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ADVERTISEMENT.

THE publication of the concluding volumes of

the ‘ Introduction to Entomology” has been un-
avoidably delayed by the continued ill health of
one of the Authors, which has devolved upon the
other a considerable increase of labour, and de-
manded a greater expenditure of time than would
otherwise have been required : for though Mr.
SpeNcE put every facility in Mr. Kirny’s power,
and had drawn up a rough copy of every Letter
belonging to his department; yet, as most of
them had been written several years ago, many
curious facts, and a great variety of interesting
information subsequently derived from various
sources, were necessarily to be inserted, and the
whole to be prepared for the press.

When the thousands of objects that were to be
examined, and many of them repeatedly, in com-
posing the Letters on the External Anatomy of
Insects, are considered, it will not appear sur-

a2




ERRATA.
Page. Line.
29 27, for Pscudo-cordia read Pseudo-cardia.
33 7, for 4L read 13,
35 7 and elsewhere, for Gigas read grandis.
46 .16, for number and situation read in some respects.
98 6, for Furtina read Jurtina.
note S, for ¢ read c.
135 note®, for XXIV. read XXIIIL
187 note®, for 17 read 18.
251 4, for ten read nine,
P s frenum read freenum.
21, §
note b, for a’ read a”.
note ®, for b” read b’
1, dele Pelecotoma,
10, for orbicular read subtriangular,
antepenult. dfter genera inscrt, except in some Acride, as 4. viri-
dissima. 2
note ¢, for wyiw read wvupi
5, for Heteropterous read Homopterous.

DIRECTIONS TO THE BINDER.
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Sets of the Work, a separate Volume may be formed of the Synop-
tical Table, the Plates and their Explanations, and the Indexes.
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NOTICE RESPECTING VOL. I. avp II.

It being judged expedient, since the publication of the last Edition of
the first and second Volumes of this Work, to adopt a new plan with
respect to the reference letters of the Plates, the Reader is requested to
make the following corrections in those Volumes.

Vor. L.
Page. Note.
125 ¢, forf,d read a".
273 * Joraread a.
395 %, for 29, 80 read 18

Vor. IL

¢, Jor a read a.

b, for 10 read 14.

2, Jfor a read &'

2, Jor T=. read 16—.
i

b, jfor a read s”, v,
€, Jor b read ¢

3, Jor 1.8. aa read 18. ct.

b, for bb read ¢

€, for bb read C".

€, forccread C”C”, which represent the bundles of mus-
cles in connexion with the drums. In the above figure
the mirror is the part directly under those bundles.




2 DEFINITION OF TIIE TERM INSECT.

ters more closely—these vague and popular ideas are
insufficient. In common language, not only the tribes
above mentioned,  but most small animals—as worms,
slugs, leeches, and many similar creatures, are known by
the name of imsects. Such latitude, however, cannot be
admitted in a scientific view of the subject, in which the
class of insects is distinguished from these animals just as
strictly as beasts from birds, and birds from reptiles and
amphibia, and these again from fishes. "Not, indeed,
that the just limits of the class have always been clearly
understood and marked out. IEven when our corre-

spondence first commenced, animals were regarded as

belonging to it, which since their internal organization
has been more fully explained, are properly separated
from it. But it is now agreed on all hands, that an
earthworm, a leech, or a slug, is not an insect; and a
Naturalist seems almost as much inclined to smile at
those who confound them, as Captain Cook at the island-
ers who confessed their entire ignorance of the nature of
cows and horses, but gave him to understand that they
knew his sheep and goats to be birds.

You will better comprehend the subsequent definition
of the term Insect, after attending to a slight sketch of
the chief classifications of the animal kingdom, more es-
pecially of the creatures in question, that have been pro-
posed. That of Aristotle stands first. He divides ani-
mals into two grand sections, corresponding with the Zer-
" tebrata and Invertebrata of modern Zoologists: those,
namely, that have blood, and those that have it not?* :—
by this it appears that he only regarded red blood as
real blood; and probably did not suspect that there was

2 Rusiwor, Avospect.  Hist, Animal. 1. 1. e. 6.




DEFINITION OF THE TERM INSECT. 3

a true circulation in his Mollusca and other white-blooded
animals. His Enaima, or animals that have blood, he
divides into Quadrupeds, Birds, Fishes, Cetacea, and
Apods or reptiles ; though he includes the latter, where
they have four legs, amongst the quadrupeds?; and his
Anaima, or animals without blood, into Malackia, Ma-
lacostraca, Ostracoderma, and Entoma. 'The first of
these, the Malachia, he defines as animals that are ex-
ternally fleshy and internally solid, like the Enaima; and
he gives the Sepia as the type of this class, which answers
to the Cephalopoda of the moderns. The next, the Ma-
lacostraca, synonymous with the Crustacea of Cuvier and
Lamarck, are those, he says, which have their solid part
without and the fleshy within, and whose shell will not
break, but splits, upon collision®. The Ostracoderma, cor-
responding with the Testacea of Linne, he also defines as
having their fleshy substance within, and the solid with-
out; but whose shell, as to its fracture, reverses the cha-
racter of the Malacostraca. He defines his last class
Lntoma, in Latin Insecta, with which we are principally
concerned, as animals whose body is distinguished by i7-
cisures, either on its upper or under side, or on both, and
has no solid or fleshy substance separate, but something
intermediate, their body being equally hard both within
and without¢. This definition would include the Anne-
lida and most other Permes of Linné, except the Testacea,
which accordingly were considered as insects by those
Zoologists that intervened between Aristotle and the lat-
ter author. The Stagyrite, however, in another place,

» Hist, Animal. 1. 1. ¢, 5,6: compare 1. v. c¢. 3 and 83, and De
Partibus Animal. L iv. c. I and 11.
® To o oxAneoy autwy 8 Jpeugoy e he Prasov.
¢ Hist. Animal. 1, iv. c. 1.
B2




4 DEFINITION OF THE TERM INSECT.

has expressly excluded all apods®. From other passages
in his works, it appears that he regarded the Vermes, &c.
either as larve, or as produced spontaneously and not
ex ovo®.

This definition of an insect, though partly founded on
misconception, as well as his primary division of animals
in general, is by no means contemptible. If you look at .
a bee or a fly, you will observe at first sight that its body
is Znsected, being divided as it were into three principal
pieces—head, trunk, and abdomen¢; and if you examine

it more narrowly, you will find that the two last of these
parts, especially the abdomen, are further subdivided.
And this character of 7nsection, or division into segments,

more or less present in almost every inseetd, is not to be
found (with the exception of the Crustacea, which Ari-

3 Ryrows wodvroda wev yapeci wavve. De Part. Animal. l.iv.c. 6.

Y [list, Animal. L. iv. c. 19.

¢ The insection that distinguishes these parts, the abdomen espe-
cially, is most visible in the majority of the Hymenoptera and Diptera
.orders ; next in some Coleoptera, as the Lamellicorn tribes, &c. and
the Lepidoptera. Latreille is of opinion, that the two last segments
of the thorax in some insects are represented by the first of the
abdomen, and that the upper half segment of this part in Coleoptera
also represents the same. Latr. De quclques Appendices, &c.  An-
ndes Gencrales des Sciences Physiques. A Bruxelles, vi, livrais, xviii.
14. In fact,in the Lepidoptera, when the abdomen is separated from
the trunk, this segment usually remains attached to the latter. In
the Myriapods, the trunk is to be distinguished from the abdomen
only by its bearing the three first pair of legs.

¢ There is no general rule without exceptions, and no character is
50 universal as to be distinetly exhibited by every member of a class
or other natural group. Thus, in the majority of the mites (Acarus
1..) the body is marked by no segments, and the only articulation or
incision is in the legs, palpi, &c. But as the exception does not make
void the rule, so neither does the extennation or absence of some
primary character at its points of junetion. with others, in some indi-
yiduals, annihilate the class or group.
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stotle distinguishes by the nature of their integument
and its contents) in any of the other classes into which
he divided animals without blood. It was on account of
this most obvious of their characters, that these little
creatures were in Greek named Enfoma, and in latin
Insecta’; and from the former word, as you know, our
favourite science takes the name of Entomology.

Pliny adhering to the definition of Aristotle, as far as
it relates to the inscction of the animals we are speaking
of, expressly includes Apods, as well as Aptera, amongst
them?; and in this was followed, without any attempt at
improvement, by all the entomological writers that inter-
vened between him and the great Aristotle of the mo-

derns, Linnc.

"This illustrious naturalist, aware of the incorrectness
of the primary divisions of the animal kingdom founded
upon the presence or absence of blood, establishes his

_system upon the structure of the heart, and upon the

temperature and colour of the circulating fluid. Ile di-
vided animals into two great sections or sub-kingdoms,
each comprising two classes. Ilis first section included
those having a heart with fwo ventricles, fwo auricles,
and warm and red blood, viz. the Mammalia or beasts,
and the Aves or birds. Ilis second, those having a heart
with one ventricle, one auricle, and cold and red blood,
namely, the classes Amphibia, which included reptiles,
serpents, &c. and Pisces or fish. Tis third, those having
a heart with one ventricle and no auricle, and cald white
sanies in the place of blood, namely, his classes Insecta
et Vermes, including the Invertebrate animals of L~

A Hist, Nat. 1. xi. e, 1,
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marck. Thus the first of Aristotle’s great divisions he
increased by the addition of a new and very distinct class,
the Amphibia, by which some ground was gained in the
science; but as much was lost by his compressing the
four classes of which the last consisted inta two, by which
the natural classes of Cephalopoda and Crustacea merged
under Insecta and Vermes. Linne was not aware of the
extraordinary fact, that the Cephalopoda have three
hearts; and that though the Crustacea and Aracknida
have a circulation, Insects have none, or he would never
have taken this retrograde step.

Indeed Linne’s definition of an Insect is, in many
most material points, inapplicable, not only to the Crus-
tacea, but to many other animals included under that
denomination. This will appear evident from a very
slight examination. Thus it runs: ¢ Polypod animal-
cula, breuthing by lateral spiracles, armed every 'where
with an osseous skin, whose head is furnished with mov-
able sensitive antenne®.” Now of this definition only
the first member can be applied to the whole class which
it is meant to designate; for the entire genus Cancer L.,
which, with some others, forms the class Crustacea of the
moderns, does not respire by spiracies at all, but by gills ;
and the same in some degree may be said of spiders,
scorpions, &c.  With the last member of the definition
Linne himself must have been aware that a large number
of what he conceived to be insects were at variance, as
mites, spiders, and many other of his apterous tribes:
though from some very recent observations of M. La-

2 Animalcula polypoda, spiraculis lateralibus respirantia, cute

ossea cataphracta; anfeanis mobilibus sensoriis instruuntur.

Syst.
Nat. ed. 12.i. 533.
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treille?, there seems some ground for thinking, that in
these the antennz are represented by the mandibles,
palpi, &c.?, and to the soft flexible, coriaceous or mem-
branous skin of a vast number of insects, the term cutis
ossea is by no means applicable.

Lvident as these incongruities are, when the Herculean
task which Linne imposed upon himself, and the vastness
and variety of his labours, are considered, they become
very venial. Indeed, unless he had divided his class In-
secta into two or more, it was impossible to define it in-
telligibly to ordinary readers, otherwise than nearly in
the terms which he actually employed; and these cha-
racters, restricted and amended by qualifying clauses, are
still those to which recurrence must be had in a popular
definition of the class, when separated as it ought to be
from the Crustacea and Aracknida.

Pennant, Brisson, and other zoologists, who, attending
to nature rather than system, saw the impropriety of unit-

ing a crab or a lobster in the same class with a bee or a
beetle, long since assigned the Crustacea their ancient
distinct rank. ¢ But these changes,” as Latreille ob-
serves®, “ being only founded upon erternal characters,
might be deemed arbitrary; and to fix our opinion, it
was necessary to have recourse to a decisive authority—
the internal and comparative organization of these ani-

2 Quoted by Mr. Wm. Macl.eay in his very remarkeble and
learned work Hore Entomologice, in which he inclines to the sane
opinion. 383.

b Previranus (Uecber den innern Bau der Arachuniden, &c. 22.) al-
ways calls the palpi of spiders ¢ Fulkorner” In Scorpio he regards
them as palpi (Palpen).

¢ N. Dict. d’Hist. Nat. xvi, 181,
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mals. It results from the observations of the most pro-
f ound comparative anatomist of our age, M. Cuvier, that
the Crustacea and Arachnida differ from insects properly
so called, and particularly from those that are furnished
with wings, in having a complete system of circulation,
a different mode of respiration, and that they have a more
perfect organization. Influenced by these motives, both
Cuvier and Lamarck have considered them as forming
two classes separate from insects. Treviranus, led by
considerations founded on the organs of circulation, of
respiration, and of generation, is of opinion that spiders
and scorpions ought to form one class with the Crustacea :
he observes, however, that the nervous system of all three
is very dissimilar; and that in an arrangement founded
on this circumstance, the organs of motion, and the ex-

ternal shape, even spiders and scorpions must be placed’

in different classes?.

It is to be observed with regard to the Aracknida of
the French school, that the class as laid down by them
includes several animals that have no circulation, and
breathe by #rachee, of which description are the mites
(dcarus L.), and the harvest-men (Phalangium L.) &c.;
and therefore it has been divided into two orders, Pul-
monaria and Tracheana ; but if the definition from the
internal organization be adhered to, the latter should
either remain with the class Insecta, or form a new one by
themselves. Yet the animals that compose the Trackean
order of Aracknida, their external form considered, are
certainly much more nearly related to the spiders and

* Treviranus, uf supra, 48. For the nervous system of scorpions,
see £ 1, £. 13; and for that of spiders, ¢ v. f. 45.
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scorpions than to any members of the class Insecta at
present known. This circumstance, perhaps, may seem
to throw some doubt upon the modern system of classi-
fication.

I mustfurther observe, that the agsertion of Treviranus,
which appears to intimate that the respiration of the pul-
monary Arachnida is the same with that of the Crustacea,
is not quite correct, since in the latter the branchic or
gills are external, and in the former internal, the air en-
tering by spiracles before it acts upon them?.

It may not be amiss in this place to lay before you the
principal points in which the Crustacea and Arachnida
agree with Insccta, and also those in which they differ.

The Crustacea agree with Insecte in having a body
divided into segments, furnished with jointed legs, com-
pound eyes, and antenna:. Their nervous system also is
not materially different, and they are both oviparous.
They differ from them in having the greater insections
of the body less strongly marked; in the greater num-
ber of legs on the trunk, the anterior ones perforin-
ine the office of maxillae; in their eyes usually on a
moveable footstalk ; their palpigerous mandibles; and
their four antennae at least in the great majority. But
the principal difference consists in the internal organi-
zation and the fountains of vitality; for the Crustacea have
a double circulation, the fountain of which is a heart in
the middle of their thorax®. They have too a kind of
gizzard and liver, at least the Decapods®, and their re-
spiration is by gills. Genuine insects terminate their

+ Prate XXIX. Fic, 2. Treviranus, £ 1. /. 1.
b Cuvier Anat, Comp. iv. 107, ¢ N, Dict. d’Hist. Nat. is. 190.
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existence after they have laid their eggs®; but the Crus-
tacea live longer, and lay more than once.

The Aracinida will be found to differ from .insects
more widely than even the Crustacea. They agree in
their jointed legs and palpi; immoveable eyes; and in
being covered with a coriaceous or corneous integument:
but they differ in having a system of circulation; gills
instead of trachesz; their organs of generation double;
and the females lay more than once in their lives. Their
head also is not distinct from the trunk as in insects;
they have no compound eyes; and their antennse, if we
admit the opinion on this head of MM. Latreille and
Treviranus, that they have representatives of these or-
gans, differ totally in structure, situation, and use, from
those of the great body of insects. In the Araneide or
Spiders, their body seems to have no segments or incisure
but that which separates the abdomen from the trunk ;
and in the Scorpionide they are observable only in the
abdomen. Other particulars might be enumerated in
which these two classes differ from insects; but these will
be sufficient to convince you that Aristotle and MM. Cu-
vier and Lamarck were justified in separating them.

The two last-mentioned authors made further improve-
ments in Zoology. The latter, from the consideration of
the general structure of animals, perceiving that Aristo-
tle’s Enaima were distinguished from his Anraima, by

being built as it were upon a vertebral column, very ju-
diciously changed the denomination, which was indeed
improper, of ¢ The Philosopker’s” two sub-kingdoms, into

a The females of Dorthesia, however, a genus related to Coccus, are
said to survive laying their eggs. N, Dict. &’ Hist. Nat. ix. 553,
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that of Vertebrata or animals that have a vertebral co-
lumn, and Invertebrata or those that have no vertebral
column. These he distributes into three primary divi-
sions according to their supposed degrees of intelligence
—Thus:

* Apathetic Animals.

1. INFUSORIA.

2. Povryr1.

3. Rabiara.

4. VERMES.

*# Sensitive Animals. (Epizoaria.)

. INsEcTA.
. ARACHNIDA.
. CrusTacka.
. ANNELIDA.
. CIRRHIPEDA.
10. Moxrrusca.
%% Intelligent Animals. 11. Pisces.
12. REPTILIA.
13. Avss.
14. MaMMALIA.?

Profiting by the light afforded by the Aristotelian sy-
stem, this eminent zoologist improved, we see, upon that
of Linne, by resolving his Insecta into three classes, and
his Vermes into seven, interposing the Linnean Insecta
between the four first and three last, in which he was
not so happy, since as to sense insects should certainly
occupy the place he has here assigned to the Mollusca.

In the work from which I have taken this statement
of Lamarck’s system, that acute writer has given a sketch
of another method of arrangement, in which he has made
the first deviation from the beaten track of an unbroken

3 Auwim. suns Vertebr. 1. 381,
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and unbranching series, In the Supplement to the first
volume, he has distributed the Invertebrata in a double
subramose series—one consisting of ariculate, and the
other of inarticulate animals?®.

Upon Lamarck’s system, most of the modern ones,
with some variation, are founded. There is one, how-
ever, by a learned countryman of ours, that is more
unique, suz generzs, and I may add profound, than any
that has yet appeared. I am speaking of that, you will
perceive, of which our friend Mr. Wm. MacLeay has
given a detailed statement in his Hor@ Entomologice.
In this he goes even far beyond what Lamarck has at-
tempted in the above sketch, and substantiates his claim
to be considered as one of those original thinkers, rar:
nantes in gurgite vasto, that do not -appear every day.
The following are the principal bases of his system.

1. That all natural groups, whether kingdoms or any
subdivision of them, return into themselves; a distribu-
tion which he expresses by circles.

2. That each of these circles is formed precisely of
Jive groups, each of which is resolvable into five other
smaller groups, and so on till you reach the extreme term
of such division.

3. That proximate circles or larger groups are con-
nected by the intervention of lesser groups, which he de-
nominates osculant.

4. That there are relations of analogy between the

corresponding points of contiguous circles.

This system he has represented by tables of circles
inscribed with the five primary divisions of each group.
His first table exhibits a general view of organized matter

a A, sans Vertebr. 1. 457.
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as distributed in the animal and vegetable kingdoms —

Thus:

e 0 S

meoTY L= \ VEATETMATA,
DORES.

“tew ! ACRITA.

MONOCOTY -
LEDON HE . AKNULDSA.

Our learned author here divides the animal kingdom
into what may be denominated five sub-kingdoms or pro-
vinces, in three of which (with the exception of the Chus-
tacea and Arachnide belonging to his 4dnnulosa) no cir-
culation of blood is visible, but which obtains in the rest.
These he names—

1. Acrira, consisting of the Infusory Anrimals, the
Polypi, the Corallines, the Tenie, and the least organized
of the Intestinal Worms.

2. Rapiata, including the Jelly-fish, Star-fish, Echini,
and some others.

3. ANNULOSA, consisting of Insecta, Arachnida, and
Crustacea.

4. VERTEBRATA, consisting of Beasts, Birds, Reptiles,
Amphibia, and Fishes.

5. Movrrusca, including the numerous tribes of skell-
Jish, land-shells, slugs, &c., which, from their mucous or
gelatinous substance, from their nervous system and the
imperfection of their senses, return again to the Aeri/a,
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though connected with the Vertebrata by having a heart
and circulation. +

His next set of circles shows the sub-division of these
five sub-kingdoms into classes—Thus:

MOLLUSCA

{lcephala

Frerop o'ia/.‘('ph'ﬁa

Pyaginat) \

A3) 10

LY,

i "Dt 7]

Agastria

e

ACRITA

Amphibia

A N INI AL I ,_&\ Manunaliy

SO Do

Ruatantes.
Intestina
. \\___--__I!‘
P\~
Sas
AN

LOPHIULIT)

N
3
g
2

70 (Acalephida

Dulate

EelunvladCrustacea

RADIATA
ANNULOSA

Medusida

Stellerida

Tati
Arvachnide

CIRRIPEDA

In this scheme the osculant classes are those placed
between the circles. In the Mollusca circle two classes
are still wanting to complete the quinary arrangement
of that sub-kingdom. I am not sufficiently conversant

cm 1 2 3 4 5 funesp® 8 9 10 11 12 13
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with the details of the animal kingdom at large to hazard
any decided opinion upon Mr. MacLeay’s whole system,
or to ascertain whether all these classes are sufficiently
distinet®. My sentiments with regard to those of the
Annulosa 1 shall state to you hereafter.

Upon a future occasion I shall consider more at large
the station to which insects seem entitled in a system of
invertebrate animals, which will not accord exactly with
that assigned by MM. Cuvier and Lamarck. But I am
now in a field in which I have no intention to expatiate
further, than as it is connected with the subject of the
present letter. I shall therefore confine myself in what
I have more to say to the definitions of Insecta that have
been given by modern authors, beginning with that of
the zoologist last mentioned. Insects form a part of his
second group, which he terms sensitive animals (animaux

sensibles), which group he thus defines:  They are sen-
tient, but oblain jfrom their sensations only perceptions

of objects—a kind of simple ideas which they cannot
combine to obtain complex ones. Charact. No vertebral
column ; a brain, and most commonly an elongated me-
dullary mass ; some distinct senses ; the organs of move-
ment atiached under the skin: jform symmetrical, by
parts, in pairs®.” This division of animals, from the

 The number five, which Mr. MacLeay assumes for one basis of
his svstem as consecrated in Nafure, seems to me to yield to the
number seven, which is consecrated both in Nature and Scripture.
Metaphysicians reckon seven principal operations of the mind; mu-
sicians seven principal musical tones; and opticians seven primary
colours. In Scripture the abstract idea of this number is—comple-
tion—fullness—perfection. I have a notion, but not yet sufficiently
matured, that Mr. MacLeay’s guinaries are resolvable into septenaries.

Y Anin. sans Vertebr. i. 381,

11

12
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kind and degree of sense and intelligence that they pos-

sess, seems rather fanciful than {foanded in nature, since
many insects show a greater portion of them than many
vertebrate animals. Compare in this respect a bee with
a tortoise®. Lamarck divides his group of animaux sen-
sibles into two sections, namely, Articulated animals, ex-
hibiting segments or articulations in all or some of their
parts; and Inarticulated animals, exhibiting neither seg-
ments nor articulations in any of their parts. Insecta,
Arachnida, and Crustacea, belong to the first of these
sections, which he defines as ¢ those whose body is di-
vided into segments, and which are furnished with jointed
legs bent at the articulations®.” InsEcra he defines—
¢ Articulate animals, undergoing various metamorphoses,
or acquiring new kinds of parts—having, in their perfect
state, six feet, two antenne, two compound eyes, and a
corneous skin.  The majority acquiring wings. Respira-
tion by spiracles (stigmates), and {wo wvasctdar opposite
chords, divided by plexus, and constituting aeriferous tra-
chee, which extend every where. A small brain at the
anterior extremity of a longitudinal knotly marrow, with
nerves.  No system of circulation, no conglomerate glands.
Generation oviparous : two distinct sexes. A single sex-
uzal union in the whole course of ljfec.”  AracunNipa he
defines— Quiparous animals, having at all times jointed
legs, undergoing no metamorphosis, and never acquiring
new kinds of parts. Respiration tracheal or branchial :
the openings for the entrance of the air spiraculiform
(stigmatiformes). A heart and circulation beginming in

a See on this point MacLeay, Hor. Eatomolog. 209---.
b Amim. sans Vertebr, ili. 243. c Ilid. i, 245
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DEFINITION OF THE TERM INSECT.

many. The majority couple often in the course of life®.”
I shall next add his definition of CrusTacEA: ¢ Ovipa-
rous, articulated, apierous animals, with a crustaceous in-
tegument more or less solid, having jointed legs; eyes
either pedunculate or sessile, and most commonly four
antenne, with a maxilliferous mouth seldom rostriform ;
maxille in many pairs placed one over the other ; scarcely
any under-lip ; no spiraculiform openings for respiration ;
Jive or seven pair of legs ; a longitudinal knotty marrow
terminated anteriorly by a small brain. A heart and ves-
sels for circulation. - Respiration branchial with external
branchice, sometimes hid under the sides of the skell of the
thorax, or shut in prominent parts ; sometimes uncovered,
and in general adhering to particular legs or to the tail,
Each sex usually double®.”

I have given Lamarck’s definitions of these three classes,
all considered as Insecta by Linné, that by comparing

them together you may be better enabled to appreciate
the system of this author. On looking over the characters
of the Arachnida as here given, you will see at once that
it consists of heterogeneous animals—for in fact he in-
cludes in this class not only the Trackean Arachnida of
Latreille, but the Ametabolia of Dr. Leach, or the Heza-
pod Aptera, and the Myriapoda.

I shall next copy for you Latreille’s latest definition of
Insecta and Aracknida.

« InsEcra: A single dorsal wvessel representing the
heart : two trunks of trachew running the whole length
of the body, and opening externally by numerous spira-
cles; two antenne; wvery often upper appendages for
Slight, indicating the metamorphosis to which the animal

a Anim, sans Vertebr, mi. 245, b Ibid.
YOL, III. C
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is subject when yozt7l&‘; legs most commonly reduced to
siz.  ARacHNIDA: Distinguished fiom Crustacea by
having their respiratory organs always internal, opening
on the sides of the abdomen or thorax to receive the re-
spirable fluid. Sometimes these organs perform the office
of lungs, and then the circulation takes place by means of
a dorsal vessel, which sends forth arterial, and receives
venose ‘branches.  Sometimes they are trachec or air-
vessels, which, as in the class Insecta, replace those of
circulation. These have only the vestige of a heart, or a
dorsal wessel alternately contracting and sending forth
no branch. The absence of antennce, the reunion of the
head with the thorax, a simple trachea but ramified and
almost radiating, serve to distinguish these last Arachnida,
or the most imperfect of insects, which respire only by
trachee®” Under this' head he observes—¢ Of all
these characters, the most easy to seize and the most
certain would doubtless be, if there were no mistake in it,
that of the absence of antennz ; but later and compara-
tive researches, confirmed by analogy, have convinced
me, that these organs, under particular modifications it
is true, and which have misled the attention of naturalists,
do exist®:” and he supposes, from the situation and di-
rection of the mandibles of the Aracknida, corresponding
with that of the infermediate pair of antennce in Crustacea,
that they really represent the latter organs. If this sup-

positionbe admitted, their use is wholly changed; thepalpi,
in fact, executing the functions of antennee, which proba-
bly induced Treviranus to call them Fiklhorner (Feeling-

2 Des Rapports generaur, &e. des Anim. invertebr. artic., Ann. du
Mous.
v Tbid.. Hor. Entomolog. 383.
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DEFINITION OF THE TE,RM INSECT. 19

horns). Perhaps these last may be regarded as in some
sort representing the exfernal antennse of the Crustacea ?
With regard to Insecta, their antennz seem to disappear
in the Pupiparee Latr., or the genus Hippobosca L.

The above definitions of the Aracknida by these two
celebrated authors, appear to me the reverse of satisfac-
tory. When we are told of animals included in it, that
some breathe by gills and others by traches, that some
have a heart and circulation and others not, we are im-
mediately struck by the incongruity, and are led to sus-
pect that animals differing so widely in the fountains of
life ought not to be associated in the same class. A
learned zoologist of our own country, Dr. Leach, seems
to have made a nearer approach to a classification in ac-
cordance with the internal organization, by excluding
from Arachnida the Acari and Myriapoda.

Sub-kingdom An~NuvraTa Cuv.

* Gills for respiration. Classes.
Legs sivteen: .... Antenn two or four ............ 1 CrusTacEa.
*% Sacs for respiration.
Legs twelve : .... Antenn® none .......c...oceseese 3 ARACIINOIDEA,
*%% Traches for respiration.
a. No Aatenne.
. 4 Acann

b. Two Antennze.
Siz thoracic legs : Abdomen also bearing legs .... 2 Myriaropa.
Six thoracic legs : No abdominal legs 5 Insecra®.

Mr. MacLeay, on whose system I shall now say a few
words, divides his sub-kingdom Annulosa into five classes,
namely, Crustacea, Ametabola, Mandibulata, Haustellata,
Arachnida. Trom the Crustacea he goes by the genus

s Leach in Entomologist’s Useful Compendium, by Samouelle, 75.
c 2
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20 DEFINITION OF TIIE TERM INSECT.

Porcellio Latr. to Julus®, which begins his Ametabola :
these he connects with the Mandibulata, by Nirmus,
which he thinks approaches some of the corticarious
Coleoptera®. This class he appears to leave by the Tri-
choptera Kirby, and so enters his Haustellata by the Le-
pidoptera®, and leaves it again by the Diptera by means
of the Pupipare Latr., especially Nycteribia, connecting
this class with the Arachnida, which he enters by the
Hexapod Acari L.4, and these last he appears to leave
by the Araneidee, and to enter the Crustacea by the De-
capods ¢ : thus making good his circle of classes, or a
series of Annulose animals returning into itself. Mr.
MacLeay’s whole system upon paper appears very har-
monious and consistent, and bears a most seducing aspect
of verisimilitude; but it has not yet been so thoroughly
weighed, discussed, and sifted, as to justify our adopting
it 2z foto at present: should it, however, upon an impartial
and thorough investigation, come forth from the furnace
as gold, and be found to correspond with the actual state
of things in nature, my objections, which rest only upon
some parts of his arrangement of 4nnulosa, would soon
vanish. Some of those objections I will state here, and
some will come in better when I treat of the Systems
of Entomology. My first objection is, that his Ameta-
bola, Mandibulata, and Haustellata, approach much
nearer to each other than they do to the other two classes
of his circle, or than even these last to each other; so
that under this view it should primarily consist of ziree
greater groups, resolvable, it may be, into five smaller
ones. My next objection is, that he has also considered

2 Hor. Ewtomolog. 348, b Ibid. 354. © Ihid. 373.
4 Jbid. 381. ¢ Tbid. 389.
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the Trachean and Pulmonary Arachnida as forming one
class., Whether an animal breathes by gills or traches,
or has a circulation or not, is surely as strong a reason
for considering those so distinguished as belonging to dif-
ferent classes, as the taking of their food by suction or by
manducation is, for separating others to the full as much
or more nearly related as to their external structure.
But of this more hereafter. I cannot help, as a last ob-
jection, lamenting that our learned author has rejected
from his system a term consecrated from the most remote
antiquity, and which, even admitting his arrangement,
might have been substituted for Annulosa, a name bor-
rowed by Scaliger from Albertus Magnus, neither of
whom, in Entomology, is an authority to weigh against
Aristotle, from whom we derive the term Insecta, in
Greek Evrona,

As Fabricius did not alter Linné’s class Insecta, but
merely broke up his orders into new ones, which he
named classes, I shall give you a detail of the alterations
he introduced into the science in a future letter.

Having stated what my predecessors have done in
classification, I shall next proceed to lay before you my
own sentiments as to—What is an insect. Since our
correspondence commenced, the Aracknida, principally
on account of their internal organization, have been ex-

cluded from bearing that name, carrying with them, as
we have seen, several tribes, which as yet have not
been discovered to differ materially in that respect from
the present Insecta : for the sake, therefore, of conve-

nience and consistency, that I may, as far as the case
will admit, adhere to the Horatian maxim

Servetur ad imm
Qualis ub incepto processerit et sibi eonstet,
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I shall regard as Insects all those Annulosa that respire

by trachese? and have no circulation, considering the
Trachean Arachnida and the Myriapoda for the present
as sub-classes, the one bordering upon the 4rachnida,and
the other upon the Crustacea. Some of these I am ready
to own seem separated by an interval sufficiently wide
from the Hexapods, which may be regarded as more pe-
culiarly entitled to the denomination of Insects. The
most striking differences will be found in the coalition of
the head with the trunk in some (Phalangide), and the
disappearance of the annulose form of the body in others
(dcarus L.), so that the legs only are jointed®. Yet an

3 There is some reason for thinking, though the octopod and my~
riapod insects breathe by trachezw, that there is no small difference in
the distribution of these organs. The T'rackean Aracknida have only
a pair of spiracles, from which the trachea: must radiate, if I may so
apply the term, in order to convey the necessary supply of air to every
part of thebody. Scutigera, as far as I can discover, has only a single
series of dorsal spiracles (see PLare XXIX.Fic. 20)—an unusual situ-
ation for them: in these also, to attain the above end, each trachea
must also radiate, so as to supply each part of the segment it is in.
Those of Tulus, according to the observations of Savi (Osservaz. per
servire alla Storia di una Specie de Inlus,&c. 15—), consist of bundles
of parallel trachee. Perhaps these circumstances would warrant the
considering of these Arackrida and the Myriapoda as primary classes?
The genus Galeodes is said to breathe by gills similar to those of the
Araneide, which structure, probably, carries with it a system of cir-
culation, and exhibits a #ird type in the Aracknida,with four palpi,
six legs, and a distinct thorax. This genus, then, is the corresponding
point in the Aracknida to the Herapod Aptera, as the Scorpions are
to the Cheliferide or Pseudo-Scorpions, and the Arancide to the other
Octopods; and these analogies furnish a strong proof, that the 7ra-
cheans belong rather to Insecla than Aracknida. Comp. N. Dict.
d’Hist. Nat. xxvi. 445; and Description de siv Avachnid, nowv. &c.
par Leon Dufour, 16.

b Mr. MacLeay observes with regard to the Zardigrade, de-
scribed by Spallanzani and Dutrochet, that it proves that an animal
may exist without antenn@ or distinct annular segments to the body,
but having two eyes and six articulate legs.” (Hor. Entomolog. 350 —.)
Many Acari prove the same thing. De Geer, vii. 4. vii. £. 14.
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approach to such structure may be traced in some Hexa-
pods; for instance, the coalition of the head and trunk
in Melophagus, Latr., and that of the trunk and abdomen
in Sminthurus, Latr.? The Myriapoda exhibit other re-
markable differences; though their head and trunk are
distinct, the former antenniferous, and their body annu-
lose, the abdomen as well as the trunk is furnished with
legs, sometimes amounting to hundreds ; but even to this
a tendency has been observed in some Hexapods®, If
you examine a specimen of Mach:lis polypoda, an insect
related to the common sugar-louse (Lepisma saccharina)s
you will find that the abdomen is furnished with a double
series of elastic appendages, which, being instruments of
motion, may be regarded as representing legs. It is
worthy of notice, that the Myriapoda when first disclosed
from the egg have never more than siz legs ¢, and keep
acquiring additional pairs of them and additional seg-
ments to their abdomen as they change their skins: and
it is equally remarkable, that many Hexapods are subject
to a law in some degree the very reverse of this, having
many abdominal legs in their first state, and losing them
all in their last. The union of the head with the trunk
in the Trachean Arachnida has been regarded as almost
an unanswerable argument, in spite of their different in-
ternal organization, for including them in the same class
with the Pulmonary Arachnida ; but the case of Galeodes,
which, though furnished with gills, (as an eminent Rus-
sian Entomologist Dr. G. Fischer is reported to have
discovered,) implying also a circulation, and evidently
belonging to the last-mentioned class, has nevertheless a
.distinct thorax consisting of more than one piece, to which

+ De Geer, vii. £ iii. f. 8. b Hor, Entomolog. 351
¢ De Geer, Itid. 571, 583. £, xxxvi. f. 20, 21,
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are affixed only six legs?, proves that even this circum-
stance possesses no weight when set against the organi-
zation. If it was a difference in this respect, that proved
the Crustacea classically distinct from Insecta—that like-
wise was the principal reason for the separation also of
the Aracknida—it seems to follow that it ought also to
furnish an argument equally cogent for considering the
Trackean Arachnida, as well as the Myriapoda, distinct
from the Pulmonary.

Another difference between the tribes in question is
that of their metamorphosis; and this appears to have
had great weight with Lamarck, inducing him to include
in his Arachnida, not only the Tracheans and Myriapods,
but even the apterous Hexapods, except Pulex, or the
Anoplura and Thysanura of modern authors. But the
metamorphosis alone, unless supported by the internal
organization, will I think scarcely be deemed a sufficient
reason for separating {rom each other tribes agreeing in
that respect, and placing them with others with which
they disagree. The metamorphosis in some of the Hex-
apods (Lepidoptera) consists in the loss of legs, the ac-
quisition of wings, a great change in the oral organs and
in the general form; in others (some Coleoptera), in the
acquisition only of wings and a change of shape, the oral
organs remaining much the same; in others again (Cur-
culio L.), in the acquisition of six legs and wings and a
change of form; in the flea, in the acquisition of six
legs and a change of form only; in the Orthoptera, He-
miptera, &c. in the mere acquisition of wings; in the
Libellulidee, in the loss of the mask that covers the mouth
and the acquisition of wings; in the Diptera, in the ac-

3 Dufour ubi supra. Hor. Tintomolog. 382,
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quisition of six legs, wings, a change of the oral organs
and of the form; in some of the Octopods (Acarus L.),
in the acquisition of a pair of legs; and in others (Pha-
langium and Aranea 1..), solely in a modification of them
as to their proportions; in the Myriapods, the alteration
that takes place in this respect is considerable ; a large
number of pairs of legs is acquired and many additional
abdominal segments, and the proportion which the ab-
domen bears to the whole insect is quite altered. In all
these cases there is a change more or less, either partial
or general, of the original shape or organs of the animal ;
and with regard to their metamorphosis, there is a greater
difference between a young and adult Julus than between
a young and adult grasskopper or bug : so that if the meta-
morphosis, per se, be assumed as a principal regulator of
the class, the grasshopper or bug have as little claim to
belong to it as the Julus.

M. Lamarck lays-considerable stress upon another
character—That Insecta engender only once in the course
of their lives, and Aracknida more than once. - But this,
if examined, will be found to be confined chiefly to the
Pulmonary Arachnida, the Tracheans following the law
of Iusecta in this respect?.

You may perhaps object that the bringing of the Tra-
chean Aracknida and the Myriapoda into the class In-
secta will render the approximation of them to a natural
arrangement more difficult, since it will be impossible
at the same time to connect the Myriapods with the
Crustacea, and the Trachean with the genuine Arachnida.

3 Male Insecta in some instances engender more than once. Mr.

Macl.eay sen. has observed this with regard to Chrysomela Polygon,
and 1 have noticed it in Bombyx MMori.
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26 DEFINITION OYX THE TERM INSECT.

I admit the validity of your objection, but by no arrange-
ment of insects in a simple series can we attain this object :
the difficulty, however, may perhaps be obviated in this
way. The distribution of organized matter, to adopt
Mr. Wm. MacLeay’s metaphor?, begins in a dichotomy,
constituting the animal and vegetable branches of the
great tree of nature, and from these two great branches, by
means of infinite ramifications, the whole system is form-

ed, and, what is remarkable, these branches unite again

so as to represent a series returning into itself, a disco-
very due to the patient investigation and acumen of our
learned friend just mentioned. Now, in considering
the Aptera order, we find at first setting out from the
Hexapods, a dichotomy, where the Anoplura Leach
branch off on the one side, and the Zhysanura Latr. on
the other—the former, by means of the Pediculide, tak-

ing their food by suction, particularly Phthirus Leach,

or the Morpion (in which the segments of the trunk and
abdomen become indistinct®) approach the Octopods by
the hexapod Acari L.—the latter by Mackilis polypoda
tending towards the Myriapods. In the Octopod branch
a further dichotomy takes place, from which you proceed
on one side to the Arancide in the Aracknida, by Pha-
langium, &c.; and in the other by Chelifer, &c. to Scorpio.
Again, the Myriapod branch also divides, going by the
Tulide to one branch of the Isopod Crustacea, and by the
Scolopendride to another.

But there is another view of this subject before alluded
to, which may be repeated here, and which seems to

* Hor. Entomolog. 134. 200.

® Zoolog. Miscell. iii. ¢ 146. In this figurc the segments are
made much more distinct than they are in my specimen.
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prove that the types of form in one natural group or
class are reproduced in another; this appears to result
from the following parallel series:

Neuropierous  Aptera. Arachnida.  Crustacea.
Larve.
Psocus Hexapoda Galeodes Larunda.
Dccapoda  bra-
chyura.
Octopoda ( Decapoda  ma-
croura. 7a-
lassina Scorpio
\. especially.
Ephemera Myriapoda ; Isopoda.

Phalansium. ... Aranea.... g

Panorpa? Chelifer Scorpio....

No type representing the Myriapoda has yet been
discovered in the Aracknida class; but I have little
doubt of its existence. You will observe that the ana-
logies between the larvae of the winged orders and the
Aptera were first noticed by Mr. W. MacLeay2. It is
probable that these parallel series of representatives of
each other might be increased, as well as the numbers in
the respective columns.

‘What I have said will, I trust, sufficiently justify me
for making at present no more material alterations in the
classification I long since proposed to you®; I shall,
therefore, now proceed to define the objects I consider as
Insecta ; but 1 shall first observe—that as Latreille con-
siders the branchiopod Crustacea or Entomostraca of
Miiller as entitled to the denomination of Crustaceo-
Arachnida© ; so his Trachean Arachnida might be called
Arachnido-Insecta, and his Myriapoda, Crustaceo-Insecta.

2 Hor. Entomolog. 422—

b See above, VoL. I. 4th Ed. p. 66. Note =

< Surely thedenomination ought to have been Aracknido-Crustacea,
since the learned author considers them as belonging to the Crustacea
class.
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DEFINITION OF THE TERM INSECT.
Sub-kingdom—ANNULOSA®.
Class—INsECTA.

First Definition—From their external Organization.
Bopy—divided into Head—Trunk—Abdomen.

Hreap.—Principal seat of the organs of sensation.

Organs of sight. Immoveable eyes, simple or com-
pound, varying in number.

Orsgans of hearing uncertain, probably connected
with the antenns,

Organ of taste. Ligula or palate within the mouth,
accompanied by the organs of manducation—a pair
of mandibles and maxillee and an upper and lower

lip, or their representatives.
Organs of touch. Principally two jointed antennae

or their representatives, and four jointed feelers—
two maxillary and two labial.

Trunk. Pringipal seat of the organs of motion.
Organs of walking, running, or jumping. Six or
eight jointed thoracic legs, in pairs.
Organs of flight. TFour wings or their representa-

2 [t may not be without use to give here a short definition of the
Annulosa ; 1 mean excluding the Vermes, which Mr. W. MacLeay
has included ; and the Annelida, which Latreille has made the fifth
of his Annulose classes. Aun, du Mus. 1821.

Annulosa, Animal invertebrate, oviparous; external integument of
a firmer consistence than the internal substance, serving
as a general point of attachment to the muscles; cyes
immoveable; legs more than four, jointed.

CrASsES.

1. Crustacea. Gills external ; more than eight legs.

2. Aracknida. Gills internal ; spiracles; eight legs.

3. Insecta. Trachew; spiracles; six to eight thoracic legs.
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DEFINITION OF THE TERM INSECT. 29

tives, mostly with branching nervures containing
air-vessels ; found in the majority of the class.

Organs (external) of respiration. A double set of
lateral spiracles, some for expiration.

ABpoMEN. Principal seat of the organs of generation.
Organs of motion. In the Myriapods many pairs
of acquired legs; in the Thysanura elastic ventral

or caudal appendages.
Organs of respiration. A double series of lateral
spiracles for inspiration in the majority; in some
only a single series, and in others only a single

pair.

Organs of generation those common to the Ver-
tebrata, but retractile within the body, attended
usually by various anal appendages, particularly
a forceps in the males, and an ovipositor in the
females.

Second Definition— From their internal Organization.

SENSATION,

Nervous System. A small brain usually subbilobed,
crowning a knotty double medullary chord; nerves
proceeding from the brain and other ganglions to
all parts of the body.

CIRCULATION.

Heart replaced by a simple alternately contracting
dorsal vessel or pseudocordia, without arteries or
veins, but filled with a white cold sanies.

RESPIRATION.

Lungs replaced by trachea, which receive the air
from the spiracles, and distribute it by bronchize
infinitely ramified.
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DicesrioN.

Liver and biliary wvessels in_most replaced by from
2 to + 150 floating hepatic filaments opening into
the space between the two skins of the intestinal
canal below the pylorus.

GENERATION.

Internal organs. Males—Vasa deferentia, and vesi-
culee seminales, and the other ordinary organs. Fe-
males—Ovary usually bipartite, with palmate lobes;
genital organs. single and mostly anal; one sexual
union impregnates the female for her life.

Development. In their passage to their adult state,

after they have left the egg, insects undergo several si-
multaneous changes of their integument or successive
moults, and the majority assume three distinct forms,
with distinct organs, which appear as rudiments in their
second state, and are completely developed in their last.

In defining the Aracknida 1 shall only mention those
particulars in which they differ from Insecte in their ex-
ternal anatomy.

