some other means
of compensating them would have Leen granted to the
insects. It is much more surprising that they know
hnw to quit the ordinary route, when circumstances
demand the construction of enlarged cells; and, after
building thirty or forty rows of them, to return to the
proper proportions from which they have departed, by
successive reductions. Bees also augment the dimen-
sions of their cells when there is an opportunity for
a great collection of honey. Not only are they then
constructed of a diameter much exceeding that of the
common cells, but they are elongated throughout the
whole space admitting it A great portion of irre-
guiar comb contains cells an inch, or even an iuch
and a half, in depth.

“ Bees, on the contrary, sometimes are indoced
to shorten their cells. When wishing to prolong an
old comb, whose cells have received their full dimen-
sions, they gradually reduce the thickness of its edges,
by gnawing down the sides of the cells, until they
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reatore it to its originsl jenticular form. They add
a waxen block eround the whole circumference, and
on the edge of the comb construct pyramidal bottoms,
such as those fabricated on ordinary occasiona It is
e certain fact, that a comb never is exlended in any
direction unltess the bees have. thinned the edges,
which are diminished throughout a sufficient space
to remove any angular projection.

‘“ The law which obliges these incects parily to de-
molish the cells on the edges of the comb before en-
larging it, unquestionably demands more profound in-
vestigation. How can we sccount for instinct leading
them Lo undo what they huve executed with the utmost
care? The wonted regular gradation, which may be
mecessary for mew cells, subsists among those ad-
joining the edges of a comb recently comstructed.
But afierwards, when those on the edge are deepened
like the cells of the rest of the surface, the bees no
longer preserve the decremsing gradation which is
seen in the new combs™.”

Tue Finisuing or tus CeLrs,

While the cells are building, they appeur to be of
a dull white colour, soft, even, though not smaooth,
and translucent: but in a few days they become
tinged with yellow, particularly on the interior sur-
face; and their edges, from being thin, uniform, and
yielding, become thicker, less regular, more heavy,
end so0 firin that they will bend rather than break.
New combs break on the slightest touch, There is
wlso n glutinous substance observable around the
orifices of the yellow cells, of reddish colour, unctucus,
and odoriferous. Threads of the same substance ere
applied all around the interior of the cells, and n{ the
summit of their angles, as if it were for the purpose

* Huber on Bees, p. 331, 3
t
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of binding snd strengthening the walls, These
yellow celis alzo require a much higher temperature
of water 10 melt (hem than the white ones.

It appeared evident, therefore, that another sub-
siance, different from wex, had been employed in
varnishing the orifices and strengthening the in-
terior of the cells. M. Huber, by numerous ex-
periments, ascertained the resinous threads lining
the cells, as well as the resinous substance around
their orifice, to be propolis; for he traced them,
a8 we mentioned in our account of propolis, from
the poplar bnds where they collected it, and saw
them apply it to the cells; bnt the yellow colour is
not imparted by propolis, to which it bears nc ana-
logy. We are, indeed, by ho means certsin what
it is, though it was proved Dy experiment not to
arise from the heat of the hives, nor from emanations
of honey, nor from particles of polien. Perhaps
it mey be ascribed to the bees rubbing their teeth,
feet, and other parta of their body on the surfeces
wheretheyseem torest; orto theirtongne (haustellam)
sweeping from right Lo left like a fine pliant pencit,
when it sppears to leave some sprinkling of & trans-
parent liquid.

Beside painting and varnishing their cells in this
meanner, they iake care to strengthen the weaker paris
of their edifice by means of a mortar ¢composed of
propolis and wax, and namned pissoceros® hy the ane
cients, who first observed it, though Réaumur was
somewhst doubiful respecting the existence of such
a composition. We are indebted to the shrewd ob-
servations of Huber for a reconcilement of the Roman
and the French unaturulists, ‘The details which ha
has given of his discovery are perhaps the most in-
teresting in his delightful book.

“* 8oon," he says, “ after some new combs had been

* From two Greek words, signilying pitch and was.
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finished ir & hive, manifest disorder and agitation pre-
vailed among the bees, They seemed to attack their
own works. The primitive cells, whose structure we
had admired, were scarcely recognizable. Thick and
massy walls, heavy shapeless pillars, were substituted
for the slight partitions previously built with such regu-
Iarity. The substAnce had chauged along: with the form,
being composed apparently of wax and propolis. From
the perseverance of the workers in their devastations,
we suspected that they proposed some useful alteration
oftheir edifices; and our atiention was directed to the
cells least injured. Several were yet untouched; but
the bees soon rushed precipitately on them, destroyed
the tubes, broke down the wax, and threw all the
fragments about, But we remarked, that the botlom
of the cells of the first row was spared ; neither were
the corresponding parts ¢n both faces of the comb
demolished at the same time. The bees laboured at
them alternately, leaving some of the natural sup-
ports, otherwise the comb would have fallen down,
which was not their object ; they wished, on tbe con-
trary, to provide it a more solid base, and to secure
its union 1o the vuult of the hive, with a substauce
whose adhesive properiies infinilely surpassed tbose
of wax, The propolis employed on this occasion
had been deposited in a mass over & cleft of the hive,
and had hurdened in drying, which probably ren-
dered it more suitable for the purpcse, But the bees
experienced some difficnlty in makiag any impression
on it; and we thought, es also had appeared io M,
de Réaumur, that they softened it with the same
frothy matter from the tongue which they use to rem-
der wax more ductile. -

** We very distinctly observed the Lees mixing
frazments of old wax with the propolia, kneading the
two substances tegether to incorporate them; and
the compound was cmployed in rebuilding the cells
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that had been destroyed. But they did not now fok
low their ardinery rules of architecture, for they weie
occupied by the solidity of their edifices alone,
Night intervening, suspended our abservalions, but
next morning conﬁrmed what we had seen.

‘“ We find, therefore, that there is an epoch in the
laboutr of bees, when the upper fomndalion of their
combs is constructed simply of wax, as Réaumur
believed ; and that after all the requisite conditions
have heen attained, it is converted to a mixture of wax
and propolis, as remarked by Pliny so many ages
before us, Thus is the apparent contradiction be-
tween these two great naturalisis explained, But
this is not the utmost extest of the foresight of these
insects. When they have plenty of wax, they make
their combe the full breadth of the hive, and solder
them to the glass or wooden sides, by structures
more ot less approaching the form of celis, as
cirenmstances admit.  But should the supply of wax
fail before they have been able to give sufficient
dismeter to the combs whose edges mre rounded,
large intervals remain between them and the upright
sides of ‘the hive, and they are fixed only at the top.
Therefore, did not the bees provide against it, by con-
structing great pieces of wax mixed with propolis in
the intervals, they might be borne down by the
weight of the honey. These pieces are of irregular
shape, stranu'ely hollowed out, and their cavities void
of symmetry®.

It 18 remarked by the lively Abbé La Pluche, that
the foundations of our houses sink with the carth on
which they are buill, the walls begin {0 stoop by de-
grees, they nod with age, and bend from their per-
pendicular ;—lodgers damage everything, and time ia
continually introducing some new decay. The man-
sions of bees, on the contrary, grow sironger the

* Huber an Beey, p. 415,
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ofiener they change inhabitants. Every bee-grub,
before its metamorphosis into a nymph, fastens ils
ekin to the partitions of its cell, but in such a man-
ner as to make it correspond with the lines of the
angles, and without in the least disturbing the regula-
rity of the figure. During summer, accordingly, the
same lodging may serve for three or four grubs in
succession j and in the ensuing season it may accom-
modate an equal number. Each grub never fails to
fortify the panels of its chamber by arraying them
with iis spoils, and the contiguous cells receive &
similar augmentation from ita brethren ®*. Réaumur
found as many as seven or eight of theme skine
spread over one another: so that all the cells being
incrusted with six or seven coverings, well dried and
cemenled with propolis, the whole fabric daily ac-
quires a new degree of solidity.

It is obvious, however, that by a repetition of this
process the cell might be rendered oo contracled ;
but in such = case the bees know well how to pro-
ceed, by turning the cells to other uses, such as
magazines for bee-bread and honey, Ii has been
remarked, however, that in the hive of a new swarm,
during the months of July and August, there are
fewer small bees, or nurse-bees, than in one that has
been tenanted four or five years. The workers, in-
deed, clean out the cell the moment that a young
bee leaves its cocoon, but they never detach the
silky film which it has previously spun on the walls
of its cell. But though houney is deposited after the
young leave the cells, the reverse also happens ; and
accordingly, when bees are bred in contracted cells,
they are by necessity smaller, and constitute, in fact,
the important class of nurse-bees,

We are not disposed, however, to go quite so far as
au American periodical writer, who says, ‘*“ Thus we

* Speclacle de la Nature, vol. i
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se¢ that the contraction of the cell may diminish the
aize of a bee, even fo the extinction of life, just as the
eontraction of a Chinese shoe reduces the foot even o
uselessneas*”” Wa know, on the contrary, that the
queen-bee will not depoait eggs in a cell either too
small or 100 large for the proper rearing of the young.
In the case of lurge cells, M. Huber took advantage
of a gueen thet -was busy depositing the eggs of work-
erg, 10 remove all the common cells adapted for their
reception, and left only the large cells appropriated for
.males, As this was done in June, when bees are most
active, he expeoled that they would have immediately
repaired the breaches he had made, but to his great
surprise they did not make the slightest movement
for that purpose. In the meanwhile the queen being
coppressed by her eggs, was obliged to drop them
about at random, preferring this to depaositing
them in the male cells which she knew to be too
Jarge. At length she did deposit six eggs in the
large cells, whith were hatched, as usual, three days
after. The nurse-bees, however, seemed to be aware
that they could not be reared there, and, though they
supplied them with food, did not attend to them re-
gularly. M. Huber found that they had been &ll re-
moved from the cells during the night, and the busi-
uess both of laying and nursing was at a complete
stand for iwelve days, when he supplied them again
with a comb of small cells, which the queen almost
immediately filled with eggs, and in some cells she
laid five or six.

The architecture of the hive, which we have thus
detailed, is that of bees receiving the aid of human
care, and having external coverings of a convenient
form, prepared for their reception. In this country
bees are not found in a wild state; though it is not

* North Americap Rev , Oei, 1828, p. 355,
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uncommon for swarms to stray (rom their proprietors -
But these stray swarms do not spread colonies
through our woods, as they are said to do in America
In the remoter parts of that continent there are no wild
bees, They precede civilization ; and thus when the
Indians ohserve & swarm they say * the white man is
coming.” There is evidence of bees having sbounded
in these islands, in the earlier periods of our history;
and Ireland is particularly mentioned by the Venerable
Bede as being * rich in milk and honey™.” The hive-
bee has formed an object of economical culture in
Europe at least for two thousand years; and Varro
describes the sor of hives used in his time, 1870
years ago. ¥¥e are not aware, however that it is
now to be found wild in the milder clime of Southern
Europe, any more than it is in onr own island,

The wild bees of Palestine principally hived in
tocks, * He made him,” says Moses, “to suck
honey out of the rockt.”  With honey eut of the
rock,” says the Pselmist, ““should I have satisfied
theef.” Iuthe caves of Salsette aud Elephanta, at
the present day, they hive in the clefls of the rocks,
end the recesses among the fissures, in such num-
bers, as to become very troublesome to wisilers.
Their nests hang in innumerable clusters ||,

We are told of a little black stingless bee found in
the istand of Guadaloupe, which hives in hollow trees
or in the cavities of rocks by the sea side, and lays
“up honey in cells about the size and shape of
pigeons’ eggs. These cells are of a black or deep
violet eoleur, and so joined together us to leave no
space between them. They hang in clusters almost
like a bunch of grapes®.” The following are men-
tioned by Lindley as indigenous to Brazil. **On an

*  Hibernoia dives lactis ac medfiy insula."—Beda, Hist. Eew
eles. i, 7. + Deur, xxxii, 13, 1 Psalm Ixxxi. 18,

|| Forbes, Orien. Mem. b o Amer. Q. Fev, iii, p. 383.
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excursion lowards Upper Tapagippe,” says he, © and
skirting the dreary woods which extend to the interior,
I obgerved the trees more loaded with bees’ nests
than even in the neighbourhood of Porto Seguro.
They consist of a pondercus shell of clay cemented
similarly to.martins’ nests, gwelling from high trevs
about a foot thick, and forming an oval mass full
two feet in diameter. When broken, the wax is
arraoged as in our hives, and the honey abundant *.”

Captain Basil Hall found iv South America Lhe
hive of a honey-bee very difierent from the Brazilian,
but nearly allied to, if not the same, as that of
Guadaloupe. * The hive we saw opened,” he says,
“was only pertly filled, which enabled us to see the
economy of the interior to more advantage. The
honey is not contained in the elegant hexagonal cells
of our hives, but in wax-bags, not quite so large as
an egg. These bags or bladders are hung round the
sides of the hive, and appear about half full; the
quantity being probably just as great as the strength
of the wax will bear without tearing. Those near
the bottom, being better supported, are more filled
than the upper ones. In the centre of the lower part
of the hive we observed an irregularly-shaped mass of
comb, furnished with cells like those of our bees, all
conlaining young ones in such an advanced state,
that, when we broke ihe comb, and let them out, they
flew merrily away.”

.Clavigero, in his History of Mexico, evidently de
scribing the same species of bee, says it abounds in
Yucatan, snd makes the honey of Estabentum, the
finest in the world, and which is taken every two
months. He mentioned anolher species of bee,
smaller in size, and also without a sting, which forms
its nest of the shape of a sugar-loaf, and as large or
larger. These are suspended from trees, particularly

* Roy. Mil. Chron. quoted in Kitby aud Spenca.
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from the oak, and are much more populous than our
common hives,

Wild honey-bees of some species appear slso to
abound in Africa. Mr. Park, in his second volume
of travels, tells us that some of his associales im-
prudently attempted to rob a2 numerous hive of its
honey, when the exasperated bees, rushing out to
defend their property, attacked their assmilants with
great fury, and quickly compelied the whole com
pany to fiy,

At the Cape of Good Hope the bees themselves
must be less formidable, or more ensily managed, as
their hives rre sought for with avidity, Nature hes
there provided man with a singular and very effi-
cient mssistant in & hird, most appropriately named
the Honey-guide (Iadicalor major, VietLor; Cu-
cuius tndicator, Laruan). The honey-guide, so far
from being alarmed at the presence of man, appears
anxious to courl his acquaintsnce, and flits from
tree to tree with un expressive note of invitation,
the meaning of which is well known both 16 the
colonists and the Hottentots, A person invited by
the honey-puide seldom refuses to follow it on-
wards till it stops, as it is cerlsin 1o do, at some
hollow tree containing & bee-hive, usually weil stored
with hovey and wax. It is probuble that the bird
finds itself inadequate to the atiack of a legion of
bees, ur to penctrate into the interior of the hive, and
i thence led 1o invite an agent more powerful then
itself, 'The person invited, indeed, always leaves the
bird & share of the spoil, as it would be considered
-sacrilege to rob it of its due, or in any way to injure
80 usetul a creature.

The Americans, who have not the African honey-
guide, employ several weil-known methods to track
bees to their hives. One of the most commen,
though ingenious wmodes, is 1o place a piece of bee-

£
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bread on a flat surface, a tile for instance, surround

ing it with a circle of wet white paint. The bee,
whose habit it is always to alight on the edge of any
plene, has to travel through ibe paint to reach the
bee-hread. When, therefore, she flies off, the ob-
server can track her by the white on her body. The
same operation is repeated at nnother pluce, at some
distance from the first, and at right angles to the bee-
line, just ascerinined. The position of the hive is
easily determined, for it lies in the angle made by the
intersection of the bee-lines, Another method is
described in the Philesophical Transactions for 1721.
The bee-hunter decoys, by a bait of honey, some of
the bees into his trap; and when he has secured as
many #8 he judges will suit his purpose, he iucloses
one in a fube, and letting it fly, marks ils course by
a pocket compass, Departing to some distance, he
liberates another, observes its course, and in this
mannet determines the position of the hive, upon the
principle already detailed. These wethods of bee-
hunting depend upon the insect’s habit of always
flying in a right live to its home. Those who have
read Coopet's tale of the * Prairie” must well remem-
ber the expression of  lining a bee to its hive,”

In reading these and similar accounts of the
bees of distant parts of the world, we must not
- conelude that the descriptions refer to the game
species @s the common honey-bee. There are nu-
merous gpecies of social-bees which, while they differ
in many circumstances, agree in (he practice of
storing up honey, in the same way a5 we have nu-
merous gpecies of the masou-bee and of the humble-
bee. Of the latter Mr. Stephens enumerates oo less
than forty-twro species indigenous to Britain.
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CHarren Y11,
CARPENTRY OF TREE-HOPPERS AND HAW-FLIES.

Tug operations of an insect in boring into a leaf or
a bud 1o form & lodginent for its egrs appesr very
gimple. The tools, however, by which these effects
wre performed are very complicated and curious. 1In
the case of gull-flies (Cynips), the operation iiself is
aot so remarkable as its subsequent chemical effects.
Thete effects are so different from any others that may
be clagsed under the head of Tnsect Architecture, that
we shall reserve them for the latter pert of this
volume-—although, with reference to the use of gulls,
the protection of egms and larvee, they ought to find
8 pluce here. We shall, however, at present confine
ourselves to those which simply excavate a nest, with-
out producing & tumour,

The first of these insects which we shall mention
is celebrated for its song, by the ancient Greek poets,
under the npame of Terrid, The Romans called it
Cicada, which we sometimes, but erroneously, trans-
late ** grasshopper;” for the grasshoppers helong to
an entirely different order of insects.  We shall, there-
fore, take the liberty of calling the Cicade, Tree-
hoppers, to which the cuckoo-spit insect (Tetligonia
spumaria, OLiv.) is allied ; but there is only one of
the true cicad® hitherto ascerizined to be British,
namely, the Cicada hematodes (Lann.), which was
taken in the New Forest, Hampshire, by Mr. Daniel
Bydder.

M. Réaumur was exceedingly anxious to study the
economy of those insects; but they not being indi-
genous in the neighbourhood of Paris, h;. commis-

K
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sioned his friends to send him eome from more
southern latitudes, and he procured in this way spe-
cimens not only from the South of France snd
from Italy, but also from Egypt. From these
specimens he has given the best account of them
yet published ; for though, as he tells us, he had
never had the pleasure of seeing one of them alive,
the more interesting parls of their structure can
be studied as well in dead as in living specimens.
We ovurselves possess several specimens from New
Holland, upon which we have verified some of the
more interesting observations of Réaumur,

Virgil tells us, that in his time * the cicade burst
the very shrubs with their querulous music®;” but
we may well suppose that he was altogether unac-
quainted with the singular instrument by mesns of
which they can actually (not poetically) cut grooves
in the branches they select for depositing their eggs.
It is the male, as in the ense of birds, which fills
the woods with his song ; while the female, though
mute, is no less iuteresting to the naturalist on ac-
count of her curious ovipositor. This instrument,
like all those with which insects are furnished hy
nature for cutting, notching, or piercing, is com-
posed of a horny substance, and is also considerably
larger than the size of the tree-hopper would pro-
portionally indicate. It can on this account be par-
tially examined without a microscope, being, in some
of the larger species, noless than five linest in length,

The ovipositor, or anger ({zriére} as Réaumur calls
it, is lodged in a sheath which lies in a groove of the
terminating ring of the belly. It requires only a very
slight pressnre to cause the instrument to protrude
from its sheath, when it appears to the naked eye to
be of equal thickness throughout except at the point,

* Cantu querole rampent arbusta cicads., Georg. i, 328,
+ A line is about the twellth part of 8o inch,
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where it is somewhat enlarged and engular, and on
both sides finely indented with teeth, A more mi-
nute examination of the sheath demonsirates that it
is composed of two homy pieces slightly curved, and
ending in the form of au elongated spoon, the concave
part of which is adapted Lo receive the convex end of
the ovipesitor.

When the protruded instrament is further examined
with a microscope, the denticulations, nine in number
ou each side, appear strong, and armanged with great
symmetry, increasing in fineness towards the point,
where there are three or four very small ones, beside
the nine that are more obvious. The magnifier also
shews that the instrument itself, which appeared sim-
ple to the naked eye, is in fact composed of three
different pieces, two exterior armed with the teeth
before mentioned, denomineted by Rénumur files
{limes), and another pointed like & lancet, and not
denticulated. The denticulated pieces moreover are
capable of being moved forwards and backwards,
while the ccnire one remains stationary, and as this
motion is effected by pressing s pin or the blade of &
knife over the muscles on either side at the origin of
the ovipositor, it may be presumed that those mus-
cles are destined for producing similar movemenls
when the insect requires them. By means of a finely
pointed pin carefully introduced between the pieces,
and pushed very gently dowawards, they may be,
with no great difficulty, separated in their whole ex-
tent,

The contrivance by which those three pieces are
held united, while ai the same time the two files can
be easily put in motion, are similar to some of our
own mechanical inventions, with this difference, that
no human workman could construct an instrument of
this description so small, fine, exquisitely polished,
and fitting so exacily. We should have been apt to
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form the grooves in the central piece, whereas they
are scooped out in the handles of the files, and play
upon two projecting ridges in the central piece, by
which means this is rendered stronger. M. Réaumur
discovered that the best manner of shewing the play
of this extraordinary instrument is to cut it off with a
air of scissors near its origin, and then, taking it
getween the thumb and the finger at the point of
section, work it gently to put the files in motion.

Ovipositars, with Ales, of Tree-Aopper, magnifiod.

Beside the muscles necessary for the movement
of the files, the handle of each is terminated by a
curve of the same hard horny substance as itself,
which not only furnishes the muscles with a sort of
lever, but serves to press, as with a spring, the two
files close to the central piece, as is shewn in the
lower figure.

M. Pontedera, who studied the economy of the
tree-hoppers with some care, was anxious to see the
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insect itself make use of the ovipositor in forming
grooves in wood, but found that it was so shy and
easily alarmed, that it took to flight whenever he
approached ; a circumstance of which‘Réaumur takes
advantage, to soothe his regret that the insects were
not indigenous in his neighbourhood. But of their
workmanship when completed, he had several speci-
mens sent to him from Provence and Languedoc by
the Marquis de Caumont.

The gall-flies, when about to deposit their eggs,
select growing plants and trees ; but the tree-hoppers,
on the contrary, make choice of dead, dried branches,
for the mother seems to be aware that moisture
would injure her progeny. The branch, commonly
a small one, in which eggs have been deposited, ma
be recognized by being covered with little oblong
elevations caused by small splinters of the wood, de-
tached at one end, but left fixed at the other by the
insect. These elevations are for the most part in a
line, rarely in a double line, nearly at equal distances
from each other, and form a lid to a cavity in the
wood about four lines in length, containing from
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Egcavations for eggs of Tree-hopper, with lids raised.

four to ten eggs. It is to be remarked, that the
insect always selects a branch of such dimensions,
that it can get at the pith, not because the pith is
more easily bored, for it does not penetrate into it at
all, but to form a warm and safe bed for the eg

M. Pontedera says, that when the eggs have been
deposited, the insect closes the mouth of the hole
with a gum capable of protecting them from the wea-
ther ; but M. Réaumur thinks this only a fancy, as
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out of & great number which he examined, he could:
discover nothing of the kind. Neither is such a pro-
tection wanted; for the woody splinters above men-
tioned furnish & very good covering.

The grubs hatched from these egga (of which, M..
Poantedera says, one female will deposit from five 1o
seven hundred) issue from the same holes through
which the eggs have been introduced, and betake
themselves to the ground lo feed on the roots of
plants. They are not transformed into chrysalides,
but into active nymphs, remarkable for their fore
limbs, which are thick, strong, and furnished with
prongs for digging ; and when we are told by Dr. Le
Fevre, that they make their way easily into hard stiff
clay, 1o the depth of two or three feet, we perceive
how necessary to them such a conformation must be,

Saw-FuiEa.

An instrument for cutting grooves in wood, stitt
more ingeniously conirived than that of the tree-
hopper, was first observed by Vallisnieri, an eminent
Italian naturslist, in & four-winged fly, most appro-
priaiely denominated by M. Résumur the sew-ffy
{Tenthredo), of which meny sorts are indigenous to
Great Britain. The grubs from which those flies
originate are indeed but too well knowu, as they fre-
quently strip our rose, gooseberry, raspberry, and red
currant trees of their leaves, and are no less destrue-
tive Lo birch, alder, -and willows ; while turnips and
wheat suffer still more seriously by their ravages,
These grubs may readily be distinguished from the
caterpilisrs of moths and butterflies, hy haviog from
sixfeen to twenty-eight feet, by which they usually
hang to the leaf they feed on, while they coil up the
hinder part of their body in a spiral ring. The perfect
tlies are distinguished by four tranaparent wings; and
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some of the most common have a flat body'of a
vellow or orange colour, while the head and shoulders
are black.

In order to see the ovipositor to which we shall
for the present turn our chief attention, a female saw-
fly must be taken, and her belly gently pressed, when
a narrow slit will be observed to open at some dis-
tance from the anus, and a short, pointed, and some-
what curved body, of a brown colour and horny sub-
stance, will be protruded. The curved plates which
form the sides of the slit, are the termination of the
sheath, in which the instrument lies concealed till it
is wanted by the insect. The appearance of this in-
strument, however, and its singular structure, cannot
be well understood without the aid of a microscope.

a, Ovipositor of Sawfly, protruded from its Sheath, magnified.

The instrument thus brought into view, is a very
finely contrived saw, made of horn, and adapted
for penetrating branches and other parts of plants
where the eggs are to be deposited. The ovipo-
sitor-saw of the insect is much more complicated
than any of those employed by our carpenters. The
teeth of our saws are formed in a line, but in such
a manner as to cut in two lines parallel to, and at
a small distance from each other. 'This is effected
by slightly bending the points of the alternate teeth
right an({ left, so that one half.of the v;hole teeth

K
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stand a little to the right, and the other half a little
to the left. The distance of the two parallel lines
thus formed is called the course of the saw, and it
is only the portion of wood which lies in the course
that is cut into sawdust by the action of the instru-
ment. It will follow, that in proportion to the thin-
ness of a saw there will be the less destruction of
wood which may be sawed. When cabinet-makers
have to divide valuable wood into very thin leaves,
they accordingly employ saws with a narrow course ;
while sawyers who cut planks, use one with a broad
course. The ovipositor-saw being extremely fine, does
not require the teeth to diverge much, but from the
manner in which they operate, it is requisite that they
should not stand like those of our saws in a straight
line. The greater portion of the edge of the instru-
ment, on the contrary, is towards the point some-
what cancave, similar to a scythe, while towards the
base it becomes a little convex, the whole edge being
nearly the shape of an Italic f.

‘', Dvipositor-saw of Suw Ay, with rasps shewn in the eross linss.
e
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The ovipositor-saw of the fly is put in motion in
the same way as a carpenter's hand-saw, supposing
the tendons atlached to its base to form the handle,
and the muscles which put it in motion to be the
hand of the carpenter. But the carpenter can only
work one saw &t a time, whereas each of these flies
s furnished with 1wo, equal and similar, which it
works at the same time—one being advanced and
the other retracted nlternately, The secret, indeed,
of working mare saws than one at once is not un-
known to our mechanics; for two or three are some-
times fixed in the same frame. These, however, not
only ull move upwards and downwards simultane-
ously, but cut the wood in different places; while
the two saws of the ovipositor work in the same cut,
and, econsequently, though the teeth are extremely
fine, the eflect is similar to a saw with a wide set.

It is important, seeing that the ovipositor-saws
are 80 fine, that they be not bent or separated while
in operation—and this, also, nature has provided for,
by todging the backs of the saws in a groove, formed
by two membranous pletes, similar to the structure
of 8 clasp-knile. These plates are thickest at the
base, brcuming graduaily thinner as they approach
the point which the form of the saws require. Ac-
cording to Vallisnieri, it is not the only use of this
apparatus io form a back for the saws, he having
discovered, between the component membranes, two
canals, which he supposes are employed Lo conduct
the egga of the insect into the grooves which it has
hollowed out for them*.

The teeth of & carpenter’s saw, it may b remarked,
are simple, whereas the teeth of the oviposilor-saw
are themselves denticulaled with fine teeth. The
latter, also, combines at the same time the properties
of asawand of araspor file. So far as we are aware,

* Réaumur, Mem. dex [nsecles, v, p, iii,
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these two properties have never been combined in
any of the tools of our carpenters, The rasping
part of the ovipositor, however, is not constructed
like our rasps, with short teeth thickly studded to-
gether, but has teeth almost as long as those of the
saw, and placed contiguous to them on the back of
the instrument, resembling in their form and setting
the teeth of a comb, as may be seen in the figure.
Of course, such observations are conducted with the
aid of a microscope.

Portion of Sawfly's comb-toothed rasp, wiu saw

When a female saw-fly hus selected the branch of
arose-tree, orany other, in which to deposit her ezgs,
she may be seen bending the end of her belly inwards,
in form of a crescent, and protruding her saw, at the
same time, to penetrate the bark or wood. She main-
tains this recurved position so long as she works in
deepening the groove ; but when she has attained the
depth required, she unbends her hody into a straight
line, and in this position works upon the place
lengthways, by applying the saw more horizontally.
When she has rendered the groove as large as she
wishes, the motion of the tendons ceases, and an
egg is placed in the cavity. The saw is then with-
drawn into the sheath for about two-thirds of its
length, and at the same moment, a sort of frothy
liquid, similar to a lather made with soup, is
dropped over the egg, either for the purpose of glu-
ing it in its place, or sheathing it from the action of
the juices of the tree. She proceeds in the same
manner in sawing out a second groove, and so on in
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succesaion till she hes deposited all her eggw, some-
times to the number of twenty-four. The grooves
are usually placed in a line, at a small distance from
one another, on the same branch ; but sometimes the
mother-fly shifts to another, or to a different part of
the braneh, when she is either scared or finds it un-
sititable. She commonly, also, takes more then one
day to the work, notwithsianding the superiority of
her toola. Rdaumur has seen a saw-fly make six
grooves in succession, which cccupied her about ten
hours and a half,

The grooves, when finished, have externaily littla
elevation above the level of the bark, appearing like
the puncture of a lancet in the human skin; but in
the course of a day or two the part becomes first
browu and then black, while it also becomes more
and more elevated. This increased elevation i3 not
owing to the growth of the bark, the fibres of which,
indeed, have been destroyed by the ovipositor-saw,
but to the actual growth of theegg ; for, whenanew-
laid egg of the saw-fly is compared with one which
hes been severni days enclosed in the groove, the
latter will be found to be very considerably the larger.
This growth of the egy is contrary to the analogy
cbservable in the eggs of birds, and even of most
other insecls; but it has its advaniages. As it
continves to imcrease, it raises the bark more and
more, and consequently widens, at the same time,
the slit at the entrance; so that, when the grub is
halched, it finds a passage ready for its exit. The
mother-fly seems to be aware of this growth of her
eggs, for she takes care to deposit them at such
distances as may prevent lheir disturbing one another
by their development.

Another species of saw-fly, with & yellow body and
deep violet-coloured wings, which aiso selects the
rose-tree, deposita her egps in e different manner,
lastead of making a greove for each egg, like the



158 INSECT ARCHITECTURE.

preceding, she forms a large single groove, sufficient
for about two dozen eggs. These eggs are all ar-
ranged in pairs, forming two straight lines parallel
to the sides of the branch. The eggs, however, though
thus deposited in a common groove, are carefully
kept each in its place ; for a ridge of the wood is left
to prevent those on the right from touching those on
the left—and not only so, but between each egg of a
m; a thin partition of wood is left, forming a shallow
cell.

Nest of oagge of Sewfly, in ross-tree,

The edges of this groove, it will be obvious, must
be farther apart than those which only contain a
single egg, and, in fact, the whole is open to inspec-
tion; but the eggs are kept from falling out, both
by the frothy glue before mentioned, and by the walls
of the cells containing them. They were observed
also, by Vallisnieri, to increase in size like the pre-
ceding.
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Cuarrea VIII.
LEA¥-ROLLING CATERPILLARS.

Tux labours of those insect-architects, which we have
endeavoured tn describe in the preceding pages, have
been chiefly those of mothers to form a secure nest
for their egas, and the young hatched from them,
during the first stage of their existence. Butswmuch
more numerous, and not less ingenious class of
orchitecls, may be found among the newly-hatched
insecis themselves, who, untaught by experience, and
altogether imassisled by previous example, manifest
the most matvellous skill in the construction of
tents, houses, palleries, covert-ways, [lortifications,
and even cities, not to speak of subterranean caverns
and submquecus apartments, which no human art
could rival,

‘The eaterpillars, which are familiarly termed leaf-
rollers, are perfect hermits. Each lives in a cell,
which it begins to constroet elmost immediately alter
it is hatehed ; and the little structure is at once a
honee which protects the caterpillar from its enemies,
rnd a slote of food for ils subsisteoce while it remains
shut up in its prison. But the insect only devours
the inner folds. The arl which these eaterpillars
exercise, although called into mction but once,
perheps, in their lives, is perfect. ‘They accomplish
their purpose with a mechanieal skill, which is re-
markable for its simplicity and unerrog success.
‘The art of rolling leavea into a secure and immoveable
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cell may not appear very difficult;~——nor would it
be so if the caterpillars had fingers, or any parts
which were equivalent to those delicate and admirnble
natural instruments with which men accomplishes his
mest elaborate works, And yet the human fingers
could not ro]l a rocket-case of paper more regularly
than the caterpiliar rolls his house of leaves. A leaf
is not B very easy substance to roll.  In some trees
"t is very brittle. JU hus also a natural elasticity,—
a disposition to spring back if it be bent,—which is
caused hy the coutinuity of its threads, or nervures.
This elasticity is speedily overcome by the ingenuity
with which the caterpillar works; and the leaf is
thus relained in its artificial position for many weeks,
nnder every variety of temperature. We will examine,
in detail, how these little leafrullers accomplish their
task,

Cae of the most common as well as the most
simple fabrics constructed by eaterpillars, may be dis-
covered during summer on elmost every kind of
bush and tree. We shall take as examples those
which are found on the lilae, and on the oak.

A small but very pretty chocolate-coloured moth,

Lilss-tree Math, (Lomotawis Ribeasa, STarazws ¥)

sbundant in every garden, but not readily seen from
ils frequently alighting on the ground which is so
qearly of its own colour, deposits its eggs on the
lenves of the lilac, and of some other trees, appro-
priating a leaf to each egg. As soou as the cater-
pillar is hatched, it begins to secure itself from birds
and predatory insects by rolling up the lilac leaf into
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the form of a gallery, where it may feed in safety
We have repeatedly seen one of them when just
escaped from the egg, and only a few lines long,
fix several silk threads from one edge of a leaf to
the other, or from the edge to the mid-rib. Then
going to the middle of the space, he shortened the
threads by bending them with his feet, and conse-
quently pulled the edges of the leaves into a circular
form ; and he retained them in that position by glu-
ing down each thread as he shortened it. In their
younger state, those caterpillars seldom roll more
than a small portion of the leaf; but when farther
advanced, they unite the two edges together in their
whole extent, with the exception of a small opening
at one end, by which an exit may be made in case
of need.

Nest of a Lilao-leaf Roller.

Another species of caterpillar, closely allied to this, .
rolls up the lilac-leaves in a different form, beginning
at the end of a leaf, and fixing and pulling its threads
till it gets it nearly into the shape of a scroll of
parchment. To retain this form more securely, it is
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not contented, like the former insect, with threads
fixed on the inside of the leaf; but has also recourse
to a few cables which it weaves on the outside.

Awother Nest of Lilac-tree Rollers.

Another species of moth, allied to the two pre-
ceding, is of a pretty green colour, and lays its eggs

>

Small green Oak-moth. (Tortriz Viridana.)

upon the leaves of the oak. The caterpillar folds
them up in a similar manner, but with this difference,
" that it works on the under surface of the leaf, pulling
the edge downwards and backwards, instead of for-
wards and upwards. This species is very abundant,
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Nasts of eak-leaf-rolling Caterpillars.
and may readily be found as soon as the leaves
expand. In June, when the perfect insect has ap-
peared, by beating a branch of an oak, a whole shower
of these pretty green moths may be shook into the air.

Among the leaf-rolling caterpillars, there is a
small dark-brown one, with a black head and six
feet, very common in gardens on the currant-bush,
or the leaves of the rose-tree. (Lozofenia Rosana,
StepneEns.) It is exceedingly destructive to the
flower-buds. The eggs are deposited in the summer,
and probably also in the autumm or in spring, in
little oval or circular patches of a green colour. The
grub makes its appearance with the first opening of
the leaves, of whose structure in the half-expanded -
state it takes advantage to construct its summer tent.
It is not, like some of the other leaf-rollers, contented
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with & single leaf, bt weaves together .as many es
there ure in the bud where it may chance Lo have been
hatched, binding their dises so firmly with silk, that
all the force of the ascending sap, and the increasing
growth of the leaves cannot break through; a farther
expansion is of course prevented. The little inha-
bitznt in the meanwhile banquels securely on the
partitions of its lent, eating door-ways from one
apariment into another, through which it can escape
in case of danger or disturbance,

The leafits of the rose, it may be remarked, expand
in nearly the same manner as & fan, and the operationa
of this ingenious little insect retain them in the form
of a fan nearly shut. Sometimes, however, it is not
contented with one bundie of leafits, but by means of
its silken cords unites all which spring from the same
bud inio & roin-proof canopy, under the protection of
which it can feast oo the flower-bud, and prevent it
from ever blowing.

In the instance of the currant leaves, the proceed
ings of the grub are the same, but it cannot unite the
plaits so smoothly as in the case of the rose leafits,
and it requires more labour elso, as the nervures
being stiff; demand a greater effort to bend them.
When all the exertions of the insect prove unavailing
ip ils endeavours to draw the edges of a leaf together,
it bends them inwards as far as it can, and weaves
a close web of silk over the open space betewreen.
This iz well exemplified io ooe of the commonest
of our leafrolling caterpillars, which may be found
s early as February on the [eaves of the nettle and
the while archangel (Lamium album). It is of a
light dirly-green colour, spotted with black, and
covered with a few heirs. In ils young state it
confines ilself Lo the bosom of a small leaf, near the
insertion of the leafstalk, partly bending the edges
inwards, and covering in the interval with a silken
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curtain. As this sort of covering is not sufficient for
concealment when the animal advances in growth, it
‘abandons the base of the leaf for the middle, where
it doubles up one side in a very secure and ingenious
manner.

Nest of the u!ue-fca:)"-raﬂiag Caterpillar,

We have watched this little architect begin and
finish his tent upon a nettle in our study, the whole
operation taking more than half an hour®. He began
by walking over the plant in all directions, examining
the leaves severally, as if to ascertain which was best
fitted for his purpose by being pliable, and bending
with the weight of his body. Having found one to
his mind, he placed himself along the mid rib, to the
edge of which he secured himself firmly with the
pro-legs of his tail ; then stretching his head to the
edge of the leaf, he fixed a series of parallel cables
between it and the mid-rib, with another series cross-
ing these at an acute angle. The position in which
he worked was most remarkable, for he did not, as
might have been supposed, spin his cables with his
face to the lear, but throwing himself on his back,
which was turned towards the leaf, he hung with his
whole weight by his first-made cables. This, by
drawing them into the form of a curve, shortened
them, and consequently pulled the edge of the leaf
down towards the mid-rib. The weight of his body
was not, however, the only power which he employed ;
for, using the anal pro-legs as a point of support, he

* LR,
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exerted the whole muscles of his body to shorten hia
threads, and pull down the edge of the leal. ¥hen
he had drawn the threads as tight as he could. he
held them till he spun fresh ones of sufficient strength
to retain the leaf in the bent position into which he
had pulled it. He then left the first series to hang
loose while he shortened the fresh spun ones as be-
fore. This process was continued till he had worked
down about an inch and a half of the leaf, as much
as he deemed sufficient for his habitation. This was
the first part of the architecture,

By the time he had worked to the end of the fold
he had brought the edge of the leaf to touch the
mid-rib; but it was ouly held in this position by a
few of the last spun threads, for all the first spun
ones hung loose within. Apparently aware of this,
the insect protruded more than hell of its body
throurh the small aperture left at the end, and spun
several bundles of threade on the oulside precisely
similar to those ropes of & tent which extend beyond
the canvass, and are pegged into the ground. Un-
willing to trust the exposure of his whole body on
the outside, lest he should be seized by the first sand-
wasp (odynerus) or sparrow which might desery him,
he now withdrew to complete the internal portion of
his dwelling, where the threads were hanging loose
end disorderly. For this purpose he turned his head
ahout, and prnveeded precisely ns he had done at the
beginning of his task, but taking care to spin his new
threads so as to leave the loose ones on the outside,
and make his apariment smootn and neat. When he
ugain reached the opposite end, he constructed there
also a similar series of cables on the outside, and
then withdrew to give some final touches to the in-
terior.

It is said by Kirby and Spence *, that when these

* Entrod, vol. §. p. 457,
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leafrolling insects find that the larger nervures of
the leaves are so strong as to prevent them from
bending, they “ wesken it by gnawing it here and
there half through.” We have never observed the
eircumstance, though we have witnessed the process
in some hundreds of instances; and we doubt the
statement, from the careful survey which the insect
makes of the capabilities of the leaf before the opera-
tiou is begun. If she found upon examination that
a leaf would not bend, she would reject it, as we have
oflen seen happen, and pass to another ®,

A species of leaFroller, of the most diminutive size,
merits particular mention, although it is not remark.
able in colour or Agure. It is without hair, of a
greenish white, and has all the vivacity of the other
leaf-rollers. Sorrel is the plant on which it feeds;
and the manner in which it rolla a portion of the leaf
is very ingenious.

The structure which it contrives is a sort of conical
pyramid, composed of five or six folds lapped round
each other. From the position of thia little cone the
caterpillar has other labours lo perform, beside that
of rolling the leaf. It first cuts scross the leal, ils
teeth acting as a pair of scissors; but it does not
entirely detach this segment It rolls it up very
gradually, by attaching threads of silk to the plane
surface of the leaf, as we have before seen; and
then, heving cut in a diflerent direction, sets the cone
upright, by weaving other threads, atteched to the
centre of the roll and the plane of the leaf, upon
which it throws the weight of its body. This, it
wrill be readily seen, is a somewhat complicated effort
of mechanical skill. 1t has been minutely described
by M. Réaumur; but the following representation

"1 R
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will perhaps make the process clearer than a more
detailed account. -

Leaf-rolling Caterpillars of the Sorrel,

This caterpillar, like those of which we have
already spoken, devours all the interior of the roller.
It weaves, also, in the interior, a small and thin
cocoon of white silk, the tissue of which is made
compact and close. it is then transformed into a
chrysalis.

The caterpillars of two of our largest and hand-
somest butterflies, the Painted Lady (Cynthia cardui,
StepHENS), and the Admirable, or Alderman of the
London fly-fanciers (Fanessa atalanta), are also leaf-
rollers. T'he first selects the leaves of the great spear-
thistle, and sometimes those of the stemless, or star-
thistle, which might be supposed rather difficult to
bend ; but the caterpillar is four times as large and
strong as those which we have been hitherto de-
scribing. In some seasons it is plentiful ; in others
it is rarely to be met with: but the Admirable is
seldom scarce in any part of the country; and by
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examining the leaves of nettles which appear folded
edge to edge, in Julyand August, the caterpillar may
be readily found.

Nests of the Hesperia Malve, with Caterpillar, Chrysalis, and Butterfiies.

Another butterfly (Hesperia malve) is met with
on dry banks where mallows grow, in May, or even
earlier, and also in August, but is not indigenous.
The caterpillar, which is grey, with a black head,
and four sulphur-coloured spots ou the neck, tolds
around it the leaves of the mallow, upon which
it feeds. There is nothing, however, peculiarly
different in its proceedings from those above de-
scribed ; but the care with which it selects and rolls
up one of the smaller leaves, when it is about to be
transformed into a chrysalis, is worthy of remark ; it

L
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joins it, indeed, so completely round and round, that
it has somewhat the resemblance of an egg. Within
this green cell it lies secure, till the time arrives
when it is ready to burst its cerements, and trust to
the quickness of its wings for protection against its
enemies. )

Among the nests of caterpillars which roll up par-
cels of leaves, we know none so well contrived as
those which are found upon willows and a species
of osier. The long and narrow leaves of these
plants are naturally adapted to be adjusted pa-
rallel to each other; for this is the direction which

Nest of Willow-lenf Roller,
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they have at the end of each stalk, when they are not
entirely developed. One kind of small smooth cater-
pillar (Tortric chlorana), with sixteen feet, the
under part of which is brown, and streaked with
white, fastens these leaves together, and mekes them
up into parcels. ‘There is nothing particularly strik-
ing in the mechanical manner in which it constructs
them. It does precisely what we should do in a
similar case: it winds a thread round those leaves
which must be kept together, from a little above their
termination to & very short distance from their ex-
treme point; and as it finds the leaves almost con-
stautly lying neur each cther, it has little difficulty in
bringing them together, us is shewn in the cut, a.

The prettiest of these parcels are those which are
made upen B kind of osier, the bordera of whose
leaves sometimes form columnar bundles before they
are become developed. A section of these leaves haa
the appearance of filagree work.—(See b, p. 170.)

A caterpillat which feeds upon the willow, and
whose singular attitudes have obtained for it the trivial

"name of Ziczac, also constructs for itself an arbour

of the leaves, by drawing them together in ao inge-
nious manner. M. Roesel* has given a tolerable
representstion of this nest, and of the caterpillar.
The caterpillar is found in June ; and the moth {No-
todonta ziczac) from May to July in the following
year.—(See cut, p. 172.)

Beside those caterpillars which live solitary in the
folds of a lesf, there are others which associate, em-
ploying their united powers to draw the leaves of the
plants they feed upon into o covering for their com-
mon protection. Among these we may mention the
calerpiliar of a small butterfly, the plantain or Glan-

* Roenel, cl. it, Pap. Noctum., ub. xx., fig. 1,2, 3, 4, 5, 6.
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ville fritillary (Melitea cinria), which is very scarca
in this country.