Class— ARACHNIDA.
Boby.

HEeap and Trunk usually not separated by a suture.
Liyes. Two to eight, not lateral.

Mandibles cheliform or unguiculate, representing
the interior pair of the antenne of the Crustacea.
Palp: pediform or cheliform.
Trunk. Legs eight or their representatives: tibie
mostly consisting of two joints.
ABpOMEN with from two to eight spiracles.
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SENSATION.
Nervous System. A small bilobed brain crowning a
double, knotty, medullary chord; nerves proceeding

from the brain and other ganglions to all parts of
the body.
CiRCULATION.
Heart unilocular, inaurite, with a system of circulation
by arteries and veins; blood a cold white sanies.
REsrirarion.
Lungs replaced by internal gills receiving the air by
spiracles.
DigEsTion.
Liver, consisting of conglomerate glands, and enve-
loping the intestines®; hepatic ducts.
GENERATION.

Genital organs double, ventral ; more than one sexual

union in the course of life.

The external characters in this class are the same al-
most in every respect as those which distinguish the
Plalangide, the whole difference consisting almost in
the systems of circulation, respiration, and digestion.
Perhaps some future anatomist may discover in the tribe
just mentioned, that there is a nearer agreement between
them and the Aracknida in these systems than is at pre-
sent suspected, which would prove them true Arachnida.
I am inclined to think that Phrynus and Gonyleptes, &ec.
breathe by branchial spiracles; but having no opportu-

2 What L. Dufour regards as the liver in Scorpio (N, Dict. d’ Hist.
Nat. xxx. 421.) Treviranus looks upon as an Epiploon (Fettkorper)
both in Seorpio and Aranca. 6. ¢.1.f. 6. A A. ¢ ii. /. 24. dd. Hepatic
ducts: & 1. £ 6. ii. & ii. £ 24. 8. 8. 8. B
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tunity of examining living specimens, I dare not speak
with any confidence on the subject.

Having thus given you a view of the most important
diagnostics by which what we have all along called In-
sects may scientifically be distinguished from other inver-
tebrate animals, it may not be without use, if, under
this head, I take a more popular and familiar view of
the subject, and say something upon those distinctions
which may attract the attention of the more common
observer.

The notion of diminutive size, particularly as com-
pared with vertebrate animals, seems more frequently
attached to the idea of an insect than any other; and
this notion is generally correct, for one insect that is
bigger than the least of the above animals, thousands
and thousands are vastly smaller: but there exist some
that are considerably larger, whether we take length or
bulk into consideration, and this in almost every order.
To prove this most effectually, and that you may have a
synoptical view of the comparative size of the larger
insects of the different orders and tiibes, I now lay be-
fore you a table of the dimensions of such of the largest

as I have had an opportunity of measuring, including
particularly those giants that are natives of the British
isles,
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38 DEFINITION OI THE TERM JINSE(CT.

From this table you see that several insects included
in it exceed some of the smallest Vertebrata in bulk. In
the Mammalia, the Sorexz Araneus, called by the common
people here the Ranny, is not more than two inches
long excluding the tail ; and-the Mus messorius, or har-
vest-mouse, peculiar to the southern counties of England,
is still more diminutive: so that to these little animals,
the larger Dynastide, Goliathi, and Prioni, &c., appear
giants, and may compete with the mole in size. Even some
of the beetles of our own country, as the great Hydrophi-
lus, the stag-beetle, &c., are more bulky than the two
first-named quadrupeds. Amongst the birds, many Pice,
Passeres, &c., yield to several insects in dimensions, and
their wings when expanded do not extend so far as those
of not a few Lepidoptera. The great owl-moth of Brazil
(Erebus Striz) in this respect is a larger fowl than the
quail. Those beautiful little creatures, the humming-
birds (Trockilus L.), the peculiar ornament and life of
tropical gardens, which emulate the most splendid but-
terflies in the brilliancy of their plumage, are smaller
than a considerable number of insects in almost every
order, and even than some of those that are natives of
Britain. Various reptiles also are much inferior in size
to many of the insects of the above table. The smallest
lizard of this country would be outweighed by the great
British beetles lately mentioned, and the mole-cricket
(Gryllotalpa vulgaris); and some of the serpent tribe are
smaller than the larger Scolopendre and Tuli. Amongst
the fishes also, though some are so enormous in bulk,
others in this respect yield the palm to several insects.
The minnow and the stickleback that frequent our own

pools and streams are considerably inferior in size to
some of our water beetles.
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DEFINITION Ol THE TERM IANSECT. 39

In looking over the table, and comparing the different
species that compose it with each other, you will perceive
that the largest insects of the two sections of Hemiptera,
of the Lepidoptera as to their body merely, of the Hy-
menoptera and Diptera, in general size fall considerably
short of those of the other orders; and that certain indi-
viduals of the Orthoptera and Aptera bear away the
palm in this respect from all the rest. In the Coleoptera
the giants, with the exception of the Goliathi, are chiefly
to be found amongst the timber devourers in the Lamel-
licorn and Capricorn tribes. Of orthopterous insects the
Phasmide present the most striking examples of magni-
tude; and in the Neuroptera, the Agrionide of great
length,

It is worthy of remark here, that although the tropical
species of a genus usually exceed those of colder climates
in size, the Gryllotalpa of Brazil is very considerably
smaller than that of Europe: whether this is the case
with the rest of the cricket tribe I have not had an op-
portunity of ascertaining. The Lepidoptera, though often
remarkable for the vast expansion of their ¢ sail-broad
vans,” if you consider only their bodies, never attain to
gigantic bulk. Even the hawk-moths (Spkinz L.), though
usually very robust, make no approach to the size of
the great beetles, or the length of some of the spectres
(Phasma) and dragon-flies (Agrionide). With regard
to the superficial contents of their wings, a considerable
difference obtains in different species where they expand
to the same length—for the secondary wings are some-
times smaller than the préimary, and sometimes they equal
them in size. In some instances, also, the latter although
long are narrow, and in others they are nearly as wide
aslong : regard, therefore, should be had to their ex-
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40 DEFINITION OF THE TERM INSECT.

pansion both ways. In the Hymenoptera and Diptera,
the principal giants are to be found in the predaceous or
blood-sucking tribes, as Scolia, the Spkecide, Pompilide,
Vespide, &c., belonging to the former order; and the
Asilidee and Tabanide to the latter. The true and false
humble bees (Bombus and Xylocopa) and the fly tribe
(Muscide), though they sometimes attain to considerable
size, scarcely afford an exception to this observation.
Amongst the Aptera none of the Hezapods strike us by
their magnitude, and few of the Octopods, though the
legs of some of the Phalangide inclose a vast area. That
in the table would with them describe a circle of six
inches diameter, though its body is little more than a
quarter of an inch in length. The Myriapods exceed
most insects in the vast elongation of. their body, which
with their motion gives them no slight resemblance to
the serpents. In the class Aracknida, the bird-spiders
(Mygale) are amongst the principal giants, nor do the
Scorpions fall far short of them—both of them when alive
often alarming the beholder as much by their size as by
their aspect.

But as I have before observed, generally speaking, one
of the most remarkable characters of the insect world, is
the little space they occupy ; for though they touch the
vertebrate animals and even quadrupeds by their giants,
yet more commonly in this feature they go the contrary
way, and by their smallest species reach the confines of
those microscopic tribes that are at the bottom of the
scale of animal life. I possess an undescribed beetle,
allied to Silpha minutissima E. B.*, which, though fur-

2 8. minutissima of Marsham is synonymous with Dermestes ato-

marius De Geer, Scaphidium atomarium Gyllenh., and Latridius fasci-
cularis Herbst., but surely arranging with none of these genera, being
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DEFINITION OF THE TERM INSECT. 41

nished with elytra, wings, antennze, legs, and every other
organ usually found in the order it belongs to, is abso-
lutely not bigger than the full stop that closes this period.
In several other coleopterous genera there are also very
minute species, as in Cryptophagus, Anisotoma, Agatkidi-
um, &c. I know no orthopterous insect that can be called
extremely minute, except that remarkable one found on
the Continent in the nests of ants, the Blatta Acervorum
of Panzer?, but now called, I believe, Myrmecophilus :
nor indeed any in the Hemiptera, Neuroptera, and Di-
ptera, that approach the extreme limits of visibility: but
in the Lepidoptera, the pygmy Tinea occultella is almost
invisible except in flight, being scarcely thicker than
a horse’s hair, and proportionably short; indeed, many
others of thoselovelyLilliputians, the subcutaneous 7ree,
decorated with bands of gold and silver, and studded
with gems and pearls, that in larger species would dazzle
the beholder’s eye, are in size not much more conspicu-
ous. In the Hymenoptera order, Ichneumon Punctum of
Dr. Shaw, which forms so striking a contrast to his giant
Phasma dilatatum, being placed together in the same
plate; and another that I possess, under the trivial name
of Atomos, would elude the searching eye of the ento-
mologist unless when moving upon glass. Linne named
the tribe of parasites to which these belong, Minuti,
on account of their generally diminutive size. But
these little minims, under the superintendence of Pro-
vidence, are amongst the greatest benefactors of the
sufficiently distinguished from them and every other insect by its

singular capillary wings. In my cabinet it stands under the name of
Trichopteryx K.

* Panz. Fr. Germ. Init. Ixii, 24, Comp. Hor. Entomolog. Addenda,
&c. 523.
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42 DEFINITION OF THE TENM INSECT.

human race, since they keep within due bounds the va-
rious destroyers of our produce,

The number of minute species of insects seems greatly
to exceed that of large ones, at least in Kurope, of which
it may be asserted probably with truth, that two-thirds
are under a quarter of an inch in length, and one-third
not exceeding much a duodecimal of it. It might hold
good perhaps in Coleoptera, Hymenoptera, Diptera, and
Aptera : but in Qrthoptera, Hemiptera, Neuroptera, and
especially Lepidoptera, a large proportion would be found
to exceed three lines in length, Neither can it be af-
firmed of extra-Turopean species, of those at least pre-
served in cabinets, amongst which it is rare to find an
insect less than the fourth of an inch long, This, how-
ever, must probably be attributed to the inattention of
collectors, who neglect the more minute species.

Though size forms a pretty accurate distinction between

insects and the great bulk of vertebrate animals, it affords
less assistance in separating them from the invertebrate
classes, which are of every size, from the monstrous bulk
of some Cephalopoda (cuttle-fish) and Mollusca (shell-
fish, &c.) to the invisible infusory animalcule: but ex-
ternal characters, abundantly sufficient for this purpose,
may be drawn from the general covering, substance, form,
parts, and organs of the body. As I shall enter into pretty
full details upon this subject when I come to treat of the
external anatomy of insects, I shall here, therefore, only
give such a slight and general sketch of the distinctions
just mentioned, as will answer the end I have in view. I
must here repeat what I have before observed, and what it
is necessary that you should always bear in mind, namely,
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DETINITION OF THE TERM INSECT. 43

that at the limits of classes and of every other natural
group, the characters begin to change, those peculiar to
the one group beginning gradually to disappear, and
those of the other to show themselves; so that it is ima
possible almost to draw up a set of characters so precise
as exactly in every respect to suit all the members of any
natural group.

‘Whichever way we turn our eyes on the objects of
creation, above—below—athwart, analogies meet us in
every direction, and it appears clear, that the Book of
Nature is a Book of Symbols, in which one thing repre-
sents another in endless alternation. And not only does
one animal, &c. symbolize another, but even between the
parts and organs of one set of animals there is often an
analogy as to their situation and wuse, when there is little
or no affinity as to their structure—or again, the analogy
is in their sifuation, without affinity in either structure
or use. Thus certain parts in one tribe represent other
certain parts of another tribe, though as to their structure
there is often a striking disagreement. This is particu-
larly observable between the vertebrate and invertebrate

animals. I shall therefore, in my remarks on the ge-
neral and particular structure of insects, contrast it in its
most important points with that of the first-mentioned
tribe.

The first thing that strikes us when we look at an
insect is its outside covering, or the case that incloses its
muscles and internal organs. If we examine it attentively,
we find that it is not like the skin of quadrupeds and
other Vertebrata, covering the whole external surface of
the body; but that in the large majority it consists of
several pieces or joints, in this respect resembling the
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44 DEFINITION OF THE TERM INSECT.

skeleton of the animals just named; and that even in those
in which the body appears to have no such segments, as
in many of the Mites (Acarus L.), they are to be found in
the Zimbs. This last circumstance, to have externally
jointed legs, is the peculiar and most general distinction by
which the Insecta of Linné, including the Crustacea, may
always be known from the other invertebrate animals?.
If we proceed further to examine the substance of this
crust or covering, though varying in hardness, we shall
find it in most cases, if we exclude from our considera-
tion the shells of the Mollusca, &c., better calculated to
resist pressure than that of the majority of animals that
have no spine. In all the invertebrate tribes, indeed, the
muscles, there being no internal skeleton, are attached
to this skin or its processes, which of course is firmer
than the internal substance; but in insects it is very often
rigid and horny, and partially difficult to perforate, sel-
dom exhibiting that softness and flexibility which is found
in the cuticle of birds and most quadrupeds. From this
conformation it has been sometimes said, that insects
carry their bones on the outside of their body, or have
an external skeleton. This idea, though not correct in
all respects, is strictly so in this—that it affords a general
point of support to the muscles, and the whole structure
is erected upon it, or rather I should say within it. The
difference here between Insccts and the Fertebrata seems
very wide; but some of the latter make an approach to-
wards it. I allude to the Chelonian Reptiles ( Zestudo L.),

* The Annelida have, however, sometimes jointed organs, which
facilitate their progressive motion whether vermicular or undulatory;
but they cannot be deemed legs, since they neither support the body
nor enable it to walk, &c. Latreille Anim. invertebr. Artic, 128. Ann.
du Mus. 1821.
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DEFINITION OI THE TERM INSECT. 45

in- which the vertebral column becomes external or merges
in the upper shell. The cyclostomous fishes also are not
very wide of insects as to their integument. But on this
subject I shall be more full hereafter.

The forms of insects are so infinitely diversified that
they almost distance our powers of conception: in thisre-
spect they seem to exceed the fishes and,other inhabitants
of the ocean, so that endless diversity may be regarded
as one of their distinctions. But on all their variations
of form the Creator has set his seal of symmetry; so that,
if we meet with an animal in the lower orders in which
the parts are not symmetrical, we may conclude in general
that it is no insect.

But it is by their parts and organs that insects may be
most readily distinguished. In the vertebrate animals,
the body is usually considered as divided into /ead,
trunk, and limbs, the abdomen forming no part of the
skeleton ; but in the nsect tribes, besides the organs of
sense and motion, the body consists of tAree principal
parts—Head, Trunk, and Abdomen—the first, as was

before observed, bearing the principal organs of sense

and manducation ; the second most commonly those of
motion ; and the third those of generation—the organs of
respiration being usually common to both trunk and ab-
domen. These three primary parts,—though in some in-
sects the head is not separated from the trunk by any
suture, as for instance in the Aracknida; and in others,
head, trunk, and abdomen form only one piece, as in some
mites,—still exist in all, and in the great majority they are
separated by incisures more or less deeply marked: this
is particularly visible in.the Hymenoptera and Diptera,
which, in this respect, are formed upon a common model;
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46 DEFINITION OF TIIE TERM INSECT.

and in the rest, with the above exceptions, it may be
distinctly traced.

The ’ead of insects is clearly analogous to that of
vertebrate animals, except in one r%spect, that they do
not breathe by it. It is the seat probably of the same
senses as seeing, hearing, smelling, tasting—and more pe-
culiarly perhaps.of that of fouch. The eyes of insects,
though allowed on all hands to be organs of sight, are
differently circumstanced in many particulars from those
of the animals last mentioned; they are fixed, have nei-
ther iris nor pupil, are often compound, and are without
eyelids to cover them during sleep or repose; there are

usually two compound ones composed of hexagonal
facets, but in some instances there are four; and from
one to three simple in particular orders. The antennce
of insects in number and in situation correspond with the
ears of the animals we are comparing with them; but

whether they convey the vibrations of sound has not
been ascertained : that they receive pulses of some kind
from the atmosphere I shall prove to you hereafter—so
that if insects do not %ear with them in one sense, they
may, by communicating information, and by aeroscopy, to
use Lehman’s term, not directly in his sense?, supply the
place of ears, which would render them properly ana-
logous to those organs. That in numbers these remark-
able organs are tactors is generally agreed, but this isnot
their universal use. That insects smell has been often
proved; but the organ of this sense has not been ascer-
tained. What has improperly been called the clypeus,
or the part terminating the face above the upper lip
({abrum), is in the situation of the nose of the Vertebrata,

2 De Antennis Inscct. ii. 65.
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DETINITION OF THE TERM INSECT. 47

and therefore so far analogous to it, and in some cases
even in form: I therefore call it the nose. Whether this
part represents the nose by being furnished with what
answer the purpose of nostrils, residing somewhere at
or above the suture that joins it to the upper lip, I cannot
positively affirm; but from the observations of M. P.
Huber, with regard to the hive-bee, it.appears that at
least these insects have the organ of the sense in question
somewhere in the vicinity of the mouth, and above the
tongue? : analogy, therefore, would lead us to look for
its site somewhere between the apex of the nose and the
upper lip; and in some other cases, which I shall here-
after advert to, there is further reason for thinking that
it actually resides at the apex of the nose. The organ of
taste in insects, though some have advanced their palp:
to that honour, is doubtless in some part within the
mouth analogous in a degree to the tongue and palate of
the higher animals. The organs of manducation, in
what may be deemed the most perfect description of
mouth, consist of an upper lip closing the mouth above,
a pair of mandibles moving horizontally that close its
upper sides, and a lower lip with a pair of mazille at-
tached to it, which close the mouth below and on the
under sides, both labium and maxillee being furnished
with jointed moveable organs peculiar to annulose pedate
animals, called palpi. In some tribes these organs as-
sume a diflerent form, that they may serve for suction ;
but though in many cases some receive an increment at

* Nouv. Obs. sur les Abeilles, 1i. 376—. Tt appears from M. Huber’s
experiment, that it was only when the hair-peneil, impregnated with
the oil of turpentine, was presented © pres de la cavite, au dessus
de Pinsertion de la trompe,” that the bee was sensible of the odour.
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48 DEFINITION OF THE TERM INSECT.

the expense of others, and a variation in form takes place,
none, as M. Savigny has elaborately proved, are totally
obliterated or without some representative®. The organs
now described, except the upper lip, are formed after
a quite different type from those of Vertebrata, with which
they agree only in their oral situation and use.

The second portion of the body is the ZTrunk, which
is interposed between the head and abdomen, and in
most insects consists of three principal segments, sub-
divided into several pieces, which I shall afterwards ex-~
plain to you. I shall only observe, that some slight ana-
logy may perhaps be traced between these pieces and the
vertebrae and ribs of vertebrate animals, particularly the
Chelonian reptiles. This is most observable in Gryllus L.
and Libellula L., in which the lateral pieces of the trunk
are parallel to each other®. In the Diptera and many
of the Aptera most of these pieces are not separated by
sutures. ILach of the segments into which the trunk is
resolvable bears a pair of jointed legs, the first pair point-
ing to the /ead, and the two last to the anus. These legs
in their composition bear a considerable analogy to those
of quadrupeds, &c., consisting of Aip, thigh, leg, and
Joot ; but the last of these, the foot or Tarsus, is almost
universally monodactyle, unless we regard the Calcaria
that arm the end of the tibia, as representing fingers or
toes, an idea which their use seems to justify. Acheta
monstrosa and Tridactylus paradoxus, however®, exhibit
some appearance of a phalanx of these organs. They

differ from them first in number, the thoracic legs being

* Amm. sans Vertebr. 1. i. Mem. i.
b Prate VIII. Fic. 10—14; IX. Fig. 6—8.
¢ Coquebert I7lust. Ic. iii. t. xxi. f. 3.
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DEFINITION OF THE TERM INSECT. 19

invariably siz in all insects, with the exception of the
Octopods or most of the Trachean Arachnida, which have
usually ezghz.  In the Myriapods, though there are hun-
dreds of abdominal legs, only six are affixed to the trunk.
Next they differ with regard to the sizuation of their legs;
for though the anterior pair or arms are analogous in
that respect, the posterior pair are not, since in quadru-
peds these legs are placed bekhind the abdomen, but in
insects before it—in fact, in the former the legs may be
considered as placed at each end of the body, excluding
only the head and tail, but in the latter in the middle.
Though they correspond with those of quadrupeds in
being in pairs or opposite to each other, yet their direc-
tion with respect to the body is different, the legs of
quadrupeds, &c. being nearly straight, whereas in insects
they are bent or form an angle, often very obtuse at the
principal articulations, which occasions them to extend
far beyond the body, and when long to inclose a propor-
tionally greater space. 'The wings are the organs of
motion with which the upper side of the trunk is fur-
nished; and these, though they are the instruments of

flight, are in no other respect analogous to those of

birds, which replace the anterior legs of quadrupeds, Lut
approach nearer, both in substance and situation, to the
fins of some fishes, and perhaps in some respects even to
the leaves of plants. M. Latreille is of opinion, That
the four wings or their representatives replace the four
thoracic legs of the decapod Crustacea®. Upon this
opinion, which shows great depth of research and prac-
tical acumen, I shall have occasion to express my senti-
ments when I come to treat more at large on the anatomy

* Hor, Entomolog. 413 —.
VOL, III. E

cm 1 2 10 11 12

L
s
(&

c
=
1]
w0

A
(4]
o



cm
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of the trunk and its members; at any rate they do not
replace the two anterior pair .of legs of the hexapod
Aptera. When merely used as wings, they commonly
consist of a fine transparent double membrane, strength-
ened by various longitudinal and transverse nervures, or
bones as some regard them, accompanied by air-vessels,
of which more hereafter, as well as of their kind and cha-
racters. I shall only observe, that insects are known
from all other winged animals, by having four wings, or
what represent them, and this even generally in those
that are supposed to have only a pair. .Another pecu-~
liarity distinguishes the trunk of insects that you will
in vain look for in the vertebrate animals-—these are one
or two pair of lateral spiracles or breathing pores. Though
the respiratory sacs, &c. of birds are almost as widely
dispersed as-the traches and bronchia of insects?, yet
their respiration is perfectly pulmonary, and nothing like
these pores is to be discovered in them.

The principal peculiarity of the third part of the body,
the abdomen, is its situation behind the posterior pair of
thoracic legs, and its rank as forming a distinct portion
of what represents the skeleton. In most insects it is so
closely affixed to the posterior part of the trunk as to
appear like a continuation of it, but in the majority. of
the Hymenoptera and Diptera, and in the Araneidan
Arachnida, or spiders, it is separated by a deep incisure;
and in the first-mentioned tribe is mostly suspended to
the trunk by a footstalk, sometimes of wonderful length
and tenuity. In the Mammalia the male genital organs
are partly external; but in insects as well as in many of

the vertebrate animals, except when employed, they are -

* N. Dict. d’ Hist. 'Nat. xxviii. ; compare 104 and 110.
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DETFINITION OFf THE TERM INSECT. a1

retracted within the body. This part is the principal
seat of the respiratory pores or spiracles, many having
eight in each side, while others have only one.

Such are the principal external characters which di-
estinguish Iusecta and Aracknida, or what we have here-
tofore regarded as insects, to which here may be added
another connected with their internal organization. The
union of the sexes takes place in the same manner as
amongst larger animals; and the females with very few
exceptions, more apparent than real, are oviparous.
They are, however, distinguished by this remarkable pe-
culiarity already alluded to, that, except in the case of
the Arachnida, one impregnation fertilizes all the eggs
they are destined to produce. In most cases, after these
are laid, the females die immediately, and the males after
they have performed their office, though they will some-
times unite: themselves to more than one female. . One
other circumstance may be named here—that no genuine
insect or Arachnidan has yet been found to inhabit the
ocean.

Before I conclude this letter, it is necessary to apprize
you, that every thing which it contains relative to the
characters of insects, has reference to them only, in their
last or perfect state, not in those preparatory ones through
which you are aware that the majority of them must pass.
The peculiar characteristics of them in these states—in the
egg, the larva, and the pupa, will* be the subjects of my
next letters, which will be devoted to a more detailed
view of the metamorphosis of insects than I gave you
before when adverting to this subject?.

* See above, Vor. I. Ed. 4. p. 63—,
E 2
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LETTER XXIX.

STATES OF INSECTS.

EGG STATE.

ON aformer occasion I gave you a general idea of what
has been called, perhaps not improperly, the metamor-
phosis of insects?; but since that time much novel and
interesting speculation on the subject has employed the
pens of many eminent Physiologists; and besides this,
the doctrine then advanced of successive developments
has been altogether denied by a very able Anatomist,
Dr. Herold, who, with a hand, eye, and pencil, second
only to those of Lyonnet, has traced the changes that
gradually take place in the structure of the cabbage-but-
texfly (Pieris Brassice) on passing through its several
states of larva, pupa, and imago. It is necessary, there-
fore, that previously to considering separately and in

2 The word perawopPos, and its derivative perepop@uoig, are not
extant in any Greek writer before the date of the New Testament.
They are used to express any external change of form or colour, and
metaphorically an inward change and progressive improvement of the
mind. Comp. Matth. xvii. 2. ZElian. Var, Fist.1.1. ¢. 1. Rom. xiii. 2.
2 Cor. iii. 18. They are, therefore, not improperly applied, as some
have supposed, to the changes of insects.
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STATES OI INSECTS.

detail the states of insects, I should again call your atten-
tion to this subject, and endeavour to ascertain whether
Dr. Herold’s hypothesis rests upon a solid foundation ;
or whether that adopted from Swammerdam by all the
most eminent Entomologists and Physiologists since his
time can be maintained against it.

I shall first give you a short abstract of the new hy-
pothesis.

According to Dr. Herold—T7%e successive skins of the
caterpillar, the pupa-case, the future butterfly, and its
parts and organs, except those of sex which he discovered
in the newly excluded larva, do not preexist as germes, but
are formed successively from the rete mucosum, whick it-
self is formed anew upon every change of skin from what
he denominates the blood, or the chyle after it has passed
through the pores of the intestinal canal into the general
cavity of the body, where, being oxygenated by the air-
vessels, it performs the nutritive functions of blood. He
attributes these formations to a vis formatrix (Bildende
Kraft).

The cawl or epiploon (Fett-masse), tke corps graisseux
of Reaumur, &c., which he supposes to be formed from the
superfluous blood, he allows, with most physiologists, to be
stored up in the larva, that in the pupa state it may serve
Jor the development of the imago. But he differs from
them in asserting that in this state it is destined to two
distinct purposes—first, for the production of the muscles
of the butterfly, which ke affirms are generated frrom it in
the shape of slender bundles of fibres ;—and secondly, for
the development and nutrition of the organs formed in the
larva, to effect which, he says, it is dissolved again into
the mass of blood, and being oxygenated by the air-vessels,

3 4 5 unesp” 8 9 10 11 12
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becomes fit for nutrition, whence the epiploon appears to
be a kind of concrete chyle®.

Need I repeat to you the hypothesis to which' this
stands opposed—T%at every caterpillar at its first exclu-
sion contains within itself the germe of the future butterfly
and of all its envelopes, which successively presenting them-
selves are thrown off; till it appear in perfection and
beauty, with all its parts and organs, when no further de-
velopment takes place.

I believe you will agree with me, when you have read
and considered the above abstract of Dr. Herold’s hy-
pothesis, that in it he substitutes a name for knowledge,
talks of a vis formatriz because his assisted eye cannot
penetrate to the primordial essence or state of the germes
of being, and denies the existence of what he cannot dis-
cover®. From ancient ages philosophers have done the
same, to conceal their own ignorance of causes under a
sounding name, when they have endeavoured to pene-
trate within the veil of the sanctum sanctorum, which it
is not permitted to vain man to enter. This has occa-
sioned the invention, not only of the term in question,
but of many others, as little meriting the appellation of
Stgns of ideas : such as Plastic Nature, Epigenesis, Pan-
spermia, Idea seminalis, Nisus formativus, &c. Butupon

4 Entwickelungsgeschichte der Schmetterlinge 12—27. 1056—.

b Dr. Virey’s observations under the article Embryo (N. Dict.
d' Hist. Nat. x. 195.) deserve here to be considered. “1II y a donc
quelque chose au dessus de I'intelligénce humaine dans cette forma-
tion des etres; en vain on veut I'approfondir, c’est un abime dans
lequel on ne voit que la main de Dieu, A quoi bon s’appesantir sur
le mystere de Ia formation des etres, sans esperance de P’expliquer ?
Ne vaut-il pas mieux observer les operations de la nature autant
qu'il est permis a I’ceil humain de les appercevoir ?”
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this subject you cannot do better than consult what the
learned Dr. Barclay has said in his admirable work On
Life and Organization®, in which he has placed the
inanity, the vox et preterea nikil, of such high-sounding
terms in their true light. The processes of nature in
the formation and development of the feetus in utero, of
the chick in the egg, of the butterfly in the caterpillar,
we in vain attempt fully to investigate ; yet we can easily
comprehend that pre-existent germes, by the constant
accretion of new matter in a proper state, may be gra-
dually developed, but we find it impossible to conceive
how, by the action of second causes, without the inter-
vention of the first cause, the butterfly should be formed
in the caterpillar, unless it preexists there as a germe or
foetus. ¢ Is it not clear,” asks Dr. Virey in his lively
manner, ¢ as Blumenbach and other Physiologists main-
tain, that there is a formative power, a nisus formativus,
which organizes the embryo? Admirable discovery !”
says he, ¢ which teaches us that the fuetus forms itself
because it forms itself | As if you should affirm that the
stone falls because it falls®!** Had Dr. Herold considered
what Bonnet says with as much good sense as modesty,
he would never have imagined that his discovering the
organs of the butterfly one after the other at certain pe-
riods in the caterpillar, was any sound argument against
their preexistence and coexistence as germes. ¢ Or-
gans,” says that amiable and excellent Physiologist,
“ that have no existence as to us, exist as they respect
the embryo, and perform their essential functions; the
term of their becoming visible is that which has been

2 § xiv. b N. Dict. d’ Hist. Nat. x. 193.
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erroneously mistaken for the period of their existence?.”
This has been Dr. Herold’s grand error ; he mistook the
commencement of the appearance of the organs of the
butterfly for that of their existence, and yet the early ap-
pearance of the sexual organs ought to have led him to
a conclusion the reverse of that which he has adopted.
Dr. Virey has observed with great truth—that ¢ Every
being has a peculiar and unique nature, which would be
impossible if the body was composed of parts made at
several intervals, and without a uniform power that acts
by concert®:” and every Physiologist acquainted with
the history of insects that undergo a complete metamor-
phosis will allow, that their developments and acquisition
of new parts and organs take place according to a law
which regulates the number, kind, and times of them,
differing in different species, and which has had an in-
variable operation, since the first creation, upon every
sound individual that has been produced into the world.
In consequence of this law, one species changes its
skin only four times, and another ffve or siz ;—in some
cases the first skins shall be covered or bristled with
hairs or spines, and the last be naked and without arms;
—that which forms the case of the pupz shall differ in
form and substance from the preceding skins, varying in
both respects in different species; and finally the butterfly
shall invariably follow, when no other change but the

> (Eww. v. 279, “ 1 n’est pas exact de dire que le cceur, la téte, et
la moelle épiniere, sont formes les premiers dans les feetus des ani-
Inaux a sang rouge et vertebres,” says Dr. Virey; ¢ mais il faut dire
seulement que tel est I'ordre dans lequel ces organes commencent a
devenir visibles.”” N, Dict. d’ Hist. Nat. x. 196.

b Ibid. 193.
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last mortal one shall take place. Can this law, so con-
stantly observed, be the result of a blind power? Or are
we to suppose that the Deity himself is always at work
to create the necessary organs in their time and place ?
Is it not much more consonant to reason and the general
analogy of nature, to suppose that these parts and organs
exist in embryo in the newly-hatched caterpillar, and
grow and are successively developed by the action of the
nutritive fluid? In the pupa of many Diptera the in-
closed animal, even under the microscope, appears with-
out parts or organs, like a mere pulp; but Bonnet tells
us, that if boiled, all the parts of the pupa appear?, which
proves the preexistence of these parts even when not to
be discerned, and ‘that nothing but the evaporation of
the fluids in which they swim is wanted to render them
visible.

Mr. William MacLeay has with great truth observed:
¢ The true criterion of animal as well as vegetable per-
fection is the ability to continue the species®;” and in
their progress to this state certain changes take place in
the parts and organs of all animals and vegetables:
there is, therefore, an analogy in this respect between
them ; and this analogy also furnishes another argument
against Dr. Herold’s hypothesis, as we shall presently
see. 'These changes are of three kinds: In the vege-
table kingdom, at least in the phaenogamous classes, there
is a succession of developments terminating in the ap-
pearance of the generative organs, inclosed in the flower ;
in this kind the integuments, or most of them, are usually
persistent. In insects and other annulose and some ver-
tebrate animals, there is a succession of spoliations, or

& (Luor, viil, 315, b Hor. Entonolog. 116,
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simultaneous changes of the whole integument, till the
animal appears in its perfect form with powers of repro-
duction; in this kind the integuments are caducous.—In
man and most of the vertebrate animals there is a gradual
action of the vital forces in different organs till they are
fitted for reproduction ; accompanied, as progess is made
to the adult state, by the acquisition of certain organs,
&c. as of teeth, horns, pubes, feathers, &c.? Let us now
consider a little in detail the analogies that appear to exist
between the second and the first and third kinds, I shall
first consider the latter as the least obvious.. That able,
judicious, and learned physiologist, Dr. Virey, has pointed
out no inconsiderable resemblance between the metamor-
phosis of the insect, and the changes, which he denomi-
nates a metamorphosis by metastasis, to which most ver-
tebrate animals are subject. In them, he observes, a state
analogous to the larva state begins at the exclusion of
the feetus from the womb; it is deprived of teeth, and its
viscera are only accommodated to milk : in the cornute
species the horns are in embryo: the digestive system
now preponderates, and the great enjoyment is eating.
A second state, in a degree analogous to that of pupa,
commences at the period of dentition—the teeth now
produce another modification in the intestinal canal,
which becomes capable of receiving and digesting solid
food : during this period the vital forces are all tending
to produce the perfect state of the animal; and in this
state, in man especially, the individual is educated and
fitted to discharge the duties of active life. ~Again, ana-
logous to the mago state is the age of puberty, in which

2 See on this subject N, Dict. d’ Hist. Nat. xx. article Metamor-
phosis.
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the complete development of the sexual powers takes
place in both sexes, and the animal has arrived at. its
acme, and can' continue its kind?: now the digestive
powers diminish in their activity, and love reigns para-
mount. When this state is fully attained, no further or
higher change is to be expected, and the progress is soon
towards decay and the termination of the animal’s mortal
career. So we'see that in fact man and other mammalia,
though they do' not simultaneously cast their skins' like
the insect; or pass: into: a state of intermediate repose,
before they attain the perfection. of their nature, like the
caterpillar; have their three sfafes, in each of which they
acquire new parts, powers, and:appetites.

But a more striking analogy has been traced between
the insects that undergo a complete metamorphosis and
the wegetable kingdom ; for though the primary analogy
seems to be between the Polypus and the Plant, yet the
secondary one with the Insect is not by any means remote.
There are circumstances to which I shall have occasion
hereafter to call your attention, which afford some ground
for supposing, that the substance of the insect and the
vegetable partakes of the same nature, at least approxi-
mates more nearly, than that of the insect and the verte-
brate animal ; and every one who'has observed these little
creatures with any attention, will have observed amongst
them forms and organs borrowed as it were from the
kingdom of Flora; and wice versa the Botanist, if he
makes the comparison, will find amongst his favourite
tribes many striking resemblances of certain insects.
But the analogy does not stop here; for the butterfly
and the plant appear to have been created with a parti-

3 N. Dict. d’ Hist, Nat, xx. 349—.
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cular reference to each other, both in the epoch of their
appearance and the changes that take place in them.
Thus, as Dr. Virey has observed, the caterpillar is si-
multaneous with the leaf of the tree or plant on which it
feeds, and the butterfly with the flowers of which it im-
bibes the nectar?®, Swammerdam, I believe, was the first
who noticed the analogy between the cZanges of the insect
and the vegetable, and has given a table in which he has
contrasted their developments, including other animals
that undergo a metamorphosis®: an idea which has been
generalized by Bonnet¢, and adopted and enlarged by
Dr. Vireyc. A state analogous to that of the Zarva in
the insect begins in the plant when it is disclosed from
the seed, or springs from its hybernaculum in the bulb,
&c.; or. is evolved from the gemma; integument after in-
tegument, often in various forms, as cotyledon, radical,
cauline, or floral leaves, expands as the stem rises, all
which envelopes incase the true representative of the
plant, the fructification, as the various skins do the future
butterfly. When these integuments are all expanded,
the fructification appears inclosed by the calyx or corolla
as the case may be, in which the generative organs are
matured for their office—this is the bud, which is clearly
analogous to the pupa state of the insect. Next the calyx
and corolla expand, the impregnation of the germen takes
place, and the seed being ripened, and dispersed by the
opening of the seed-vessel or ovary of the plant, the in-
dividual dies: thus the 7mago state of the insect has its
representative in the plant. ¢ If we place,” says Dr. Virey,
¢ here the egg of the insect, next its caterpillar, a little

3 N. Dict. d’ Hist. Nat. xx. 348.
b Bibl. Nat. Ed, 11ll, ii. 138. c uvr, v, 283--.
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further the chrysalis, and lastly the butterfly—what is
this but an animal stem—an elongation perfectly similar
to that of the plant issuing from the seed to attain its
blossoming and propagation ??

There being, therefore, this general analogy in their
progress to that state in which they can continue their
species between every part of animated nature, it holds
good, I think, that the same analogy should take place
in their developments. If the adult man or quadruped,
&c. is evidently an evolution of the feetus, as from mi-
croscopical observations it appears that they are®, if the
teeth, horns, and other parts, &c. to be acquired in his
progress to that state are already in him in their embryos,
we may also conclude that the butterfly and its organs,
&c. are all in the newly-hatched caterpillar. Again, if the
blossom and its envelopes are contained inthe gemma, the
bulb, &c. where they have been discovered®, it follows
analogically that the butterfly and its integuments all
preexist in its forerunner.

Perhaps after this view of the objections to Dr. He-
rold’s hypothesis, it will not be necessary to say much
with regard to the argument he draws from the change
of organs—the loss of some and the acquisition of others
—since this may readily be conceived 1o be the natural
consequence of the vital forces tending more and more
to the formation of the butterfly, and the withdrawing
of their action more and more from the caterpillar; I
shall not, therefore, enter further into the question, espe-

2 N. Dict. d’ Hist. Nat. xx. 355.

b Leeuwenhoek discovered in the incipient feetus of a sheep, not
larger than the eighth part of a pea. all the principal parts of the

future animal. Are. Nat. 1. ii. 165, 173.
¢ Bonnet, uvr. v. 284.
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cially since the change of organs will come more regu-
larly under our notice upon a future occasion.

Winged insects, many branchiopod Crustacea, and the
Batracian reptiles, have been observed by Dr. Virey to
bear some analogy to the mammalia, aves, &c. in another
respect. - In leaving their egg, they only quit their first
integument, answering to the ckorion or external envelope
of the human feetus; they therefore still continue a kind
of feetus, so to speak, more or less enveloped under other
tunics, and principally in their amnios, or the. covering
in which the foeetus floats in the liguor amniz*. This the
butterfly does in the pupa case; and.its birth from this,
under this view, will be the true birth of the animal. ‘In
the human subject, the ova upon impregnation are said
to pass from the ovary through the Fallopian tube into
the uterus. In the insect world, upon impregnation, the
eggs pass first from the ovaries into the oviduct, answer-
ing to the Fallopian tube, which in them terminates in
the ovipositor, or the instrument by which the parent
animal ‘conveys the eggs to their proper station: there
is, therefore, nothing properly analogous to the uterus in
the insect, and the substance upon which the larva feeds
upon exclusion answers the purpose of a placenta.

After this general view of the most modern theories
with regard to the metamorphosis of insects, I shall in the
present and some following letters, treat separately of the
different states through which these little beings suc-
cessively pass.

The first of these is the Egg state, the whole class of
insects being strictly oviparous. Some few tribes indeed

* N. Dict. d’ Hist. Nat. xx. 352.
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bring into the world living young ones, and have on that
account been considered as wviviparous, but incorrectly,
for the embryos of none of these are nourished, as in the
true viviparous animals, within a uterus by means of a
placenta, but receive their development within true eggs
which ‘are hatched in the body of the mother. This is
proved by the observations of Leeuwenhoek, who found
eggs in the abdomen of a female scorpion®; and of
Reaumur, with regard to the flesh-fly (Musca carnaria)
and other viviparous flies as they have been called®. A
similar- mode of production takes place in vipers and
some other reptiles, which have hence been denominated
ovo-viviparous, to distinguish them from the true vivi-
parous animals—the class Mammalia. By far the larger
portion of insects is oviparous in the ordinary acceptation
of the term. The ovo-viviparous tribes at present known
are scorpions; the flesh-fly and several other flies; a

minute gnat belonging to Latreille’s family of Tipularice®;
some species of Coccus ; some bugs (Cimicide)?; and most
Aphides, which last also exhibit the singular fact of indi-
viduals of the same species being some oviparous and

others ovo-viviparous, the former being longer in propor-
tion than the latter.—Bonnet, however, is of opinion that
the eggs of the first are not perfect eggs, but a kind of
cocoon, which defends the larva, already formed in some
degree, from the cold of winter®.

a Select Works by Hoole, i. 132, -The fact is confirmed by M. L.
Dufour, who, having opened the abdomen of a female scorpion, found
in the midst of some eggs nearly mature a little scorpion a quarter
of an inch long ; it lay without motion,with its tail folded under the
body. N. Dict. d’ Hist. Nat. xxx. 426.

b Reaum. iv. 425—. ¢ Ibid. 428—. &. xxix. f. 10, 11.

4 Busch, a German author, affirms that many. Cimicide are subject
to this law. Schneid. i. 206.

¢ Quoted in Huber Fourmis, 208. Some reptiles also are at one
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‘When excluded from the body of the mother, or from
the egg, as has been before observed, some insects appear
nearly in the form of their parents, which, with a very
slight alteration, they always retain; others, and the
greater number, assume an appearance totally different
from that of their parents, which they acquire only after
passing through various changes. It is to these last, which
have chiefly engaged the attention of Entomologists,
that the title of metamorphoses has been often restricted.
As, however, those insects which undergo the slightest
change of form, as spiders do, undergo some change, and
almost all insects cast their skins several times? before
they attain maturity, Linné and most Entomologists, till
very recently, have regarded the whole class as under-
going metamorphoses, and as passing through four dif-
ferent states, viz. the Egg—the Larva—the Pupa—and
the Imago.

It is obvious, however, that in ovo-viviparous species
three states of their existence only come under our cog-
nizance, as these, being hatched in the body of the
mother, come forth first under the form of larvae. There
is even one tribe of insects which presents the strange
anomaly of being born in the pupa state. This is the
Linnean genus Hippobosca (Pupipara fam. Latr.), to
which our forest-fly belongs, the females of which lay
bodies so much resembling eggs, that they were long
considered as such until their true nature was ascertained
by Reaumur (most of whose observations were confirmed
by De Geer), who, from their size, which nearly equals
time oviparous, and at another ovo-viviparous. N. Dict. d’Hist.
Nat. xii. 568.

3 I say almost all insects, because the larvae of Hymenoptera and

Diptera are supposed not to undergo this change, N. Dict. d’ Hist.
Nat, xx. 365.
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that of the parent fly—from their slight motion when
first extruded—from spiraculiform points which run down
each side of them—and lastly, from their producing not
a larva, as all other insects’ eggs do, but perfect flies in
the winged state—inferred, and doubtless with reason,
that they are not real eggs, but pupse, or larve just ready

to assume the pupa state, which, however strange it may

seem, have passed the egg and larva states in the body
of the mother2.

Insects, therefore, as to their mode of birth, may be
divided into—

1. Ovo-viviparous, subdivided into—

1. Larviparous, coming forth from the matrix of the
mother in the state of larvee, as the Scorpion
(Scorpio), the Flesh-fly (Musca), the Plant-louse
(Aphis), &e.

2. Pupiparous, continuing in the matrix of the me-
ther during the larva state, and coming forth in
that of pupa, as the Forest-fly (Hippobosca
equina), the Sheep-louse (Melophagus ovinus),
the Bat-louse (Nycteribia Vespertilionis), &c.

II. Oviparous. All other insects.

Our business for the remainder of this letter will be
with the latter description of these little animals.