Zicsas Calerpillar and Nest.

Although a colony of these caterpillars is not nu-
merous, seldom amounting to 8 hundred individuaals,
the place which they have selected is not hard to dis-
cover. Their abode may be seen in the meadow in
form of a tuft of herhage cuvered with a white web,
which may readily be mistaken, at first view, for that
of a spider, but closer inspection soon corrects this
notien. It is, in fact, a sott of common tent, in
which the whole brood lives, eals, and undergues the
usual transformations, The shape of this tent, for
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the most part, approaches the pyramidal, though that
depends much upon the natural growth of the her-
tmge which composes it. The interior is divided into
eompartments formed by the unjon of several small
tents, =5 it were, to which others have been from time
to time added aceording to the necessities of the com-
munity.

When they have devoured ali the leaves, or at
least those which are most iender and succulent,
they ebandon their first eamp, and construct another
contiguous to it under a tuft of fresh leaves. Several
of these encampments may sometimes be seen within
the distance of a foot or two, when they can find
plantain (Plantago lanceolata) it for their purpose ;
but though they prefer this plant, they content them-
selves with grass if it ia not to be procured.

When they are ahout to cast their skins, but par-
ticularly when they perceive the approach of winter,
they construct a more durable apartment in the inte-
rior of their principal ent. The ordinary web is
thin and semi-transparent, permitling the leaves to
be seen through it but their winter eanvass, if we
may cail it so, is thick, strong, end quite opaque,
forming a sort of circular hall without any partition,
where the whole community lie coiled up and hnddled
together.

Early in apring they issue forth in search of fresh
foed, and again construct tents to protect them from
cold and rain, end from the mid-day sun,

M. Réaumur found upon trial, that it was not only
the caterpiliarn hatched from the egge of the same
mother which would unite in constructing the com-
mon tent; for different broods, when put together,
worked in the same social and harmonious menner.
We ourselves ascertained, during the present sum-
mer (1829), that this principle of sociality is not
confined (o the same species, nor even to the same

L3
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genus. 'The experiment which we tried was o cou-
fine two broods of different species Lo the same branch
by placing it in a glass of water 10 prevent their
escape. The caterpillars which we experimented on
were several broods of the brown-teil moth (Porthesia
auriftua), and the lackey (Clisiocampa neustria).
These we found to work with as much industry and
harmony in constructing the common tent as if they
had been at liberty on their native trees; and when
the lackeys encountered the brown-tails they mani-
fested no alarm nor unessiness, but passed over the
backs of one another as if they had made only & por-
tion of the branch. In none of their operations did
they seem to be subject Lo any discipline, each indi-
vidual sppearing to work, in perfecting the structure,
from individual instinct, in the same manner as was
remarked by M. Huber, in the case of the hive-bees*.
In meking such experiments, it is obvious, that the
species of caterpillars experimented with must feed
upon the same sort of plant+.

The desigm of the caterpillars in rolling up the
lsaves is not only lo conceal themselves from hirds
and predalory insects, but also to protect them-
selves from the cuckoo-flies, which lie in wait in every
guarter to deposit their eggs in their bodies, that their
progeny may devour them. Their mode of conceal-
ment, however, though it appear to be cunningly
contrived and skilfully executed, is not always suc-
cessful, their enemies often discovering their hiding-
place. We happened to see a remarkable instance of
this last summer (1828), in the case of one of the
lilac caterpillams which had changed into a chrysalis
within the closely-folded leaf. A small euckoo-fly,
aware, it should seem, of the very spot where the
chrysalis lay within the leaf, was seen boring through

* See p. 115 +l R
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ft with her ovipositor, and introducing her epgs
through the punctures thus made into the body of the
dormant insect, We sllowed her to lay all her exgs,
about six in number, and then put the leal under an
inveried glass. In afew days the eggs of the cuckoo-
fly were hatched, the grube devoured the lilac chry-
selis, and finally changed into pupe in a case of yeh
low silk, and into perfect insects like th:ir parent *.

*J. B
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INSECTS FORMING HARITATIDNS OF DETACHED LEAVES.

Tue habitations of the insects which we heve just
described consist of growing leaves, bent, rolled,
or pressed together, and fixed in their positions by
silken threads. But there are other habitations of a
similar kind which are constructed by cutting out
and detaching a whole leaf, or & portion of a leaf. We
have already seen how dexterously the upholsterer-
bees cut out small paris of leaves and petals with
their mandibles, and fit them into their cells. Some
of the caterpillars de not exhibit quite so much neat-
ness and elegance as the leaf-cutting bees, though
their structures unswer all the purposes intended ;
bot there are others, es we shall presently see, that
far excel the bees, at least, in the delicate minutize
of their workmanship. We- shall first advert to
those structures which are the most simple.

Not far from Longehamps, in a road through the
Bois de Bologne, is a large marsh, which M. Réau-
mur never ohseryed to be in a dry state even during
summer. This marsh is surrounded with very lofly
oaks, aud abounds with pondweed, the water plant
named by botanists Pofgmogeton. The shining
leaves of this plant, which are as large as those of
the faurel or orange-tree, hut thicker and more
fleshy, are spread upon the surface of the water.
Having pulled up several of these, about the middle
of June, M. Rézumur observed, beneath one of the
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Grst which he examined, an elevation of an oval
shape, which was formed out of & leaf of the same
plant He carefully examined it, and discovered
that threads of silk were attached to this elevation.
Brepking the threads, he raised up one of the ends,
and saw & cavity in which a eaterpillar (Hydrocampa
Potamogaie) was lodged. An indefaligable ob-
server, such as M. Réaumur, would naturally follow
up this discovery ; and he has accordingly given us a
memoir of the pondweed tent-maker, distinguished
by his usual minute accuracy.

In order tv make & mew cocoon, the eaterpillar
fastens itself on the underside of o leaf of the Pota-
rmogeton, With ils mandibles it pierces some part of
this leaf, and alterwards gradually gnaws a curve
line, marking the form of the piece which it wishes to
delach. When the caterpillar has cut off, as from a pieca
of cloth, a patch of leaf of the size and shape suited
to ils purpose. it is provided with half of the male-
rials requisite for making & tent. It takes hold of
this piece by its mandibles, and conveys it to the
situation on the underside of ils own, or another
leaf, whichever is found most appropriate. 1t is there
disposed, in such & manner, that the underpart of
the patch—the side which was the underpart of the
entire leaf—is turned towards the underpart of the
new leaf, =0 that the inner walls of the cocoon are
always made by the underpart of iwo portions of
leaf. The leaves of the potamogeton are a little con-
cave on the underside; and thus the caterpillar pro-
duces a hollow celi, though the rims are united.

The caterpillar secures the leaf in jls position by
threads of white silk. It then weaves & coconn in
the cavity, which is somewhat thin, but of very close
tissue, There it shuts itself up lo appear again only
in the form of the perfect insect, and is soon trans-
formed into a chrysalis. In this cocoon of sitk ne
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point touches the water ; whilst the cocoon of leaves,
lined with silk, has been constructed underneath the
water, This fact proves that the caterpillar has a
particular art by which it repels the water from be-
tween the leaves,

When the caterpillar, which has thus conveyed and
disposed a pateh of leaf against another leaf, is not
ready to be transformed into a chrysalis, it appliea
itself to make m cocoon—a habitation which it may
carry everywhere about with it It begins by slightly
fixing the piece against the whole leaf, leaving inter-
vals ell round, between the piece and leaf, at which
it may project its head. The piece which it has
fixed serves as a model for cuwtting out a similar
piece in the other leaf. 'The caterpiller puts them
accurately together, except st one end of the oval,
where an npening is left for the insect to project its
head through. When the caterpiller is inclined to
change its situation, it draws itself forward by means
of its scaly limbs rivetted upon the leaf. The mem-
branous limbs which ere rivetted against the iuner
sides of the cocoon, oblige it to follow the anterior
part of the bedy, ms it advances. The caterpillar,
also, puts its heud out of the cocoon every tlme it
desiren to eat.

There is found on the common chick-weed (Slel-
laria media), towards the end of July, 8 middle-sized
smooth green caterpillar, having three brown spots
bordered with white on the back, and six legs and
ten pro-iegs, whose architecture is worthy of observa-
tion. When it is about to go into chrysalis, lowards
the beginning of Angust, it gnaws off, one by one, a
number of the leaves and smeller twigs of the chick-
weed, and adjusts them into an oval cocoon, some-
what rough and unfinished, externally, but smooth,
uniform, and finely tapestried with white silk withiw.
Here it undergoes its transformations securely, and
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when the period of its pupa trance has expired in the
following July, it makes its exit in the form of a
yellowish moth, with several brown spots above, and
a brown band on each of its four wings below. Itis
also furnished with a sort of tail.

On the cypress spurge (Euphorbia cyparissias),
a unative woodland plant, but not of very common
occurrence, may be found, towards the end of Octo~
ber, a caterpillar of a middle size, sparely tufted with
hair, and striped with black, white, red, and brown.
The leaves of the plant, which are in the form of
short narrow blades of grass, are made choice of by
the caterpillar to construct its cocoon, which it does
with great neatness and regularity, the end of each
leaf, afier it has been detached from the plant, being
fixed to the stem, and the other leaves placed parallel,
as they are successively added. The other ends of
all these are bent inwards, so as to form a uniformly
rounded oblong figure, somewhat larger at one end
than at the other.

{ i
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Cypress-Spurge Caterpillar—(Acronycta Euphrasie?)—with a Cocoon,
on & branch.

A caterpillar, which builds a very similar cocoon
to the last mentioned, may be found upon a more
common plant—the yellow snap-dragon or toad-flax
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(Antirrhinum linarig)—which is to be seen in almost
every hedge, It is somewhat shaped like a leech, is
of a middie size, and the prevailing colour pearl-grey,
but striped with yellow and black. It spins up about
the beginning of September, forming the outer costs
ing of pieces of delached leaves of the planti, and
sometimes of whole leaves placed longitadinally, the
winle disposed with great symmelry and neatoess,
The moth appears in the lollowing June.

It is worthy of remark, as one of the most
striking instances of instinctive foresight, that the
caterpillars which bulld structures of this substential
descriplion, are destined to lie much longer in their
chrysalis trance, -than those which spin merely a
fiimsy web of silk. For the most part, indeed, the
latler undergo their final transformation in a [ew
weeks ; while the former continue entranced the larger
portion of a year, appearing in the perfect state the
summer after. their architectural labours have been
completed “, This is 8 remarkable example of the
instinct which leads these littie creatures to act with
a foresight in many cases much clearer than the
dictates of human prudence. In the examples be-
fore us, the instinct is more delicate and complex
than that which directs other animals to provide a
burrow for their wintersleep. It is not unreasonable
to suppose that the one caterpillar is aware, while it
is building the cocoen, that the moth inte which it
is about to be changed will not be in & fit state to
appear before the succeeding summer. The other,
pursuing a similar coorse ot thought, may feel that
the moth will see the light in a few weeks. The
comparative distances of time certainly appear most
difficuit to be understood by an insect ; [or, as far a8
we know, quadrupeds do not carry their intelligence
to such an extenL And yet in the solitary case of

- *LR
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provision for a future progeny, the instinct is in-
variably subtle and extrsordinary. What, for in-
stance, is more remarkable than that the insect should
always place her eggs where her progeny will find
the food wbich is best suited to their nature? In
almost no case does the perfect insect eat that
food, so that the parent caunnot judge from her own
habits. The Contriver of the mechanism by which
insects work also directs the instinet by which they
use their tools.

1t is exceedingly difficult, with our very limited
knowledge of the springs of action in the inferior
animals, 10 determine the motives of their industry—
that is, whether they see clearly the end and object
of their arrangements. A human archilect, in all his
plans, has regard, uccording to the extent of his skill,
to the combination of beauty and convenience; and.
in most cases he hus adaplations peculiar to the cir-
cumstances connected with the purpose of the struc-
ture, In the erection of a common dwelling-house,
for instance, one family requires many sleeping-
rooms, ancther few—one wanis its drawing-rooms
in a suite, another detached. ‘Thearchitect knows sl
these wanis, and provides for them. But all insects
build their habitations upon the same general model,
atthough they can slightly vary them according io
circumstances, Thus, according as the uniformity,
or the occasional adapiation of their work to particu-
lar situations, bes been most regarded by those who
speculale upun their actions, they have been held Lo
be wholly governed by instinct or by intelligence—
hove been called machines or free agents, Thereare
difficulties in either conclusion ; and the truth perhaps
lies between ihe twe opinions, Their actions may
entirely result from their organization ; they are cer-
tainly in conformity with it. Those who would deny
the animal all intelligence, hy which we mean a power,

M
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resulting from selection, of devialing in small maiters
from a precise rule of action, are ofien materialists,
who shut their eyes to the creating and preserving
economy of Providence. But even this belief in the
infallible results of organization does not necessarily
imply the disbelief of a presiding Power, * The
same wisdom,” says Bonnet, * which has constructed
and arranged with so much art the various organs
of animals, and has made them concur towards
one determined end, has also provided that the dif-
ferent operations which are the natural results of the
economy of the animal should concur towards the
same end, The creature is directed towards his ob-
ject by an invisible hand; he executes with precision,
and by one effort, those works which we so much
admire ; he appears to act o3 if he reasoned, to
return to his labour at the proper time, to change
his scheme in case of need. But in all this he ovly
obeys the secret influence which drives him on. He
is but an instrament which cannot judge of each
action, but is wound up by that adorable Intel-
ligenca, which has traced out for every insect its
proper labours, as he has traced the orbit of each
planet, When, therefore, I see an insect working st
the construction of a nest, or u cocoon, I am im-
pressed with respect, because it seems to me that I
am at a spectacle where the Supreme Artist is hid
behind the curtain *.”

There i3 n small sort of caterpillar which may be
found on old walls, feeding upon minute mosses and
lichens, the proceedings of which are weli worthy of
attention. They are similar, in appearance and size,
to the caterpillar of the small cabbage-butterfly
(Pontie rape), and are smooth and bluish. The
malerial which they use in building their cocoons is

* Contemplation de Ia Nature, part xv. chap, 38.
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cumposed of the leaves and branchlets of green moss,
which they cut into suitable pieces, detaching at the
same time along with them a portion of the earth in
which they grow. They arrange these upon the
walls of their building with the moss on the outside,
and the earth on the inside, making a -sort of vault
of the tiny bits of green moss turf, dug from the
surface of the wall. So neatly, also, are the several
pieces joined, that the whole might well be supposed
to be a patch of moss which had grown in form of
an oval tuft, a liitle more elevated than the rest
growing on the wall. When these caterpillars are
shut up in a box with some moss, without earth,
they construct with it cells in form of a hollow ball,
very prettily plaited and interwoven.

Muss-Cell of Small Caterpillar (Bryophila perla f)

In May last (1829), we found on the walls of
Greenwich Park, a great number of caterpillars
whose manners bore some resemblance to those of
the grub described by M. Réaumur®. They were
of middle size, with a dull orange stripe along the
back ; the head and sides of the body black, and the
belly greenish. Their abodes were constructed with
ingenuity and care. A caterpillar of this sort ap-
pears to choose either a part where the mortar con-
tains a cavity, or it digs one suited to its design.
Over the opening of the hollow in the mortar, it

*].R.
M2
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builds an arched wall so as to form a chamber con-
siderably larger than is usual with other architect
caterpillars. It selects grains of meortar, brick, or
lichen, fixing them, by means of silk, firmly into the
structure.  As some of these vaulted walls were
from an inch to an iuch and & half long, and about a
third of an inch wide and deep, it may be well
imagined that it would require no littie industry ond
labour 1o complete the work. Yet it does not de-
mand more than a few hours for the insect lo raise it
from the foundation. Like all other insect architects,
this caterpiiiar uses its own body for a measuring
rule, and partly for a mould, or rather a block or
centre to shape the walls by, curving itself round end
round concentricaliy with the arch which it is building..

We aflerwards found one of these caterpiliars,
which had dug & cell in one of the softest of the
bricks, covering itself on the outside with an arched
wall of brick-dust, cemented with silk, As this brick
was of a bright red colour, we were thereby abie to
ascertain that there was not a particle of lichen em-
ployed in the structure.

The neziness mentioned by Réaumur, as remark-
able in his moss-building caterpillars, is equally ob-
servable in that which we have just described ; for, on
looking at the surface of the wall, it would be impos-
gible fur & person unacquainted with these structures
to detect where they were placed, as they are usually,
ontheoutside, level with the adjoining brick-work, and
it is only when they are opened by the entomologist,
that the little architect is perceived lying snug in bis
chamber. If a portion of the wall be thus broken
down, the caterpillar loses no time in repairing the
breach, by piecing in bits of mortar and fragments of
lichen, till we can scarcely distinguish the new por-
tion from the old.
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Cuarter X,
CADDIS-WORMS AND CARPENTER-CATERPILLARS,

THERE is a very interesting class of grubs which
live under water, where they construct for themselves
moveable tents of various materials as their habits
direct them, or as the substances they require can be
conveniently procured. Among the materials used
by these singular grubs, well known to fishermen by
the name of caddis-worms, and to naturalists as the
larve of the four-winged flies in the order Trichop-
tera, we may mention sand, stones, shells, wood, and
leaves,whichare skilfully joined and strongly cemented.
One of these grubs forms a pretty case of leaves
glued together longitudinally, but leaving an aper-
ture sufficiently large for the inhabitant to put out its
head and shoulders when it wishes to look about for

[~ |

Jeaf Nest of Caddis-Wurm.

food. Another employs pieces of reed cut into con-
vénient lengths, or of grass, straw, wood, &c., care-
fully joining and cementing each piece to its fellow
as the work proceeds; and he frequently finishes the

ke | =m—————

Reed Nest of Caddis-FVurm,
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whole by adding a broad piece longer than the rest
to shade his door-way over-head, so that he may not
be seen from above. A more laborious structure is
reared by the grub of a beautiful caddis-fly (Phry-
ganea), which weaves together a group of the leaves
of aquatic plants into a roundish ball, and in the
interior of this forms a cell for its abode. The fol-
lowing figure from Roesel will give a more precise
notion of this structure than a lengthened description.

Another of these aquatic architects makes choice
of the tiny shells of young fresh-water mussels and
snails (Planorbis), to form a moveable grotto, _and
as these little shells are for the most part inhabited,
he keeps the poor animals close prisoners, and drags

Shall Nests of Caddis-Worms.
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them without mercy along with him. These grotto-
building grubs are by no means uncommon in pondls;
and in chaik districts, such as the country about
Woolwich and Gruvesend, they are very abundant.
One of the most surprising instances of their
skill occors in the structures of which small atones
are the principal material. The problem is to make
a tube about the width of the hollow of a wheat
straw or a crow quill, and equally stmooth end
uniform. Now the materials being small stones full
of angles and irregularities, the difficulty of per-
forming this problem will appear to be considernble,
if not insurmountable ; yet the little architecls, by
patiently exumining their stones and turning thein
round on every side, never fail lo accomplish their
plans. This, however, is only part of the pro-

Stoas Nedt of Coddiz-Farm,
blem, which is complicated with another condition,
and which we have not found recorded by former
observers, nemely, that the under surface shall he
flat and smooth, without uny projecting angles which -
might impede its progress when dragged along the
bottom of the rivulet whbere it resides, The selection
of the stones, indeed, may be accounted for, from this
species living in streams where, but for the weight of
its house, it would to a cerlainty be swept away. For
this purpose, it is probuble that the grub meakes
choice of larger stones than it might otherwise want;
and therefore also it is that we frequently find a case
composed of very small stones and sand, to which,

Sand Nett balanced wilh 2 Stont,
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when nearly finished, & large stone 1s added by way
of ballast. Ino other instances, when the materials
are found to possess too great specific gravity, a bit
of light wood, or a holiow straw, is added to buoy
up the case.

Neat of Caddis-Worm balanced with Straws,

It is worthy of remark, that the cement, used
in nil these cases, is superior to pezzolana® in stand-
ing water, in which it is indissoluble. The grubs
themselves are also admirably adapted for their
mode of life, the portion of their bodies which is always
enclosed in the case being soft like a meel-worm, or
garden caterpillar, while the head and shoulders,
which are for the most part projected beyond the
door-way in search of food, are firm, hard, and con-
sequently jess liable to injury than the protected por-
tion, should it chance to be exposed.

We have repeatedly tried experiments with the in-
habitants of those aquatic tents, to ascertsin their
mode of building. We have deprived them of their
little houses, and furnished them with materials for
- constructing new oues, watching their proceedings
from their laying the firsl stone or shell of the struc-
ture. They work at the commencement in & very
clumsy manner, attaching o great number of chips
to whatever materials may be within their reach with
loose threads of silk, and many of these they never
use ot all in their p-erfect building. They act, indeed,
much like an unskilful workman trying his hand be-
fore committing himself upon an intended work of
difficult exeeution. Their main intention is, however,
to have abundance of materials within reach: for
after their dwelling is fairly begun, they shut them-

* A cement prepared of volcanic earth, or lava
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selves up in it, and do not again protrude more than
half of their body to procure materials; and even
when they have dragged a stone, a shell, or a chip ot
reed within building reach, they have often to reject it
as unfit*.

CARPENTER-CATERPILLARS.

Insects, though sometimes actuated by an instinct
apparently blind, unintelligent, or unknown to them-
selves, munifest in other instances a remarkable adap-
tation of meansto ends. We have it in our power to
exemplify this in a striking manner by the proceed-
ings of the caterpillar of a goat-moth (Cossus ligni-
perda) which we kept till it underwent its final
change.

Caterpillar of Goat-Muth in a W illow Tree.

This caterpillar, which abounds in Kent and many
other parts of the island, feeds on the wood of
willows, oaks, poplars, and other trees, in which it
eats extensive galleries; but it is not contented with
the protection afforded by these galleries during

* iR,
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the colder months of winter, before the arrival of
which it scoops out a hollow in the tree, if it do not
find one ready prepared, sufficiently large to contain
its body in a bent or somewhat coiled up position.
On sawing off a portion of an old poplar in the
winter of 1827, we found such a cell with a cater-

pillar coiled up in it.

inter Nest of the Guat-Caterpillar.

It had not, however, been contented with the bare
walls of the retreat which it had hewn out of the tree,
for it had lined it with a fabric as thick as coarse
broad-cloth, and equally warm, composed of the rasp-
ings of the wood scooped out of the cell, united with the
strong silk which every species of caterpillar can spin.
In this snug retreat our caterpillar, if it had not been
disturbed, would have spent the winter without eat-
ing; but upon being removed into & warm room and
placed under a glass along with some pieces of wood,
which it might eat if so inclined, it was roused for a
time from its dormant state, and began to move
about. It was not long, however, in constructing a
new cell for itself, no less ingenious than the former.
It either could not gnaw into the fir plank, where it
was now placed with a glass above it, or it did not
choose to do so; for it left it untouched, and made it
the basis of the edifice it began to construct. It
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formed, in fact, a covering for itself precisely like the
one from which we had dislodged it,—composed of
raspings of wood detached for the purpose from
what had been given it as food,—the largest piece of
which was employed as a substantial covering and
protection for the whole. It remained in this retreat,
motionless, and without food, till revived by the
warmth of the ensuing spring, when it gnawed its
way out, and began to eat voraciously, to make up
for its long fast.

These caterpillars are three years in arriving at
their final change into the winged state; but as the
one just mentioned was nearly full grown, it began,
in the month of May, to prepare a cell, in which it
might undergo its metamorphosis. Whether it had
actually improved its skill in architecture by its pre-
vious experience we will not undertake to say, but its
second cell was greatly superior to the first. In the
first there was only one large piece of wood em-
ployed; in the second, two pieces were placed in
such a manner as to support each other, and beneath
the angle thus formed, an oblong structure was made,
composed, as before, of wood-raspings and silk, but
much stronger in texture than the winter cell. In a
few weeks (four, if we recollect aright) the moth
came forth*.

Nest of Goat-Moth.—Figured from specimen, and raised to shew the Pupa,
* J.R.
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A wood-boring caterpillar, of a species of oth
much rarer than the preceding (Zgeria asiliformis,
Steruens), exhibits great ingenuity in construct-
ing a cell for its metamorphosis. We observed
above a dozen of them during this summer (1329)
in the trunk of a poplar, one side of which had
been stripped of its bark. It was this portion of
the trunk which all the caterpillars selected for
their final retreat, not one having been ohserved
where the tree was covered with bark. The inge-
nuity of the little architect consisted in scooping its
cell almost to the very surface of the wood, leaving
only an exterior covering of unbroken wood as thin
as writing paper. Previous, therefore, to lhe chry-
salis making its way through this feeble barrier, it
could not have been suspected that an insect was
lodged under the smooth wood. We observed more
than one of these in the act of breaking through this
covering, within which there is besides a round move-
able lid of a sort of brown wax ¥,

Another architect caterpillar, frequently to be met
with in July on the leaves of the willow and the
poplar, is, in the fly state, called the Puss-Moth
(Cerura vinula). The caterpillar is produced from
brown-coloured shining eggs, about the size of a
pin’s head, which are deposited—one, two, or
more together—on the upper surface of a leaf.
In the course of six or eight weeks (durmg which
time it casts its skin thrice) it arrives aL its full

Eggs of the Puss-Moth.
* J.R.
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growth, when it is about as thick, and nearly as
long, as a man’'s thumb, and begins to prepare a
stnicture in which the pupa may sleep securely
during the winter. As we have, oftener than once,
scen this litle architect at work, from the foundation
till the completion of its edifice, we are thereby ena-
bled to give the details of the process.

The puss, it may be remarked, does not depend
for protection on the hole of a tree, or the shelter of
an overhanging branch, but upon the solidity and
strength of the fabric which it rears. The material
it commonly uses is the bark of the tree upon which
the cell is constructed ; but when this cannot be pro-
cured, it is contenled lo employ whatever analogous
materials may be within reach. One which we had
shut up in a box substituted the marble paper
it was lined with, for bark, which it could not pro-
cure®. With silk it first wove a thin web round the

* Tt s justly remarked by Réarmur, that when caterpiliars
are left at liberty among thelr native plauis, il is ooly by lucky
chaoee they can be observed building their cocoons, because the

reater number abanden the plants upon which they have been
eeding, to spin np in places at some distance. In order o see
their operations they must be kept i confinement, pariicularly in
boxes, wilh glazed doors, where they may be always under the eye
of 1be naturaliet. In such circumstances, however, we may be
igoorant what building materials we cugit to provide Lhem with
for their struclures. A red caterpillar, with w few tufta of hair,
which Bésumur found in July feeding upen the flower bunches
of the nettle, and reflusing lo touch the leaves, began in a few days
to prepare i3 coroon, by goawing the paper lid of Lhe hox in
which h was placed. This, of course, was & material which it
could not bave procured in the fields, bul it was the nearest in
properties that it could procure, for though it had the leaves and
stems of petiles, it never used a single fragment of either. When
Réaumur found that it was likely to gnaw through the peper lid
ol the box, nnd might effect ity cscape, be furnished it with bils
of rumplad paper, fixed to the [id by means ol = pin; and these
il chupped down into such pieces as it judged convenient for its
stiuciure, which it look a day to complete. The moth appeared
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edges of the place which it marked out for its edi-
fice; then it mu several threads in a equare manner
from side to side, and from end to end, but very
irregulurly in point of arrangement : these were in-
tended for the skeleton or framne-work of the building.

Rudiments of the Coll of the Pusa-Moth

When this outiine was finished, the next step was to
strengthen each thread of silk, by adding several
(sometimes six or eight) parallel ones, ell of which
were then glued together iute a single thread, by
the insect running its mandibles, charged with
gluten, along the line. The meshes, or spaces,
which were thug widened by the compression of the
parallel threads, were immedialely filled up with
fresh threads, till at length ouly very small spaces
were left. It was in this slage of the opemtion that
the paper came into requisition, small portions of it
being groawed off the box and glued into the meshes,
It was not, however, inio the meshes only that the
bits of paper were inserted ; for the whole fabric was
in the end thickly studded aver with them. In about
half a day from the first thread of the frame-work
being spun the building was completed., It was at
first, however, rather sofi, and yielded to slight pres-
sure with the finger; . bui as soon as it became

four weeks after, of a browuish- black cowur, mottled with white,
aor rather grey, in the manoer of lace,

Bounetl also mentions more than one instance in which he
vbserved caterpiliars making use of papar, when they could not
procure other raleriala,
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thoroughly dry, it was so hard that it could with
difficulty be penetrated with the point of a penknife®

Cell built by the Larva of the Puss-Moth.

A question will here suggest itself to the curious
inquirer, how the moth, which is not, like the cater-
pillar, furnished with mandibles for gnawing, can find
its way thmugh so hard a wall. To resolve this
qnestion, it is asserted by recent naturalists (see Kirby
and Spence, vol. iii. p. 15), that the moth is furnished
with a peculiar acid for dissolving itself a passage. We
have a specimen of the case of a puss-moth, in which,
notwithstanding its strength, one of the ichneumons
had contrived to deposit its eggs. In the beginning
of summer, when we expected the moth to appear, and
felt anxious to observe the recorded effects of the
acid, we were astonished to find a large orange
cuckoo-fly make its escape; while another, which at-
tempted to follow, stuck by the way and died. On
detaching the cell from the box, we found several
others, which had not been able to get out, and had
died in their cocoons 1.

Tchnswmon (Ophion lutexm) figured from the ons mentioned.
* LR + J.R.
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Among the carpenter-grubs may be mentioned
that of the purple capricorn-beelle (Callidium viole-
cewm), of which the Rev. Mr. Kirby has given an
interesting account in the fifih volume of the Lin-
nean Traosactions. This insect feeds principelly
on fir timber, which has been felled some time with
out having had the bark stripped off; but it is olten
found on other wood. Though oceasionally taken in
this kingdom, it is supposed not w have heen ori-
giually a native, The circumstance of this destruc-
tive little animal attacking only such timber as had
not been stripped of its bark ought o be attended
to by all persons who have any concern in this article;
for the bark is a temptation not ouly to this, but
to various other insects; and much of the injury
done in timber might be prevented, if the trees were
all barked as soon as they were felled. The female
is furnished, at the posterior extremity of her body,
with a flat retractile tube, which she inserts between
the bark and the wood, to the depth of about & quar-
ter of an inch, and there deposits a single egg. By
stripping off the bark, it is easy to trace the whole
progress of the prub, from the spot where it is
hatched, to that where it attains its full size. It first
proceeds in a serpentine direction, filling the space
whichitleaves with its excrement. resembling sawdust,
and so stopping all ingress to enemies from without
When it has arrived at its utmost dimensions, it does
not confine itself o one direction, but works in & kind
of iabyrinth, eating backwards and forwards, which
gives the wood under the bark a very irregular sur-
face; by this meaps ita paths are rendered of con-
sidernble width. The bed of its paths exhibits, when
closely examined, a curious appearance, oecasioned
by the gnawings of its jaws, which excavate an infinity
of little ramified canals. When the insect is about tu
msaome its chrysalis state, it bores dowa obliquely
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into the solid wood, to the depth sometimes of three
inches, and seldom il ever less than two, forming
holes, nearly semi-cylindrical, and of exactly the form
of the grub which inhabits them. At first sight one
would wonder how so small and seemingly so weak
an animel could have strength to excavate so deep a
mine ; but when we examine its jaws our wonder
ceases. These are large, thick, and sclid sections of &
cone divided lougitudineily, which, in the act of
chewing, apply to each other the whole of their inte-
rior plane surface, so that they grind the insect’s
food like a pair of millstones. Some of the grubs
are hatched in October ; and itis supposed that about
the beginning of March they assume their chrysalis
stale. At the place io the bark, opposite to the hola
from whence they descended into the wood, the per-
fect insects gnaw their way out, which generally takes
place betwixt the middle of May and the middie of
June. These insecle are supposed to fly only in
the night, but during.the day they may generally be
found testing on the wood from which they were
disclosed. The grubs are destitute of feet, pale, folded,
somewhat hairy, convex above, and divided into thir-
teen sepments. Their head is large and convex *.

It would not be easy to find a more striking ex-
ample of ingenuity than occurs in a small caterpillar
wlich may be found in May, on the oak, and is sup-
posed, by Kirby and Spence, to be that of the Pyralis
atrigulalis, It is of a whitish yellow colour, tinged
with  shade of carnation, and studded with tufis of
red hairs, on each segment, and two brown spots
behind the head. It has fourteen feet, and the upper
part of its body i3 much Hatcer than is common in
caterpillars.  When this ingenious little insect bepins
Lo form its cell, it selects & smooth young branch

* Kirby io Linn, Trans. vol. v. p. 246, aud Intred. ii.
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of the oak, near an offgoing of the branchlets whose
angle may afford it some protection. It then measures
out, with its body for a rule, the space destined for
its structure, the basement of which is of a triangular
form, with the apex at the lower end. The building
itself is composed of small rectangular strap-shaped
pieces of the outer bark of the braunch. cut out from
the immediate vicinity ; the insect indeed never tra-
vels farther for materials than the length of its own
body. Upon the two longest sides of the triangular
base it builds uniform walls, also of a triangular
shape, and both gradually diverging from each other
as they increase in height. These are formed with
80 much mathematical precision, that they fit exactly
when they are afterwards brought into contact. As
soon as the little architect has completed these walls,
which resemble very much the feathers of an arrow,

Mugnified Cells uf Pyralis Strigulalis?

a, The walls before they ure joined, b, Walls joined, bat mot
closed at top. a.’Sido view of structure complate.
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it proceeds to dmw them together in a manner si-
milar to that which the leaf-rolling caterpillars employ
in constructing their abodes, by pulling them with
silken cords till they bend and converge. Even
when the two longest sides are thus joined, there is
an opening left at the upper end, which is united in
a similar manner. When the whole is finished, it
requires close inspection to distinguish it from the
branch, being formed of the same materials, and
having consequently the sume colour and gloss.
Concealment, indeed, may be supposed, with some
justice, to be the Gnal object of the insect in pro-
ducing this appearance, the same principle being ex«
teusively exemplified in numerous other instances,
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Cuarter XI.
PARTH-MASON CATERPILLARS

ManY species of ecaterpillars are not only skilfu.
in concealing themselves in their cocoons, but also
in the concealment of the cocoon itseif; so that
even when that is large, aa in the inslance of the
death’s-head hawk-moth (Aecherontia atropos), it is
almost impossible to find it. We allude to the
numerous class of caterpillars which, previous to
their changing into the pupa state, bury themselves
in the earth. This circumstance would not be sur-
prising, were it confined to those which are but too
well known in gardens, from their feeding upon and
destroying the roois of lettuce, chicory, and other
plants, as they pass a considerable portion of their
lives under ground ; nor is it surprising that those
which retire under ground duriug the day, and come
abroad to feed in the night, should form their cocoons
where they have been in the habit of concesling
themselves. But it is very singular and unexpected,
that caterpillars, which pass the whale of their life on
plants, and even on trees, should afterwerds bury
themselves in the earth. Yet, the fact is, that per-
has a greater number meke their cocoons under
than above ground, particularly those which are not
clathed with hair.

Some of those caterpillars, which go inlo the
ground previous to their change, make no cocoon at
all, but mre contented with a rude mzsonry of earth
as a nest for their pupe: into the details of their
operations it will not be x0 necessary for us to
E£%, 8s into those which exhibit more ingenuity
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and care. When one of the latter is dug up, it
has the appearance of nothing more than a small
clod of earth, of a roundish or oblong shape, but,
generally, by no means uniform. The interior, how-
ever, when it is laid open, always exhibits a cavity,
smooth, polished, and regular, in which the cocoon, or
the chrysalis lies secure. (Fig. p.202, B.) The polish
of the interior is precisely such as might be given to
soft earth by moistening and kneading it with great
care. But beside this, it is usually lined with a tapes-
try of silk, more or less thick, though this cannot always
be discovered without the aid of a magnifying glass.
This species of caterpillars, as soon as they have
completed their growth, go into the earth, scoop out,
as the cossus does in wood, a hollow cell of an-oblong
form, and line it with pellets of earth, from the
size of a grain of sand to that of a pea—united, by
silk or gluten, into a fabric more or less compact,
according to the species, but all of them fitted for
protecting the inhabitant, during its winter sleep,
against cold and moisture.

Outside View of Nests of Earth-mason Caterpillars,

One of the examples of this occurs in the ghost-
moth (Hepialus humuli), which, before it retires ino
the earth, feeds upon the roots of the hop or the
burdock. Like other insects which construct cells
under ground, it lines the cemented earthen walls
of its cell with a smooth tapestry of silk, as closely
woven as the web of the house-spider.

Inaccurate observers have inferred that these
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Nests, §c., of an Earth-mason Caterpillar,

earthen structures were formed by a very rude and
unskilful process—the caterpillar, according to them,
doing nothing more than roll itself round, while the
mould adhered to the gluey perspiration with which
they describe its body to be covered. This is a
process as far from the truth, as Aristotle’s account
of the spider spinning its web from wool taken from
its body. Did the caterpillar do nothing more than
roll itself in the earth, the cavity would be a long
tube fitted exactly to its body (/fig. c): it is essentially
different.

It does not indeed require very minute observation
to perceive, that every grain of earth in the structure
is united to the contiguous grains by threads of silk ;
and that consequently, instead of the whole having been
done at once, it must have required very considerable
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time and labour. 'This construction is rendered
more obvious by throwing one of these earthen cases
into waler, which dissolves the earth, but does not
Bet on the silk which binds it together. To under-
stand how this is performed, it may not be uninterest-
ing to follow the little mason from the heginning of
his task,

When one of those burrowing caterpiilars has
done feeding, it enters the earth to the depth of
several inches, till it finds mould fit for its purpose.
Having nowhere to throw the earth which it may dig
out, the only means in its power of forming a cavity
is 1o press it with its body ; snd, by turning round
and round for this purpose, an oblong hollow is soon
made. But were it lefl in this state, as Réaumur
well remarks, though the vault might endure the
requisite time by the viscosity of the eurth slone,
were no change Lo take place in its homidity, yet, as
a great number are wanted to hold out for six, eight,
and ten months, they require to be subsiantiaily built,
a mere lining of silk, therefore, would not be suffi-
cient, and it becomes necessary Lo have the walls
bound with sitk to some thickness,

When & caterpillar cannot find earth sufficiently
moist to bear kneading into the requisite consistence,
it has the means of moistening it with a fluid which
it ejects for the purpose ; and as soon as it has thus
prepared a small pellet of earth, it fits it into the wall
of the vault, and secures it with silk. As the litile
mason, however, always works on the inside of the
building, it does not, at first view, appear in what
mauner it can procure materials for making one or
two additional walls on the inside of the one first built.
As the process takes place under ground, it is not
easy ta discover the partieniars, for the caterpillars
will not work in glazed boxes. The difficuliy was
completely overcome by M. Réaumur, in the instance
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of the caterpillar of the water-betony moth (Cu-
eullia scrophularie, Scuraug), which he permitted
~ to construct the greater part of its under-ground
building, and then dug it up and broke e porlion off
from the end, leaving about a third part of the whole
to be rebuilt, Those who are unacquainted with the
instincts of insects might have supposed that, being
disturbed by the demolition of its walls, it would
have left off work ; but the stimulus of providing for
the great change i3 so powerful, that scarcely any
disturbance will interrupt a caterpillar in this species
of labour.

The little builder accordingly was not long in re-
coimunencing its task for the purpose of repairing the
disorder, which it accomplished in about four hours.
At first it protruded its body almost entirely beyond
the hreach which had been made, to reconnoitre the
exterior for building materials. Earth was put within
ita reach, of the same kind as it hed previously
used, and it was not long in selecting a prain adapted
to its purpose, which it fitted inlo the wall and secured
with silk. It first enlarged the outside of the wail
by the larger and coerser grains, and then selected
finer for the interior. But before it closed the aper-
ture, it collected a quantity of earth on the inside,
wove a pretty thick network tapestry of silk over the
part which remained open, and into the meshes of
this, by pushing and pressing, it thrust grains of
earth, securing them with silk till the whole was ren-
dered opaque; end the further operations of the
insect could no longer be watched, except that it was
observed to keep in motion, finishing, no doubt, the
silken tupestry of the imerior of ils littie chamber.
When it was completed, M. Rdaumur ascertained
thut the portion of the structure which had been
bnilt under his eve was equally thick and compact
with the other, which had been dnne under ground.
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Earth-Mason Caterpillars' Nests, with the perfect Moth, &e.

The grubs of several of the numerous species of
may-fly (Ephemera) excavate burrows for themselves
in soft earth, on the banks of rivers and canals, under

N
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the level of the water, an operation well described by
Scopoli, Swammerdam, and Réaumur. The excava-
tions ave always proportioned to the size of the in=
habitant; and consequently, when it is young and
small, the hole is proportionally small, though, with
respect to extent, it is always at least double the
length of its bedy. The hole, being under the level
of the river, is always filled with water, so that the
grub swims in its native element, and while it is se-
cure from being preyed upon by fishes, it has its own
food within easy reach. Tt feeds, in fact, if we may
judge from its egesta, upon the slime or moistened
clay with which its hole is lined.

Nests of the Grubs of Ephemera.

A, The grub. B, Perforations in & river bank. C, One laid
open to shew the parallel stracture.

In the bank of the stream at Lee in Kent, we had
occasion to take up an old willow stump, which, pre-
vious to its being driven into the bank, had been per-
forated in numerous places by the caterpillar of the



EARTH-MASON CATERPILLARS 207

goat-moth (Cossus ligniperda). From having been
driven amongst the moist clay, these perforations be-
came filled with it, and the grubs of the ephemerz
found them very suitable for their habitation ; for the
wood supplied a more secure protection than if their
galleries had been excavated in the clay. In these
holes of the wood we found several empty, and some
in which were full grown grubs®.

Nests of Ephwmera in holes of Cossus.
The architecture of the grub of a pretty genus of
beetles, known to entomologists by the name of Ci-
cindela, is peculiarly interesting, It was first made
known by the eminent French naturalists, Geoffroy,
Desmarest, and Latreille. This grub, which may
be met with during spring, and also in summer
and autumnn, in sandy places, is long, cylindric, soft,
whitish, and furnished with six brown scaly feet. The
head is of a square form, with six or eight eyes,
and very large in proportion to the body. They have
strong jaws, and on the eighth joint of the body there
are two fleshy tubercles, thickly clothed with reddish.
hairs, and armed with a recurved horny spine, the
whole giving to the grub the form of the letter Z.
With their jaws and feet they dig into the earth to
the depth of eighteen inches, forming a cylindrical
cavity of greater diameter than their body, and fur-
nished with a perpendicular entrance, In construct-
*JL.R.
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ing this, the grub first clears away the particles of
earth and sand by placing them on its broad trape-
zoidal head, and carrying the load in this manner be-
vond the erea of the excavation, When it pets deeper
down, it climbs gradually up to the surface with simi-
lar loads by means of the tubercles on its back, above
described, This process is s work of considerable
time and difficulty, and in carrying its loads, the in-
sect has often to rest by the way to recover strength
for o renewed exertion. Not unfrequently, it finds
the soil so il adapted to its operations, that it eban-
dons the task ultogether, and begins anew in another
gituution. When it has succeeded in forming a com-
plete den, it fixes itself at the entrance by the hooks
of its tubercles, which ore admirably adapted for the
purpose, forming a fulerum or support, while the
broad plate on the top of the head exactly fits the
apetture of the excavation, and is on a level with the
soil. In this position, the grul> remains immoveable,
with jaws expanded, and ready to seize and devour
every insect which may wander within its reach, par-
ticolarly the smaller beetles; and its voracily is so
great, that it does not -pare even its own species. It
precipilates its prey inlo the excavation, and in case
of danger, it retires to tbe bottom of ils den, & cir-
cumstance which renders it not a litile difficult to
discover the grub, The method adopted by the French
naturalists was to introduce a atraw or pliant twig
into the hole, while they dug away, by degrees and
with great care, the earth around it, and ususally found
the grub at the bottom of the cell, resting in a zig-
zag position, like one of the caterpillars of the geo-
metric moths.

When it is about to undergo its tranformation
into the pupa, it carefully closes the mouth of the den,
and retires to the bottom in security.

It does not appear thet the grub of the genus
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Cicindela uses the excavation just described for the
purpose of a trap or pitfall, any further than that it
ean more effectually secure its prey by tumbling them
down into it; but there are other apecies of grubs
which construct pitfalls for the express purpose of
traps. Among these is the larva of a fly (Rhagio
vermileo), not unlike the common flesh maggot.
The den which it construets is in the form of a
funnel, the sides of which ure compesed of sand or
loose earth. It forms this pitfall of considerable
depth, by throwing out the earth obliquely on all
sides ; and when its trap is fnished, it stretches
itself along the bottom, remaining stiff and motion-
less, like a piece of wood. The last segment of the
body is bent at an angle with the rest, so as to form
a strong point of support in the struggles which it
must oflen have to encovnter with vigorous prey.
The instant that en insect tumbles into the pitfall, the
grub pounces upon it, writhes itself round it like a
serpent, transfixes it with its jaws,” and sucks its
Jjuices at its ease.  Should the prey by any chance
escape, the grub hurls after it jets of sand and earth,
with astonishing rapidity and farce, and not unfre.
quently succeeds in again precipitativg it to the bot-
tom of ils trap.

Tue Ant-Liox.

The observations of the continental naturslists
have made known to ns e pitfall constrncted by an
insect, the details of wbose operations are exceed-
ingly curious—we refer to the grub of the ant-lion
(Myrmeleon formicarius), which, though marked by
Dr. Turton and Mr. Stewart as British, has oot (at
lenst of late years) been found in this country, As
it is not, however, uncommon in France and Swit-

N3
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gerland, it is probable it may yet be discovered in
some spot hitherto unexplored, and if so, it will well
rewnrd the research of the curious.

The ant-lion gruh being of a grey colour, and hav-
ing its body composed of rings, is not unjike & wond-
louse (Oniscus), though it is larger, more triangular,
has only six legs, and most formidable jaws, in form
of a reaping-hook, or & pair of calliper compasses.
These jaws, however, are not for masticating, but
are perforated and tubular, for the purpose of suck-
ing the juices of ants, upon which it feeds. Vallisnieri
was therefore mistaken, as Réaumur well remarks,
when he suppnsed that he had discovered its mouth,
Its habits require that it should walk backwards, and
this is the only species of locomotion which it can
perform. Even this sort of motion it executes very
slowly; and were it not for the ingenuity of its
stratagems, it would fare but sparingly, since its
chiet food consists of ants, whose activity and swifl-
ness of foot would otherwise render it impossible
for it Lo make a single capture. Nature, however,
in this, ms in neatly every other case, has given a
compeusaling power to the imdividual enimsl, to
balance its privations.  The ent-lion is slow—but it
is extremely sagacious; it cannot fellow its prey—but
it can entrap it

The snare which the grub of the ant-lion employs
consigls of a funnel-shaped excavation formed in
locse sand, at the bottom of which it lies in weit for
the ants that chance to stumble over the margin, and
cannot, from the looseness of the walls, gain a suff-
cient footing o effect their escape.  When the pit=
fall is intended to be small, it only thursts its body
backwards into the sand as far as it can, throwing
out at intervals the particles which full in ypon it,
till it is rendered of the requisite depth.

By shulting up one of these grubs in a hox with
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Grub of the Ant-Livn uaglﬁadi:;g one perfect Trap,

loose sand, it has been repeatedly observed construct-
ing its trap of various dimensions, from one to three
inches in diameter, according to circumstances. When
it intends to make one of considerable diameter, it
proceeds as methodically as the most skilful architect
or engineer amongst ourselves. It first examines
the nature of the soil, whether it be sufficiently dry
and fine for its purpose, and if so, it begins by
tracing out a circle, where the mouth of its funnel-
trap is intended to be. Having thus marked the
limits of its pit, it proceeds to scoop out the interior.
Getting within the circle, and using one of its legs
as a shovel, it places therewith a load of sand on
the flat part of its head, and it throws the whole
with a%erk some inches beyond the circle. Ttis
worthy of remark that it only uses one leg in this

k\n b \:.1]1_'
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operation—the one, namely, which is nearest the
centre of the circle. Were it to employ the others
in digging away the sand, it would encroach upon the
regularity of its plan. Working with great industry
and adroitness in the manner we have just described,
it quickly makes the round of its circle, and as it
works backwards it soou arrives at the point where
it had commenced. Instead, however, of proceed-
ing from this point in the same direction as before,
it wheels about and works a round in the contrary
direction, and in this way it avoids throwing all the
fatigue of the labour on one leg, alternating them
every round of the circle.

Ant-Liow's Pitfalls, in an experimenting-box.

Were there nothing to scoop out but sand or louse
earth, the little engineer would have only to repeat
the operations we have described, tillit had completed
the whole. But it frequently happens in the course
of its labours, sometimes even when they are neara
close, that it will meet with a stone of some size which
would, if suffered to remain, injure materially the
perfection of its trap. But such obstacles as this do
not prevent the insect from proceeding ; on the con-
trary, it redoubles its assiduity to remove the obstruc-
tion, as M. Bonnet repeatedly witnessed. . If the
stone be small, it can manage to jerk it out in the
same manner as the sand; but when it is two or
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three times larger and heavier than its own bedy, it
must have recourse to other means of removal. The
larger stones it usually leaves till the last, and when
it hzs removed all the sand which it intends, it then
proceeds to try what it can do with the less manage-
able obstacles. For this purpose, it crawls backwards
to the place where a stone may be, and thrusling its
teil under it, is at great pains 1o get it properly
balanced on its back, by an alternate motion of the
rings composing its body. When it has succeeded
in adjusting the stone, it crawls up the side of the
pit with great care and deposits its burden on the
outside of the circle. Should the stone happen to be
round, the balance can be kept only with the greatest
difficulty, as it has to travel with its lond upon a
slope of loose sand, which is ready to pgive way at
every step ; and ofien when the insect has carried it to
the very brink it rolls off its back and tumbles down
to the hottom of the pit. This accident, so far from
discouraging the ant-lion, only stimulates it to more
persevering efforts.  Bonnet observed it renew these
attempts to dislodge a stone, five or six times. Kk
is anly when it finds it utterly impossible to succeed,
that it abanduny the desigu and commences another
pit in a fresh situation. When it succeeds in getting
a stone beyond the line of its circle, it s not contented
with letling it rest there ; but to prevent it from again
rolling in, it goes on to push it to & considerable
distance. )
The pitfall, when finished, iz usuvally about three
inches in diameter at the top, about two inches deep,
and gradually contracting into & point in the manner
of n cone or funnel. Kn the bottom of this pit the
ani-lion stations itself to watch for its prey. Should an
ant or any other insect wander within the verge of the
funnel, it can scercely fuil {0 dislodge and roll down
some particles of sand, which will give notice to the
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ant-lion below to be on the alert. In order to securs
the prey, Réaumar, Bonnet, and others have obrerved
the ingenious insect throw up showers of sand
jerking it from his head in guick succession, till the
luckless ant is precipitated within reach of the jaws
of its concealed enemy. It feeds only on the blood
or juice of insects; and as soon &s it has extracted
these, it tosses the dry carcass out of its den. Its
next care is to mount the sides of the pitfall and re-
peir any damage it may have syffered ; and when this
is accomplished, it again buries itself among the sand
at the bottom, leaving nothing but its jawe above the
surface, ready to seize the next victim,

When it is sbout to change into a pupa, it pro-
ceeds in nearly the same manner as the caterpilles of
the water-betony moth (Cucullia scrophulanis). It
first boilds & cese of sand, the particles of which are
secured by threads of silk, and then tapestries the
whole with & silken web, Within this it undergoes
ita transformation into a pupa, and in due titne, it
emerges in form of a four-winged fly, closely resem-
bling the dragon-fivs (Libellile), vulgarly and erro-
neously called Rorse-stingers.

The instance of the ant-lion naturally ieads un to
consider the design of the Author of Nature in so
nicely adjusting, in all arimels, the means of de-
struckon and of escape. As the larper quadrupeds
of prey are provided with a most ingenions machinery
for preying on the weaker, so are these furnished
with the most admirable powers of evading their
destroyers. In the economy of insects, we constantly
observe, that the means of defenca, not oniy of the
individual creatures, but of their larvee and pupe,
against the attacks of other insects, and of birds, is
proportioned, in the ingenuity of their arrangements,
to the weakness of the ingect employing them. Those
species which multiply the quickest have the greatest
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number of enemies. Bradley, an English naturalist,
has calculated that two sparrows cairy, in the course
of & week, nbove three thousand caterpillars to the
young io their nests. Buat though this is, probably,
much beyond the truth, it is certain that there is a
great and constant destruction of individuels going
forward ; and yet the species is never destroyed. In
this way a balance is kept up, by which one portion
of animated nature canunot usurp the meaps of life
and enjoyment which the world offers to another
portion. In all matters relating to reproduction,
Nuture is prodigal in her arrangements. Insects
have more stages to pass through before they attain
their perfect growth than other creatures, The con-
tinualion of the species is, therefore, in many cases,
provided for by a much larger number of eggs being
deposited than ever become fertile. How meny
larvee are produced, in comparison with the number
which pass into the pupa state; and how many pups
perish before they become perfect insects! Every
gerden is covered with caterpillars; and yet how
few moths and butterflies, comparatively, are seen,
even in the most sunny season! Jusects which lay
few eggs are, commonly, most remarkable in their
contrivances for their preservation. The dangers o
which insect life is exposed are manifold ; and there-
- fore are the contrivances for its preservation of the
most perfect kind, and invariably adapted to the
peculiar habits of each tribe. The same wisdom
determines the food of every species of insect; and
thua some are found Lo detight in the rose-tree, and
some in the oak. Had it been olherwise, the balance
of vegetable life would not have been preserved. It
is for this remson that the contrivances which an
insect employs for obtaining its food are curious, in
proportion to the naloral difficulties of its structure,
The ant-lion is camivorous, but he has not the quick-
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nesy of the spider, nor can he spread a net over
a large surface, and issue from his citadel to seize a
victim which he has caught in his outworks. He is
therefore taught to dig a trap, where he sits, like the
unwieldy giants of mble, waiting for some feeble one
to cross his path. How laborious aud patient are
his operations—how uncertain the chances of suceess!
Yet he never shrnks from them, because his instinct
tells him that by these contrivances alone can he
preserve his own existence, and continue that of his
Bpecies.
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Caarrzr XII.

Clothes-Moth, and other Tent-making Caterpillars.—Leaf
and Bark-Miners.

THERE are at least five different epecies of moths
similar in mannera and economy, the caterpillare of
which feed upon animal substances, such s furs,
woollen cloths, silk, leather, and, what to the natu-
ralist ia no less vexing, upon the apecimens of insects
and other animals preserved in his cabinet, The
moths in queation are of the family named Tinea by
entomologists, such as the tapestry-moth {Tinea ta-
petzella), the fur-moth (Tinea pellionella), the wool-
moth (Tinea vesHanelia), the cahinet-moth (Tinea
destrucior, STRPRENS), &c.

The moths themselves are, in the winged state,
smaell, and well fitted for making their way through
the most minute hole or chink, so that it is scarcely
possible to exclude them by the closeness of a wurd-
robe ¢or acabinet* If they cannot effect an entrance
when a drawer is out, or a door open, they will con-
trive to glide through the key-hole; and if they once
get in, it is no essy matter to diclodge or destroy
them, for they are exceedingly agile, and escape out
of sight in 8 moment. Moufet is of opinion that the
ancients possesaed an effectual method of preserving
rtuffz from the moth, because the robes of Servius
Tullius were preserved up to the death of Sejanus,
a period of more than five hundred years. On turning
to Pliny to learn this secret, we find him relating that
stufl laid upon a coffin will be ever after safe from
moths ; in the same way as a person once stung by a

* See fig. d. p. 321
1]
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scorpion will never afterwards be stung by a hee, ora
wasp, or a hornet! Rhasis again says, that centha-
rides suspended in a house drive away moths; and,
he adds, that they will not touch anything wrapped in
& lion’s skin !—the poor little insects, says Réaumur
sarcastically, being probably in bodily fear of so ter-
rible en animal.* Such are the stories which fill the
imagination even of philosophers, till real science
entirely expels them.

The efluvium of eamphor or turpentine, or fumiga-
tion by sulphur or chlorine may sometimes kill them,
when in the winged state, but this will have no effect
upon iheir eggs, and seldom upon the caterpillars;
for they wrap themselves up too closely to-be emsily
reached by any agent except heat. This, when it can
be conveniently applied, will be certain either Lo dis-
lodge or to kill them. When the effuvium of tur-
pentine, however, reaches the caterpillar, Bonnet
eaya it falls into convulsions, beeomes covered with
livid blotches, and diea.t

‘The mother insect 3akes care Lo deposit her eggs
on or near such suhstances as she instinctively fore-
knows will be best adapted for the food of the yonng,
taking care Lo distributc them so thet there may be
8 plentiful supply and enough of room for each. We
have found, for example, some of those caterpiliars
feeding upon the shreds of cloth used in training
wall-fruit trees; but we never saw more than twe
caterpillara on one shred. This scattering of the
eggs in many places renders the effects of the cater-
pillars more injurious, from their attacking many
parta of a garment or a piece of stuff at the same
time.}

When one of the caterpillars of this family issues

* Réaumur, Mem. Hist. Insecles, iii. 70.
+ Contemplation de 1a Nature, part xii. chap. x. note.
t LR,
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from the egg, ite first care iz to provide itself witha
domicile, which indeed seema no less indispensable
to it than food; for, like all caterpillars that feed
under cover, it will not eat while it remaina unpro-
tected. Its mode of building is very simiiar to that
which is employed by other ecaterpillara that meke
use of extraneous materials. The foundation or
frame-work is made of silk secreted by itself, and
into this it interweaves portions of the material
upon which it feeds. It is said by Bingley, that
¢ after having spun a fine coating of silk immediaiely
around its body, it cuts the filaments of the wool or
fur close by the thread of the cloth, or by the skin,
with ita teeth, which act in the manner of scissors,
into convenient lengths, and applies the bits, one by
one, with great dexterity, to the outride of its silken
cage.”’* This atatement, however, iz erroneous,
and inconsistent with the proceedings not only of
the clothes-moth, but of every caterpillar that con-
structs & covering. None of these build from within
outwards, but uniformly commence with the exterior
wall, and finish by lining the interior with the finest
raaterials. Réaumur, however, found that the newly-
hatched caterpillers lived at firat in a case of silk,

We have repeatedly witneased the proceedings of
these insects from the very fourdstion of their struc-
tures; and, at the moment of writing this, we turned
out one from the carcase of an “old lady moth™
( Mormo maura, OcesExEEIM,) in our cabinet, and
placed it on a desk covered with green cloth, where
it might find materials for constructing another
dwelling. It wandered about for half a day before
it began its operations; but it did not, as is asserted
by Bonnet, and Kirby and Spencs, * in moving from
place to place, seem Lo be as much incommodad by
the long hairs which surround it, s we are by

* Animal Biography, vol iii. p. 330, Srdged.
0
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walking amongst high g,”* nor, * accordingly,
marching seythe in hand,”” did it, * with its teeth, cut
out & smooth road””® On the contrary, it did not
cut a single hair, till it selected one for the founda-
tion of its intended structure. This it cut very near
the cloth, in order, we suppose, to have it as long as
possible ; and placed it on a line with its body. It
then immediately cut another, and placing it parallel
to the first, bound both together with a few threads of
its own gilk. The same process was repeated with
other hairs, till the little creature had made a fabric of
somae thickness, and this it went on to extend till it
was large enough to cover its body; which Eas
usual with caterpillars) it employed 2s a model and
meagure for regulating itg operations. 'We remarked
that it made choice of longer haire for the outside
than for the parts of the interior, which it thought
necessary to strengthen by fresh additions; but the
chamber was ultimately finished by & fine and closely
woven tapestry of silk. We could see the progress of
its work, by looking into the opening at either of the
endn; for at this stage of the structure the walla are
quite opaque, and the insect concealed. It may be
thus observed to turn round, by doubling itself and
bringing ita head where the tail had just been; of
course, the intericr is left wide cnough for this pur-
poae, and the centre, indeed, where it turns, is always
wider tban the extremities.t
When the caterpillar increases in lengtb, it takes
care to add to the length of its house, by working-in
fresh hairs at either end ; and if it be shifted to stuffs
of different colours, it may be meade to construct a
party-coloured tissue, like a Scotch plaid. Réaumur
cut off with scissors a portion at each end, to compel
the insect to make upthedeficiency. But the cater-
piliar increases in thickness aa well as in length, so
* Bonnet, xi. p. 204. Kirb .I'I.I:I.I'l Spence, Intre. i. 464. 3th ed

.
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that its first house becoming too narrow, it must
either enlarge it, or build a newone. It prefers the for-
mer as less troublesome, and accomplishes its purpose
“as dexterously,” says Bonnet, “as any tailor, and
. sets to work precisely as we should do, slitting the
case on the two opposite sides, and then adroitly in-
serting between them two pieces of the requisite size.

e e ot vovs gt oy e of S
oolours. b, case cut atthe ends for experiment. ¢, case cut
by the insect, for it. d, ¢, the clothesmoths In their
perfect state, when, as they cease to eat, they do nofurther injury.
It does not, however, cut open the case from one end
to the other at ouce; the sides would separate too
far asunder, and the insect be left naked. It therefore
first cuts each side about half way down, beginning
sometimes at the centre and sometimes at the end,
(Fig. c.) and then, after having filled up the fissure,
roceeds to cut the remaining half; so that, in fact,
our enlargements are made, and four separate pieces
inserted. The colour of the case is always the same
as that of the stuff from which it is taken. Thus, if
its original colour be blue,and the insect, previously
to enlarging it, be put upon red cloth, the circles at
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the end, and two stripesa down the middle, will be
red.”® Reéaumur found that they cut these enlarge-
ments in no precise order, but sometimes continuously,
and sometimes cpposite each other, indifferently.
The same naturalist says he never knew one leave
its old dwelling in order to build a new, though, when
once ejected by force from it house, it would never
enter it again, as some other species of caterpillars
will do, but always preferred building another. We,
on the contrary, bave more than once geen them leave
an old habitation. The very caterpillar, indeed, whose
higtory we have shove given, first took up ita abode
in & specimen of the ghost-moth (Hepialus Aumuki),
where, finding few suitable materials for building, it
had recourse to the cork of the drawer, with the
chips of which it made a structure almost as warm
aa it would have done from wool. Whether it took
offence at our disturbing it one day, or whether it
did not fiud sufficient food in the body of the ghost-
moth, we know not; but it left ita cork house, and
travelled about eighteen inches, selected “the old
lady,” one of the largest insects in the drawer, and built
a uew apartment composed partly of cork as before,
and partly of bits elipt out of the moth’s wings.

e bave seen these caterpillars form their habita-
tions of every sort of insect, from a butterfly to a
beetle ; and the soft feathery wings of moths answer
their purpose very well: but when they fall in with
such hard materials as the musk-beetle (Cerambyz
moschatts) or the large scolopendra of the West
Indies, they find some difficulty in the building.

When the structure is finished, the insect deems
itself secure to feed on the materials of the cloth or
other animal matter within its reach, provided it
is dry and free from fat or grease, which Réaumur

* Bonnet, vol. ix. p. 20J. t I.R.
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found it would not touch. This may probebly be the
origin of the practice of putting a bit of candle with
furs, &c., to preserve them from the moth. For
building, it always selects the atraightest and loosest
Pieces of wool, but for foed it prefers the shortest and
most compact ; and to procure these it eats into the
body of the stuff, rejecting the pile or nap, which it
necessarily cuts across at the origin, and permits to
fall, leaving it threadhare, s if it had heen much
worn. It must have been thiz circumstance which
induced Bonnet to fancy (as we have elready men-
tioned) that it cut the hairs to make itself a smooth
comfortable path to walk upon. Itwould be equally
correct to say that an ox or a sheep dislikes walking
amongst long grass, and therefore eats it down in
order to clear the way.

TENT-MaKING CATERPILLARS,

The caterpillars of a family of small mothe (Ttnei-
de), which feed on the leavea of various trees, such as
the hawthorn, the elm, the oak, and most fruit-trees,
particularly the pear, furm habitations which are
exceedingly ingenious and elegant. They are so
very minute that they require close inspection to
discover thern; and to the cursory observer, unac-
quainted with their hahits, they will appear more like
tbe withered leaf-seales of the tree, throwm off when
the buds expand, tben artificial structures made by
insects. It is only indeed, by seeing tbem move
about upoen the leaves, that we discover they are in-
habited by a living tenant, who carries them as the
gnail does its shell,

These tents are from a quarter of an inch to an
inch in length, and usually shoot the breadth of en
oat-straw. That they are of the colour of a withered
leaf isnot surprising ; for they are actually composed
of a piece of leaf; not, however, cut out from the
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whole thickness, but artfully separated fromf the
upper layer, as a person might separate one of the
leaves of pn];er from a sheet of pasteboard.

A caterpillar’s tent upon a leafof the elm. a, a, the of the
leaf from which the tent has been cut out. b, the tent itself,

The tents of this class of caterpillars, which are
found on the elm, the alder, and other trees with ser-
rated leaves, are much in the shape of a minute

old-fish. They are convex on the back, where the
indentations of the leaf out of which they have
been cut add to the resemblance, by apnearing like
the dorsal fins of the fish. By depriving one of those
caterpillars common on the hawthorn of its tent,
for the sake of experiment, we put it under the ne-
cessity of making another; for, as Pliny remarks of
the clothes-moth, they will rather die of hunger than
feed unprotected. When we placed it on a fresh
hawthorn leaf, it repeatedly examined every part of it,
as if seeking for its lost tent, though, when this was
put in its way, it would not agsin enter it; but, after:
some delay, commenced a new one.*

For this purpose, it began to eat through one of
the two outer membranes which compose the leaf
and enclose the pulp (parenchyma}, some of which,
also, it devoureﬁ, and then the hinder part
of its body into the perforation. The cavity, how-
ever, which it had formed, being yet too small for
its reception, it immediately resumed the task of
making it larger. By continuing to gnaw into the

*J R. -
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pulp between the membranes of the leafl (for it took
the greatest care not to puncture or injure the mem-
branes themselves), it soon succeeded In mining cut
a gallery rather larger than was sufficieut to contain
its body. We perceived that it did not throw out as
rubbish the pulp it dug into, but devoured it as food,
—a circumstance not the least remarkable in its pro-
ceedings.

As the two memhranes of leaf thus deprived of the
enclosed pulp appeared white and transparent, every
movement of the insect within could be distinctly
seen ; 'and it was not a little interesting to watch its
ingenious operations while it was making it tent from
the membranes prepared as we have just described.
These, as Réaumur has remarked, are in fact to tho
insect like a piece of cloth in the hands of a tailor;
and ne tailor could cut out a shape with more neat-
ness and dexterity than this little workman does. As
the caterpillar is furnished in its mandibles with an
excellent pair of scissors, this may not appear to be
a difficult task ; yet when we examing the matter
more minutely, we find that the peculiar shape of the
two extremities requires different curvatures, and this,
of course, renders the operation no less complex, as
Rdaumur subjoins, than the shaping of the pieces of
cloth for a coat.* Theinsect, in fact, ehapes the mem-
branes slightly convex on one side and concave on the
other, and at one end twice as large as at the other,
In the instance whigh we obeerved, beginning at the
larger end, it hent them gently on each side by press-
ing them with ite body thrown into a curve. We
have not eaid it cuts, but shapes its materials; for it
must he obvious that if the insect had cut both the
membranes at this stage of ita operations, the pieces
would have fallen and carried it along with them,

To obviate such an accident, it proceeded to join

* Mem. Hiat. Tusect iii. T 108,
o3
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the two edges, and secure them firmly with silk,
befor it made a single incision to detach them.
When it had in this manner joined the twoedgl::
along one of the sides, it inserted its head on

outside of the joining, first at one end and then at the
other, gnawing the fibres till that whole side was
separated. It proceeded in the same manner with
the other side, joining the edges before it cut them ;
and when it arrived at the last fibre, the only remain-
ing support of its now finished tent, it took the pre-
caution, before snipping it, to moor the whole to the
uncut part of the leaf by a cable of its own silk.
Consequently, when it does cut the last nervure, itis
secure from falling, and can then travel along the leaf,
carrying its tent on its back, as a snail does its shell.*

a, the caterpillar occu the space it has eaten between the
catiele of the leaf, b, a of the upper cuticle, cut out
the formation of the tent. ¢, the tent nearly completed. d, the
perfect teat, with the caterpillar protruding its head.

We have just discovered (Nov. 4th, 1829), upon
the nettle a tent of a very singular appearance, in
consequence of the materials of which it is made.
The caterEillar seems, indeed, to have proceeded ex-
actly in the same manner as those which we have
described, mining first between the two membranes
of the leaf, and then uniting these and cutting out

*LR.
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his tent. But the tent iteelf looks singular from being
all over studded with the stinging bristles of the
nettle, and forming a no less formidable coat of mail
to the little inhabitant, than the epiny hide of the
hedgehog. In feeding, it does not seem to have
mined intg the leaf, but to have eaten the whole of
the lower membrane, along with the entire pulp,
leaving nothing bnt the upper membrane untouched. *
During the snmmer of 1830, we discovered a very
large tent which hed been formed out of a blade of
grass ; and another stuck all over with chips of leaves
upon the common meple.

Tewta or STtoNE-Mason CATERPILLARS.

The caterpillar of a small moth { Tinea}, which feeds
upon the lichens growing on walls, builds for itself a
moveable tent of a very singular kind. M. dela Voye
was the first who described these insects ; but though
they are frequently overlooked, from being very small,
they are by no means uncommon on old walla
Rénumur chserved them regularly for twenty years
together, on the terrace-wall of the Tuileries nt Paris;
and they may be found in abundance in similar situ-
ations in thia country. Thiaaccurate observer refuted
by experiment the notioa of M. de le Voye, that the
caterpillars fed upon the stones of the wall ; but he
satisfied himself that they detached particles of the
atone for the purpose of building their tents or sheaths
(fourregux), na he calls thelr dwellings. In order
to waich their mode of building, Réaumur gently
ejected half a dozen of them from their homes, and
observed them detach grain after grain from a piece
of stone, binding each into the wall of their building
withsilk, till the cell eequired the requisite magnitude,
the whole operntion taking about twenty-four hours
of continued labour. M. de la Voye mentions small

*J R,
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ranular bodies of a greenish colour, placed irregu-
arly on the exterior of the structure, which he calls
eggs; but we agree with Réaumur in thinking it
more probable that they are small fragments of moss
or lichen intermixed with the stone: in fact, we have
ascertained that they are so.*

When these little architects p: e for their
change into chrysalides before becoming moths, they
attach their tents securely to the stones over which
they have hitherto rambled, by spinning & strong
mooring of silk, so as not only to fill up every inter-
stice between the main entrance of the tent and the
stone, but also weaving a close thick curtain of the
same material, to shut up the entire aperture.

Lichen-Tents and Caterpillars, both of their natural size and magnified.

It is usual for insects which form similar struc-
tures, to issue, when they assume the winged state,
from the broader end of their habitation ; but our
little stone-mason proceeds ina different manner. It
leaves open the apex of the cone from the first, for
the purpose of ejecting its excrements, and latterly
it enlarges this opening a little, to allow of a free
exit when it acquires wings; taking care, however,
to spin over it a canopy of silk, as a temporary pro-
tection, which it can afterwards burst through with-

*J.R.
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out difficulty. The moth itaelf is very much like the
common clothes-moth in form, butis of & gilded
brouze colour, and considerably smaller.
In the same locality, M. de Maupertuis found a
numerous brood of amail ceterpillars, which employed
raina of stone, not, like the preceding, for building
eeding-tents, but for their cocoons. This caterpillar
was of a brownish-grey colour, with a white line
along the back, on each side of which were tufta of
hair. The cocoona which it built were oval, and
less in size than a hazel nut, the grains of the atone
being skilfully woven into irregular meahea of silk.
In June, 1829, we found a numerous encampment
of the tent-building ecaterpillars described by MM.
de la Voye and Réaumur, on the brick wall of a gar-
den at Blackheath, i{ent.* They were so very small,
however, and #o like the lichen on the wall, that, had
not our attention been préviously directed to their
habits, we should have considered them as portions of
the wall; for not one of them was in motion, and it
was only by the neat, turhinated, conical formin which
theyhed constructed their habitations, that we detected
them. Wetried the experiment above-mentioned, of
ejecting one of the caterpillars from its tent, in order
to watch ita proceedings when constructing another;
but probably ite haste to procure shelter, or the arti-
ficial circumstances into which it was thrown, influ-
enced ita operations, for it did not form a0 good a
tent ag the firat, the texture of the walls heing much
slighter, while it was more rounded at the apex, and
of course not so elegant, Réanmur found, in all his
similar experiments, that the new structure equalled
the old ; butmost of the trials of this kind which we
have made correspond with the inferiority which we
have bere recorded. The process indeed is the same,
but it seems io be done with more hurry and less
*J. R,
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care. It may be, indeed, in some cases, that the
supply of silk necessary to unite the bite of stone,
earth, or lichen employed, is too scanty for perfect~
ing a second structure.

We remarked a very singular circumstance in
the operations of our little architect, which seema
to have eaceped the minute and accurate attention
of Réaumur. When it commenced its structure, it
was iudispensable to lay a foundation for the walls
ahout to be reared ; but as the tent wea to be moveable
like the shell of a anail, and 0ot stationary, it would
not have answered its end to cement the foundation
to the well. We had foreseen this difficulty, and feit
not a little interested in discovering how it would be
got over. Accordingly, upon watching its move-
ments with some atteution, we were soon gratified
to perceive thet it used its own body ns the pri-
mary support of the building. It fixed a thread
of silk upon one of its right feet, warped it over tothe
corresponding left foot, and upon the thread thus
stretched between the two feet, it glued grains of
stone and chips of lichen, till the wall wes of the re-
quired thickness. Upon this, as a foundation, it
continued to work #ill it bad formed a small portion
in form of a parallelegram; and, proceeding in a
gimilar way, it was not long in meking a ring a very
little wider than sufficient to admit its body, Itex-
tended this ring in breadth, by working on the inside
only, narrowing the diameter by degrees, till it hegan
to take the form of a cone. 'The apex of this cone
wea not closed up, but lefl as an aperture through
which to eject ita excrements.

It is worthy of remark, that one of the caterpillars
which we deprived of ita tent attempted to save itself
the tronhle of building a new one, by endeavouring
to unhouse one of its neighhours.  For this purpose,
it got upon the outside of the inhahited tent, and
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sliding its head down to the entrance, tried to make
ite way into the interior. But the rightful owner
did not chooae to give up his premises so eagily ; and
fixed his tent down so firmly upon the table where
we had placed it, that the intruder was forced to
abandon his attempt. The instant, however, that
the other unmoored his tent and began to move about,
the invader renewed his efforts to eject him, per-
severing in the struggle for several hours, but with-
out a chance of success, At one time we imagined
that he would have aecomplished his felonious in-
tentions; for he bound down the apex of the tent to
the table with cables of gilk. But he attempted hia
entrance at the wrong end. He ought to have tried
the aperture in the apex, by enlarging which a
little be would undouhtedly have made good bis
entrance; and es the inbabitant could not have
turned upon him for want of room, the castle must
have been surrendered. This experiment, however,
was not tried, and there was no hope for him at the
Inain enirance.

Murr-saareED TExTS.

The ingenuity of man has pressed into his service
not only the wool, the hair, and even the skins of
animals, but hes most extensively searched the vege-
table kingdom for the materials of his clothing. In
all this, however, he is rivalled by the tiny inhahi-
tants of the insect world, as we have already seen;
and we are about now to give an additional instance
of the art of a species of caterpiilars which select a
warmer material for their tents then even the cater-

illar of the elothes-moth. It may have been remarked
Ey many who are not botanista, that the seed-catking
of the willow become, aa they ripen, covered with a
species of down or cotton, which, however, is too
short in the fibre to be advantageously employed in



232 INSECT ARCHITECTURE.

our manufactures. But the caterpillars to which we
have alluded find it well nda.pbe? for their habita-
tions.

The muff-looking tent in which we find these in-
sects does not require much trouble to construct;
for the caterpillar does not, like the clothes-moth
caterpillar, join the willow-cotton together, fibre by
fibre—it is contented with the state in which it
finds it on the seed. Into this it burrows, lines the
interior with a tapestry of silk, and then detaches the
whole from the branch where it was growing, and
carries it about with it as a protechon while it is
feeding.*

@, branch of the willow, with seed spikes covered with cotton.
b, mufi-tents made of this cotton by ¢, the caterpillar.

* Réaumur, iii. p. 130.
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An inquiring friend of Réaumur having found
one of these insects floating about in its muff-tent
upon water, concluded that they fed upon aquatic
plants: but he was acon convinced that it had only
been blown down by an accident, which muat fre-
quently happen, as willows 6o often hang over water.
May it not be that the buoyant materials of the tent
were intended to furnish the little inbabitant with a
life-boat, in which, when it chanced to be blown into
the water, it might eail safely ashore and regsin its
nalive tree ?

LEar-MINING CATERPILLARS.

The process of mining between the two mem-
branes of a leaf is carried on to more extent by mi-
nute caterpillars allied to the tent-makers above
described. The tent-maker never deserts his house,
except when compelied, and therefore can only mine
to about half the length of his own hody ; but the
miners now to be considered make the mine jtsell
their dwelling-place, and as they eat their way they
lengthen and enlarge their galleries. A few of
these mining caterpillars are the progeny of small
weevils (Curcuiionide), some of two-winged flies
{( Dipiera}, but the greater number are produced from
a genus of minute moths ((Eeophora, Latn.), which,
wﬁen magnified, appear to he amongst the most
splendid and brilliant of nature's productions, vying
even with the humming-birds and diamond-beetles
of the tropics, in the rich metallic colours which he-
spangle their wings. Well may Bonnet call them
*“ tiny miracles of nature,” and regret that they are
not en grand.®

There are few plants or trees whose leaves may not,
at some season of the year, be found mined by thesa

* Boopel, Contempl, de la Nature, Purt xii,
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eaterpillars, the track of whose progress appears on
the upper surface in winding lines. Let us take one
of the most common of these for an example,—that
of lt;m rose-leaf, produced by the caterpillar gf Ray’s

en-gilver spot (Argyromiges Rayella? Curtis),
g;: which we;fvae j(ustsg:thered aboage a dozen speci-
mens from one rose-tree.*

Leaf of the Monthly Rose(Rote Indica), mined by Caterpillars
o iges?

It may be remarked, that the winding line is
black, closely resembling the tortuous course of a
river on a map,—beglinning like a small brook, and
gradually increasing in breadth as it proceeds. This
representation of a river exhibits, besides, a narrow
white valley on each side of it, increasing as it goes, -
till it terminates in a broad delta. The valley is the
portion of the inner leaf from which the caterpillar
has eaten the pulp (parenchyma), while the river
itself nas been formecr by the liquid ejectamenta of
the insect, the watery part becoming evaporated. In
other species of miners, however, the dung is hard

*J R.
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and dry, and consequently these only exhibit the
valley without the river. (See p. 237.)

On looking atthe beck of the leaf, where the wind-
ing line begins, we nniformly find the ahell of the
very minute egg from which the caterpillar has been
hatched, and hence perceive that it diga into the leal
the moment it escapea from the egg, withont wan-
dering a hair’s breadth from the spot; as if afraid
lest the air should visit it too roughly. The egg is,
for the most part, placed upon the midrib of the rose-
leaf, but sometimes on one of the larger mervures.
‘When once it has got within the lesf, it seems to
pursue ne certain direction, sometimes working to
the centre, sometimes to the circumference, some-
times to the point, and sometimes to the base, and
even, occasionally, crossing or keeping parallel to
its own previous track.

The most marvellous circumstance, however, is
the minuteness of its woarkmanship; for though a
rose leaf is thinner than this paper, the insect finds
room to miue a tunnel to live in, and plenty of food,
without touching the two external membrenes. Let
any one try with the nicest dissecting instruments to
separate the two plates of a rose leaf, snd he will
find it impossible to proceed far without tearing one
or other., The caterpillar goes still further in mi-
onte nicety ; for it may be remerked, that its track
can only be seen on the upper, and not on the under
surface of the leaf, proving that it eats ms it pro-
ceeds only half the thickness of the pulp, or that
portion of it which belongs to the upper membrane
of the leaf.

We have found this little miner on almost every
sort of rose-tree, both wild and cultivated, including
the sweet-hriar, in which the leaf being very small,
it requires neerly the whole parenchyma to feed one
caterpillar. They seem, however, to prefer the foreign
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monthly rose to any of our nativespecies, and there are
few trees of this where they may not be discovered.®

Tunnels, very analogous to the preceding, may be
found upon the common bramble (Rubus fruticosus) ;
and on the holly, early in spring, one which is in form
of an irregular whitish blotch. But in the former
case, the little miner seems to proceed more regularly,
always, when newly hatched, making directly for the
circumference, upon or near which also the mother-
moth deposits her e%g, and winding nlon§ for half
the extent of the leaf close upon the edge, following,
in some cases, the very indentations formed by the
terminating nervures.

Leaf of the Dew-berry Mﬂgzmmj, mined by Cater-
pillars.

The bramble-leaf miner seems also to differ from
that of the rose-leaf, by eating the pulp both from
the upper and under surface, at least the track is
equally distinct above and below ; yet this may arise
from the different consistence of the leaf pulp, that
in the rose being firm, while that of the bramble is
soft and puffy.

On the leaves of the common primrose (Primula
veris), a8 well as on the garden variety of it, the

_* See Insect Transformations, p. 70.
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;olymthuu, one of those mininﬁ-ca.terpillm may very
requently be found. It is, however, considerably
different from the preceding, for there is no black
trace—no river to the valley which it excavates: its
ejectamenta, being small and solid, are seen, when the
leaf is dried, in little black points like Emm of sand.
This miner, also, seems more partial the pre-
ceding to the midrib and its vm:mty, in consequence
of which its path is seldom so tortuous, and often
appears at its extremity to terminate in an area, com-
paratively extensive, arising from its recrossing its
Pprevious tracks.*

Leaf of tha Primrose ( Primula veris), mined by  caterpillr.

Swammerdam describes a E caterpillar which
he found on the leaves of the alder, though it did
not, like those we have just described, excavate a
winding gallery ; it kept upon the same spot, and
formed only an irregular area. A moth was pro-
duced from this, whose upper wings, he says,
“ ghone and glittered most gloriously with crescents
of gold, silver, and brown, surrounded by borders of
delicate black.” Another area miner which he found
on the leaves of willows, as many as seventeen on
one leaf, producing what appeared to be rusty spots,
was metmnorphoaed into a very minute weevil
(Curculio Rhinoc.). He says he has been informed,

* J.R.
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that, in warm elimates, worma an inch long are found
in leaves, and adds, with grest simplicity, ** on these
many fine experiments might have been made, if
the inhebitants had not laboured under the cursed
thirst of gold.”’®

The vine-leaf miner, when about to construct ite
cacoon, cuts, from the termination of ite gallery, two
pieces of the membrane of the leaf, deprived of their
pulp, in & similar manner to the tent-makers de-
scribed above, uniting them and lining them with
silk. This she carries to some distance before she
lays herzelf up to undergo her change. Her mode
of walking under her %uurthen is peculiar, for, not
contented with the security of a single thresad of silk,
she forma, as Bonnet says, *little mountaing (mcm-
hculel) of silk, from distance to distance, and seizin
one of these with her teeth, drags herself forward, a.ng
makes it a scaffolding from which she can build
another.””t Some of the miners, however, do not
leave their gulleries, but undergo their transforma-
tions there, teking the precaution to mine a ¢ell, not
in the upper, but in the under surface; others only
shift to another portion of the leaf.

SociaL Lear-Mingrs.

The preceding deseriptions apply to caterpillars
who construct their mines in solitude, there being
seldom more than ome on a lesf or leaflet, unlesa
when two mother-flies happen to lay their eggs on the
same leal; but there are others, such s tﬁe miners
of the leaves of the heubane (Hyoscyamus niger),
which excavate a common area in concert—from four
to eight forming a colony. These are very like flesh-
maggote, being larger than the common miners ; the

% Bwammerd. Book of Nature, vol. ii. p. 84,
1 Contempl. de la Nature, part xii. p. 187,
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leaves of this plent, from being thick and juiey,
giving them apace to work and plenty to eat.

Most of the solitary leaf-miners either cannot or
will not construct a8 new mine, if ejected by an ex-
perimenter from the old, as we have frequently
proved; but this is not the case with the social
miners of the henbane leaf. Bonnet ejected one of
these, end watched it with his glass till it com-
menced & new tunnel, which it also enlarged with
great expedition ; and in order to verify the assertion
of Réaumur, that they neither endeavour nor fear to
meet one ancther, he introduced a second. Neither
of them manifested any knowledge of the other's
contiguity, but both worked hard at the gallery, as
did & third and a fourth which he afterwards intro-
duced ; for though they seemed uneasy, they never
attacked one another, as the solitary ones often do
when they meet,*

Bapx-mininag CATERPILLARS,

A very different order of mining caterpillars are
the progeny of various beetles, which excavate their
alleries in the soft inner bark of trees, or between
1t and the young wood (Alburnum). Some of these,
though small, eommit extensive ravages, a3 may rea-
dily be conceived when we are told that as many ea
eighty thousand are aecasionally found on one tree,
In 14783 the trees thus destroyed hy the printer-beetle
(Tomicus typographus, Lartr.), so called from ite
tracks resemhling letters, amounted to above a mil-
lion and & half in the Hartz forest. It appears there
periodically, and confines ita ravages to the fir. This
ingect is gnid to have been found in the neighbour-

hood of London. .
On taking off the bark of decaying poplers and
willows, we have frequently met with the tracks of

Bonnet, Observ. snr les Insectew, vol. ii. p. 423,
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a miner of this order, extending in tortuous path-
ways, about a quarter of en inch broad, for severai
feet and even yards in length. The excavation is
not circular, but a compressed oval, and crammed
throughout with a dark-coloured substance like saw-
dust—the excrement no doubt of the little miner,
who is thereby protected from the attacks of :laiﬂh -
linide, and other predaceous insects, from behind.
But though we have found a great number of these
xbcortical tracks, we have never disb:(_;\ifer:lf one gf
e miners, though they are very y the grubs
« of the pretty nfuak-geﬂe (Cer?"-n}:yz moschatus),
which are so abundant in the neighbourhood of the
trees in question, that the very air in summer is per-
fumed with their odour.®
Another capricorn-beetle of this family is no less
destructive to bark in its perfect state, than the above
are when grubs, as from its habit of eating round a

tree, it cuts the course of the returning sap, and de-
stroys it,

Capricorn Bestle (Cerambys Lamia awpulator ), younding off the
bark of a tree.
*J. R
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CrarTer XIII.

Structures of Grasshoppets, Cricketn, and Beetles.

GRassHOPPERS, locusts, crickets, and beetles are, in
many tespects, no less interesting than the ingects
whose architectural proceedings we have already de-
tailed. They do not, indeed, build any edifice for
the accommodation of themselves or their progeny ;
but most, if not all of them, excavaie retreats in walls
ot in the ground.

The honse-cricket (Acheta domestica) i well
known for its haebit of picking but the mortar of
ovens and kitchen fire-places, where it not only
enjoys warmth, but can procure abundance of food.
It is usually supposed that it feeds on bread. M.
Latreille says it only eats insects, and it certainly
thrives well in housea infested by the cockroach;
but we have also known it eat and destroy lamb’s-
wool stockings, and other woollen stuffe, hung near
8 fire to dry. 1t is evidently not fond of hard lebour,
but prefers those places where the mortar is already
loosened, or at least is new, soft, and easily scooped
out; and in thia way it will dig covert ways from
room o room. In summer, crickets often make ex-
cursions from the house to the neighbouring fields,
and dwell in the crevices of rubbieh, or the cracke
mede in the ground by dry weather, where they chirp
ae merrily as in the snuggest chimney-corner. Whe-
ther they ever dig retreats in such circumstances, we
have not mscertained ; though it is not improbable
they may do so for the purpose of meking nests.

P



242 IXSECT ARCHITECTURE.

M. Bory St. Vincent tells us, that the Spaniards areso
foud of crickets, that they keep them in cages like
singing-birds.*

Trr MoLe-Cricker.

The insect called, from its similarity of habits to
the mole, the mole-cricket (Gryllotaipa wnudgariy,
Latg.), is but too well known in gardens, corn-fields,
and the moist banks of rivera and ponds, in some
parts of England, such ss Wiltshire and Hampshire,
though it is comparatively rare or unknown in others,
It burrows in the ground, and forms extensive gal-
leries similar to those of the mole, though smaller;
and these may always be recognized by a slightly-
elevated ridge of mould; for the insect does not
throw up the earth in hillocks like the mole, but
gradually, aa it digs along, in the manner of the field-
mouse. In this way it commiis great ravagea, in hot-
beda and in gardens, upon pease, young cabbages, and
other vegetables, the roota of which it is said to devour,
It is not iImprohable, we think, that, like its congener,
the house-cricket, it may also prey upon underground
ineects, and undermine the planis to get at them, a8
the mole has been proved to do. Mr. Gould, indeed,
fed a mole-cricket for several months upon anta,

The structure of the mole-cricket’s arms and hands

if we may call them s0) is admirably adapted for
ese operations, heing both very strong, and moved
by a peculiar apparatus of muscles. The hreast i
formed of = thick, hard, horny substance, which is
further strengthened within by a dovhle frame-work
of strong gristle, in front of the extremities of which
the shoulder-blades of the arme are firmly-jeinted ; &
etructure evidently intended to prevent the breast
from being injured by the powerful action of the

* Dict. Clamique d'Hisl. Nat. Azt Grition.
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muscles of the arms in digging. The arms them-
sclves are strong and brosd, and the hand i farnished
with four large sharp claws, pointing somewhat ob-
!1qu_e1y outwards, this being the direction in which
it diga, throwing the earth on each side of its course,
8n strongly, indeed, does it throw out ils arma, that
we find it cen thus ewsily support its own weight
when held between the finger and thumb, as we have
tried upon half a dozen of the living insects now in
our possession,

Tha Moke Cricket, with a scparale cutline of one of ite haveds,

The nest which the female conatruets for her eggs,
in the beginning of May, is well worthy of attention,
The Rev. Mr. White, of Setborne, tells ns that a
gardener, at a house where he was on a visit, while
mowing grass by the side of m canal, chanced to
strike his seythe too deep, and parcd off a large piece
of turf, laying open to view an intereating scene of
domestic economy. There was a pretty chamber dug
in the clay, of the form and about the dimensions it

r2
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would have had if moulded by an egg, the walls
being neatly smoothed and polished. In this little
cell were deposited about a hundred eggs, of the
gize and form of caraway-comfits, and of a dull tar-
nished white colour. The eggs were not very deep,
but just under a little heap o% fresh mould, and with-
in the influence of the sun’s heat* The dull tar-
nished white colour, however, scarcely agrees with
a parcel of these eggs now before us, which are
translucent, gelatinous, and greenish.

Like the eggs and young of other insects, however,
those of the mole-cricket are exposed to depredation,
and particularly to the ravages of a black beetle
which burrows in similar localities. The mother-
insect, accordingly, does not think her nest secure
till she has defended it, like a fortified town, with
labyrinths, intrenchments, ramparts, and covert ways,
In some part of these outworks, she stations herself
as an advanced guard, and when the beetle ventures
within her circumvallations, she pounces upon him
and kills him,

Nest of the Mole Cricket.