The unerring foresight with which the female deposits
her eggs in the precise place where the larvee, when ex-
cluded, are sure to find suitable food; and the singular
instruments with which, for this purpose, the extremity
of their abdomen ’is furnished, have been noticed in a
former letter®, and those last mentioned will be adverted
to in a future one. I shall now, therefore, confine myself

3 Reaum. vi, Mem. xiv. De Geer, vi. 280.
b See Vor. 1. Lett. x1.
VOL. III. ¥
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to other circumstances connected with the subject, ar-
ranged for the sake of order under several distinct heads,
as—their exclusion—situation—substance—number—size
—figure—colour—and period of hatching.

i. Ezclusion. The exclusion or extrusion of the im-
pregnated eggs takes place, when, passing from the ovary
into the oviduct, they are conducted by means of the
ovipositor, in which it terminates, to their proper situa-
tion. By far the greater number of insects extrude them
singly, a longer interval elapsing between the passage of
each egg in some than in others. In those tribes which
place their eggs in groups, such as most butterflies and
moths, and many beetles, they pass from the ovaries
usually with great rapidity ; while in the Ichneumonide,
Sphegide, (Estri, and other parasitic genera, which usu-
ally deposit their eggs singly, an interval of some minutes,
hours, or perhaps even days, intervenes between the ex-
trusion of each egg. One remarkable instance of the
former mode I noticed in my letter on the Perfect Socie-
ties of Insects? ; another may be cited, to which you may
yourself be a witness—I allude to that common moth,
vulgarly called the Ghost (Hepialus Humuli), which lays
a large number of minute black eggs, resembling grains

of gunpowder, and ejects them so fast that, according to

De Geer, they may be said to 7un from the oviduct, and
are sometimes expelled with the force of a popgun®. A
Tetrapterous insect, the genus of which is uncertain, is
said, when it is taken, to discharge its eggs like shot from
a gun®. And a friend of mine, who had observed with at-
tention the proceedings of a common crane-fly ( Zipula),

2 See Vor. IL p. 36. b De Geer i. 494—.
¢ Called by M. ’Abbe Preaux, who observed it near Lisieux in
Normandy, Mouche Baliste. N. Dict. d'Hist, Nat, xxi, 442.
3
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assured me that several females which he caught pro-
jected their eggs to the distance of more than ten inches.

A few Diptera extrude them in a sort of chain or
necklace, each egg being connected by a glutinous mat-
ter with that which precedes and follows it. In a small
species of a genus allied to Psychoda (a kind of midge),
which one season was abundant in a window of my house,
this necklace is composed of eggs joined by their sides,
not unlike those strung by children of the seeds of the
mallow?, Other Z%Zpulidee on the contrary extrude their
eggs joined end to end, -so as to resemble a necklace of
oval beads. Beris clavipes and Sciura Thome, two other
flies, produce a chain about an inch long, consisting of
oval eggs connected, in an oblique position, side by side ;
an arrangement very similar prevails in the ribband of
eggs which drop from some of the Ephemerce®.

These eggs, like those of the insects first mentioned,
though connected, are expelled in succession ; but other
tribes, as the Libellidide, with the exception of Agrion,
many Ephkemercee, Trichopterous insects, &c. expel the
whole at once, as it were in a mass. In those first men-

tioned they are gummed together in an oblong cluster ©.

In one Ephemera mentioned by Reaumur?, they formed
two oblong masses, each containing from three to four
hundred eggs, and three and a half or four lines long.
These animals as soon as their wings are developed eject
these masses by two orifices, and are aided in the process
by two vesicles full of air, wherever they happen to alight
or to fall; in most instances it is the water, their proper
element, that receives them, but the animal does not ap-
pear to know the difference between a solid and a liquid,

a Prare XX. Fie. 20. b Reaum. vi. 509. ¢ xrv. f. 11, 12,
¢ Reaum. vi. 434. 4 Ibid. vi. 494.
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and seems only anxious how to free herself from a bur-
then that oppresses her; all has been contrived.that an
insect so short-lived may finish her different operations
with the utmost celerity : the term of her existence would
not have admitted the leisurely extrusion of such a num-
ber of eggs in succession®. Some Trichoptera, or May-
flies, as Phryganea grandis L., exclude their eggs in a
double packet, enveloped in a mass of jelly, (a circum-
stance often attending the eggs that produce aquatic
1arvae,) upon the leaves of willows®. A similar double
packet in the year 1810 I observed appended to the anus
of a black species with long antenneze, probably Phry-
ganea atrata F.©  Upon taking several of the females I
was surprised to find in the above situation a seemingly
fleshy substance of a dirty yellow. At first, from its an-
nular appearance, I conceived it to be some parasitic
larva, but was not a little surprised upon pulling it away
that it was full of globular transparent dusky eggs: it
was about two lines and a quarter in length and nearly
one in breadth. Being bent double it was attached to

the animal by the intermediate angle, and when un-
folded was constricted in the middle?. Each half, which
was roundish, had about ten sharp transverse ridges,
the interstices of which appeared as if crenated, an ap-
pearance produced by the eggs which it contained.
Upon more than gentle pressure it burst and let out
the eggs. Though resembling the packet of P. grandis

in shape and other circumstances, it was nothing like

# The vesicles, which Reaumur thinks may be pulmonary vesicles,
ns well as assisting in the extrusion of the masses of eggs, he has
figured ¢. xliv. f. 10. z u.

b De Geer ii. 534. ¢. xiii. £. 13,

¢ Coquebert lustr: Ie. ¢, i. f. A. B.

* Prate XX. Fia, 25,
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jelly, but had rather a waxy appearance, and seems to
have been covered by a membrane: so that the ex-
cluded larvae must probably have eaten their way out
ofit. I have still by me, in 1822, specimens of these
egg-packets, which, after the lapse of so many years, re-
tain their original form and colour. It is not improbable
that other species extrude their eggs in a similar case.
Scopoli says of P. bicaudata L., that the female carries
about under her belly her eggs united into a globe, like
Lycosa saccata®. 'The eggs of Geometra Potamogata F.
are also enveloped in a gelatinous substance, and the
mass is covered with leaves®.

Insects of the Diptera order also, like frogs and toads,
commit their eggs to the water imbedded in masses of
jelly. Dr. Derham describes two different kinds of
them, in one of which the eggs were laid in parallel rows
end to end, and in another in a single row, in which the
sides were parallel®. But the most remarkable and
beautiful specimen of this kind that I ever saw was one
that, many years ago, I took out of a pond at Wittersham
in Kent, from which I requested a young lady to make the
drawing I send youd. The mass of jelly, about an inch
and a quarter long, and rather widest in the middle, was
attached by one end to some aquatic grass, and from one
end to the other ran a spiral thread of very minute eggs,
the turns of the screw being alternately on each side.

The mode of exclusion of the eggs of the Blatte, which
are engaged for a whole week in the business of oviposi-
tion, is very singular: the female deposits one or two

large suboviform capsules, as large as half their abdomen,
rounded on one side, and on the other straight and ser-

a Ent. Carniol. 269. n. 705. b Reaum. ii. 401.
¢ In Raii Hist. Ins. 264. ¢ Prate XX, Fic. 24.
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rated, which at first is white and soft, but soon becomes
brown and hard. This egg-case, as it may be called,
contains sixteen or eighteen eggs arranged in a double
series, and the cock-roaches when hatched make their
escape through a cleft in its straight side, which shuts so
accurately when-they have quitted it, that at first it ap-
pears as entire as before?. The insects of the genus
Mantis also, or what are called the praying insects, when
they deposit their eggs, eject with them a soft substance,
which hardens in the air and forms a long kind of enve-
lope resembling parchment, in which the eggs are ar-
ranged also in a double series. And the Locusts (Gryl-
lus Locusta L.) are said by Morier® to deposit in the
ground an oblong substance, of the shape of their abdo-
men, which contains a considerable number of eggs ar-
ranged neatly in rows. The peristaltic motion observed

in the females of some insects during ovipositton has been
before described ¢.

il. Situation. Under this head I include the situation
in which the female insect places her eggs when extruded,
whether she continues her care of them and carries them
about till they hatch, or whether she entirely deserts
them, placing them either without a covering within
reach of their food, or enveloping them in hair or other-
wise protecting them from accident or the attack of ene-
mies. I shall consider them under two views: first, as
depositing their eggs in groups, whether covered or naked;
and secondly, as depositing them singly.

* Goeze Naturf. xvil, 183—. ¢ iv. f. 16—19. Comp. N. Dict.
& Hist. Nat. iii. 475. and xix. 239. De Geer iii. 533.

b Second Journey through Persia, 100—.

¢« See Vor. LI. p. 36.
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1. Those that deposit their eggs in groups are first to
be considered. I shall begin with those that protect them
with some kind of covering.

I have already mentioned in a former letter? the
silken bag with which Lycosa saccata Latr., a kind of
spider, surrounds her eggs, and in which she constantly
carries them about with her, defending them to the last
extremity. Many other spiders, indeed nearly the whole
tribe, fabricate similar pouches, but of various sizes,

forms, texture, and colours. Some are scarcely so big

as a pea, others of the size of a large gooseberry ; some
globular, some bell-shaped ; others, the genus Z%omisus
Walck. in particular, depressed like a lupine ; some of a
close texture like silk ; others of a looser fabric resem-
bling wool : some consisting of a single pellicle, but most
of a double, of which the interior is finer and softer?;
some white ; others inclining to blue; others again yel-
low or reddish; most of them are of a whole colour, but
that of Fpeira fasciata is gray varied with black¢. And
while the parent spider of some kinds (the Zup:) always
carries her egg-bag attached to her anus, others hold
them by their palpi and maxillee; and others suspend
them by a long thread, or simply fasten them in different
situations, either constantly remaining near them (the
Telarie), or wholly deserting them (the Retiarie). The
eggs of one of these last Lister describes as often fixed
in a very singular situation—the cavity at the end of a
ripe cherry; and thus, as he expresses it—¢ Stomacki
maxime delicatuli quoties hanc innocuam buccam non minus
gnoranter quam avide devoraruntd.”

* Vor. L. p. 359—.

b Latr. Hist. Nut. des Fournis, 334. N. Dict. d’ Hist, Nat.ii. 284,

¢ Lister De Aran. Tit. 13, 14. N. Dict. d’ Hist. Nat. ii. 284.
4 Lister Ibid. 56. Tit. 15.
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Herman informs us, that the species of the genus Cle-
lifer carry their eggs in a mass under their belly?.

Madam Merian gives an account of two species of
Blatta, which she affirms carry an egg-pouch about with
them—one species (B. .gigantea ?) she describes as car-
rying its eggs in a globular pouch of web like certain
spiders, and the other in a brown bag, which, when
alarmed, it drops and makes off ®. But this admirable
paintress of natural objects was not always correct in her
statements € : it seems very improbable, from the habits
of those species of which we know the history, that any
« of them should spin a pouch of web for their eggs.

The only insects certainly known to spin an egg-pouch
like the spiders, are the Hydropkili, a kind of water-
beetles. Some of these, as F. lividus, carry them about
with them, like Lycosa saccata, attached to the under
side of their body, as M. Miger observed?; and others
when they are finished desert them. That of the great
water-beetle (Hydrophilus piceus) was long ago described
and figured by Lyonnet¢; and a more detailed account
of it has since been given by M. Migerf. In form
it somewhat resembles a turnip when reversed, since it
consists of a pouch of the shape of an oblate spheroid,
the great diameter of which is three quarters of an inch ;
and the small, half an inch, from which rises a curved

horn, about an inch long and terminating in a points.

The animal is furnished with a pair of anal spinners,
which move from right to left, and up and down, with

¢ N. Dict. d’ Hist. Nat. xxvi. 447. b Ins. Surinam, . 1.

< A striking instance of this may be seen in her forty-ninth plate,
in which she has clapped the rostrated head of Fulgora laternaria
upon the body of a Cicada Latr., affirming it to be the former fly in
its previous state ! This might be a trick upon her.

4 N. Dict. &’ Hist. Nat. xv. 489. ¢ Lesser L. i. 300.

t Annales du Muscum, xiv. 441, & Lesser L. i, & ii. f. xvi.
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much quickness and agility : from these spinners a white
and glutinous fluid appears to issue, that forms the pouch,
which it takes the animal about three hours to construct.
The exterior tissue is produced by a kind of liquid and
glutinous paste, which by desiccation becomes a flexible
covering impermeable to water; the second, which en-
velops the eggs, is a kind of light down of great white-
ness, that keeps them from injuring each other. The
tissue of the horn is of a silky nature, porous and shining,
and greatly resembling the cocoons of Lepidoptera. This
part, contrary to what Lyonnet supposes, appears calcu-
lated to admit the air, the water soon penetrating it when
submerged. ~ At its base is the opening prepared for the
egress of the larve, when hatched, which is closed by
some threads, that, by means of the air confined in the
cocoon or pouch, hinder the water from getting in2.
This nidus does not float at liberty in the water till after
the eggs are hatched, the parent animal always attaching
it to some plant. By means of this anomalous process
for a beetle, which this insect is instructed by Providence
thus to perfect, the precious contents of its little ark are
secured from the action of the element which is to be the
theatre of their first state of existence, from the voracity
of fishes, or the more rapacious larvae of its own tribe,
until the included eggs are hatched, and emerge from
their curious cradle.

I shall next amuse you with a few instances, in which
the Allwise Creator instructs the parent insect, instead
of defending her eggs with a covering furnished by her
internal organs, to provide it from without, either from

a Miger Ann. du Mus. ubi supr. Comp. N. Dict. d’ Hist. Nat. xv.
482 —.
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her own body or from some other substance. Most
commonly, indeed, the female leaves her cluster of eggs
without any other covering than the varnish with which
in this case they are usually besmeared. Either they are
deposited in summer and will soon be hatched, or they
are of a substance calculated to encounter and resist the
severities of the season. -But many species, whose eggs
are more tender or have to resist the cold and wet of
winter, defend them in the most ingenious manner with
a clothing of different kinds of substance.

Cassida wiridis, a tortoise beetle, Rosel tells us, covers
her group of eggs with a partially transparent membrane.
Arctia Salicis F., a moth, common on willows, wholly
conceals hers with a white frothy substance, which when
dry is partly friable and partly cottony, and being insoluble
in water effectually protects them from the weather?2. The
female of Lophyrus Pini (a saw-fly), having by means
of her double saw made a suitable longitudinal incision
in the leaf of a fir, and placed in it her eggs in a single
row end to end, stops it up with a green frothy fluid
mixed with the small pieces of leaf detached by her saws,
which when dry becomes friable : a necessary precaution,
since these eggs are extremely brittleb. Adrctia chry-
sorheea, Fypogymna dispar, and several other moths, sur-

round theirs with an equally impervious and more singular
clothing—r#%azr stripped from their own bodies. With
this material, which they pluck by means of their pincer-
like ovipositor, they first form a soft couch on the sur-
face of some leaf: they then place upon it successively
layers of eggs, and surround them with a similar downy
coating, and when the whole number is deposited cover

s De Geer 1. 192. b Ibid. ii. 982.
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the surface with a roof of hairs, which cannot be too
much admired; for those used for the interior of the
nest are placed without order, but those employed ex-
ternally are arranged with as much art and skill as the
tiles of a roof, and as effectually keep out the water, one
layer resting partly on the other, and all having the same
direction, so that the whole resembles a well-brushed
piece of shaggy cloth or fur. When the mother has
finished this labour, which often occupies her for twenty-
four hours, and sometimes even twice that period, her
body, which before was extremely hairy, is almost wholly
naked—she has stripped herself to supply clothing to her
offspring, and having performed this last duty she expires.
The female moths which thus protect their eggs are often
furnished with an extraordinary quantity of hair about the
anus for this express purpose; and Reaumur conjectures,
that the singular anal patch of scales resembling those of
the wings, but considerably larger, which is found in the
female of Lasiocampa Pityocampa, is destined for the
same purpose?,

Reaumur had once brought to him a nidus of eggs
clothed still more curiously: they surrounded a twig in
a spiral direction, like those of Lasiocampa Neustria, but
were much more numerous, and were thickly covered with
fine down, not pressed close, but standing off horizon-
tally, which assumed much the same appearance as a
fox’s tail would if twisted spirally round a branch®.

A procedure nearly similar was observed by De Geer
in some species of Aphides (4. Alni and 4. Pruni), which
covered their eggs with a white cottony down detached

" Reaum, ii. 97. 159, b Ibid. 107—. ¢. iii. £2 15.
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from their belly by means of their hind legs?. In this
case, however, the eggs were separately coated with the
down, but there was no general covering to the group.
Several insects make the leaves and other parts of
plants serve as coverings for their eggs. Tenthredo
Rosce L., a saw-fly, and other species of the same genus,
with their saws make an incision in the green twigs of
shrubs and trees, and fill it with a line of eggs placed end
to end, taking care that, as the eggs grow after they are
laid, they are placed at such distances as to leave room
for their expansion® RhAynchites Bacchus, a brilliant
weevil, well known to the vine-dressers for the injury it
does®, rolls with much art the leaves of the vine, so as to
form a cavity, in which it places its eggs; other species
practise similar manceuvres; and some probably place
their young progeny in the interior of twigs, making an

opening for that purpose with their rostrum—at least, I
once saw Rhynchites Alliarie L. with its rostrum plunged
up to the antenne in the twig of a crab-tree. Others of
this tribe, as we know, place their eggs in the interior of

fruits and grain, as the nut, acorn, and common weevils.

It is probable that most of the above coverings serve
another purpose besides the protection of the eggs from
wet and cold—that of sheltering them from the action of
too great light, which, as Dr. Michellotti by numerous
experiments has ascertained, is fatal to the included
germed, On this account it is perhaps that so many in-
sects fasten their eggs to the under side of leaves. Those

2 De Geer iil. 48. 51. b Reaum. v. 122.
¢ See above, Vor. 1. p. 196. 202.
4 Journ. de Phys, Philos. Mag. ix, 244.
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exposed in full day have usually an opaque and horny
texture.

Some insects are spared all trouble in providing a
covering for their eggs, their own bodies furnishing one
in every respect adapted to this purpose. Not to mention
the Onisci, or wood-lice, since they rather belong to the
Crustacea, which have a four-valved cell under the breast,
in which they carry their eggs, as the kangaroo does its
young in its abdominal pouch, the whole body of the fe-
male of those strange animals the Cocci becomes a cover-
ing for her eggs, which it incloses on every side. To make
this intelligible to you, further explanation is necessary.
You must have noticed those singular immovable tortoise-
shaped insects, which are such pests to myrtles and other
greenhouse plants. These are the young of a species of
Coccus (C. Hesperidum 1..), and their history is that of the
whole race, Part of them never become much bigger than
the size of which you ordinarily see them, and when full-

grown disclose minute two-winged flies, which are the
males. The size of the females, which glue themselves to
a twig or leaf as if lifeless, now augments prodigiously,
and the whole body, distended with the thousands of eggs
which it includes to the bigness of a large pea, without
any vestige of head or limb, resembles a vegetable ex-

crescence or gall-apple rather than an insect. If you
remove one of them, you will perceive that the under
part of its abdomen is flat and closely applied to the
surface of the branch on which it rests, only a thin
layer of a sort of cotton being interposed between them.
In laying her eggs the female Coccus does not, like most
insects, protrude them beyond her body into day-light;
but as soon as the first egg has passed the orifice of her
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oviduct, she pushes it between her belly and the cottony
stratum just mentioned, and the succeeding eggs are de-
posited in the same manner until the whole are excluded.
You will ask how there can be found space between the
insect’s belly and the cotton, to which atfirst it was'close-
ly applied, for so large a mass of eggs? To comprehend
this, you must consider that nearly the whole contents of
its abdomen were eggs; that in proportion as these are
extruded a void space is left, which allows the skin of
the under side of the body to be pushed upwards, or
towards that of the back, affording room between it and
the cottony web for their convenient stowage. If you
examine the insect after its eggs are all laid, you will find
that they have merely changed their situation ; instead
of being on the upper side of the skin forming the belly,
and within the body, they now are placed between it
(now become concave and nearly touching the back) and
the layer of cotton. As soon as the female Coccus has
finished her singular operation she dies; but her body,
retaining its shape, remains glued upon the eggs, to
which it forms an arched covering, effectually protecting
them, until they are hatched, from every external injury.
Some species lay so many eggs, that the abdomen is not
sufficiently large to cover the whole mass, but merely
one side of it, the remainder being enveloped in cottony
web?,

I am next to consider the situation of those eggs that
are excluded by the mother in groups without any other
covering than the varnish with which they are usually
besmeared in their passage from the oviduct. The fe-

* Reaum. iv. Mem. 1.
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males only place them upon or near the food appropri-
ated to the young larvae, to which they adhere by means
of the varnish just mentioned. These groups consist of
a greater or less number ; and when the eggs are hatched
by the heat of the sun, the larvee begin to disperse and
attack with voracity the food that surrounds them. It
is thus that most butterflies and moths attach their eggs
to the stems, twigs, and leaves of plants; that the lady
birds (Coccinelle), the aphidivorous flies (Sy»phi &c.), and
the lace-winged flies (Hemerobiz), deposit them in the
midst of plant-lice (4p/ides); that the eggs of some flesh-
flies are gummed upon flesh ; those of crickets and grass-
hoppers buried in the earth; those of gnats and other
Tipulidans set afloat upon, or submerged in, the water.

Frequently the whole number of eggs laid by one
female is placed in one large group, more commonly,
however, in several smaller ones, either at a distance
from each other on the same plant, or on distinct plants.
The object in the latter case seems to be, in some in-
stances, to avoid crowding too many guests at one table,
in others to protect the unhatched eggs from the voracity
of the larva first excluded, which would often devour
them if in their immediate neighbourhood.

In the disposition of the eggs which compose these
groups much diversity prevails. Sometimes they are
placed without order in a confused mass: more fre-
quently, however, they are arranged in different, and
often in very beautiful modes. The common cabbage-
butterfly (Pierss Brassice) and. many other insects place
theirs upon one end, side by side, so as, comparing
small things with great, to resemble a close column of

soldiers, in consequence of which those larvae which, on

10
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hatching, proceed from the upper end, cannot disturb
the adjoining eggs. Many indeed have a conformation
purposely adapted to this position, as the hemisphzerical
eggs of the puss-moth (Cerura Vinula), which have the
base by which they are gummed membranous and trans-
parent, while the rest is corneous and opaque. The
same ready exit to the larva is provided for in the oblong
eggs of the emperor moth (Saturnia Pavonia), which
are piled on their sides in two or more lines like bottles
of wine in a bin?2.

Where the larva does not emerge exactly from the
end of the egg other arrangements take place. The
whirlwig-beetle (Gyrinus natator) and the saw-fly of the
gooseberry &c. (Zenthredo flava L.) dispose theirs end
to end in several rows ; the former upon the leaf of some
aquatic grass, the rows being parallel®, the latter gummed
to the main nerves of gooseberry or currant leaves, the
direction of which they follow .

But the lackey-moths (Lasiocampa Neustria, castren-
sis, &c.) adopt a different procedure. As their eggs,
which are laid in the autumn, are not to be hatched until
the spring, the female does not, like most other moths,
place them upon a leaf, with which they might be blown
by the winter’s storms far from their destined food, but
upon the twig of some tree, round which she ranges them
in numerous circles. If you examine your fruit-trees,
you can scarcely fail to find upon the young twigs col-
lections of these eggs, which are disposed with such ad-
mirable art, that you would take them rather for pearls,
set by the skilful hand of a jeweller, than for the eggs of

4 Rosel, ix. 157. £. 2657 b Ibid. i, 197.
¢ See above, Vor. I. p.-195,
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an insect. Each of these bracelets, as the French gar-
deners aptly call them, is composed of from 2Q0 to 300
pyramidal eggs with flattened tops?, having their axes
perpendicular to the circumference of the twig to which
they are fastened, surrounding it in a series of from fif-
teen to seventeen close spiral circles,. and having their
interstices filled up with a tenacious brown gum, which,
while it secures them alike from the wintry blast and the
attack ofivoracious insects, serves as a foil to the white
enamel of the eggs that it encompasses. It is not easy
to conceive how these moths contrive to accomplish so
accurately with their tail and hind feet an arrangement
which would require nicety from the hands of an artist ;
nor could Reaumur, with all his efforts and by any con-
trivance, satisfy himself upon this head. He bred num-
bers of the fly from the egg, and supplied the females
after impregnation with appropriate twigs ; but these, as
though resolved that imprisonment should not force from
them the secret of their art, laid their eggs at random,
and made no attempt to place them symmetrically®.

This illustrious Entomologist was more successful in
discovering the mode in which another insect, the com-
mon gnat, whose group of eggs is, in some respects, as
extraordinary as that last described, performs its opera-~
tions. The eggs of this insect, of a long phial-like form,
are glued together, side by side, to the number of from
250 to 300, into an oblong mass, pointed and more
elevated at each end, so as considerably to resemble a
little boat in shape. You must not here suppose that I
use the term boat by way of illustration merely; for it
has all the essential properties of a boat. In shape it

* Prare XX. Fic. 14. b Reaum. i 95— f1—=13,
VOL. I1I. G
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pretty accurately resembles a London wherry, being
sharp and higher, to use a nautical phrase, fore and aft;
convex below and concave above; floating, moreover,
constantly on the keel or convex part. But this is not
all. It is besides a life-boat, more buoyant than even
Mr. Greathead’s: the most violent agitation of the water
cannot sink it; and what is more extraordinary, and a
property still a desideratum in our life-boats, though
hollow it never becomes filled with water, even though
exposed to the torrents that often accompany a thunder-
storm. To put this to the test, I yesterday (July 25, 1811)
placed half a dozen of these boats upon the surface of a
tumbler half full of water; I then poured upon them a
stream of that element from the mouth of a quart bottle
held a foot above them. Yet after this treatment, which
was so rough as actually to project one out of the glass,
I found them floating as before upon their bottoms, and
not-a drop of water within their cavity.

This boat, which floats upon the surface of the water
until thelarvee are disclosed, is placed there by the female
gnat. But how? Her eggs, as in other insects, are
extruded one by one. They are so small at the base in
proportion to their Iength that it would be difficult to
make them stand singly upright on a solid surface, much
more on the water. How then does the gnat contrive
to support the first egg perpendicularly until she has
glued another to it—these two until she has fixed a
third, and so on until a sufficient number is fastened to-
gether ‘to form a base capable of sustaining them in
their perpendicular position? This is her process. She
fixes her four anterior legs upon a piece of leaf, or a
blade of grass, and projects her tail over the water. She
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then crosses her two hind legs, and in the inner angle
which they form, retains and supports the first laid egg,
as it proceeds from the anus. In like manner she also
supports the second, third, &c., all of which adhere to
each other by means of their glutinous coating, until she
feels that a sufficient number are united to give a stable
base to her little bark ; she then uncrosses her legs, and
merely employs them to retain the mass until it is of the
required size and shape, when she flies away, and leaves
it to its fate floating upon the water?,

It may not be out of place to mention here a re-
markable circumstance which not seldom attends a kind
of water-scorpion (Naucoris I.) occasionally to be met
with in collections of Chinese insects. Its back is often
covered with a group of rather large eggs, closely ar-
ranged; but whether these are its own eggs or those of
some large species of water-mite (Hydrackna Maill.) has
not been clearly ascertained. On the former supposition,
the ovipositor must be remarkably long and flexile to
enable the animal to place the eggs onits back. In con-
firmation of the latter it may be observed, that the spe-
cies of the genus Hydrachna usually attach their eggs
to the body and legs of aquatic insects, as for instance
H. abstergens to the water-scorpion (Nepa cinerea), &c.®

9, After having thus laid before you some .of the pro-
cedures of those insects that usually deposit their eggs
in groups, either naked or defended by coverings of va~
rious kinds, I next proceed to a rapid survey of those of
the species that commonly deposit them singly. Some

a Reaum. iv. 615—. ¢. xliv, f. 2—7.
b N. Dict. d Hist. Nat. xv. 445. Ros, iil. 156.
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of these, as for instance the Admiral Butterfly (Panesse
Atalanta), glue each egg carefully to its destined leaf by
alighting on it for a moment. Another butterfly (Hip-
parchia Hyperanthus) whose caterpillar is polyphagous,
drops hers at random on different plants. In general it
may, be observed, that all those larvee which live in so-
litude, as in the interior of wood, leaves, fruits, gram,
animals, &c., proceed from eggs laid singly by the female,
which is usually provided with an appropriate instrument
for depositing them'in their proper situation. Thus the
nut-weevil ( Balaninus Nucum Germ.) and also that of the
acorn (B. Glandium) pierce a nut or an acorn with their
long beak, and then deposit in the hole an egg, from
which proceeds the maggot that destroys those fruits.
Leeuwenhoeck asserts that the common weevil (Calan-
dra granaria) adopts the same process, boring a hole in
every single grain of corn before it commits an egg to it,
and at the same time, by this manceuvre, prepares a small
quantity of flour to serve for the food of the tender grub
when it is first hatched?. It is probable that the Rhyn-
cophorous or weevil tribe in general chiefly use their beaks
for the purpose of depositing their eggs in different vege-
table substances, and perhaps principally in fruit or grain.
The tribe of gall-flies (Cynips) on the contrary, whose
economy, detailed in a former letter®, interested you so
much, bore an opening for the egg with their spiral ovi-
duct, which also conveys it.

Another large tribe of insects depositing their eggs
singly, are those which feed upon the bodies of other
animals, into the flesh of which they are either inserted,
or placed so as speedily to find their way into it. Some

s Epist. 1687. b Vou. I. p. 448—.
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of these introduce them into lving animals, and then
leave them to their fate, as the Ickneumons and gad-flies:
others deposit them along with the dead body of an in-
sect interred in a hole, often prepared with great labour,
as the different species of sand-wasps (Sphecide), spider-
wasps (Pompilide), &c. : the manners of the latter of these
tribes have been already adverted to?, and those of the
Ichneumonide will come more fully under consideration
when I treat of the diseases of insects.

A similar labour in providing suitable habitations for
their eggs is undergone by various other insects whose
larvee live chiefly on vegetable food, some inserting their
egg within the substance the larva devours, as those that
prey on timber, twigs, roots, or the like, and others on
its surface. One would suppose at first, that the exceed-
ingly small egg which produces the subcutaneous larvee
would, by the parent moth, be imbedded in the substance
of the leaf which is to exhibit hereafter their serpentine
galleries: but this is not the case, for she merely glues it
on the outside; at least such was the situation of the only
egg of these very minute moths Reaumur had ever an
opportunity to observe®.

Other insects, belonging to the tribe which lay their
eggs singly, bury them in the ground. Of this descrip-
tion are many of the lamellicorn insects, the dung-chafers
(Scarabeide MacLeay) particularly, which, inclosing
their eggs in a pellet of dung, deposit them in deep cy-
lindrical cavities. Concerning the proceedings of some
of these, as well as of the wholerace of bees, wasps, &c.,
which all lay single eggs, I have before detailed to you

2 See above, Vou. I. p. 344—. b Reaum, iii. 8—.
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many interesting particulars®. I must not conclude this
subject without observing, that the female Pycnogonide,
an osculant tribe between Insects and Crustacea, carry
their eggs upon two pair of false legs®.

iii. Substance. TFrom this long dissertation on the situ-
ation of the eggs of insects and matters connected with it,
I pass on to their substance or their external and internal
composition, giving at the same time some account of the
embryo included in them. The eggs of insects, like those
of birds, consist in the first place of an external coat or
shell, varying greatly, as to substance, in different genera.
Most commonly, particularly in those which deposit their
eggs in moist situations, as in dung, earth, and the like,
it is a mere membrane, often thin and transparent, and
showing, as in spiders, all the changes that take place in
the inclosed embryo, as the formation of the head, trunk,
and limbs¢. This membrane is sometimes so delicate
as to yield to the slightest pressure, and insufficient to
protect the included fluids from too rapid an evaporation,
if the eggs be exposed to the full action of the atmosphere.
In most Lepidoptera, and several other tribes, this inte-
gument is considerably stronger, in those moths whose
eggs are exposed throughout the winter, as Lasiocampa
Neustria, &c., so hard as not to yield easily to the knife.
Even in these, however, its substance is more analogous
to horn or a stiff membrane than to the shell of the eggs
of birds. Nothing calcareous enters into its composition,
and it is not perceptibly acted upon by diluted sulphuric

2 Vor. L 349—. 371—.

b N. Dict. d’ Hist. Nat, xxviil. 271.
¢ De Geer vii. 194.
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acid. The eggs of birds are lined by a fine membrane ;
but I have examined several of those of insects, and
have been able to discover nothing of the kind in them.
I will not, however, affirm that it does not exist, though
the shell of the insect egg appears more analogous to the
membrane that lines that of the bird than to the outside
shell itself.

Within this integument is included a fluid, on the
precise nature of which, except that it is an aqueous
whitish fluid, few or no observations have been made, or
indeed are practicable; but it is reasonable to suppose,
that like the white and yolk of the bird’s egg, it.serves
for the development of the organs of the germe of the
future insect.

But few observations are recorded that relate to the
embryo included in the egg. It is stated, that it is in-
vested with an extremely fine and delicate pellicle—sup-
posed by some analogous to the Chorion and Amnios of
the human feetus, though others think the shell of the
egg to correspond with the Clhorion, and the successive
integuments of the larva with the 4mnios?. When the
egg is first laid, nothing indeed is to be seen in it but the
fluid just mentioned; the first change in this fluid is the
appearance of the head of the embryo, more particularly
in Coleoptera, of two points, the rudiments of the mandi-
bles, and of those apertures into the traches which I
have called spiracles®; the little animal we may suppose

2 Compare N. Dict. d' Hist. Nat, xvi. 246. with xx. 352— ; but as
the Amnios immediately envelops the feetus, the pellicle seems most
analogous to it, and the shell to the Chorion.

 Swamm. Bibl, Nat. ed. Hill. 1. 133. a. Comp. N. Dict. d’Hist.

Nat. xvi, 246.
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then assumes its form and limbs. The embryo is usually
so folded in the egg that the head and tail meet?, and
the head, annuli, and other parts of the larva are often
visible through the shell®>. Swammerdam even saw the
pulsation of the great dorsal vessel through the shell of
the egg of Oryctes nasicornis.

Under this head I must notice another singular cir-
cumstance peculiar I believe to the eggs of insects, that
sometimes, though rarely, they are covered with down or
hair. Those of a singular little hemipterous insect, of a
genus I believe at present undescribed, the ravages of
which upon the larch have been before noticed ¢, are co-
vered by a downy web, as is the case with the animal
itself. De Geer has described the eggs of a bug, not
uncommon in this country (Pentatoma juniperina Latr.),
which are reticulated with black veins, in which very
short bristles are planted?. I possess also a nest of
brown eggs, probably of a species of the same genus,
found upon furze, which appear to be covered with very
short downy hairs.  The top of these is flat, and sur-
rounded by a coronet of short bristles, each surmounted
by a small white ball, so as to wear the appearance of a
beautiful little Mucor. But hairy eggs are not confined
to the Hemiptera Order, for, according to Sepp, those of

the figure-of-eight moth (Bombyx ceruleocephala) are of
this description®.

iv. Number. The fertility of insects far exceeds that of

a2 Swamm. ITbid. " Sepp. iv. . {il. .l c. v. £ iv. f. 2.

¢ See above, Vor. L p. 208: it is there called an Aphis, but it is a
distinct genus.

4 De Geer iii. 245. £ xiii. £, 20—22.

¢ Sepp. iv, ¢. xiii. £. 2. 3.
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birds, and is surpassed only by that of fishes2. But the
number of eggs laid by different species, sometimes even
of the same natural family, is extremely various. Thus
the pupiparous insects may be regarded as producing
only a single egg; Musca Meridiana L., a common fly,
lays two®, other flies six or eight; the flea twelve; the
burying beetle (Necrophorus Vespillo©) thirty; May-flies
(Trickoptera K.) under a hundred ; the silk-worm moth
about 500; the great goat-moth ( Cossus ligniperda) 1,000;
Acarus americanus more than 1,0004; the tiger-moth (Cal-
limorpha Caja) 1,600 ; some Cocci 2,000, others 4,000
the female wasp at least 80,000°¢; the queen bee varies
considerably in the number of eggs that she produces in
one season, in some cases it may amount to 40,000 or
50,000 or more f; a small hemipterous insect, resembling
a little moth (Aleyrodes proletella Latr.) 200,000. But
all these are left far behind by one of the white ants
(Termes fatale ¥. bellicosus Smeath.)—the female of this
insect, as was before observed?. extruding from her enor-
mous matrix not less than 60 eggs in a minute, which
gives 3,600 in an hour, 86,400 in a day, 2,419,200 in a
lunar month, and the enormous number of 211,449,600
in'a year: probably she does not always continue laying
at this rate; but if the sum be setas low as possible, it
will exceed that produced by any other known animal in
the creation.

v. Size. The size of the egys is in proportion to that of

3 The sturgeon Is said to lay 1,500,000 eggs, and the cod-fish
9,000,000.
b Reaum. iv. 392. ¢ See above, Vor. 1. p. 350.

4 De Geer vil. 159. ¢ See above, Vor. I1. p. 109.
T [bid. 159. 166. £ Ibid. 36—.
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the insect producing them, though in some instances
small ones produce larger eggs than those laid by bigger
species.” Thus the eggs of many Aptera, as those of that
singular mite Uropoda vegetans, and of the bird-louse
found in the golden pheasant, are nearly as large, it is
probable, as the parent insect; while those of the ghost-
moth (Hepialus Humuli) and many other Lepidoptera,
&ec. are vastly smaller. This circumstance perhaps de-
pends principally on the number they produce : the ma-
jority of them, however, are small. The largest egg
known, if it be not rather an egg-case, is that of a spectre
insect (Phasma dilatatum), figured in the Linnean Trans-
actions ?, being five lines in length and three in width,
which probably approaches near the size of that of some
humming-birds. The largest egg of any British insect
I ever saw was that of the common black rove-beetle
(Staphylinus olens) sent me by Mr. Sheppard—this is a
line and halflong by a line in width. But we do not often
meet with insect-eggs exceeding a line in length. A vast
number are much smaller: those of Ephemersa are more
minute than the smallest grains of sand®, and some almost
imperceptible, as those of the subcutaneous moths, to the
naked eye. Commonly the eggs laid by one female are
all of the same size; but in several tribes, those con-
taining the germe of the female are larger than those that
are to give birth to a male. This appears to be the case
with those of the Rhinoceros beetle (Oryctes nasicornis¢),
and according to Gould with those of antsd. As the
female in a vast number of instances is much bigger than
the male, it is not improbable that this law may hold

A iv. ¢ xviii. . 4. 5. b De Geer ii. G38.
© Bibl. Nat.i. 132. b. 4 Gould 36.
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very extensively. It is stated, however, by Reaumur?,
that the reverse of this takes place in the eggs of the
hive-bee, those that are to produce males being larger
than the rest.

Another peculiarity connected with the present head is
the augmentation in bulk which takes place, after exclusion,
in the eggs of the great tribe of saw-flies ( Zenthredo L.), the
gall-flies (Cynips L.), the ants (Formica L.) and the water-
mites (Hydrachna Maill. Atax F.). Those of the two for-
mer, which are usually deposited in the parenchymous sub-
stance of the leaves, or of the young twigs, of variousplants,
imbibe nutriment in some unknown manner, through their
membranous skins, from the vegetable juices which sur-
round themP®, and when they have attained their full size
are nearly twice as large as when first laid. Except in the
egps of fishes, whose volume in like manner is said to
augment previously to the extrusion of the young, there
is nothing analogous to this singular fact in any other of

the oviparous tribes of animals, the eggs of which have
always attained their full size when they are laid.

It is to M. P. Huber that we are indebted for the
knowledge of the fact that the eggs of ants grow after
being laid, a circumstance favoured probably by the
moist situation in which the workers are always careful

to keep them. By an accurate admeasurement he found
that those nearly ready to be hatched were almost twice
as big as those just laidc. A similar observation was
made on the red eggs of a water-mite (Hydrackna abs-
tergens) by Rosel, who conjectured that they draw their
means of increase from the body of the water-scorpions

* Reaun, v. 477. b Ibid. i1, 579. v, 121. ¢ Fourmis, 69—,
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(Nepe), of which they form so singular an appendage?,
which opinion is confirmed by De Geer, who observes
that when the water-scorpions are covered by an unusual
number of the eggs of the water-mites, they grow weak
and languid, and endeavour to rid themselves of their
parasitic appendagesP®, It is most probable that the mite
lately named (Uropoda wvegetans), which is often found
planted as it were upon the bodies of various beetles, by
means of a long pedicle, through which, as the feetus by
an umbilical chord and placenta, it derives its nutriment
from the above animals, is at first so fixed in the egg
state, though before it is disengaged from the pedicle it
is hatched, since it is often found with its legs displayed
and quite active—this is the more probable, as the eggs
of the water-mite are fixed by a pedicle to the animals to
which they are attached ¢. I have met with a remarkable
instance, in which pedunculated eggs seem to draw nu-
triment from the mot/er, which brings the pedicle still
near to the nature of the umbilical chord. Those of the
small hemipterous insect which infests the larch before
alluded to, are attached to the anal end of the mother by
a short foot-stalk not longer than the egg.

Dr. Derham seems to have observed, that the eggs of
some Diptera, of the tribe of Tipulide, also increase in
size before the larva is excluded?. It seems to me likely

enough, that in this and many of the above cases in which

the egg is supposed to grow, it is rather an extension of
the flexile membrane that forms their exterior propor-
tioned to the growth of the included embryo from food

2 Rosel iit. 152. b De Geer vii, 145.
¢ Ibid. 123—. See above, Vor. L. p. 393.
4 Raii Hist. Ins, 265.
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it finds within the egg, than from any absorption from
without.

vi. Shape. We are accustomed to see the eggs of dif-
ferent species of oviparous animals so nearly resembling
each other in form, that the very term egg-shaped has been
appropriated-to a particular figure. Amongst those of
birds, with which we are most familiar, the sole variations
are shades of difference between a globular and oval or
ovate figure. The eggs of insects, however, are confined
by no such limited model.- They differ often as much,
both as to their shape, sculpture, and appendages, as one
seed does from another; and it is not improbable that,
if duly studied, they would furnish as good indications
of generic distinctions as Geertner has discovered in
those of plants. Their most usual form indeed is glo-
bular, oval, or oblong, with various intermediate modifi-
cations. 'We meet with them ovate, or of the shape of
the common hen’s egg, flat and orbicular, elliptical, co-
nical, cylindrical, hemispherical, lenticular, pyramidal,
square, turban-shaped, pear-shaped, melon-shaped, boat-
shaped, of the shape of an ale-stand, of a drum, &c.?,

and sometimes of shapes so strange and peculiar, that

we can scarcely credit their claim to the name of eggs.
Thus the eggs of the gnat are oblong and narrow, or
nearly cylindrical, having at the top a cylindrical knob?,
so as to give them the precise form of the round-bottomed
phial sometimes used by chemists : those of the common

+ Eggs of various shapes are given Prare XX. F1. 3—23. See also
Brunnich. Entomologia 4. N. Dict. &’ Hist, Nat. xvi. 245. Reaum, ii.
£. ii. iv. xiv. xxvi. xxvii. &e.

v Prate XX, Fig, 18.
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water-scorpion (Nepa cinerea) are oblong, and at the
upper end are surrounded by a sort of coronet, consisting
of seven slender rays or bristles of the length of the egg?,
so as to resemble somewhat the seeds of Carduus bene-
dictus (Cnicus acarna®) of the old botanists. One would
think this spinous circlet a very awkward appendage to
bodies which are to be gradually extruded through the
fine membranous ovaries and oviduct which inclose them :
but they are so admirably packed, the unarmed end of

each egg fitting closely into the space inclosed by the
spines of the one next below it, or, rather, the spines
which are moveable, embracing it closely, that not only
is no room lost, but the ovaries are perfectly secure from

injury. The eggs of another species of this tribe (Ra-
natra linearis) have only two of these spines or bristles
—they are inserted in the stem of a water-rush (Scirpus)
or other aquatic plant, so as to be quite concealed, and
are only to be detected by the two bristles which stand
out from ite. The eggs of the beautiful lace-winged flies
(Hemerobius), those golden-eyed insects so serviceable in
destroying the plant-lice (Aphides?), are still more sin-
gular. Those of Hi Perla are oval, and each of them
attached to a filiform pedicle not thicker than a hair,
and seven or eight times as long as the egg. By this pe-
dicle (which is supposed to be formed by a glutinous
matter attached to one end, which the female draws out
by abstracting her ovipositor with the egg partly in it

3 Prate XX. Fic. 23. - Swamm. Bibl. Nat. 4 iil. £7,8. Ina
specimen I opened of this insect the bristles converged so as to form
a kind .of tail to the egg.

b Darwin Phytolog. 512.

¢ Geoftr. Ins. Par. i. 480. t. x. £. 1. 8. c.
4 See above, Vor. I. p. 261.
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from the leaf, to which she has previously applied it, to
a proper length, when the gluten becoming sufficiently
solid she wholly quits the egg,) the eggs are planted in
groups of ten or twelve on the surface of leaves and twigs,
from which they project like so many small fungi, to some
of which they have a remarkable resemblance. 'When the
included larva has made its way out of them by forcing
open the top, they look like little vases, and were actually
once figured by a Naturalist, as we learn from Reaumur,
as singular parasitic flowers growing upon the leaves of
the elder, for the origin of which he was extremely puz-
zled to account®. Eggs similarly furnished with a pedicle
are also laid by other insects; but as most of these have
been before alluded to, it is not necessary to describe them
here. The cause of these differences of form is for the
most part concealed from us: in many instances it may
perhaps be referred to that will to vary forms, and so to
glorify his wisdom® and power, independently of other
considerations, which, as Dr. Paley has well remarked?¢,
seems often to have guided the Great Author of Nature.
But in some cases the end to be answered is sufficiently
evident. The long footstalks of the eggs of the Feme-
robius just mentioned, there can be little doubt, are meant
to place them out of the reach of the hosts of predaceous
insects which roam around ithem, from whose jaws, thus
elevated on their slender shaft, they are as safe as the

3 Reaum. iii. 386—. ¢ xxxii. £, 1. £. xxxiii. £. 5.

b T allude to Oplion luteum F. (Ichneumon L.) Vol. i. Ed. 3.
p- 269. figured Prate XX. Fic. 22; and the Hydrackne or Trom-
lidia. See above, and De Geer vii. 145,

¢ From this circumstance called moavzominog oo@iz by the Apostle,
Ephes. iii. 10.