Tre FieLp-CricgeT.

Another insect of this family, the field-cricket
( Achela campestris), also forms burrows in the
ground, in which it lodges all day, and comes out
chiefly gbout sun-set to pipe its evening song. It is

* Nat. Hist. of Selborne, ii. 82.
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no very shy and cautious, however, that it is by no
menns easy to discover either the insect or ita burrow,
“ The children in France amuse themselves with
hunting after the field-cricket ; they put into its hole
en ant fastened by a long hair, and as they draw it
out the cricket does not fail to pursue it, and issue
from ite retreat. Pliny informa us it might be cap-
tured in & much more expeditious and easy manner.
If, for instance, a small and slender piece of atick
were to be thruat into the burrow, the insect, he saya,
would immediately get upon it for the purpose of
demanding the occasion of the intrusion: whence
arose the proverb stullior grilio (more foolish than a
cricket), applied to one whe, upon light grounds,
provokes his enemy, and falla into the snares which
might have been laid to entrap him.”’*
¢ Rev. Mr. White, who attentively studied
their habits and manners, at first made an atfempt to
dig them out with & spade, but withont any great
success; for either the bottom of the hole was Inac-
cessible, from its terminating under a large stone, or
clse, in breaking up the ground, the poor creature
was inadvertenily squeezed to death, Qut of one
thus bruised, a great number of eggs was taken,
wbich were long and narrow, of a yellow colour, and
covered with a very tough skin. More gentle means
were then used, and these proved successful, A pliant
stalk of grass, gently insinuated into the eaverns, will
probe their windings to the bottom, and bring out
the inhabitant; and thus the humane inguirer may
gratify his curiosity without injuring the object of it.
When the males meet, they sometimes fight very
fiercely, aa Mr. White found by some that he putinto
the crevices of a dry stone wall, where he wished to
have them settle. For though they seemed distressed
by being taken out of their knowledge, yet the firat
* Butomologie, par R A. E. 18mo., Paris, 1828, p. 168,
r3
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that got possession of the chinks seized on all the
others that were obtruded upon him with his large
row of serrated fangs. With their strong jaws toothed
like the shears of a lobster’s claws, they perforate and
round their curious regular cells, having no foreclaws
to dig with like the mole-cricket. en taken into
the hand, they never attempt to defend themselves,
though armed with such formidable weapons. Of
such herbs as grow about the mouths of their burrows
they eat indiscriminately, and never in the day-time
seem to stir more than two or three inches from home.
Sitting in the entrance of their caverns, they chirp all
nigﬁt.aa well as day, from the middle of the month
of May to the middle of July. In hot weather, when
they are most vigorous, they make the hills echo,

5 ~
P o N
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and in thé more stilt hours of durkness, may be heard
to a very considerable distance. «Not many sum-
mers ago,” anys Mr. White, “ I endeavoured to trans-
plant a colony of these insects to the terrace in my
garden, by bering deep holes in the sloping turf.
The new inhabitants steid some time, and fed and
sang ; but they wandered away hy degrees, and were
heard at a greater distance every morning; so it ap-
pears that on this emergency they made use of their
wings in attempting to return to the spot from which
they were taken.”’* The manner in which these in-
secis lay their eggs is r g)resented in the preceding
figure; which is that of an insect nearly allied to
the crlcketa though of a different genus.

A more taborious task is performed by an insect by
no means uncommon in Britain, the Burying-Beetle
( Necrophorus veriulo), which may be essily recog-
nised by its longish body, of a black colour, with two
broad end irregularly-indented bands of yellowish-
brown. A foreign naturalist, M. Gleditsch, l%wes a
very interesting account of its industry. e had
 often remarked that dead moles, when laid upon
the ground, especially if upon loose earth, were al-
most sure to disappear in the course of two or three
drys, often of twelve hours. To ascertain the cause
he placed & mole upon one of the beds in his garden,
It hed vanished by the third morning; end ou dig-
ging where it had been laid, he found it buried to the

epth of three inches, and under it four beetles,
which seemed to have been the agents in thia ein-
gular inbumation. Not perceiving anything par-
ticular in the mole, he buried it again; and on ex-
amining it at the end of six days, he found it swarm-
ing with maggots, apparently the issue of the beetles,
which M. g%edmch now naturally concluded hed
buried the carcase for the food of their future young,.

* Nat. Hist, Selbome.
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To determine these pointa more elearly, he put four
of these insects into a glasa vessel, half filled with
earth and properly secured, and upon the surface of
the earth two froge. In less tban twelve hours one
of the frogs was interred by two of the heetles; the
other two ran shout the whole day, as if busied in
mesasuring the dimensions of the remaining corpee,
which on the third day was also found buried. He
iben introduced & dead linnet, A pair of the beetles
were soon engaged upon the bird, They began their
operations by pushing out the earth from under the
body, 80 as to form a cavity for ita reception ; and it
wad curious to see the efforta whicb the beetles made
by dragging at the feathers of the hird from below,
10 pull it inte ita grave. The male, having driven
the female away, continned the work alone for five
hours. He lifted up the bird, changed its place,
turned it and arranged it in the grave, and from time
to time came out of the hole, mounted upon it, and
trod it under foot, and then retired helow, and pulled
it down. At length, apparently wearied with this
upinterrupted labour, it came forth, and leaned itm
head upon the earth beside the bird without the
smallest motion, as if to rest itself, for a fnil hour,
when it again crept under the earth. The next day,
in the morning, the bird weas an inch and & half under
ground, and the trench remained open the whole day,
the corpse seeming as if laid out upon n bier sur-
rounded with a rempart of mould In the evening
it bad sunk half en incb lower, and in another day
the work was completed, and the bird covered, M.
Gleditsch continued to add otber small dead animals,
which were all sooner or later buried ; and the result
of hig experiment was, that in fifty days four beetles
had interred, in the very small space of earth allotted
to them, twelve carcasses: viz, four frogs, three
small hirds, two fishes, one mole, and two grasshop-
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pern, besides the entrails of a fish, and two morsels
of the lungs of an ox. In another experiment, a
single beetle buried a mole forly times ita own bulk
and weight in two days.””*

In the summer of 1826, we found on Putney
Heath, in Surrey, four of these beetles, hard at work
in burying a desd crow, precisely in the manner
described by M. Gleditsch.t

Durg-BrETLE.

A still more common British insect, the Dorr,
Clock, or Dung-Beetle (Geotrupes stercorarius) uses
different materials for burying along with its eggs,
“Jt digs,” to use the words of Kirby and Spence,
‘& deep eylindrical hole, and carrying down a mass
of the dung to the bottom, in it deposits its eggs.
And macy of the species of the genus Ateuchus roll
together wet dung into round pel%eta, deposit an egg
in the midst of each, and when dry pusb them back-
wards by their hind-feet, to holes of the surprising
depth of three feet, which they liave previously dug
for their receptioc, and which are often several yards
distant. The attention of these insects to their egge
is eo remarkable, that it was observed in the earliest
ages, and iz mentioned by ancient writers, but with
the addition of many fables, as that they were all of
the male sex ; that they beceme young again every
year ; and that they rolled the pellets containing their
eggs from sunrise to sunset every day, for twenty-
eight days without intermission.”’}

“ We frequently notice in our evening walks,”” says
Mr. Knapp, “the murmuring passage, snd are often
stricken by the heedlesn flight of the great dorr-
beetle ((Feotrupes stercorarius), clocks, as the boys
call them. But this evening my attention was called

* Act. Acad. Berolin, 1752, et Gleditsch, Phys. Botan,,
quoted by Kirby and Spence, ii. 353.

t LR 1 Moufet, 153, Kirby and Spence, it 350.
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to them in particular, by the conatant peasing of such
a number as to constitute something like a little
stream ; and I was led to search into the object of
their direct flight, as in general it is irregular and
seemingly inquisitive. I soon found that they dropped
on some recent nuisance; but what powers of per-
ception must these creatures possess, drawn from all
distences and directions by the very little fetor which,
in such a calm evening, could be diffused around,
and by what incouceivable means could cdours reach
this beetle in auch a manner as to rouse o ihert an
ingect into action? But it is appointed one of the
eat scavengers of the earth, and marvellously en-
owed with powers of sensation, and means of effect-
ing this purpose of its being. Exquisitely fabricated
88 it is to receive impressions, yet probably it is not
more highly gified than any of the other innumer-
able creatures that wing their way around us, or
creep about our paths, though by this one perceptible
faculty, thua * dimly seen,’ 1t excites our wonder and
gurprise. How wondrous then the whole!

“The perfect cleanliness of these creatures is a
very notahle circumsiance, when we consider that
nearly their whole lives are passed in burrowing in
the earth, and removing nuisances; yet such is the
admirable polish of their coating and limba, that we
very seldom find any soil adhering to them., The
meloe, and some of the scarabeel, upon first emerging
from their winter’s retreat, are commonly found with
earth clinging to them ; but the removal of this ia
one of the first operations of the creature; and all
the beetle race, the chief occupation of which is
crawling abont the soil, and such dirty employs, are,
notwithstanding, remarkable for the glossineas of their
covering, and freedom from defilements of any kind.
But purity of vesture seems to be a principal precept
of nature, and observahle throughout -creation.
Fishes, from the nature of the element in which they
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reside, can contract but liftle impurity. Birds are
uncensingly attentive to neatness and lustration of
their plumage. All the slug race, though covered
with slimy matter calculated to eollect extraneous
things, and reptiles, are perfectly free from acil. The
fur and hair of beasts, in a state of liberty and health,
ia never filthy, or sullied with dirt. Some hirds roll
themselves in dust, and, occasionally, particular beasts
cover themselves with mire ; hut this ia not from any
liking or inclination for sech things, hut to free them-
selves from mnnoyances, or te prevent the bites of
insects. Whether birds in preening, and beasts in
dressing themaelves, be directed hy any instinctive
faculty, we know not; but they evidently derive
pleasure from the operation, and thua this feeling of
enjoyment, even if the sole motive, becomes to them
an essential source of comfort and of bealth.”’®
The rose or green chafer (Ceonia aurata ), which
iz one of our prettieat native imsects, ia one of the bur-
rowers, and, for the purpose of depositing her eggs,
digs, ebout the middle of June, into soft light ground,
en she is seen at this operation, with her broad
and delicate wings folded np in their shim'ng green
cases, speckled with white, it could hardly be ima-
gined that she had but just descended from the air,
or dropped down from some neighbouring rosa.

The proceedings of the Tumble-Dung Beetle of
America (Scarabeus pihularius, Linn,) are described
in a very interesting manner by Catesby, in his
«Carotina.' “] have,” auys he, ©* aitentively admired
their industry, and mutual assisting of each other in
rolling their globular balla from the place where they.
made them to that of their interment, which is usually
the distance of some yards, more or less. This they
perform breech foremost, by raising their hind parta,
and forcing along the ball with their hind feet. Two

* Journal of a Naturalist, p. 311,
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or three of them are sometimes engaged in trundling
one ball, which, from meeting with 1mpediments on
account of the unevenness of the ground, is sometimes
deserted by them. It is, however, attempted by others
with succeas, unless it happens to roll into some deep
hollow or chink, where they are constrained to leave
it ; but they continue their work by rolling off the next
ball that comes in their way, None of them seem
to know their own balls, but an equal care for the
whole appears to affect all the community. They
form these pellets while the dung remains moist, and
leave them to harden in the sun before they attempt
to roll them. In their moving of them from place to
Place, both they and the balls may frequently he seen
tumbling about the little eminences that are in their
way. 'They are not, however, easily discouraged;
and, by repeating their attempts, usually surmount
the difficulties.”

He further informs us that tbey “find out their
subsistence by the excellency of their noses, which
direct themn in their flight to newly fallen dung, on
which they immediately go to work, tempering it with
& proper mixture of earth. So intent are they alwaya
upon their employment, that, though handled or
otherwise interrupted, they are wot Lo he deterred,
but immediately, on being freed, perasist in their
work without any apprehension of danger. They
are gaid to be so exceedingly strong and active an to
move aboul, with the greatest ease, things that are
many times their own weight.®* Dr. Brichell waa
Supping one evening in a planter’s house of North
Carolina, when two of them were conveyed, without
his knowledge, under the candlestick. A few blowa
were struck on the table, and, to his great surprise,
the candlestick began to move about, apparently
without any agency; and his surprise wea not much

* Bee wome rlill wore curious insancea in Insect Transforma-
tiona, pages 179.185.
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lessened when, on taking one of them up, he dis-
covered that it was only a chafer that moved.”

We have often found the necklace-beetle (Carabus
monilis) inhabiting a chamber dug out in the earth
of a garden, just sufficient to contain its body, and
carefully smoothed and polished. From the form of
this little nest, it would seem as if it were conatructed,
not by dig&ing out the earth and removing it, but
chiefly by the insect pushing its body forcibly against
the walla. The beetles which we have found nestling
in this manner bave been nll males; and therefore it
cannot be intended for a breeding cell; for male
insects are never, we believe, sufficiently generous
to their mates to asgist them in such labours. The
beetle in guestion appears to be partial to celery
trenches ;* probably from the loose earth of which
they are composed yielding, without much difficulty,
to the pressure of its body.

=J. R
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CaarTER XIV.
Architecture of Ants.—Mason-Ants,

ALL the species of ants are social. There are none
solitary, a3 is the ¢ase with bees and woeps. They are
all more or legs skilful in architecture, some empley-
ing masonry, dand others being carpenters, wood-
carvers, and miners. They consequently afford much
that is mteresting to naturalists who obsérve their
operations. The genuine history of ants has only
been recently investliu.ted first by Gould in 1747,
and subsequently by Linneeus, De Geer, Buber, and
Latreille. Previous to that time their real industry
and their imagined foresight were held up as morat
lessons, without any great accuracy of observation ;
«nd it is probable that, even now, the mixture of
:ruth and errur in Addison’s delightful papers in the
Guardian {Nos. 156, 157) msy be more generally
attractive than the minute relation of careful natu-
rulists. Gould disproved, most satisfactorily, the
ancient fable of ants storing up corn for winter pro-
vision, no species of ants ever eating. grain, or feed
ing ir the winter upon anything. It is to Huber the
younger, however, that we are chiefly indebted for
our knowtedge of the habits and economy of ants ;
and to Latreille for a closer distinction of the species.
Some of the more interesting species, whose singular
economy 1a described hy the younger Huber, have
not been hitherto found in this country. We shall,
however, discover matter of very considerable interest
in those which are indigencus; and as our principal
object is to excite inquiry and observation with re-
d to those insects which may be easily watched
n our own gardens and fields, we shall chiefly con-
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fine curvelves to the ants of these islands. "We shall
begin with the labours of those netive ants which
may be called earth-masons, from their digging in
the ground and forming structures with peliets of
moistened loam, clay, or sand.

Mason-Ants,

We have used, in the preceding pages, the terms
mason-bees and mason-wasps, for nsects which build
their nests of earthy materials, On the same prin-
ciple, we have followed the ingenious M. Huher the
younger, in employing the term mason-ants for those
whose nests on the exterior appear to be hillocks of
earth, without the admixture of other materials,
whilgt in the interior they present a series of laby-
rintbs, lodges, vaults, end galleries, constructed with
considerable gkill. Of these mason-ants, ng of the
mason-wasps and bees already described, there are
several species, differing from one another in their
gkill in the art of Architecture.

Ope of the most common of the ant-masons is the
turf-ant { Formica ce: atum Larn.}), which is very
small, and of & hlac]m brown colour. Its architec-
ture is not wpon quite so extensive u scale ss some of
the others; but, though slight, it is very ingenious,
Sometimes they make choice of the shelter of a flat
gtone or other covering, beneath which they hollow
out chambers and communicating galleries; at other
times they are contented with the open ground; hut
most commonly they select a tuft of grass or other
herbage, the stems of which serve for columns to
their earthen walls.

We had a small colony of these ants accidentally
established in a flower-pot, in which we were rearing
some young plants of the tiger-lily ( Lifium b{'mum)
the stems of which being stronger than the grass
where they usually build, enabled them to rear their

q2
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edifice higher, and also to make it more secure, than
they otherwise might. It was wholly formed of
smal) grains of molst earth, piled up between the
gtems of the lily without any apparent cement; in-
deed, it has been sascertained by Huber, as we shall
afterwards sce, that they use no cement beside water.
This is not always to be procured, as they depend
altogether on rains and dew ; but they possees the art
of joining grains of dry sand so as to support one
enother, on some similar principle, no doubt, to that
of the arch.

The nest which our turf-ants constructed io the
flower-pot was externally of an imperfect square form,
in consequence of its situation; for they usually
prefer a circular plan, The principal chambers were
placed under the arches, and, when inspected, con-
tained a pile of cocoons and pupe. Beneath those
upper chambers there were others dug out deeper
down, in which wes also & numerous collection of
eggs and cocoons in various stages of advancement,®

Mr. Knapp deseribes a still more curious etructure
of another species of ant commeon in this country :—
* One year,” says he, “on the third of March, my
labourer being employed in cutting up ant-hills, or
tumpy, 15 we call them, exposed to view multitudes
of the yellow species (Formica fava) in their
winter's retireinent. They were collected in numbers
in little cells and compartments, communicating with
others hy means of nerrow passages. In many of
the cells they had deposited their larvee, which they
were surrounding and atteuding, but not brooding
over or covering. Being disturbed by our rude ope-
rations, they removed them from our sight to more
hidden compartments. The larve were small, Some
of these ant-hills contained multitudes of the young
of the wood-louse {Oniscus armadillo), inbabiting

*I R.
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with perfect familiarity the same compartments as
the ants, crawling sbout with grest activity with
them, and perfectly domesticated with each other.
They were small and white ; hut the constant vibra-
tion of their antenne, and the alacrity of their mo-
tions, manifested a healthy vigour. The ants were
in a torpid etate; but on being removed into a tem-
perate room, they assumed much of their summer’s
animation. How these ecreatures are supporied
during the winter season it is difficult to compre-
hend; es in no one instance could we perceive eny
gtore or provision made for the supply of their
wants, The minute size of. the larvee manifested
that they had been recently deposited; and conse-
quently that their parents had not remaived during
winter in a dormant state, and thus free from the
callsof hunger. The preceding month of February,
and part of Jenuary, had been remarkably severe;
the frost had penetrated deep into the earth, and long
held it frozen; theants were in many cases not more
than four inches beneath the surface, and must have
been encloged in & maas of frozen soil for a long
period ; yet they, their young, and the oniaci, were
perfectly uninjured by it: affording another proof
of the faltacy of the commonly received opinion, that
cold is universally destructive to insect life.™*

The earth employed hy meson-ants is usually
moist clay, either dug from the interior parts of their
city, or moistened hy rain. The mining-snts and the
ash.coloured (Formica fusea) employ earth which is
probably not selected with so much care, for it forms
8 much coarser mortar than what we see used in the
structure of the yellow ants (F. flava) and the
brown ants (F. brunnea). We have never observed
them bringing their building materials of this kind
from & distance, like the mason-bees and like the
wood or hill-ant (F. rufz) ; hut they take care, before

* Journal of & Naturalist, page 304,
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‘they fix upon = locality, that it shall produce them
all that they require. We are indebted to Huber
the younger for the most complete account which
haa hitherto been given of these operations, of w]nch
detaile we shall make free use.

¢ To form,” says this shrewd observer, “a correct
judgment of the interior arrangement or distribution
of an ant-hill, it is necessary to aelect such as have
not been accidentally epoiled, or whose form has
not been too much altered by local eircumatances; a
slight attention will then suffice to show, that the ha-
bitations of the different speciea are not all constructed
after the same system, Thus, the hillock raised by
the ash-coloured ants will always present thick walls,
fabricated with coarse earth, well-marked stories, and
large chamhers, with vaulted ceilings, resting upon
-a solid base. We never observe roads, or galleries,
properly so called, but large passages, of an oval
form, and all around considerable cavities and exten-

‘sive embankments of earth. We furiher notice,
that the little architeeta observe a certain proportion
between the large arched ceilings and the pillars that
are to support them.

“The brown-ant (Formica brunnea), one of the

-smallest of the ants, is particularly remarkable for
the extreme finish of its work. Its bodyis of a red-
dish ehining brown, its head a little deeper, and the
antenng and feet a little lighter in colour. The ab-
domen i8 of &n obscure brown, the acale narrow, of
a square form, and sl!.ghtly scolloped. The body is
one line and two-fifths in length.*

* This ant, one of the most industrious of its tribe,
forme its nest of etories, four or five lines in hel.ght..
The partitions are not more than half a line in thick-
nees; and the substance of which they are composod
is 50 finely grained, that the inner walls present one

* A line is the twellth part of the old Frenchinch. See Com-
panion to the A'manac for 830, p. 111
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smooth unbroken surface. These stories are not
horizontal ; they follow the slope of the ant-hill, and
iie one upon another to the grouod-foor, which com-
aqunjcates with the subterranean lodges. They are
not elways, however, arranged with the same regu-
larity, for these snts do mot follow an invariable
plan ; it appears, on the contrary, that nature has
allowed them a certain latitude in this respect, and
that they can, according to eircumstances, modify
them to their wish; but, however fantastical their
‘habitatione may appear, we always obaerye they have
been formed by coneentrical stories. On ezamining
each story separately, we observe a number of cavi-
Liee or halls, lodges of narrower dimensions, and long
gulleries, which serve for general communicetion.
The nrched ceilings covering the most spacious
Places are supported either by little columne, slender
walls, or by regular butiresses. We alse notice cham-
‘bers, that heve but one entrance, communicating with
the lower story, and large open spaces, serving as o
‘kind of croes-road (carrefour), in which all the
etreeta terminate,
¢ Buch ig the manner in which the habitations of
these ants are constructed, Upon opening them, we
commonly find the apartments, as well as the large
open spaces, filled with adult ants; end elways ob-
served their pupee collected in the apartments more
or lesa near the surface. This, however, seems re-
gulated by the hour of the day, and the temperature :
for in this respect these ants are endowed with great
.senaibility, and know the degree of heat besat adapted
for their young. The ant-hill contains, eometimes,
-more then twenby stories in its upper portion, and at
least a3 many under the surface of the ground. By
thie arrangement. the ants are ensbled, with the
groateat facility, to regulate the heat, When a toa
urning sun overheats their upper apartments, they
withdraw their little ones to the bottom of the ant-
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hill. The ground-flor becoming, in its turn, unin-
habitable during the rainy season, the ants of this
species transport what most interests them to the
higher stories; and it is there we find them more
usually assembled, with their eggs and pupese, when
the subterranean apartments are submerged.”*

Ants have a greatdislike to water, when it exceeds
that of a light shower to moisten their building-ma-
terials. One species, mentioned by Azars as indige-
nous to Soutb America, instinctively builds a nest
from three to six feet high,t to provide against the
inundations during the rainy season. Even this,
however, does not slways save them from submer-
sion ; and, when that occurs, they are compelled,
in order to prevent themselves from being ewept
away, to form a group, somewhat similar to the cur-
tain of the wax-workers of hive-bees (see page 114).
The ants conslituting the basiz of thia group lay
hold of some ehrub for security, while their' compa-
nions hold gn by them ; and thus the whole coleny,
Torming an animated raft, floats on the surface of the
water till the inundation (which seldom continues
longer than a day or two) subsides. We confess,
however, that we are somewhat sceptieal respecting
this story, notwithstanding the very high character of
the Spanish naturalist.

It is usual with architectursl insects to employ
some animal secretion, hy way of mertar or size, tw
temper the materials with wbich they work ; but the
whole economy of ants is so different, that it would
be wrong to infer from analogy 2 eimilarity in this
respect, though the exquisite polish and extreme de-
licacy of finish in their structures lead, naturally, to
such a conclusion. M, P. Huher, in order to resolve
this question, at first thought of subjecting the ma-
terizle of the walls to chemical analysis, but wisely

* M. P. Huber en Ants, page 20.
t Stedman’s Surinam, vol. i, p. 160, -
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(as we think) sbandoned it for the surer method of
observation. The details which he has given, as the
"result of his researches, are exceedingly curicus and
instructive. He began by observing an ant-hill till
he could perceive some change in ita form.

“The inhabitants,” says he, “of that which I
selected kept within during the day, or only went out
ity subterranean galleries which opened at some feet
distance in the meadow. There were, however, two or
three small openings on the surface of the nest; but
I saw none of the labourers pass out this way, on
account of their being too much exposed to the sun,
which these insects greatly dread. This ant-hill,
which had & round form, rose in the grass, at the
border of & path, and had sustained no injury. I aoon
perceived that the freshness of the air and the dew
invited the anta to walk over the surface of their
nest ; they began meking new apertures; severnl
ants might be seen arriving at the same time, thrust-
ing their heads from the entrances, moving about
their antenne, and at length adventuring forth to
visit the euvirons,

¢ Thie breught to my recollection a singular opi-
nicn of the ancients. They believed that ants were
occupied in their architectural labours during the
night, wheu the moon was at its full.”#

M. Latreille discovered & species of ants which
were, 80 far as he could ascertain, completely blind, 4
and of course it would be immaterial to them whether
they worked by night or during the day. All ob-
servers indeed agree that ants labour in the night,
and a French naturalist is therefore of opinion thet
they never sleep,—a circumstance which is well as-
certained with respect to other animals, such s the
shark, which will track a ship in full eail for weeka

* M. P. Huber en Ants, p. 23.
¥ Latreille, Hist. Nat. des Fourmie.
q 3
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together.¥ The ingenious historian of English ants,
Gould, saya they never intermit their labours by night
or by day, except when compelled by exceesive mina.
It is probable the ancients were mistaken in nssertin

that they only work when the moon shines;4 for,
like bees, they seem to find no difficulty in building
in the dark, their subterrenean apartments being s
well finished as the upper storiea of their buildmgs.
But to proceed with the narrative of M, P, Huber.

“ Having thua noticed the movements of these
insects during the night, I found they were almoat
elways abroad and engaged about the dome of their
habitation after sunaet.a%'his wes directly the reverse
of what I had obeerved in the conduct of the wood-
ants {F. rufa), who only go out during the day, and
close their doors in the evening. The contrast was
still more remarkable than I had previously supposed ;
for upon visiting the brown ants rome days afler,
during a gentle rain, | saw all their architectural
talents in full play.

* As soon ad the rain commenced, they left in
great numbers their subterranean residence, re-entered
it almost immediately, and then returned, bearing
between their teeth pelleta of earth, which they de-
posited on the roof of their nest, 1 could not at first
conceive what this was meant for, but at lengith I
saw little walls atart up on all sidea wilth epaces left
between them. In several places, columne, ranged at
regular distances, announced halls, lodges, and pas-
saged, which the ants proposed establishing; in a
word, it wes the rough beginning of & new story.

“] watched with & considerahle degree of interest

* Dr. Cleghomn, Thmis de Somuo.

1 Aristotle, Hist. Animal. ix. 34. Pliny sys % Operantur et
noctu plend lund ; eadem ivlerlunio cemsut,” §. e, they work in
the night at full moon, but they leave off betwern moon and
moon. It is the latter that we think oubtful,
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. the most trifling movements of my masons, and
- found they did not work after the menner of wasps
and bumble-bees, when occupied in constructing a
covering to their nest. The latter sit,es it were,
astride en the border or margin of the covering, and
take it between their teeth to model and attenuate it
sccording to their wish. The wax of which it is
composed, snd the paper which the wasp employs,
moistened by some kind of glue, are admirsbly
adapted for this purpose, but the earth of which the
ents make uee, from its often possessing litile tena-
city, must he worked up pfter some other manger.

« BEach ant, then, carried between its teeth the
pellet of earth it had formed by scraping with the emd
of ita mandibles the bottom of its abode, a circum-
slance whioh I have frequently witnessed in open day.
‘This little mass of earth, being composed of particles
‘hut just united, could be readily kneaded and moulded
a8 the ants wished ; thus, when they had applied it
to the spot where they had to rest, they divided and
pressed against it with their teeth,so0 as to fill up the
little inequalities of their wall. The antenns followed
all their anovements, passing over each .particle of
earth as soon as it was placed in ita proper position.
The whole was then rendered more compact, by
pressing it lightly with the fore-feet. This work
went on remarkahly fast. After having traced out
the ptan of their maesonry, in laying here and there
foundations for the pillars aod partrtions they were
about to ereet, they raised them graduaily higher, by
edding fresh materials, It often happened that twoe
little walls, which were to form a gallery, were raised
opposite, and at & slight distance from each ather.
‘When they had attzined the height of dour or five
lines, the ants busied themselves in covering-in the
space left between them by a vaulted ceiling. .

“ Asif they judged all their partitions of sufficient
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elevation, they then quitted their labours in the
upper part of the building ; they affixed to the interior
and upper part of each wall fragments of moistened
earth, in an slmost horizontal direction, and in such
8 way 88 to form a ledge, which, by extension, wouid
be made to join that coming from the opposite wall.
These ledges were about half a line in thickness;
and tbe breadth of the galleries was, for the most
part, ahout & quarter of an inch. On one side several
vertical partitions were seen to form the scaffoldin
of & lodge, which communiceted with several corri-
dors, by apertures formed in the masonry; on an-
other, a regularly-formed hall was constructed, the
vaulted ceiling of which was sustained by numerous
-pillars ; further off, agnin, might bhe recognised the
-Tudiments of one of those croas-roads of which [ have
before spoken, and in which seversl avenues terminate.
These parts of the ant-hill were the most spacious ;
the ants, however, did not appear embarrassel in
constructing the ceiling to cover them in, although
they were often more than two inches in bresdth.

“In the upper part of the angles formed by the
different walls, they laid the first foundations of this
«ceiling, and from the top of each pillar, as from so
many centres, a layer of earth, horizontal and slightly
convex, was carried forward to meet the several
-portions coming from different points of the large
public thorougﬁfare.

¢“] sometimes, however, Iaboured under an ap-
preheneion that the building could not possibly re-
gist its own weight, and that such exztensive ceilings,
sustained only by & few pillars, would fall into min
from the rain which continuatly dropped upon them ;
but I was quickly convinced of their stability, from
observing that the earth, brought by theae insects,
adhered at all points, on the slightest contact ; and
that the rain, so far from lessening the cohesion’ of
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its particles, appeared even to increase it. Thus,
instead of injuring the building, it even contributed
to render it still more secure.

“These particles of moistened earth, which are
onty held together by juxtaposition, require a fall of
rain to cement them more closely, and thus varnish
over, as it were, those places where the walls and
galleries remain nncovered. All inequalities in the
masonry then disappear. The upper part of these
stories, formed of several pieces brought together,
presents but one single layer of compact earth. They
require for their complete consolidation nothing but
the heat of thesun. 1tsometimes, however, happens
that a violent rain will destroy the apartments,
especially should they be but slightly arched; but
under these circumstances the ants reconstruct them
with wonderful patience.

“These different labours were carried on at the
same time, and were so closely followed up in the
different quarters, that the ant-hill received an addi-
tion story in the course of seven or eight hours.
All the vauited ceilings being formed wpon a regular
plan, and at equal distances from one wall to the
other, constituted, when fnished, but one single
roof. Scarcely had the gots finished one story than
they began to construct another; but they bad not
time to finish it—the rain ceasing before the ceiling
wes fully completed. They still, however, continued
their work for a few hours, teking advantage of the
humidity of the earth; buta keen north wind soon
sprung up, and haatily dried the collected fragments,
which, no longer possessing the same adherence,
readily fell into powder. The ants, finding their
efforts ineffectual, were at length discouraged, and
abandoned their employment; but what was my
astonishment when I saw them destroy all the apart-
ments that were yet uncovered, scattering here and
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there over the last story the materislg of which they
had been composed! These facts incontestably
prove that they employ neither gum, nor any kind
of cement, to bind together the several subatances
of their nest; but in plaece of this avail themselves
of the rain, to work or knead the earth, leaving the
sun and wind to dry snd consolidate it.”"®

Dr. Johnaen of Bristol observed very similar pro-
ceedings in the pase of & colony of red ants (Myr-
mica rubra ), the roof of whose nest was formed
by & flat stone. During dry weather, a portion of
the side walle fell in; but the rubbish was quickly
removed, though no repairs were attempted till &
shower of rain enabled them to work. As scon .as
this oceurred, they worked with extraordivary rapj-
dity, ard in a short time the whole of the fallen paris
were rebuilt, and rendered 88 smooth as il polished
with a trowel. '

When a gardener wishes to water a plot of ground
where he has sown seeds that require nice manage-
ment, be dips a strong brush into water, and passes
his hand backwards and forwerds over the Lairs for
the purpese of producing a fine artificial shower,
Huber succesafully adopted the same method to excite
his ants to recommence their labours, which had been
interrupted for want of moisture. But sometimes,
when they deem it unadvissble to weit for rain, they
dig down (as we remarked to be the practice of the
mason-hees) till they arrive at earth sufficiently moist
for their purpose. They do not, however, like these
bees, merely dig for materials; for they use the exca-
vations for apartments, a2 well as what they construct
with the meterials thence derived. They appear, in
-ghort, to be no less skilful in mining than in building.

Such is the gemeral outline of the operations.of

* M, P. Huber on Auts, p. 31.
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this singular epecies; but we are still more interested
with the history which M. P. Huber haa given of the
Iebours of an individusl ant “ One rainy day,”
he says, “I observed a lahourer of the dark ash-
_eoloured species ( Formica fusca) digging the ground
near the aperture which gave entirance lo the ani-
hill. It placed ine heap the several ments it
bed scrzped up, and formed them into small pellets,
which it deposited here and there upon the nest.
It returned constantly to the same place, and ap-
peared to have a particular desigm, for it laboured
with ardour and perseverance. I remarked a slight
furrow, excavated in the ground in a straight line,
representing the plan of a path or gallery. The
labourer e%t:lh;e whole of whose movements fell under
my immediate obeservation) gave it greater depth and
breadth, and cleared out its bordera; and I saw, at
Iength—in which I eould not be deceived—that it
had the intention of eatablishing sn avenue which
was to lesd from one of the stories to the under-
ground chambers. This path, which was about two
or three inches in length, and formed by a single
ant, wad opened above, and bordered on each side
by & buttress of carth. Ita concavity, in the form of
a pipe {goulliére}, was of the most perfect regu-
larity ; for the architect had not left an atora too
much. The work of this ant was ao well followed
and nndersiood, that I could almost to a certainty
guess its next proceeding, and the very fragment it
wes about Lo remove. At the side of the opening
where this path terminated was a second opening,
to which it was necessary to arrive by some road.
‘The same ant began and finished this undertaking
without mssistance. It furrowed out and opened
another path, parallel to the fimst, leaving between
each n little wall of three or four lines in height.”
Like the hive-bees, ants do not seem to work
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in concert, but each individual geparately. Thera
is, consequently, an occasionel want of coincidence
in the walls and arches; but this does not much
embarrass them, for a worker, on discovering an
error of this kind, seems to know how to rectify it,
as appears from the following observations.

“ A wall,” says M. Huber, “had been erected,
with the view of sustaining a vaulted ceiling, still
incomplete, that had been projected towards the wall
of the opposite chamher, The workman whe began
constructing it had given it too little elevation to
meet the opposite partition, upon which it was to
rest. Had it been continued on the originel plan, it
must infallibly have met the wall at about one half
of its height; and this it was necessary to avoid,
This state of things very forcibly claimed my atten-
tion ; when oue of the ants arriviug at the place, and
vigiting the works, appeared to be struck by the dif-
ficulty which presented itsell; but thia it as soon
obyiated, hy taking down the ceiling, and raising the
wall upon which it reposed. It then, in my presence,
constructed a new ceiling with the fragments of the
former one.

“ When the ants cornmence any undertaking, one
would suppose thet they worked after some precon-
ceived idea, which, indeed, would seem verified by
the execution. Thus, should any ant discover upon
the nest two stalks of plants which lie crossways, a
disposition favourabie to the cobstruction of alodge,
or some little beams that may he useful in forming
its angles and sides, it examines the several parts
with attention ; then distributes, with much sagacity
and address, parcels of earth in the spaces, and
along the stema, taking from every quarter materials
edapted to its object, sometimes not caring to destroy
the work that others had commenced ; 80 much are
its motions regulated by the idea it has conceived,
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and upon which it acts, with little attention to all
else around it. It goes and returns, until the plan
is sufficiently understood by its companions.
¢ In another part of the same ant-hill,”” continues
M. Huber, “several fragments of straw seemed ex-
pressly placed to form the roof of a large house; a
workman took advantage of this disposition. These
fragments lying horizontally, at half an inch distance
from the ground, formed, in crossing each other, an-
oblong parallelogram. The industrious insect com-
menced by placing earth in the several angles of this
frame-work, and all along the little beams of which
it was composed. The same workman afterwards
placed several rows of the same materials against
each other, when the roof became very distinet. On
perceiving the possibility of profiting by another
¥Iant to support a vertical wall, it began laying the
oundations of it; other ants having by this time
arrived, finished in common what this had com-
menced.”*
M. Huber made most of his observations upon the
processes followed by ants in glazed artificial hives

* Huber on Ants, p. 43.
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or formicaries. The preceding figyre represents a
view of one of his formicaries of mason-ants. i
We have ourselves followed up his observations,
both on natural ant-hills and in artificial formicaries.
On dlﬁging cautiously into a natural ant-hill, esta-
blished upon the edge of & garden walk, we were
“enabled to obtain e pretty complete view of the in-
terior structure. There were two stories, composed
. of large chambers, irregularly oval, communicar.i:lﬁ
with each other by arched galleries, the walls of
which were as smooth and well polished as if they
had been passed over by a plasterer’s trowel. The
floors of the chambers, we remarked, were by no
means either horizontal or level, but all more or less
sloped, and exhibiting in each chamber at least two
slight depressions of an irregular shape. We left
the un;ihf ﬁry of tln:l nest untouched, with the
notion that the ants might repair the upper galleries,
‘of which we had mag::ﬁ verl:iggrsectiorl: l,wbﬂstmd
of doing so they migrated durin‘g the day to a large
crack, formed by the dryness of the weather, about
a yard from their old nest.* '

We put a number of yellow ants (Formica flava),
with their eggs and cocoons, into a small glass frame,
more than half full of moist sand taken from their
native hill, and placed in a sloping position, in order

= J. R
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to see whether they would bring the nearly vertical,
and therefore insecure, portion to a level by masonry.
We were delighted to perceive that they immediately
resolved upon performing the task which had been
asal'ined them, though they did not proceed very
methodically in their manner of building ; for instead
of beginning at the bottom and building upwards,
‘many of them went on to add to the top of the outer
surface, which increased rather than diminished the
- gecurity of the whole. Withal, however, they seemed
to know how far to go, for no portion of the newly
built wall fell ; and in two days they had not only
reared a pyramidal mound to prop the rest, but had
- constructed several galleries and chambers for lodging
-the cocoons, which we had scatiered at random
amongst the sand. The new portion of this building
+'is represented in the figure as supporting the upper
and insecure parts of the nest.

We are eorry to record that our ingenious little
' masons were found upon the third day strewed about
the outside of the building, dead or dying, either from
over fatigue or perhaps from surfeit, as we had sup-
lied them with as much honey as they could devour.
K small colony of turf-ants have at this moment
(July 28th, 1829) taken possession of the premises of
. their own accord.* )
*ILR
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Crarrer XV,
Structures of the Wood-Ant or Pismire, and of Carpenter-Aunts.

Tax largest of our British ants is that called the
Hili-ant by Gould, the Fallow-ant by the English
transtator of Huber, and popularly the Pismire ; but
which we think may be more apprapriately named
“the Wood-ant { Formica rufa, LaTr.), from its invari-
able habit of living in or near woods and forests. This
insect may be readily distinguished from other ants
by the dusky black colour of its head and hinder parts,
and the rusty brown of ite middle. The structures
reared by this species are ofien of considershle mag-
nitude, and bear no small resemblance to a rook’s nest
thrown upon the ground bottom upwards. They oe-
cur in abundance in the woods near London, ard in
many other parts of the country: in Oak of Honour
wood alone, we are acquainted with the localities of
at lesst two dozen,—some in the interior, and others
on the hedge-banks on the outskirts of the wood.®
The exterior of the nest is composed of almost
every transportable material which the colonists can
find in their vicinity : hut the greater portion eon-
sists of the stems of withered grass and short twigs of
trees, piled up in apparent confusion, but with suffi-
cient regularity to render the whole smooth, conical,
end sloping towards the hase, for the purpose, we
may infer, of carrying off rain-water. When within
reach of a corn-field, they often also pick up graine
of wheat, barley, or oate, und carry them to the nest

* L H
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as building materials, and not for food, an was be-
lieved by the ancients. There are wonders enough
obgervable. in the economy of ants, without having
recourse to fancy—wonders which made Aristotle
extol the sagacity of bloodless animals, and Cicero
ascribe to them not only sensation, but mind, reason,
and memory,* Alian, however, describes, aa if he
had actually witnessed it, the ants ascending a staik
of growing corn, and throwing down “ the ears which
they bit off to their companions below,” (ry Spuyp
Ty rarw). Aldrovend assures us that he had seen
their granaries ; and others pretend that they shrewdly
bite off the ends of the grain 10 prevent it from ger-
minating.+ These are fahlea which accurate obser-
vation bes satisfactorily contradicted.

But these errors, as it frequently happens, have
contributed to a more perfect knowledge of the in-
sects than we might otherwise have obtained; for it -
was the wish to prove or disprove the circumstance
of their storing up and feeding upon grain, which led
Gould to make his obgervations on English ants ; a3
the notion of insecta being produced from putrid
carcases had befere led Redi te his ingenious experi-
ments on their generation.} Yet, although it is more
than eighty years since Gould’s book was published,
we ﬁng the error still repeated in wvery respectable
publications.§

The coping which we ahove described as forming
the exterior of the wood-ants’ nest, is only & small
portion of the structure, which consista of a great
-number of interior chambers and galleries, with fun- -
nel-shaped avenues leading to them. 'The coping,

* In formica non modo sensun, sed ¢hiam mena, ratio, MemOoma.
+ Aldrovandus de Formicis, and Johneton, Thaumaturg. Nat.
p- 34,
Bee detailn of thewe in Insect Transfurmations, chap. i

See Profemor Paxlon's Illustr, of Seriptare, i, 307,



274 INSECT ARCHITECTURE.

indeed, is one of the most essential parts, and we
cannot follow & more delightful guide than the
youuger Huber, in detailing its formation. .

¢t The lahourers ** he says, * of which .the colony
is composed not only work continually on the out-.
side of their nest, but, differing very essentially from-
other species, who willingly remain in the interior,
sheltered from the sun, they prefer living in the open
air, and do not hesitate to carry on, even in our pre-:
gence, the greater part of their operations. .

¢ To have an idea how the etraw or stubble-roof is-
formed, let us take a view of the ant-hill at its origin,-
when it is simply a cavity in the earth. Some of fts.
future inhebitants wre seen wandering about in-
search of materials fit for the exterior work, witly
which, though rather irregularly, they cover up the
entrance ; whilst others are employed in mixing the,
earth, thrown up in hollowing the interior, with frag-:
rentds of wood and leaves, which are every mo-
ment brought in by their fellow-assistants; and thia,
gives e certain consistence fo the edifice, which in-.
creases in size daily. Our little architects leave here,
end there cavities, where they intend comstructing.
the galleries which are to lead to the exterior, and as-
they remove in the morning the barriers placed at the:
entrance of their nest the preceding evening, the pas-
sages are kept open during the whole time of its con-
gtruction. We soon observed the roof to become con-
vex; hut we should be greatly deceived did we con-
gsider it solid. Thie roof is destined to include many
apartments or etories. Having observed the mo-
tions of these little builders through a pene of glass
adjusted againet one of their habitations, I am thence
enabled to speak with some degree of certainty upon
the menner in which they are constructed, [ ascer-
tained, that it is by excavating, or mining the under
portion of their edifice, that they form their spacious
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halls, low indeed, and of heavy construction, yet suf-
ficiently comvenient for the use to which they are
appropriated, that of receiving, at certain hours of the
day, the larvee and pupee.

“ These hails have a free communicstion by gal-
lerias made in the eame manner. If the fmaterials
of which the ant-hill is composed were only interlaced;
they would fall into a confused heap every time the
anta attempted to bring them into regular order.
This, however, is obviated by their tempering the
earth with rain-water, which, afterwards hardened in
the sun, so completely and effectually binds togather
the several substances as to permit the removal of
certain fragments from the ant-hill without any in-
jury to the rest; it, moreover, strongly opposes the
introduction of the rain. I never found, even after
long and violent rains, the interior of the nest wetted
to more than e quarter of an inch from the surface,
provided it had not been previously out of repair,
or deserted by its inhabitunts,

“ The ants are extremely well sheltered in their
chambers, the largest of which is placed nearly in
the centre of the building ; it is muech lofiier than
the rest, and traversed only by the heams that sup-
port the ceiling ; it is in this spot that all the gal-
leries terminate, and this forms, for the most part,
their usual residence.

“Ag to the wnderground portion, it can only he
seen when the ant-hill is placed against a declivity;
all the interior may be then readily brought in view,
by simply raising up the straw-roof. e gubter-
ranesn resideoce consists of & renge of apartmenta,
exca:rn.ted in the earth, taking an horicontal direc-
tion.”’* .

M. P. Huber, in order toobderve the operations of

* Huber on Ants, p. 15,
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the wood-ants with more attention, transferred colo-
nies of them to his artificial formicaries, plunging
the feet of the stand into water to prevent their es-
cape till they were reconciled to their abode, and

made some progress in repairing it. The fol-
lowing is a figure of the apparatus which he used for
this purpose.

There is this remarkable difference in the nest of
the wood-ants, that they do not construct a long co-
vert way as if for concealment, as the yellow and
the brown ants do. The wood-ants are not, like them,
afraid of being surprised by enemies, at least during
the day, when the whole colony is either foraging in
the vicinity or employed on the exterior. But the
proceedings of the wood-ants at night are well wor-
thy of notice; and when M. Huber began to study
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their economy, he directed his entire attention to
their night proceedinga, “ I remarked,” says he,
% that their habitations changed in appearance hourly,
and that the diameter of those spacions avenues,
where so many ants could freely pass each other
during the day, was, as night approached, gradually
lessened. The aperture, at length, totally disap-
peared, the dome was closed on all sides, and the
ants retired to the bottom of their nest.

“In further noticing the apertures of thesc ant-
hills, I fully ascertained the nsture of ihe labour of
its inhabijtants, of which I could not hefore even
guess the purport; for the surface of the nest pre-
sented such n constant scene of agitation, an
many insects were occupied in carrying materlals in
every direction, that the movemeut offered no other
image than that of confusion.

“] saw then clearly that they were engmged in
stopping up passages; and, for this purpose g&%ey at
first brought forward little pieces of wood, which
they deposited near the entrance of those avenues
they wished to ciose ; they placed them in the stubble;
they then went to seek other twigs and fragments
of wood, which they disposed above the first, but in
e different direction, and appeared to choose pieces
of less size in proportion as the work advenced
They at length brought in & number of dried leaves
and other materials of an enlarged form, with which
they covered the roof : an exact miniature of the art
of our builders when they form the covering of any
building! Nature, indeed, seema everywhere to
have anticipated the inventions of which we boast,
and this is doubtless one of the most simple.

“ Qur little insects, now in safety in their nest,
retire graduslly to the interior before the last Pphas-
sages are closed ; one or two only remain without, or
concealed behind the doors on guard, while the rest

B
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either take their repose, or engage in different occu-
pations in the most perfect security. I was impatient
to know what took place in the morning upon these
ant-hills, and therefore visited them at en early hour.
I found them in the same state in which I had left
them the preceding evening. A few ants were
wandering about on the surface of the neat, some
others issued from time w time from under the
margin of their litle roofs formed at the entrance of
the gallerics: others afterwards came forth who
began removing the wooden bara that blockaded the
entrance, in which they readily succeeded. This
labour oceupied them several hours. The passages
were at length free, and the materials with which
they had heen closed scattered here and there over
the ent-hill. Every day, morning and evening,
during the fine weather, ] was a witness to gimilar
proceedings. On days of rain the doors of all the
ant-hills remained closed. When the sky was cloudy
in the moming, or rain was indicated, the ants, who
seemed to be aware of it, opened but in part their
several avenues, and immediately closed them when
the rain commenced.”’*

The galleries and chambers which are roofed in
as thus described, are very similar to those of the
mason-ants, being parily excavated in the earth, and
partly huilt with the clay thence procured. It is in
these they pnas the night, and aleo the eolder months
of the winter, when they become torpid or neerly
so, and of course require not the winter granaries of
corn with which the ancients fabulously farnished
them. '

* Huber on Ants, p. 11.
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CARPENTER-ANTS.

Tne ants that work in wood perform much more
extensive operations than any of the other carpenter
insects which we have mentioned. Their only tools,
like those of bees and wasps, are their jaws or man-
dibles; but though these mey not appear so curiousiy
constructed s the ovipositor file of the tree-hopper
{Cicade), or the rasp and saw of the saw-flies ng-
thredinide), they are no less efficient in the perform-
ance of what ia required. Among the carpenter-ants
the emmet or jet-ant (F. fuliginose) holds the first
rank, and is easily known by heing rather less in
size than the wood-ant, and by its fine ehining black
colour. It is less common in Britain than some of
the preceding, though its colonies may occasionally
be met with in the trunks of decaying oak or willow
trees in hedges.

“The labourers,” says Huher, “of this species
work always in the interior of trees, and are desirous
of being screened from observation: thus every hope
on our part is precluded of following them in their
several occupationa. [ tried every expedient I could
devise to surmount this difficulty ; I endeavoured to
acecustom these ants to live and work under my in-
spection, but all my efforts were unsuccessful ; they
eyen abandoned the moet considerable portion of
their nest to seek some new asylum, and spurned the
honey and sugar which I offered them for nourish-
ment. ]| was now, hy necessity, limited to the in-
gpection only of their edifices; but by decomposing
some of the fragments with care, I hoped to acquire
some knowledge of their organization.

% On one side 1 found horizontal ﬁa.l]eries, hidden
in great part by their walls, which follow the circular
direction of the layers of the wood; &nd on an-
other, parallel galieries, separated by extremely thin

R2
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partitions, having ne communication except by a few
oval apertures. Such ia the nature of these works,
remarkeble for their delicacy and lightness,

“In other fragments I found avenues which opened
laterally, including portions of walls and transverse
partitions, erected here and there within the galleries,
80 a3 to form separate chambers. When the work
is further advanced, round holes sre always observed,
encesed, a5 it were, between two pillars cut out in
the same wall. These holes in course of time become
gquare, and the pillars, originally arched at both
ends, arc worked into regular columns by the chisel
of our sculptors.  This, then, is the second specimen
of their art. This portion of ‘the edifice will probnh] 4
remain in this state.

“ But in another quarter are fragments differently
wrought, in which these same partitions, pierced
now in every part, and hewn skilfully, are trans-
formed into colonnades, which sustain the upper
stories, and leave a free communication throughout
the whole extent. It can readily he conceived how
parallel galleries, hollowed ont upon the same plan,
and the sides taken down, leaving only from space
ta space what is necessary to sustain their ceilings,
may form an entire story; but as each has been
pierced separately, the flooring cannot be very level :
this, however, the ants turn to their advantage, since
these furrows are better adapted to retain the larve
that may be placed there.

 The stories constructed in the great roots offer
greater irregularity than those in the very body of the
tree, arising either from the hardness and interlacing
of the fibres, which render the lahour more difficult,
and obliges the labourers to depart from their accus-
tomed manner, or from their not observing in the
exiremities of their edifice the same arrengemeut as
in the centre; whatever it be, horizuntal stories and
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Portion of a tree, with chambers and galleries chiselled ot by Jet-Ants.

numerous partitions are still found. If the work be
less regular, it becomes more delicate; for the ants,
profiting by the hardness and solidity of the mate-
rials, give to their building an extreme degree of
lightness. I have seen fragments of from eight to
ten inches in length, and of equal height, formed of
wood as thin as paper, containing a number of apart-
ments, and presenting a most singular appearance.
At the entrance of these apartments, worked out
with so much care, are very considerable openings ;
but in place of chambers and extensive galleries, 8ﬂ:e
layers of the wood are hewn in arcades, allowing the
ants a free passage in every direction. These may
be regarded as the gates or vestibules conducting to
the several lodges.””*

It is a singular circumstance in the structures of
these ants, that all the wood which they carve is
tinged of a black colour, as if it were smoked ; and M.
Huber was not a little solicitous to discover whence
this arose, It certainly does not add to the beauty

* Huber, p. 56.
R 3
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of their sireets, which logk #3 sombre as the most
smoke-dyed walls in the older lanes of the metro-
polie. M. Huber could not satisfy himself whether
it was caused by the exposure of the wood to the
atmosphere, hy some emanation from the ants, or
by the thin layers of wood being acted upou or de-
composed by the formic acid.* DBut if epy or all
of these causes operated in blackeuing the wood,
we should be ready to anticipate a similar effect
in the cese of other species of ents which inbabit
trees; yet the black tint is enly found iu the excava-
tions of the jet-unt,

We mreacquainted with several colonies of the jet-
ants,—one of which, in the roots and trunk of an
onk on the roed from Lewisham to Sydenham, near
Brockley in Kent, is so extremely populous that the
numbers of ita inhabitants appeared to us beyond
any reesouable estimate. None of the other colo-
nies of this species which we have scen appesr to
contain many hundreds. On cutting into the root
of the before mentioned tree, we found the vertical
excavations of much larger dimensions, both in width
and depth, than those represented by Huber in the
precediug cut (page 281). What surprised us the
most, was to see the tree growing vigorously and
fresh, though ita roots were chiselled in all directions
by legions of workers, while every leal and every
inch of the bark was also crowded by parties of
foragers. On one of the Jow branches we found a
deserted nest of the white-throat (Sylvia cinerea,
TemMINcE), in the cavity of which they were piled
upon one another as close as the unhappy negroes in
the hold of & slave ship; but we could not Eiscover
what had attracted them hither. Another dense group,
collected on one of the branches, led us to the dis-
covery of a very singular oak-gall, formed on the

* The acid of ants.
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bark in the shape of a pointed cone, and crowded
together. 1t is probable that the juice which they
extracted [rom these galls was much to their taste.®

Beside the jet-ant, several other species exercise
the art of carpentry,—nay, what is more wonderful
still, they hav® the ingenuity to knead up, with
spiders’ web for a cement, the chips which they
chisel out into a material with which they construet
entire chambers. The species which exercise this
singular art are the Ethiopian {Formica mgm) and
the yellow-ant (£, fava).t

We once observed the dusky anta (F. fusca), at
Blackheath in Kent, busily employed in carrying out
chips from the interivr of & decaying black poplar,
at the root of which a colony was esteblished; but,
though it thence appears that . this species can chisel
wood if they choose, yet they wsually burrow in the
earth, and by preference, as we have remarked, at
the root of a tree, the leavea of which supply them
with food.

Among the foreign ants, we may mention a small
yellow ant of South America, described hy Dampier,
which seems, from his account, to construct a nest
of green leaves *“Their sting,” he says, *is like
a sperk of fire; and they are so thick among the
Lioughs in some places, that one shall be covered with
them before he is aware. "These creatures have nesta
on great trees, placed on the body between the limbs:
some of their nesls are as big a3 a hogshead. This
is their winter habitetion ; for in the wetseason they
all repair to these their cities, where they preserve
their eggs. In the dry season, when they leave their
nests, they swarm all over the woodlands, [or they
never trouble the savannahs. Great paths, three or

* I R 1 Haler. :
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four inches broed, made by them, may be seen in
the woods. They go out light, but bring home
heavy loads on their backs, ell of the same sub-
stance, and equal in size. 1 never observed any-
thing besides pieces of greem leaves, so big that I
could acarcely see the insect for hls hurthen; yet
they would march stoutly, and so many were pressin
forward that it was a very pretty sight, for the pa
looked perfectly green with them.”

Ants observed in New South Wales, by the gentle-
men in the expedition under Captain Cook, are still
moreinteresting, *Some,” we are told, “are as green
ad A leaf, and live upon trees, where they huild their
nests of various sizes, between that of a man’s head
and his fist. These neats are of a very curicus strue-
ture ; they are formed by bending down seversl of
the leaves, each of which iz aa broad as a man’s
band, end glueing the poiuts of them together, so as
to form a purse. The viscous matter used for this
purpose ia an animal juiee which nature has enabled
them to elaborate. Their method of first bending
down the leaves we had ne opportunity to ohserve ;
but we saw thousands uniting all their strength to
hold them in this pesition, while other busy multi-
tudes were employed within, in applying this gluten
that was to prevent their returning back. To satisfy
ourselves that the leavea were bent and held down
by the efforts of these diminutive artificers, we dis-
turhed them in their work ; and as zoon as they were
driven from their stations, the leaves on which they
were ewaployed sprang up with a force much greater
than we could have thought them sble to conquer by
any combination of their strength. But, though we
gratified our curiosity at their expense, the injury did
not gounrevenged ; for thousands immediately threw
themselves upen us, and gave us intolerable pain with
their stings, especially those which took possession
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of our necks and hair, from whence they were not
easily driven, Their sting was scarcely leas painful
than that of a bee; but, except it was repented, the
pain did not last more than & minute.

*¢ Another sort are quite black, and their operation
and manner of life are not less extracrdinary. Their
habitations are the inside of the branches of a tree,
which they contrive to excavate, by working out the
pith almost to the extremity of the slenderest twig,
the tree at the same time fourishing as if it had no
such inmate. When we first found the tree, we

athered some of the branches; and were scarcely
ess astonished than we should have been to find
that we had profened a consecrated grove, where
every tree, upon being wounded, gave signs of life;
Tor we were instantly covered with legions of these
animals, swarming from every broken hough, and
inflicting their stings with incessant violence.

# A third kind we found nested in the root of a
plant, which grows on the bark of trees in the manner
of mistletoe, and which they hed perforated for that
use. Thisroot is commonly as big sa a large furnip,
and sometimes much bigger. When we cut it, we
found it intersected by innumerable winding pas-
sages, all filled with these animals, by which, how-
ever, the vegetation of the plant did not appear to
have suffered any injury., We never cut one of these
roots that was not inhabited, though seme were not
higger then a hazel-nut. The animals themselves
are very small, not more than half ns big as the
common red ant in England. They had stings, but
scarcely [orce enough to make them felt : they had,
however, a power ol tormenting us in &n equal, if
not in a greater degree ; for the moment we handled
the root, they swarmed from innumerable holes, and
running sbout those parts of the body that were un-
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covered, produced a titillation more intolerable than
pain, except it id increased to great violence.”*

The speciee called sugar-ants in the Weat Indies
are particularly destructive to the sugar-cane, as well
as to lime, lemon, and orange-trees, by excavating
their neats at the roots, and so leosening the earth
that they are frequently up-rooted and blown down
by the winds, [f this does not happen, the roots are
deprived of due nourishment, and the plants become
sickly and die.$

* Hawkeaworth's Account of Cook's First YVoyage.
1 Phil, Trans, zxx. p. 346,
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Structures of White Ants, or Termites.

WnEen we look back upon the details which we have
given of the industry and ingenuity of numercus
tribes of ingects, both solitary and social, we are
induced to think it almost impossible that they could
be surpassed. The structures of wasps and bees,
and still more those of the wood-ent { Formica rufa),
when placed in comparison with the size of the
insects, equsl our largest citiea compared with the
stature of man. But when we look at the build-
ings erected by the white ants of tropical climates,
all that we have been surveying dwindles into in-
significance. Their industry appears greatly to sur-
pasa that of our ants and bees, and they are cer-
tainly more skilful in architectural contrivances. The
elevation, also, of their edifices is more than five
hundred times the height of the builders. Were
our houses built according to the same proportions,
they would be twelve or fiteen times higher than
the London Monument, and four or hve times
higher than the pymmida of Egypt, with corre-
sponding dimensions in the basements of the edi-
fices. ede statements are, perhaps, necessary to
impress the extraordinary labours of ants upon the
mind; for we are all more or lesa sensible to the
force of comparigons. The analogies between the
works of insects and of men are not perfect; for in-
secla are all provided with instrumenis peculiarly
“adapted to the end which they instinctively seek,
while man has to form a plan by progressive thought
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and upon the experience of others, and to complete
it with tools which he also invents. *

The termites do not stand above a quarter of an inch
high, while their nests are frequently twelve feet ; and
Jobson mentions some whu-.h he had seen aa hlgh s
twenty feet ; “ of compasse,’” he adds, “ to contayne a
dozen men, with the heat of the sun "baked into that
hardnesse, that we used to hide ourselves in the ragged
toppes of them when we took up stands to shoot at
deere or wild beasts.””* Bishop Heber saw & num-
ber of these high ant-hills in Indis, near the principal
entrance of the Sooty or Moorshedabad river. «Many
of them,” he says, * were five or six feet high, and

robably seven or eight feet in circumference at the
Ease, partielly overgrown with gress and ivy, and
Jooking at a distance like the stumps of decayed trees.
I think it is Ctesias, among the Greek writers, who
gives en account alluded to by Lucian, in his ¢ Cock,’
of monstrous anté in India, as large as foxes. The
falsehood probably originated in the atnpendous
fabrics which they rear here, and which certainly
might he supposed 1o be the work of a much larger
animal then their real architect.””+ Herodotue
a similar fahle of the enormous size and ‘brﬂlmnt a‘p—
pearance of the ants of Indie.
. Nor 18 it only in constructing dwellings for them-
selves that the termites of Africa and of other hot
climates employ their masonic akill, Though, like
our ants and wasps, they are elmost omnivorous, yet -
wood, particularly when felled and dry, seems their
favourite article of food; hnt they have an utter
aversion to feeding in the light, end always eat their
way with all expedition into the interior. It themce
would seern necessary for them either 1o leave the bark
of & tree, or the outer portion of the beam or door

* Jobson's Gambia, in Purchaa's Pilgrim, ji. p. 1570,
1 Heber's Journal, vol. i, p. 218,
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of a house, undevoured, or to eat in open day.
They do peither; bufare at the trouhle of construct-
ing gelleries of clay, In which they can conceal
themselves, and feed in security. In all their forag-
ing excursions, indeed, they build covert ways, by
which they can go out and return to their encamp-
ment.*

Others of the species (for there are several), in-
stead of building galleries, exercise the art of miners,
and make their approaches under ground, penetrating
beneath the foundation of houses or areas, and rising
again either through the floors, or by entering the
bottom of the poats that support tbe building, when
they follow the couree of the fihres, and make their
way to the top, boring holes and cavities in different
places, as they proceed. Multitudes enter the roof,
and intersect it with pipes or galleries, formed of
wet clay ; which serve for passages in all directions,
and enable them more readily to fix their habitations
in it. They prefer the softer woods, such as pineand
fir, which they hollow out with such nicety, that they
1eave the surface whole, after having eaten awzy the
ingide.. A shelf or plank attacked in this manner
looka solid to the eye, when, if weighed, it will not
out-balance two sheets of pasteboard of the same di-
amensions. It sometimes happens that they carry
‘this operation g0 far on stakes in the open air, a3 to
‘render the bark too flexible for their purpose; when
they remedy the defect by plastering the whole atick
with a sort of mortar which they make with clay ; a0
‘that, on being struck, the form vanishes, and the ar-
tificial covering falls in fragmenis on the ground
‘In the woods, when a large tree falla from age or
aceident, they enter it on the side next the ground,
‘and devour it at leisure, till little more than the bark

* Smeatbman, in Phil Trans., vol, Ixxi.
5
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is left. But in this ease they take no precaution of
strengthening the outward defence, but leave it in
such a state as to deceive an, eye unaccustomed Lo
see trees thus gutted of their insides; and *you
may a8 well,” saye Mr. Smeathman, “step upon a
¢toud,” Itis anextraordinary faet, that when these
creatures have formed pipes in the roof of a house,
instinet directa them to prevent ite fall, which would
ensue from their having sapped the posts on which
it resta ; but as they gnaw away the wood, they fill
up the interstices with clay, tempered to a gurprising
degree of hardness; so that, when the house is
pulled down, these posts are transformed from wood
to stone, They make the walls of their galleries of
the same composition as their nests, varying the
materiala acconling to their kind: one species
uaing red clay, another black clay, and a third s
woody substance, cemented with gums, es a security
from the attacks of their enemies, particulazly the
common ant, which, being defended by & strong
horny shell, is more then a match for them; and
when it can get at them, rapaciously seizes them,
and drags them to its nest for food for its. young
brood. If any mceident breaks down part of their
walls, they repair the breach with all speed. Instinct
guides them to perform their office in the crealion,
by moatly confining their attacks to frees that are
beginning to decay, or such timber as has been se-
vered from its root for use, and would decay 1u lirne.
Vigorous, healthy trees do not require to be de-
stroyed, and, mccordingly, these consumers have no
taste far them.* )

M. Adanson describes the termites of Senegal as
‘congtructing covert ways along the surface of wood
which they intend to attack ; but though we have no

* Smeathmarn.
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reason to distrust so excellent a naturalist, in de-
scribing what he saw, it is certain that they more
commonly eat their way into the interior of the wood,
and afterwards form the galleries, when they find
that they have destroyed the wood till it will no
longer afford them protection.

But it is time that we should come to their prin-
cipal building, which may, with some propriety, be
called a city; and, according to the method we have
followed in other instances, we shall trace their la-
bours from the commencement. We shall begin
with the operations of the species which may be ap-
Fpriately termed the Warrior (Zermes fatalis,
INN. ; T. Bellicosus, SMEATH.).

We must premise, that thou%)l; they have been
!

termed white ants, they do not belong to the same
erder of insects with our ants; yet they have a
slight resemblance to ants in their form, but more
in their economy. Smeathman, to -whom we owe
our chief knowledge of the genus, describes them as
consisting of kings, queens, ‘soldiers, and workers,
and is o% opinion that the workers are larvee, the
soldiers nymphe, and the kings and queens the per-
feet insects. In this opinion, he coincides with
Sparrmann* and others; but Latreille is inclined
® Quoted by De Geer, vol. vii. "
s
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to think from what he obeerved in a European
species (Termesr lucifugus), found near Bordeaux,
that the soldiers form 2 distinet race, like tha neuter
workers among bees and ants, while the working
termites are larve,* which are furnished with strong
mandiblea for gnawing ; when they become nymphas,
the rudiments of four wings appear, which are fully
developed in the perfect insects. In this state, they
migrate to form new colonies, but the greater number
of them perish in a few hours, or become the prey of
birds, and even the natives, who [ry them sa delzcacies,
“] have discoursed with severnl gentlemen,” says
Smeathmen, “upon the taste of the white ants, and,
on comparing notes, we have always agreed that they
are moat delicious and delicate eating. One gentle-
man compared them to sugared marrow, another to
su, cream and a paste of sweet almonds.” ¢

r. Smeathman’s very interesting paper affords ue
the most authentic materials for the further deserip-
tion of these wonderful inseects; and we therefare
continue partly to extract from, and partly to abridge,
his aceount.

The few pairs that are so fortunate as to survive
the various casualties that essail them are usually
found by workers (larvee) which, at this season, are
runeing continually on the surface of the ground,
on the watch for them. As soon a4 they nﬁ':vn:r
the objects of their search, they begin to proteet
them from their surrounding enemies, by enclosing
them in & small chamber of clay, where they
become the parents of a new community, and are
distinguished from the otber inhabitants of the nest,
by the title of king and queen. Instinct directs
the attention of Lhese labouring insects to the pre-
servation of their race, in the protection of this

* Hist, Nat, Générele, vol. xili, p. 86.
1 Smeathman in Phil. Trans, yol lxxi. p. 169, nole
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pair and their offspring. The chamber that forme
the rudiment of a new nest is contrived for their
safety, but the entrances to it are too small to admit
of their ever leaving it; cousequently, the charge of
the egpn devolves upon the labourers, who construct
nurseries [or their reception. These are amall, irre-
gularly-shaped chambers, placed at frat round the
apartment of the king and queen, and not exceeding
the size of & hazel-nut ; butin nests of long standing
they are of great comparative magnitude, and dis-
tributed at a greater distance. The receptacles for
hatching the young are all composed of wooden ma-
terialg, apparently joined together with gum, and, by
way of defence, cased with clay. The chamber that
containg the king and queen ia nearly on a level with
the surface of the ground; and as the other apart-
ments ara formed about it, it is generally situated at
an equal distance from the sides of the nest, and di-
rectly beneath its conical point. Those apartments
which consist of nurseries and magezines of provi-
sions form an intricate labyrinth, being separated by
emall empty chambers, and galleries, which sur-
round them, or afford a communication from one to
another. This Iabyrinth extends on all sides to the
outwerd shells, and reaches up within it to two-
thirds or more of its beight, leaving an open area
‘above, in the middle, under the dome, which reminds
the speciator of the nave of an old cathedral,
Around this are raised three or four large archbes,
which are somatimes two or three feet high, next
the front of the area, but diminish as they recede
further back, and are lost amidst the innumerable
chambers and nurseries behind them.

Every one of these buildings consieta of two dis.
tinct parts, the exteriorand the interior. The exterior
i8 one large shell, in the manner of & dame, Iarge and
strong enough to enclose and shelter the interior from
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the vicissitudes of the weather, and the inhabitants
from the attacks of natural or accidental enemies, Is
i always, therefore, much stronger than the interior
building, which is the habitable part, divided with a
wonderful kind of regularity and contrivance, into an
amazing number of apartments for the residence of
the king and queen, and the nursing of the numerous
progeny; or for megnzines, which are always found
well filled with etores and provisions. Tbe hills
make their first appearance above ground by a little
turret or two, in the shape of sugar-loaves, which are
run & foot high or more. Soon after, at some little
distance, while the former are increasing in beight
and size, they raise others, and so go on increasing
their number, and widening them at the hase, till
their works below are covered with these turrets, of
which they always rnise the bigheat and largest in
the middle, and, by filling up tbe intervals between
each turret, collect them into one dome. They are
not very curious or. exactin the workmanship, except
in maXing them very solid and strong; and wher,
by their joining them, the dome is completed, for
which purpoee the turrets answer as scaffolds, they
take away the middle ones entirely, except the tops,
which, joined together, make the crown of the cupols;
and apply the clay to the building of the worke
within, or o erecting fresh turrets for the purpose of
raising the hillock still higher; so that eome of
the clay is probably used several times, like the
boards and poets of a mason’s scaffolda,

When thege hills are little more than half their
heigbt, it is 8 common practice of the wild bulls to
piand as sentinels on them, while the rest of the herd
are raminating below. They are suficiently strong
for that purpose ; and at their full height, answer
excellently well as places of look-out; and Mr,
Smegthman has been, with four more, on the top
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of one of these hillocks, to watch for a vessel in
sight. The outward shell, or dome, is not only of
use to protect and support the interior buildings from
external violence and the heavy rains, but to collect
and preserve a regular degree of the warmth and
moisture necessary for hnt-chmime eggs and che-
rishing the young. The royal ber, occupied by
the king and queen, ap to be, in the opinion of
this little people, of the most consequence, being
always situated as near the centre of the interior
building as possible. It is always nearly in the shape
of half an egg, or an obtuse oval, within, and may be
supposed to represent a long oven, In the infantstate
of the colony, it is but about aninch in length ; but
in time will be increased to six or eight inches, or
more, in the clear, being always in proportion to the.
size of the queen, who, increasing in bulk as in age,
at length requires a chamber of such dimensions.

Qnmn distended with eggs.

Its floor is perfectly horizontal, and, in 1
hillocks, sometimes more than an inch thick of sohd
clay. The roof, also, which is one solid and well-
turned oval arch, is %enemlly of about the same
solidity, but in some places it is not a quarter of an
inch thick, on the sides where it joins the floor, and
where the doors or entrances are made level with it,
at nearly equal distances from each other. These
.entrances will not admit any animal larger than the
soldiers or labourers ; so that the king and the queen
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(who is, at full size, a thousand timee the weight of
& king) can never posaibly go cut, but remain close
prisoners.

The royal chamber, if in a large hillock, is sur-
rounded by a countless number of others, of different
sizes, shapes, and dimensions ; but all of them arched
in one way or enother—sometimes elliptical or oval,
These either open into each other, or communiecate by
passages as wide as, and are evidently made for, the
soldiers and attendants, of whom great numbers are
necessary, and always in waiting. These apartments
are joined by the magazines and nurseries. The
former are chambers of clay, and are always well filled
with provisions, which, to the naked eye, aeem to
consist of the raspings of wood, and plants which the
termites destroy ; but are found by the microscope to
be prineipally the guma or inspissated juices of plants,
These are thrown together in little masses, some of
which are finer than others, and resemble the sugar
about preserved fruits ; others are like tears of gum,
one quite transparent, another like amher, a third
brown, and a fourth quite opaque, as we see often ie

arcels of ordinary gums. These magerines are
intermixed with the nurseries, which are buildin
totally different from the rest of the apartments; for
these sre composed entirely of wooden materials,
seemirﬁlly joined together witb gume, Mr. Smeath-
man calls them the nurseries, because they are inva-
riably oceupied by the eggs and young cnes, which
appear at first in the shape of labourers, but white
85 snow, These buildings are exceedingly compact,
and divided into many very small irregular shaped
chamhers, not one of which i to be found of half an
inch in width, They are placed all round, and as
near a5 possible to the royal ppartments.

When the nest is in the infant state, the nurserien
are close to the roya] chambers; but as, in process
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of time, the queen enlarges, it is necessary to enln:Ee'
the chamber for her accommodation; and as she
then lays a greater number of eggs, and requires &
greater pumber of attendants, so it is necesanry to
enlarge and increase the number of the adjacent
apartments ; for which purpose the small nurseries
which are first built are taken to pieces, rebuilt a
little further of a size larger, and the number of
them increased at the eame time. Thus they conti-
nually enlarge their apartmenis, pull down, repair,
or rebuild, according to their wants, with a degree of
sagacity, regularity, and foresight, not even imitated
by eny cther kind of animals or insects,

All these chambers and the passages leading to
and from them being arched, they help to supporl
each other ; and while the interior largearches prevent
them from falling into the centre, and keep the area
open, the exterior building supports ther on the out-
aide. There are; comparatively speaking, few open-
ings into the great sres, and they, for Lthe most part,
peem intended only to edmit into the nurseries that

enial warmth which the dome collects, The interior
guildin , or assemblage of nurseries, chambers, &e,,
has a flattish top or roof, without uny perforation,
which would keepthe apartinents below Sry, in case
through accident the dome should receive any injury,
and let in water; and it {3 never exactly flat and
uniform, because the insects are always adding to it
by building more chambers and nurseries; so that
the division or columns between the future arched
apartment resemble the pinnacles on the fronta of
somne old buildings, and demand particular notice, as
affording one proof that for the most part the in-
secis project their arches, and do not make them by
excavation, The area has also a flattish floor, which
lies over the roya) chamber, but sometimer a good
height above it, having nurseries and magazines

: 53
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between. It is likewise waterproof, and contrived to
tet the water off if it should get in, and run over by
some short way into the subtermaneous e,
which run under the lowest apartments in the hi
various directions, and are of an wstonishing size,
being wider than the bore of a great cannon, One
that Mr. Smeathman measured was perfectly cylin-
drical, and thirteen inches in diameter. These sub-
terraneous passages, or galleries, are lined very thick
with the eame kind of clay of which the hill is com-
posed, and ascend the inside of the outward shell in
o gpiral manner; and winding round the whole
building up to the top, intersect each other at dif-
ferent heights, opening either immediately in the
dome in various places, and into the interior huild-
ing, the new turrets, &c., or communicating with
them by other galleries of different diameters, either
circular or oval.

From every part of these large gulleries are va-
rious small covert ways, or galleries leading to dif-
ferent parts of the building. Under ground there
are a great many that lead downward by sloping
descents, three and four feet perpendicular among
the vel whence the workers cull the finer parta,
whic%:n bemg kneaded up in their mouths to the con-
sistenice of mortar, becomes that solid clay or stone
of which their hills and ali their buildings, except
their nurseries, are composed. ther galleriesagain
ascend, aud lead out horizontally on every side, and
are carried under ground near to the surface a vast
distance: for if all the nests are destroyed within a
hundred yards of a house, the inhabitants of those
which are left unmolested farther off will still carry
on their subterraneous galleries, and, invading it by
sap and mine, do great mischief to the goods a.nd
merchandizes contained it.

- It seemis therc is a degree of necessity for the gal-
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leries under the hills being thus large, since they are
the great thorowghfares for all the labourers and sol-
diers going forth or returning, whether fetching clay,
wood, water or provisions; and they are certainly
well calculated for the purposes to which they are
applied, by the spiral slope which is given them;
for if they were perpendicular, the labourers would
not be able to carry on their building with so much
facility, as they ascend a perpendicular with great
difficulty, and the soldiers can ecarcely do it at all.
It is on this acconnt that somelimes a road like a
ledge is made on the perpendicular side of any part
of the building within their hill, which is flat on the
upper surface, and half an inch wide, and ascends
gradually like a staircase, or like those winding roads
which are cut on the gides of hills and monntsins,
that would otherwise be inaccessible; by which and
similar contrivances they travel with great facility to
every interior part.

This, too, is probably the cause of their buﬂdin&a
kind of bridge of one great arch, which answers the
purpose of a fight of stairs from the floor of the area
to gome opening on the side of one of the columns
that support the grest arches. This contrivance
must shorten the distance exceedingly to those la-
bourers who have the eggsto carry from the royal
chamber to some of the upper nurseries, which in
some hills would be four or five feet in the straight-
est line, and much more .if carried through all the
winding passages leading through the inner cham-
bers and apartments. IMr. Smeathman found one
of these bridges, half an inch broad, a quarter of an
inch thick, and ten inches long, making the side of
an elliptic arch of proportionable size; so thet it is
wonderful it did not fall over, or break by ite own '
weight before they got it joined tu the side of the-
column above. '
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It was strengthened by a small arch at the bottom,
and had a hollow or groove all the length of the
upper surface, either made purposely for the inha-

on the branch of a tree, o) tha Termites arborum. b, Section of the Hill-nest of the

coversd way and nest,
ok m bellicosi, £ show the interior. cy Hill-nest of the Termites bellicost, entire.
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bitants to travel over with more safety, or else, which
is not improbable, worn by frequent treading °

TurreT-BuiLpine WHITE ANTS,

Apparently more than one species, smaller than
the preceding, such as the Termes mordaz and T.
alrox of Smeathman, construct nests of a very dif-
ferent form, the figures of which resemble a pillar,
with a large mushroom for a capital. These turrets
are composed of well-tem black earth, and
stand nearly three feet high. The conical mush-
room-shaped roof is composed of the same material,
and the brims hang over the column, being three or
four inches wider than its perpendicular sides. Most
of them, says Smeathman, resemble in shape the
body of a round windmill, but some of the roofs
have little elevation in the middle. When one of
these turrets is completed, the insects do not after-
wards enlarge or alter it ; but if it be found too small

Turret Nests of White Ants. One nest is represente:d cut
‘Through, with the upper part lying on the ground.
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for them, they lay the foundation of another at'a few
inches” distance. ‘They sometirues, but not often,
begin the second hefare the first iz finished, and a
third before they have completed the second. Five
or gix of these singular turrets in & group may be
eeen in the thick woods at ‘the foot of a tree. They
are so very strongly built, that, in case of violence,
thay will esoner tesr up the gravel and solld heart of
their foundation than hreak in the middle. When
any of them happen to be thue thrown down, the
insecta do not sbandon them: but, using their over-
.turned coluran es a hamis, they run up another per-
‘pendicularly from it, to the uaual height, fastening
the under part at the same time to'the ground, te
render it the more secure. :

The interior of a turret is pretty equally divided
into inoumersble cells, irregular in shape, hut usually
mere or less angular, generully guadrangular or
pentagonal, though. the angles are not weil defined,
Euch shell haz at least two entrances ; but there are
no galleries, arches, nor wooden nurseries, s in the
nests of the warrior (T bellicosus). 'Fhe two specica
which build turret-neats are very different in size,
and the dimensions of the nests differ in propertion.

Tae Waurte AxTs or ThERs,

Latreille’s epecies of white ant (Termes lueifuqus,
Rossr), formerly mentioned as found in the south of
Europe, sppear to have more the habita of the jet-
ant, described page 279, than their congeners of the
tropica. They live in the interior of the trunks of
trees, the wood of which they eat, and form their
habitations of the galleries which they thus excavate.
M. Latreillc says they appear to be furnished with an
acid for the purpose of eoftening the wood, the edour
of which is excecdingly pungent. They prefer the



+ . WHITE ANTS. 303

part of the wood nearest to the bark, which they are
careful not to injure, as it affords them protection.
All the walls of their gulleries are moistened with
small globules of a gelatinous substance, -eimilar to
gum-grabic. They are chiefly to be found in the
trunks of oek and pine-irees, and are very numerous.*

Another of the species (Termes arborum}, described
by Smeathman, builds a nest on the exterior of trees,
altogether different from any of the preceding. These
are of e spherical or oval sbape, occupying the arm
or branch of a tre¢ sometimes from seventy to eighty
feet from the ground, and as lerge, in a few instances,
as a sugar-cask. The composition used for a build-
ing material is apparently similar to that used by the
warriora fer constructing their oorseries, being the
gnewings of wood in very small partictes, kneaded
into a paste with some species of cement or glue,
procured, as Smeathmen supposes, partly from gum-
miferous trees, and partly from themeelves ; but it is
more proheble, we think, that it is wholly secreted,
like the wax of bees, by the insects themselves.
With this cement, whatever may be its composition,
they construct their cells, in which there is nothing
very wonderful except their great numbers. They
are very firmly built, and so strongly attached to the
trees, that they will resist the most violent tornade.
It is imposeible, indeed, to detach them, except by
cutting them in pieces, or sawing off the branch,
which is frequently done to procure the ipsects fur
young turkeys. (See engraving, p. 300, for a figure
of this nest.)

This epecies very often, iostead of selecting the
bough of a tree, builds in the roof or wall of a house,
aud onless observed in time aud expelled, occasions
considernble damage. It is cusier, in fact, o shat

% Latreille, Hist, Nat, Générale, tom. xiii. p. 64.
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one’s door againet ‘a fox or a thief, than to exclude
such insidious enemies, whose aversion to light ren-
ders it difficuit to trace them even when they are
numercus :

If we reflect on the prodigious numbers of thome
insects, and their power and rapidity of destroying,
we cannot but admire the wisdom of Providence in
creating mo indefatignble and ueeful an agent in
countriea where the decay of vegetable substances s
rapid in proportion to the heat of the climate. We
have already remarked that they always prefer decay-
ing or dead timber ; and it is indeed a very general
law among insects which feed on wood to prefer what
is unsound : the same principle holds with respect to
fungi, lichens, and other parasitical plants.

All the species of Termites are not social ; but the
solitary onea do not, like their congeners, distinguish
themselves in architecture. In other respects, theix
habita are more similar; for they destroy almoat every
substance, animal and vegetable. The most common
of the solitary speciea must be familiar to all our
readers by the name of wood-louse (Termes pwlsa-
torium, Linn.; Alropos lignarius, Leacn)—one of
the insects which produces the ticking, supernti-
tiously termed the death-walch. It is not so large as
the common louse, but whiter and more elender,
having a red mouth and yellow eyes. It lives in old
books, the paper on walls, collections of insects and
dried plants, end is extremely agile in its movements,
daning, by jerks, into dark corners for the purpose
nf concealment., It does not like to run straight for-
ward, without resting every half-second, as if to listen
or look about for it pursuer, and at such resting-
tirnes it is easily taken. The ticking noise i» made
by the insect beating agginst the wood with ite head,
and it is supposed by some lo be peculiar to the
female, and to be connected with the laying of her
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eggs, M. Latreiile, however, thinks that the wood-
louse is only the grub of the Piocus abdeminalis, in
which case it could not lay egge; but this opinion ia
somewhat questionable. Another death-watch is e
small beetle { Anobium fesselatum).
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- Caarrer XVII, .
Btructures of Silk spun Ly Caterpillars, including the Silk-Worm.

« Milliona of spinning worms,
That in iheir green shope weave the sroooth-hair'd wikk,”
MiLTon's Comeaa.

ArL the caterpillars of butterflies, moths, and, in
geoeral, of insects with four wings, are capable of
spinning silk, of various degrees of fineness and
strength, and differing in colour, but usually white,
yellow, brown, black, or grey. This is not only of
advantage in constructing nests for themeelves, and
particularly for their pupe, as we have so frequently
exemplified in the preceding psges, but it enables
them, the instant they are excluded from the egg, to
protect themselves from innumerzble accidents, as
well as from enemies. If a caterpillar, for instance,
be exposed to & gust of wind, and blown ofl from its
pative ree, it lets itself gently down, and breaks its
fall, by immediately spinning a cable of silk, along
which, also, it can re-ascend to its former station
when the danger is over. In the same way it fre-
quently disappoints a bird that has marked it out for
prey, by dropping burriedly down from a branch,
suspended to its never-failing delicate cord. The
leal-rollers, formerly described, have the advantage
of nther caterpilars in such cases, by being able to
move as quickly backwerds as forwards; so Lhat
when a bird puts in its bill at one end of the roll, the
insects makes a ready exit st the other, and drops
along its thread s low as it judges convenient. We
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have seen caterpillars drop in this way from one to
six feet or more ; and by means of their cable, which
they are careful not to break, they climb back with
great expedition to their former place.* ‘

The structure of their legs is well ada ted for.
climbing up their singular rope—the six . fore-legs
being furnished with a curved claw ;- while the pro-
legs (as they have been termed) are no less fitted
for holding them firm to the branch when they have
re-gained it, being constructed on the principle of
forming a vacuum, like the leather-sucker with
which boys lift and drag stones. The foot of the
common fly has a similar sucker, by which it is
enabled to walk on glass, and otherwise support it-
self against gravity. The different forms of the ]
and pro-leg of a spinning caterpillar are represente
in the figure.

Leg and Pro-leg of a Caterpillar, greatly magnified.

In order. to understand the pature of the appa-
ratus by which a caterpillar spins its silk, it is to be
recollected that its whole interior structure differs
from that of warm-blooded animals. It has, pro-
perly speaking, no heart, though a long tubular
dorsal vessel, which runs along the back, and pul-
sates from twenty to one hundred times per mioute,
has been called so by Malpighi and others: but

* See Insect Transformations, p. 186.
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neither Lyonnet nor Cuvier could detect any vessel.
issuing from it; and consequently the fluid which is
analogous to blood has no circulation. It differs also
from the higher orders of animals in having mno
brain, the nerves running along the body being only
united by little knobs, called ganglions.* Another
circumstance is, that it has no lungs, and does not
breathe by the mouth, but by air-holes, or spiracles,
e.ighteen in number, situated along the sides, in the
middle of the rings, as may be seen in the following
figure from Lyonnet:

Caterpillar of the Goat-Moth (Cossus ligniperda).

These spiracles communicate on each side with
tubes that have been called the wind-pipes (trachee).t
The spinning apparatus is placed near the mouth,
and is connected with the aifk-bags, which are long,
slender, floating vessels containing a liquid gum.
The bags are closed at their lower extremity, become
wider towards the middle, and more slender towards
the head, where they unite to form the spinning-tube,
or spinneret. The bags being in most cases longer
than the body of the caterpillar, necessarily lie in a
convoluted state, like the intestines of quadru L
The capacity, or rather the length of the silk-
is in proportion to the quantity of silk required for
spinning ; the Cossus ligniperda, for example, from
living in the wood of trees, spins little, having a bag
only one-fourth the length of that of the silk-worm,
though the caterpillar is at least twice the dimensions
of the latter. The following figure, taken from the

* See Insect Transformations, concluding chapter.
1 Ibid. p. 155,
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admirable treatise of Lyonnet on the anatomy of the
Cossus, will render these several organs more easily
understood than any description.

The spinneret itself was supposed by Réaumur to
have two outlets for the silk; but Lyonnet, upon
minute dissection, found that the two tubes united
into one before their termination ; and he also almost
assured himself that it was ‘composed of alternate
slips of horny and membranaceous substance,—the
one for pressing the thread into a small diameter, and
the other for enlarging it at the insect’s pleasure. It
is cut at the end somewhat like a writing-pen, though
with less of a slope, and is admirably fitted for being
applied to objects to which it may be required to
attach silk. The following are magnified figures of
the spinneret of the Cossus from Lyonnet.

Side view of the Silk-tube. Section of the Silk-tube, magnified
22,000 times.

““You may sometimes have seen,” eays the Abbé
de la Pluche, “in the work-rooms of goldsmiths or
gold-wire drawers, certain iron plates, pierced with
holes of different calibres, through which they draw
gold and silver-wire, in order to render it finer. The
silk-worm has under her mouth such a kind of instru-
ment, perforated with a pair of holes [united into one
on the outside*], through which she draws two drops
of the gum- that fills her two bags. These instruments

; * Lyonnet.
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Labiwm, or lower lip of Cossus.—a, silk-tube,

are like a pair of distaffs for spinning the gum into a
silken thread. She fixes the first drop of gum that
issues where she pleases, and then draws back her
head, or lets herself fall, while the gum, continuing
‘0 flow, is drawn out and lengthened into a double
stream. Upon being ex to the air, it imme-
- diately loses its fluidity, dry, and acquires
consistence and strength. She is never deceived in
adjusting the dimensions of the: [united] apertures,
or in calculating the proper thickness of the thread,
but invariably makes the strength of it proportion-
able to the weight of her body.

~ “Jt would be a very curious thing to know how
the gum which composes the silk is separated and
drawn off from the other juices that nourish the
animal. - It must be accomplished like the secretions
formed by glands in the human bod; I am there-
fore persuaded that the gum-bags of the silk-worm
are furnished with a set of minute glands, which,
being impregnated with gum, afford a free passage
to all the ‘juices of the mulberry-leaf corresponding



312 INSECT ARCHITECTURE.

with this glutinous matter, while they exclude every
fluid of a different quality.”™ When confined in un
open glass vessel, the goat-moth caterpillar will effect
ite eacape, by constructing a curious silken ladder,
a8 represented by Roesel.

Caterpillars, an they increase in size, cast their skins
as lobaters do their shells, and emerge into venewed
activity under an enlarged covering. Previous to this
change, when the skin begins to gird and pinch them,
they mey be observed to become languid, and indiffe-
rent to their food, and at length they cease to eat, and
ewait the sloughing of their skin.t It is now that
the faculty of spinning silk secms to be of great ad-
vantage to them; for being rendered inactive and
heipleas by the tightening of the old skin around their
expanding body, they might be swept away by the
first puff of wind, and made prey of hy ground-beetles
or other carnivorous prowlers. To guard againat such
accidents, as soon na they feel that they can swallow
no more food from being half choked by the old skin,
they take care to secure themselves from danger by
mooringe of silk spun upon the leaf or the branch
where they may be reposing. The caterpillar of the
white satin-moth ( Leucoma salicis, STEPEENS) In thin
way draws together with silk one or two leaves, similar
to the leaf-rollers (Zortricide), though it ulways
feeds openly without any covering. The caterpilier
of the puss-moth agmin, which, in its third skin,
is large end heavy, apina a thick web on the upper
surface of & leaf, to which it adheres till the change
in effected.