¢ Nat. Theol. 11th Ed. 375.
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eggs of the tailor bird in its twig-suspended nest from
the attack of snakes. Reaumur has described the eggs
of a kind of fly, common upon the excrements of the
horse and other animals (Scatophaga vulgaris Latr.), or
one related to it, that requires to be immersed in the dung
to which it is committed, on which the future grubs are
to feed. He found that if not thus surrounded with
moisture, they infallibly shrivelled up and came to no-
thing; hut it is equally necessary that they should not be
wholly covered : if they were, the young larva would be
suffocated at its first exit from the egg. In what way is
this nice point secured? In this manner. Each egg is
provided at its upper end, at which the animal when
hatched ‘comes out, with two diverging horns?; these
prevent it from being stuck into the excrement, in which
the female deposits the eggs one by one, more than three-
fourths of its length: and when examined they resemble
not badly, as Reaumur remarks (except that their colour
is white), a parcel of cloves stuck into a pudding, as they
are neatly inserted at due distances in the disgusting
mass®. The French Naturalists found these eggs in
swine’s dung; I have observed them in cow-dung. La-
treille thinks that the bristles above described attached
to the eggs of Nepa and Ranatra have a similar use, as
the female plunges them all but these bristles into the
stems of aquatic plants ¢: but may not this have some-
thing to do with their oxygenation? Reaumur has
figured another egg of a dipterous insect which has a
longitudinal wing or lateral margin attached to it, giving
2 Prate XX. F16. 19. ¢ a.

 Reaum. iv. 376—. £ xxvil. £, 9, 10,
¢ Hist. Nat. gen. et partic. des Crust. et Ins. xii, 282,
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it the form of an oblong square, the object of which, he
conceives, is to give a greater surface by which it may
be more firmly fixed to the substance against which the
fly. attaches it2.

Besides these more striking variations in figure, their
surface, though often smooth, is frequently curiously
and most elegantly sculptured, a circumstance that di-
stinguishes the eggs of no other oviparous animals. Some,
as the margined egg just mentioned, are only sculptured
on one side, the other being plain; or, as those of the
Tusseh silk-worm® ( A¢tacus Paphia) and other Bombyces,
which have orbicular depressed eggs with a central ca-
vity above and below, have their circumference crossed
with wrinkles corresponding with the rings of the inclosed
embryo®. Others again are sculptured all over. Of
these, in some, the sculpture of the two sides is not sym-
metrical, as in those of a fly figured by Reaumur?: but
in general there is a correspondence in this respect be-
tween the different parts of the egg. In those elegant
ones before alluded to of some bird-louse attached to the
golden pheasant, the shell resembles the purest wax, and
is scored with longitudinal strize, each distinguished by
a series of impressed points, which give it a beautiful ap-
pearance of net-work. In the others, as in a common
butterfly (Hipparchia Aigeria) and moth (Geometra cra-
tegata), the whole surface is covered with hexagonal re-
ticulations®. Others, as those of another butterfly (Hip~

a Reaum. iv. 381. £ xxvi. f. 19, 20.

b Roxburgh in Linn. Trans. vii. 34.

< Some of the Nocfuz have similar eggs, as N. Lappa. Sepp iv,
¢ il f. 1.c, ¢ Reaum. ubi supr. f. 22, 23.

¢ Prate XX. Fi6. 6. 8.
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parchia Hyperanthus), are beset with minute granules or
tubercles®. Others again, like those of the cabbage and
hawthorn butterflies (Pieris Brassice and Crateg?), are
remarkable for beautiful longitudinal ribs, often connected
by elevated lines crossing them at right angles®; and in
some, as in another butterfly (Elipparchia Furtina), crown-
ed by imbricated scales. Many other minor differences
in this respect might be noticed, but these will suffice to
give some idea of the infinite variety exhibited in this
respect by these little atoms. If the Creator has wrought
them with so much art and skill, can it be beneath his
reasonable creatures to examine and admire them, that
they may glorify those attributes which they serve to il-
lustrate ?

Some eggs after exclusion occasionally become slightly
corrugated : Malpighi supposed that this occurs only
when the eggs are barren, having observed that those of
the moth of the silk-worm which preserved their plump-
ness always produced caterpillars, while those which lost
their original rotundity and became wrinkled were con-
stantly unprolific. Bonnet, however, found exactly the
reverse take place in another mothd, so that these ap-
pearances are scarcely to be depended upon. Kuhn as-
serts, that.a virgin female of the puss-moth (Cerurd
Vinula) having begun to lay eggs, which were yellow
above, green below, and depressed, he introduced to her
an hour afterwards a male, and some minutes subse-

quently to the union, she again deposited eggs, which
were whoily of a dark brown and convex¢.

* Prate XX. Fie. 5. b Ibid. F1e. 3. 4. 7. 9. &c.
¢ Ibid. Fie. 15. 4 Bonnet Buvr, ii. 9. ¢ Naturf. xiii. 229.
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vii. Colour. The colour of the eggs of insects is as va-
rious as their shape and sculpture. They are very often
white, those of some spiders like minute pearls?; some
are yellow, as those of the silk-worm; others orange,
such are the eggs of the bloody-nosed beetle ( T¢marcha
tenebricosa) ; others again of a golden hue; sometimes
they are of a  sanguine red. I remember once being
much surprised at seeing the water at one end of a ca-
nal in my garden as red as blood: upon examining it
further I found it discoloured by an infinite number of
minute red eggs, belonging probably to some dipterous
insect of the Tipulidan tribe. There are also eggs of
every intermediate shade between red and black ; some
again are blue and others green. They are not always
of whole colours, for some are speckled like those of
many birds, of which I can show you specimens, that
are also shaped like birds’ eggs; these I think were
laid by a common moth (Odenesis potatoria); others are
banded with different colours—thus-the blue eggs of the
lappet-moth (Gastropacka quercifolia) are encircled by
three brown zones?; others are brown with a white
zone ©.

Many eggs assume a very different colour after being

laid a few days. In general upon their first exclusion
they are white. Those of the chameleon-fly (Stratyomis
Chameleon) which I once found in great numbers, ar-
ranged like tiles on a roof one laid partly over another,
on the under side of the leaves of the water-plantain, from
white become green, and then change to olive ‘green.
Those of the hemipterous enemy of the larch, more than

a N. Dict. d’ Hist. Nat. xvi. 245. b Reaum. ii. 286,
¢ Prate XX, Fre. 11, Sepp ¢t iv. f. 2.
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once mentioned in this letter, are first mouse-coloured,
then they assume a reddish hue, and lastly a blackish
one. Those of the gnat from white in a short time as-
sume a shade of green, in a few hours they are entirely
green, and at length become gray?. Those of the silk-
worm, which at first are of a yellow or sulphur colour,
acquire a violet shade. The eggs of that rare moth En-
dromis wersicolor, are at first sulphur-coloured, then
green, next rose-coloured, and lastly blackish. The
colour of almost all eggs changes when they are near
hatching; but this change depends more frequently upon
the colour of the included larva, which appears through
the transparent shell of the egg, than upon any actual
alteration in the egg itself.

viii. Period of hatching. The general rule for the
hatching of the eggs of insects is the absorption by the
embryo of all the superabundant moisture included in
them; but the time varies according to the state of the
atmosphere, to the action of which they are subjected.
Like those of other animals, they require a certain degree
of heat for the due evolution of the included larva. This
heat in much the greater number of instances is derived
from the temperature of the air, but often also from
other sources. The eggs of the gad-fly tribe are hatched
principally by the heat of the body of the animal to which
they are committed ; and doubtless the vital heat of va-
rious larvee, small as it may be, must contribute some-
thing to the hatching of the eggs deposited in them by
various Ichneumons. In the fermenting bark in which the
instinct of the rhinoceros beetles (Oryctes nasicornis &c.)

* Reaum. iv. 617.




STATES OF INSECTS. 101

impels them to place theirs, the dung which the Scara-
beide select for that purpose, and the decaying vegeta-
bles chosen by many other insects, a degree of artificial
heat must exist: and the eggs, or rather egg-like pupe,
of the spider-fly of the swallow (Ornithomyia Hirundinis)
are hatched by the heat of those birds which sit upon
them along with their own eggs.

Fabricius says, ¢ Insects never sit upon their egos®;”

but certainly, as I formerly related to you®, the female
earwig does this, and one would be induced to suppose,
from the circumstance of the you g ones following their
mother, as chickens do the hen, that Pentatoma grisea
(Cimez Linn.), formerly mentioned, may do the samec,
With these exceptions, the eggs of all insects are
hatched by atmospheric heat alone, the variations in
which determine the more speedy or more tardy disclo-
sure of the included insect. The eggs of such species as
have several broods in the year, as the nettle butterfly
(Vanessa Urtice), when laid in summer are hatched in a
few days; but if not laid till the close of autumn, they
remain dormant through the winter, and are only hatched
at the return of spring. That this difference is to be at-
tributed to the influence of heat has been often proved
by experiment: the autumnal eggs if brought into a
warm room may be hatched as soon as those laid in the
height of summer. Silk-worms’ eggs naturally are not
hatched till they have been laid six weeks, but in coun-
tries where they are reared, the women effect their ex-
clusion in a much shorter period by carrying them in
their bosoms: yet to retard their hatching with particu-

a Philos. Ent. 76. b See above, VoL. I. 358—.
¢ See above, Vor. I. Ibid.
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lar views is in many circumstances impossible. 'When
the heat of the atmosphere has reached a certain point,
the hatching cannot be retarded by cellars; and M.
Faujas has remarked, that in June the silk-worm’s eggs
would hatch in an.ice-house?.

The period of exclusion does not, however, depend
solely upon temperature: the hardness or softness of the
shell, and possibly differences in the consistence of the
included fluid, intended to serve this very purpose, cause
some eggs to be hatched much sooner than others exposed
to the same degree of heat. Thus the eggs of many flesh-
flies are hatched in twenty-four hours®; those of bees and

some other insects in three days; those of a common
lady-bird (Coccinella bipunctata) in five or six days;
those of spiders in about three weeks; those of the mole-
cricket in a month; while those of many Lepidoptera and
Coleoptera requive a longer period for exclusion. The
hard eggs of Lasiocampa Neustria and castrensis, noticed

above, remain full nine months before being hatched ¢,
as do those of another moth (Hypogymna dispar), which,
though laid in the beginning of the warm month of Au-
gust, do not send forth the included caterpillar till the
April followingd. We know no mote of the cause of

* Youug’s France; ii. 34. This author asserts, that no art will
hatch the eggs of the common sitk-worms the first year, or that in
which they are laid; but that there is a sort brought from Persia,
which are hatched three times a year, and which will hatch in fifteen
days in the proper heat. In 1765, it is said, the common sort hatched
in the first year. JIbid. 226—.

b In the N. Dict. d’Hist. Nat. xii. 564. the eggs of the flesh-fly
are said to hatch in two hours, This is true I believe in very warm
weather.

¢ Brahm. 310. 4 Rimrod Nuturf. xvi. 131.
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this difference than of that which takes place in the
period of exclusion of the eggs of the different species of
birds.

Some eggs change considerably both their form and
consistence previously to being hatched. M. P. Huber

found that those of different species of ants when newly

laid are cylindrical, opaque, and of a milky white ; but just
before hatching their extremities are arched, and they
become transparent with only a single opaque whitish
point, cloud, or zone, in their interior®. An analogous
change takes place in the eggs of many spiders, which
just before hatching exhibit a change of form corre-
sponding with that which the included spider receives
when its parts begin to be developed, the thin and flexible
skin of the egg moulding itself to the body it incloses®.
In proportion as the germe included in the egg is ex-
panded, it becomes visible through the shell when trans-
parent: this is particularly the case with spiders, in
which, as was before observed, every part is very di-
stinctly seen. At length, when all the parts are consoli-
dated so as to be capable of motion, which in spiders
takes place in four or five days after they begin to be
visible in the egg, the animal breaks the pellicle by the
swelling of its body and the movement of its legs, and
then quits it, and disengages all its parts one after the
other¢. In general, at least where the shell is harder
than that of spiders, insects make their way out by
gnawing an opening with their mandibles in the part
nearest their head, which, when the shell is very strong
(as in Lasiocampa Neustria, &c.), it is often several

2 Fourmis. 69. b De Geer vii. 195. ¢ Tbid. 196.
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hours in accomplishing?®. In many instances, however,
the larva is spared this trouble, one end of the egg being
furnished with a little lid or trap-door, which it has but
to force up, and it can then emerge at pleasure: such
lids are to be found in the eggs of several butterflies and
moths, as Satyrus Mera, Saturnia pavonia major, &c.
and the common louse®. In those exquisitely elegant
eggs, before described, of some kind of bird-louse (Nir-
mus) found adhering to the base of the neck feathers of
the golden pheasant®, there is a lid or cap of this kind
of a hemispherical form terminating in a tortuous style.
Those of a species of bug (Pentatoma Latr.), found by
our friend the Rev. R. Sheppard, besides a convex lid
are furnished with a very curious machine, as it should
seem, for throwing it off. This machine is dark-brown,
of a corneous substance, and of the shape of a cross-bow ¢,
the bow part being attached to the lid or pushing against
it, and the handle, by means of a membrane, to the upper
end of the side of the egg.

When the included animal has made its way out of
the egg, it enters upon a new state of existence, that of

Larva, to which I shall direct your attention in the fol-
lowing letter.

2 Reaum. ii. 167.

® Brahm. 249. Rosel. iv.130. Swamm. Bibl. Nat. t. 1. f. 2.
¢ By Mr. White, jun. cordwainer at Ipswich.
4 Prate XX. Fie. 16. a.




LETTER XXX.

STATES OF INSECTS.

LARVA STATE.

THE Larva state is that in which insects exist imme-
diately after their exclusion from the egg (or from the
mother in ovo-viviparous species), in which they usually
eat voraciously, change their skin several times, and have
the power of locomotion, but do not propagate.

Almost all larvee, at their birth, are for a time in a very
feeble and languid state, the duration of which differs in
different species. In most it continues for a very short

time, a few minutes or perhaps hours, after which they
revive and betake hemselves to their appropriate food.
In others, as in the generality of spiders, this debility
lasts for seven or eight days, and in some species even a

month, during which the young ones remain inactive in
the egg-pouch?, and it is not till they have cast their first
skin that their active state of existence commences.
All larvee may be divided into two great divisions:—
I. Those which in general form more or less re-
semble the perfect insect.
I1. Those which are wholly unlike the perfect in-
sect.

2 De Geer vii. 197.
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I shall begin by calling your attention to the charac-
ters of the first of these divisions: the second, which is
by far the most numerous, will be afterwards considered.

I. The first division includes the larvae of Scorpions,
Spiders, Cockroaches, Grasshoppers, Lanthorn-flies, Bugs,
&c.; or generally, with the exception of the Flea and
Crustacea, the whole of the Linncan Orders Aptera and
Hemiptera. All these larvse, however remotely allied in
other respects, agree in the general similarity which they
bear to the perfect insects which proceed from them.
The most acute entomologist, untaught by experience,
could not even guess what would be the form of the
perfect insects to be produced from larvee of the second
division, while they can recognise the form of the spider,
the cricket, the cockroach, the bug, and the frog-hopper,
in that of the larvae. There are, however, differences in
the degrees of this resemblance, according to which we
may, perhaps, divide this tribe in their second state as
follows :—

1. Those that resemble the perfect insect, except in
the relative proportions and number of some
of their parts.

it. Those which resemble the perfect insect, except
that they are apterous, or not yet furnished
with organs of flight.

i. Spiders, Phalangia, scorpions, lice, Podura, sugar-
lice (Lepisma), mites, centipedes, millepedes, &c. come
under the first subdivision. The larvae of the first six
tribes here mentioned differ at their birth from the per-
fect insect, only in size and the proportions of their parts.
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Thus the larvee of spiders have their legs of a different
relative length from that which they subsequently ac-
quire; and the palpi in the males, which previously to
the discoveries of Treviranus were regarded as their
sexual organs, are not yet fully developed?®: and a si-
milar difference takes place in the legs of Phalangia.
The general form too of the body undergoes slight alter-
ations, and the colour very considerable ones, with each
change of the skin—a change to which all these tribes
are subject.

The larve of the three last-mentioned tribes (the
mites, centipedes, and millepedes) differ from the per-
fect insect not only in the proportion but also in the
number of their parts. Leeuwenhoeck states (and De
Geer confirms his assertion, extending it to other species
of mites®), that the common cheese-mite, which in its
perfect state has eight legs, when first excluded from the
egg has but siz, the third pair being wanting®. Some
however are born with eight legs, for instance A. eruditus
of Schrank, which he saw come from the egg itself with
that numberd. Others again have never more than six
legs: this is the case with Latreille’s genera—Caris,
Leptus, Atoma, and Ocypetes of Dr. Leach¢, In the
centipedes (Scolopendride) and millepedes (lulide) dif- .
ferences still more remarkable, as I have stated in a for-

mer letter, have been observed by De Geer; these ani-
mals, in their progress to the perfect state, not only gain
several additional pairs of legs, but also several additional
segments of the body. This illustrious Entomologist found
that Pollyxenus lagurus (Scolopendra L.) was born a hexa-

s De Geer vil, 197. b Ibid. 85. © Epist. 1xvii. 1694. 390,
9 Enum. Ins. Austr. 575. ¢ N. Dicl. & Hist. Nat. i. 74.




108 STATES OF INSECTS.

pod, with but three segments and as many pairs of feet,
but successively acquired five additional segments with

other appendages, and nine more pairs of feet?, A spe-

cies of millepede (lulus terrestris L.), which he also
traced from its birth, and which begins the world at first
with only eight segments and six feet, by a successive
development at length acquires, in its perfect state, 50
segments and not less than 200 feet®. The nature of
these very singular accretions, which Latreille and Mr.
‘Wm, MacLeay have also observed in the centipedes¢,
seems not well understood. If, as is most probable,
though De Geer could not find any exuvize¢, the larvae
cast a skin before each change, they do not essentially
differ from the metamorphosis of other insects. The
legs that these insects thus acquire are affixed to the
abdomen, the six that they set out with being attached
to the part representing the trunk, so that the former
may be regarded as analogous to the prolegs of cater-
pillars. These animals therefore, as I have before inti-
mated, invert the order of Nature, and from peyfect de-
generate into Zmperfect insects.

ii. If you examine the cociroack, crz'b]cet, or grasshop-
per, in different stages of their growih, you will find that
the larva does not vary essentially from the perfect insect,
except -in wanting wings and elytra. The case is the
same in almost all the Linnean genera of the modern
crder—Hemiptera ; and with Raphidia, Termes, and
Psocus, in the Neuroptera. Some of these, however, ex-

2 De Geer vii. 576. b Ibid. 584,

¢ Considerat. Gener. 21. Hore Entomolog. 353.

4 De Geer, Itid. Mr. W. MacLeay observes of the Chilopoda, or
Centipedes, that they moult in the manner of Crustacca. ubi supr. 352.
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hibit slighter discrepancies in the proportion of some of
their parts, but without affecting the general resemblance:
Thus the larvee of the common ear-wig have at first only

eight, and subsequently nine joints to their antennse,
whereas the perfect insect has fourfeen 2; and the forceps
is quite different, resembling rather two straight styles
than what its name implies. In those also of many bugs
(Coreus marginatus . &c.), the joints of the antenne are
of a shape dissimilar to that which obtains in the perfect
insect. In that of the common water-scorpion, the anal
air-tube, which is so long in the imago, is scarcely visi-
ble®. In the Cicada tribe, so celebrated for their song ¢,
neither the larva nor the imago have the enormous thigh
armed below with strong teeth, the tibiae terminating in
a fixed incurved claw, probably for the purpose of dig-
ging the holes into which they retire till they disclose the
fly, which distinguish the pupze of some species, and is
particularly conspicuous in one commonly brought from
Chinad. These often exhibit also other minor differences.

II. In treating of the second great division of larve,
those that are wholly unlike the parent insect,—which
includes, with few exceptions ¢, the whole of the Linnean

* De Geer iii. 549. The figure of the forceps in De Geer (Ibid.
t. xxv, f.21) is not quite correct. The styles do not taper to a point,
but are filiform and acute.

b Compare De Geer iil. £ xviil. £. 2 and 12. ¢.

¢ See above, Vor. IL. p. 401.

4 Prare XVI. Fic. 4. c. Reaum. v. £ xix. £. 16. De Geer ubi supr-.
t. xxxii. f. 26. According to Reaumur, the larva as well as the pupa
of Chermes Ficus has wing-cases (iii. 353).

¢ These are in the female sex of some Colcoptera, as Lampyris, &c.
which retain in the perfect state nearly the same form which they
had when larvee. The larvaz of some Slaphylini are not very dissi-
milar in form to the perfect insect.




110 STATES OF INSECTS.

orders, Coleoptera, Lepidoptera, Hymenoptera, Diptera,
the majority of the Neuroptera, Coccus and Aleyrodes in
Hemiptera, and the genus Pulez in Aptera,—]I shall ad-
vert to their characters, under several distinct heads; and
to avoid unnecessary circumlocution, I shall in what fol-
lows wholly leave out of consideration the first division
already explained, and use the term larve with reference
only to those of the second. The heads under which I
propose to treat of them are : The substance of their body,
its parts, shape, or figure, clothing, colour. Also the
Economy or mode of life of these creatures: their food,
moultings, growth, age, sex, and their preparations for as-
suming the Pupe.

i. Substance. with the exception of the head and six
fore-feet, which are usually corneous, the exterior inte-
gument or skin of larveae is commonly of a membranous
texture, and the body is of a much softer consistence
than in the perfect insect. In those, however, of some
Staphylinidee and other Coleoptera, the dorsal part of
the three first pieces, which represent the trunk of the
perfect insect, is hard and horny. Some also have their
whole skin coriaceous, as the tortoise-shell butterfly
(Vanessa polychloros); and some few, as the wire-worm
(Elater segetum), and other Elateres, very hard. I pos-
sess a very remarkable larva from Brazil, from the ex-
treme flatness of its body, and from its having cavities to
receive its legs when unemployed, probably living under
bark, the skin of which is still harder than that of the
grub of the Elaters. Perhaps it has to resist great
pressure; and on that account is gifted with this quality,
so seldom to be met with in other kinds of larvee. The
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interior of the body of these animals is generally of a
softer consistence than in the perfect insect. Their in-
testines, and other internal organs, are usually wrapped
in a voluminous substance of a fatty nature, which is re-
garded as analogous to the epiploon, omentum, or caul,
which envelops the viscera of quadrupeds, &c., and is
called by Reaumur the corps graisseuz. The use of this
general flexibility of larvee is obvious; for, their bodies
being mostly long and narrow, a hard rigid covering
would have been very inconvenient, and a considerable
impediment to their motions. When a caterpillar is
feeding, it has occasion to apply its body to any part of
the margin of a leaf so as to support itself by its prolegs,
and when moving it wants to give it all the curves that
are necessary to enable it to avoid obstacles, and thread
its way through the sinuous labyrinths which it must
often traverse. On the other hand, the hardness of the
substance of its head affords a strong fulcrum to the

muscles which keep its powerful jaws in constant play.
The larvee, indeed, of some Diptera have a membra-
nous head; but their mandibles, which serve also as

legs, are not grinders, but merely claws, the muscles of
which require less powerful support®. Under this head
it may be proper to observe, that generally larve are
opaque; but some, as those of ants, and a few Lepido-
ptera®, are diaphanous. That of Corethra crystallina
(Tipula De Geer) is so beautifully transparent as to re-

a The larve described in the first Section, which resemble the
imago, are usually covered with a skin not materially different from
that of the insect in that state.

b Huber Fourmis. 73; N. Dict. d’ Iist. Nat. vi. 250.
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semble a piece of crystal, and scarcely to be distinguished
from the water in which it lives 2.

ii. Parts. The body of each larva consists of the kead,
including its different organs, and of the succeeding seg-
ments, of which the three first may usually be denomi-
nated the #runk, and have the six anterior feet, when
present, attached to their under side: the remainder is
the abdomen. The latter includes in some species a vari-
able number of membranous feet, as well as various ap-
pendages aflixed usually to its tail and sides. - No larva
is ever furnished with wingsP®. Iach of these greater
divisions, and the organs which they include, require

separate consideration.

1. Head. This, as was lately observed, is exteriorly of
a horny substance, or at least harder than the rest of the
body, in most larvee; and on this account, though rarely
separated from it by any visible distinct neck ¢, is, if the

8 Reaum. v. 40. £, vi.f. 4—15.

® Miiller, the Danish zoologist, relates, that he once met with a
papilio which, with the true wings of the genus, had a head without
antennz or tongue, furnished with mandibles; and, in short, that of a
true caterpillar. It was a female, which deposited eggs that proved
barren. If this solitary instance was not a istake, is it possible that
some parasitic larva had devoured only the inclosed head of the but~
terfly, or so injured it that it could not reject the hard skin of the
larva, and yet not be destroyed ?

¢ The only larvee which have a visible distinct neck are those of
some Dytisci, Staphylini, and a few others, in which this part is quite
distinct : proving the erroneousness of the opinion of those German
entomologists, who consider the thorax as analogous to the neck of
other animals, and hence call it Halsschild." In some lepidopterous
larvee, however, as in that of Pieris Brassice, though no visible neck
presents itself, one is very perceptible when the insect stretches the
head forward considerably. Reaum. i. 460.
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larva be of a tolerable size, distinguished at the first view.
In those of many Dipterous insects, however, the head is
covered with the same flexible membranous skin with the
rest of the body, from which it is often scarcely to be di-

stinguished. In these, except that it contains the organs

of manducation, it wears no more the appearance of a
head than any other segment of the body, and scarcely
so much as the last or anal one. The head of these larvae
is also remarkable for another peculiarity,—that it is ca~
pable of being extended or contracted, and assuming dif-
ferent forms at the will of the insect: a property which
the head of no superior animal can boast. It is probable
that there is a considerable variety in the shape and cir-
cumstances of the heads of larvee ; but since, with the ex-
ception of those of Lepidoptera, they have had less at-
tention paid to them than they deserve (indeed in a vast
number of cases, from the difficulty of meeting with them,
these variations, except in a few instances, have not been
described), I will here mention a few of the most remark-
able.” The head of the young larva at its first exclusion
from the egg is usually the most dilated part of the body,
but it does not often continue so. In that of Cicindela
campestris, however,—the beautiful green beetle some-
times found in sandy banks,—and also in several cater-
pillars of Lepidoptera, it is much larger than any of the
following segments®; which, in conjunction with the
animal’s formidable jaws, gives it a most ferocious ap-
pearance. In some lepidopterous larvae the head is of
the same diameter with the rest of the bedy, but in in-
sects in general it'may, I think, be stated as less; and

a Prate XVIL Fie. 13.
VOL. I11. 1
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occasionally it bears no proportion whatever to it. This
is the case with the subcortical one from Brasil lately
mentioned. It is more commonly longer than broad;
but in some, as in the larvee of carrion beetles (Silphe),
the reverse of this takes place. Its shape varies from
triangular to orbicular, the mouth of the animal forming
the vertex of the triangle. In some larvee of Hemerobiz,
however, the head is narrowest behind. That of the grub
of a gnat noticed above (Corethra crystallina) forms a
kind of sharp horn or claw, terminating the body ante-
riorly 2. The contour of the head of larvee is usually
intire and unbroken ; but in the caterpillars of some Lepi-
doptera, as the butterfly called thegrand admiral (Vanessa
Atalanta), the Glanville fritillary (Melitwa Cinzia), &c.
it is divided into two lobes®. In the Brazil flat larvee it
is trilobed, each lateral lobe being divided into three
smaller ones: in which circumstance it somewhat resem-

bles the head of some subcortical Cimicide. Although
the part we are treating of is generally without korns,
yet in some tropical butterflies of the tribe of Nympkales,
it is singularly armed with them. Thus Papilio Anchises
is distinguished, according to Madame Merian ¢, by two
in the occiput, which it has the power of retracting. In
the purple highflier (Apatura Iris), a British species, the

a Reaum. v. £ vi. f. 7. d.c.

b In fact, in almost all Lepidopterous larvie the head may be re-
garded as divided into two lobes or eye-shaped portions, which in-
clude in the angle formed by their recession anteriorly from each
other, the nasus (clypeus F.), the labrum, and other instruments of
manducation. Posteriorly these lobes generally come into contact;
but I have a specimen in which there is a narrow space between

them.
¢ Ins. Surtnam. £, xvil.
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two lobes of the head, I am informed, terminate behind in
two horns; as they do likewise in the brilliant Morpho
Menelaus?, the lobes assuming the form of a pear, and
the horn representing the stalk. In a caterpillar I found
amongst Mr. Francillon’s larvee, the head is bilobed,
with a very long recurving subcapitate subramose spine.
In Satyrus Cassice, the head is armed with three occipital
stout spines ®. The larva of Nymphalis Amphinome Latr.
(Limenitis F.) is crowned with a coronet of eight occipi-
tal stout acute spines, the intermediate ones being the
longest © ; and that of Morpho Teucer has a similar coro-
net, consisting of only seven blunt rays, seemingly, rather
than spines¢. 'With regard to the articulation of the
head with the trunk, it is generally by its whole diame-
ter; but in some instances, only by a part of it. This is
the case with one of a sphinx figured by Mad. Merian ©;
and I have another, probably belonging to the nocturnal
Lepidoptera (Phalaena L.)f. In both these, the head is
vertical and triangular; and in the latter (which is a re-
markable creature, the tail itself being more like a head,
and furnished with what resemble two prominent black
eyes) the vertex of the triangle is considerably higher than
the back of the animal. Whatever may be the clothing of
the body, the head is usually naked. Sometimes, however,
it is itself beset with very small simple spines, as in the but-
terfly of the mallow (Hesperia Malve); or with longer
compeund ones, such as are found on the rest of the body.

a Tns, Surinam. t. liil. b Ibid. ¢. xxxii.  Tbid. t. viii.

d JTbid, ¢. xxiil. e Ibid. t. xiv.

11 purchased this singular caterpillar from the collection of the
late Mr. Francillon, with his other exotic larvae; but without any
indication of the fly to which it belonged.

I2
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This is the case with one of a butterfly named by Rosel
Papilio morsa. The most common colour of the head of
larvee, where it differs from the rest of the body, is a
darker or lighter reddish brown, or piceous. This is
particularly observable in those of Coleopterous insects,
but it is very commonly in other tribes of the same hue.
Sometimes, amongst the Lepidoptera, the head is of a
different colour from the rest of the body; especially
where a contrast renders it striking, I can show the ca-
terpillar of some insect, probably of the hawk-moth tribe
(Sphingide), from Georgia, remarkable for the length of
its anal spine, in which the body is black, and the head
red: another has a white head and a brown body. In
the larvee of some Lepidoptera, Coleoptera, and Diptera,
the head can be wholly or nearly withdrawn within the
first segment of the body. This may be readily seen in
that of the common glow-worm; and that of a small gnat
(Tipula replicata De Geer) withdraws it so completely
that the anterior margin of that segment closes the ori-
fice, so that the animal appears to have no head2.—
The parts of the head which require distinct considera-
tion are, the eyes, antenne, and the mouth : consisting
of various organs, which will be specified. Some of these
parts and organs are peculiar to larvee of one order,
others to those of another, and some are furnished with
them all.

Liyes. The larvae of many insects have no eyes. Those
with antennee which terminate in a lamellated - clava
(Scarabeus L.), and capricorn beetles also (Cerambyz L.),

2 De Geer vi. 352.
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amongst the Coleoptera, are without them, and probably
several others; and amongst the Diptera, all those with
a membranous or variable head. Those of the remain-
ing orders, with the exception, perhaps,.of some Hymen-
optera and Lepidoptera, are furnished with these organs;
and in the Coleoptera all the predaceous tribes, as well
as most of those that are herbivorous or granivorous,
and the Gnats and other Tipulidans ( T%pularie Latr.)in
the Diptera, are also distinguished by them. In the lar-
vee of the dragon-flies (Libellula 1.), and other Neuro-
plera, they are composed of many facets as in those of
the perfect insect, from which they differ chiefly in being
smaller. But in the other insects of this description they
are simple, and resemble those of the Aracknida, and
many aptera. These simple eyes vary in their number,
in different genera and tribes, from one to six on each
side of the head. Thusthe larva of Telephorus, and the
saw-flies, has only one ?; that of Cicindela three, the two
posterior ones being large with a red pupil surrounded
by a paler iris, which adds to the fierce aspect of this
animal; and the anterior one very minute. Those
of the tortoise-beetles also (Cassida) have three®; of
Staphylinus, four ; of Timarcha (the bloody-nosed beetle)
Jwve; of Carabus, and the Lepidoptera in general, siz.

In the last they are of different sizes, and generally ar-
ranged in a circle: in that of Hemerobius there are five in

acircle, with one central one . The appearance of these

3 De Geer iv. 66. ii. 922,

b De Geer v. 170.

< De Geer says, he could not make out the number of eyes of the
larva of the whirlwig (Gyrinus): probably, as in that of Dy#iscus,
there are six. iv. 362. 3835,
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globules, which are often not visible but under a power-
ful lens, is so different from that of the eyes of a butter-
fly or moth, or other perfect insect, that it has been
doubted whether they actually perform the office of eyes,
but without reason. They occupy the usual station of those
organs, being situated in many instances upon a protube-
rance which appears to incase them; and seem of a con-
struction closely analogous to that of the eyes of spiders,
and the stemmata or ocelli of Hymenoptera, which have
been satisfactorily proved to be organs of vision. In the
larva of a moth not yet ascertained to exist in this coun-
try, Attacus Tau, and probably other species, the eyes,
after the skin has been changed a few times, are no longer
to be seen 2.

Antenne. Most larvee are provided with organs near
the base of the mandibles, which from their situation and
figure may be regarded as antennze. TFabricius has as-
serted that the larvee of the saw-flies (Tenthredo 1..) have
no antennge; but in this he was mistaken, for though
very short, they are discoverable in them, as he might
have learned by consulting De Geer®. In the majority
of Neuropterous larvee, they almost precisely resemble
those of the perfect insect. In all the rest they are very
different. The antenne of Coleopterous larvae are usu-
ally either filiform or setaceous, consisting of four or five
joints, nearly equal in length. Those of Lepidopterous
larvee are commonly conical, as are those likewise of
Chiysomela and Coccinella &c. amongst the Coleoptera,
and very short, composed of two or three joints, of which
the last is much thinner than the first, and ends in one or

* Pez, 188. i, 923, ¢ xxxvi. f2 4, bb. Tabr. Philvs. Tint. 60.
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two hairs or bristles. These antennee the larva has the
power of protruding or retracting at pleasure, Lyonnet
informs us, that the caterpillar of the great goat-moth
(Cossus ligniperda) can draw the joints of its antennae one
within the other, so as nearly to conceal the whole .
The larva of the common gnat has two long incurved se-
taceous antennae; fringed with hairs at some distance from
their apex, which consist only of a single joint®. The
greater number of Dipterous larvae, however, all indeed
except the Tipulidans (Z¥pularice Latr.), and many be-
longing to the Coleoptera and Hymenoptera orders (as
those of Curculio, Apion, Apis, &c.), are wholly deprived
of antennee. It is a general rule, that the antennze of
larvee are shorter than the same organs in the perfect in-
sect, the tribe Ephemerina perhaps affording the only
example in which the reverse of this takes place ¢.

Mouth. All larvee have a mouth situated in the head,
by which they receive their food, and furnished with one
or more instruments -for the purpose of mastication and
deglutition. These instruments, in all the orders except
Lepidoptera, some Newroptera and Diptera, bear a ge-
neral resemblance to the same parts in the perfect insect.
In larvee of the Coleopterous, Lepidopterous, and Hy-
menopterous orders, we can distinguish for the most part
an upper and under lip; two pairs of jaws answering to
the mandibulee and maxillee; and two, four, or six pal-
pi¢: and some of these instruments may be found in
most Diptera. Each of these parts require separate no-
tice.

Upper-lip (Lasrum). The mouth of almost all larvae,

4 Lyonnet 41. /.1l /. L. c. b De Geer vi. 507,

¢ Ihid. it £. xvi. Comp. f. 2 « a with . 14 aa.
Inthe larva of Cicindela thereave sia palpi, as in the perfect msect.
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except some of the order Diptera, are provided with a
distinct upper-lip, for retaining their food during masti-
cation, As the construction of this part does not widely
differ from that of the peifect insect, which will hereafter
be more fully described, it is only necessary to observe,
that it is usually a transverse moveable plate, attached
posteriorly to the nasus (cfypeus I.), and situated just
above the mandibles 2.

Upper-jaws (ManpiBuLz). The most usual figure of
these, which are of a hard horny consistence b, is that of
two slightly concave, oblong, or triangular plates, often
at their lower extremity of considerable thickness, and of
very irregular form, the base of which is filled with
powerful muscles, and planted in the side of the mouth
so as to move transversely. The other extremity can be
made to meet or diverge like the claws of pincers, and
are divided into one or more tooth-like indentations, by
means of which the food of the larva is cut¢. This is
their construction in the larvee of all Lepidoptera, and in
many of those of the other orders. They frequently,
however, assume a different form, though their situation
is always the same.” Thus in the larvee of the capricorn
beetles (Cerambyx L.) and of other wood-boring species,
they are shaped like the half of a cone, the inner sides of
which, applying close to each other, form a pair of power-
ful grindstones, capable of comminuting the hardest tim-

2 Lyonnet, ¢ i. £, 7. . In the larva of Cullidium violaceum, how-
ever, this part is of a singular shape, being orbicular. Kirby Linn.
Trans. v. t. xil. . 12. a.

b It is affirmed (. Dict, d’ Hist. Nat. vii. 333) that the larvee of
those Coleaptera that live in carcases have mandibles almost mem-
branous : those, however, of that of Silpha rugosa are horny. and
hard.

¢ Lyonnet, ¢ ii. f. 1. p b, and £. 2, 3, 4.




STATES - OF INSECTS. 121

ber 2. M. Cuvier has observed, with regard to the man-
dibulee of those of stag-beetles (Lucanus), that besides
their teeth at the extremity, they have towards their base
a flat striated molary surface; so that they both cut and
grind their ligneous food®. It seems'to have escaped
him, that a similar structure takes place in many perfect
insccts of the lamellicorn tribe, as I shall hereafter show
you. In the larvae of the water-beetles (Dytiscus L.),
ant-lions (Myrmeleon L.), and lace-winged flies ( Hemero-
bius L.), they resemble somewhat the forceps at the tail
of an ear-wig, being long and incurved; and, what is more
remarkable, hollow and perforated at the end, so as to
serve as a channel for conveying into the larva’s mouth
the juices of the prey which by their aid it has seized.
Reaumur even asserts, that the larva of Myrmeleon has
no other entrance into its throat than through these tu-
bular mandibles¢. That of the rove-beetles (Staphy-
linus L.), and of many other Coleopterous genera, have
these organs of this forcipate construction, without being
perforatedd. - In the larva of the carnivorous flies, and
many other Diptera, are two black incurved subulate
parts, connected at the base, and capable of being pro-
truded out of, and retracted into, the head, through the
skin of which they are usually visible. As I informed
you in a former letter ¢, these mandibles. are used for.
walking as well as feeding : they are parallel to each
other, and are neither formed for cutting nor grinding

3 Kirby in Linn. Trans. v. t. xii. .7 b.
b Cuvier 4nat. Comp. ii1. 322. ¢ Reaum. vi. 340.

4 The larva of Cicindela campestris has mandibles of this descrip-
tion. Prate XVIL Fic. 13.cc.
¢ See above, Vor. II. 2;/5—.
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like the mandibles of other insects, but merely detach
particles of food by digging into it and tearing the fibres
asunder. In this operation they are probably assisted by
an acutely triangular dart-like instrument of a horny sub-
stance, which in some species (Musca vomitoria) is
placed between the two. In others this part is wanting.
Some Dipterous larvee have two similar mandibles, but in-
stead of being parallel, they are placed one above the other;
others( Musca domestica and meridiana) have but one such
mandible, and some have no perceptible mandible of any
kind. Themandiblesof thelarvaof the crane-flies ( T%pula),
which are transverse and unguiform, do not act against
each other, but against two other fixed, internally con-
cave and externally convex, and dentated pieces 2.
Under-jaws (MaxiLLz). These are a pair of organs,
usually of a softer consistence, placed immediately under
the upper-jaws; but as they are usually so formed and si-
tuated as not to have any action upon each other, it is
probable that in general they rather assist in submitting
the food to the action of the mandibulse, than in the com-
minution of it. In Lepidopterous larvae they appear to
be conical or cylindrical (at least in that of the cossus
so admirably figured by Lyonnet ®), and to consist of two
joints; which may, I imagine, be analogous to the upper
and lower portions of which the maxillee of perfect insects
usually consist. The last of these joints is surmounted
by two smaller jointed palpiform organs. If any part of
the maxillse can act upon each other, it is these organs
or palpi; but it is evident they are not calculated for mas-
tication, although they may assist in the retention of the

A Reaum, v. 9. .1, /s doceo Lh. © Traile dnafom. ¢, ii. £, 1. u n.
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substance to be masticated. In a figure given by Reau-
mur of the under side of the head of another lepidopte-
rous larva (Erminea Pomonella), the maxillee consist of
a single joint, and appear to be crowned by chelate pal-
pi 2: a circumstance which is also observable in that of a
common species of stag-beetle (Lucanus parallelipipedus),
the weevil of the water-hemlock (Lixus paraplecticus®),
and other insects. In general the maxillee of larvae are
without the lobe or lobes discoverable in those of most
perfect insects, this part being usually represented by a
kind of nipple, or palpiform jointed process, strictly ana-
logous to the interior maxillary palpi of the predaceous
coleoptera; but in most of the lamellicorn beetles the
lobe exists in its proper form ¢, as it does likewise in that
of the capricorn-beetle before noticed (Callidium wviola-
ceum?), In the former instance, it is armed with spines or
claws; but in the latter it is unarmed, and rounded at the
end. In the larva of Cicindela campestris, the base of the
maxilla runs in a transverse direction from the mentum,
to which, as is usually the case, it is attached. From this
at right angles proceeds the lobe, from the outer side of
which the feeler emerges; and the inner part terminates
in an unguiform joint, ending in two or three bristles.
The structure in the larvee of water-beetles (Dy#iscus L.)
is different, for they appear to be without maxillee ¢; but

the case really seems to be, that these organs are repre-
sented by the first joint of what M. Cuvier calls their
palpi £; from which proceed the real palpi, the interior

2 Reaum. ii. £ 40. f. 4. b De Geer v. 229.

< Ibid. iv. 2 xi. £ 16. p p. 4 Linn. Trans. v. t. xii. f. 10,

¢ Cuvier Anrat. Comp. iii. 323.

f De Geer iv. 2. xv. f. 9. b 6. The exterior and intericr palpi are
both represented in this figure.
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one being very short, and consisting only of a single
joint.  These maxillae of larvee were regarded by Reau-
mur and other writers as parts of the under-lip, on each
side of which they are situated; and indeed, as well as
those in the perfect insect, they form a part of the same
machine, being connected by their base with the mentum,
which is part of the labium, but they are clearly analo-
gous to the maxille of the imago. They are not to be
found in the larvae of many Dipterous insects, and per-
haps in some species belonging to other orders. In some
Neuropterous larva, as those of the Libellulina MacLeay,
the maxille are of a substance quite as solid and horny as
the mandibles, which in every respect they resemble 2,
Under-lip (LaBium). Between the two maxille in the
larvee of most of the insects under consideration is a part
termed by Reaumur the middle division of the under-lip,
but which is in fact analogous to the whole of that organ
in the zmago. 'This organ varies in shape, being some-
times quadrangular, often conical, &c. Interiorly it is
frequently connected with a more fleshy protuberance,
called the tongue by Reaumur®, and supplying the place
of the ligula in the perfect insect. On each side of the
apex of the under-lip is a minute feeler, and in the mid-
dle between these in the Lepidoptera and many others, is
a filiform organ, which I shall call the spinneret ( Fusulus),
through which the larva draws the silken thread em-
ployed in fabricating its cocoon, preparatory to assuming
the pupa state, and for other purposes ¢.  This organ is

2 Reaum. vi. £ xxxvil. f. 5. e e. b Ibid. 1. 125,

¢ Prare XXI Fie. 9. The organ with which the larvae of Heme-
robius, Myrmeleon, and Hydrophilus, spin their cocoons, is situated
in the anus. The spinneret of the Cossus is figured by Lyonnet Ana-

fom. ¢ 1. f. 1.1, and fig. 9.
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found only in those larvee which have the power of spin-
ning silk; that is, in all Lepidoptera, most Hymenoptera,
Trichoptera, some Neuroptera, and even a Dipterous in-
sect?. This tube, Lyonnet had reason to believe, is com-
posed of longitudinal slips, alternately corneous and mem-
branous, so as to give the insect the power of contracting
its diameter, and thus making the thread thicker or
smaller. There is only a single orifice at the end, which
is cut obliquely, somewhat like a pen, only with less obli-
quity, and without a point, the opening being below, so
as to be conveniently applicable to the bodies on which
the larva is placed. Reaumur conceived that this spin-
neret had two orifices; but Lyonnet ascertained this to
be a mistake,. the two silk tubes uniting into one before
they reach the orifice. From the contractile nature of
the sides and the form of the orifice, combined with the
power the insect has of moving it in every direction, re-
sults the great difference which we see in the breadth and
form of the threads, some being seven or eight times as
thick as others, some cylindrical, others flat, others chan-
nelled, and others of different thickness in different parts®.