The most important operation, however, of silk-
apinning is performed before the caterpillar is trans-
formed into & chrysalis, and is most temarksble in
the caterpillars of moths end other four-winged flies,

* Spectacle de 1a Natare, vol. i,
+ See Tnsect Tranaformations, chap, ¥ii.
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with the exception of those of butterflies ; for though
these exhihit, perhepe, greater ingenuity, they seldom
spin more than a few threads to secure the chrysalis
from. falling, whereas the others spin for it a com-
plete envelope or shroud. We have already seen, in
the preceding pages, several striking instances of this
operation, when, probably for the purpose of husband-
ing a seanty supply of silk, extraneous substances are
worked into the texture. In the case of other cater-
pillara, gilk is the only material employed Of this
the cocoon of the silk-worm is the most prominent
example, in consequence of its importance in our
manufactures and commerce, amd on that aceount
will demand from us somewhat minute details, though
it would require volumes to incorporate all the in-
formation which has been published on the subject.

Si1Lg-WormM.

The silk-worm, like most other caterpillars,
changes its skin four times during its growth. The
intervals at which the four moultings follow each
other depend much on ¢limate or temperature, as
well s on the quality and quantity of food., Itis
thence found, that if they mre exposed toa high
temperature, say from B1° to 100° Fahrenheit, the
moultings will be hastened; and only five days will
be consumed in moulting the third or fourth time,
whilst those worms that have not been hastened take
seven or eight days,* _

. 'The period of the moultings is also influenced hy
the temperature in which the eggs have been kept
during the winter. When the heat of the apartment
hae been regulated, the first moulting takes place on
the fourth or fifth day afier hatching, the second
begins on the eighth day, the third takes up the
thirteenth and fourteenth days, and the last occurs
* Cours d"Agricultuze, par M., Rosier. Paris, 1801, .
T
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on the twenty-second snd twenty-thitd days. The

Aifth age, in such cases, lasta ten days, at the end of

which, or thirty-two days after hatching, the cater-
pillars attain their full lg'rowth, and oupht to be three
inches in length; butil they have not been property
fed, they wiil not be o long. .

With the age of ‘the caterpillar, its appetite in-
crensed, and ig at its maximum aftee the fourth moult-
ing, when it also atteins itz greatest size. 'The silk
gum is then elaborated in the ressrvoirs, while the
caterpillar ceases to eat, and soon ‘diminishes agnin
in gize and weight. This wsually requires a period
of nine or teh deys, commencing:from the fourth
moulting, after which it beging 1o spin its ahrond -of
silk. In this operation it: proceeds with the greatest
caution, looking carefully for & spet in which 1t may
be moat gecure from interyruption.

“We usually,” says the Abbé delaPluche, ¢ give
it some little stalke of brocm, heath, or 2 piece of
paper rolled up, into which it retires, and begins to
move its head to different places, in order to fasten
its thread on every side. AH this work, though it
looks to a bystander like confusion, is not without
design, The caterpillar neither arrabges ita threads
nor digposes one over mnother, but contents itself
with distending a sort of cotton or floss to keep off
the rain; for Nature having ordained silk-worms to
work under trees, they never change their method,
even when they are reared in our houses.

¢ When my curiosity led me to know how they
spun and placed their beautiful silk, I took one of
them, and frequently removed the floss with which it
first attempted to make itself a covering ; and as by
this means I weakened it exceedingly, when it at last
became tired of beginning anew, it ?astened ite threads
on the first thing 1t enconntered, and hegan to spin
very regularly in my presence, bending its head up
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and down, and croesing to every side. It soon con-
fined itse movements to a very contracted space, and,
by degrees, entirély surrounded itself withsilk ; and
the remainder of ita operatioms hecame - invisible,
though these may be understood from exemining the
work after it is finished. In order to complete the
structure, it must draw out of the gum-bag & more
delicate nilk, and then with a stronger gum bind all
the inner threads over one another.

s Here, then, are three coverings entirely differ-
ent, which afford a puccession of shelter. The outer
loose silk, or floea, ia for keeping off the rain; the
fme silk in the middie prevents the wind from cans-
ing injury ; and the glued eilk, which composes the
tapestry of the chamber where the insect lodges, re-
pels both air and water, and prevents the intrusion
of eold. : :

% After building her cocoon, she divesta herself of
her fourth skin, and is transformed into a chryeslis,
and subsequently inte a moth ( Bembyx mort), when,
without gaw or centre-bit, she makes her way through
the shell, the silk, and the floas; for the Being who
teaches her how to build hergelf a place of rest, where
the delicate limbs of the moth may be formed with
cut interruption, instructs her likewise how to open
a passage for escape.

“The cocoon is like a pigeon’s egg, and more
pointed at one end than the other; and it is remark-
able that the caterpillar dees not interweave its silk
towards the pointed end, nor apply ite glue there as
it does in every other part* by bending itself all
around with great plisntness and agility : what is
more, she never fails, when her lahour is finished, to
fix her head oppesite to the pointed extremity. The
reason of her taking this. position is that she has

* This is denied by recent cheervers
T2
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purposely left this part less strongly cemented, and
less exactly closed. She is inetinctively conscious
that this is to be the pessage for the perfect insect
which she carries in her bowels, and has thereflore
the additional precaution never to place this pointed
extremity aguinst any substance that might obauruct
the moth at the period of its egresa.

“ When the caterpillar has exhausted hersell to
furnish the labour and materials of the three cover-
inga, she loses the form of a worm, her spoils drop
all around the chrysalis; first throwing off her
gkin, with the head and jaws attached Lo it, and the
new skin hardening into a sort of leathery consist-
ence. Its nourishment is already in its atomach, and
consists of a yellowish mucus, but gradually the ru-
diments of the moth unfold themselves,—the winga,
the antenne, and the lege becoming eolid, In about
4 fortnight or three weeks, a slight swelling in the
chrysalis may be remarked, which at length preduces
a rupture in the memhmne that covers it, and by
repeated efforts the moth bursts through the leathery
envelope into the chamber of the cocoon.™

“ The moth then extends her antennw, together
with her head and feet, towards the point of the cons,

. which, not 'hei.n%ithickly closed up in that part, gra-
duslly yields to her effortsa; she enlarges the open-
ing, and at Inst comes forth, leaving et the bottom
of the cone the ruins of its former state—namely, the
head and entire gkin of the caterpillar, which bear
éome resemhlance to a heap of foul linen.”*

Réaumur was of opinion that the moth makes use
of itsa eyes ms a file, in order to effect its
threugh the gilk ; while Malpighi, Peck, and others,
believe that it j» mseleted by an acid which it dis-
charges in order to dissolve the gum that holds the

* Speciacle de la Nature, vol. i,
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fibres of the gilk together (see p. 193). Mr. Swayne
denies that the threads are broken at all, efther by
filing or solution ; for he suceceeded in unwinding a
whole cocoon from which the moth had escaped. The
soiling of the cocoon by a fluid, however, we¢ may
remark, is no proof of the acid ; for all moths and
butterflies discharge a fAuid when they assume wings,
whether they be inclosed in a cocoon ox not; but it
gives no litte plausibility to the opinion, that * the
end of the cocoon is observed to be wetted for an
hour, and sometimes several hours, before the moth
makes ite way out’™*  Other insecta employ different
contrivances for eacape, ns we have S.ready seen,
and ahall still further exemplify.

It 18 the middle portion of the cocoon, after re-
moving the floss or loose silk on the exterior, which
is used in our manufactures; and the first prepara-
tion is to throw the cocoons into warm water, and
to etir them about with twigs, to diseolve sny slight
gummy adhesions which may have occurred when
the caterpillar was spinning. The thresds of several
cones, according to the strength of the silk wanted,
are then taken and wound off upon a reel, The
refuse, conaisting of what we may call the tops and
bottoms of the cones, are not wound, but carded,
like wool or cotton, in order to form coarser fabrics,
We learn from the fact of the cocoons being generally
unwound without breaking the thread, that the
insect spins the whole without interruption. Itie

pula.rly supposed, however, that if it be disturbed

the operation by any sort of noise, it will
%arm, and break its thread ; but Latreille says
l.h:.a in a vulgar error.

* Count Dandelo's Art of Rearing Silk-Worms, Eng Trausl,
p. 215.
+ Om a tort de croire que le bruit nuise & ces inmecies. Hisl,
Nat, Géuérale, vol. xiii., p. F70.
T3
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The length of the unbroken thread in a cocoom
variea from six handred to a thousand feet; and as
it is all spun double by the insect, it will amount to
nearly two thousand feet of silk, the whole of which
does not weigh above three grains and & half: five
pounds of silk froni ten thousand cocoons is eomsi-
derably above the ususl average. When we consider,
therefore, the enormcus -quantity of silk whichis
used at present, the number of worms employed in
producing it will almost exceed our comprehengton.
The menufacture of the silk, indeed, gives employ-
ment, and furnishes subeistence, to severnl nillions
of human beings; snd we may venture to sy that
there is scarcely an individual in the civilized world
who hes not some article made of silk in his pos-
seagion. :

In ancient times, the manufacture of ailk waa
confined to the East Indies and China, where the
insects that produce it are indigenous. It wes
thence brought to Europe in small quantities, and in
early times sold at so extravagant a price that it was
deemed too expensive even for royulty. The Emperor
Aurelian assigned the expense as o reason for re-
fusing his empress s rohe of silk; and our own
James L., before his accession to the crown of Eng-
land, had to borrow of the Farl of Mar a pair of
silk stockings to appear in before the English am-
bessador, a circumstance which probably led him to

romote the cultivation of silk in England.* The
man authors were altogether ignorant of its origin,
—some supposing it to be grown on trees as hair
wa on animals,—others that it was produced by a
shell-fish similar to the mussel, which is kpown to
throw out threads for the purpose of attaching itself
to rocks,—others that it waa the entrails of a sort of

* Shaw's Gen. Zoology, vol. v1,
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epider, which was fed for four years with paste, and
then with the leaves of the green willow, till it burst
with fat,—and others that it was the produce of a
worm which built nesis of clay and collected wax.
The insect wus at length apread into Persia; and
oggs were afterwards, at the instance of the Emperor
Juatinian, concealed in hollow canes by two monks,
and conveyed to the isle of Cos. This emperor, in
the sixth century, caused them to be intreduced into
Conetantinople, end made an objeet of public utility.
They were thence snccessively cultivated in Greece,
in Arabia, in Spain, in {taly, in France, and i all
places where any hope could be indulged of their
succeeding, In America the culture the silk-worm
wis introduced into Virginia in the ime of James L.,
who himeelf composed & book of instructions on the
suhject, and cauded mulberry-trees and silk-worme’
egge to be sent to the colomy. In Georgin, also,
Iands were granted on condition of planting one hun-
dred white mulberry-trees on every ten acres of
cleared Iand.*

The growth of the silk-worm has also been tried,
rut with no great success, in this country. Evelyn
computed that one mulberry-tree would feed aa many
silk-worms annuslly as would produce seven pounds
of silk. “ Aecording to that estimate,” says Barham, ¥
*“the two thousand trees already planted in Chelsea
Park (which take up one-third of it} will make
14,000tbe. weight of ailk ; to be commonly worth but
twenty shillings a pounﬂ those trees must make
£14,000 per annum. During the last century, some
French refugees in the eonth of Ireland mede con-
siderable plantations of the mulberry, and hed bege

* Norih American Review, Oct. 1826, p. 449.
4 Esmay on the Silk-worm, p. #5. London, 1719,
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the cultivation of silk with every appearance of suc-,
cess; but since their removal the trees have heen
cut down.® In the vicinity of London, alsp, & ¢on-,
stderable plantation of mulberry-trees was pur-
chased by the British, Irish, and Colonia] Silk
Company in 1825; but we have not learned Wheth.er
this Company have. sny active measures now in
operation, :

The manufactute of silk was introduced 1nto this
country in 1718, at Derby, by Mr. John Lombe, who
travelled into Italy to obtain the requisite informa-
tion; but so jealous were the Italians of this, thag
according to some statements which have obtained
belief, he fell a victim to their revenge, having
been poisoned at the early age of twenty-nine.t .

There are notonly several varieties of the commaon
glk-worm (Bombys mor?), but other species of ca-
terpillars, which spin silk capable of being mgnufac<
tured, though not of so good qualities as the cammon
silk. None of pur European insects, however, seem
to be well fitted for the purpose, though it has been
propoze by Fabriciue and othexs to try the crimson
under-wing (Catocaln spomsa, ScHnank), &e. M.
Latreille quotes from the * Recreations of Natural
History,’ by Wilhelm, the slatement that the cocoons
of the emperor-moth (Saturnia pevonia) had been
successfully tried in Germany, by M. Wentzel He-
geer de Berchtoldsdorf, under an imperial patent,

Eureror-MoTE.
The emperor-moth, indeed, is no lesa wortby of
‘our attention with respect to the ingenuity of ita ar-
chitecture than the beauty of its colours, and has

* Preface to Dandolo on the Silk-Worm, Eng; traw). p. xiii.
1 Glovera Directory of b County of Desby, introd. p. xvi.
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consequently attracted the attention of every Ento-
mologist. The caterpillar * feeds on fruit-trees and
on the willow, and spins a cocoon, in form of a Flo-
rence flask, of strong silk, so thickly woven, that it
appears almost like damuk or leather. It differs
from most other cocoons in not being closed at the
upper or smaller end, which terminates in a narrow
circular aperture, formed by theconvergence of little
bundles of silk, gummed together, and almost as
elastic as whalebone. In consequence of all these
terminating in needle-shaped points, the entrance of
depredators is guarded against, upon the principle
which prevents the escape of a mouse from a wire
trap. The insect, however, not contented with this
protection, constructs another in form of a canopy
or dome, within the external aperture, so as effec-
tually to shield the chrysalis from danger. We have
formerly remarked (page 192) that the caterpillar of
the Ageria au!aﬁ:mus of Stephens, in a similar way
did not appear to be contented with a covering of
thin wood, without an additional bonnet of brown

Cacoons of the Emperor-moth, cut open fo shew their structure.
* Figured in Insect Transformations, p. 186,
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wax. The eocoon of thé emperor-moth, though
thus in some. meamire iinpenetrable from without, is
readily opened: from within; and when the moth
issues froma its pups case, it easily makes its way
out without either the acid or eye-filea ascribed to the
silk-wormm. - Fhe elestic ailk gives way upon being
pusked from within, and when the insect is fairly
out, it shuts agnin of its own accord, like 4 door with
spring hinges,—a ¢ircumetance which at first puzzled
Roeeel not & little when he saw a fine large moth
in his box, and the cocoon apparently in the same
state 88 when he had put it there. Another na-
turalist conjectures that the converging threads are
intended to compress the body of the moth asit
emerges, in order to force the fluids into the nervures
of the wings; for when he took the chrysalis pre-
viously out of the cocoon, the wings of the moth
never expanded properly.* Had he been much
conversant with breeding insects, he would rather,
we think, have imputed this to some injury which
the chrysalis had received. We bave witnessed the
ghrivelling of the wings which he alludes to, in many
instances, and not unfrequently in butterflies which
spin no cocogn. The shrivelling, indeed, frequently
ariges from the want of a sufficient supply of focd to
the caterpillar in its last stage, occasioning a defi-
ciency in the fluids,

The elasticity of the cocoon is not peculiar to the
emperor-moth. A much emaller insect, the green
cream-horder-moth (7oririz cklorgna) before men-
tioued (page 170), for its ingenuity in bundiing up
the expanding leaves of the willow, nlso spins an
elastic shroud for its chryaalia, of the singular shape
of a boat with the keel uppermoat. Like the cater-
pillar of Pyralis sirigulalis (page 198}, whose huiid-

* Meinecken, quoted by Kirby anl Spencs, iii, 250.
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ing, though of different materials, is exactly of the
same form,—it first spins two approximating walls
of whitish silk, of the form required, and when
these are completed, it draws them forcibly together
with elastic threads, zo placed an to retain them
closely shut. The ¢ of the moth out of this
cocoon might have struck Roesel as still more mar-
vellous than that of his emperor, in which there was
at least o small opening ; while in the boat cocoon
there is none, We have now before us two of these,
which we watched the eaterpillars through the pro-
cess of building, in the summer of 1828, and from
one only a moth issued,—the other, as often happena,
having died in the cluysalis. But what is most re-
markable, it is impossible by the naked eye to tell
which of these two has been opened by the moth, g0
neatly has the joining been finished.*

Some species of moths spin & very slight silken
tissue for their cocoons, being apparently intended
more to retain them from falling, than to afford pro-
tection from other accidents. The gipsey-math
(Hypogqymna dispar), rare in most parts of Britain,
is one of these. It selects for ita retreat a erack in
the bark of the tree upon which it feeds, and over
thia sping coly a few straggling threads. We found
last suramer (1829), in the hole of an el-tree in the
Parc at Brussels, a group of half a dozen of these,
that did not seem to have spun any covering at all,
but trusted te a curtain of moss (Hypnug which
margined the entrance.4 In aspecies nearly allied to
this, the yellow-tussock (Dasychira pudibunda, Sre-
PHENS), the cocoon, one of which we have now hefore
us, is of a pretiy close texture, and interwoven with
the long halre of the caterpillar itself (see ﬁg_u_re by,
page 20), which it plucks out piece-meal during the

IR : 13 R.
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process of buildinfi—-as is also done by the vapourer
(Orgyia antiqgua, HusNER), and many others,®

These are additional instances of the remarks we
formerly made, that caterpillars which spin s slight
web are transformed into perfect insects in a much
shorter period than those which spin more substantial
ones. Thus the cream-spot tiger (Arcita villica,
StepaENS) lies in chrysalis only three weeks, and
therefore not require a strong web. Itis figured
below, along with another, which is still slighter,
though more ingeniously woven, being regularly
meshed like net-work.

A very prettily-netted cocoon is constructed by the
grub of a very small grey weevil (Hypera Rumicis),
which is not uncommon in July, on the seed spikes
of docks (Rumices). This cocoon is globular, and
not larger than a garden pea, though it appears to

* See this figured in Insect Transformations, p.
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be very lerge in proportion to the pupa of the insect,
reminding us not 2 little of the carved ivory balla
from China. The meshes of the net-work sre alse
large, but the materinle are strong and of a waxy
consistence. Upon remarking that no netting was
ever spun over the part of the plant to which the
cocoon wad attached, we endeavoured to make them
spin cocoons perfectly gicbular, by detaching them
when nearly finished ; but though we tried four or
five in this way, we could not make them add a sin-
gle mesh after removal, nll of them meking their
escape through the opening, end refusing to re-enter
in order to complete their strecture.*

The silk, if it may be so termed, spun by many
species of larvee, is of astill stronger texture than the
waxy silk of the little weevil just mentioned. We
recently met with a remarkable instance of this at
Lee, in the cocoons of one of the larger ichneumons,
(Ophion Pinule ¥ STEPRENS), enclosed in that of a
puss-moth (Cerura Vinula)—itself remarkable for
being composed of sand as well s wocd, the fihres
of which had been scocped out of the underground’
cross-bar of an old paling, to which it wes attached.
But the most singular portion of this was the
junction of the outer wall with the edges of the
hollow thus scooped out, which was formed of fibres
of wood placed across the fibres of the bar nearly at
right angles, and strongly cemented together, as if
to form a secure foundation for the builcgng.

_ In this nest were formed, surreptitiously introduced
into the original building, five empty cells of a black
colour, about an inch long, and a sixth of an inch in
diameter ; nearly cylindncal in form, but somewhat
flattened ; vertical and parallel to one another, though
slightly curved on the innerside, The cells are com-
posed of strong and somewhat coarse fihres, more

*J.R.
v
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like the carbonized rootlets of a tree than silk, and
resembling in texture a piece of coarse milled cloth
or felt, such as is used for the bases of platted hats,
It is worthy of remark, that all these cells opened

Naat of Puss-Moth, incloning five cocoons of an Ichnewmon,
Natural size.

towards one end, as if the caterpillars which con-
structed them had been aware that the wall of the
Enl&-moth, in which the flies would have to make a

reach, was very hard, and would require their
united efforts to effect an escape. The importance
of such a precaution will appear more strikingly,
when we compare it with the instance formerly men-
tioned (page 195), in which only one ichneumon
had been able to force its way out.*

It appears indispensable to some grubs to be con
fined within a certain space, in order to construct
their cocoons. We saw this well exemplified in the
instance of a grub of one of the mason-bees (Osmua
bicornis), which we took from its nest, and put into
a box, with the pollen paste which the mother-bee
had provided for its subsistence. (See pages40,41.)

*JR
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When it had completed ita growth, it began to spin,
but ina very awkward menner—attaching threads,
as if w4 random, to the bits of pollen which re-
mained undevoured, and afterwards tumbling about
to another part of the box, as if dissatisfied with
what it bad done. It sometimes perwavered to spin
in one place till it had formed n little vaulted wall ;
but it abandoned at the lenat three or four of these
in order to begin cothers, till at langth, as if com-
pelied by the extreme urgency of the stimulus of its
approaching change, it completed u shell of shining
brown sk, woven into & close texture. Had the
b remained within the narrow clay cell built for
it by the mother-bee, it would, in all probability, not
have thus exbausted itself in vain effortz at building,
which were likely to prevent it from ever arriving at
the perfect state—a eircumstance which often happens
in the artificial breeding of insects, This hee, how-

ever, made its appearance the following apring.
Beside silk, the eocoons of meny insectr are
composed of other animal sacretions, intended to
sirengthen or otherwise perfect their texture, We
have already seen that some caterpillars pluek off
their own hair to interweave amongst their silk:
there are others which produce a peculiar substance
for the same purposa. The lackey-caterpillar ( Clisio-
campa neudria, Curtis) in this manner lnes its
cocoon with peliets of a downy eubstance, resem-
bling littla tufts of the flowers of maiphur. The
B egger, again ( Eriogaster ianesiris, GERMAR),
can ccarcely be sud to employ silk at all,—the
cocoon being of a uniform texture, looking, at
first sight, like dingy Paris-plaster, or the ghell
of a pheasant’s egg, but upon being broken, and
inspected narrowly, & few threads of silk may be
seen interspersed tlirough the whole. In size, it is

*] R
v2
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not larger than the egg of the gold-crested wrem. It
has been considered by Brahm a puzzling circum-
stance, that this cocoon i3 usually perforated with
one or two little holes, as if made by a pin from with-
out; and Kirby and Spence tell us that their use
has not been escertained,* May they not be left as
air-holes for the included chrysalis, ns the close texture
of the cocoon might, without shis provision, prove
fatal to the animal? Yet, on comparing oneof these
with a similar cocoon of the large egger-moth ( La-
siocampa Quercus), we find no air-holes in the latter,
£3 we might have been led to expect from the close-
ness of its texture, We found a cocoon of 2 saw-fly
(Trichinsoma), about the same size as that of the
egger, attached to a hawthorn twig, in a hedge at
ew Cross, Deptford, but of a leathery texture, and,
externally, exactly the colour of the bark of the
tree, During the summer of 1830 we found a con-
siderable number of the sime cocoons. These were
all without air-holes, The egger, we may remark,
nnlike the dock-weevil, or the bee-grub just men-
tioned, can work her cocoon without any point of
attachment. We hed a colony of these caterpillars in
the summer of 1825, hrought from Epping Forest,
and asrw eeveral of them work their cocoons, and we
could not but admire the dexterity with which they
avoided filling up the little pin-holes, The supply of
their building material was evidently measured out to
them in the exact quantity required ; for when we
broke down a portion of their wall, by way of ex
riment, they did not make it above half the thicknesa
of the previous portion, though they plainly preferred:
baving a thin wall to leaving the breach unclosed -t
Several species of caterpillars that spin only silk
are gocial, like some of those we formerly mentioned,
* Brabm's Tne. Nar. 289 sn? }Ki;:}y and Spence’s Tntr. iti. 323,
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which unite to form a common tent of leaves (see
pages 172, 3). The most common instance of this is
in the eaterpillars which feed on the nettle—the small
tortoise-ehell { Fanessa urticee), and the peacock’s eye
(¥. [5). Colonies of these may be seen, after Mid-
summer, on almost every clump of nettles, inhebiting
a thin web of an irregular oval shape, from which
they isaue out to feed on the leaves, always returning
when their appetite is satisfied, to assist their com-
panions in extending their premises. Other ex~
amples, still more conspicuous from being seen on
fruit-trees and in hedges, oceur in the caterpillars of
the small ermine-moth { Fponomeuta padella), and
of the lackey (Clisiocampa neustria), which in some
yeare are but tco shundant, though in others they
are seldom met with. In the summer of 1826,
every hedge and {ruit-tree around London swarmed
with colonies of the ermine, though it has not since
been plentiful ;* and in the same way, during the
summer of 1829, the lackeys were to be seen every-
where. 'We mention this irregularity of appearance
that our readers may not disappoint themselves hy
looking for what ia not always to be found. It1is
probable, that, in 1830, the lackeys will be few, for,
notwithstanding the myriads of caterpillars last sum-
mer, we saw only a single moth of this species, and
out of a number of chrysalides which a young {riend
had in his nurse-boxes, not one moth was bred.

The caterpillars of other moths, which are in some
years very common—such as the brown-tail (Por-
thesia auwrifiue), and the golden-tail (P, Chry-
sorrheea), are also sociel; and, es the eggs are
hatched late in the summer, the brood passes the
winter io a very closely-woven nest of warm silk.
This is usually represented as composed of leaves
which have had their pulpy parts esten as food

* See Insect Trausformations, p. 206-7,
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by the colonists; but, from minute observation of
at least twenty of these nests in the winter of
1828-9, we are quite satisfied that leaves are only
an accidental and not a necessary part of the strue-
ture. When u leaf bappens to be in the line of the
walls of the nest, it ia included ; hut there is no ap-
parent design in pressing it into the service, nor is
a branch selected because it is leafy. On the eon-
trary, by fur the greater number of these nests do not
contain a single leaf, but are composed entirely of
grey silk. In external form, no two of these nests
are alike; an it depends entirely upon the form of the
branch. When, therefore, there ie only one twig, itis
somewhat egg-shaped ; but when there are several
twigs, it commonly joins each, assuming an sngular
shape, as may be seen in the figure.

Fimior aact of the Somal Caterpiliars of the Brown-tcl Mok
{Portheals norlfun), Agwred rpecimen,
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This i larity arises from the circumstance of
each individual acting on its own account, without
the direction or superintendence of the others. The
interior of the stru;:ure is, for the same reason,
more refu.la.r, being divided into compartments, each
of which forms a chamber for one or more indi~
viduale. Previous to the cold weather these cham-
bers have but slight partitions ; but before the frosts
set in the whole 1s made thick and warm.

The chambers. | The dots reprssent 1 gt of he caterplare,

A no less remarkable winter nest, of a small spe-
cies of social caterpillar, is described by M. Bonnet,
which we omitted to introduce when treating of the
Glanville fritillary (page 172). The nest in question
is literally pendulous, being hung from the branch of
a fruit-tree by a strong silken thread. It consists of
one or two leaves neatly folded, and held together
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‘with silk, in which the caterpillars live harmonionsly
together.

FPendulows lenf-nests, from Bonnat,

In a recently published volume of *Trmvels in
Mexico,” we find & very remarkable account of some
pendulous nests of caterpillars, which appear to be
almost a8 curious ae the nests of the pasteboard- mak-
ing waspa, described at p. 88. 'The author of these
travels does not define the species of caterpillar
whose constructions attracted his observation, He
says, * After having ascended for mbout an hour, we
came to the region of oaks and other majestically
tall trees, the names of which I could not learn.
Suspended from their stately branches were innu-
merable nests, enclosed, apparently, in white paper
bags, in the manner of bunches of grapes in Eng-
land, to preserve them from birds and flies. I had
the cnriosity to examine one of them, which I found
to contain numberless caterpillars. The texture is
80 strong that it is not easily torn; and the interior
contsined & quantity of green leaves, to support the
numeroud progeny within.®

* Hardy's Travels in the Interior of Mexico, p. 32



SPINNING CATERPILLARS 333

. In all ‘the nests of social eaterpillars,. care is
taken to leave apertures for passing out and in.
It is remarkable, aldo, that however far they may
mmble from their neat, they never fail to find
their way back when a shower of rain or night-
fa!l renders shelter necessary. It requires no great
ehrewdness to discover how they effect this: for
by looking closely at their track it will be found
that it is carpeted with eilk—no individual moving
an inch without constructing such a pathway, hoth
for the use of his companions and to fecilitate his
own return. All these social caterpillars, therefore,
move more or less in proccasional order, each follow-
ing the road which the fimst chance travelter has
marked out with his strip of silk carpeting,

There are some epecies, however, which are more
remarkable than others in the regularity of their pro-
ceagional marchings, particularly two which are found
in the south of Europe, but are not indigenous in
Britain. The one named hy Réaumur the proces-
sionary ( Crethocampa processionea, 8TerHENs) feeds
upon the oak ; & brood dividing, when newly hatched,
into one or more parties of several hundred indivi-
duals, which aRerwards unite in constructing a com-
mon nest nearly two feet long, and from four to six’
inches in diameter. As it is not divided, like thet
of the brown-tails, into chambers, but consists of one
large hall, it is not necessary that there should he
more openings than one ; and accordingly, when an
individual goes out and carpeta a path, the whole
colony instinctively follow in the same track, though
from the immense population they are often com-
pelled to march in parallel files from two to eix deep.
The procession is always headed by a single cater-

illar ; sometimes the leader isimmediately followed

¥ one or two in single file, and sometimes by two

abreast, as represented in the cut. A siwilar pro-
v 3
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cedure is followed by a species of social caterpillars,
which feed on the {:me in Savoy and Languedoc ;
and though their nests are not half the size of the
preceding, they are more worthy of notice, from the
strong and excellent quality of their silk, which
Réaumur was of opinion might be advantageously
manufactured. Their nests consists of more cham-
bers than one, but are furnished with a main entrance,
through which the colonists conduct their foraging
Pprocessions.

Nest and order of marching of the Processionary Caterpillars
of the oak (Cnethocampa processiones).
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Strgeture of Spidars.

MoprrN naturalists do not rank spiders among in-
sects, because they have no antennee, and no division
between the head and the shoulders; they breathe
hy leaf-shaped gills, situated under the belly, instead
of epiracles in the eides; have & heart ¢onnected
with these; have eight legs inistead of six; and
eight fixed eyes. But as spiders are popularly con-
sidered insects, it will sufficlently suit our purpose to
introduce them here as such.

The apparatus by which spiders comstruct their
ingenious fabrics is much more compManted than
that which we have described as commeon to the
various species of e¢aterpillars.  Caterpillare have
only two reservoira for the materiala of their silk;
but spiders, according to the dissectiona of M. Trevi-
ranug, have four principal vessels, two larger and
two smaller, with & number of minute ones at their
bage. Severa! small tubes branoh townrda the reser-
voirs, far carrying to them, no doubt, a supply of
the secreted material. Swammerdam describes them
ax twisted into many coils of sn agate colour* Wae
do not find them coiled, but nearly straight, and of a
deep yellow colour. From these, when hroken, threads
can Ee drawn out like those spun by the apider;
though we cannot drew them so fine by many degrees.

From these little flasks or bage of gum, situated
near the anus, and not at the mouth as in oater-
pillars, 8 tube originates, and terminates in the exter

} Bill's Swammerdum, part i. p. 22.
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nal spinnerets, which may be seen by the naked eye
in the larger spiders, in the form of five little teats
surrounded by a circle, as represented in the figure
below.

Garden Spider (Rpeira diadema) suspended by a thread pro-
; e e P

We have seen that the silken thread of a cater-
pillar is composed of two united within the tube of
the spinneret, but the spider’s thread would appear,
from the first view of its five spinnerets to be quin-
tuple, and in some species which have six teats,
80 many times more. It is not safe, however, in our
interpretations of nature to proceed upon conjecture,
however plausible, nor to take anything for granted
which we have not actually seen ; since our inferences
in such cases are almost certain to be erroneous.
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If Aristotle, for example, had ever looked narrowly
at a spider when spinning, he could not have fancied,
as he does, that the materials which it uses are nothing
but wool stripped from its body. On looking, then,
with a strong magnifying glass, at the teat-shaped
spinnerets of a spider, we perceive them studded with
regular rows of minute bristle-like points, about a
thousand to each teat, making in all from five to six
thousand. These are minute tubes which we may
appropriately term spinnerules, as each is connected
with the internal reservoirs, and emits a thread of
inconceivable fineness. In the figure below, this
wonderful apparatus is represented as it appears in
the microscope.

Spinnerets of a Spider magnified to show the Spinnerules.

We do not recollect that naturalists have ventured
to assign any cause for this very remarkable multi-
plicity of the spinnerules of spiders, so different from
the simple spinneret of caterpillars. To us it ap-
pears to be an admirable provision for their mode of
life. Caterpillare neither require such strong ma-
terials, nor that their thread should dry as quickly.
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Itis well known in our manufactures, particularly in
rope-spiuning, that in cords of equal thickness those
which are composed of many smaller ones united
are greatly stronger than those which are spun at
once. In the instance of the spider’s thread, this
principle must hold still more strikingly, inasmuch
as itis composed of fluid materials that require to be
dried rapidly, and this drying must be greatly
facilitated by exposing so many to the air separately
before their union, which is effected at the distance
of about a tenth of an inch from the spinnerets. In
the following figure each of the threads represented
is reckoned to contain one hundred minute threads,
the whole forming only one of the spider’s common
threads.

i
.-|
il ’ [
il
‘.ﬁ,}.m"zfa Spidet,‘ceg:z m :l‘.ht. .“l mall
Leeuwenhoeck, in one of his extraordinary micro-

scopical observations on a young spider not bigger
than a grain of sand, upon enumerating the thread-




EPIDERS, 339

lets in one of ite threads, calculated that it would
uire four millions of them tobe as thick es a bair
of his beard.

Anaother important advantage derived by the spider
from the multiplicity of its tbresdlets ie, that the
thread affords a much more secure attachment to s
wall, a branch of a tree, or soy other object, than if
it were simple; for, upou pressing the spinneret
aguinst the object, as spiders always do when tbey
fix u thread, the spinnerules are extended over &n
area of some diameter, from every bair's breadth of
which a sérand, aa rope-makers term it, i extended
to compound the main cord. The following figure
exhibits this ingenioua contrivance.

Attached end of a Spider’s ikread, magnifisd,

Those who may be eurious to examine this con-
trivance will see it best when the line is attached
to any black object, for the threads, being whitish, are,
in other cases, not so easily perceived.

Smooring or TEE LiNks.

it hes long heen considered a curious though a
difficult investigation, to determine in what manner
aspidere, seeing that they are destitule of wings, trans-
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port themselyes from tree to tree, across brooke, and
frequently through the uir itself, without any appa-
rent gtarting point. On looking into the authors who
have treated upon this subject, it is surprising how
little there is to be met with that is new, even in the
most recent. Their conclusions, or rather their conjee-
tural opinions, are, however, worthy of notice ; for by
unlezrning error, we the more firmly establish truth.

1, One of the earliest notions upon this subject
i that of Blancanus, the commentator on Aristotle,
which is partly adopted by Redi, by Henricus Regius
of Utrecht, by Swammerdam,* by Lehmann, and
by Kirby and Spence.t The “spider’s thread,’
says Swammerdam, “is generally made up of two or
more parts, and after descending by such = thread,
it ascends by one only, and is thus enabled to waft
itself from one height or tree to another, even acrosa
running waters; the thread it leaves loose behind, it
being driven about by the wind, and so fixed tosome
other body.” I placed,” says Kirby, “the large
garden-spider ( Epeira diadema) upone stick about
& foot long set upright in a vessel containing wa-
ter. . ... It let itself drop, mot by & single thread,
but by two, each distant from the other about the
twelfth of an inch, guided, &3 usual, by one of its
hind feet, and one apparently smaller than the other.
When it had suffered itself to descend nesrly to the
surface of the water, it stopped short, and by some
means, which'I could not distinctly see, broke off,
close to the spinners, the smallest thresd which,
still adhering by the other end to the top of the
stick, floated in the ajr, and was so light as to be
earried mbout by the slightest breath, On ap-
proaching a pencil to the loose end of this line, it
did not edhere from mere contact. 1, therefore,

* Swammerdzm, part i. p. 24. t Iotr. vol. i p. 415.
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tavisted it orice or twice round the pencil, and then
drew it tight. The spider, which had previously
climbed tp the top of the stick, immediately pulled
at it with one of its feet, and finding it sufficiently
tense, crept along it, strengthening it as it pro-
teeded by another thread, and thus reached the pen-
cil.”

‘We have repeatedly witnessed this occurrence, both.
in the fields, and when spiders were placed for ex-
periment, as Kirby has described ; but we very much.
doubt that the threed broken is ever intended as a
bridge cable, or that it would have been so wsed in
that ingtance, had it not been artificially fixed and ac-
cidentally found again by the spider. According ta
our observations, a apider never abandons, for an in-
atant, the thread which she despatches in quest of an
stlachment, but uniformly keeps tryn{% it with her
feet, in order ta ascertnin itasnccess, e are, there-
fore, persuaded, that when a thread is broken in the
mannoer above described, it is because it has been
gpun too weak, and spiders mey ofien be seen break-
ing such threadsin the process of netting their webs.*

The plan, besides, as expleined by these distin-
-guished writers, would more frequently prove ebor-
tive than successful, from the cut thread not heing
sufficiently long. They admit, indeed, that spiders”
lines are often found “a yard or two long, fastened to
twigs of grasa not a foot inheight. . . . . . Here, there-
fore, some other process must have heen used.”’t .
- 2. Qur ceiebrated English naturalist, Dr. Lister,
whose treatise upon our native gpiders has been the
basis of every subsequent work on the subject, main-
taina that ¢ some spiders shoot out their threads in
the same manner that porcupines do their quills;
thut, whereas the quills of the latter are eatirely se-

* LR t Kirby and Spence, vol. i. Intr. p,-416,
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perated from their bodies, when thus shet out, the
threads of the former remain fixed to their anus, as
the sun's rays to its body.””* A French periodical
writer goes a little farther, and says, thatspiders have
the power of ghooting out threads, and directing them
at plensure towards a determined point, judging of
the distance and position of the object by some senae
of which we are ignorant.t Kirby alsm mys, that
he once observed a small garden-spider (Aranea reti-
culaia) “standing midway on a long perpendicular
fixed thread, snd an mppesrance caught ” his “eys,
of what seemed to be the emisgion of threads.” * [,*
therefore, be adds, * moved my awrm in the direction
in which they apparently proceeded, and, ®a I had
suspected, & floating thread aitached itself to my coat,
along which the gpider crept.  As this was connected
with the spinnera of the epider, it could not have
been formed by breakinga * secondary threed.”’{
Again, in speaking of the gossamer-spider, be saye,
“it first extenda its thigh, shank, and foot, into a
right line, and then, elevating its abdomen till it be-
comes vertical, shools ifs thread into the air, and fliea
off from ita station.”§

Another distinguished paturalist, Mr. White of
Selborne, in epenking of the gossamer-spider, says,
* Every day in fine weather in autumn do I see
these spiders shooting out their webs, and mounting
aloft: they will go off from the finger, if you will
take them into your band. Last summer, one
alighted on my book as I was rmdin& in the par-
lour; end running to the top of the page, and
shooting out a 1web, took its departure from thence.
But wga.t I most wondered at was, that it went off
with considerable velocity in a place where no wir

* Lister, Hist. Animalia Anglim, 4to, p. ¥.
. t Phil, Mag. ii. p. 275.
1 Vol i lair, p. 417. § Ibid, i. p. 388,
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was stirring, and I am sure I did not assist it with
my breath.”®

Having ac often witnessed the thread set afloat in
the air by apiders, we can readily conceive the way
in which those eminent naturalists were led to sup-
pose itto be ejected hy some animal force acting like
a ayringe; but ag the statement can be completely
disproved by experiment, we ahall only at present
.agk, in the worda of Swammerdam-—how it can be
possible that a thread a0 fine and slender should he
shot out with force enough to divide and pass through
the air P~—ig it not rather probable that the air would
stop its progress, and 8o entangle it, and fitit to per-
plex the spider’s operations P’ The opinion, indeed,
1s equally improbable with another, suggested by Dr.
Liater, that the spider can retract her thread within
the abdomen, after it bas been emitted.] De Geer§
very justly joine Swammerdam in rejecting both of
these fancies, which, in our own earlier ohservations
upon spiders, certainly struck us as plausible and
true. There can beno doubt, indeed, thet the animal
bas 8 voluntary power of permitting the material to
escape, or stopping it at pleasmire, but this power is
not projectile.

3. “ There are many people,” aays the Abbé dela
Fluche, “ who believe that the spider flies when they
see her pasa from hranch to branch, and even from
one high tree to another; but she transports herseif
in this manner: she places herself upon the end of
a branch, or some projecting body, and there fastens
her thread ; after which, with her two hind feet, she
squeezes her dugs (spinnerets), and presses cut one or
more threads of twe or three ells in length, which she
leaves to float in the air till it be fixed to some par-

® Nat Hist. of Selborne, vol. 1. p. 337.
4 Book of Nature, parl i. p. 25.
1 Hist, Anim. Anglim, 4to. § Memoires, vol. vii. p. 189,
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ticular place.”* Without pretending to have ob-
served this, Swammerdam says, “I can easily com-
prehend how spiders, without giving themselves any
motion, may, by only compressing their anus, spin
cut a thread, which being driven hy the wind, may
serve to walt them from one place to another.’4
Othets, procceding upon a similar notion, give a
rather diflerent account of the matter. * The spider,”
gays Bingley, * fixes one end of a thread to the place
where she stands, and then with her hind paws draws
oul several other threads from the nipples, which,
being lengthened out and driven by the wind to some
neighbouring tree or other object, are by their natu-
ral clamminess fixed {0 it.”'}

" Observation gives some plausibility to the latter
opinion, 45 the spider always actively nses her legs,
though not to draw cut the thread, but to ascertain
awhether it hes canght upon any object, The notion
of her pressing the spinneret with her feet must be
a mere fancy ; at least it iz not countennuced by any-
thing which we have chserved,

4. An opinion much more recondite is mentioned,
if it was net started, hy M. D’Isionval, that the float-
ing of the spider’s thread is electrical. “ Frogu, cats,
and other animals,” he says, “are affected by natural
electricity, and fee! the change of weather; but no
other animal more than myeelf and my spiders,”
‘During wet and windy weather he accordingly found
that they spun very short lines, ““but when a spider
gpins a long thread, there is a certainty of fine wea-
ther for at least ten or twelve days afterwards.”’§ A
periodieal writer, who signa himself Carolan, || fanciea
that in darting out her thread the apider emits &

* Spectacle de la Nature, vol. i. 1 Book of Nature, part i. p. 23.
1 Animal Biograpby, vol. iii. p. 478, 3rd edition.
§ Brez, Flore des Insectaphiles. Notes, Supp. p. 134,
Thompson's Ann. of Philesuphy, vol. iii. p. 306.
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stream of air, or some subtle electric fluid, by whxch
she guides it aa if by magic,

A living writer {Mr. John Murray), whose Iea.m-
ing and skill in conducting experiments give no lit-
tle weight to his opinions, has carried these views
considerably farther. *The agronautic apider,” he
seys, ‘‘can propel jts thread bolh horizontally and
verlically, and at all relative angles, in motionless
air, and in an atmosphere agilated by winds; nay
more, the sgrial traveller can even dart its thread, to
use a nautical phrase, in the ¢ wind’s eye.” My opi-
nion and observationsare based on many hundred ex-
periments. . . ... The entire phenomena are elec-
trical. When a thread is propelled in a vertical
plane, it remmins perpendicular to the horizontal
plane, alweys upright, and when others are projected
et angles more or less inclined, their direction is in~
variably preserved; the thresds never intermingle,
and when a pencil of threads is propelled, it ever
presents the appearance of a divergent brush. These
are electrical phenomena, and cannot be explained
but on electrical principles,”

“In clear fine weather the air is invariably posi-
tive; and it is precisely in such weather that the aéro-
nautic spider mekes its ascent most casily and ra-
pidly, whether it be in summer or in winter.” * When
the air is weakly positive, the ascent of the spider
will be difficult, and its altitude extremely limited,
and the threeds propelled will be but little elevated
above the horizontal plene. 'When negative eleetri-
city prevails, a8 in cloudy weather, or on the approach
of rain, and the index of De Saussure’s hygrometer
rapidly advancing towards humidity, the spider is un-
able to ascend.”®
. Mr. Murray bed previcusly iold ns, that ¢ when

* Loudon's Mag. of Nat. Hist., vol. i. p. 322
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setick of excited sealing-wax is brought near the
thread of guspension, it le evidently repelled ; con-
sequently, the electricity of the thread is of a nega-
tiva character,” while “an excited glass tube brought
near seemed to attract the thread, and with it the
sironautic spider.”* His friend Mr. Bowman fur-
ther describes the aérial spider as “shooting out
four or five, often six or eight, extremely fine webs
several yards long, which waved in the breeze, di-
verging from each other like a pencil of rays.”” One
of them “had two distinct and widely diverging fasi-
culi of webs,” and “a line uniting them would have
been at right angles to the direction of the breeze.”t

8uch is the chief evidence in support of the elee-
trical theory ; bot though we have tried these ex.
periments, we have not succeeded in verifying gny
one of them, The following statements of Mr. Black-
wall come nearer our own observations.

5. * Having procured asmall branched twig,”” says
Mr. Blackwell, “I fixed it upright in an earthen ves-
sel containing water, its base being immersed in the
liquid, and upon it I placed several of the spiders
which produce gossamer. Whenever the insects
thue circumstanced were exposed to a current of air,
either naturally or artificially produced, they directly
turned the thorax towards the quarter whence it
came, even when it was so alight as acercely to be
rrceptible, and, elevating the abdomen, they emitted

om their epinners & emall porticn of glutinous
matter, which was instantly carried out in a line,
consistiog of four finer ones, with a velocity equal,
or nearly ao, to that with which the air moved, as
was apparent from observations made on the motion
of detached lines similarly exposed. The spiders,
in the next place, carefully ascertained whether their

* Experim. Researches in Nat. Hist. p. 138.
Mag. Nat. Hist,, vab- i, p. 524,
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lines had become firmly attached to any object or
not, by pulling at them with the firet pair of lege;
and if the result wes eatisfactory, after tightening
them sufficiently, they made them pass to the twig;
then discharging from their spinners, which they ap-
plied to the spot where they stood, a little more of -
their liquid gum, and committing themaelves to these
bridges of their own constructing, they passed over
them in safety, drawing asecond line after them as
a security in case the !grnt gove way, and so effected
their escape.

“Such was invariably the result when gpiders
were placed where the air was liable to be sensibly
egitated ; I resolved, therefore, to put & bell-glaga
over them; and in this situation they remsined
seventeen dayw, evidently unable to produce a single
line by which they could quit the branch they occu-
pied, without encountering the water at its base;
though, on the removal of the glass, they regained
their liberty with as much celerity as in the inatancas
alzeady recarded.

% This experiment, which from want of due pre-
caution has misled so many distinguished naturalista,
I have tried with eeveral geometric spiders, and
always with the same succesa.’”*

Mr. Blackwall, from subsequent experiments, says
he is * confident in affirming, that in motionless air
apiders bave not the power of darting their threads
even through the space of half an inch.¥+ The fol-
lowing details are given in confirmation of this
opinion. Mr. Blackwall observed, the 1st Oct., 1826,
a little before noon, with the sun shining brightly,
no wind stirring, and the thermometer in the shade
ranging from 55°5 to 64°, & profusion of shining
lines croasing each other at every angle, forming a

® Linn. Trans., vol. xv. p. £56,
1 Mag. Nai. Hise, vol. ii. p. 397.
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confused net-work, covering the fields end hedges,
and thickly coating his feet and enkles, as he walked
scross a pasture. e was more siruck with the phe-
nomenon, because on the previous day a strong gale
of wind had blown from the south, and as gossamer
i2 only seenin calm weather, it must have been all
produced within a very short time, -

* What more particularly arrested ‘my astention,”
gays Mr. Blackwall, “ was the ascent of an amazing
quantity of webs, of an irtegular, complieated struc-
ture, resembling ravelled silk of the finest quality, and
elearest white ; they were of various shapes and di-
mensions, some of the largest measuring upwards of
& yard in length, and several inches in breadth in the
widest part; while others were almost as broad e
long, presenting en aren of a few square inches only.

¢ These webs, it was quickly perceived, were not
formed in the air, s is genernlly believed, but at the
earth’s surface. The lines of whichb they were com-
posed, being hrought into contact by the mechanical
action of gentle airs, adhered together, till, by con-
tinual additions, they were accumulated into fiakes'or
masges of considerable megnitude, on which the
ascending cmrrent, occasioned by the rarefaction of
the mir contiguous to the heated ground, acted with
8o much force a8 to separate them from the objecis
to which they were attached, raising them in the
atmosphere to a perpendicular height of at least
geveral hundred feet. I collected 2 number of these
webs, about mid-day, as they rose; and again in the
afternoon, when the upward current had ceased, and
they were falling; but scarcely one in twenty econ-
tained a spider; though, on minute inspection, I
found amal})wmged insects, chleﬂy aphides, entang]ed;
in most of them, " :

“From contemplating thie unusual dlsplay of
gossamer, my thoughts were paturally- directed to
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the animals ‘which produced it, and the countless
myriade in which they awarmed slmost created as
much surpriee as the eingular occupation that en-
grossed them. Apparently actuated by the same
impulee, all were intent upon traversing the regiona
of #ir; accordingly, after gaining the summits of
various objects, am blades of grass, stubble, rails,
gates, &e., by the slow aud laborious process of
chimbing, they raised tbemselves still higher by
straightening their limba; and elevating the abdo-
men, by bringing it from the usual horizontal posi-
tion, into one almost perpendicular, they emitted
from their spinning apparatns a small quantity of the
glutinous secretion with which they ‘construct their
webs. This viscous substance being drawn out by
the aseending current of rarefied air into fine Jines
several feet in length, was carried upward, until the
epidera, feeling themselves acted upon with sufficient
force in that direction, quitted their hold of the objecta
on which they stood, and commenced their journey by
mounting aloft.

* Whenever the lines became inadequute to the
purpose for which tbey were intended, by adhering
to noy fized body, they were immediately detached
from the spinners and so converted into terrestrial
gossamer, by means of the last pair of legs, and the
proceedings just described were repeated; which
plainly proves that these operations result from a
strong desire felt by the insects to eflect an ascent.”®
Mr. Blackwall has recently read a paper (still unpub-
liehe’d) in the Linnean Society, confirmatory of his
opinions.

6. Without going into the particulars of what
agrees or disagrees in the ahove experiments with our
own obeervations, we shall give a brief account of
what we have actuelly seen in our rescarches.t So

* Linn Trans., vol. xv. p, 453. t+ J. R.
x
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far aa we have determined, then, ali the various
species of spiders, how different soever the form of
their webs may be, proceed in the circumetance of
shooting their iinem precisely alike; but those which
we have found the most manageable in experimenting
are the small gossamer-spider {Aranes oblexfrix,
Brcestein), known by its shining blackish-brown
body and reddish-brown semi-transparent legs; but
particularly the long-bodied ‘spider (Tetragnatha
extensa, LaTr.), which varies in colour frem green to
brownieh or grey—but has always a black line along
the belly, with & silvery white or yellowish one on
each side. The latter is chiefly recommended by
being a very industrious end persevering spioner,
while its movemente are easily seen, from the long
eylindrical form of its body and the length of its legs.
We placed the sbove two species with five or six
others, including the garden, the domestic, and the
labyrinthic epiders, in empty wine glasses, set in tes-
sgocers filled with water to prevent their escape.
When they discovered, by repeated descents from the
brimn of the glasses, that they were thus surrcunded
by a wet ditch, they all set themselves to the task of
throwing their silken bridges across. For this
gurpoue they first endeavoured, tu ascertsin in what
irection the wind blew, or rather (as the experiment
was made in our study) which way eny current of
air set,—by elevating their arms a8 we have eeen
eailore do in & dead calm. But, as it may prove
more interesting to keep (o one individual, we shall
first watch the proceedings of the goasamer-spider.
Finding no current of air on any quarter of the brim
of the glaes, it seemed to give up nil hopes of con-
structing its bridge of escape, and placed itself in the
attitude of repose; but no soomer did we produce a
stream of air, by blowing gently towards its position,
than, fixing o thread to the glass, and laying hold
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of it with one of its feet, by way of security, it placed
ita bedy in a vertical position, with its apinnerets ex-
tended outwards ; and immediately we had the pleasure
of seeing a thread streaming out from them several
feet in length, on which the hitle aéronaut sprung up
into the air. We were convinced, from what we thus
observed, that it was the double or hend of the thread
which was hlown into the air; and we assigned as a
reason for her previously attaching and drawing out
8 thread from the glasa, the wish to give the wind
8 point d'appui—something upon which it might
have a purcﬂa.se, ne & mechauic would say of a lever,
The bend of the thread, then, on this view of the
matter, would be carried out by the wind,—would
form the point of impulsion,—and, of course, the
escape bridge would be an ordinary line doubled,

Such was our conclusion, which was strongly
corroborated by what we subsequently found said b
M. Latreille—then whom no higher authority coulg
be given. ** When the animal,” saye he, * desirea to
croes a hrook, she fizes to a tree or some other object
ope of the ends of her firat threads, in order that the
wind or a current of air may carry the other end
beyond the obatacle;”* and as one end is always
attached to the spinnerets, he must mean that the
double of the thread flies off. In his previous publi-
cations, however, Latreille had contented Hhimeelf
with copying the statement of Dr. Lisler.

In order to escertain the fact, and put an end to all
doubts, we watched, with great care and minuteness,
the praceedings of the long-hodied spider above men-
tioned, by producing a stream of air iu the same
manner, as it perambulated the brim of the glass.
It immediately, as the other hed dooe, attached a

* “L'un des bouts de cer premiers file, afin que le vent
onu on courant d’ait pousse 'autre sxtremité de I'un d'eux an de
12 de I'vbetacle.”—Dict, Classique d'Hist. Nat., vol. i. p. 510.

LX2
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thread and raiecd its body perpendicularly, like a
tumbler standing on his hacds with his head down-
wards ; but we looked in vein for this thread bending,
a3 we had at first supposed, and going off double.
Instead of this it remained tight, while another
thread, or what appeared to be eo, streamed off from
the spinners, similar to smoke issuing through a pin-
hole, sometimes in a line, and sometimes at & con-
siderable angle with the first, according to the current
of the air,—the first thread, extended from the glass
to the spinnerets, remaining all the while tight-drawn
inaright line, It further appeared to ue, that the firat
thread proceeded from the pair of spinnereta nearest the
head, while the floating thread came from the outer
prir,—theugh it is possible in such minute nbjects we
may have been deceived. That the first was continu-
ous with the second, without any perceptible joiniog,
we ascertained in numerous iostances, by catching the
floeting line and pulling it light, in which case the
spider glides along without attaching another line
to the glase; butif she have to coil up the fioating
line to tighten it, as usually happens, she gathers
it into a packet and glues the two enda tight together.
Her hody, while the foating line etreamed out, re-
mained quite motionless, but we distinctly saw the
spinnetets not only projected, as ia alwaye done when
8 spider spins, but moved in the same way 8 an
infant moves its lips when sucking. We cannot
donlt, therefore, that thia motion is intended to emit
(f eect or project be deemed too strong words) the
liquid material of the thread; at the same time, we
are quite certain that it cannot throw out a single
inch of thread without the aid of a current of ar.
A long-bodied spider will thus throw ont in succes-
sion 85 many threads as we please, by simply blowing
towards it; but not one where there is no current, aa
under a bell-glass, where it may.be kept till it die.

-
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without being able to construct & bridge over water of
an inch long. We never obeerved mote than one
floating thresd produced at the same time ; though
other observers mention several.

The probable commencement, we think, of the
floating line, is by the emission of little globules of
the glutinous material to the points of the apinnerules
—perhaps it may be dropped from them, if not
ejected, and the globules being carried off by the
current of air, drawn out into a thread. But we give
this as only & conjecture, for we could not bring e
glass of sufficient power to bear upon the apinnerules
at the commencement of the floating line.

In subsequent experiments we found that it was
not indispensable for the spider to rest upon a solid
body when producing a line, an she can do so while
she is suspended in the air by another live. When
the current of air also is strong, she will sometimes
commit herself to it hy swinging from the end of the
line. We have even remarked this when there was
zcarcely a breath of air.*

We tried another experiment. We pressed pretty
firmly upon the base of the spinnerets, so as ot to
injure the spider, biowing obligquely over them ; but
no floating line appeared. We then touched them
with a pencil and drew out several lines au inch or
two in length, upon which we blew in order to extend
them, but in this also we were unsucceesful, as they
did not lengthen more than a quarter of an inch.
We next traced out the reservoirs of a garden-spider
(Epeira diadema), and immediately taking a drop of
the metter from one of them on the point of a fine
needle, we directed upon it a ptrong current of sir,
and succeeded in blowing out a thick yellow line, ns
we might have done with gum-water, of about an inch
and a half long.

* Sce lasect Tramaformations, end of chap, xvi.

x3
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When we observed our long-bodied spider eager
to throw a line by raising up its body, we brought
within three inches of its spinnereta an excited stick
of sealing-wax, of which it took no notice, nor did
any thread extend to it, not even when brought almost
ta touch the apinnerets,. We had the same want of
puccess with an excited glass rod : and indeed we had
not enticipated any other result, s we have never
obeerved that these either ettract or repel the floating
threads, a8 Mr, Murray has seen them do; nor have
we ever seen the end of a floating thread sepamted
inte its component threadlets and divergiog like a
brush, as he and Mr. Bowman describe. It may be
preper to mention that Mr, Murray, in conformity
with his theory, explains the shooting of lines in a
current of air by the electric state produced by motion
in consequence of the mutual friction of the gaseous
particles. But this view of the matter does not seem
to affect our stateinents. :

Nests, Wess, AND NrT8 0oF SpipEss,

The neatest, though the smallest, spider’s nest which
we have seen, was constructed in the chink of a gar-
den post, which we had cut out the previous summer
in getting at the cells of a carpenter-bee. The archi-
tect was one of the larger hunting-spiders, erroneously
said by some naturalists to be incapahble of spinning.
The nest in question was about twe inches high,
composed of s very close satin-like texture. There
were two paralle] chamhers placed perpendicularly,
m which position aleo the inhabitant reposed there
during the day, going, as we presume, only abroad
to prey during the night. But the most remarkable
circumstance was, that the openings (two above and
two below) were so elastic that they shut almost as
closely ea the boat-cocoon of the Torfrix rchisrana
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(see page 322). We ohserved this spider for several
months, but at last it disappeured, and we toek the
nest out, under the notion that it might contain egge;
bnt we found nuce, and therefore conclude that it
waa only used 88  day-retreat.* The account which
Evetyn hus given of these hunting-spidera is Bo
interesting, that we muat transcrite it.

* Of all sorws of ineects,”” says he, * there is none
hes aflorded me more divertisement than the vena-
iores (hunters), which are a sort of fup: (wolves) that
heve their dena in rogged walla and crevices of our
houses ; a small brown and delicately-apotted kind
of spiders, whose hinder legs are longer than the
rest. Such I did frequently ohserve at Rome, which,
espying a fly at three or four yards® distance, upen
the baleony where I stood, would not meke directy
to her, but crawl under the rail, till being errived to
the antipodes, it would stesl up, seldvm missing its
aim ; but if it chanced to want anything of being
perfectly opposite, would, at first peep, immediately
slide down again,—till taking better notice, it would
come the next time exactly upon the fy’s back: but
if this happened not to be within a competent leap,
then would this insect move so moftly, as the very
shadow of the gnomon seemed not to be more im-
perceptible, unless the fly moved; and then would
the spider move also in the same preportion, keeping
that just time with her motion, ne if the same souj
had animated both these little hodies ; and whether
it were forwards, backwards, or to either side, with-
out at all turning her body, like 2 wel! managed horse:
but if the capricious fly toak wing and pitched npon
another place behind our huntrees, then would the
spider whirl ita body so nimbly ahout, as nothing
could be imagined more swift : by which means she
always kept the head towards her prey, though, to
eppearance, u immoveable a8 if it had been a nail

*J R,
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driven into the wood, till, by that indiscernible pro-
gress, being arrived within the sphere of her reach,
she made a fatal leap, swift as lightning, upon the fly,
catching him in the poll, where she naver quitted hold
till her belly was full, and then carried the remainder
home.”

One feels a little eceptical, however, when he adds,
1 have beheld them instructing their young onas how
to hunt, which they would sometimes discipline for not
well ohserving; but when any of the old onea did (as
sometimes) miss  leap, they would run out of the field
and hide themselves in their crannies, as eshamed, and
haply not to be seen ahroad for four or five hours after ;
for eo long have I watched the nature of this strange
ineect, the contemplation of whose 20 wonderful
sagacity and addrese hes amazed me ; nor do I find in
any chase whatsoever more cunning and stratagem
observed. 1 have found some of these spiders in my
garden, when the weather, towards spring, is very hot,
but they are nothing so eager in hunting esin Italy.**

We have only to add to this lively narrative, that
the bunting-spider, when he leaps, takes goed care
to provide against accidental falls by always swing-
ing himself from a good strong cable of eilk, as
Swammerdam correctly states,t and which any body
may verify, as one of the small hunters (Salticus sce-
ricus), known by having its back striped with black
and white like a zebra, 1s very common in Britain.

Mr. Weston, the editor of Bloomfield’s Remeins,
falls into & very eingular mistakeabout hunting-spiders,
imagining them to be weh-weaving ones which have
exhausted their materials, and which are therefore
compelled io hunt. In proof of this he gives an in-
stance which fell under his own abservation !}

* Evelyn's Travels in Iialy.
+ Book of Nature, part i. p- 2.
i Blogmfield’'s Remains, vol. i1. p. 64, note.
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As b contrast to the liitle elastic satin nest of the
Iunter, we may mention the largest with which we
are acquainted,—that of the labyrinthic epider (4ge-
lena labyrinthica, WarLckeNarr). Our readera must
ofien have seen this nest spread out like a broad
sheet in hedgee, furze, and other low bushes, and
zometimes on the ground. The middle of this sheet,
which ia of a close texture, is swung like a sailor’s
hammock, by silken ropes extended all around to the
higher branches ; but the whole curves upwards and
backwards, eloping down to a long funnel-shaped
gallery which is nearly horizontal at the entrance,
but scou winds obliquely till it becomes quite per-
pendicular. This curved gallery is about & quarter
of an inch in diameter, i much more closely woven
than the sheet part of the web, aod sometimes de-
scends into a hole in the ground, though oftener
into a group of crowded twigs, or m tuft of gruse.
Here the spider dwells secure, frequenily resting
with her legs extended from the entrance of the gal-
lery, ready to spring out upon whatever insect may
fall into her sheet-oet. She hereelf can only be caught
by getting behind her and forcing her out into the
web; hut though we have oiteu endeavoured to make
her construct a nest under our eye, we have been as
uneuccessful as in eimilar experiments with the com~
mon house-spider ( Araned domestica).*

The houee-spider’s proceedings were long ago de-
acribed by Homberg, and the aceount has been copied,
me usual, by almost every suhsequent writer. Gold-
smith hae, indeed, given some strange misstatements
from his own observations, and Bingley has added
the original remark, that after fixing it first thread,
creeping along the wall, and joining it as it procesds,
it “ darls ilself lo the opposile side, where the other
end is to be fastened I+ Homberg’s spider tock the

* IR, % Animal Biography, iii. 4701,
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more circuitous route of truvelling o the oppomite
wall, carrying in oue of the claws the end of the
thread previonsly fixed, lest it should stick in the
wrong place. Thiswe believe to be the correct state-
ment, for as the web ia always horizontal, it would
seidom apswer o commit a floating thread to the
wind, as is done by other species. Homberg’s apider,
after stretching a3 many lines, by way of warp, as it
deerned sufficient between the two walls of the corner
which it had chosen, proceeded to cross this in the
way our weavers do in adding the weof, with Lhis
difference, that Lhe spider’s threads were only laid on,
and not interlaced.» The domestic spiders, however,
in these modern days, muat have forgot this moede of
weaving, for none of their webs will be found to be
thus reguiarly constructed.

The geometric or net-working spiders {Tendeuses,
Latz.) are a8 well known in most districts as any of
the preceding ; elmoset every bush and tree in the
gardens and hedge-rows having one or more of their
nets siretched out in a verlical poaition between ad-
jacent branches. The common garden-spider ( Eperra
diadema), and the long-bodied mpider {Tetragnatha
exientsa), are the best known of this order.

The chief care of a spider of this sort is, to furm
& cable of sufficient strength to bear the net ehe means
to hang upon it; and, after throwing out a Aoating
line as above described, when it catches properly she
doubles und redoubles it with edditional threads,
On tryiug its strength she is not contented with the
test of pulling it with her legs, but drops hersell down
severgl feet from various poinis of it, s we have often
seen, swinging and bobbing with the whole weight of
her body. She proteeds iu a similar manner with the
rest of the frame-wark of her wheel-shaped net; and
it may be remarked tbat eome of the ends of these

* Mem. de 1"Acad. des Sciences pour 1707 1. 339
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Geometric Net of Epeira diadema.

lines are not simple, but in form of a Y, giving her the
additional security of two attachments instead of one.

In constructing the body of the net, the most re-
markable circumstance is her using her limbs as a
measure, to regulate the distances of her radii or
wheel-spokes, and the circular meshes interweaved
into them. These are consequently always propor-
tional to the size of the spider. She often takes u
her station in the centre, but not always, thoug
it is so said by inaccurate writers; for she as fre-
quent'lg lurks in a little chamber constructed under

leaf or other shelter at the corner of her web,
ready to dart down upon whatever prey may be en-



360 INSECT ARCHITECTURE.

tangled in her net. The centre of the mnet is said
aleo to be composed of more viscid materials than its
suspensory lines,—a circumstance alleged to be proved
by the former appearing under the microscope
sludded with globules of gum.,* We have not been
able to verify this distinction, having seen the suspen-
sory lines a8 often studded in this menner as those in
the centre.t

Mason-Spripens,

A no less wonderful structure is compesed by a
gort of spiders, natives of the tropics and the south
of Europe, which have been jusily called mason-
spiders by M. Latreille. One of these (Mygale
aidulans, WaLCEN.), found in the West Indies, “ digs
a hole in the earth obliquely downwards, above three
inches in length, and one in diameter. This cavity
ghe }ines with a tough thick web, which, wben taken
out, resembles a leathern purse; but whnt is moat
curious, this house hae a door with hinges, like the
operculum of some sea-shells, and herself and family,
who tenapt this nest, open and shut the door when-
ever they pass and repass, This history was told
me,” says Darwin, “end the nest, with its door,
sbown me by the late Dr. Butt, of Bath, who was
some years physician in Jamaica.” }

The nest of a mason-spider, similar to this, has
been obligingly put into our hands by Mr. Riddle,
of Blackheath. It came from the West Indies,
and iz probably that of Latreille’s clay-kneader
{Mygale cratiens), and one of the smallest of the
genus.  We have since seen & pair of these spiders,
in possession of Mr. William Mello, of Blackheath.
The nest ie composed of very hard argillaceous clay,
deeply tinged with brown oxide of won. It is in

* Kirby and Spence, Intr. i. 419, +IL R
{ Darwin's Zoonumia, i. 233, Avo. ed.
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dorm of 8 tube, about one inch in diameter, between
six and seven inches long, and slightly bent towards
the lower extremity—appearing to have heen mined
into the clay rather than built. The interior of the
tube 18 lined with a uniform tapestry of ailken web,
of an orange-white colour, with a texture interme~
diate between India paper and very fine glove leather,
But the moet wonderful part of this nest is its en-
trance, which we look upon as the perfection of insect
architecture. A circular door, about the size of a
crown-piece, slightly concave on the outside and
convex within, is formed of rmore than a dozen layers
of the pame web which lines the interior, closely laid
upon one another, and shaped so that the inper
layers are the broadest, the outer being gradually less
in diameter, except towards the hinge, which ia about
an inch long; and in consequence of sll the layers
being united there, and prolonged into the tube, it
becomes the thickest and strongest part of the struc-
ture. The elasticity of the materials, alao, gives to
this hinge the remarkable peculiarlti of acting like &
epring, and shutting the door of the ncet spontane-
ously, It is, besides, made to fit so accurately to the
aperture, which is composed of similar concentric
layers of web, that it is almost impossible to distin-
guish the jeining by the most careful inspection. To
graufy curiosity, the door has been opened and shut
hundreds of times, without in the least destroying
the power of the spring. When the door is shut, it
resemmbles some of the lichens (Lecdeg), or the
leathery fungi, such as Polyporus versicolor, (M1-
CHELL,) oT, nearer atill, the upper velve of a young
oyster shell. 'The door of the nest, the only part seen
above ground, being of a blackish-brown colour, it
must be very difficult to discover.*

Another mason-spider{ Mygale ccemeniaria, Latr.),

* J H.
T
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found in the south of France, usually selects for her nest
a place bare of grass, sloping in such a manner as to
carry off the water, and of a firm soil, without rocks
or small stones. She digs a gallery a foot or two
in depth, and of a diameter (equal throughout) suf-
ficient to admit of her easily passing. She lines this
with a tapestry of silk glued to the walls. The door,
which is circular, is constructed of many layers of
earth kneaded, and bound together with silk. Ex-
ternally, it is flat and rough, corresponding to the
earth around the entrance, for the purpose, no doubt,
of concealment : on the inside it is convex, and ta-
pestried thickly with a web of fine silk. The threads
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of this door-tapestry are prolonged, and strongly at-
tached to the upper gide of the entrance, forming an
excellent hinge, which when pushed open by the
epider, shuts again by its own weight, without the
aid of spring hingen, When the spider is at home,
and ber door forcibly opened by an intruder, she
pulls it strongly inwerde, and even when half-opened
often soatches it ont of the hand; but when she is
foiled in this, she retreats to the bottom of her denm,
88 her last resource.*

Roesi ancertaimed thet the female of an allied speciea
(Mygale saupagesii, LuTr. ), found in Corsica, lived
in one of these nests with a pumerous posterity. He
destroyed one of these doors to obeerve whether a
new one would be made, which it was: but it was
fized immoveably, without a hinge; the spider, no
doubt, fortifying hersell in this manner till she theught
she might re-open it without danger.t

“The Rev. Revett Shepherd has often noticed,
in the fen ditches of Norfolk, n very large spider
(the wpecies not yet determined) which actuslly
forms & rafl for the purpose of obtaining its pre
with more facility. Keeping ita atation upon a ball
of weeds about three inches in diameter, probahly
held together by slight eilken cords, it is wafted
along the surface of the water upon this floating
island, which it quits the moment it sees a drowning
insect. The boaty thus seized it devours at leisure
upon its raft, under which it retires when alarmed by
any danger.”} In the spring of 1830, we found a
spider on some reedw in the Croydon Canal, which
agreed in appearance with Mr. Shepberd's.

Among }))ur native spiders there are several besides

* Mem. Soc. d’Hist NaL de Paris, An, vii.
+ Ibid. p. 125, and Latreille, Hist, Nat. Génér. viil, p. 163,
Kirby and Spence, Intr. i. 423,
Y2
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this one, which, not contented with a web like the rést
of their congeners, take advantage of other materials
to construct cells where, ““hushed in grim repose,”
they  expect their ineect prey.” The most simple of
those spider-cells is constructed by a lengish-bodied
epider ( Aranea holosericea, Linn.), which is a little
larger than the common hunting-spider, It rolls up &
leaf of the lilac or poplar, precisely in the same manner
es is done by the leaf-rolling caterpillars, upon whose
cells it sometimes seizes to save itself trouble, having
first expelled, or perhaps devoured, the rightful owner,
The spider, however, is not satisfied with the tapestry
of the caterpillar, and always weaves a fresh sct of
her own, mnch more close and substantial.

Amother apider, common in woods and copses
( Epeira quadrata ?) weaves together a-great number
of leaves to form a dwelling for herself, and in front of it
she spreads her toils for entrapping the unwary insects
which stray thither. These, a& soon as caught, are drag-
ged into her den, and stored up for a time of scarcity,
Here also her egga are deposited and hatched in safety.
When the cold weather appreaches, and the leaves of
her edifice wither, she abandous it for the more secure
shelter of a hollow tree, where she soon dies; but the
continuation of the apecies depends upon egge, de-
Eosited in the pest before winter, and remaining to be

atched with the warmth of the ensuing summer,

The spider’e den of united leaves, however, which has
just been described, is not always useless when with-
ered and deserted ; for the.dormouse usually selecta
it as a ready-made roof for its nest of dried grass.
That those old spiders’ dens are not accidentally chosen
by the mouse, appears from the fact, that out of about
g dozen mouse-nests of this sort found during winter
in a copse between Lewisham and Bromley, Kent, ever
second or third one was furnished with such a roof,

* JR.
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Diving Warzn-SrinER.

That spiders may be able to breathe under water,
we can well understand from their breathing like
amphibious repiiles by means of gills ; but there is an
aquatic spider (Argyronela aquatica, WALCKENAER)
which is not contented, as a [rog would be, with the
air furnished by the water, but actually carries down
a supply of air from the atmosphere to ber subaqueous
nest. This spider does not like stagnant-water, but
prefers slow running streams, cenals, and ditches,
where she may often be seen, in the vicinity of Londen
and eisewhere, living in her diving-bell, which shines
through the water, Like & little globe of ailver : her sin-
gular economy was first, we believe, described by
Clerck,” L. M. de Lignac,t and De Geer.

“The shining appearance,” says Clerck, * pro-
ceeds either from an inflated globule surrounding the
abdomen, or from the space between the body and the
water. The spider, when wishing to inhale the air,
rises to the surface, with its body stil} submersed, and
only the pari contaiuing the spinneret rising just to
the surface, when it hriskly opens and moves ite four
teats, A thick coat of hair keeps the water from ap-
proaching or wetling the abdomen. It comes up for
mir about four times an bour or oftener, though
I have good reason to suppose it can continue with-
out it for several days together.

“J found in the middle of May one male and ten
fernales, which I put into a glass filled with water,
where they lived together very quietly for eight days.
I put some duck-weed (Lemna) inte the glass to
afford them sbelter. and the females hegan to stretch
diagonal threads in a confused manner from it to the
sides of the gless about half-way down. FEach of the

* Amanei Suecici, Stockholm, 1757.
+ Mem. des Araign. Aquat. 12me Paris, 1799,
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females afterwards fixed n close bag to the edge of
the glass, from which the water was expelled hy the
air from the -spinueret, and thus a cell was formed
capable of containing the whole animal. Here they
remained quietly, with their abdomens in their cells,
and their bodies still plunged in the water; and in a
short time brimstone-coloured bags of eggs appeared
in each cell, filling it about a fourth part. On the Tth
of July several young ones awam out from one of the
bags :—all thie time the old ones had nothing to 2at,
and yet they never attacked one amother, as other
spiders would have been apt to do.”™*

“ These spiders,” says De Geer, “ 8pin in the water
a cell of strong, closely woven, white silk in the form
of half the shell of a pigeon’s egg, or like a diving-bell.
This is sometimes left partly above water, but at others
ia entirely submersed, and 1a always attached to the
objects near it by a great number of irregular threads.
It is closed all round, but hes & large opening below,
which, however, I found closed on the 15th of Decem-
ber, and the spider living quietly within, with her head
downwards. I made a rent in this cell and expelled
the air, upon which the spider ¢ame out; yet though
she appeared to have been laid up for three months
in her winter quarters, she greedily seized npon an
insect end sucked it. I also found that the male as
well as the female constructs m similar subagueous
cell, and during summer no less than in winter.”t
We have recently kept one of these spiders for
reveral months in a glass of water, where it built a
cell helf wnder water, in which it laid its eggs.

CLEANLINESS o7 SPIDERS.

When we look at the viscid material with which
spiders construct their lines and webs, and at the
* Clerck, Aranei Buecici, cap. viil.

1 De Geer, Mem. den Insecles, vii. 312.
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rough hairy covering (with a few exceptions) of
their bodies, we might conclude that they would
be always stuck over with fragments of the minute
fibres which they produce. This, indeed, must often
happen, did they not take careful precautions to avoid
Ait: for wehave observed that they seldom, if ever, leave
a thread to float at random, except when they wish to
form a bridge. When a spider drops along a line,
for instance, in order to ascertain the strength of her
web, or the nature of the place below her, she inva-
riably, when she re-ascends, coils it up into a little ball,
and throws it away. Her claws are admirably
adapted for this purpose, as well as for walking along
thl:s lines, as may be readily seen by & magnifying
glass. :

Triple-clawed foot of a Spider, magnified.

There are three claws, one of which acts as a
thumb, the others being toothed like a’ comb, for
gliding along the lines. This structure, however,
unfits it to walk, as flies can do, upon any upright

lished surface like glass; although the contrary-
is erroneously asserted by the Abbé de la Pluche.
Before she can do so, she is obliged to construct a
ladder of ropes, as Mr. Blackwall remarks,t by ele-
vating her spinneret as high as she can, and laying
down a step upon which she stands to form a second ;

* Spectacle de la Nature, i. 58,  { Lion. Trans. vol. xv.
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and so on, as any one may try by placing a spider at
the bottom of & very clean wine-glasa.

The haire of the legs, however, are always catching
bits of web and particles of dust; but these are not
suffered to remain long. Most peeple may have re
marked that the house-fly is ever and anon brushing
its feet upon one another to rub off the dust, though
we have not eeen it remarked in authors that spiders
are equully assiduous in keeping themselves clean.
They have, besides, a very efficient instrument in their
mandibles or - jaws, which, like their claws, are
furnished with teeth; and a spider which appears toa
careless observer as resting idly, in nine cases out of
ten will be found slowly combing her legs with her
mandibles, beginning as high as possible on the thigh,
and paesing down to the clawe. The flue which she
thue comba off is regularly tossed away.*

With respect to the housc-spider {A. domestica),
we are told in books, that “she from time to time
clears away the dust from her web, and sweeps the
whole by giving it a shake with her paw, so nicely
proportioning the force of her blow, that she never
breaks anything.”t That spidera may be seen
ghaking their webe in this manner, we readily admit ;
though it ie not, we imagine, to clear them of dust,
but to mecertain whether they are sufficiendy sound
and strong.

We recently witneseed s more lahorious process of
cleaning a weh than merely shaking it. On coming
down the Maine by the steem-boat from Frankfort,
in August 1829, we observe the geometric-net of a
conic-spider (Epeira conica, WaLck.) on the frame-
work of the deck, and es it was covered with flakes
of goot from the smoke of the engine, we were sur-
prised to see a spider at work ou it; for, in order to

* See Insect Transformations, page 358, for a more minute sccount.
1 Spectacle de la Nature, i. p 61.
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be useful, this sort of net must be clean. Upon ob-
eerving it & little closely, however, we perceived that
she was not constructing a net, but dressing up an
old one; though not, we must think, to save trouble,
80 much as an expenditure of material. Some of the
lines she dexterously stripped of the flakes of soot
adhering to them ; but in the greater number, finding
thet she could not get them sufficiently clean, she
broke them quite off, bundled them up and tossed
them over. We counted five of these packets of
rubbish which she thus threw away, though there
must have been many more, as it was some time
before we discovered the manceuvre, the packets
beiog so pmall as not to be readily perceived, except
when placed between the eye and the lightt When
she had cleared off all the sooted lines, she began . to
replace them in the usual way ; but the arrival of the
boat at Mentz put an end to our observations,*
Bloomfield, the poet, having observed the disappeer-
ance of these hits of ravelled web, imagined that the
spider swallowed them; nod even says that he
observed a garden-spider moisten the pellets before
swallowing them !+ Dr. Lister, as we have aircady
seen, thought the spider retracted the threads within
the abdomen.

* LR t Remain, ii. 62.5.

T3
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Cuarter XIX.

Structures of Gall-flies and Aphides.

Many of the processes which we have detailed
bear some resemblance to our own operations of
building with materials cemented together; but we
shall now turn our attention to a class of insect-
architects, who cannot, so far as we know, be matched
in prospective skill, by any of the higher orders of
animals. We refer to the numerous family which have
received the name of gall-flies,—a family which, as yet,
is very imperfectly understood, their economy being no
less difficult to trace than their species is to arrange
in the established systems of classification; though
the latter has been recently much improved by Mr.
Westwood.

Small berry-shaped gulls of the oak-leaf, prodeced by Cymips Quercus folii P
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QOne of the most simple and very commen in-
stances of the nests conatructed by geil-insects may
be found in ebundance during the summer, on the
leaves of the rose-tree, the oak, the poplar, the wil-
low (Saliz viminglis}, and many other trees, in the
globuler form of a berry, about the size of a currant,
and usuaily of & green colour, tinged with red, like
a Tipe Alban or Baltimore apple.

When this peeudo-apple 1n miniature is cut into,
it is found to be fresh, firm, juicy, and hollow in the
centre, where there is either an egg or a grub safely
lodged, and protected form sll ordinary accidents.
Within this hollow ball the egg is hatched, and the
grub feeds securely on its substance, till it prepares
for ita winter sleep, before changing into a gall-fiy
{ Cymips) in the ensuing euamer. There is a mys-
tery aa to the manner in which thie gall-fly contrives
to produce the hollow miniature-apples, each en-
closing one of her egge; and the doubta attendant
upon the subject cannot, so far as our present know-
ledge extends, be solved, except by plausible conjec-
ture. Qur earlier naturalista were of opinion that it
was the grub which produced the gails, by eating,
when newly hatched, through the cuticle of the leef,
and remaining till the juices flowing from the wound
enveloped it, and acquired consistence by exposure to
the air. This opinion, however plausible it ap-
peared to be, was at once disproved by finding un-
hatched eggs on opening the galls.

There can be no doubt, indeed, that the mother
gull-fly makes a hole in the plant for the purpose of
depositing her egge. She is furnished with an ad-
mirsble ovipositor for that expresa purpose, and
Swammerdam actually saw a gall-fly thue depositing
her eggs, and we have recently witnessed the same in
several instances. In some of these insects the ovi-
pusitor is conspicuously long, even wihen the insect is
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at rest; but in others, not above a line or two of it
is visible, till the belly of the insect be;geutly essed.
When this is done to the fly that produces the cur-
rant-gall of the oak, the ovipositor may be seen issuing
from a sheath in form of a small curved needle, of a
chesnut-brown colour, and of a horny substance, and
three times as long as it at first appeared.

Ovipositor of gall-fly, greatly magnified.

What is most remarkable in this ovipositor is, that
it is much longer than the whole body of the insect,
in whose belly it is lodged in a sheath, and, from its
horny nature, it cannot be either shortened or length-
ened. It is on this account that it is bent into the
same curve as the body of the insect. The mechanism
by which this is effected is similar to that of the
tongue of the woedpeckers (Picide), which, though
rather short, can be darted out far beyond the beak,
by means of a forked bone at the root of the tongue,
.which is thin and rolled up like the spring of a watch.
The base of the ovipositor of the gall-fly is, in a simi-
lar way, placed near -the anus, runs along the curva-
ture of the back, makes a turn at the breast, and
then, following the curve of the belly, appears again
near where it originates. We copy from Réaumur
his accurate sketch of this remarkable structure.
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Gall-fly, and mechanism of ovipostor, greatly magnified.

With this instrument the mother gall-fly pierces
the part of a plant which she selects, and, according
to our older naturalists, “ejects into the cavity a drop
of her corroding liquor, and immediately lays an egg
or more there; the circulation of the sap being thus
interrupted, and thrown, by the puison, into a fer-
mentation that burns the contiguous parts and
changes the natural colour. The sap, turned from
its proper channel, extravasates and flows round the
eggs, while its surface is dried by the external air, and
hardens into a vaulted form.”* Kirby and Spence
tell us, that the perent-fly introduces her egg “into
a puncture made by her curious spiral sting, and in a
few hours it becomes surrounded with a fleshy cham-
ber.”+ M. Virey says, the gall tubercle is produced
by irritation, in the same way as an inflamed tumour

* Spectacle de 1a Nature, i, 119,
+ Introd., ii. 449
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in an animal body, by the swelling of the cellular
tissue, and the flow of liquid matter, which changes
the organization, and alters the natural externmal
form.* Thie seems to be the received doctrine at
present in France.t

Sprengel, speaking of the roee-willow, says, the
insect in spring deposite its egge in the lea{-buds.
** The new stimulus attracts the sap,—the type of the
part becomes changed, and from the prevailing
acidity of the animal juice, it happens, that in the rose
and atock-shaped leaves which are pushed cut, a red
instead of a green colour is evolved.” §

Without pretending positively to state facts which
are, perhape, beyond human penetration, we may
view the process in a rather different light.§ Follow-
ing the analogy of what is known to occur in the case
of the saw-flies (see page 156), after the gall-fly has
made a puncture and pushed her egg into the hole,
we may suppose that she covers it over with some
adhesive gluten or gum, or the egg itself, as iz usual
among moths, &c., may he coated over with such a
glaten. In either of these two cases, the gluten will
prevent the sap that fows through the puneture from
being scattered over the leaf and wasted; and the
sap, being thus confined to the space occupied by the
eggs, will expaod and force outwards the peilicle of
gluten that confines it, till becuming thickemed by
evaporation and exposure 1o the air, it at length shuts
up the puncture, stops the further escape of the eap,
and the qrocesa is completed. This explanation will
completely account for the globular form of the
ga]la altuded to; that is, supposing the egg of the

* Hist. des Mogurs et de 1'Tnstingt, vol. i3,
1 Entowologie, par R. A. E. p. 242. Paris, 1828,
{ Elements of the Ph.\.lmhphy of Pﬁmtn, Eng. Trans. 7, 283,
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gall-fly to be globular, and covered or coated with a
pellicle of gluten of uniform thickness, end conee-
quently opposing uniform resistance, or rather uni-
form expansibility, to the sap pressing from within,
It will also account for the remsrkable uniformity in
the size of the gall-apples ; for the punctures and the
eggs being uniform in size, and the gluten, by sup-
position, uniform in quantity, mo more than the
same quantity of sap can escape in such circum-
stances.

But though this explanation appears to be plau-
sible, it is confessedly comjectural; for though
Swammerdam detected a gall-fly in the act of de-
poaiting her egge, he did not attend to this circum-
stance ; and in the instances which we have observed,
geome unlucky accident always prevented us from
following up our observations. The indefutigable
Résumur, on one eccasion, thought he would make
sure of tracing the steps of the procees in the cage of
the gall-fly, which produces the substance called
bedequar on the wild-rose tree, and to which we shall

resently advert. His plan was to enclose in & box,
. 1 which a brood of flies had just been produced from
a bedeguar, a liviug branch from‘a wild rose-tree ;
but, to his great disappointment, no egge were laid,
and no bedeguar formed, Upon funher investigs-
tion, he discovered that the brood .of flies produced
from the bedeguar were not the genuine bedeguar
insecis at all, but one of the parasite ichneumons
{Callimone Bedeguaris, SteraENs), which hed
surrephitiously deposited their eggs there, in order
to supply their young with the bedeguar grubs, all of
which they appeared to have devoured. It mey-
prove interesting ¢o look into the remarkable structure
of the bedeguar itself, which is very different from
the globulur galls above deacribed.
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Bedeguar gall of the rose, produced by Cynips Rose.

The gall-fly of the willow (Cynips viminalis) de- .
posits, as we have just seen, only a single egg on
one spot ; but the bedeguar-insect lays a large cluster
of eggs on the extremity of a growing branch of the
wild rose-tree, making, probably, a. proportionate
number of punctures to procure materials for the
future habitation of her young progeny. As in the
former case, also, each of these egge becomes (as we
may suppose) surrounded with the sap of the rose,
enclosed in a pellicle of gluten. The gluten, how-
ever, of the bedeguar-insect, is not, it would appear,
sufficiently tenacious to confine the flowing sap
within the dimensions of any of the little clustered
globes containing the eggs, for it oozes out from
numerous cracks or pores in the pellicle; which
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cracks or pores, however, are not large enough to
admit & human hair.  But this, so far from being a
defect in the glutinous pellicle of the bedeguar-fly,
is, as we shell presently see, of great utility. The
sap which issues from each of those pores, instead of
beng evaporated and lost, shoats out into a reddish-
coloured, fibrous bristle.

One of the bristics of the Bedeguar of the rom magmified

It is about helf an inch long, and, from the natural
tendency of the sap of the rose-tree to form prickles,
theee are all over studded with weak pricklets. The
bedeguer, accordingly, when fully formed, has some
resemblance, at a little distance, to a tuft of reddish-
brown hair or moss, stuck npon the branch., Some-
times this tuft is as large as & small apple, and of &
rounded but irreguiar shape; ai other times it is
amaller, and, in cne instance mentioned by Réaumur,
only a single egg bad been leid on a rose leef, and,
consequently, only one tuft was produced. Each
member of the congeries is furnished with its own
tuft of bristles, arising from the little hollow globe in
which the egg or the grub is lodged.

The prospective wisdom of thiz curious structure
is admirable. The bedeguar-grubs live in their cells
through the winter, and as their domicile ja usuelly
on one of the highest branches, it must be exposed
to every severity of the weather. But the close, non-
conducting, warm, mossy collection of bristles with
which it is surrounded forme for the soft, t:ude
grubs & enug protection agninst the winter’s cold, till,
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through the influence of the warmth of the succeed-
ing summer, they undergo their final change into the
winged state ;* preparatory to which they eat their
way with their sharp mandibles through the walls of
their little cells, which are now so hard as to be cut
with difficulty by a knife.t

Another structure, similar in principle, though dif-
ferent in appearance, is very common upon oak-trees,
the termination of a branch being selected as best
suited for the purpose. This structure is rather
larger than a filbert, and is composed of concentric
leaves diverging from the base, and expanding up-
wards, somewhat like an arfichoke. Whether this

Artichoke Gall of the Oak-buud, with Gall-fiy ( Cynips quercss
gemme), :m.tﬁ:‘a] size, and its oripotitoﬁ:) magnified,
* See Insect "l‘mmf?l?t;lml, chaps. iv. and vii
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leafy structure is caused by a superinduced diszemse,
as the French think, or by the form of the pores in
the pellicle of gluten surrcunding the eggs, or rather
by the tendency of the exuding sap of the cak to
form Jeaves, has not been ascertained ; but that it is
intended, ae in the cese of the bedeguar, 1o afford
an efficient protection against the weather to the in-
cluded egge or grubs, there can he no doubt,

From the very neture of the process of forming
willow-gnlls, bedeguar, and the artichoke of the
oak, whatever theory be adopted, it will be obvious
that their growth must be rapid; for the thickeu-
ing of the exuded sap, which 1is guickl effected by
evaporation, will soon ohstruct and finally close the
ortfice of the {:uncture made by the parent insect.
It is accordingly aaserted by Rdéaumur and other ob-
servern, that all the species of galls soon reach their
full growth.

A very minute reddish-coloured grub feeds upon
dyer’s-broom (Genisia), produeing a sort of gall, fre-
quently globuler, but always studded with hristies,
ariging from the amorphous leaves. The stem of
the shruh passes through thie ball, which is com-

of a great number of leaves, shorter and
broader than naturel, and each rolled into the form
of a horn, the point of which ends in a hristle. In
the interior we find a thick fleshy substance, serving
to pustain the leaves, and also for the nourishment
of the grubs, some of which are within and some
between the leaves. They are in prodigious num-
bers,—hundreds being assembled in the same gall,
and so minute as scarcely to be perceived without the
aid of a magnifying glass. The bud of the plant
attacked by those grubs, instead of forming e shoot,
pushes out nothing but leaves, and these are all
rolled and turned round the stem, Some shrubs
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have seversl of these galls, which are of various eizes,
from that of a filbert to that of & walnut.

Lazfy Gall of Dyer's-Broom, produced by Cynips gomirter ¥
A, gall, patural size; B, a leafet magnified.