In the larvee of many Diptera the under-lip is merely a
small tubercle, which can be protruded from the insect’s
mouth by pressure ©.

One of the most remarkable prepensile instruments, in
which the art and skill of a DiviNe MECHANICIAN are
singularly conspicuous, and which appears to be without
a parallel in the insect world, may be seen in the under-
lip of the various species of dragon-fly (Libellula L.). In

= De Geer vi. 370. This species (Zipula Agarici seticornis De Geer)
has two separate spinnerets, 7, xx.f. 8 m .
b Lyonnet 55—, ¢ Reaum. iv. 166.
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other larvee this part is usually small and inconspicuous,
and serves merely for retaining the food and assisting in
its deglutition; but in these it is by far the largest organ
of the mouth, which when closed it entirely conceals ;
and it not only retains but actually seizes the animal’s

prey, by means of a very singular pair of jaws with which

it is furnished. Conceive your under-lip (to have re-
course, as Reaumur on another occasion 2, to such com-
parison,) to be horny instead of fleshy, and to be elon-
gated perpendicularly downwards®, so as to wrap over
your chin and extend to its bottom,—that this elongation
is there expanded into a triangular convex plate ¢, at-
tached to it by a joint ¢, so as to bend upwards again and
fold over the face as high as the nose, concealing not
only the chin and the first-mentioned elongation, but the
mouth and part of the cheeks ¢: conceive, moreover, that
to the end of thislast-mentioned plate are fixed two other
convex ones, 5o broad as to cover the whole nose and
temples f,—that these can open at pleasure, transversely
like a pair of jaws, so as to expose the nose and mouth,
and that their inner edges where they meet are cut into
numerous sharp teeth or spines, or armed with one or
more long and sharp claws & :—you will then have as ac-
curate an idea as my powers of description can give, of
the strange conformation of the under-lip in the larvee of
the tribes of Libellulina ; which conceals the mouth and
face precisely as I have supposed a similar construction
of your lip would do yours. You will probably admit

» Reaum, v. 155. ° Ibid. vi. & xxxvil. £ 7.0p. cIbid. mee.
d Ibid. 1. 6. p. e Ibid. Compare f. 4 with f. 6, 7.

I Ibid. ¢ xxxvi.f. 12. 5 u e.

¢ Ibid. # e, and xxxviii, £. 7,-dc.; De Geer ii. ¢. xix. £. 17. d g.




STATES OI INSECTS. 127

that your own visage would present an appearance not very
engaging while concealed by such a mask; but it would
strike still more awe into the spectators, were they to see
you first open the two upper jaw-like plates, which would
project from each temple like the blinders of ‘a horse;
and next, having by means of the joint at your chin let
down the whole apparatus and uncovered your face, em-
ploy them in seizing any food that presented itself, and
conveying it to your mouth. Yet this procedure is that
adopted by the larvee provided with this strange organ.
Whileit is at rest, it applies close to and covers the face.
When the insects would make use of it, they unfold it
like an arm, catch the prey at which they aim by means
of the mandibuliform plates, and then partly refold it so
as to hold the prey to the mouth in a convenient position
for the operation of the two pairs of jaws with which they
are provided. Reaumur once found one of them thus
holding and devouring alarge tadpole;—a sufficient proof
that Swammerdam was greatly deceived in imagining
earth to be the food of animals so tremendously armed
and fitted for carnivorous purposes. Such an under-lip
as I have described is found in the tribe of dragon-flies
(Libellulina) ; varied, however, considerably in its figure
in the different genera. In the larva of Libellula Fab.,
such as Libellula depressa, &c. it is of the shape -above
described ; so exactly resembling a mask, that if Ento-
mologists ever went to masquerades, they could not more
effectually relieve the insipidity of such amusements and
attract the attention of the demoiselles, than by appearing
at the supper table with a mask of this construction, and
serving themselves by its assistance. It would be difficult,
to be sure, by mechanism to supply the place of the mus-
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cles with which in the insect it'is amply provided: but
Merlin, or his successor, has surmounted greater obsta-
cles.. In the larva of the Fabrician Zshne (Libellula
grandis, &c. L.), this apparatus is not convex but flat:
so that, though it equally conceals the face, it does not so
accurately resemble a mask; and the jaws at its apex are
not convex plates, but rather two single conical teeth 2.
It is, as to its general shape, similarly constructed in
Agrion Fab, (L. Virgo, &c. L.); but the first joint is
more remarkably elongated, the jaws more precisely re-
semble jaws than in any of the rest, and are armed with
three long, very sharp teeth: between them also thereis
a lozenge-shaped opening, through which; when the ap-
paratus is closed, is protruded a circular sort of nipple,

apparently analogous to the ligula®. Libellula wnea, L.,
which is the type-of another tribe (Cordulia Leach), has
a mask somewhat different from all the above, the jaws be-
ing armed with a moveable claw and an internal tooth ¢,

You will admire the wisdom of this admirable contri-
vance, when you reflect that these larvae are not fitted to
pursue their prey with rapidity, like most predaceous
animals; but that they steal upon them, as De Geer ob-
serves 9, asa cat does upon a bird, very slowly, and as if
they counted their steps; and then, by a sudden evolu-
tion of this machine, take them as it were by surprise,
when they think themselves safe. De Geer says, it is
very difficult for other insects to elude their attacks, and
that he has even seen them devour very small fishes e.

3 Reaum. vi. ¢ xxxvil. £. 4—0. 8.

b Ihid. £ xxxviil. First joint £. 8.5/ p.; jaws f. 7. ¢ d.; opening o,
Ligula £. 6. 7. )

¢ De Geerii. £. 17, Jaws g g; claw d; tooth £ 4 Ibid. 674.
e Ibid. 1. 674.
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As these animals are found in almost every ditch, you
will doubtless lose no time in examining for yourself an
instance of so singular a construction.

Feelers (Pavrei). In the orders Diptera and Hymeno-
ptera are many larvee in which these organs have not
been certainly discovered; yet Reaumur in that of a com-
mon fly (M. meridiana L.) found four retractile nipples ®
which seem analogous to them; and Latreille has ob-
served, that below the mandibles of those of ants are
four minute points, two on each side®: but in all other
larvee their existence is more clearly ascertained. The
maxillary palpi vary in znumber, many having fwo on
each maxilla and others only ore.  In the perfect insect
the former is one of the distinguishing characters of the
predaceous beetles (Lntomophagi Latr.), but in the larve
it is more widely extended; since even in the caterpillars
of Lepidoptera the inner lobe of the maxilla which re-
presents this feeler is jointed, which is precisely the case
with the beetles just- named. Cuvier has observed this
circumstance in the larva of the stag-beetle ¢; and it be-
longs to many other Coleoptera that have only a pair of
maxillary palpi in the perfect state. The labial palpiare

always two, emerging usually one on each side from the
apex of the under-lip. 'With regard to the form of the
palpi, those of the Lepidoptera are mostly conical; in
other orders they are sometimes setaceous and some-

times filiform. Their termination is generally simple,
but sometimes the last joint is divided. They are for the
most part very short, and the labial shorter than the

2 Reaum. iv. 376. b N. Dict. d’ Hist. Nat. xii. 64.
¢ Anat. Comp. iit. 322.

VOL. IIl. K
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maxillary. The latter never exceed four joints ?, which
seems the most natural number; and the former are limit-
ed to three. Both vary between these numbers, and one
joint: *The joints, though commonly simple, are sometimes
branched. "This is the case with one I met with in con-
siderable numbers upon the Turnip, in October 1808,
the second joint of the palpi of which sends forth near
the apex an internal branch. In the larva of the Cossus,
as Lyonnet informs us®, the joints of the palpi are re-
tractile, so that the whole -of the organ may be nearly
withdrawn.

After thus describing the Aead of larvee, and its prin-
cipal organs, we must next say something upon the re-
mainder of the body, or what constitutes the

9. Trunk and Abdomen : which I shall consider under
one article. These are composed of several scgments or
rings, to which the feet and other appendages of the
body are fixed. The form of these segments, or that of
their vertical section, varies considerably: in many Lepi-
doptera, the wire-worm, &c., it would be nearly circular;
in others a greater or less segment of a circle would re-
present it; and in some, perhaps, it would consist of two
such segments applied together. Their lower surface is
generally nearly plane. Their most natural number,
without the head and including the anal segment, is
twelve: this they seldom exceed, and perhaps never
fourteen. The three first segments are those which re-

2 At first in the Dytisci they appear to have five joints; but, as I
before observed, the first joint must be regarded as representing the
maxilla:

b Lyonnet dnatom. 55, 58.
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present the #runk of the perfect insect, and to which the
six anterior legs when present are affixed. In general,
they differ from the remaining segments only in being
shorter, and in many cases less distinctly characterized;
but in Neuropterous larve, those of Dytisci, and some
other Coleoptera, they are longer than the succeeding
ones, and pretty nearly resemble the trunk of the apimal
in its last state. The surface of the trunk and abdomen
will be considered under a subsequent head ; I shall not,
therefore, describe it here. The conformation of the difs
ferent segments varies but little, except of the terminal
one, or tail, which in different larvae takes various figures.
In most, this part is obtuse and rounded; in others acute
or acuminate ; in others truncate; and in others emargi-
nate, or with a wider sinus, and with intermediate modifi-
cations of shape which it would be endless to particularize.
In some, also, it is simple and unarmed; in others be-
set with horns, spines, radii, and tubercles of different
forms, some of which will come under future considera-
tion. The parts connected with the trunk and abdo-
men which will require separate consideration, are the
legs, the spiracles, and various appendages.

Legs. It may be stated generally that the larvee of the
orders Coleoptera, Lepidoptera, and Neuroptera, have
legs; and that those of the orders Hymenoptera and Di-
ptera have none. This must be understood, however,
with some exceptions. Thus the larvee of some Coleo-
ptera, as the weevil tribes (Curculio 1..) have no legs, un-
less we may call by that name certain fleshy tubercles be-
smeared with gluten, which assist them in their motions *;

* De Geer v. 203.
K 2
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while those of Zeni/iedo and Sirex in the ovder Ilymen-
oplere are furnished with these organs. At present I

know no Dipterous larva that may be said to have rcal
legs, unless we are to regard as such certain tentacula
formed upon a difierent model from the legs of other lar-
vee 2. Rosel has, I think, figured a Lepidopterous apode.
No Neuropterous one has yet been discovered.

The legs of larvee are of two kinds; either horny and
composed of joints, or fleshy and without joints®. Tle
first of these, as I observed in a former letter ¢, are the
principal instruments of locomotion, and the last are to
be regarded chiefly as props and stays by which the ani-
mal keeps its long body from trailing, or by which it
takes hold of surfaces; while the other legs, or where
there are none, the annuli of its body, regulate its mo-
tions. The former have been commonly called 7rue legs
(pedes veri), because they are persistent, being found in
the perfect insect as well as in the larva; and the latter
spurious legs (p2des spurit), because they are caducous,
being found in the larva only. Instead of these not very
appropriate names, I shall employ for the former the
simple term /Jegs, and for the latter prolegs (propedes) 9.

The legs, when present, are always in number siz, and
attached by pairs to the underside of the three first seg-
ments of the trunk. They are of a horny substance, and
consist usually of the same parts as those of the perfect

* De Geer iv. 5. Legs of this kind are figured Prate XXIII
Fic. 7. ]

*1In the larva, however, of Sialis, or some kindred genus, in which,
like those of Scolopendra, the prolegs are jointed, a pair distinguishes
each abdominal segment. See Reaum. iv. ¢, xv. /-1,2. Compare De
Geer ii, #. xxiii. £ 11.

< See above, Vor, Il 28—, 4 Ibid. 288.
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insect ; namely, coxa, trochanter, femur, tibia, and tarsus,
suspended to each other by membranous ligaments: these
parts are less distinctly marked in some than in others.
Thus in the legs of a caterpillar, or the grub of a capri-
corn-beetle, at first you would think there were only three
or four joints besides the claw ; but upon a nearer inspec-

tion, you would discover at the base of the leg the rudi-

ments of two others 2, in the latter represented indeed by
the fleshy protuberance from which the legs emerge.
In the larvae of the predaceous Coleoptera, the hip and
trochanter are as conspicuous nearly as in the perfect
insect; and the tarsus, which still consists of only a sin-
gle joint, is armed with two claws® In those of the
Neuroptera order, in which all the joints are very con-
spicuous, the tarsi are jointed, as well as two-clawed ©.
The legs of larvee are usually shorter than those of the
perfect insect, and scarcely differ from each other in
shape, for they all gradually decrease in diameter from
the base-to the apex. This is the most usual conforma-
tion of them in Lepidopterous, Hymenopterous, and
some Coleopterous larvee, (those of the capricorn-beetles
are very short and minute, so as to be scarcely visible,)
in which they are so small as to be concealed by the body
of the insectd. In Neuropterous larvee, however, and

a Lyonnet Analom. ¢. iii. f. 8. Cozan. Trochanler ¢. Femur p. Ti-
bia E. Tarsus v. Claw c.

b De Geer iv. f. xiii. f. 20; and £ xv. f. 10.

¢ Ibid. ii. 2. xvi. £. 5,6, 7. d ez and . xix. fo 4. e f'g .

¢ The larva of a scarce moth (Stauropus Fagi. Sce Prat: XIX.
Fic. 4) is an exception to this. The first pair of its legs are of the
ordinary stature, but the two next arc remarkably long, and so thin
and weak as to be unable to bear the body. Pezold, 119. Another
minute caterpillar described by Reaumur has the third pair of the
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several Coleoptera, as those of Dytiscus, Staphylinus, Coc-
cinella, &c., they more resemble the legs of the perfect
insect, the joints being more elongated, and the femoral
one projecting beyond the body 2.

You will find no other than true legs in most Coleo-
pterous, Neuropterous, and Hymenopterous larvze. But
those of the saw-flies ( Tenthredo L.), and all caterpillars,
have besides a number of prolegs : a few Dipterous larvee
also, are provided with some organs nearly analogous to
them. These prolegs are fleshy, commonly conical or
cylindrieal, and sometimes retractile protuberances, usu-
ally attached by pairs to the underside of that part of
the body that represents the abdomen of the future fly ®.
They vary in conformation and in number ; some having
but one, others as many as eighteen.

With regard to their conformation, they may be di-
vided into two principal sections: first, those furnished
with terminal claws; and secondly, those deprived of
them. Each of which may be divided into smaller sec-

tions, founded on the general figure of the prolegs, and
arrangement of the claws or hooks.

legs apparently fleshy and singularly incrassated at the apex into a
pyriform figure, terminated by a pair of claws. This conformation
is for some particular purpose in the economy of the animal, since
they are the most busily employed of all in arranging the threads of
her web. Reaum. ii. 258. In the larva of a geometer (Geometra lu-
naria) the third pair are remarkably long. Illig. Meg. 402. In that
of another moth, according to Kuhn (Naturf. xvi. 78, ¢.iv. f. 3), the
third pair of the fore-legs is remarkably incrassated, being twice as
thick and long as the other pair, though consisting of the same num-
ber of joints, the last of which has claws.

2 On the legs and prolegs see also what is said above, Vor. II.
p. 286—.

¥ In some few instances these legs arc dorsal. Ibid. 281.
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i. 'The prolegs of almost all Lepidopterous larvee are
furnished with a set of minute slender horny hooks, crot-
chets, or claws, of different lengths, somewhat resem-
bling fish-hooks; which either partially or wholly sur-
round the apex like a pallisade.- By means of these
claws, of which there are trom forty to sixty in each
proleg, a short and a long one arranged alternately, the
insect is enabled to cling to smooth surfaces, to grasp
the smallest twigs to which the legs could not possibly
adhere: a circumstance which -the flexible nature of
the prolegs greatly facilitates®. Claws nearly similar
are found on the prolegs of some Diptcrous larvae b, but
rot in.any of those of the other orders. - These last, how-
ever, are seldom either so numerous, or arranged in
the same manner, as in caterpillars. When the sole of
the foot is open, the claws with which it is more or less
surrounded are turned outwards, and are ip a situation

to lay hold of any surface; but when the animal wishes

to let go its hold, it begins to draw in the skin of the sole,

2 The claws or crotchets, though general, are not universal, in
Lepidoptcrous larvae. An exception is furnished to the rule by the
singular limaciform ones of Hepialus Testudo and Asellus of Fabricius,
two moths forming Haworth’s genus Apode, which have no distinct
prolegs, but in their stead a number of small transparent shining tu-
bercles without claws. The larva also of one of the subcutaneous
moths first discovered by De Geer in the leaves of the rose (i. 446),
but whose history is fully given by Goeze, Nuturf. xv. 37—48, (who
has satisfactorily ascertained that it is the true larva of a T'inea of
Linne, but of a different habit from that of most subcutaneous ones),
has no true legs, and eighteen prolegs without any claws, Another
subcutaneous larva, for the history of which welare indebted to
M. Godeheu de Riville, is according to him entirely deprived of legs
of any kind (Bonnet ix. 196—.); as is another of the same tribe that
feeds on the poplar, an account of which is given by Goeze Nutuzf.
xiv, 105, b Prare XXIV. Fic. 7. Sec also helow, p. 137.
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and in proportion as this is retracted, the claws turn
their points inwards, so as not to impede its motion 2,

The prolegs with claws may be further divided into
four different kinds.

1. In the larvae of the great majority of butterflies
and moths they assume the form of a truncated cone,
the lower and smaller end of which is expanded into a
semicircular or subtriangular plate, having the ifner
half of its circumference beset with the claws above men-
tioned; and, from its great power of dilating and con-
tracting, admirably adapted for performing the offices of
a foot. Jungius calls these legs pedes elephantini®; and
the term is not altogether inapplicable, since they exhibit
considerable resemblance to the clumsy but accommo-
dating leg and foot of the gigantic animal he alludes to.

2. The larvee of many minute moths, particularly of
the Fabrician genera Tortriz and Tineca—those which
live in convoluted leaves, the interior of fruits, &c., as well
as the Cossus, and some other large moths,—have their
prolegs of a form not very unlike those of the preceding
class, but shorter, and without any terminal expansion ;
the apex, moreover, is wholly, instead of half, surround-
ed with claws¢; the additional provision of which, to-

gether with a centrical kind of nipple capable of being

protruded or retracted, in some measure, though imper-
fectly, supplies the place of the more flexible plate-like
expansion present in the first class.

3. The third class is composed of a very few Lepido-
pterous larvae which have their prolegs very thick and
conical at the base, but afterwards remarkably slender,

2 Lyonnct Aralom. 84. t. iii. £, 11,12,
b Hist. Vermium, 130, ¢ Prare XXIII. Fie, 1.
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long, and cylindrical, so as exactly to assume the shape
of a wooden leg?. These, as in the first class, are ex-
panded at the end into a flat plate: but this is wholly cir-
cular, is surrounded with claws, and has also in the mid-
dle a retractile nipple, as in the preceding class. In
Cossus, at least in an American species (Cossus Robinic),
described by Professor Peck ®, the anal prolegs have the
claws only on their exterior half,

4. The remaining description of unguiferous prolegs,
if they may not rather be deemed a kind of tentacula,
are those of certain Diptera, provided with.no true legs;
which differ from the three preceding classes, either in
their shape, or the arrangement of their claws. - In
one kind of those remarkable larvae, which from their
long respiratory anal tubes Reaumur denominates ¢ 7a¢-
tailed,” that of Elophilus pendulus, there are fourteen of
these prolegs, affixed by pairs to the ventral segments,
the twelve posterior ones of which are subconical, and
truncate at the apex, which is surrounded with two cir-

cles of very minute claws, those of the inner being much

more numerous and shorter than those of the exterior
circle; while the anterior pair terminate in a flat expan-
sion, and in shape almostexactly resemble those of a mole¢©.
The prolegs of the larvae of a kind of gnat called by
De Geer Tipula amphibia, and of Syrplus mystaceus T.,
(Musca plumata De Geer,) are nearly of a similar con-
struction, but in the last are armed with three claws
onily¢4. Long moveable claws also distinguish the sin-

a Prate XXIII Fie. 17,

b Jdccount of Locust-tree Insects, 69.

¢ Reawm. iv. 443. . xxx. £. 6. /1. 4. xxii. f. 6.4 2.
4 De Geer vi. 383, and 137, ¢, viil. £. 8, 9.
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gular prolegs before described # of another gnat ( Zany-
pus maculatus Meig., Tipula De Geer). The gase-wormns
(Trichoptera K.) and some others, have two prolegs at
the anus, each furnished with a single claw .

ii. The prolegs deprived of claws are found in the
larva of the Hymenopterous tribe of saw-flies ( Tentliredo
L.), inthose of some Lepidoptera (Hepialus F. &c.), and
in some few Coleopterous and Dipterous genera. Those
of the former are of the shape of a truncated cone, and
resemble the second class of unguiculate prolegs, except
in the defect of claws. In the latter they are a mere re-
tractile nipple-like protuberance, in some species so small
as scarcely to be perceptible. In all they aid in progres-
sive motion ; but it is by laying hold of surfages, and so,
enabling the body more readily to push itself forward by
annular contraction and dilatation, and not by taking
steps, of which all prolegs are incapable : to assist in this
purpose the protuberance sometimes secretes a gluten ¢,
which supplies the place of claws. Some larvee have the
power of voluntarily dilating certain portions of the un-
derside of their body, so asto assume nearly the shape
and to perform the functions of prolegs. In a Coleopte-
rous (?) subcortical one from Brazil, before alluded to,
there are four round and nearly flat areas in each ventral
segment of the abdomen, but the last very little raised

above the surface, and rough, somewhat like a file; and
besides these, the base of the anal segment has ten of

these little rough spaces, but of a different shape, being
nearly linear, placed in a double series, five on each side.
Doubtless these may be regarded as a kind of prolegs,

* Sec above, Vor. II. p. 278. De Geer i supr. 376.
" Reanm, iv. 184, & xv. /. 12. c c. ¢ De Geer v. 203.
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which enable the animal to push itself along betwagn the
bark and the wood 2.

In considering, in the next place, the number and s:-
tuation of the prolegs, it will contribute to distinctness to
advert to these circumstances as they occur in the diffe-
rent orders furnished with these organs,

To begin with the Lepidoptera.—Lepidopterous larvee
have either ten, eight, six, or two prolegs, seldom more ®,
and never fewer. Of these, with a very few exceptions,
two are attached to the last or anal, and the rest, when
present, to one or more of the sizth, seventh, eighth, and
ninth segments of the body: none are ever found on the
fourth, fifth, tenth, or eleventh segments.

1. 'Where zen prolegs are present, as is the case in by
far the greatest proportion of Lepidopterous larvae, there
is constantly an anal pair, and a pair on each of the four
intermediate segments just mentioned.

2. In caterpillars, which like those of a few species of
the genera Sphinz, Pyralis, and of the Bombycide, &c.
have eight legs, they are placed in three different ways. In

those which have an anal pair, the remaining six are in
some fixed to the sixth, seventh, and eighth; in others, to
the seventh, eighth, and ninth segments. In those which,
like Cerura Vinula, and several other species of the

same family, have no anal prolegs; the whole eight
emerge from the sixth, seventh, eighth, and ninth seg-
ments,

3.. The Hemigeometers, as Noctua Gamma, &c. have

© Sce above, p. 110, 114,

b Some few subcutancous larvae have more, as that, before men-
tioned, observed by De Geer in the lcaves of the rose; which has
eighteen prolegs, and no true oncs,
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only sizlegs: namely, an anal pair, and two ventral ones,

situated on the eighth and ninth segments.

4. The larve of the Geometers (Geometre I7.) have
but four prolegs ; of which two are anal, and two spring
from the ninth segment. It should be observed, how-
ever, that the larvee of Hemigeometers, and even of some
of those that have ten prolegs, where the four anterior ones
are much shorter than the rest, move in the same way as
the Geeometers. This even prevails in a few where these
organs are all of equal length.

5. Many of the larvae of T¥%nea L. which live in the in-
terior of fruits, seeds, &c., have but one pair of prolegs,
which are attached to the anal segment.

6. The larvee of Haworth’s genus Apoda (Hepialus
Testudo and Asellus I'.), remarkable for their slug-like
shape and appearance, move by the aid of two lateral
longitudinal pustule-like protuberances, which leave a
trace of a gummy slime in their course.

Hymenoptera.—The larvee of the different tribes of
Tenthredo L., almost the only Hymenopterous insects in
which prolegs are present, have a variable number of these
organs ; some sixteen, as the saw-fly of the willow (7. lu-
tea L.), and this is the most numerous tribe of them, in-
cluding the modern genera, Cimbex I., Pterophorus, &e.
Others have fourteen, as that of the cherry (7. cerasi L.);
and many others with only nine joints to their antennee.
A third class have only twelve, as that of the rose (7. Ro-
see L.), but this contains but few species. The last class
contains those that have no prolegs at all, but only the six
horny ones appended to the trunk. Of this tribe, the
caterpillars of which have a very different aspect {rom
the preceding, are those of the genus Lyde ¥. (1. ery-
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throcephala 1..) 2. Two of the prolegs are anal, and the
rest intermediate, and none are furnished with claws.
This circumstance, in conjunction with the greater num-
ber of prolegs, except in the case of Lyda, will always
serve as a mark to distinguish these fawusses chenilles, as
the I'rench call the larvee of saw-flies, from true caterpil-
lars. The dorsal prolegs of a species of Cynips described
by Reaumur have been before noticed.
Coleoptera.—The larvee of insects of this order are so
little known or attended to, that no very accurate gene-
ralization of them in this respect is practicable. Many of
them, in addition to their six horny legs, have a proleg
at the anus; which in many cases appears to be the last
segment of the abdomen, forming an obtuse angle with
the remainder of it, so as to support that part of the body,
and prevent it from trailing; and in some instances, as
in Chrysomela Populi, a common beetle, secreting a slimy
matter to {ix itself®. In the larvee of Stephylinidee this
proleg is very long and cylindrical ; in that of Cicin-
dela it is shorter, and in shape a truncated cone rather
compressed ; it is very short, also, in those of the Silpke
that I have seen. In the wire-worm (Zllater Segetum) it
is a minute retractile tubercle, placed in a nearly semi-

circular space, shut in by the last dorsal segment, which

becomes also ventral at the anus. This space is in fact

2 De Geer ii. £. x1. £2 15, 16. Bergman has added to these four
clafses of the larva of saw-flies, a fifth; the insects belonging to
which, he affirms, though they have sixteen prolegs, are without the
anal pair. Ibid. 931. But as neither De Geer nor Reaumur ever met
with one of this description, it is probable he was mistaken. Reaumur
thonght he had seen one with cighteen prolegs upon Erysimum alli-
aria (v. 91), but he does not speak positively.

b De Geer v, 288,
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the last ventral segment. This seems characteristic of
the genus?® Trom the underside of the body of the
common meal-worm ( Zenebrio Molitor), at the junction
of the two last segments, when the animal walks, there
issues a fleshy part, furnished below with two rather hard,
long, ‘and moveable pediform pieces, which the animal
uses in walking ®. In the larva of another beetle, whose
ravages have been before noticed, under the name of the
cadelle ¢ ( Trogosita mauritanica), a pair of prolegs are
said to be found under the anal segment; and in that of
the bloody-nose beetle ( Timarcha tenebricosa), that seg-
ment is bifid. That of the weevil of the common water-
hemlock (Lixus paraplecticus F.) exhibits a singular ano-
maly: prolegs occupy the usual station of the true legs,
being attached to the three segments representing the

trunk 4. This insect, however, does not appear to use
them in moving. A pair in each of the twelve segments

of the body are found in the grub of another weevil
(Hypera Rumicis Germ.), the nine last pair being the
shortest, which all assist the insectin walking & But the
greatest number of prolegs is to be found in the Brazil
subcortical larva lately mentioned. Besides the six horny
legs of the trunk, this remarkable animal has four pro-
legs on each of the seven intermediate abdominal seg-
ments, and five on each side of the base of the last,
making the whole number of prolegs, if so they may
be called, amount to forty-four: a far greater number
than is to be found in any larva at present known. When
I wrote to you upon the motions of insects, I informed
3 De Geer 1v. 157. b Ihid. v. 36. 2.ii. £ 11.

¢ See above, Vor. L p. 171. 4 De Geer v. 228.
< Ibid, 233,
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you that some larvee moved by means of legs upon their
back?; but I was not then aware that any were furnished
with them both on the back and the belly at the same
time. By the kindness of Mr. Joseph Sparshall of Nor-
wich, a very ardent and indefatigable entomologist, I am
in possession of the larva of Rhagium fasciatum, a timber-
feeding beetle. This animal on the ten intermediate seg-
ments of the underside of the body, which in the centre
form a fleshy protuberance, has on it a double series of
rasps, as it were, consisting each of two rows of oblique
oblong prominences; and on the seven intermediate dor-
sal segments there are also in the centre seven rasps of

three or four rows each, of similar prominences: so that
this animal at the same time can push itself along both by

dorsal and ventral prolegs. It is worthy of observation,
that a pair of these rasps is between the second and third
pair of true legs.

Diptera.—The larva of a little gnat, T%pula stercora-
#ia De Geer® (Chironomus Meig.?), drags itself along by
the assistance of a single tubercle, placed on the under-
side of the first segment of the body, which the animal
has the power of lengthening or contracting ¢, That of
another beautiful Chironomus (C. plumosus), remarkable
for the feathered antennze of the maled, has #wo short
prolegs, or pediform but not vetractile tentacula in the
same situation ¢. Others, as that of Tanypus maculatus,

%, See above, Vor. II. p. 281. b De Geer vi. 388,

< Ibid. 389. 4 Reaum. v. ¢ v. £. 10.

< Ibid. 81. This larva has also a pair of pediform processes at the
anus, surrounded at the end with claws (¢ v. f. 4, 5, s 5), which he
saw the animal use in locomotion ; but which he suspects to be re-
spiratory organs (Ibid. 33), which Latreille asserts they are. Gen.
Crust. et Ins. iv. 249.




144 STATES OF INSECTS.

&e. have fwo pairs, one attached to the anal and the
other to the first segment . Z7pula amphibia De Geer
in this state has Zen prolegs, placed by pairs on the fourth,
fifth, eighth, ninth, and tenth dorsal segments®; and
Sceva Pyrastri E., one of the aphidivorous flies, has not
fewer than forty-two, arranged in a sextuple series, seven

in each row ¢,

It may not be useless to close this long description of
the legs* of larvee with a tabular view of them, founded
chiefly upon these organs; which afford very obvious

marks of distinction.
L. Larvee without legs.

i. With a corneous head of determinate shape (co-
leopterous and hymenopterous apods—Culicide,
some 7ipulide, &c. amongst the Diplera).

ii. With a membranaceous head of indeterminate
shape (Muscide, Syrphide, and other Diptera).

II. Larvee with legs.

i. With legs only, and with or without an anal pro-
leg (Neuroptera, and many Coleoptera).

1. Joints short and conical (Llater, Cerambyci-
dee, &c.).

2. Joints long and subfiliform (Staplylinus,
Coccinella, Cicindela, &c.).

ii. Prolegs only (many T%pulida;, and some subcu-
taneous Lepidopterous larvee, &c.).

iii. Both legs and prolegs (Lepidoptera, Tenthredi-
nide, and some Coleoptera).

1. Without claws ( Tenthredinide, &c.).
2. With claws (Zepidoptera, &ec.).

2 De Geer Ibid. ¢ xxiv, £ 15—17. b Tbid, 383,
¢ Ibid. 111. £ vi. £. 14—16.
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I should next say something upon the spiracles, or
breathing-pores, or any other external apparatus for the
purpose of respiration, in larvae; but I think it will be
best to reserve the consideration of these for a subsequent
Letter. 'We will therefore conclude this detailed de-
scription of their parts in their first state, with some ac-
count of their other

iii. Appendages. The generality of larve have no other
external organs than those already described ; but in se-
veral of them we observe various kinds of retractile ones
and others—protuberances—horn-like processes—rays,
&c.; which, though not properly coming either under
any of the above parts, or under the clothing of these
animals, yet require to be noticed. Upon these I shall
now enlarge a little.

You must have observed upon the back of the last seg-
ment but one-of the caterpillar of the silk-worm a horn-
like process, rising at first nearly perpendicularly, and
then bending forward. A similar horn, though confined
in the genus Bombyz to the silk-worm and a few others,
if we may believe Madame Merian, who, however, often
makes great mistakes, is found in the beautiful caterpillar
of one of the largest and finest moths that we know
(Erebus Striz *), the glory of the Noctuide, and in most
of those of the hawk-moths (Sphinz ¥.) [S. Porcellus, Vi-
tis, and a few others excepted; in some of which, as
S. Labruscee, &c., this anal horn is replaced by a gibbo-
sity, and in others, as S. (Enothere, by a callous eye-like
plate®] in the same situation, but much longer ¢, and

a Merian Ius. Sur. ¢, xx. b Ibid. t. xxxiv,

< I have a caterpillar, I believe from Georgia, in which this horn
is nearly an inch long, filiform, slender, and tortuous.
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commonly curving backwards over the tail®. Some-
times, however, as in S. ocellata and S. Stellatarum, it is

perfectly straight. These organs towards the apex are
horny, and often end in a sharp point; nearer the base
they are fleshy. They are without any true joint®, yet
the insect can elevate or depress them at pleasure. Un-
der a lens, they usually appear covered with spinous emi-
nences, arranged like scales. The use of these horns is
quite urtknown: Goedart fancies that they secrete a po-
tent poison, and are intended as instruments of defence;
but both suppositions are altogether unfounded. It has
been remarked, that the body of those caterpillars which
have these horns, is firmer, and yields less to the touch
than that of those which have no such appendages®. The
larva of a small timber-devouring beetle (ZLymezylon der-
mestoides F.) has, like the above caterpillars, a long horn,
and in the same situation: it has also a singular protu-
berance on the first segment?. Upon some other cater-
pillars, as in Bombyz Stigma F., a singular pair of horn-like
appendages arises from the back of the second segment of
the body, excluding the head. In a tawny-coloured one
from Georgia, with a transverse row of short black spines
on each segment, these horns are half an inch long,
black, covered with spinous eminences, rather thickest at
the base, and terminate in a little knob. They appear to
articulate with the body at the lower extremity. I have
another species, black, with narrow longitudinal yellow

2 Prate XVIII Fic. 12. c.
b That of Sphinx Iatrophe L. appears to be jointed, at least it is
moniliform, Merian Surinam. t. xxxviii. Compare also ¢. iii.
N. Dict. d’ Hist. Nat. vi. 252,
4 Schellenberg Entomolog. Beytr. . 1.
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stripes, in which these horns are of equal thickness at
base and apex, but with the same terminal knob. Da-
nais Archippus has a pair of tentacula at the head, and
another -pair, but shorter, at the tail; and D. Gylippus
has, besides these, two in the middle of the body 2.

We are equally ignorant of the use of the upright horn
found upon the back of the fourth segment in the larva of
some moths (Noctua Psi, and tridens F.) which igof a con-
struction quite different from that of those last described.
It is cylindrical, slightly thinner at the apex, which is
obtuse, fleshy, incapable of motion, of a black colour, and
about two lines long. On the same segment, also, in the
case~worms ( Trichoptera K.) are three fleshy conical emi~
nences, which the animal can inflate or depress, so that
they sometimes totally disappear, and then in an instant
swell out again. When retracted, they form a tunnel-
shaped cavity, varying in depth®. Reaumur conjectured
that these eminences were connected with respiration,
and one circumstance seems in favour of this conjecture,
that this segment has not the respiratory threads observ~
able in the subsequent ones. Latreille mentions certain
fleshy naked eminences placed upon the ninth and tenth
segments of some hairy caterpillars, which, like those just
mentioned, the animal can elevate more or less. They
are often little cones; but when it would shorten them,
the summit is drawn in, and a tunnel appears where be-

fore there was a pyramid €.
In aformer Letter I gave you a short account of the

3 Smith’s Abbott’s Insects of Georgia, t. xiii,
b De Geer ii. 507. ¢. xi. f. 16.m a. t. xiv. f. 7.
¢ N. Dict. &’ Hist. Nat. vi. 256.

L 2
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remarkable Y-shaped, as it should seem, scent-organs
(Osmateria) of the beautiful caterpillar of the swallow-
tailed butterfly (Papilio Mackaon L.), and others of the
Egquites®; 1 will now speak of them more fully. That
found in the former is situated at the anterior margin at
the back of the first segment, close to the head, from
which at first view it seems to proceed. At the bottom
it is simple, but divides towards the middle, like the let-
ter Y, into two forks, of a fleshy substance ®, which it can
lengthen, as a snail does its horns, to five times their or-
dinary extent, or retract them within the stalk, soas wholly
to conceal them. Sometimes it protrudes one fork, keep-
ing the other retracted; and often withdraws the whole
apparatus for hours together under the skin, and its
place is only marked by two tawny-coloured dots, so that
an ordinary spectator would not suspect the existence of
such an instrument ¢. Unfortunately this larva is rare
in this country, so that I can scarcely flatter you with the
hope of seeing this curious organ in a living specimen 9,
unless-you choose to import a parcel of its eggs from the
south of Europe, where it is common. This you will
think rather a wild proposition ; but why should not En-
tomologists import the eggs of rare insects, as well as bo-
tanists the seeds of rare plants? But if you will be satis-
fied with the dissection of a dead specimen, I have seve-

2 See above, Vor. II. p. 244—,

b Prate XIX. Fic. 1. a.

¢ Reaum. i. £. xxx. f. 2. N. Dict. d’ Hist. Nat. xxiv. 490, 497 —.

4 Ray says he found it feeding on common fennel, about Middle-
ton in Yorkshire: Lett. 69. The indefatigable Mr. Dale recently
found many in the neighbourhood of Whittlesea-mere, feeding on
Selinum palustre. It will also eat the wild carrot.
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ral, done by the ingenious Mr. Abbott of Georgia, in
which this part is well exhibited 2.

Another small caterpillar, as it should seem, of a geo-
meter, prepared by the same gentleman, exhibits a pair
of similar horns on the fifth and sixth segments: in these
the common base from which the fork proceeds is very

short and wide, and each branch grows gradually more

slender from the base to the apex, where it is involute.
Whether these are retractile, or whether they correspond
with those of P. Mackhaon in their nature and use, cannot
be ascertained from a dead specimen : as they belong to a
larva of a quite different tribe of Lepidoptera, the proba-
bility is, that they essentially differ. Two globose re-
tractile vesicles issue from the ninth and tenth segments
of those of Arctia chrysorrhea, &c.®

A great number of Lepidopterous larvae, particularly
those which are smooth and of a moderate size, have be-
tween the under-lip and fore-legs aslender transverse open-
ing, containing a teat-like protuberance of the same con-
struction as the furcate horn of the caterpillar of the beau-
tiful mountain-butterfly, Parnassius Apollo ; and, like that,
can either be wholly retracted and concealed, or by pres-
sure be extended to the length of one of the legs. In seme
larvee this part is of a subhemispherical figure, generally
single, but sometimes double. It is commonly, however,
more slender and conical; and when of this shape, it is
sometimes quadruple ¢. The use of this part is not very
clearly known: some have supposed it to be a second
spinneret, and to be of use in fabricating the cocoon; but

* This gentleman was remarkable for the admirable manner in

which he prepared caterpillars, so as scarcely to differ from life.
b Reaum. i. 92 < Bonnet ii. 84—, iii. L.
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it is more probable that it secretes some other kind of
fluid, and is connected with defence,

The singular organ in a similar situation, evidently
for that purpose, with which the puss-moth endeavours
to annoy its assailants, has been described in a former
Letter, to which I refer you 2. Bonnet, who was the first
that discovered this organ, ascertained that it might be
cut off without injury to either larva or imago. Fie also
remarked in a caterpillar found in the wild succory (Ci-
chorium Intybus) another short, biack, needle-shaped or-
gan between the conical part just described and the un-
der-lip®. De Geer mentions a remarkable fleshy horn-
like style, which issues from the lower side of the first
segment, between the head and the legs of the case-worms
( Trickoptera): he does not describe it as retractile, or it
might be regarded as analogous to those of Lepidoptera
similarly situated, that, I have just noticed .. - In that of
the emperor-moth (Saturnia Pavonia), there are perfo-
rated tubercles, which when the animal is molested spirt
forth a transparent fluid 4.

The horn-like appendage of the puss-moth (Cerura Vi-
nula) is situated at the tail of the insect, and is composed
of two distinct cylindrical diverging branches, each about
four lines long, not united at the base. Each of these is
hollow, and includes a smaller cylindrical piece, which
can be protruded at pleasure, and withdrawn again, as a
pencil within its case; or, rather, as the horns of a snail,
The two outer horns are tolerably firm, moveable at their
base, and beset with black spines; the interior tentacula
are fleshy, moveable in every direction, and in full-grown

* See above, Vor. I1. 251—, b Bonnet ii. 88,
¢ De Geer.ii, 507. 7. xi. £. 16. c. d Ros. iv. 162.
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larvee of a rose colour. The animal seldom protrudes
them, unless in some way disturbed ; and frequently it
approximates the two outer cases so closely that they re-
semble a single horn. It appears to use these inner horns,
when protruded, as a kind of whip to drive away the
flies, especially the Ichneumons, that alight upon its body.
‘When touched in any place, it will unsheath one of them,
and sometimes both, and with them strike the place where
it is incommoded ®. A similar organ is found in some:
other Bombycide, as B. Tau and Furcula F. Reaumur
mentions a caterpillar that to this kind of tail added the
resemblance of two ears, or two cylindrical bodies, ter-
minating in a point, which emerged from the first segment
behind the head®. In another observed by the same au-
thor, the legs were replaced by a single horn, but which
did not appear to send forth an internal one: from the
back of its fourth segment also emerged a single conical
or pyramidal fleshy eminence or cleft, terminating in two

points €. Some of the tropical butterflies also, as may be
seen in the figures of Madame Merian, have two diver-
ging anal horns instead of anal prolegs; but it does not
appear that they incase tentaculad. 'Wherever these
caudal horns are found, the above prolegs are wanting °,

2 De Geer i. 322—. SeePrate XIX. F1c. 2. za.

b Reaum. ii. 275. ¢, xxil. f. 3.

< Ibid. 276. ¢. xxii. f. 4, 5.

4 Ins. Surinam. ¢.vii. Nymphalis Amphinome xxiii. Morpho Teu-
cer t. xxxil. Papilio Cassice.

© This is not, however, universally the case, for the caterpillar of a
Geometer described by Reaumur (ii. 363. ¢, xxix. f. 8.) (G. amatoria)
has a pair of fleshy anal horns, terminating, it should seem from his
figure, in a minute hook that the animal uses as a forceps; which has
at the same time the anal legs, of which indeed these horns seem to
be appendages.
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Two conical anal horns also distinguish the. caterpillar
of one of. the moths called Prominents, Notodonta . ca-
melina; but these are not terminal, but on the back of
the last segment but one?. In that of another Bri-
tish moth, N. 2éczac F., there are three: dorsal promi-
nences, one near the anus, and two more in the middle °.
Some Geometers (G. jfuliginosa, &c.) have two erect
horns on the eleventh segment, and others (G. syringaria,
&ec.) two recurved ones on the eighth ¢, I'must not here
omit to mention the curioushooks emerging from two tu-
bercles on the back of the eighth segment of the ferocious
larva of that beautiful tiger-beetle, the Cicindela campe-
stris L., not uncommon on warm sunny banks. This ani-
mal with incessant labour, as we are informed by M. Des-
marets, digs a cylindrical burrow, to the enormous depth,
the size of the anjmal considered, of eighteen inches. .To
effect this, it carries out small masses of earth upon its large
concave head; and having often occasion to rest in ascend-
ing this height, by means of"these hooks ! it fixes itself
to the sides of its burrow, and, having finally arrived at its
mouth, casts off its burthen. When these insects lie in
wait for their prey, their head, probably.in conjunction
with the first segment of the body, accurately stops ‘the
mouth of the burrow, so as to form an exact level with

the surrounding soil ; and thus careless insects, walking
over it without perceiving the snare, are seized in a mo-
ment and devoured °.

Another kind of appendage, which is found in .some

2 Sepp. iv. &. 1. f. 6—8.

b Prate XIX. Fic. 5. ¢ b. Sepp. iv. ¢. xii. £. 4—7.
¢ Ros. iii. 69. d Prate XVII. Fic. 13, ¢,

* N. Dict. d’ Hist. Nat. vii. 95,
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larvee, is the organ employed by them to carry the excre-
ment ; with which, instead of letting it fall to the ground,
they form a kind of umbrella to shelter and probably con-
ceal them. All the tortoise-beetles (Cassida L.) have in-
struments for this purpose, as' well as an Indian genus
(Imatidium Latr.) very nearly related to them. This in-
strument is a kind of fork, half as long as the body, con-
sisting of two branches, growing gradually smaller from
the base to the summit, where they terminate in a very
fine point, of a substance rather horny, and attached to
the body near the anal orifice. They are armed on the
outside with short spines, from the base for about a third
of their length. 'When this fork, as it usually is, is laid
parallel tothe back, with its points towards the head, the
anal aperture points the same way. When the animal
walks, the fork points the other way, and is in the same
line with-the body, and the anus assumes a prone posi-
tion 2,

The larvae of a genus of flies (Volucella Geoffr.) re-
markable for inhabiting the nests of humble bees, are di-
stinguished on their upper side by six long, diverging,
pointed, membranous radii ; placed in a semicircle round
the anus®: what the particular use of these organs may
be, has not been conjectured. Another in my collection
has only four upper radii, but below the anus are two
fleshy filiform tentacula. One of a Tipulidan described
by Reaumur, has also four upper teeth; but instead of
two subanal tentacula, has six ¢, The singular larva of
another of this tribe (Chironomus plumosus) has on the

a De Geer v. 170— £, v. /.19—23. Compare Reaum. ‘iii. 235—.

b Prare XIX. Fic. 11. . De Geer vi. 137. Reaum. iv. 482,
¢ Reaum. iv. ¢ xiv. £. 9, 10.
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two last segments four long, fleshy, filiform, flexible ten-
tacula, often interlaced with each other; which, accord-
ing to the same illustrious author, are used by the ani-
mal to fix its caudal extremity, like the geometers, that the
other end may be at liberty. Besides these organs round
the anus, it has also four other oval ones, of uncertain
use: not to mention the two prolegs, which M. Latreille
thinks are air-tubes 2. Jointed anal organs are observ-
able in other larvee: those in that of a saw-fly described
by De Geer (Lyda F.) consist of three joints®; in that
of Hister cadaverinus, a carnivorous beetle, of two ¢.
The larva as well as the pupa and imago of Epkemera
is furnished with three long diverging multiarticulate
tails, which are probably useful as a kind of rudder to
assist and direct their motions. That of the smaller
dragon flies (Agrion ¥.) is furnished with three long ver-
tical laminee, by moving which, as fish do their tails,
from side to side, the animal makes its way in the waterd,
That singular one, also, with a hooked head, figured by
Reaumur, has a single swimming lamina, or fin, shaped
like a fan, and placed in a vertical position under the
tail e,

The whole circumference of the body in some coleopte-
rous larvee,—for instance, in that of the tortoise-beetle
lately mentioned,—is svrrounded with appendages like

rays. These are sometimes simple, rough with very
short spinous points f; but I have a dipterous larva, in

3 Reaum, v. 32. . v. f. 3—5. Latr. Gen. Crust. et Ins. iv. 249.
b De Geer ii. 1031. 2. x1. £. 13, 14. £ £.

¢ N. Dict. &’ Hist. Nat. x. 430.

4 De Geer ii. 697. £. xxi. f: 4, 5. 5 b &.

¢ Reaum. v. & vi. f. 7.-n.

f Prarte XVIIL Fic. 2.
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which these radii themselves are beautifully pinnated by
a fringe of longish spines on each side.  Reaumur has de-
scribed the grub of a beetle, the genus of which is uncer-
tain, and which feeds upon the larva of Aleyrodes Prole-
tella, whose body is margined on each side by eight tri-
angular fleshy mammular processes, terminating each in
a bristle, which give it a remarkable aspect2. The cu-
rious scent-organs with which the larva of Chrysomela
Populi is fringed have been before fully described ; and
therefore T shall only mention them here®.

In the larvae of the lace-winged flies (Hemerobius), and
ant-lions (#Myrmeleon), the anus is furnished with a small
fleshy retractile cylinder, from which proceeds the silken
thread that forms the cocoon inclosing the pupa ¢. * Pro-
vidence has many different ways of performing the same
operation. From the structure of the oral organs of
these animals, the silk could not conveniently be fur-
nished by the mouth ; the Allwise Creator has therefore

instructed and fitted them to render it by a spinneret at
the other extremity of the body. '

The respiratory anal appendages of many Dipterous
larvae will be fully described in a subsequent Letter: I

shall therefore now only further observe upon this subject,
that although there is seldom any alteration in the form of
these appendages &c. in the same species, the caterpil-
lars of two moths (Cerura Vinula and Attacus Taw), how-
ever, are exceptions. The former, when young, has two
hairy projecting ear-like protuberances, which it entirely
loses, as I have myself observed, before it -assumes the
pupa; and the latter, in like manner, after its third
» Reaum. ii. & xxv. f. 20.

b See above, Vou. IL. .p. 245—,
¢ Reaum. iii. 384. vi. 366. ¢. xxxii. f. 7, 8.
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change of skin, is deprived of its bent thorn-like points
which attend it when young?. It is remarkable that
these last larvee, when just excluded from the egg, are
also entirely destitute of these appendages; they soon,
however, appear, from slight elevations which mark their
situation, and rapidly acquire their usual form®. Changes
of a similar kind, hitherto unobserved, may probably
take place in other species.

iii. Figure. I am next to consider the general figure or
shape of larvee. All of them, with but few exceptions ¢,
agree in having a body more or less constricted at inter-
vals into a series of rings or segments ; usually in num-
ber, twelve ; often nearly equal in length, but sometimes
in this respect very dissimilar .  The general outline or
shape of the body is extremely various: most frequently

it approaches to cylindrical, as in most of the caterpillars
of Lepidoptera, and of the Hymenopterous tribe of saw-
flies (Zenthredo L.). The next most common figure is
that more or less oblong or oval one, sometimes- ap-

proaching to conical, found in many of the larve usually
called grubs; such as those of the weevil (Curculio L.) and

» Ros. iil. . Ixviil. f. 1. Meinecken Naturf. vi. 120.

b/ Ibid. xiii. 175.

¢ In the larva of Tenthredo Cerasi L., and some others, no traces
of segments are to be seen ; and in many coleopterous and dipterous
ones the folds of the skin prevent the segments from being distinctly
perceptible.

4 Reaum. ii. 361. In the larva of a small common moth often met
with in houses (4glossa pinguinalis), every segment is divided into two
parts,and underneath has two deep folds, by means of which these two
parts can separate to a certain point, or approach again, according to
circumstances. Thus Providence has enabled them to prevent their
spiracles from being stopped by the greasy substances en which they
often feed. N. Dict. d'Hist. Natl. 1. 208.
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of the capricorn (Cerambyz L.), and other coleopterous
tribes; of bees, and all Hymenopterous insects but the
saw-flies; and also of a large number of flies (Dzptera). '
In some the figure approaches to fusiform, as in most of
the moths of the Fabrician genus Litkosia. In others,
as in those of the water-beetles (Dytiscus, &c.), it ap-
proaches to an obovate shape, being widest towards the
head, and terminating in a point at the anus. In others,
again, it is linear; an example of which is that of Stap/y-
linus. Some are convex, and others gibbous, above, and
flat underneath ; as those of Silpka, Chrysomela and many
other beetles. Others are flat, both above and below,
and depressed like a leaf; a remarkable instance of which
has been before noticed . Zome are very long, as those
of most Lepidoptera; others very short, as that of the
ant-lion (Myrmeleon). Many other peculiarities of form
in individuals might be instanced; but a dry enumera-
tion of these would be of no great use to you. They can
only be advantageously learned by the study of good
figures, and by watching the actual metamorphosis of the
singularly-formed larvae that you meet with.

Instead, therefore, of any further specification of indi- _
vidual forms, I shall now endeavour to give you, as far
as my own knowledge of them and the information I can
collect from other sources will enable me, a larger and
more general view of the kinds of larvae; for analytical
inquiries lose half their value and importance unless we
proceed to apply them synthetically, by forming, if pos-
sible, into groups the objects with which we are indivi-
dually acquainted.

Partial attempts at a synthetical arrangement with re-

a See above, p. 110.
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gard to the larvee of Lepidoptera and the saw-flies ( Ten-
thredo L.) have been made both by Reaumur and De
Geer. M. Latreille also has recently given a Tableau
methodique et general of articulated animals furnished
with jointed legs, considered in their first state®. The
former of these is chiefly founded upon the number of
the prolegs, and the latter upon the metamorphosis, pro-
legs, habits, head, and parts of the mouth, without any
other notice of the configuration. Mr. Wm. MacLeay,
who, though young in years, is old in science and critical
acumen, has started a perfectly new hypothesis upon this
subject. In the progress of his inquiries into the natural
arrangement of animals, particularly of imsects in the
Linnean sense, he has been the first to observe, that the
relation which organized objects bear to each other is of
two kinds ; one of real affinity, and the other only of ana-
logy, or resemblance. This important distinction, upon
- which I shall enlarge in a future Letter, when I come to
treat of Systems of Entomology, he has applied, in a way
quite original, to larvee in general, but more particularly
to those of the Coleoptera order. TFor the basis of his
system he assumes a relation of analogy between the
larvee of Insects that in the progress of their metamor-
phosis assume wings, and those that do not, which form
his class Ametabola, so that the prototypes of the former
shall be found amongst the latter®. But though Mr.
MacLeay appears to consider the analogy between these
two as primary, he extends it in a secondary sense to the
Crustacea, at least in several instances ©. Upon this oc-
* N. Dict, d’ Hist. Nat. xvil. 329,

b Hor. Entomolog. 285. 397—. 422, 462—. &c.
¢ Ihid. 399—401.
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casion he very judiciously remarks, that ¢ in terming
larvee Chilognathiformes or Chilopodiformes, it is not
meant that they are Scolopendre or Iuli, or even near to
them in affinity; but only that they are so constructed
that certain analogical circumstances attending them
strongly remind us of these Ametabola®.” This remark
you will bear in mind while I am treating of this subject.
It should seem from another part of the same paragraph,
that the comparison which our learned Physiologist re-
commends, is between the young of the Ametabola and
the larvae of the corresponding groups of Coleoptera.
This must be understood to refer chiefly to the young of
the Chilopoda and Chilognatha, since they approach
nearer to them in that state, having then only six legs;
but the rest of the Ametabola should certainly be brought
to this comparison in their adult state: and even the two
former orders in that state more strongly resemble nume-
rous coleopterous larvee, than when they are young and
much shorter. I before called your attention to the re-
markable circumstance that contrasts very many larvee
of Hexapod insects that become winged in their perfect
state with adult Myriapoda : namely, that in one the pro-
gress to this state is by losing their prolegs and shorten-
ing their body; while in the other, the reverse of this
takes place, numerous prolegs and additional segments
being gained before they arrive at maturity®. As the
multiplication of organs is a sign of imperfection, it may
be affirmed of the former of these tribes, that their pro-
gress is towards greater perfection; while that of the
other may be called a degradation. As larvee may be
regarded as a stepping-stone by which approach is made

2 Hor. Entomolag. 423. b See above, p. 23:
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from the apterous to the winged tribes of Insects, it seems
most consistent with general analogy that each should
connect with the other in that state in which the resem-
blance is greatest. . Now the Myriapoda resemble larvze,
as we have just seen, most- when in their adulf state;
therefore the comparison should be between larvee and
adult Myriapoda.

Mr. MacLeay divides coleopterous larvee into five tribes

thus characterized :—

1. A4 carnivorous hexapod larva, with an elongate linear
Slattened body, having a large head armed with two sharp
Jalciform mandibles, and furnished with siz granular eyes
on each side. 'This kind he denominates Ckilopodiform, _
as having for its type in the Ametabola, Scolopendra L.

The examples he gives are Carabus and Dytiscus.

2. A herbivorous hexapod larva, with a long and al-
most cylindrical body, so jfashioned that the posterior ex-
tremity being curved under the breast, the animal when at
rest necessarily lies like an IULUS on its side. 'This tribe
he denominates Ckilognathiform, from Tulus L. His ex~
amples are, the larvee of Petalocerous insects, as Scara-
beeus L., Lucanus L. &c.

3.. An apod larva, having scarcely the rudiments of an-
tennce, but which is furnished instead of feet with fot fleshy
tubercles ; which, when continued along the back and belly,
give the animal a facility of moving in whatever way it *
may be placed. 'These he denominates Vermiform, from
certain of the Vermes intestina and Mollusca of Linné
which he has associated with his Annulosa®. His exam-
ples are, Curculio L. and Cerambyx L.

4. A4 hexapod and distinctly antenniferous larva, with a

& The Intestinauz cavitaires-of Cuvier, and the Epizoaria of La-
marck. See Hor. Entomolog. 286—.
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subovate rather conical body, of which the second segment
is longer and of a different form from the others, so as to
give the appearance of a thorax. His denomination for
these is Anopluriform, from Pediculus L., forming Dr.
Leach’s Anoplura. His examples are, Coccinella and
Chiysomela L.

5. A hexapod antenniferous larva of an oblong jform,
having like the former vestiges of a thorax, besides two or
more articidated or inarticulated setaceous or corneous ap-
pendages to the last segment of the abdomen. This tribe
he calls Thysanuriform, from Lepisma and Podura L.,
forming M. Latreille’s order Zhysanura. His example
is Meloe with-a note of interrogation .

The system here stated, of naming and characterizing

larvee from the resemblance and analogy, in many cases

very striking, that they bear to the apterous tribes, is a
very happy and original one, and does its author great
credit; yet I think in some instances, as I shall soon
have occasion to point out to you, the application of it is
not so happy as the first idea. But this is always the
case when a new law of nature is discovered; the proper
application of it is gradually developed, and it does not
at all detract [rom the merit of the first discoverer, that
all the bearings of such law do not strike him as it were
intuitively.

* Hor. Entomolog. 422. comp. 463. Mr. MacLeay’s idea of the
larva of Meloe is taken from the animal which Frisch, Goedart, and
De Geer imagined to be such; but upon this opinion there rest great
doubts. (See Kirby Afon. Ap. Angl. ii. 168, and Latreille N. Dict.
d'Hist. Nat. xx. 109.) At p. 464 he gives also 3ordelle and many
Heteromera as having Thysanuriform larva. He thinks, that proba-
bly that of Clerus is of the same description; to which he suspects
that many of Latreille’s Malacoderma likewise belong.

YOL. 111, M
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Having, however, got the vantage-ground afforded by
this discovery of my friend, let us see if by standing upon
it we cannot get a tolerable generalization of the larvee
of all orders of insects that undergo a metamorphosis.
But first I must observe, that as in the perfect animals,
so in their larvee, the different groups are connected by
certain transition species, exhibiting characters common
to two or more of them ; and likewise that in many cases,
which you will see as we proceed, the analogy is as strong
or stronger between them and the Crustacea (and in a
few instances Aracknida, and even Mollusca) than the
Ametabola. My denominations, therefore, will be taken
from those tribes where the analogy appears to me the
most striking, and not from the Ametabola alone.

I shall begin by drawing up for you a list of the Pri-
mary forms that I seem to have observed, and their cha-
racters; and then going through the orders, shall give

you the examples of each, with such observations upon

them as the case may require.

Primary Forms of Larve.
APTERA. ARACHNIDA. CRUSTACEA. MOLLUSCA.

ANOPLURIFORM. ARANEIDIFORM. IsoroDIrorM. IiMAacIFORM.

THuYSANURIFORM. ONISCIFORM.

CHILOPODIFORM. IpoTRIFORM,

CHILOGNATHIFORM, AMPHIPODIFORM, ANNELIDA.
StoMaPODIFORM. VERMIFORM.
Decaropirorm.,
BraNcHIOPODIFORM.

Characters.

1. Anopluriform. Carnivorous; hexapod; antenniferous:
with a shortish oblong depressed body, and distinct
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thoracic shield. Example: Psocus, Coccinella, most
Hemiptera 2.

2. Thysanuriform. Polyphagous; hexapod; antenniferous:
body with segments of trunk distinctly marked; anus
often furnished with sete or mucro. Ex., Meloeb?
Thrips, Aphis.

8. Chilopodiform. Carnivorous; subhexapod; antennife-
rous: body depressed, elongate, linear, with falcate
acute mandibles, a distinct thoracic shield, and an
anal proleg. Ex. Cicindela<? Carabus L.

4. Chilognathiform. Herbivorous: body subcylndrical,
elongate, linear; no thoracic shield; often many pro-
legs, sometimes a retractile one, and sometimes none.
—Ex. Elater, Petalocera, most Lepidoptera, Ten-
thredo L. 4

5. Vermiform. Polyphagous; apod or hexapod: with
very short legs; antennze nearly obsolete; body
fleshy, plicate, with sides often plicato-papillose;

2 Prate XVIIL Fie. 1. as to the thoracie shield.

b May 27,1822, This day, T. Allen, Esq. F.L.S. brought me in
a phial a vast number of the little insect which Goedart, Frisch, and
De Geer took for the larva of Meloe Proscarabeus, which he found
on the leaves of Achillea Millefolium. These little animals were
coursing each other with wonderful velocity over the sides of the
phial. To assist them in their motions, they applied to the surface
of the glass the end of their abdomen, using it, like many larvae of
Coleoptera, as a seventh leg. This circumstance excited a suspicion
in the minds of both Mr. MacLeay sen., then visiting me, and my-
self, that after all they might be coleopterous larvee. One, amongst
other circumstances, however, seemed to militate strongly against
this opinion; namely, that in this infinite number none appeared to
differ in size.

¢ Prate XVII Fie. 13.

9 Ibid. Fre. 12.; PraTe XVIIL Fic. 4, 11,13, &c.

M2
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no distinct thoracic' shield. ' Ex. Curculio L., Ce-

rambyzx L., Musca L., and many other Diptera®.
6. Araneidiform. Carnivorous; hexapod: body very

short ;' mandibles long, suctaorious; animal lying in

wait for its prey in a pitfall it has prepared; motion
retrogressive. Ex. Myrmeleon L.® Cicindela ?

7. Isopodiform. Saprophagous; hexapod; antenniferous,
with longer antennz : body oblong; thoracic shield
distinct; anus styliferous or laminiferous. Ex.
Blatta L. Silpha L.?

8. Onisciform. Herbivorous; polypod; antenniferous:
body. short, oblong, depressed, margined. Ex. Lry-
cina, Lycena, inthe Lepidoptera, and some species
of Tenthredo L. ¢

9. Idoteiform. Subcortical; hexapod; antenns obso-
lete: body much depressed, with the last segment
elongate, terminating in three or more mucros. Ex.
Larva from Brazil. Perfect insect at present un-
known.

I have placed this larva, which was described above ¢,
amongst crustaceous forms, because of the remarkable
resemblance which the last segment of the body bears to
that of the Zdoteide ; but I do it with considerable hesi-
tation, since in other respects its type seems to be in the
Ametabola. In its want of antennse, very short legs, and
ventral asperities, it resembles some of the Vermiform
larvee ;'in its small head, distinct thoracic shield, and ob-
long shape, it approaches the Anropluriform ; and in its

a2 Prate XVIII. Fic. 3, 9. b Prare XIX. Fie. 8.

¢ Ibid. ¥16.3. Reaum. v. 97. £ xii. £ 17, 18.; De G‘eer it. 1004.

¢ xxviii. £, 12.
4 See above, p. 110, 114, 138, 142.
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very depressed hody, but not at all in other respects,
the Chilopodiform. At any rate, it appears of a primary
Type.

10. Lemodipodiform. Herbivorous; hexapod ; antenni-
ferous, with long antennae: body elongate, subeylin-
drical; second segment of the trunk the longest;
anterior pair of legs distant from the other two, Ex.
Phasma.

11. Amphipodiform. Herbivorous; hexapod; antenni-
ferous, with long antennae: body shortish, com-
pressed, saltatorious. Ex. Gryllus L. 2

12. Stomapodiform. Carnivorous or saprophagous; hex-
apod; antenniferous, with long antenne: body elon-
gate, subdepressed, with raptorious hands, and ab-
domen wider than the trunk ; in aquatic species fur-
nished with lateral gills. Ex. Mantis, Ephemera?
Stalis ?

18. Decapodiform. Carnivorous; hexapod; antenniferous:
body elongate, narrow, convex, compressed, taper-
ing towards the tail; tail with natatorious laminee.
Ex. Dytiscus L., Agrion F.°

14. Branchiopodiform. Carnivorous?; aquatic;. apod ;
antenniferous: head distinct: body transparent, flex-
ile, furnished with a respiratory tube just above the
tail. Ex. Culexc.

15. Limaciform. Herbivorous; apod, or with very short
legs: body ovate or obovate, slimy. -Ex. Apoda
Haw., Tenthredo Cerast L.

* Prare XVIII. Fre. 7. b Prate XVIIL Fie. 5.
¢ Prare XIX, Fic. 9.
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The above are the principal forms that appear to me
Primary (though some doubt may rest upon the ninth
and tenth); and probably others will hereafter be disco-
vered, since at present our knowledge' of the larvee of
most of the Orders is very limited. And now having given
you this generalization of them, as far as they are known
to me, I shall next, in a slight survey of those of the dif-
ferent orders, lay before you what I have further to ob-
serve upon this subject. ;

Coleoptera. The Anopluriform coleopterous larvee, ac-
cording to Mr. W. MacLeay’s view of them, include
both those. of Coccinella L., Chrysomela L., and Cas-
sida L.; but this appears to me to admit of further con-
sideration. = With regard to the two former—-those of
Coccinella are carnivorous, those of Chrysomela herbi-
vorous; the first is also usually more flat and depressed.
As to the latter, Cussida®, it seems to me to belong to a
peculiar type, distinguished not only by its radiated mar-
gin, but by the remarkable deflected anal fork on which it
carries its excrement. At present I know no analogous
form amongst the apterous tribes; I must therefore leave
this without a denomination. Perhaps the larva of Hispa
or Alurnus, when known, will throw light upon this sub-
ject. The larva of Endomychus agrees with that of Coc-
cinella.

There are very few known larvae that approach to a true
Thysanuriform type in this order: that most celebrated is
the one supposed to belong to Meloe ; but the claim of this
to be so considered, is, as we have seen, rather dubious.
Should this point at last be satisfactorily ascertained, it

2 Prare XVIIIL Fic. 2.
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will probably carry with it the whole tribe of vesicatory
beetles. But even this animal in its general structure is
anopluriform: the only circumstance that gives it any ana-
logy to the Thysanura being its anal setze. Mr, William
MacLeay is inclined to regard some of the larve of the
Malacodermi Latr., but which of them he does not state,
as probably belonging to the tribe in question 2, Those of
Lampyris and of Telephorus, as described and figured by
De Geer?, appear to me intermediate between the Ano-
pluriform and Chilopodiform Types: they have no anal
setiform or styliform appendages, their mandibule are
falcate, and their habits seem carnivorous.

Examples of Chilopodiform coleopterous larvee are
more numerous. Of this description are those of Gy-
rinus, Cicindela, Carabus, and Staphylinus. That of the
first, indeed, appears to be the most perfectly Scolopen-
driform of any yet known; yet the gills or respiratory
laminge, a pair of which issues from each abdominal seg-
ment, and two pair from the last¢, prove that there is

no slight analogy between it, and indeed many other
aquatic larvee, and the Stomapoda amongst the Crustacea.
A remarkable instance of analogy with the Decapoda of
the same Class is presented by the larva of Dy’iscus, &c.
which Mr. MacLeay considers as Chilopodiform, but
which exhibits no other resemblance to Scolopendre than

» Hor. Entomolog. 465. U De Geer iv. 66. ¢.ii. f. 5—8.

¢ Ibid. ¢ xiii. /. 16—19. A very singular larva, which preys upon
that of dleyrodes proletella Latr., if Reaumur’s figure be correct (ii.
t. xxv. f. 18—20), is of a perfect Chidopodiform type, the abdomi-
nal legs being represented by a tubercle crowned by a bristle: yet
even this, which turns to a minute beetle (Ibid. f. 21), has some ten-
dency to the Anopluriform type.
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in its predaceous habits and - threatening aspect. Its
convex, compressed, tapering body, terminating in seta
or laming, is certainly much more like that of a shrimp
or a prawn; to which the older Entomologists thought it
was akin ?, and after which they named it. As Mr. Mac-
Leay’s object was, to take all his forms from the Ameta-
bola, perhaps these larvee will best fall in with his Chilo-
podiform type; though in the general form of their body
they most represent a section (Lepisma L.) of the Thy-
sanura.

Chilognathiform forms are equally numerous in the
Coleoptera with the preceding. 'The wire-worm, or larva
of ELlater Segetis, as to shape best represents the. full-
grown Tulus®, and those of the Petalocera (Scarabeeus L.,
Lucanus L.) the young one.

The most abundant of all forms in this order, is, 1

think, the Vermjform, upon which I have nothing further
to remark.

With regard to Crustaceous forms in Coleoptera, be-
sides the Decapodiform just noticed, I possess two speci-
mens of larvee of Silphide which seem to exhibit a con-
siderable analogy with the Zsopodous Crustacea, one rather

3« Squilla insectum a squilla pisce parwm differt.”’ Mouffet, 319,

b A remarkable difference obtains between the larva of the wire-
worm and that of Elater undulatus. In the former, the last segment
is longer than the preceding one, terminating in a small acute mucro
at the apex, with a deep cavity, perhaps a. spiracle, on each side, at
the base. In the latter, this segment is shorter than the preceding
one, forming above a nearly circular plate; the margin of which is a
little elevated, and armed on each side with three teeth, and at the
apex with a pair of furcate recurved horns, and without any basal
spiracle. De Geer iv. 156. /. v. f. 25,

I have a similar larva, but not
the same species,
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convex and the other flatter, so as to give the idea of an
Armadillo and of an Oniscus.

Strepsiptera. Larva Vermiform.

Dermaptera. Larva Thysanwriform. Type Podura or
Sminthurus.

Orthoptera. Mr. MacLeay considers the larvee of this
Order as primarily Thysamuriform?, though he allows
the resemblance between them and Amphipoda to be par-
ticularly striking®. For my own part, their prototypes ap-
pear to me to be in the Crustacea, and their analogical re-
lations to the Thysanura much more distant. I trust this
will appear to you the reverse of dubious in a progress
through the Crustaceous Orders. I begin with the Zso-
poda. Take the larva of a Blatta, and place it between
a Lepisma, or Mackilis, amd an Oniscus, or Porcellio ;
you will find that in shape and width, and the form of its
anal styles, it resembles the latter much more than it does
the former, with which it possesses scarcely any character
in common, except its multiarticulate antennee. It is re-
markable, that amongst the Blatfide we meet with spe-
cies that represent both the Oniscide and Armadillo or
Glomeris ¢, the latter being more convex than the former.
In their habits the Blattee certainly agree with Zepisma ;
anid Dumeril, who thought the latter and Podura sub-
ject to a metamorphosis, imagined they were related ¢,

The Spectres of Stoll (Phasma F.) are so strikingly
analogous to another crustaceous tribe, the Lemodipoda,
particularly the genus Caprella, that Montagu gave one
species the Trivial name of Pkasma®. The jumping A4m-

o Hor, Entomolog. 397. * Ibid. 399. ¢ Ibid. 438. Note *,

d Traite Element.ii. 35. n. 577.
¢ Trans. Linn. Soc. vii. 66. & vi. f. 3.
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phipodiform Crustacea are represented extremely well by
Gryllus L., and the Stomapodiform, particularly Squilla
Mantis, by Mantis. The resemblance in thislast instance
is so very striking, that it cannot escape the eye of the
least intelligent observer. Orthopterous insects may per-
haps one day be discovered analogous to the two other
crustaceous orders, the Decapods and Branchiopods ; but
at present I know of none of that description.
Hemiptera. The larvee of this order, which in general
resemble the perfect insect, except that they have no
wings, seem most commonly to belong to the Anopluri-
Jorm type?; but the Apkides, Chermes, and Thrips may,
I think, be regarded as more analogous to the genera
Podura and Sminthurus in the Thysanura®. 1 have some
suspicion that the Nepide, Naucoris, and the remipedes,
Notonecta, Sigara, &c. may find their prototypes amongst
the Crustacea ; but my confined knowledge of the latter
does not enable me to point to any individual genera or
tribes that they may be presumed to represent.
Neuroptera. As the kinds of larvee of the different tribes
composing this order, as it now stands, are very various,
it is to be expected that the analogical forms they repre-
sent are equally so, The Libellulina MacLeay (whose
metamorphosis that gentleman has denominated swub-
semicomplete, a term warranted by their losing in their
perfect state the mask before described ¢) in their oral
organs, particularly by their galeate maxilla and distinct
ligula 4, have some relation to the Orthoptera, the proto-

types of ‘whose larvee we have found amongst the Crus-

3 Compare De Geer iii. £. xi. . 3. and ¢. xvii. £. 14, &ec.
b Ibid, 2.1. . 4,9. t.ii. £. 15. . ix. f. 4. ¢ See above, p. 125—.
4 Compare Pratr V1. Fic. 6. with Fi6.12 ¢, d, d.
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tacea : probably, therefore, those of the tribe in question
lurk in that class; a suspicion that receives strong con-
firmation from the larva of Agrion , which in its taper-
ing body and anal natatorious laminge represents a shrimp,
Thelarvee of that very peculiar and distinct tribe, the Ephe-
merina, appear to be intermediate between the Stomapo-
diform and Thysanuriform types. Their natatory respira-
tory abdominal laminz seem copied from the former, and
their anal diverging seta from the latter®. The Myrme-
leonina, as well in their general form as in.their motions
and habits, present a most singular analogy with the tribe
of spiders, as does also in some respect that of Cicindela.
With regard to Panorpa, which Mr. MacLeay remarks
is related to Myrmeleon ¢, and is a most ferocious insect 9,
as its larva has not yet been discovered, nothing certain
respecting its analogical form can be asserted; but should
it, like the male fly, represent the scorpion, both orders
of Arachnida will have their representatives in the class
we are considering. The Corydalina, as far as the larva
of Hemerobius instructs us, is Chilopodiform, but with a
tendency to the Arancidiform Type. The Ametabola
also furnish the prototype of the next tribe, the Termi-
tina, which, as is evident both from Psocus and Termes,
are perfectly Anopluriform. The Sialina, or Plicipenncs
of Latreille, excluding Trichoptera Kirby, appear to me
to be intermediate between the Chzlopodiform and Stoma-
podiform Types, and not without some relation to the
Thysanuriform. Their pediform, jointed, respiratory ab-
dominal appendages, their head and falcate mandibles,
seem copied from the first tribe. The same appendages

4 De Geer ii. £.xx1. f. 4, 5. b Swamm. Bibl. Nut. t. xiii. f. 1.
¢ Hor. Enlomolog. 438. 4 Sec above, Vor.. IL. p. 256.
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considered as organs of respiration, and their taper forks,
are moulded upon the plan of the Stomapodiform Crus-
tacea, and the long seta which terminates the abdomen is
upon the Thysanuriform plan 2.

Trichoptera. 'The larvee of this order appear also to
be constructed upon a double plan. The respiratory
threads observable in both the upper and under sides of
the abdomen connect it with the Stomapoda, and its cy-
lindrical elongate body with Chilognathiform types in the
Lepidoptera®.

Lepidoptera. 'The great majority of larvee in this or-
der are Chilognathiform, but there are exceptions to this
remark. Those of the Geometre recede from this type,
both in their motions and the distance and number of
their legs. In both these respects they represent the Le-
modipoda in the Crustacea ¢. Other caterpillars are Onis-
ciform ; and a third sort seem to leave the Annulose type,
and imitate that of the Mollusca, and one is figured by
Madame Merian ¢ which appears to tend even to the
Chilopodiform type.

Hymenoptera. In this order thelarvae of the saw-flies,
Tenthredo L., are ingeneral Chilognathiform, though some
are Onisciform, others Limaciform, and those of Lyda F.
(Cephaleia Jur.) and Sirex® have a Fermiform tendency,

a De Geer ii. t. xxiii. f. 9—14. Comp. Reaum. iv. & xv.
£1,2

b De Geer ii. £. xiv. £. 7. &c. The caterpillar of P. G. Scratiotata
L. like those of Phrygance, has these respiratory threads. Ibid. i.
¢ xxxvil. f. 2—06. De Geer has described the larva of a Phryganea L.
which is without any respiratory threads, ii. 569. ¢. xv. f. 10.

¢ Hor. Entomolog. 401. Montagu in Linn, Trans. vii. 67.

4 Ins. Surinam. t. xxviii. Compare Ibid. 4, xix. right-hand figure.

¢ Prate XVIIL Fie. 10,
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and are a stepping-stone to those of the rest of the order,
which are all Vermiform and apods.

Diptera. 'The majority of this order may be set down
as Vermiform, though it is not improbable that some of
them bear an analogy to animals that appear far removed
from the Annulosa. Thus, the larva of Stratyomis Cha-
meleon seems to exhibit no small resemblance to some of
the Polypi vaginati in the Acrita subkingdom of Mr. W.
MacLeay?®. That of Culecx and some others is con-
structed on a quite different type from the rest, and seems
to possess some analogy to the Branclhiopod Crustacea.

Though some of these analogies are more striking than

others, yet in almost all that I have stated there is that
kind of resemblance that could not be the result of what is
called mere chance; and Mr. MacLeay, by first pointing
out this plan of the All-wise Creator, and by laying down
the doctrine of analogies in general, as distinguished from
affinities in the animal kingdom, has furnished the be-
liever with a new argument against those attacks of the
infidel, that would render null those proofs of the wisdom
and goodness of the Author of nature with which the ani-
mal and vegetable creation furnish us; by affirming most
absurdly, and under the most stultifying blindness of
mind, that the creatures were in a manner their own cre-
ators, their wants under local circumstances stimulating
them to efforts that in a long course of years produced
all the different forms and organizations that are now to
be found in our globe. The affinities and close connexion
of beings with each other, so'that the ascent from low to
high is usually by the most gentle gradations, is the cir-

2 Swamm. Bibl. Nat. 1. xxxix. Prare XIX. Fie. 13.
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cumstance on which they build this strange and impious
theory. But the fact, that certain animals of one tribe
were created with a view to certain animals of another,
so as to present a striking aspect of correspondence, pa-
rallel almost with that of type and antitype, without any
real affinity or approximation;—this triumphantly proves
a Power above and without them, who has associated
them not only in a complex chain of affinities, but has
caused them to represent and figure each other, even
when evidently far removed, so as to give a mutual cor-
respondence and harmony to the whole, which could be
produced only by a Being infinite in power and wisdom,
who made all things after a general preconceived plan

and system.

iv. We are now to consider the clotking with which
larvze are furnished. Many are quite naked, and smooth
or rough only with granular elevations or tubercles or-
derly arranged; but a very considerable number, espe-
cially of the Lepidoptera order, are clothed with hair or
bristles of different kinds, in greater or less abundance,
and arranged in different modes; and a proportion still
smaller have their skin beset with spines or a mixture of
spines and hairs. Lyonnet found that the hairs of the
caterpillar of the great goat-moth (Cossus ligniperda) were
hollow, though not to the apex : probably this is the case
with those of other larvee, as well as with their spines.
In this instance they were set, he observes, in a corneous
ring, or very short cylinder, elevated a little above the
skin. The hair passes through this ring, and appears to
be rooted in a soft integument, which clothes the skin
within, and upon which the nerves form a reticular tissue,
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some of which he thinks he has even seen enter the root
of the hairs, which perhaps are organs of touch 2,

Of the pilose larvas, some, like most of those of the
smaller moths (Geometra, Tortrix, Pyralis, &c.), have
merely a few scattered short hairs, scarcely perceptible ex-
cept through a lens: others (Odenests potatoria, Lasiocam-
pa Rubi) are covered with down more or less thick: in
others (Eriogaster lanestris, Lasiocampa Neustria) the
hair is slenderer, and more like wool; the body of two spe-
cies which I purchased from the collection of Mr. Fran-
cillon is covered with woolly hairs, so long as to give
them the appearance of a shock-dog; and Madam Merian
has figured a similar one, which she could not bring to the
perfect state®. The hairs of many Bombycide, known
commonly by the name of kazry caterpillars, as Arctia er-
minea, &c. are stiffer, resembling bristles; sometimes, as
in Arctia chrysorhea, mixed with shorter ones. The
hairs either spring immediately from the skin (Noctua
Aceris, leporina), or, as is more general, proceed only
from certain tubercular elevations, usually subhemisphe-
rical, but sometimes conical ; of which a number varying
from four to twelve are found on each segment of diffe-
rent species. They seem to issue from these tubercles,

as little diverging streams from the rose of a watering-pot.
In both cases, they form a coating usually so dense as
to conceal the body, but sometimes more thinly set, and
admitting the skin to be seen more or less between them.
In a caterpillar of the beautiful Aretia ocularia, the hairs
are set upon tubercles alternately nearer the anterior and
posterior margin of each segment, so as to form a dense

a Lyonnet 69—, b Surinam, ¢, Ivii, right-hand figure.
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band, the rest being naked; and in the lovely green and
black one of Saturnia Pavonia, each tubercle bears but
six hairs, diverging like a star, the central one being the
longest and capitate, so that the chief part of the body
appears naked. This diverging position of the hairs is
most common in the thick-clothed larvee also, but many
have them placed differently: thus, in those of Callimor-
pha Caja and Arctia villica® they are all directed towards
the tail, like the quills of a porcupine: in some others
the anterior ones point towards the head: in that of
Lyiogaster Quercus half of the tuft of hairs of each tu-
bercle is directed downwards, the other half upwards:
in that of Arctia Salicis all the hairs point downwards,
so that the belly is thickly covered, while the back is
bare. Another variation is, that the hairs of half the
tubercle are sometimes very long, while those of the
other half are very short, and even of a different colour .
In the larva of Tussuck moths (Laria pudibunda, fasce-
lina, &c.) the hairs are collected into tufts of a singular
appearance, those on the intermediate segments of the
back being quite level at the top, so as to resemble so
many brushes; while those on the first and last segments
are longer, and composed of feathered hairs converging
to a point at their extremity, like a common camel-hair-
pencil ¢.  This last mode of arrangement prevails also in
the larva of Noctua Aceris; but in this the pencils are
shorter, exactly wedge-shaped, and distinguished by an-
other particularity, that of springing directly from the
3 Sepp iv. £.1i. £ 3. t. xvi. £. 2, 3.
b N. Dict. d’ Hist. Nat. vi. 254,

¢ Pratc XIX. Fre. 6. One of these larvae was taken at Mel-
ville Island. Sce Parry’s Poyage, Appendix No. x. 37,
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skin, and not from a tubercle. This isalso the case with
the large caterpillars of Odenesis potatoria, which has-a
double row of short bundles of black hairs on the back,
intermixed with larger ones: at each end of the body is
a pencil of converging hairs, and the sides are spotted
with bundles of white ones, which with longer tawny
ones are bent downwards, so as to cover the sides of the
creature 2, Some have the anterior aigrettes disposed like
the arms of a cross, of which the body of the caterpillar
is the stem . But not only is there considerable variety
in the general arrangement of the hairs that clothe our
little larvae, the hairs themselves differ much in their kind
and structure, of which I will now, before I proceed- to
consider spines, give you some account. Several of them

are feathered like the plumes of a bird : this is the case
with those of Morplho Idomeneus, on each segment of the
body of which are three blue tubercles, like so many little

turquois beads, from each of which proceeds along black
plume ¢. Other hairs terminate in a club; those of the
larva of Noctua Aini, a specimen of which I possess taken
in England, are flat and incrassated at the apex, some-
thing like the antennse of some Sphingide. Mad. Merian
has figured the caterpillar of another moth which feeds
upon the Papaw-tree (Carica Papaya)with similar hairs9,
But the most remarkable larva for the shape of its hairs
is that of Anthrenus Musworum, the little pest of our ca-

a Sepp. iv. #. viil. /. 4. Some species have three, others four,
arid others even five of these brushes. N. Dict. &’ Hist. Nal. vi.
255.

b Tbid. Merian Iruc. xxxiv. upper left hand figure.

¢ Merian Ins. Surinam. t. 1x.

1 Ibid, {. xI,

VOL. III
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binets, which I noticed in a former letter *. All the hairs
of its body are rough with minute points: but those of
six diverging long tufts or aigrettes, laid obliquely on
the anal extremity of the body, which the animal when
alarmed erects as a porcupine does its quills, are of a
most singular structure: every hair is composed of a se-
ries of little conical pieces, placed end to end, the point
of which is directed towards the origin of each hair, which
is terminated at the other extremity by a long and large
conical mass, resembling somewhat the head of a pike®.
Besides the one lately mentioned, other caterpillars
are rendered striking by the brilliant colour of the tuber-
cles from which their hairs emerge. A remarkable in-
stance of this is the thick large caterpillar of a Bombyx,
which feeds upon the Psidium pyriferum, or white Guava,
ficured by Madame Merian. This caterpillar, which is
white, with transverse black stripes, and which has two
singular long converging curved bunches of hairs near
the tail, is splendidly adorned on each side with fifty red

tubercles, shining like coral, from which proceed six or

seven long diverging hairs. ILeeuwenhoeck took these
tubereles for eyes ¢. Another figured by the same lady,
who mistakes it, with her usual inaccuracy, for the larva
of a Lygeus F., and which seems by her description to
be between the onisciform and limaciform types, has the
apparently fleshy mamillee that project from its sides and
back crowned with little hairy red globes, which give the
animal a most singular and unique appearance. Hav-
ing thus described some of the principal modes in which

2 See above, Vol. I. p. 238.
b De Geer iv. 207. ¢ viil, f. 4—86.
¢ Ins. Sur. t. xix, right hand caterpillar.
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the All-wise Creator has decked and defended these
creatures with %airs, I shall next give you a short ac-
count of the spines with which he has armed others.
The spinous larvee are principally lepidopterous, and more
particularly conspicuous in some tribes of the genus Pa-
pilio L., though some saw-flies and Diptera are also di-
stinguished by them. Vanessa Io*, Atalanta and Urtica,
Argynnis Paphia, Urania Leilus, and many other But-
terflies, &c. are clothed with long sharp points, which
claim the denomination of spines, rather than that of
hairs or bristles; being horny and hard, and so stiff at
the point as readily to pierce the skin. Those of the last-
mentioned species, Madame Merian says, are as stiff as
iron-wire®. They are sometimes entirely simple, and
look like spikes rather than spines, as in the caterpillar
of Nymphalis Amphinome and Morpho Menelaus©; but
ordinarily they are beset with %airs, or more commonly
with shorter spines, which often give them the appearance
of plumes, as m Urania Leilus just mentioned: sometimes
these lateral spines are so long as to have the appear-
ance of a branch of a tree; this is strikingly the case with
a small caterpillar which Captain Hancock brought from
Brazil ; its body is so thickly planted with spines of this
description, that it absolutely wears the appearance of
a forest or thicket in miniature. A singular circum-
stance attends the spines of this species: in many cases
a smaller and very slender hair-like spine issues from
them, resembling a sting; and this accounts for an ob-
servation of Abbott’s, that many American caterpillars
sting like a nettle, raising little white blisters on the skin

3 Poare XVIIIL. Fic. 13.

b Ins. Sur, £, xx1X. « Ibid, ¢, vil, liii.
N 2
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when accidentally or slightly touched *. Lewin has de-
scribed the ‘caterpillar of a moth found in New Holland,
which he names Bombyx vulnerans, that, like these Ame-
ricans, has also the power of wounding, but in a different
way. It darts out, he says, when alarmed by the ap-
proach of any thing, from as many knobs or protube-
rances in its back eight bunches of little stings, with
which it inflicts a very painful and venomous wound ®.
The caterpillar of Papilio Protesilaus ., if Madame Me-
rian’s account and figure of it are correct, has its body
armed with hairy spines, the extreme point of which is
surmounted by a star-shaped appendage . Those of a
few saw-flies (Zenthredo Pruni L.), and another figured
by Reaumur 9, are covered with a little forest of spines
without lateral branches, but divided into a fork at the
apex. Some spines are merely rough, with very short
points, as those round the head, which give so terrific an
appearance to the caterpillar of the Bombyx regalis, of
some proceedings of which I gave you an account in one
of my former letters ©,

I must now say something upon the arrangement of
these spines. Though in a few instances so thickly set
as entirely to conceal the body of the animal, as in the
case of the Brazil one lately mentioned, yet generally
speaking, even when they are most numerous, they per-
mit the skin to be distinctly seen. Their arrangement
is various, though always orderly: in the majority they

2 Smith’s 4bbott’s Ins. of Georg. Pref. vi,

b Prodromus Entomology.

€ Ins. Sur. t. xliii. The figure represents only the two spines near
the head as thus circumstanced.

4 Reaum. v. #. xii. £. 8, 14. Prare XVIII. Fic. 11. <

* See above, Vou. II. p. 238. This, with B. imperatoria, &c. in tlte
modern system, should form a genus.
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are planted singly, but in some caterpillars in bundles.
In that of Saturnia Io, on each segment there are six bun-
dles of longish, quill-shaped, sharp, slender, diverging
spines, which also appear to sheath aculei. Madame
Merian has figured this larva, or one very near it, as the
grub of a Buglossa ?, with which, though she affirms she
traced it to the fly, it can have no connection. With re-
gard to number, some larvee have only four spines on
each segment; others five, others again six, and others
seven, or even eight: they are planted on the sides and
back only, never on the belly. They are often more nu-
merous on the intermediate than on the anterior and
posterior segments; but sometimes the reverse of this
takes place; in that of Attacus Erythrine only the head
and tail are armed with spines, the rest of the body being
without any?; and in that of Morpho Teucer there is
only a single spine on the four intermediate segments °.
They are usually all nearly of equal length; but in some
cases those of the head and tail are much longer than
the rest, and remarkably so in the caterpillar of Urania
Leilus, also beautifully plumose, and gracefully waved <.
Those in the second and third segments are much longer
than any of the rest in that of Bombyx regalis ; which
circumstance gives it the terrific appearance lately al-
luded to. In the family to which droynnis Paphia be-
longs, the larva is adorned with two on the back of the

first segment twice as long as the rest, and resembling
at first sight two antennae.