" A similar but still more besutiful production is
found upon one of the commonest of our ndigeuous
willows (Saliz purpurea), which tekes the pame of
rose-willoty, more probably from the circumatance
than from the red colour of its twigs. The older
botanists, not being aware of the cause of such ex-
crescences, congidered the plants so cffected as dis-
tinct species; and old Gerard, accordingly, figures
and describes the rose-willow as ‘“ not onlie makiog
a gallant shew, hut alse yeelding & most cooling aire
in the heat of summer, being set up in houses for
decking the same.” The production in question,
however, is nothing more than the effect produced
by a specien of gall-fly (Cynips salicis) depositiog ite
egge in the terminal shoot of & twig, and, like the
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bedeguar #nd the osk ariichoke, causing leaves to
epring out, of a shape totally different trom the other
leaves of the tree, and arranged very much like the
petals of & rose. Decaudolle says it is found chiefly
on the Salir holix, 8. alba, and 8. riparia.®

A production very like that of the rose-willow
may be commonly mei with on the young shoote of
the hawthorn, the growth of the shoot affected heing
stopped, and a crowded bunch of leaves formed at
the termination. These leaves, beside heing smaller
then natural, are studded with short bristly pricklea,
from the sap (we may suppose) of the hawthorn
being prevented from rieing imto a fresh shoot, and
thrown out of its usual course in the formation of
the erms, These bristles eppear indiscriminately
nu both gides of the leaves, same of which are bent
inwards, while others diverge in their natural manner,

This is not caused by the egg or gruh of a true
gall-fiy, but by the small white tapering grub of
some diptercus insect, of which we have not ascer-
tained the species, but which is probably a ceci-
domyia. Each terminal shoot iz inhabited by a
number of these—not lodged in cells, however, but
burrowing indiscriminately among the half-withered
brown leaves which cccupy the centre of the pro-
duction.t

A more remerkable species of gall than any of
the ahove, we discovered in June, 1829, on the
twig of an oek in the grounds of Mr, Perkins, at
Lee, in Kent, - When we frat saw it, we imagined
that the twig was heset with some species of the
lanigerous aphides, similar to what is vulgarly called
the American or white blight (aphis lznate); but
ou closer examination we discarded this notion, The
twig was indeed thickly beset with a white downy,

* Flore Frang. Disc, Préliminaire.
1t LR,
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Bemi-Gall of the Hawthorn, produced by Cecldomyia ? draen from a
of or by yia JSrom

or rather woolly substance around the stem at the
origin of the leaves, which did not appear to be
affected in their growth, being well formed, healthy,
and luxuriant. We could not doubt that the wooll

substance was caused by some insect; but thoug

e«we cut out a portion of it, we could not detect any
egg or grub, and we therefore threw the branch
into a drawer, intending to keep it as a specimen,
whose history we might complete at some subse-
quent ‘period.

A few weeks afterwards, on opening this drawer,
we were surprised to see & brood of several dozens
of a species of gall-fly (Cynips), similar in form and
size to that whose eggs cause the ‘bedeguar of the
rose, and differing only in being of a lighter colour,
tending to a yellowish brown. We have since met
with a figure and description of this gall in Swam-
‘merdam. We may remark that the above is not the
first instance which has occurred in:our researches,
of gall insects outliving the withering of the branch
or leaf from which they obtain their nourishment.
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Woolly Gall of the Dak, lsss than the natural dre, cossd by a
cymips, and drqion from a rpecimen.,

The woolly substance on the branch of the oak
which we have described was similarly constituted
with the bedeguer of the rose, with this difference,
that instead of the individual cells being diffused
irregularly through the mess, they were sll arranged
at the off-goings of the leaf-stalks, each cell beinF
surrounded with a covering of the vegetable wool,
which the atimulus of the parent egg, oT its gluten,
had caused to grow, end l‘gom eac? cell a perfect
fly had issued. We also remarked that there were
severa] small groups of individual cells, each of which
groups was contained in a species of calyx or cup
of leaf-scales, a8 occurs also in the well-known gall
called the oak-apple.



384 INSECT ARCHITECTURE.

We were anxious to watch the proceedings of these
flies in the deposition of their eggs, and the subse-
quent developments of the gall-growths; and endea-
voured for that purpose to procure a small oak plant
in a garden-pot ; but we did not succeed in this: and
though they alighted on rose and sweet-briar trees,
which we placed in their way, we never observed that
they deposited any eggs upon them. Ina week or
two the whole brood died, or disappeared.* -

There are some galls, formed on low-growing
plants, which are covered with down, hair, or wool,
though by no means so copiously as the one which
we ht:re just dea::lribed. ﬁmuﬁxg :q] t:i pll:mts 80 uﬁ'ectgl
are the ander speedwell, -thyme, -
ivy, and m to whicplfe we shall afterwards ag:'qe':tn.

The well-known oak-apple is a very pretty example
of the galls formed by insects ; and this, when com-
pared with other galls which form on the oak, shows
the remarkable difference produced on the same plant
by the punctures of insects of different species. The

Oak-opple galls, one being cxt opem to show the vessels runniag to
gransles,
*JLR
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oak-apple is commonly as large as a walnut or small
apple, rounded, but not quite spherical, the surface
being irregularly depreugl in various places. The
skin is smooth, and tinged with red and yellow, like a
ripe apple; and at the base there is, 1n the- earlier
part of the summer, a calyx or cup of five or six smell
brown scaly leaves ; but these fall off as the season
advances. If an oak-apple be cut transversely, there
is brought into view a number of oval granules, each
containing a grub; and embedded in a fruit-looking
fleshy substance, having fibres running through it. As
these fibres, however, run in the direction of the stem,
they are best exhibited by a vertical section of the gall ;
and this also shows the remarkable peculiarity of each
fibre termipating in one of the granules, like a foot~
stalk, or rather like a vessel for carrying nourishment.
Réaumur, indeed, is of opinion that these fibres are
the diverted nervures of the leaves, which would have
sprung from the bud in which the gall-fly had inserted
her eggs, and actually do carry sap-vessels throughout
the substance of the gall.

Réaumur says the perfect insects (Cynips quercus)
issued from his galls in June and the begiuning of
July, and were of a reddish-amber colour. We have
procured insects, agreeing with Réaumur’s descrip-
tion, from galls formed on the bark or wood of the

Root-Galls of the Oak, produced by Cynipe quercus inforsa ?

awn from a specimen.

oak, at the line of junction between the root and the
seem. These galls are precisely similar in structure
z
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to the cak-apple, and are probably formed at a scason
when the fly perceives, instioctively, that the buda of
the young branches sre unfit for the purpose of nidifi-
cation.

There is ancther oak~gall, differing little in nize
and appewrance from the oak-apple, but which is
very different in structure, as, instead of giving pro-
tection and nourishment o &8 number of grubs, it is
only inhabited by one. This sort of gall, besides, is
hard and woody on the outside, resembling a little
wooden ball of a yellowish colour, but internally of
8 wsoft, spongy texture. The latter substance, how-
ever, incloses a emell hard gall, which is the im-
mediate residence of the included insect. Galls of
this description are often found in clustera of from
two to seven, near the extremity of a brench, not in-
corporated, however, but distinctly separate.

We have obtained a fly very siniler to this from a
very commen gall, which is formed on the branches

Windy(all on o Hitiow branch, drawn from B sacimen.

of the willow. Like the ome-celled gulls just de-
scribed, this is of 8 hard, ligneous mructure, and- forma
.an arregular protuberance, sometimes at the ex-
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tremity, and sometimes on the body, of a branch.
But instead of one, this has & considerable number of
cells, irregularly distributed throogh ita substance.
The siructure is somewhat spongy, but fibrous; and
externally the bark is smoother than that of the branch
upon which it grows,*

The currant-galls (as the French call them) of the
oak are exactly similar, when formed on the leaves,
to those which we have first described as produced
on the leaves of the willow and other trees. But the
name of currant-gall seema still more appropriate to
an excrescence which grows ou the catkins of the osk,
giving them very much the appearance of a strag-
gling bunch of currente or bird-cherries. ‘The galls
resemble currants which bave fallen from the tree
before being ripe. These galls do not seem to differ
from those formed on the leaver of the oak; and are
probebly the production of the same insect, which

Owrvont-Gall of the cathime of the Dok,
of ¢he cathime of “mww

* ) i
z 2
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selects the cetkin in preference, by the same instinct
that the oak-apple gall-fly, as we have seen, eome-
timea deposita ita eggs in the bark of the oak nesr the
ToOt,

The gall of the osk, which forms an impertant
dye-stuff, and is used in meking writing-ink, is also
produced by 8 Cynips, and has been deseribed in the
Library of Entertmning Knowiedge (Vegetabie
Substances, p. 16). The employment of the Cynips
psenes for nipening figs is described in the same
volume, p. 244. :

Gart o o HawraorN WEEVIL.

In May, 1829, we found on a hawthorn et Lee, in
Kent, the leaves at the extremity of a branch neatly
folded up in a bundle, but not quite so closely as in
usual in the case of leaf-rolling caterpillars. On
opening them, there was no caterpillar to be seen,
the centre being occupied with a roundish, brown-

" coloured, woody subatance, aimilar to some excree-
cences made by gall-insects (Cynips). Had we been
aware of ita real nature, we ahould have put it imme-
diately under & gless or in a box, till the contained
insect had developed itself; but instead of this, we
opened the ball, where we found a small yellowish
grub coiled up, and feeding on the exuding juices of
the tree. As we could not replace the grub in its
cell, part of the walla of which we hed unforturalely
broken, we put it in u small pesteboard box with &
fresh shoot of hawthorn, expecting that it might con-
struct a fresh ccll. This, however, it was probably
incompetent to perform : it did not at least make the
attempt, and neither did it seem to feed on the fresh
brancK. keeping in preference to the ruins of ite
former cell. To our great surprise, although it wes
thns cxposed to the air, and deprived of a considerabls
portion of its nourishment, both from the part of the
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¢ell having been broken off, and from the juices of
the branch having been dried up, the insect went
through its lar changes, and appeared in the
form of a 1 greyish-brown beetle of the weevil

Gall of the Hawthorn-Weevil, drawn from specimen,
¥ a,opmedtn:h”;ithegr{b. e
family. The most remarkable circumstance in the
case in question was the apparent inability of the
grub to construct a fresh cell after the first was in-
Jured,—proving, we think, beyond a doubt, that it
is the puncture made by the parent insect when the
egg is deposited, that causes the exudation and sub-
sequent concretion of the juices forming the gall.
'll'hgae‘gnlls were very abundant during the summer of
830.

A few other instances of beetles producing galls
are recorded by naturalists. Kirby and Spence have
ascertained, for example, that the bumps formed on
the roots of kedlock or charlock (Sinapis arvensis)
are inhabited by the larvee of a weevil (Curculio
contractus, Marsaanm ; and Rhynchenus assimilis,
FaBr.); and it may be reasonably supposed that
either the same or similar insects cause the clubbing

* L R.
z3
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of the roots of cabbages, and the knob-like galls on
turnips, called in somé places the anbury. We have
found them also infesting the roots of the holyhock
(Adicea rogea). They are evidently heetles of an allied
genus which form the woody galls sometimes met
with on the leaves of the guelder-rose (Viburnum),
the lime-tree (Tilia Europea),and the beech (Fagus
sylvatice).
There are also some two-winged flies which pro-
duce woody galls on various plants, euch as the
thistle-fly (Tephritis cardut, Latn.) The grubs of
this pretty fly produce on the leal~stalks of thistles
an oblong woody knob. On the common white
briony { Bryonica divica} of our hedges may be found
a very pretty fly of this genus, of a yeliowish brown
colour, with pellucid winge, waved much like those
of the thistle-fly with yellowish brown. This fly lays
its eggs mear & joint of the stem, and the gruba live
"™ upon: ite substance. The joint swells out into an
" oval form furrowed in eeveral places, and the fly is

" dobsequently disclosed, In ite perfect state it feeds

on the blossom of the briony.* Flies of another
minute family, the gall-gnata (Cecidomyie, Larn.),
paes the firest stage of their existencé in the small
globular cottony galls which abound on germender
speedwell (Veronica chamaedrys), wild-thyme (Thy-
mus serpylium), and ground-ivy (Glechoma hede-
racea). 'The latter is by no means uncommon, end
may be readily recognieed.

Certain specien of plant-lice ( Aphider), whose
complete history would require 8 volume, produce
excrescences upon plants which may with some Em—
priety be termed galls, or semi-galls. Some of these
are without any apcrture, whilst others are in form
of en inflated vesicle, with & narrow opening on the
upder side of a leaf, and expending (for the most

* LR
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part . irregularly) into & rounded kneb on its upper
sarface. The mountain-ash (Pyrus aucuparic) has
its leaves and young shoots frequently affected ix
this way, and sometimes exhibits galls larger than a
walnut, or even than a man’s fist; af other tGmes
they do not grow larger than a filbert. Upon open-
mg one of these, they are found to be filled with the
aphides sorbi. 1f taken at an early stage of their
growth, they are found open on the under eide of the
leaf, and inhebited only by a single female aphis,
pregnant with a numercus femily of young. In a
short time, the aperture becomes closed, in conse-
quence of the inseet making repeated punctures
round its edge, from which sap is exuded, and
forms an additional portion of the walls of the cell.

4 Plant-Lousm { Aphin), mognified,

In this early stage of ils growth, however, the gall
does, pot, like the galls of the cynips, increase very
much in dimensione. It is after the incresse of the
inhabitents by the young brood that it grows with
econsiderable rapidity : for each additional insect, in
order to procure food, has to puncture the wall of the
chamber end suck the juices, and from the punctures
thus made the sap exudes, and enlarges the walls.
As those galla ere closed nll round in the more ad-
vanced state, it does not appear how the insects can
ever effect an exit from their imprisonment,
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A much more common preduction, allied to the
one just deseribed, may be found on the poplar, in
June end July. Mest of our readers may have ob-
served, about Midsummer, & small snow-white tuft
of downy-locking substance flonting about on the
wind, es if apimated, Those tufts of smow-whita
down are never seen in numiers at the same tire,
but generally single, though some dozens of them
may be observed in the course of one day. This sin-
guler object in & four-winged iy (Enosoma popuii,
Liacr), whose body i thickly covered with lung
down—a covering which seems to impede ita flight,
and make it appear more like an inanimate substanee
floating sbout on the wind, than impelled by the
volition of & living snimal. This pretty fly feeds
upon the freah juices of the black poplar, preferring
that of the leaves and leaf-stalke, which it puncturea
for this purpose with its beak. It fizes itmelf with
this design to a suitsble place upon the principal
nervure of the leaf, or upon the leafstalk, and re-
rnins in the same spot tiil the sap, exuding h
the punctures, end thickening by contact with
air, surrounds it with a thick fleshy wall of living
vegetable substance, intermediate in texture between
the woed and the leaf, being softer than the former
and harder than the latter. In this mug little cham-
ber, secure from the intrusion of <birds snd the
grubs of aphidivorous fiea (Syrphi), she brings
fortb her numerous brood of young ones, who. imme-
diately assist in enlarging the extent of their dwelling,
by puncturing the walls. In one respect, however,
the galls thos formed differ from those of the moun~
tein-ash just described,—those of the
alwa nanopenmgleﬁmmaomepntof eoel],and
usually in that portion of it which is elonguted into
an obtuse beak. From this opening the young, when
arrived at the winged atate, meke their exit, to form
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new colonies; and, during. their migrations, attract
the attention of the most incurious by the singularity
of their appearance.*

Galls produced on the leaves and leaf-stalks of the Poplar
Erioumt ppeh, ih lhe scrives b Mg il
not winged, and covered with wool, both of the natural size and

magnified. .
On the black poplar there may be found, later in
the season than the preceding, a.gall of a very dif-
ferent form, though, like the other, it is for the most
part on the leaf-stalk. The latter sort of galls are
of a spiral form; and though they are closed, they.
open upon slight pressure, and appear to be formed
of two lamine, twisted so as to unite.. 1t is at this
*ILR.
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opening that an sperture is forreed spontaneously for
the exit of the insects, when arrived ata perfect acate.
In galls of this kind we find aphides, butiof e dif-
ferent species from the lanigerous ones, which form
the horn-shaped galls ubove described.

Lear-RoLLiNG APHIDES,

1t may not be improper to introduce here a brief
sketch of some other effects, of a somewhal similar
kind, produced on leaves by other species of the
same family (Aphids). In all the instances of this
kind which we have examined, the form which the
leaf takes serves as 8 protection to the insects, both
from the weather and from depgedators. That there
is design in it appears from the circumstance of the
aphides erowding into the embowering vault which
they have formed; and we are not quite certain
whether they do net puncture certain parts of the
leaf for the very purpose of making it arch over
them ; at least, in many cases, such as that of the
hop-fly (Aphis Aumuilt), though the insects are in
countless numbers, no erching of the leaves follows.
The rose-plant louse, again (Aphis rose), sometimes
arches the leaves, but more frequently gets under the
protecting folds of the half expanded fea.f—buda.*

One of the most common instances of what we
mean occurs on the leaves of the currant-hush,
which may often be observed raised up mio irregular
bulgings, of & reddish-brown colour. On examining
the under side of such a lesf, there will be seen a
crowd of small insects, pome with and some without
winge, which are the Aphides ribis in their different
stages, feeding securely and mocially on the juices of
the leaf.

The most remarkshle instance of this, however,

*ILR



Leaf of the Curvant-busk, bulged out by the Aphis ribis.

which we have seen, occurs on the leaves of the elm,
and is caused by the Aphis wimi. The edge of an
elm-leaf inhabited by those aphides is rolled up in
an elegant convoluted form, much like a spiral
shell ; and in the embowered- ber thus formed,
the insects are secure from rain, wind, and, partially,
from the depredations of carnivorous insects. One
of their greatest enemies, the lady-bird (Coccinella),
seldom ventures, as we have remarked, into concealed
corners, except in cold weather, and contrives to
find food enough among the aphides which feed
:ll:enl{ and unprotected, such as the zebra aphides of

e alder (Apxida sambuci). The grubs, however,
of the lady-bird, and also those of the aphidivorous
flies (Syrphi), may be found prying into the most
secret Tecesses of a leaf to prey upon the inhabitants,
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whose slow movements disqualify them from effect-
ing an escape.*

The effects of the puncture of aphides on growing
lants is strikingly illustrated in the shoots of the
ime-tree and several other plants, which become
bent and contorted on the side attacked by the insects,

in the same way that a shoot might warp by the loss
of its juices on the side exposed to a brisk fire. The
curvings thus effected become very advantageous to
the insects, for the leaves sprouting from the twig,
which naturally grow at a distance from each other,
are brought cloee together in a bunch, forming a
kind of nosegay, that conceals all the contour of
the eprig, as well as the insects which are em-
bowered under it, protecting them against the rain
and the sun, and, at the same time, hiding them
from observation. It is only requisite, however,

Shoot of the Lime-tree contorted by the punctures of the Aphis Tikie.

where they have formed bowers of this descﬁi

tion, to raise the leaves, in order to see the litt

colony of the aphides,—or the remains of those
*J.R.
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habitations which they have abandoned. We have
sometimes observed sprigs of the lime-tree, of a
thumb’s thickness, portions of which resembled spiral
screws ; but we could not certainly have assigned the
true cause for this twisting, had we not been ac-
quainted with the manner in which aphides contort
the young shoots of this tree.* The shoots of the
gooseberry and the willow are sometimes contorted in
the same way, but not so strikingly as the shoots of
the lime.

Pseupo-GaLLs.

It may not be out of place to mention here certain
anomalous excrescences upon trees and other plants,
which, though they much resemble galls, are not so
distinctly traceable to the operations of any insect. In
our researches after galls, we have not unfrequently
met with excrescences, which so very much resemble
them, that before dissection we should not hesitate to

Poewdo-galls of the Bramble, drawn from a specimen.

* Réaumur, vol. iii.

2 a
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consider them as such, and predict that they formed
the nidus of eome species of insects. In more
instances than one we Eave felt so strongly assured of
this, that we have kept severul specimens for eome
months, in nurse-boxes, expecting that in due time the
perfect insects would be disclosed.

One of these pseudo-galls occurs on the common
bramble ¢Rubus fruticosus), and bears some resem-
blance to the bedeguar of the rose when old and
changed by weather. It clesters round the branches
in the form of irregular granules, about the size of a
pes, very much crowded, the whole excrescence being
rather larger than a walnut. We expected to find
this excrescence full of grubs, and were much sur-
prised to discover, upon dispection, that it was only a
disensed growth of the plant, caused (it might be)
by the puncture of an insect, but not for the purpose
of a nidne or habitation.*

Another sort of excrescence is not uncommon on
the terminal shoots of the hawthorn. This ie in
general itregnlarly oblong, and the bark which covers
1t is of an iron colour, similar to the scorie of a black-
smith’s forge. When dissected, we find no traces of
insects, but a hard, ligneous, and rather porous tex-
ture. It is not improbable that this excrescence may
originate in the natural growth of a shoot being
checked by the punctures of aphides, or of those grubs
which we have described {page 389).

Many of those excrescences, however, are probably
altogether unconnected with insects, and are simply
bypertrophie diseases, produced by too much nourish-
ment, like the wens produced on animals. Instences
of this may be sezn at the roots of the holyhock

Althea rosea) of three or.four yeare' standing ; on
the stems of the elm and other trecs, immediately

*I R
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Posudo-galls of the Hawthorn, drawn from spectmens,

above the root; and on the upper branches of the
birch, where a crowded cluster of twigs sometimes
grows, bearing no distant resemblance to a rook’s
neet in miniature, and provincially called witch-knots.

One of the prettiest of those pseudo-galls with
which we are acquainted is produced on the Scotch
fir (Pinus sylvestris), by the aphis pini, which is one
of the largest species of our indigenous aphides, The
production we allude to may be found, during the

Poewdo-gall produced by Aphis Pini on the Scoich fir, drawn from
@ specimen.
212
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summer months, on the terminal ehoots of this tree,
in the form of a smali cone, much like the fruit of the
tree in miniature, but with this difference, that the
fruit terminates in a point, whereas the pseudo-gall
is mearly globular. Its colour aleo, instead of being
green, is reddish ; but it exhibita the tiled scales of the
fruit-cone.

We have mentiooed this the more willingly Lhat it
seems to confirm the theory which we have hazarded
respecting the formation of the bedeguar of the rose
und other true galla—by which we ascribed to the sap,
diverted from i1s natural course by insects, a tendency
to form leaves, &c., like those of the plant from which
it ie made to exude.
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Crarrer XX,
Animal (Galls* produced by Breezs-Flies and Snail-Beetles

TaE structures which we have hitherto noticed have
all been formed of inanimate materials, or at the
most of growing vegetables; but those to which we
shall now avert are actually composed of the flesh
of living animals, and seem to be somewhat akin to
_the galls already described, as formed upon the
ehoots end leaves of plants, These were firat inves-
tigated by the accurate Vallisnieri, and subsequently
by Réaumur, De Geer, and Linneus; but the beat
account which has hitherto been given of them is by
our countryman Mr, Bracey Clark, who differs essen-
tially from his predeceseors as to the mode in which
the eggs are deposited. As, in conseguence of the
eatreme difficulty, if not the impossibility, of persunal
observation, it i& no easy matter to decide between
the conflicting opinions, we shall give such of the
slaiements as appear most plausible.

The mother breeze-fly (Oestrus bovis, CLARE ;—
Hypoderma bovis, Latn.), which produces the tu-
mours in cattle celled wurbles, or wormuls (quast,
worm-holes), is a two-winged insect, smaller, hut
similar in appearance and colour to the carder-bee
(p- 64), with two bleck bands, one crossiog the
shoulders and the other the abdomen, the rest being

* In order to prevent ambiguity, it is necessary to remark that
the excrescences thus called must not be confounded with the
true gells, which are cccasionally found in the gall bladder,
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covered with yellow hair, This fly appears to have
been first discovered by Vallisnieri, who has given a
curious and interesting history of his observationa
upon its economy.  “ After having read this account,’”
eayes Réaumur, ** with sincere pleasure, I became ex-
ceedingly desirous of seeing with my own eyes what
the Italian naturelist bad reported in so erudite and
pleasing a manner, I did not then imagine that it
woutld ever be my Iot to spesk upon a subject which
had beeun treated with so much care and elegance;
“but since I bmve -enjoyed more faveurable opportuni-
‘ties than M. Vallienieri, it was not difficult for me to
investigate' some of the circumatances better, and to
congider them under a different point of view. Itis
‘not indeed very wonderful to discover something
new in an objeet, though it has been already carefully
inspected with very gnod eyes, when we eit down to
examine it more narrowly, and in a more favourable
position ; while it sometimes happens, also, that most
indifferent obeervers have detected what had been
previously unnoticed by the most skilful interpreters
of pafnre”* - -

From the obeervations made by Réaumur, he
concluded that the mother-fly, above descrihed, de-
posits her eggs in the flesh of the larger animals, for
which purpose she is furnished with an ovipositor of
singular mechanism. We have seen that the owvi-
positors of the gall-flies (Cym'{:s) are rolled up within
the body of the insect somewhat like the spring of a
watch, so that they can be thrust out to more than
double their apparent length. To effect the seme
purpose, the ovipoeitor of the ox-fly lengthens, by
a series of sliding tubes, precisely like an opera-
glass. There are four of these tubes, as may be
seen by pressing the belly of the fly till they come

* Réanmur, Mem, iv. 505,
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into view. Like other ovipositors of this sort, they
are composed of & horny substance ; but the terminal
piece is very different indeed from the same part in
the gall-flies, the tree-hoppers (Cicade), and the
ichneumons, being composed of five points, three of
which are longer thau the other two, and at first
sight not unlike a fleur-de-lys, though, upon nar-
rower inspection, they may be discovered to termi-
nate in curved points, somewhat like the claw of a
cat. The two shorter pieces are also pointed, but
not curved ; and by the union of the five, a tube is
composed for the passage of the eggs.

Ovipositor of the breeze-fly, greatly magnified, wnth a claw
i pusia et s i o

It would be necessary, Réaumur confesses, to see
the fly employ this instrument to understand in what
manner it acts, though he is disposed to consider it
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fit for boring through the hides of cattle. * When-
ever I have succeeded,” headds, “in secing these
insects at work, they have usually shewu that they
proceeded quite differenty from what I had imagined ;
but unfortunately I have never been able to see one
of them pierce the hide of a cow under my eyes.”*

Mr. Bracey Clark, taking apother view of the
matter, is decidedly of opinion that the fly does not
pierce the skin of cattle with its ovipasitor at all, but
merely glues its eggs to the haire, while the grubs,
when hatched, eat their way under the skin, [If this
be the fact, as is not improbable, the three curved
Pieces of the ovipositor, instead of acting, as Réaumur’s
imagined, like & centre bit, will only serve to prevent
the eggs from falling till they are firmly glued to the
hair, the opening furmed by the two shorter points
permitting this to be effected. This account of the
matter is rendered more plausible, (rom Réanmur's
statement that the deposition of the egg is not at-
tended by much pain, uuless, as he adds, some very
sensible nervous fibres have been wounded, According
to this view, we must not estimale the pain produced
by the thickness of the instrument; for the sting
of a wasp or a bee, although very considerahly
smaller than tbe ovipositor of the ox-fly, causes a
very pungent pain, It is in the laiter case, the
peison infused by the sting, rether than the wound,
which occasions the pain; and Vallisnieri is of
opinion that the ox-fly emits some acrid matter along
with her eggs; but there is no proof of this beyond

_conjecture.

It ought to be remarked, however, that cattle have
very thick hides, which are so far frum being acutely
scnsitive of pain, that in countries where they are put
to draw ploughs and waggons, they find a whip

* Mem, iv. 538,
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ineffectual to drive them, and have to use a goad, in
form of an iron needle, at the end of a stick. Were
the pain inflicted by the fy very acute, it would find
it mext to impossible to lay thirty or forty eggs without
being killed by the strokes of the ox’s tail; for though
Vallienieri supposes that the fly is shrewd emough
to choose such places as the tail cannot reach, Réau-
mur saw a cow repeatedly flap its tail upon a part
full of the gall-bumps ; and in another instance he
saw a heifer beat away a party of common flies from
B part where there were seven or eight gall-bumps,
He concludes, therefore, with much plausibility, that
these two beasts would have treated the vx-flies in the
same way, if they had given them pain when de-
positing their egga.

The extracrdinary effects preduced upon catile, on
the appearance of one of these flies, would certainly
lend us to conclude that the pain inflicted is excru-
cisting. Most of our readers may recollect to have
scen, in the summer months, a whole herd of catile
start off across a field at full gallop, as if they were
racing,—their movements indeacribably awkward—
their tails being poked out behind them as straight
and atiff as a post, and their necks stretched to their
utmost length. All this consternation has been
known, from the earliest times, {0 be produced by tbe
fly we are describing. irgil gives a correct and
sively picture of it in his Georgics,® of which the fol-
owing is a translation, a little varied from Trapp:—

Roued Mount Alburnus, green with shady pals,
And in the groves of Silarus, there flies
* Est lucos Silari cirea illicibusque, virentem
Plurimud Albumum rulitans, cui nomen asile
Romamim est, (Estrum Grail vertere ¥ocantes,
Asper, acevha sonans; quo tota exterrita sylvis
Diffugiunt armenta ; furit mogitibus ether
Concussus, sylveque et siccl ripi Tanagri,
Georg. lib, 3ii. L. 148,
243
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An jnsect pest (pamed Hairue by the Greoka,

By us Arilay) : Berce with jarring hum

It darts towerds the herd, driving them terrified

From glade to glade, while the far sky rescunds,
And woods and rivers' banks echo their lowings.

Hed we not other instances to edduce, of similar
terror caused among sheep, deer, and horses, by in-
epects of the same genus, which are ascertained not
to penetrate the skin, we should not have hesitated to
conclude that Vallisnieri and Réaumur are right, and
Mr. Bracey Clark wrong. Iu the strictly similar io-
stance of reindeer fly (Estrus larandi, Linn,), we
have the high authority of Linnmus for the faci, that
it lnys its eggs upon the skin.

“]1 remarked,” he says, * with astonishment, how
greatly the reindeer are incommoded in hot weather,
insomuch that they cannot stand still = minute, no
not a moment, without changing their posture, start-
ing, puffing and blowing continually, eud all on
sccount of B little fly. Even though amongst s herd
of perhapr five hundred reindeer there were not
above ten of those flies, every one of the herd trem-
bled and kept ‘pushing its neighbour about. The
fly, meanwhile, wes trying every means fo get at
them; but it no soconet touched any part of their
bodies, than they made an immediate effort to shake
it off, I caught one of these insects as’it waa flying
along with its teil protruded, which hed at its extremity
g smell linetrr orifice perfectly white. The tail itsell
consisted of four or five tubular joints, elipping into
each other like a pocket spying-glass, whiclg this dy,
like othere, has a power of contracting at pleasure.”’»

In enother work. he iz still more explicit. * This
well-known fly,” he says, “hovers the whole day
over the hack of the reindeer, with its tail protruded

* Linnzus Lachesis ]Ap]';onicn, July 19th.
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and a little bent, npon the point of which it holds s
gmull white egg, scarcely so large as a mustard-seed,
and when it hus placed iiself in a perpendicular posi-
tion, it drops its egg, which rolls down amongst the
hair to the skin, where it is hatched by the natural
heat and perspiration of the reindeer, and the grub
eats its way slowly, under the skin, causing a bumyp
as large as an acorn.”™ The male and female of
the Teindcer breeze-fly are figured in the Library of
Enteriaining Knowledge, Menageries, vol. 1., p. 405,
There is one circumstance which, though it appears
to us o he of some importance in the question, has
been either overlocked or misrepresented in Looks.
“While the female fly,” say Kirby and Spence, “is
performing the operation of oviposition, the nuimal
attempts to lash her off as it does other flies, with
its tail ;”+ though this is not only at variance with
theit own words in the page but one preceding,
where they most accurately deseribe ““ the herd with
their tails in the air, or turned upon their hacks, or
stiffly stretched out in the direction of the spine,”}
but with the two facts mentioned ahove from
Réaumur, ae well ss with common observation. If
the ox then do not attempt to lash off the breeze-fy,
bat runs with its tail stifly extended, it affords a
strong presumption that the Oy terrifies him by
Ler buzzing (asper, acerba somans), rather than
pains him by piercing his hide; her buze, like the
rattle of the rattle-snake, being imstinctively under-
stood, and intended, it may he, to prevent sn over-
population, by rendering it difficult to deposit the
egge.
The horse breeze-fly (Gasterophifus equi, Lieacn),
which produces the maggots well known by the name
of botls in horses, is ascerluined beyond a donbt to

# Linnaue, Flora Lappobica, p. 378, ed. Toud, 1782,
1 Kirby wil Spence, Introd. 3. 151, 1 Ibid, p. 149,



408 INSECT ARCHITECTITRE.

depesit her eggs upon the hair, and, as insects of the
pame genus efmost Invariably proceed upon similar
principles, however much they may vary in minute
particolars, it may be inferred with justice, that the
breeze-flies which produce galls do the seame. The
description given by Mr. Bracey Clark, of the pro-
ceedings of the horse breeze-fly, is exceedingly in-
teresting.

“When the female has heen impregnated, end her
egge sufficiently matured, she secks among the
horses a subject for her porpose, and approsching
him on the wing, she carries her body nearly upright
in the wir, and her tail, which is lengthened for the
purpose,® curved inwards and upwards: in this way
she mpproaches the part where she designs to de-
poeit the egg; and enspending herself for a few
seconds hefore it, suddenly darts upon it and leaves
the egg adhering to the hair; she hardly appears to
seitle, but merely touches the hair with the egg held
oul on the projected poind of the abdomen® The
egg is made to adhere by means of a glutinous
liquor secreted with it. She then leaves the horse
at a small distance, and prepares s second egg, and
poising herself before the part, deposits it in the satne
way, The liquor dries, and the egg becomes firmly

hued to the hair; this is repeated by these flies 1ill
Fom- or five hundred eggs are sometimes placed on
one horse.”

Mr. Clark farther tells us that the fiy ie careful to
select a part of the skin which the horse can easily
reach with his tongue, such ae the inside of the
knee, or the side and back part of the shoulder. It

* These circumatances affurd, we think, a complete anmwer to
the query of Kirby and Spence,—* There can be little donbt (or
€lse what i3 the use of such an apparatun¥) that it borea a hole
in the skin,"—Tutred,, i. 1862, 2nd edit,
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was at first coujectured, that the home licks off the
eggs thus deposited, and that they are by this meana
conveyed into its stomach; but Mr. Clark says, “1
do not find this to he the case, or at least only by
sccident; for when they hove remsined on the hair
four or five days, they become ripe, after which time
the slightest application of warmth and meoistore is
sufficient to bring forth, in an instant, the latent larva,
At this time, if the tongue of the horse touchea the
egg, ita operculum is thrown open, and a small
active worm is produced, which readily adheres to
the moist purfece of the tongue, and is thence con-
veyed with the food to the stomech.” He ndds,
that “a horse which has no ova deposited on him
Toay yet have botts, by performing the friendly office
of licking another horse that hes.”® The irrita-
tions produced hy common flies (Anthomyie me-
teoricee, MeicgN) are alleged ms the incitement to
licking.

The circumstance, however, of most importance to
onr purpose, is the agitation and terror produced
both by this fly, end by another horse-breeze-fly
(Gasterophilus Juemorrhodalis, Leacn), which de-
posits ita eggs upon the lips of the horse, as the
sheep-hreeze-fly ((Hstrus ovis) does on that of the
sheep. The first of these is described by Mr. Clark
as ““ very distressing to the animal, from the excessive
titillation it occasions ; for he immediately afier rubs
his mouth against the ground, his fore-feet, or some-
times against o tree, with great emotion ; till, finding
this mode of defence insuficient, he quits the spot in
aruge, and endeavours to avoid it by galloping awny
to a distant part of the field, and if the fly sull con-
tinues to follow and teaze him, his last resource is n
the water, where the insect is never ohserved to pur-

* Linn., Trans. iii. 305,
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sue him. These flies appear sometimes to hide them-

selves in the grass, and as the horse stoops to graze

they dart upon the mouth or lips, and are always
observed to poise themselves during a few seconds

in the air, while the egg is preparing on the extended

point of the abdomen.”” *

The moment the second fly just mentioned touches
the nose of a sheep, the animal shakes its head, and
strikes the ground violently with its fore-feet, aud at
the same time, holding its nose to the earth, it runs
away, looking about on every side to sec if the flies
pursue. A sheep will also smell the grass as it gues,
lest a fly should be lying in wait, and if one be de-
tected, it runs off in terror. As it will not, like a hurse
or an ox, take refuge in the water, it has recourse to a
rut or dry dusty road, holding its nose close to the
ground, thus rendering it difficult for the fly to get at
the nostril. )

When the egg of the ox-breeze-fly (Hypoderma

. “ | |

@, the Lelly of the grab. b, its back. c, the tail of the grul,
i eatly mnﬁmﬁn]. d, the bump, or gall, having its externai
aperture filled with the tail of the grub.

* Linn. Trans. iii. 3057
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bovis, Latr.) 18 hatched, it immediately (if Mr,
Bracey Clark be correct) burrows into the skin;
while, according to Rédaumur, it iz batched there.
At all events, the grub is found in a bump on the
animal's back, resembling .e gall on a tree,—**a
place,” says Réaumur, *where food is found in
sbundance, where it is protected from the weather,
wiiere it enjoys at all times an equal degree of
warmth, and where it finally atteins matority,” *
When in an advanced etage, the bumps appear much
like the swellings produced upon the forehead by a
smart blow, These, with the grubs, are represented
in the foregoing figure, and also at page 412.

Every bump, sccording to Réaumur, has in ite
ingide & cavity, which is a lodging proportiouate to
the size of the insect. The bump and cavity also
ncrease in proportion to the growth of the grub. It
i not until about the middle of May that these bumps
can be seen full grown. Owing to particular cir-
cumstances, they do not all attain en equal size. The
largest of them are sixteen or seventeen lines in dia-
meter at their base, and about an inch high; but they

Fly, maggol, and grub of the Oz-breeze-fy, with o micrascopic
view of the magget.

* Mem. iv 340,
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are scarcely perceptible before the beginning or dur-
in!i the course of the winter.

t is commonly upon young cattle, such, namely,
as are two or three years old, that the greatest num-
ber of bumps is found ; it being rare to observe them
upon very old animals. The fly seems to be well
aware that such skins will not oppose too much re-
sistance, and seems to know, also, that tender flesh
is the most proper for supplying good nourishment
to ite progeny. “And why,” asks Réaumur, “should
not the instinct which conducts it to confine its eggs
to the flesh of certain species only, lead it to prefer
the flesh of animals of the same species which is most
preferable?” The number of bumps which are found
upon a beast is equal to the number of eggs which
have been deposited in its flesh; or, to speak more
correctly, to the number of eggs which have suc-
ceeded, for apparently all are not fertile; but thia
number is very different upon different cattle. Upcn

Bumps or wurbles produced on cattle by the Oz-breeze-fly.
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one cow only three or four bumps may be observed,
while upon another there will appear from thirty to
forty. They are not always placed on the same parts,
nor arranged in the same manner: commonly, they
are near the epine, but sometimes upon or mear ihe
thighs and shoulders. Sometimes they are at remote
distances from each other; at other times they are
80 near that their circumferences meet. In certain
places, three or four tumours may be seen touching
each other; and more than a dozen somelimes occur
arranged as closely together ns possible.

1t 15 very eseential to the grub that the hole of the
tumour should remain constantly open; for by this
aperture a communication with the air necessary for
respiration is preserved; and the grub is thence
placed in the most favourable position for receiving
air, [is spiracles for respiration, like those of many
other grubs, are situated immediately upon the pos-
terior extremity of the body. Now heing almosi
always placed in such a situation as to have this part
above, or upon a level with the external aperture, it
in enahled to respire freely.”

We have not so many examples of galls of this
kind as we have uf vegetuble-galls; and when we
described the surprieing varieties of the latter, we did
not perceive that it was essential to the insects inha-
biting them to preserve s communication with the
external air: in the gulls of trees, openings expressly
designed or kept free for the ndmission of air are
never observed. Must the grub, then, which inhabits
the latter have less need of respiring air than the
grub of the breeze-flies in a fesh-gall 7 Without
doubt, not; but the aperturee by which the air is
admitted to the inhabitants of the woody gall, al-
though they may escape our notice, in consequence
of their minuieness, are not, in fact, less real. We

* Tléaumnur, iv. 919,
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-know that, however cereful we may be in inserting a
-¢ork into n glass, the mercury with which it is filled
-is not shcltered from the action of the air, which
weighs upon the cork; we know that the air passes
‘through, and acts upon the mercury in the tube.
“The air can also, in the same way, penetrate through
the obatruction of a gall of wood, though it have no
perceptible opening or crack ; but the air cannot pass
1n this manner so readily through the skins and mem-
‘hranes of animale. :

In order to see the interior of the cavity of an
animsal-gall, Rdaumur opened several, cither with
a tazor or a pair of ecissgrs; the opcration, however,
‘canvot fail to be painful to the cow, aud consequently
it renders it impatient under the process. The grub
being confined in a tolerably large fistulous uleer, a
part of the cavity must necessarily be filled with pus
or matter. The bump is n sort of cautery, which
has been opened by the insect, as issues are made by
caustic : the grub oceupies this issue, and prevents it
from closing. If the pus or matter which is in the ca-
vity, and that which is daily added to it, had no means
of escaping, each tumour would become a consider-
able abscess, in which the grub would perish: hut the
hole of the bump, which admits the entrance of the
air, permits the pus or matter to escape; that pus
frequently matts the hairs together which are above
the small holes, and this drying round the holee
acquires a consistency, and forms in the interior of
the opening & kind of ring. This matter appears to
be the only aliment allowed for the grub, for there is
no appearence that it lives, like the grubs of flesh-
flies, upen putrescent meat. Mandibles, indeed, simi-
lar to those with which other grubs break their food,
ere altogether wanting. A beast which has thirty
forty, or more of these bumps upon its back, would
be in & eondition of great pain and suffering, terrible



ANIMAL-JALLS, . ~ 415

indeed in the extreme, if ita flesh were torn and ‘de-
voured by es many large gruba; but there & ev
appearance that they do not at sll affliet, or only afflict
it with litfle pain. For this resson cattle most covered
* with burnps are not considered by the farmer as in-
“jured by the presence of the fly, which generally se-
leets those in the best condition.

A fly, evidently of the same family with the pre-

- "ceding, is described in Bruce’s Travels, under the
name of zimb, a8 burrewing during its gmb state in
the hides of the elephant, the rhinoceros, the camel,
-and catile, It resembles,” he says, * the gad-fly in
"England, its motion being more sudden and repid
than that of a bee. There is something peculiar in
“the sound or buzzing of this insect; it 18 a jarring
-noise together with a hummiog, which as soon as it
‘ts heard all the cattle forsake their food and run
wildly sbout the plain, till they die, worn out with
fatigue, fright, and hunger. I have found,” he adds,
“some of these tubercles upon almost every elephant
and rhinoceros that I have seen, and attribute them
to this cause. When the camel is attacked by this
fiy, hie body, heed, and legs break out into large
.bossen, which swell, break, and putrefy, to the certain
destruction of the creature.”* That camels die under
szch symptoms, we do not doubt; but we should
-pot, without more minutely-accurate observation,
+#race all this 1o the breeze-fly.

MM. Humboldt and Bonpland discovered, in
South America, a apecies, probably of the same
genus, which attacks man himself. The perfeet in~
scct is about the size of our common house-fly,
{Musca domestica), end the bump formed by thbe
grub, which is usually on the belly, is similar to that
caueed by the ox-hreeze-fly, It requires six months
io come to maturity, and if it is irritated it ens

* fruce’s Travels, i. 3, and v, 191,
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‘deeper into the flesh, sometimes causing fatal inflam-
mations.

GRUB PARASITE 1§ THE SwNAIL.

During the summer of 1829, we discovered in the
hole of & garden-post, at Blackheath, ome of the
larger grey snail shells (Helir aspersa, MuLiEr,)
with three white soft-hodied grubs, burrowing in the
bedy of the spail.  They evidently, from their appear- .
snce, belonged to some species of beelle, and we
earefully preserved them in order to watch their
economy. It appeared to us that they had attacked
the snail in its stroug hold, while it was laid up tor-
pid for the winter; for more than half of the body
was already devoured. They constructed for them-
eelves little cells attached to the inside of the shell,
and composed of a ort of fibrous matter, having no
distant resemblance to shag tobacce, hoth in form
and smell, and which could be pothing else than the
remams of the snail's body. Scon after we took
them, appearing to have devoured all that remeined
of the poor snail, we furnished them with another,
which they devoured in the same manner. They
formed a cocoon of the same fihrous materials during
the autumn, and in the end of October appeared in
their perfect form, turning out to be the Drilus fla-
vescens, the grub of which wes first discovered in
France in 1824. The time of their appearance, it
may be remarked, toincides with the period when
snails become tofpfd.® -

1o the followipg autumn we found a shell of the
same species wifh'a' smallpupa-shaped egg depesited
on the lid. FrdinUsis a caterpillar was hatched, which
subsequently detourtd the-snail, spun & cocoon within
the shell, and was ttapsfermed into a small moth (of
which we have not ascertained the species) in the
spring of 1830,

*I R.
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Tue subject of Ineect Architecture, to which this
volume is devoted, forme only one division, though a
most interesting and imporiant one, of that branch of
nataral history which relates to insects. It presents
some of the most striking views of their economy ;
and, as we have eudeavoured to render the examples
of extraordinary inetinct with which it abounds
obvious and familiar to every reader, it precedes
somewhat naturally a more minute account of the
physiological part of the science of Entomology, and
of the bencfits and injuries to man preduced by insects
in the respective stages of their existence. The
present volume is complete in iteelf ; but the subject
of Insects is continued in & second volume, entitled
*Insger TRaNsSFORMaTIONS.
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