The spines, as well as the hairs of the new skin, are
concealed under the old one, and not incased in its spines;

2 Ins. Sur. t. xlviii. right hand figure. v Thid. t. xi.
€ Tbid. ¢, xxiii, d Ibid. t. xxix,
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but Bonnet ascertained, that if cut oft’ very closely, the
larva sometimes died in consequence, whilst no such re-
sult followed a similar operation on hairy larvee. We
learn from Reaumur?, that some spinous larve of saw-
flies (Tenthredo L.) lose their spines at the last change of
their skin; and trom Madame Merian, that that of A#ta-
cus Erythrine before mentioned loses also at the same
period the six tremendous black spikes that arm its black
and yellow larvee. 'The grubs of ants that are destined
to pass the winter in the larva state are hairy, but are not
so in summer®. 'The spines found in the grubs of some
gad-flies ((Estrus L.) are of a different kind from those
above described, being very minute triangular flat plates,
arranged in different and contrary directions ¢, and serv-
ing the insect merely to change its place and fix itselfd.
Two other kinds of clothing, if so they may be called,
neither coming under the description of %airs nor spines,
are found in some other larvee, not only amongst the Le-
pidoptera, but also in some of the other orders. Nym-
phalis Populi and others of the same family have larvee
furnished on the back of each segment with cylindrico-
conical processes of a fleshy substance, obtuse at the apex
and surrounded with capitate hairs. In that of N. Sy-
billa, which has on each segment two fleshy protube-
rances, they are bifurcate or trifurcate, and also encir-
cled at the base with a hairy tufte. Others, as those of
Melitea Artemis, Cynthia, &c. have each segment beset
on the back with from seven to nine fleshy, pubescent,
wedge-shaped protuberances; two larger ones projecting
¢ Reaum. v. 95. b Huber Maurs des Fourmis, 79.

¢ Seeabove, Vor.. I1. p- 276—. ¢ Reaum.v. 72. ¢.ix. f. 2—4,
¢ Ros. £. 211.
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over the head. Under this head, too, may be noticed,
the glutinous secretion which clothes the grub of Cionus
Scrophularice, a little weevil; and of Tenthredo Cerasi 1.
a saw-fly, and that waxy or powdery substance which
transpires through the skin of the larvee of several Apk:-
des, Chermes, Cocci, Hylotoma ovata F., &c. The Aphis,
whose extensive ravages of our apple-trees (4. lanata)
were before described to you ?, is covered and quite con-
cealed by this kind of substance, so that the crevices in
the bark which they inhabit look as if they were filled,
not with animals, but with cotton. The insect, also,
that forms those curious galls produced upon the spruce
fir, and which imitate its cones (Chermes Abietis L., Aphis
De Geer) secretes a similar substance. In these and
other cases of the same kind, this matter seems to be, if
I may so speak, wire-drawn through numerous pores in
certain oval plates in the skin, more depressed than the
rest of the back, arranged regularly upon the segments,
and exhibiting minute tuberosities. "When young, these
animals have more of this secretion than when more ad-
vanced: it then hangs from their anal extremity in
locks ®.

But the insects most remarkable for a covering of this
nature are those Coccide of which Bosc has made a ge-
nus under the name of Dorthesia. De Geer is the first
author that notices them, and has given a description
and figure of one species under the name of Coccus floc-

2 See above, Vor. L. p. 29, 198—.

b De Geer iii. 111. Comp. 121. It would be as well to adopt the
French word flocon, instead of locks or flocks, which strictly mean
very different things.
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cosus®. - It-was discovered by Modeer upen some sere
fir-leaves in a thick bed of moss. Panzer has figured a
second found upon Geranium sanguineum, which from
the figure appears distinct from De Geer’s, under the
name of Coccus dubius®. Tabricius regards this as syno-
nymous with the Doithesia characias of Bosc, inhabiting
Luphorbia characias in South Europe €.  Olivier found
a species upon the bramble¢. I once took one, which
appears to differ in some respects from the preceding spe-
cies, upon Mclampyrum cristatum, and our indefatigable
friend Mr. Sheppard has sent me another, on what plant
found I do not remember, which does not agree with any
that I have mentioned. The body of the animals of this
genus is covered by a number of cottony or waxy laminz
which partly cover each other, and are arranged usually
in a triple series: in De Geer’s figure the series appears
quadruple, the lateral ones being placed obliquely. The
anterior one in my specimen covered the head, and they
are all canaliculate. Above the anus are four diverging
ones: the whole are of the most dazzling whiteness.

When these laminae are removed, the body appears di-
vided into segments.

With respect to those larvee which imitate slugs by the
viscid covering that besmears them and issues from their
pores, we learn {from Professor Peck that this exudation
takes place as soon as they are hatched ; that the animal
retains its humidity although exposed to the fiercest heat
of the sun, and that at the last moult the skin becomes

vii. 604. z. xliv. £. 26.

b Fno Germ. Init. xxxvi. 21.
* Syst. Rhyng. 311. 29,

4 N, Dict. d’ Hist. Nut. ix. 554.
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quite clean, and free from all viscidity* It is probable
that the other limaciform larvee are similarly circum-
stanced. Madame Merian has figured an onisciform one,
the legs of which, she says, are covered with a viscid skin:
this produced a Noctua. Those of Papilio Anchises also
are slimy, and adhere to each other .

v. Amongst other qualities which attach to larvee, we
must not omit to say something concerning their Colour.
FFor though those which live in darkness, in the earth,
in wood, in fruits, &c. are, with few exceptions ¢, of an
uniform whitish colour, yet such as are exposed to the
influence of the light are usually adorned with a vast va-
riety of tints, sometimes the most vivid that can be ima-
gined. That the white colour of the former may be at-
tributed to the absence of light is proved by an experi-
ment of M. Dorthes, who having forced some to live un-
der glasses, exposed to the light, found that they gradu-
ally became brownd. To attempt any classification of
coloured larvae would be in vain, since they are tinged
with almost every possible shade that can be conceived,
of many of which it would be difficult to find examples
elsewhere; and infinitely diversified as to the arrangement
and figure of their multiform markings and spots. A few
general remarks, therefore, are all that you will expect
on this head. Many are of one uniform colour; while a
variety of tints, very different, and very vivid and distinct,
ornament others. Sometimes they are distributed in

@ Natural History of the Shug-worm, 7.

Y Tns. Surinan. f. Xv. xvil.

¢ The larvie of Curabus 1. form one, being generally black.
4 Annales de Chimie ii. -




186 STATES OF INSECTS.

longitudinal rays or bands, at others in transverse ones.
Sometimes they are waved or spotted, regularly or irre-
gularly; at others they are sprinkled in dots, or minute
streaks, in every possible way. Various larvae are of the
colour of the plant on which they feed, whence they are
with difficulty discovered by their enemies. Thus, a large
proportion of Lepidoptera are green of different shades,
sometimes beautifully contrasted with black bands; a cir-
cumstance which renders the caterpillars of two of our
finest insects of this order as lovely as the fly: I mean
that of Papilio Machaon and Saturnia Pavonia. Very
frequently the larvee of quite different species resemble
each other so exactly, in colour as well as shape, as
scarcely to be distinguishable: this sometimes takes
place even where they belong to different genera, as in
those of Bombyzx versicolor a moth, and Smerinthus Po-
puli a hawk-moth. And it sometimes happens, very for-
tunately for distinguishing allied species, that where the
perfect insects very nearly resemble each other, the lar-
vee are altogether dissimilar. Thus, the female of Pieris
Rape is so much like the same sex of Pieris Brassice,
that it might be taken for a variety of it, did not the
green caterpillar of the one, and the spotted one of the
other, evince the complete distinction of these butterflies.
Noctua Lactuca, N. umbratica, and several other species
of the same tribe, which includes N. Absinthii, Verbasci,
Chamomille, Abrotani, are so extremely alike, that the
most practised eye can scarcely discover a shade of dif-
ference between them, though their larvee in colour and
markings are constantly distinct?. The markings of

* Wien. Verz. 219,
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species belonging to the same family are usually diffe-
rent; but in some cases thelatter may be prejudged from
the former. The larvee of many of the genus Spkinz L.,
for example, have their sides marked by oblique streaks
running from the back in a direction towards the head;
and by this last circumstance they are distinguished from
those of Bombyx versicolor, Attacus Tau, and others of
the same tribe, which have also lateral oblique strize, but
running from the back towards the tail?, The colours
of individual larvee of the same species are usually alike,
but in Spkinz Elpenor and some others they vary exceed-
ingly. Many, like those of Lasiocampa Rubi, Satuwrnia
minor, &ec., are of one colour when first disclosed, and
assume others quite different in riper age. Just previ-
ously to changing their skin, the tints of most larvee be-
come as dull and obscure, asthey are fresh and vivid when
the change has fully taken place; and in some instances
the new skin is quite differently marked from the old one.
This is remarkably the case with the last skin of some of
the larvee of the genus Tenthredo L., which is entirely
different from all the preceding ones. As people when
they advance far in years usually become more simple in
their dress than when they were young, so the larvee in
question change an agreeably variegated skin for one of
a uniform and less brilliant colour®. Madame Merian
has observed with respect to Attacus Erythrine, that its
caterpillar is at first yellowish, with nine black striee
on each side: when arrived at one third of its size,
they become orange; the striz are obliterated, and in
their place a round black spot appears on each of the

4 ien, Verz. 4. L Reaum, v, 92.
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eight intermediate segments?® Mur. Sheppard has re-
marked to me, that the skin of that of Sphinr Ligustri,
after being under ground four days, was changed from a
vivid green to a dull red. Very rarely, however, it be-
comes of a more brilliant hue just before entering the
pupa state: thus, that of another hawk-moth (Smerinthus
Tilice) changes to a bright violet; and the yellow hairs
of that of Laria pudibunda then become of a lovely rose
colour. And here I may observe, that the hairs and
spines also, of larvee, vary greatly in colour. They are to
be met with brown, black, red, yellow, violet, white, &c.
De Geer found, that in the larva of Cimbex nitens the
two sides of the body were of a different colour, the
left being of a deep green, whilst the right side and the
rest of the body were paler®; but as he saw only a single
individual, this was probably an accidental circumstance.
Though the caterpillars, as I lately said, of one of the
most beautiful butterflies and moths that inhabit Britain
contend with the perfect insect in loveliness, yet in gene-
ral no judgement can be formed of the beauty of the fu-
ture fly from the colour of the larva; and the young Au-
relian must not flatter himself always with the hope, be-
cause the caterpillar excites admiration by its colours and
their arrangement, that the butterfly or moth it is to pro-
duce will do the same ; nor ought he to despise and over-
look a sombre or plain-coloured individual of the former,
under the idea that it will produce one equally plain of
the latter, for it often happens that the splendid cater-
pillar gives a plain butterfly or moth, and vice wversa.

De Geer, however, gives us two instances of conformity

& Ins: Surinam, £, xi. b, 1017.
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between the colours of the caterpillar and those of the
future moth; the one is that of the common currant-
moth (Phalena G. grossulariata L.), the caterpillar of
which is white, ornamented with several black spots va-
rying in size. At the two extremities it is yellowish, with
a longitudinal ray of the same colour on each side, the
head and legs being black. These colours are all to be
found in the fly, the ground of its wings being white or-
namented with many black spots of different sizes. Its
upper wings are traversed by a yellowish band; and
towards their base is a spot of the same colour. Its body
is yellowish, with black spots; but the head and legs are
black 2. "The other is that of a green caterpillar, which
gives a green moth, figured by Reaumur (Pyralis prasi-
naria Fab.)® Sometimes, also, the sex of the future per-
fect insect may be predicted from the colour it exhibits in
its first state: thus, the brown caterpillars of Noctua Pro-
nuba produce males, and the green ones females ¢, The
sexes, also, of N. exoleta and Persicarice differ in that
state.

vi. To the full account of the Food of insects given in
a former letter 9, which had reference chiefly to their
larva state, it is only necessary in this place to add a few
particulars not there noticed. Many larvee when first
excluded, as those of Pieris Craiegi, &c. devour the
shells of the eggs from which they have proceeded ¢; and

2 De Geer i. 57. b 1bid. 58, Reaum. 1. ¢. xxxix. £. 13, 14.

¢ De Geer ii. 400. 1 See above, Vor. I. Letters xii. xiii.

¢ Bonnet (ii. 18) mentions, that the young larvae of a butterfly
(Pieris Crateegi), after devouring the exuviie of the eggs from which
they were hatched, gnawed those which were not so: not, however,
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others (Cerura Vinula, Sphinx Euphorbic, Noctua Ver-
basci), though their usual food is of a vegetable nature,

eat with great apparent satisfaction the skins which they

cast from time to time, not leaving even the horny legs.
This strange repast seems even a stimulating dainty,
which speedily restores them to vigour, after the painful
operation by which they are supplied with it. Under
this head it will not be out of place to mention, that some
larvae of insects, which feed only on the juices of animals,
or the nectar and ambrosia of flowers, have no anal pas-
sage, and of course no feces. This is said to be the case
with the grubs of bees, wasps, thelarvee of Myrmeleon, &c.?

vii. You will require no stimulus to induce you to at-
tend to the subject I am next going to enter upon,—the
Moulting, namely, of Larvee; or their changes of skin,
This, indeed, is a subject so replete with interest, and
which so fully displays the power, wisdom, and goodness
of the Creator, affording at the same time such large oc-
casion for nice investigation, that a pious and inquisitive
mind like yours cannot but be taken with it. In the
higher orders of animals, though the Aairs of quadrupeds
and the featkhers of birds are in many cases annually
renewed, the change, or scaling and increment of the
skin, is gradual and imperceptible; no simultaneous re-

so as to destroy the included animal, but rather to facilitate its egress.
Those also of Coccinella bipunctata which I lately bred from the egg,
as soon as hatched began to devour the unhatched ones around them,
which they seemed to relish highly. I am inclined to believe, how-
ever, that this unnatural procedure was to be attributed to the cir-
cumstance of the female not having had it in her power to place her
egos in the midst of Aphides, their proper food.
* N, Dict. d’ Hist. Nat. xx. 359,




STATES OF INSECTS. 191

Jection of it, in which it is stripped oft by the animal it-
self like a worn shirt, being observable, till you descend in
the scale to the Serpent tribe 2, which at certain periods
disengage themselves from their old integument, and start
forth with that new and deadly beauty so finely described
by the Mantuan bard :—
* So from his den, the winter slept away,

Shoots forth the burnished snake in open day;

‘Who, fed with every poison of the plain,

Sheds his old spoils and shines in youth again :

Proud of his golden scales rolls tow’ring on,
And darts his forky tongue®, and glitters in the sun.”

Pitr.
In these the new skin, I imagine, is formed under the
old from the rete mucosum ; but in insects, as 1 formerly
stated ¢, since the time of Swammerdain it has generally
been believed by entomologists, that the larva includes a
series of cases or envelopes, one within the other, con-
taining in the centre the germe of the future perfect insect,

whose development and final exclusion take place only
when these cases have been successively cast off. This
hypothesis, as was explained toyou on a former occasion ¢,
has been controverted by a late writer, Dr. Herold ; who
affirms that the skins of caterpillars are also successively
produced out of the refe mucosum. 1 have however, I
hope, satisfied you that the old system is most consonant

2 In the human species, after certain fevers a simultaneous and
total moult, if the term may be so applied, takes place. I experi-
enced this myself in my boyhood; when convalescent from Scarlatina,
the skin of my whole body, or nearly so, peeled off.

b The translator, more ignorant of natural history than his author,
has turned the “ linguis micat ore trisulcis** of Virgil, into * darts his
forky sting.”

¢ Vor. L p. 70. 4 See above, p. 52—,
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to nature and probability: but as we arc now to enter
at large upon the Moults of insects, it will not be without
use if I add a few additional reasons which seem to me
still further to prove the correctness of Swammerdam’s
system, as far as it relates to that subject. With regard
to the mere formation of the skin {rom the rete mucosim,
were this the whole question few would hesitate to adopt
the sentiments of M. Herold ; but when we come to con-
sider further—that the number of moults of individuals
of the same species is always the same, and that it varies
in different species, and takes place at certain periods,—
we begin to suspect that something more than the mere
formation of a new skin upon an old one being cast is to
be accounted for; and that the law which prescribes its
own definite number of skins to each species, must begin
to act in the primordial formation of the larva. Again,
the Zairs observable in the higher animals do not take

their origin from the epidermis solely, but are planted

below it in the refe mucosum, or deeper?; so that the
change of skin does not affect them; but in the larvee of
insects they are a continuation of that integument, since,
when the moult takes place, they always remain on the
rejected skinP: this is the case, also, even with spines.
If you shave a caterpillar ready to change its skin, either
partially or generally, you will find that the parts in.the
new skin that correspond with those that are denuded,
are equally hairy with those that were not<; and if
you pay attention to the new-clad animal, you will find
firther, that the hairs never grow after a moult. From

* Cuvier Anat. Comp. ii. 596. N. Dict. &’ Hist. Nal. xxvi. 165.
b Cuvier fbid. 624. ¢ Reaum, 1r182.
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hence it follows, that the Zairs have their place and take
their whole growth between the new skin and the old 2.
Whether the spines, simple or compound, lately described
toyou, that arm some larvee are similarly circumstanced,
seems not as yet to have been ascertained; but as the
spinous ones of certain Tenthredines L. and Lepidoptera
at their last moult have no spines, the presumption is,
that, whether incased or not, they are mere appendages
of the skin on which they appear. A new set of hairs,
therefore, and probably of spines in spinous larvee, ac-
companying each skin, and these varying very much in
size, composition, &c. though a new membrane may be
admitted to be formed from an action in the rete mucosum
without a pre-existent germe of it, it seems not easy to
conceive how these hairs and spines can spring up and
grow there, each according to a certain law, without ex-
isting previously as a kind of corculum or punctum saliens ;
and that the germes of the tubercles, in which the hairs
are so generally planted, according to a certain arrange-
ment and in a given number, should also pre-exist, seems
most consonant toreason. Theseand the several skins may
all co-exist in their primordial germes, and remain be-
yond the discovery of our highest powers of assisted vi-
sion, till a certain period when they may first enter the
range of the microscope-aided eye. It does not therefore
follow, because these primordia semina rerum are not
discoverable, that therefore they may not exist. Our
faculties and organs are too limited and of too little power
to enable us to see the essences of being.

Upon the supposition that the hypothesis of Swam-

4 N. Dict. d’ Hist. Nat. vi. 290,
VOL, I1I. (o]
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merdam is the true one, we may imagine that the enve-
lope that lies within all the rest is that which covers the
insect in its pupa state. Above this are placed several
others, which successively become external integuments.
These changes or casting of the skin in larvee, analogous,
as before observed, to that of serpents, are familiar to
every breeder of silk-worms, in which four such changes
occur: the first at the end of about fwelve days from its
birth, and the three next each at the end of %a«/f that time
from the moulting which preceded it. - With some ex-
ceptions ?, similar changes of the skin take piace in all
larvee, not however in the same number and at the same
periods. Most indeed undergo this operation only three
or four times; but there are some that moult oftener,
from five up to eight (Arctia villica), nine (Callimorpha
Dominula), or even ten times; for so often, M. Cuvier
informs us, the caterpillar of the tiger-moth (Callimorpha
Caja) casts its exuvize, It has been observed that the
caterpillars of the day-flying Lepidoptera (Papilio L.)
usually change only kree times, while those of the night-
flying ones (Phalena L.) change four®. The periods
that intervene between each change depend upon the
length of the insect’s existence in the larva state. In
those which live only a few weeks or months, they are
from eight to twenty days; while in those that live more
than a year, as the cockchafer, &c. they are probably
proportionably longer: though we know very little with

a Those Diptera whose metamorphosis is coarctate (Vol. I. p. 67),
bees, the female Cocci, &c. do not cast their skin in the larva state.
Reaum. iv. 364. N. Dict. d’ Hist. Nat. xx. 365.

b N. Dict. d’Hist. Nat. vi. 289. xx. 372. Cuvier Anat. Comp. ii.
548. M. Cuvier (1bid. 547.) asserts, that most:Papiliones and Bom-
byces moult seven times,
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regard to the moult of any insects besides the Lepido-
Dlera.

A day or two previously to each change of its skin,
the larva ceases eating altogether; it becomes languid
and feeble, its beautiful colours fade, and it seeks for a
retreat in which it can undergo this important and some-
times dangerous and even fatal operation in security.
Here, either fixing itself by its legs to the surface on
which it rests, or, as is the case with many caterpillars,
by its prolegs, to a slight web spun for this purpose, it
turns and twists its body in various directions, and alter-
nately swells and contracts its different segments. The
object of these motions and contortions seems to be, to
separate the exterior skin, now become dry and rigid,
from the new one just below it. = After continuing these
operations for some hours, resting at intervals without
motion, as if exhausted by their violence, the critical mo-
ment atrrives: the skin splits in the back, in conse-
quence of the still more violent swelling of the second or
third segment : the opening thus made is speedily in-
creased by a succession of swellings and contractions of
the remaining segments: even the head itself often di-
vides into three triangular pieces, and the inclosed larva
by degrees withdraws itself wholly from its old skin.
All larvae, however, do not force their way through this
skin in precisely the same place. Thus, those of the haw-
thorn butterfly (Pieris Crategi), according to Bonnet ?,
make their way out by forcing off what may be called their
skull, or the horny part of their head, without splitting the
skin, which remains entirc; others have been observed
to.make their way out at the side and the belly. Reau-

a yer. 1. 71
[V 4
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mur noticed the larva of Rygana Filipendule, previously
to its last moult, actually biting off and detaching several
portions of its old skin; and before this, drops of a fluid
resembling water were seen to exude from it 2,

The skin when cast is often so entire, that it might be
mistaken for the larva itself; comprising not only the
covering of the main trunk with the hairs which clothed
it, but of the very skull, eyes, antenne, palpi, jaws, and
legs; which, if examined from within, are now found to
be hollow, and to have incased, like so many sheaths,
similar parts in the new skin. That the feet of the newly-
coated larva were actually sheathed, as fingers in a glove,
in the same parts of the exuviae, may be proved by a
very simple experiment: if a leg of one just ready to
cast its skin be cut off; the same limb will be found mu-
tilated when that change has ensued. The anal horns,
also, of the larvee of the hawk-moth (Sphinz L.) and other
similar protuberances, are incased in each other in like
manner ; but hairs are laid flat between the two skins,
and contribute considerably towards their more easy se-
paration. Thus, if you saved the skins cast by the larva
of Callimorpha Caja, for instance, you would appear to
have ten different specimens of caterpillars, furnished
with every external necessary part, and differing only in
size, and the colour perhaps of the hairs, and all repre-
senting the same individual.

But further changes than this take place. Swammer-
dam says, speaking of the moult of the grub of Oryctes
nasicornis, a beetle common -in Holland, but not satis-
factorily ascertained to inhabit Britain, ¢ Nothing in all
nature is in my opinion a more wonderful sight than the

1 Reaum. ii, 73.
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change of skin in these and other the like worms. This
matter, therefore, deserves the greatest consideration,
and is worthy to be called a specimen of nature’s mira-
cles; for it is not the external skin only that these worms
cast, like serpents, but the throat and a part of the sto-
mach, and even the inward surface of the great gut,
change their skin at the same time.” But this is not the
whole of these wonders; for at the same time some hun-
dreds of pulmonary pipes within the body of the worm
cast also each its delicate and tender skin. These seve-
ral skins are afterwards collected into eighteen thicker,
and, as it were, compounded ropes, nine on each side of
the body, which, when the skin is cast, slip gently and
by degrees from within the body through the eighteen
apertures or orifices of the pulmonary tubes before de-
scribed, having their tops or ends directed upwards
towards the head. Two other branches of the pulmo-
nary pipes that are smaller, and have no points of respi-
ration, cast a skin likewise.” . . . ¢ If any one separates
the cast little ropes or congeries of the pulmonary pipes
with a fine needle, he will very distinctly see the branches
and ramifications of these several pipes, and also their
annular composition *.”—Bonnet makes a similar obser-

vation with regard to caterpillars; but ke appears to have

observed it more particularly, at least the change of the
intestines, previously to the metamorphosis of the insect,
when he says with the excrements it casts the inner skin
of the stomach and viscera®. Both these great men ap-
pear ta have recorded the result of their own actual ob-
servations with regard to the proceedings of two very dif-

* Bibl. Nut. E. Trans.i. 135, col. 5. t.xxvil. f. 6.
b (Fuvrcs, viii. 303.
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ferent kinds of insects; the one the grub of a beetle, and
the other the caterpillars of Lepidoptera. The account of
the former is given quite in detail, as that of a person who
is describing what he has actually seen : yet by a later and
very able physiologist, Dr. Herold, it is affirmed that the
inner skin of the intestinal canal is never cast, that canal
constantly retaining its two skins. He further affirms, that
they are only the large trunks of the Trachez that cast
their skins, none being detached from their smaller rami-
fications 2. When men so eminent for their anatomical
skill ‘and nicety, and for their depth and acumen, dis-
agree, the question must be regarded as undecided till
further observations throw sufficient. weight into one scale
or. the éther.

The larva which has undergone this painful process is
at first extremely weak: all its parts are soft and tender;
even the corneous ones, as the head and the legs, are then
scarcely more than membranous, and are all bathed with
a fluid, which, before the moult, intervenes between the
two skins, and facilitates their separation®: and it is
only after some %owurs. or in some cases even days, du-

ring which it lies without motion, that this humidity eva-

porates, all its parts become consolidated, and it reco-
vers its strength sufficiently to betake itself to its wonted
food. Its colour, too, is usually at first much paler than
before, and its markings indistinct, until their tints have

3 Entwickelungsgeschickte, &c. 34, 88. Swammerdam on the con-
trary affirms, that “ on the hinder part of the cast skin where it is
twisted and complicated, whoever accurately examines the skin it-
self may still observe the coat that was cast by the intestinum rectum.
Ubi supr. 136. col. a.~

b N. Dict. &’ Hist, Nat. vi, 200.
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been enlivened by exposure to the air, when they become
more fresh, vivid, and beautiful to appearance than ever.
When a few meals have invigorated its languid powers,
the renovated animal makes up for its long abstinence
by eating with double voracity.

A similar preparatory fast, and succeeding state of
debility, accompany every change of the larva’s skin.
Each time except the last, the old skin is succeeded by
a new one, with few exceptions, similar to the one it has
discarded. Previously to the final change, which discloses
the pupa, it quits the plant or tree on which it had lived,
and appears to be quite unsettled, wandering about and
crossing the paths and roads, as if in quest of some new
dwelling. It now abstains from food for a longer time
than before a common moult, empties itself copiously,
and as I have just said, if Swammerdam and Bonnet are
to be depended upon, casts the skin that lines the sto-
mach and intestines, as well as that of the Trachez,

I have observed above, that all larvee, with few excep-
tions, change their skins in the manner that I have de-
scribed. These exceptions are. principally found in the
order Diptera, of which those of the Linnean genera
Musca, (Estrus, and probably all that, like the maggot
of the common flesh-fly, have membranous contractile
heads, never change their skin at all, not even prepara-
tory to their becoming pupze. The skin of the pupa,
though often differing greatly in shape from that of .the
larva, is the same which has covered this last from its
birth, only modified in figure by the internal changes that
have taken place, and to which its membranous texture
readily accommodates itself. The larvee of the Dipte-
rous genera 7ipula, Culer, and those which have corne-
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ous heads, like other larvae change their skins several
times previously to becoming pupee 2. The grubs, also,
of bees, wasps,.ants? and probably many other Hymeno-
ptera, do not change their skin till they assume the pupa,
nor the larva of the female Coccus .

If you feel disposed to investigate the reasons of that
law of the Creator which has ordained that the skins of
the higher animals shall be daily, and imperceptibly, and
as it were piece by piece renewed, while those of insects
are cast periodically and simultaneously,—the proximate
cause must be sought for in the nature of the two kinds
of skin, the one being more pliable and admitting a
greater degree of tension than the other, and being so
constructed as to scale off more readily. 1If, ascending
higher, you wish to know why the skins of insects are so
differently circumstanced from our own, the most appa-
rent reason is, to accommodate the skin to the very rapid
growth of these animals, which a gradual and slower
change would have impeded too much, or the skin have
suffered. constant dilapidation and injury ; therefore their
Beneficent Creator has furnished them with one which
will stretch to a certain point, and during a certain period,
and then yield to the efforts of the inclosed animal, and
be thrown aside as a garment that no longer fits the
wearer,

viii. And this leads me to a subject to which I am de-

* Reaum. iv. 604.

b Tbid. 364. N. Dict. d’ Hist. Nat. xx. 365. Huber Fouwrmis 78.
M. Huber does not say expressly that the grubs of ants o not change
their skin ; but his account seems to imply that they change it only
previously to their metamorphosis.
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sirous now to bespeak your attention,—the Groweh, 1
mean, and size of Insects in this state. As to size, larvee
differ as much as insects in their perfect state : these last,
however, never grow after their exclusion from the pupa,
while larvee increase in bulk in a proportion, and often with
a rapidity, almost without a parallel in the other tribes of
animals. ‘Thus Lyonnet found, that the caterpillar of
the great goat-moth (Cossus ligniperda T.) after having
attained its full growth is at least 72,000 times heavier
than when it was first excluded from the egg?; and of
course had increased in size in the same proportion.
Connected with the size of larvae, is the mode in which
their accretion takes place. This, with respect to the
more solid parts, as the head, legs, &c., isnot, as in other
animals, by gradual and imperceptible degrees, but sud-
denly and at stated intervals. Between the assumption
of a new skin and the deposition of an old one, no in-
crease of size takes place in these parts, while the rest of
the body grows and extends itself, till, becoming too big
for these solid parts, nature restores the equilibrium be-
tween them by a fresh moult®, in which the augmenta-
tion of bulk, especially in these parts, is so great, that we
can scarcely credit the possibility of its being cased in so
small an envelope. Malpighi declares, that the head of
a silk-worm that has recently cast its skin is féur times
‘larger than before the changec. It is very probable,
also, that when the outer skin becomes rigid, it confines
the body of the larva within a smaller compass than it
would expand to if unconfined, so that, when this com-
pression is removed, the soft and elastic new integu-

4 Lyonnet 11. ¥ N. Dict, d’ Hist. Nat. vi. 290.
¢ De Bombycibus, 68,
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ment immediately swells out, and the animal appears all
at once much larger than it was before the moult. In
fact, the proximate cause of the rupture and rejection of
the old skin is the expansion of the included body, which
at length becomes so distended as to split its envelope,
aided, indeed, as before described, by the contortions of
the creature itself.

The larvee most notorious for the rapidity of their
growth are those of Musca carnaria and other flesh-flies:
some of which Redi found to become from 140 to more
than 200 times heavier in twenty-four hours 2: an increase
of weight and size in so short a time truly prodigious,
but essential for the end of their creation—the rapid re-
moval of dead and putrescent animal matter. As the
skins of these larvee are never changed, we may conclude,
if the cause of the change of skin in other larve above
surmised be accurate, that their skins are more contrac-
tile and capable of a greater degree of tension than those
of larva that are subject to moulting. And two peculi-
arities observable in them confirm this idea: in the first
place, their head is not hard and corneous, as that of
the others, but capable of being shortened or lengthened ;
and in the next, their breathing-pores are not in the sides,
but at the extremities of the body, while in the moulting
larvae there are two in almost every segment, which must
form so many callous points that impede the stretching
of the skin to the utmost. The hairs, spines, and tuber-
cles, that are so-often found on caterpillars, must also
form so many points of resistance that prevent that full
extension of the integument which it might otherwise
admit,

4 Opusc. i, 27.
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There is not always that proportion between the size
of larvae and of the insects that proceed from them that
might have been supposed, some small larvee often pro-
ducing perfect insects larger than some of those proceed-
ing from such as are of greater size.

ix. As insects often live longest in the state we are
treating of, I shall say something next upon the age of
larvze, or the period intervening between their exclusion
from the egg and their becoming pupz. This is exceed-
ingly various, but in every case nicely adapted to their
several functions and modes of life. The grubs of the
flesh-fly have attained their full growth, and are ready to

become pupse, in six or seven days ; the caterpillar of Ar-
gynnis Paphia, a butterfly, in fourteen days; thelarvae of
bees in zwenty days; while those of the great goat-moth
(Cossus ligniperda) and of the cockchafer (Melolontha vul-
garis) live three years, or at least survive three winters, be-
fore the same change. That of another lamellicorn beetle

(Oryctes nasicornis F.) is said to be extended to_four or
Jive; that of the wire-worm (Elater segetum) to jive.
That of the stag-beetle (Lucanus Cervus) is affirmed by
Rosel to be extended to siz years; but the most remark-
able instance of insect longevity is recorded by Mr. Mar-
sham in the Linnean T'ransactions *. A specimen of Bu-
prestis splendida, a beautiful beetle never before found in
this country, made its way out of a deal desk in an office
in London in the beginning of the year 1810, which had
been fixed there in the year 1788 or 1789; so that ac-
cording to every appearance it had existed in this desk

1 Linn. Trans, x. 539,
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more than twenty years. Ample allowance being made
for its life as a pupa, we may conclude that it had existed
as a larvaut least half the above period. The grubs of
the species of the genus Cynips L. attain their full size
in a short time; but they afterwards remain five or six
months in the gall before they become pupze 2.

With few exceptions it may be laid down, that those
larvee which live on dead animals, in fungi, in dung, and
in similar substances, are of the shortest duration in this
state; and that those which live under the earth, on the
roots of grass, &c. and in wood, the longest: the former
becoming pupe in a few days or weeks, the latter requir-
ing several months, or even years, to bring them to ma-
turity. The larvee which live on the leaves of plants
seem to attain a middle term between the one and the
other,—seldom shorter than a few weeks, and rarely
longer than seven or eight months. Aquatic larvee ap-
pear to be subject to no general rule: some, as the larvae
of Gnats, becoming pupe in two or three weeks; and
others, as those of the Ephemerce, which are thus com-
pensated for their short life as flies, in as many years®.
The cause of all these differences is obviously dependent
on the nature of the food, and the purposes in the eco- .
nomy of creation to which the larvae are destined.

X. The last part of the history of larve relates to their
Preparations jfor assuming the pupa state. When they
have acquired their full size, after having ceased to take

2 N. Dict. d’ Hist. Nat. vii. 129.

® As the larvae of Ephemerae usnally live in the submerged part of
the banks of rivers, perhaps they may be regarded as following the
ccononiy of subterranean lerrestrial larve.
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food, by a copious evacuation they empty the intestinal
canal, even rejecting the membrane that lines it and the
stomach 2; their colours either change totally, or fade;
and they make themselves ready for entering upon a
new stage of their existence.- £ome merely rest in a
state of inactivity in the midst of the substances in which
they feed, as if conscious of their inability to select any
safer abode. Of this description are most Coleopterous,
Hymenopterous, and Dipterous larve, that feed under
ground, or in the interior of trees, fruits, and seeds.
But a still larger tribe, those which feed on leaves, ani-
mals, &c. act as if more sensible of the insecurity of this
to them important epoch. They are about to exchange
their state of vigour and activity for a long period of death-
like sleep. The vigilant caution which was wont to guard
them from the attack of their enemies will be hencefor-
ward of no avail. Destitute of all the means of active
defence, their only chance of safety during their often

protracted night of torpor must arise from the privacy of
their place of repose. About this, therefore, they exhibit
the greatest anxiety. Many, after wandering about as if

2 A caterpillar nearly answering to the description of that of
Bombyr camelina, which I found upon the hazel, after a few days
produced sixteen grubs of some Ickneunon. At first these grubs were
green, but they became gradually paler ; and after a day or two be-
came pupz. ButI mention this circumstance here for another rea-
son: upon examining them after this last occurrence, I observed that
they adhered to the lid of the box in which I kept the larva, arranged
somewhat circularly; and at alittle distance from the anus of each
was a pea-green mass, consisting of about eight oval granules, which
appeared like so many minute eggs. These were the excrement eva-
cuated by each grub previously to its becoming a pupa. The appear-
ance of this little group. with their verdant appendage, formed a cu-
rious spectacle: they are still pupz, July 30, 1822,
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bewildered, retire to any small hole on the surface of the
earth, covering themselves with dead lepves, moss, or the
like, or to the chinks of trees, or niches in walls and other
buildings, or similar hiding-places. Many penetrate to
the depth of several inches under ground, and there form
an appropriate cavern by pushing away the surrounding
earth; to which they often give consistence by wetting it
with a viscid fluid poured from the mouth. The larvee
of other insects undertake long and arduous journeys in
search of appropriate places of shelter. Those of flesh-
flies, now satiated with the mass of putridity in which
they have wallowed, leave it, and conceal themselves in
any adjoining heap of dust. The grubs of the gad-fly
(Estrus) creep some of them out of the backs of cattle,
in tumours of which they have resided, and suffer them-
selves to fall to the earth; while others, which have fed
in the stomach of horses, quit their hold, and by a still
more extraordinary and perilous route are carried through
the intestines the whole length of their numerous circum-
volutions, and are discharged at the anus. And without
enumerating other instances, various aquatic larvee, as
that of a common fly (Elophilus pendulus), &c. leave the
water, now no longer their proper element, and betake
themselves to the shore, there to undergo their metamor-
phosis.

Most of these, having reached their selected retreat,
require no other precaution; but another large tribe of
larvze have recourse to further manceuvres for their de-
fence before they assume the pupa. Those of the aphi-
divorous flies (Syrphus F. &c.), of the various lady-birds
(Coccinella 1..), and tortoise-beetles (Cassida L.), &ec.. fix
themselves by the anus with a gummy substance to the
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leaves or twigs under which they propose to conceal them-
selves during their existence in that state. Others previ-
ously suspend themselves by a silken thread fixed to the
tail, or passing round the body; by which also, when become
pupze, they are afterwards pendent in a similar position;
and lastly, a very great number of larvee wholly inclose
themselves in cases or cocoons, composed of silk and va-
rious other materials, by which during their state of re-

pose they are protected both from their enemies and the
action of the atmosphere. As these two last-mentioned
processes are extremely curious and interesting, I shall
not fear tiring vou by entering into some further detail

respecting them: explaining /75t the mode by which lar-
vae suspend themselves, both before and after they are
become pupze, by silken threads; and next, the various
cases or cocoons in which others inclose themselves, and
their manner of operating in the formation of them.

1. The larvee which suspend themselves and their pu-
pee, with the exception of the tribe of Alucite, and some
Geometre of the family of G. pendularia, punctaria, &c.
are almost all butterflies®. No others follow this mode.
They may be divided into two great classes—those which
suspend themselves perpendicularly by the tail, and those
which suspend themselves horizontally by means of a

2 Except some species of Polysmmatus Latr. (Thecla, ArgynnisF.),
P. Argiolus, Corydon, &c., and Hesperia Rubi, Betule F., &c. Some
of the larvee of the former become pupze within the stalk of some
plant, or partly under the earth : those of the latter usually in aleaf
to which the abdomen is fastened by various threads. These last
are the rouleusesof the butterfly-tribe, living, like some moths, in
leaves that they have rolled up. M Dict. d’ Hist. Nat. xxiv, 499.
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thread oirthed round their middle. In both cases it
should be observed, that the suspension of the pupa is
the object in view; but as the process is the work of the
larva, this seems the proper place for explaining it. To
begin with the first case.

You are aware that all lepidopterous larvee have the
faculty of spinning silk threads from their mouths, and
it will readily occur to you that it is by means of these
threads that they suspend themselves. But how? How
is a caterpillar to hang itself by the tail to threads spun
from the mouth ? Even suppose this difliculty overcome,
others still greater remain. Suppose the caterpillar to
be suspended by its tail,—this is but a preparatory ope-
ration,—what is required is, that the pupa shall hang in
the same position : now when you take into consideration
that it is incased within the skin of the larva, and without
feet or other external organs; that it has to extricate it-
self from this skin; to hang itself in its place, and to de-
tach the skin from the threads which hold it—this will
appear no trifling task. Indeed at first view it seems
impossible. Country-fellows for a prize sometimes amuse
the assembled inhabitants of a village by running races
in sacks: take one of the most active and adroit of these,
bind him hand and foot, suspend him by the bottom of
his sack with his head downwards, to the branch of a
lofty tree; make an opening in one side of the sack, and
set him to extricate himself from it, to detach it from
its hold, and suspend himself by his feet in its place.
Though endowed with the suppleness of an Indian jug-
gler, and promised his sack full of gold for a reward, you
would set him an absolute impossibility : yet this is what
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our caterpillars, instructed by a beneficent Creator, easily
perform. Their manccuvres I shall now endeavour to
explain.

‘When the caterpillar has selected the under-side of
the leaf or other object to which it purposes suspending
itself, its first process is to spin upon it a little hillock of

-silk consisting of numerous loosely interwoven threads;
it then bends its body so as to insinuate the anal pair of
prolegs amongst these threads, in which, by a slight ex-
ertion, the little crochets which surround them * become
so strongly entangled as to support its weight with ease.
It now suffers the anterior part of the body to fall down,
and it hangs perpendicularly from its silken support with
its head downwards. In this position it remains often for
twenty-four hours, at intervals alternately contracting and
dilating itself. At length the skin is seen to split on the
back near the head, and a portion of the pupa appears,
which by repeated swellings acts like a wedge, and ra-
pidly extends the slit towards the tail. By the continu-
ance of these alternate contractions and dilatations of the
conical pupa, the skin of the caterpillar is at last collected
in folds near the tail, like a stocking which we roll upon
the ancle before withdrawing it from the foot. But now
comes the important operation. The pupa, being much
shorter than the caterpillar, is as yet at some distance
from the silken hillock on which it is to be fastened; it
is supported merely by the unsplit terminal portion of
the lattér’s skin. How shall it disengage itself from this
remnant of its case, and be suspended in the air while it
climbs up to take its place? Without arms or legs to

b Prare XXIIL Fig, 1. a.
VOL,. I11. P
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support itself, the anxious spectator expects to see it fall
to the earth. His fears, however, are vain; the supple
segments of the pupa’s abdomen serve in the place of
arms. Between two of these, as with a pair of pincers, it
seizes on a portion of the skin; and bending its body once
more, entirely extricates its tail from it. It is now wholly
out of the skin, against one side of which it is supported,
but yet at some distance from the leaf. The next step it
must take is to climb up to the required height. For this
purpose it repeats the same ingenious manceuvre, making
its cast-off skin serve as a sort of ladder, it successively
with different segments seizes a higher and a higher
portion, until in the end it reaches the summit, where
with its tail it feels for the silken threads that are to sup-
port it. But how can the tail be fastened to them? you
ask. This difficulty has been provided against by Crea-
tive Wisdom. The tail of the pupa is furnished with nu-
merous little hooks pointing in different directions?, as
well adapted to the end in view as the crochets of the
larva’s prolegs, and some of these hooks are sure to fast-
en themselves upon the silk the moment the tail is thrust
amongst it. Our pupa has now nearly completed its la-
bours; it has withdrawn its tail from the slough, climbed
up it, and suspended itself to the silken hillock—manceu-
vres so delicate and perilous, that we cannot but admire
that an insect which executes them but once in its life,
should execute them so well: nor could it, as Reaumur
has well and piously observed, had it not been instructed
by a GREAT MASTER. One more exertion remains: it
seems to have as great an antipathy to its cast-off skin,

¢ Prare XXIII. Fre. 8. a.
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as one of us should, when newly clothed after a long im-
prisonment, to the filthy prison garments we had put off,
It will not suffer this memento of its former state to re-
main near it, and is no sooner suspended in security than
it endeavours to make it fall. For this end—it seizes,
as it were with its tail, the threads to which the skin is
fastened, and then very rapidly whirls itself round, often-
not fewer than twenty times. By this manceuvre it ge-
nerally succeeds in breaking them, and the skin falls
down. Sometimes, however, the first attempt fails: in
that case, after a moment’s rest, it makes a second, twirl-
ing itself in an opposite direction; and this is rarely un-
successful. Yet now and then it is forced to repeat its
whirling, not less than four or five times: and Reaumur
has seen instances where the feet of the skin were so firmly
hooked, that after many fruitless efforts the pupa, as if
in despair, gave up the task and suffered it to remain *.
After these exertions, it hangs the remainder of its exist-
ence in this state until the butterfly is disclosed.

We are now to consider the second mode of suspen-
sion, in which larvae by means of a silken girth round
their middle, fix themselves korzzontally under leaves, &c.
THese follow the same process with that of those last de-
scribed, in spinning a small hillock of silk to which they
fasten their hind legs ; and if the operation concerned the
larva state alone, this would be sufficient, as by means of
this support, and of their prolegs, they could easily re-
tain themselves in a horizontal position. But these lar-

’

2 Bonnet is of opinion that this twirling process i not with any
view to get rid of the exuvie, but is caused only by the irritation oc-
casioned by the spines of the skin of the caterpillar when they touch
that of the pupa. @uv. ii. 109.

r 2
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vee act as if they foresaw the assumption of a state in
which they will be deprived of legs. 1t is the suspension
of the forthcoming pupa that is the object in view; and
though this can be hung by the tail in the same way with
those of the first class, yet it 1s plain that it cannot be re-
tained in a horizontal position, which for some unknown
reason is essential to it, without some support to its an-
terior extremity. It is necessary for the larva, therefore,
not only to fix its posterior legs amongst a collection of
silken fibres, but to spin a girtZ of the same material
round its body. This girth, though apparently of a sin-
gle thread, will be found on examination to be composed
of several, often as many as fifty or sixty ; and is fastened
on each side of the body of the larva about the middle,
to the surface under which it is placed. Three different
modes of fixing these girths are adopted by the caterpil-
lars of different butterflies. Some, as those of the com-
mon cabbage-butterfly (Péeris Brassice), which have re-
markably pliable bodies, bend them almost double on
one side, then fix the thread and carry it over to the
other in the same position, repeating this operation as
often as is necessary. Others, as that of Lycena Argus
and many more of the Papiliones Rurales and Urbico-
le L., which have a short and more rigid body, after
having bent the head on one side so as to fix one end of
the thread, bring themselves into a straight position, and,
by a manceuvre not easily described, contrive to intro-
duce the head under the thread, which they then bend
themselves to fasten on the other side, pushing it to its
proper situation by the successive tension and contrac-
tion of their segments. But the most curious mode,
though indeed that which seems most natural, is adopted




STATES OF INSECTS. 218

by the caterpillar of the beautiful swallow-tail butterfly
(Papilio Machaon) and others of the same family. This
first forms the loop which is to serve for its girth, and
then creeps under it. But the difficulty it has to surmount
is, to keep itself from being entangled in the fifty or sixty
fine distinct threads of which the girth is composed, and
to preserve them all extended so as to be able to intro-
duce its body beneath them. TIor this purpose it makes
use of the two first pair of its fore-legs, employing them
as a woman does her hands in winding a skein of cotton,
to collect and keep all the threads of its card unentangled
and properly stretched; and it is often with great diffi-
culty, towards the end of the process, that it prevents
them from slipping off. When a sufficient number of
threads is completed, the animal bends its head between
its legs, and insinuates it under the collected loop, which
by its annular contraction it easily pushes to the middle
of the body.

In about thirty hours after the larvae which girth them-
selves have finished their operations, the skin splits, and
the pupa disengages itself from it by those contractions
and dilatations of its segments which have been. before
described, pushing the exuvize in-folds to the tail, by dif-
ferent motions of which it generally succeeds in detach-
ing them. One would have thought there would be con-
siderable difficulty in slipping the skin past the girth;
but this, according to Reaumur, seems to be easily ef-
fected 2.

If you are desirous of witnessing for yourself the manceu-
vres by which these curious modes of suspension are

2 For the above account see Reaum. 1, Aen. x. xi.
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effected, you may be readily gratified. It is only neces-
sary to collect and feed until their metamorphosis the
black spinous caterpillars of the common peacock-but-
terfly (Panessa Io), which in most places may be found
upon nettles, or those of the Pieris Brassice, which swarm
in cabbages or brocoli in every garden. The former will
exhibit to you a specimen of wertical, the latter of Aori-
sontal suspension. It should be observed, however, that
to hit the precise moment when these processes are go-
ing on, it is necessary to feed a considerable number of
the larvee of each kind; some one of which, if you watch
them narrowly when they have attained their full growth,
you will scarcely fail to surprise in the act.

I must observe here, that although the vertical and
horizontal are the two principal positions in which cater-
pillars suspend themselves, yet that others are inclined at
various angles; and some are attached with less art, ap-
pearing only to be fastened by some part of their abdo-
men to the body upon which they are fixed .

2. The larvee whose procedures I am in the next place
to describe, are those which, previously to assuming the
pupa state, inclose themselves in cases or cocoons of diffe-
rent materials. Tor the sake of method, I shall divide
these into two great classes: First, those which form their
cocoons entirely or principally of silk; and secondly,
those which form them chiefly of otker substances.

To begin with the first. The larvee which inclose
themselves in silken cocoons are chiefly of the Lepido-
pterous tribes of Bombycide and Noctuide; but a few

* N. Dict. d’Hist. Nat. vi. 291—.
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Geometre (G. papilioniaria, lactearia, &c.); most of the
Hymenoptera; some Coleoptera, as certain of the weevil
tribe (Hypera Arator, Rumicis Germ.), and those bril-
liant beetles frequenting aquatic plants constituting the
genus Donacia F.; the Neuropterous genera Hemerobius
and Myrmeleon ; Mycetophila and a few others in the
Diptera ; and Pulex in the Apkaniptera fabricate cover-
ings of the same material. In all, with the exception of
Myrmeleon and Hemerobius (and perhaps Hypera Rumi-
cis, &c.?) which have their spinning apparatus at the
extremity of the abdomen, the silken thread employed in
forming these coverings proceeds from the middle part of
the under-lip, as before explained; and is in fact com-
posed of two threads gummed together as they issue from
the two adjoining orifices of the spinner.

Of the larvee which inclose themselves in s:Zk, the most
familiarly known is the silk-worm: the cocoon of this
consists exteriorly of a thin, transparent, gauze-like coat-
ing, through the interstices of which can be seen an in-
ner, smaller, oval ball of a more close and compact tex-
ture. The whole is in fact composed of one single
thread, but arranged in two distinct modes. To form
the exterior envelope, which is merely the scaffolding by
means of which the inner and more solid covering is con-
structed, the caterpillar, after fixing upon a space between
two leaves or twigs or angles suitable for its purpose,
begins by glueing one end of its thread to one of the ad-
joining surfaces. This thread it next conducts to another
part and then fastens, repeating this process and inter-
lacing it in various directions, until it has surrounded it~
self with a slight and loosely spun netting. In the cen-
tre of this, when contracted into a space sufficiently small,




216 STATES OF INSECTS.

it lays the foundation of the interior cocoon. Fixing it~
self by its prolegs to some of the surrounding threads,
it bends its body, and by successive motions of its head
from side to side spins a layer of silk on the side oppo-
site toit: when this is of the requisite thickness, the larva
shifts its position, and repeats the same process in another
quarter, covering each layer in turn with a new one
until the interior cavity is reduced to the size desired.
Thus, the silken thread which forms this new cocoon is
not, as might have been supposed, wound circularly as
we wind the thread of a ball of cotton; but backwards and
forwards in a series of zigzags, so as to compose a num-
ber of distinct layers. Malpighi could distinguish sjx of
these layers?, and Reaumur suspects there is often a
greater number . The former found the length of the
thread of silk composing. them when wound off; without
including the exterior case, to be not less than 930 feet<;
but others have computed it at more than a thousand 4:
consequently the threads of five cocoons united would be
a mile in length. Istimating by the weight,—the thread
of a pound of cocoons, each of which weighs about two
grains and a half, would extend more than 600 miles ¢,
and such is its tenuity, that the threads of five or six co-
coons require to be joined to form one of the thickness
requisite in the silk manufacture. It is the continuous
thread of the inner cocoon which is most valuable; the
outer loose coating from its irregularity cannot be

4 De Bombyc. 24. b 3. 498.

¢ De Bombye. 43. 4 N, Dict. & Hist. Nal. vi. 294.

¢ Lesser. L. ii. 150, note 22. Boyle says an English lady found that
thesilk of a single cocoon would extend 300 English leagues or 900
miles. But this must be a mistake.
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wound off; and is known in commerce by the name of foss
silk.

Manceuvres in their general principle similar to those
of the silk-worm are followed by most of those larvee
which inclose themselves in silken cocoons. Many spe-
cies, however, adopt variations in the mode of procedure
all of which it would be tedious to particularize, but some
of them are worth mentioning. The larve: of Zoririz
prasinana, and other species of moths which form co-
coons resembling a reversed boat, arrange their threads

in layers, so as to construct two parallel walls gradually
inclining towards the top and ends, where they finally

force them to approach each other by means of an appa-
ratus of silken cables 2. And the larva of Saturnia Pavo-
nia, though it forms the base of its flask-shaped cocoon by
spinning like the silk-worm a number of interwoven zig-
zags, places the threads which compose the interior fun-
nel-like opening of the apex nearly straight, parallel to
each other, and converging towards the same point in
the centre .

These last, as well as almost all larvae, constantly re-
main in the inside of the cocoon during its construction.
But De Geer has given us the history of a minute cater-
pillar of a species of moth ( T%nea L.) which feeds on the
under side of the leaves of the Rhamnus Frangula, ox
Black Alder, that actually weaves half of its cocoon on the
outside. This cocoon, which is very small, is beautifully
fluted, consisting of several longitudinal cords, with the
intervals filled by fine net-work, and shaped #ke a re-
versed boat ¢©. 'The animal begins by laying the founda-

a Reaum. i. 555—. ® Prare XVII. Fie. 5. 5,
¢ De Geer 1. £, xxxil. £. 3—6.
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tions of one of the ends of her cocoon, she adds new
threads to this small beginning, and so proceeds. As
the work advances she retreats backwards, and her body
is situated nearly in the same line with the cocoon she
has begun, and quite out of it; she only touches with her
head and legs its anterior margin. "When half the co-
coon, or rather of its exterior layer, is finished, she sus-
pends her operations for some moments. She then for
the first time introduces her head znfo this demi-cocoon,
and turns herself in it by doubling her supple body, and
passing one part over the other, so that at last she ma-
nages to bring her tail into the pointed end of the cocoon,
the head and the anterior half of her body remaining
without. Thus situated, she commences her operations
afresh. At a distance from the margin of the demi-co-
“coon, equal to its length, she begins to spin the pointed
end of the other moiety, the length of her body serving
her as a measure that enables her to begin at the proper
distance from it. This new portion she spins in the same
manner as the other’; but as she is prevented by the demi-
cocoon in which the posterior part of her body is lodged
from retreating backwards, she contracts her body more,
which answers the same purpose. "When the new work
is so advanced that she can no longer contract her body,-
she bends the anterior part of it considerably, and re-
verses her head. 'When the distance between the mar-

gin of the two halves of the cocoon is very small, so as no
longer to admit the head between them, in order to unite
them she is obliged to have recourse to another manceu-
vre. Withdrawing her head, she extends silken longitu-
dinal threads between the two margins, and thus unites
them. This part is more clumsy, and not so regular as
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the rest of the cocoon, so that the point of union is always
discoverable. These caterpillars do not always divide
the cocoon into two egual portions, for often they will
finish three quarters of the cocoon before they enter it,
and begin at the other end .

The general rule is,—that each larva spins for itself a
separate cocoon ; but amongst those of Arctia chrysorhea
and others which live in society, two or three sometimes
begin their operations so close together that they are
under the necessity of forming one common cocoon, which
serves for a covering to the whole number. The same
thing happens to silk-worms, the double or treble cocoons
of which are called Dupions by the breeders. The larvae
of some Ichneumons, besides forming each its separate
cocoon, spin a joint cottony covering for the whole?®,
which is effected thus:—After they leave the caterpillar
they have devoured, they fix themselves side by side ata
little distance from it, and begin to spin each a cocoon;
.and in order to defend its end and side that is not covered
by others, they spin further an envelope of loose silk,
and thus this exterior covering is formed.

The size, figure, colour, substance, and texture of
silken cocoons are extremely various. Their size indeed
is usually proportioned to that of the included larva or
pupa; yet it is by no means always so. Some large ca~
terpillars spin cocoons so small, that the observer can
hardly conceive how they can be contained in so narrow
a compass: Eriogaster Catax is a moth of this descrip-
tion¢. And others smaller in size lodge themselves in

2 De Geer i. 463—.
® Reaum. ii. Mem. xi. Comp. De Geer ii. 162. Reaum. ii. 424.
¢ B. Catar—Pupa arcte folliculata. Fab.
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apartments apparently much more spacious than neces-
sary. The transparent hammock-like cocoons of Hepi-
alus Humuli and Arctia villica, two other moths, would
contain several of their pupze. I possess one in which
the pupa is suspended:in the centre, that is ten times its
size, and not very short in dimensions of that of A¢tacus
Paplhia, a giant silk-moth. The largest cocoon I ever
read or heard of, is that thus described by Mr. Hobhouse
in his Travels: ¢ Depending,” says he, ¢from the boughs
of the pines, near the Attic mountain Parnes, and stretch-
ing across from tree to tree so as to obstruct our passage,
were the pods, thrice as big as a turkey's egg! and the
thick webs of a chrysalis, whose moth must be far larger
than any of those in our country.”? If this statement
is. correct, and I am not aware that there is any reason
for doubting it, the cocoon must be vastly larger than the
pupa, or the moth it produced would far exceed in size
any yet known. Perhaps, however, as this gentleman is
probably no entomologist, what he took for a cocoon
might be a nidus, in which many larva were associated,
of the nature of those formerly described ®.

‘With regard to figure, the majority are like those of
the silk-worm, of a shape more or less oval or elliptic:
some, however, vary from this. That of Lasiocampa
Rubi is oblong. 1 have one from New Holland some-
what resembling an acorn, fixed to the twigs of some tree
or shrub, of a very close silk, and covered by a circular
operculum, which the animal pushes off when it assumes
the imago; this is ovate or conico-ovate; others again are
globose ¢; others are conical ¥, as that of Gastropacka

2 Travels in Greece, 285. b See above, Vor. I. p. 476—.
¢ Merian Surinam, t. xv. 4 Reaum. ii. £. xxiil. . 5.




STATES OF INSLECTS. 221

quercifolia ; others almost fusiform? (Odenesis potatoria). ‘
Reaumur received one from Arabia which was nearly
cylindrical ®. Those of 7. prasinana before noticed, and
many other Tortrices, are shaped like a reversed boat ¢;
that of Saturnia Pavonia and others of the same tribe,
like a Florence flask with a wide and short neck. . The
cocoon of Lygsena Filipendulee resembles a grain of bar-
ley. Another cocoon in my cabinet, of very slight net-
work, is shaped something like an air-balloon. But the
most remarkable one for its form and characters, is one
that I received from the rich cabinet above quoted. This,
which is of an unusually close texture, is suspended by
a thread more than two inches long from the point of a
leaf; it then swells into a perfect cone, at the base about
four-fifths of an inch in diameter and half an inch in
length, and covered with scattered setiform appendages:
from the centre of the base projects a large hemispherical
protuberance, which terminates in a long stalk, much
thicker than the thread that suspends the cocoon. There
is commonly no difference between the shape of cocoons
spun by larvee which are to give birth to different sexes of
the same species. The silk-worm cocoons, however,
which will produce male moths, have more silk- at the
ends, and consequently are more round than those which
are to produce females: but the difference is not strik-
ing.

The most usual colour of silken cocoons is white, yel-
low, or brown, or the intermediate shades. The whites
are very pure in the general envelope of some species
of Ichneumonide, and yellows often very brilliant. But

a Sepp. iv. ¢. viil. £ 5. b Reaum. i. £ xliv. £, 2.
¢ Prare XVII, Fre. 7.
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besides these more general colours, some cocoons are
black 2, some few blue or green, and othersred ®. Some-
times the same cocoon is of two difterent colours. Those
of certain parasites of the tribe of Ickneumones minuti L.
the motions of one of which I noticed on a former occa-
sion ¢,.are alternately banded with black or brown and
white, or have only a pale or white belt in the middle,
which gives them a singular appearance. In both cases
the difference in colour depends upon the different tints
with which the silky gum is imbued in the reservoirs:
the first portion of it is white, and with this the larva
first sketches the outline of its cocoon, and then thickens
the layers of silk considerably in those parts where the
white bands appear: when these are finished, its stock
of white silk is exhausted, and the remainder of the inte-
rior of the cocoon is composed of brewn silk 4. The cir-~
cular operculum above mentioned as covering an acorn-
shaped cocoon, is paler than the latter, and also orna-
mented by a zone within the margin of deep brown.
The pale cocoon also of Attacus Paphia is veined with
silk of a deep red.

I have very little to say on the substance of the silk of
cocoons. Though that of the silk-worm is composed of
such a slender thread, that of many others is still finer,
scarcely yielding in tenuity to the spider’s web. On the
other hand, the silk of the cocoons of Saturnia Pavonia

and of several foreign species is as thick as a hair.
With regard to the texture of their cocoons—in some,
as in that of the silk-worm, the threads are so slightly

3 T have ablack one from Mr. Francillon’s cabinet.
b N. Dict, d’ Hist. Nat. vi. 294.
¢ See above, Vou. II. p. 298—. ¢ Reaum. ii, 438.
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glued to each other, as to separate with facility; but in
that of the emperor-moth just mentioned they are inti-
mately connected by a gummy matter, furnished, as
Reaumur conjectures, from the anus =. with which the
whole interior of the cocoon is often plastered. Some,
as that of the silk-worm, are composed of an exterior
loose envelope, and an inner compact ball; others have
no exterior covering, the whole cocoon being of an uni-
form and thick texture. The larva of Cossus Robinie
Peck, in spinning its cocoon, makes the end next the
opening to the air, by which the imago is to emerge, of a
slighter texture than the rest of it®. The exterior case
is sometimes, as in Laria pudibunda, very closely woven,

so as to resemble a real cocoon ®: its form is usually
adapted to that of the inner one; but in some which fix
them under flat surfaces (Laria fascelina, Callimorpha
Caja,) it resembles a hammock 4. Cocoons of a close
texture have generally no orifice in any part; but that of

Eriogaster lanestris is spun with openings, as if bored
from without, the use of which, however, does not seem
to have been ascertained®.

Many silken cocoons are of so close a fabric, as, when
finished, entirely to conceal the included insect; but a
very considerable number are of a more open texture,
composed of a much smaller quantity of silk, and that
woven so loosely, that the larva or pupa may always be
discovered through it. Of this description are the co-
coons of Hypogymna dispar, Arctia Salicis, &c., which
consist only of a few slight meshes. Those of some others

3 Reaum. i. 503. b Peck on Locusi-tree Insects, GO,
¢ Bonnet ii. 260. 4 Sepp.iv. 2.1l /. 4.
¢ Brahm. Ins. Kal. 289,
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resemble gauze or lace*. Of the first description is one
in my cabinet before alluded to, shaped somewhat like
an air-balloon; the meshes are large and perfectly square.
The pupa hangs in the centre, fixed by some few slight
threads which diverge from it to all parts of the cocoon—
so that it looks as if it was suspended in the air, like
Mahomet’s coffin, without support.” Of the second de-
scription is a black one with very fine and nearly circular
meshes: the threads that form these are thick, and seem
to be agglutinated. In our own country, the coccons of
some beetles, as of Hypera Arator, Galeruca Tanaceti,and
of some little T%nece, also resemble gauze. Many of the
larvee, however, which spin these cocoons, whose thin-
niess is probably attributable to the smallness of their
stock of silk, seem anxious for a more complete conceal-
ment ; and therefore commonly either hide them between
leaves tied together, in some with a certain regularity,
in others without art?; or thicken their texture, and
render it opaque, by the addition of grains of earth ¢,
or of other materials with which their bodies sup-~
ply them. These are principally of two kinds. The
larvee of Lasiocampa Neustria, Arctia Salicis, &c. after
spinning their cocoons, castfrom their anus three or four

masses of a soft and paste-like matter, which they apply
with their head all round the inside of the cavity; and
which, drying in a short time, becomes a powder that
effectually renders it opake. This is not, as might be
conjectured, an excrement, but a true secretion, evidently

3 Prare XVII Fic, 8.

b The thick cocoons of Attacus Paphia, Polyphemus, &c. are also
thus fastened between leaves.

¢ Merian Europ. i, f. ix.
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intended for this very purpose: and, according to Reau-
mur, a similar powder, but white, derived from the vari-
cose intestines, is used by the caterpillars of Gastropacha
quercifolia, &c.? The other material, which is still more
frequently employed, and which is occasionally mixed
with the former, is the 2azr which every one has observed
to cover so thickly the bodies of some caterpillars. This,
after spinning a sufficient envelope, they tear, or in some
instances cut off with their mandibles, and distribute all
round them, pushing it with their head amongst the in-
terstices of the silk, so as to make the whole of a regular
thick texture. After this process, which leaves the body
completely denuded, and often seems to give them great
pain, they conclude by spinning another tissue of slight
silk, in order to protect the forthcoming pupa from the
surrounding prickly points. Itshould be observed, how-
ever, that though many hairy larvee, as those of Noctua
Aceris, Arctia Caja, and others, employ their hairs in the
composition of their cocoons, the rule is not general,
several never making any such use of them. Nor do all
that do so employ them distribute them in the same man-
ner as those above described, which rarely attempt to
arrange them in any regular position. Reaumur has no-
ticed a small hairy caterpillar that feeds on lichens, which
is more methodical: this actually places its hairs upright,
side by side, as regularly as the pales in a palisade, in
an oval ring around its body, connecting them by a slight
tissue of silk, which forces them to bend into a sort of
roof at the top; and under this curiously-formed cocoon
assumes its state of pupa®. Some larvee make so much

1 Reaum, ii. 284. b Ihid, i. 524,

VOL. III.
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hair and so little silk enter into the composition of their
cocoons, that on the first inspection they would be pro-

nounced wholly composed of it 2 ; others, thickening the
&

interior of their cocoon with hair, line the whole with a
viscid matter like varnish °.

The larvee of some saw-flies (Zenthredo L.) are re-
markable for inclosing themselves in a double cocoon, in
which the inner is not, as in the silk-worm &c., connected
with the outer, but perfectly distinct from it. Some spe-
cies, as 7. Rose (Cryptus Jur.), which have but a small
stock of silk, compose the outer cocoon of thick silken
cords crossing at right angles, and forming an oval net;
which at the same time that it protects them effectually
from the ants, which are always ready to attack them, de-
mands much less silk than a covering of a closer texture,
But the tender nymph itself requires to be inclosed in a
case of a softer and more delicate substance ; and accord-
ingly the inner cocoon is composed of fine silk, woven
so closely that the threads are scarcely perceptible under
a microscope . Reaumur mentions a hymenopterous
larva belonging to Latreille’s Fossores (Sphex L.) which
thickened its cocoon with the legs, wings, and other relics
of the flies which it had devoured ?: trophies—like the
drinking- cups of some savages, made of the skulls of their
enemies, or the skull -pyramid near Ispahan—of its
powers of devastation.

It is a general rule, that those larvee which spin co-
coons, never in ordinary circumstances become pupa:
without having thus inclosed themselves. An exception,
however, is met with in the larva of a species of ant no-

2 Bonnet ii. 297. b Ibid. ix. 181.
¢ Reaum. v. 102, d Ibid. iv. 269,
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ticed-by De Geer (Formica fusca L.), some of the indi-
viduals of which inclose themselves in cocoons; while
others neglect this precaution, and undergo their meta-
morphosis uncovered®. Rosel also made nearly the
same observation on the larva of the flea®.

I must say something with regard to the situation,
often very remote from their place of feeding, in which

larvae fabricate their cocoons. A very considerable num-
ber, probably the majority, form them either partially
(drctia lubricipeda) or wholly under ground; others
beneath dead leaves, moss, or in the chinks of the trees;
others within the wood in substances on which they
have fed; the larva of Cossus leaves in these a communi-
cation with the open air by which the imago emerges;
and a large number attach them to the leaves and
branches of trees and plants ; the cocoon of Donacia fas-
ciata(?) is fastened by one side to the roots or surculi of
Lypha latifolia. There is usually nothing very remark-
able in the mode of fixing them, the exterior threads
being merely gummed irregularly to different portions of
the objects which support them. But some effect this with
greater art. I have one from New Holland, very long,
which is suspended from a twig by a long riband, as it
were, which entirely girths the twig. The larva of the
magnificent silk-moth, Attacus Paphia, actually forms a
solid silken stalk to its cocoon, aninch and half in length

2 De Geeril, 1084. Comp. Ray Hist. Ins. Preef. xi. It is the opi-
nion of M. P. Huber, that in this case the naked pupz are deprived
of their cocoons by the neuters: he states, indeed, that he has often
seen them pulled off by them, and also by those of F. cunicularia ;
and he seems to think that these larvee are never developed. Meaurs
des Fourmis, 84. note 1.

b 1. viii. 16.

Q2
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and a line in diameter, tastened by the other extremity
to a twig, which it closely surrounds as if with a ring,
at first sight resembling a fruit of a very singular ap-
pearance?. I have specimens of this cocoon with both
stalk and ring. A bell-shaped cocoon fastened by a foot-
stalk, but of softer consistence, to a blade of grass, found
by Mr. Sheppard, I can also show you; and my friend
Mr. Wilkin had a similar one out of the late Mr. Hud-
son’s collection. Most larvee spin their cocoons in soli-
tude: some of those, however, which live in society do it
close together under their common tent.

There are other cocoons that should be noticed here,
such as those formed by the larva of Rygena Filipendulce,
and some Bombyces, saw-flies (Tenthredo L.), and bee-
tles (Curculio, Donacia F.), &c. These are formed of
a substance which seems more analogous to gum than
silk, yet furnished from the silk reservoirs, and usually
present the appearance externally of parchment or mem-
brane. That of the insect first mentioned is coated,

however, with a slight interior silken lining; as indeed
are almost all cocoons, of whatever substance.

The second class, into which I have divided larva that
inclose themselves in cocoons, includes those which form
their coverings not solely or principally of silk, but in
which other materials are mixed more or less. The co-
coons of some of these larvee are merely composed of a
few leaves slightly tied together, either irregularly, or ar-
ranged, particularly when they are of a linear figure, with
considerable symmetry. The grubs of many beetles, as of

» Linn, Trans. vil. t. ii. £. 5, 6.
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the rose-beetle, Cetonia aurata, &c., prepare themselves a
cocoon, composed of earth, pieces of rotten wood, and any
substances within their reach; which they fasteq together
witha glutinous secretion. The same material is employed
by others in forming a cocoon wholly of earth; which
is sometimes, as that of the stag-beetle, Lucanus Cer-
vus, exceedingly hard ; at others, as that of some moths,
Noctua ambigua, &c., so slight as to fall to pieces as soon
as touched 2.  Other cocoons are formed of grains of
earth. Reaumur has given a very interesting account of
the procedures of a larva in repairing one of these co-
coons, from which he had broken off the top when Just
completed. Without quitting the interior of the walls
that remained, it put out its head from the breach, and
for more than an hour employed itself in selecting one
by one grains of earth, which it conveyed with its mandi-
bles and deposited within its case: it next spun all round
the opening threads of silk, to which it attached grains
of earth taken from the previously-stored heap, uniting
them compactly by means of other silken threads. After
employing three hours in this laborious process, the in-
dustrious little mason had reduced the diameter of the
breach to a few lines. Reaumur was very curious to
know how it would fill up this orifice, which would no
longer admit the protrusion of its head outside the walls,
as in its previous operations. He concluded, that while
the rest of the cocoon was exteriorly formed of earth,
this opening would be merely closed with silk, He was
mistaken, however: the artist knew how to vary its

2 Wien, Verz. 1 possess a cocoon of this kind from New Hol«
land, even now quite solid, and retaining its form. No silk appears
to have been used in its composition.
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manceuvres, and make its vault of one uniform texture.
It spun across the opening a little net of silk, between the
meshes of which it thrust grains of earth so dexterously
that they projected as far as the outer surface, retained
there probably by silken lines previously attached and
fastened within. It then finished its habitation by forti-
fying the inside of the orifice with another layer of earth2.
The ant-lion (Myrmeleon) spins a globular cocoon with
its anus, which it covers with grains of sand®. One that I
took in the forest of Fontainebleau, in the quarry that pro-
duces the crystallized sandstone called the Fortaineblean
Jossil, was covered with large and shining grains. Instead
of the grains of earth or sand employed by these larvee,
those of another tribe substitute grains of stone detached
from the softer walls, upon whose lichens they previously
feed, which they unite into solid oval cocoons <. Those
of a fourth form their cocoons of patches of short moss
arranged with the roots downwards, and forming a vault,
as it were, of verdant turf, admirably adapted for con-
cealment 9. The larvee of some moths form their cocoons
of irregular pieces of bark tied together with silk, and
resembling when completed a knotty protuberance of the
twig on which they are fixed. That of Pyralis tubercu-
lana constructs a pannier-shaped one of the parenchyma
of the leaves of plants ¢.

All these cocoons, however, must yield in point of
singularity of construction, materials, and ingenuity, to
one formed by a small caterpillar, described by the illus-
trious naturalist lately quoted, which feeds upon the oak.
This cocoon is wholly composed of small rectangular

4 Reaum, 1. 579. b Ibid. vi. 368. e Ibid. 1. 542.
4 Ibid. 543. ¢ Linn. Trans. 1. 196.
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strap-shaped pieces of the fine upper skin, or epidermis
of the twig upon which it rests, regularly fastened to each
other in a longitudinal direction with very slender silken
cords. But the mode of its construction is even more
remarkable than the substance of which it is fabricated.
The caterpillar’s first process is to form its slips of bark
into two flat triangular wing-like pieces, projecting oppo-
site to each other from each side of the twig, somewhat
like the feathers of an arrow. It does not, perhaps, re-
quire any great degree of intelligence in a larva to give
its cocoon the usual oval form, when it begins to arrange
its materials in that shape from the very first, and round
so good a mould as its own bent body; but we surely must
admit that it is a task to which no stupid artist would be
competent, to form first a multitude of strap-shaped la-
ming into two triangular plates, and then to bend these
plates into a case resembling the longitudinal section of a
cone, with an elliptical and protuberant base,—the figure
which the cocoon of this insect assumes. All the minu-
tiee of the manceuvres which it employs in this nice ope-
ration could not be comprehended without a more diffuse
explanation than I have here room to give: suffice it to
say, that the caterpillar fastens silken lines to each exterior
opposite and longer side of the laminge, and by applying
all the weight of its body forces them to bend and ap-
proach each other, in which position it secures them by
other shorter lines. It next repeats the same process
with the upper and shorter sides of the plates; which
when joined form the base of the cocoon. Both these
tasks are accomplished in less than an hour, and the seams
are so nicely joined as to be imperceptible. A fine inner

tapestry of silk, covering all the asperities of the exterior
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walls, concludes its labours 2. It is to be lamented that
Reaumur was unacquainted with the moth that proceeds
from the pupse inclosed in these ingenious cocoons ;
which being small, and precisely of the same colour as
the bark of the twig that supports them, are not to be
discovered but by a very narrow inspection. It would
seem, however, to be Noctua Strigula of Berkhausen,
Pyralis strigulalis of Hubner®. The larva, he informs
us, is found in May: its body is flatter than common, of
a yellowish flesh-colour, clothed with tufts of red hair on
each segment, and furnished with fourteen feet. Should
this description enable you to detect it upon your oaks,
a view of its ingenious procedures would amply repay
you for the trouble of seeking for it. The larvae of Ce-
rura vinula, Stauropus Fagi, and several other moths,
form their cocoons of grains of wood gnawed from the
trees on which they feed. These grains they masticate,
mixed with a glutinous fluid secreted from the mouth,
into a paste, which forms a covering of an uniform smooth
texture, and so hard as not readily to yield to a knife.
Of a substance apparently nearly similar is composed
the cocoon of a weevil related to Liparus Pini; which
with its inhabitant was given me by the ingenious Mr.
Bullock.. A little moth, whose ravages have been before
noticed ¢, lines the interior of ‘the grain of barley, of
which it has devoured the contents, with silk; divides it
into two apartments, into one of which it pushes the ex-
crement ithad voided, and in the other assumes the pupad,
These, and the other larvae mentioned above, com-
2 Reaum. i. 545—, b Pyral. 8.3. ¢ iii. f. 16.

¢ See above, Vor. 1. p. 172—.
4 Reaum. ii. 491.
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monly form their cocoons of the substances I have indi-
cated; but when by any cause they are prevented from
access to them, they often substitute such other materials
as are at hand. Reaumur fed a larva that formed its
cocoon of minute fragments of paper, which with its
mandibles it had cut from the piece that covered the glass
vessel that contained it*: and the same circumstance
happened to Bonnet.

Upon a former occasion I described to you the cases
of various kinds formed and inhabited by the insects of
the Trichoptera Order (Plryganea L.) commonly called
case-worms®.  As these serve for the pupa as well as
the larva, they may be regarded as a kind of cocoon. I
shall not repeat here what I then said; but having pur-
chased from the collection of the late Mr. Francillon
some that seem to belong to this or some cognate tribe,
that are of a curious construction, I shall give you some
account of two or three of them in this place. The first
is not quite three inches long, of a sublanceolate shape,
but rather widest towards one end. It consists of an in-
ternal tough and thick bag or cocoon, of a silk resem-
bling fine wool of a dirty white colour, which is closely
covered transversely by pieces. of the stalk of a plant,
about three-fourths of an inch in length, and crossing
each other at an obtuse angle. The next is thicker and
shorter: the internal bag is just covered with small frag-
ments of wood like sawdust; over these are fastened ir-
regularly, short stout pieces of a pithy stick or stalk, and
the whole is clothed with a very close-woven ash-co-
loured web. It seems difficult to conceive how the in-
closed animal could contrive to cover her habitation with

2 Reaum. i. 540. b Sce above, Vor, I, 467—. I1. 264.
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this web without going wholly out of it. The third is
the most curious and remarkable of all. It is nearly six
inches long, and about four-fifths of an inch in diameter.
It consists of a bag of thick cinereous silk web, to which
are fastened, in a sextuple series, pieces of stick about an
inch long, the end of one mostly resting upon the base of
another: between each series a space of about three-tenths

of an inch intervenes, but at the apex they all converge.

This probably imitates the branch or stem of some tree
or plant, in which the leaves are linear, and diverge but
little from the stem. A label upon it states its country to
be New Holland. I suspect the inhabitants of the two
last cocoons to be terrestrial animals: the first is proba-
bly a true aquatic case-worm.

The same purpose for which the cocoons above de-
scribed serve, is answered in the case of numerous Di-
pterous insects, by a humble and less artificial contriv-
ance—the skin, namely, of the larva; which, as was be-
fore observed 2, is never cast, but, when the insect is about
to enter into the pupa state, assumes a difterent form and
colour; becomes of a thicker and more rigid texture;
and defends the included pupa, which is separate from it,
till its exclusion. In this case the mouth of the larva is
constantly different from that of the perfect insect, or at
least has not with it those relations as to number and
kind of organs, which have been observed in the mouth
of other larvae compared with the insects that they pro-
duce. The animal, immediately after it is clothed with
this skin, if it is opened, exhibits only a soft gelatinous

* See above, Vor. L. p. 67.
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pulp, in the surface of which the exterior organs of the
adult insect cannot yet be detected. Nature requires
more time for their elaboration, or at least for the ap-
pearance of their outline, and to consolidate them. This
pulp first takes an oblong form (Bowle allongee Reaum.),
and afterwards that of the insect it is destined to give
birth to2. The skin of the larva also serves for a cocoon
to the pupze of male Cocci®. The grub of the genus An-
threnus, so destructive to our cabinets of natural objects ¢,
when it assumes the pupa does not quit its skin, but only
splits it open longitudinally on the back, and when it
becomes an imago makes its exit through the orifice %
Some Lepidopterous larvae even (Alucita pentadactyla,
Callimorpha rosea, &c.) assume the pupa state within
their last skin ©,

When a larva has finished its cocoon,—which with

& N. Dict. d’ Hist. Nat. xvi. 269~—~, xxii, 76.

b Reaum, iv. 32. The author here quoted asserts that the grub of
Ichneumon Larvarum L. retains its skin, which, he says, is so trans-
parent that the form of the nymph can be seen through it. Ibid. ii.
447. De Geer, however, found that this really did cast its skin,
which is so transparent as to be scarcely visible, by pushing it gradu-
ally towards the anus, where it soon dries up and cannot then be dis-
covered. De Geer ii, 893—. According to Rosel the same circum-
stance attends the transformation of Coccinella renipustulata Illig.
(C. Cacti Ent. Brit.), which at first perplexed him not alittle. Tt is
probable that in this case the retention of the skin was accidental ;
for some of the grubs of a Mycelophila, the transformation of which
I observed, became pupz within their last skin, while others wholly
disengaged themselves from it. The cause of this variation, I con-
jectured, arose from the former being too weak to extricate them-
selves from the skin.

< See above, Vor. I. p. 238.  Byrrhus Museorum belongs to this
genus.

¢ N. Dict, d’ Hist, Nat. ii, 161. ¢ Pezold. 102.
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some species, that proceed so earnestly as though they
had not a moment to lose, is the work of a few hours, of
others about two or three days,—after a certain interval
it casts its last skin, which is usually suffered to remain
inthe cocoon (but which one moth, Geometra lacertinaria,
ejects through an opening purposely left in its bottom),
and the pupa makes its appearance ®. This interval is
exceedingly various. Most larvee assume the pupa state
within a few days after they have formed their cocoons;
but some not for several weeks, or even months. The
caterpillar of Bombyx ceruleocephala, according to Rosel,
lies three weeks in the cocoon before this change is ef-
fected ; those of many Pupivora and Diploleparie Latr.,
according to Reaumur, six months?; that of Phalena
urticata nine months ¢; and that of Cimbex lutea, accord-
ing to De Geer, sometimes eighteen months¢. Brahm
observes, that such larvee of the double-brooded moth,
Hepialus Testudo, as form their cocoons in autumn, do
not become pupee until the following spring; while those
which form them in summer undergo this change in a
few daysc. TFrom this fact it might be conjectured, that
the degree of heat prevailing at the time the insect in-
closes itself determines the period of the pupa’s appear-
ance; but this supposition seems contradicted by what
Reaumur observed of a brood of the larvee of Phalena
urticata, just mentioned, which, though they formed
themselves cocoons in September, did not become pupse
till the June following f. I am unable, therefore, to as-
sign any plausible cause for these extraordinary varia-
2 De Geer i. 839—. ® Reaum. ii. 423, and iii. 497.

¢ Ibid. i. 605. * De Geer ii. 941.
¢ Brahm Insek. 72. I Reaum. ubi supra.
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tions. The difficulty of comprehending how animals be-

fore so voracious can live so long without food may be

partly surmounted, by adverting to the circumstance of
its'having attained its full growth, and laid up a store of
nutriment for the development of the perfect insect. It
is consequently no more wonderful that it should not
have need of any further supply without casting off its
upper integument, than that it should not eat after hav-
ing done so and become a pupa.




LETTER XXXI.

STATES OF INSECTS.

PUPA STATE.

WE have now traced our little animals through their
egg and larva states, and have arrived at the third stage
of their existence, #he Pupa State. 'This, to include all,
can only be defined,—that state intervening between the
larva and imago, in which the parts and organs of the
perfect insect, particularly those of sex, though in few
cases fully developed, are prepared and fitted for their

final and complete development in the last-mentioned
state; and in which the majority of these animals are
incapable of locomotion, or of taking food.
Pupze, like larvse, may be separated into two great di-
visions :—
I. Those which, in general form, more or less resem-
ble the larvee from which they have proceeded.
II. Those which are wholly unlike the larvee from
which they have proceeded.

I. To the first division belong, with some exceptions?,

2 In the Hemiptera the male Cocci (Reaum. iv. 32.) and Aleyrodes
(Ibid. ii. 311.) belong to the second division.
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the Dermaptera, Orthoptera, Hemiptera,and most Aptera,
with the neuropterous tribes of Libellulina, Ephemerina,
and the genus Zermes, in the class Insecta ; and the majo-
rity of the Arachnida. This, like the first division of
larvee, may be subdivided into two corresponding smaller
sections; the first including those pupae which resemble
the larvee, except in the relative proportion and number
of some of their parts; and the second those that resem-
ble them, except in having the rudiments of wings, or of
wings and elytra,

i. The first subdivision will include the pupee, if they
may be so called 2, of insects of the Aptera order, and of
the class Arachnida : as, lice, Podurc, Lepismide, centi-
pedes, millipedes, mites, harvest-men, spiders, scorpions,
&c. These mostly differ from their larvee only in that
the relative length or number of their legs, the number of
the segments of the body in some, or the development of
their palpi, more nearly approach the characters of the
perfect insect; and in that while in their larva state they
have two or more skins to cast, previously to their assump-
tion of the imago, in their pupa state they have but one.
In fact, this last circumstance is the only one which,
strictly speaking, characterizes the pupse of this subdivi-
sion; asthe changes which take place in the number and
proportion of the organs are partly produced with each
change of the larva’s skin. And hence, as it is not easy
to ascertain what number of skins a spider, for example,
has yet to cast, and as both the larva and pupa differ so
little from the perfect insect, it is very difficult to deter-
mine in what state insects of this division are. From

3 The terms lurva and pupa, applied to the insects of this subdivi-
sion, are perhaps not strictly proper.
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this difficulty has probably arisen the too great multipli-
cation of species in some of these tribes, particularly the
Arachnida, the larva and pupa having been mistaken for
perfect insects. The pupse of this subdivision were
named by Linne complete, from the near resemblance

which they bear to the imago.

il. The second subdivision will include the pupee of
the Dermaptera, Orthoptera and Hemiptera orders, with
few exceptions; as likewise the Libellulina, Ephemerina,
and Termitina? amongst the Neuroptera : including the
well-known tribes of earwigs, cockroaches, crickets,
grasshoppers, locusts, lanthorn-flies, froghoppers (Ci-
cada L.), bugs, plant-lice, dragon-flies, day-flies, white
ants, &c. Of these, as in the former subdivision, the
pupee are equally capable of eating and moving with the
larvee, which they resemble, except in having the rudi-
ments of wings, or of wings and elytra, The pupse of
the three orders first enumerated differ from those of the
Neuroptera in resembling the perfect insect in most in-
stances, both as to shape and the organs for taking their
food ; and in all other respects, except in not having their
wings and elytra fully developed?. The resemblance of
the pupee of the Libellulina and Ephemerina to the per-
fect insects is more distant, and the above organs in the
two states are very dissimilar ; for the pupee of the former
are furnished with a prehensory mask similar to that of
the larvee before described ®, which the perfect insect has

* The larvae and pupz of many of the komopterous section of Heni-
ptera differ often from the imago, not only in their fore-legs (PLaTE
XVI. Fie. 4.), but also in other respects. I have the larva of a Cen-
trotus from Canada, given me by Dr. Bigsby, which has a long anal
process or tail. b See above, p. 1256—,
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_ not; and those of the latter with the usual oral organs of
masticating insects, of which the imago has scarcely the
rudiments.

I have applied the term rudiments to the wings and
elytra in this state, not in a strict sense, but merely to
denote their appearance; for in fact the wings, &c. are
complete, but only folded up longitudinally and trans-
versely, and inclosed in membranous cases, which when
the last change takes place remain attached to the pupa-
rium or pupa-case. The tegmina or hemelytra in this
state usually cover the wings, and the upper wings the
under; but in the Libellulina both are usually visible.
Though commonly very small compared with the instru-
ments of flight in the perfect insect, some of these rudi-
ments, contrasted with the majority, are of considerable
magnitude. This is the case with those of some species
of Chermes, as we learn from De Geer 2.

II. The second grand division comprises by far the
largest number of pupze: those of all coleopterous, strepsi-
pterous, lepidopterous, hymenopterous, dipterous, and
aphanipterous, and by far the majority of neuropterous in-
sects, as well as the hemipterous genus Aleyrodes, and one
sex of Coccus of the same order. These pupze, however,
though agreeing in the circumstance of being unlike the
larvae from which they proceed, differ from each other in
several respects, and require to be divided into three

great sections, as under:—
i. Those pupz in which the parts of the future insect,

being folded up under a membranous skin closely apply-
ing to each, are distinctly visible. To this head belong

3 jii. 135.
VoL, III. R
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generally, the pupee of coleopterous® and hymenopterous
insects; those of the neuropterous genera Myrmeleon and
Hemerobius, &c. ; the Trickoptera; amongst the Diptera,
Culex, Tipula L., Tabanus, Bombylius, &c.; and that of the
flea (Pulex). These were the incomplete pupse of Linne.

ii. Those pupee in which the parts of the future insect,
being folded up under a harder skin, are less distinctly
discoverable. To this subdivision belong the pupe of all
Lepidoptera, and of them alone. These are what Linne
termed obtected pupze.

iii. Those pupee which are inclosed in the thick and
opaque skin of the larva, through which no #race of the
perfect insect can be discovered. These, which Linné
termed coarctate pupee, include a large proportion of the
dipterous genera; as (Estrus L., Musca L., Empis L.,
Conops L., &c. &ec.?

2 The pupe of Cassida, Imatidium, &c. seem to vary somewhat from
this type, the upper part being neither membranous nor exhibiting
distinctly the form of the inclosed imago.

b The following arrangement of pupz is perhaps in some respects
better than that above given. DBut it is scarcely possible to propose
one free from objections.

I. Capable of eating and walking.

i. Like the perfect insect, except in proportion and number
of parts.
1. Except in proportion (Lice, Podure, Mites, Spiders,
Scorpions, &c.).
2. Except in proportion and number (Centipedes, Mille-
pedes).
ii. With rudiments of the organs of flight.
1. With oral organs resembling those of the perfect in-
sect (Hemiptera).
2. With oral organs differing from those of the perfect
insect (Lidellula L., Ephemera L.).
I1. Incapable of eating and walking.
i. Incomplete pupz.
ii. Obtected.
iii. Coarctate.




STATES OF INSECTS. 243

I shall next advert, chiefly to the pupz of the grand
division last described, under the distinct heads of sub-
stance, figure, and parts; colour, age, sex, motions, and
extrication of the perfect insect.

i Asto their substance—at first interiorly all pupe
consist of a milky fluid, in which the unformed members
of the future perfect insect may be said to float, and in

Lamarck divides the pupz of insects that undergoa metamorphosis
into three kinds, which he names—Chrysalis, Mumia, and Nympha,

i. Chrysalis. Under this denomination he includes all inactive
pupz inclosed in an opaque puparium which entirely conceals them,
These he further subdivides into two kinds.

L. Chrysalis signata. This term is synonymous with the Pupa
obtecta of Linne, or the Chrysalis of Lepidoptera and some Diptera,

2. Chrysalis dolioloides. Equivalent to the Pupa coarctata Linn,
peculiar to those Diptera that assume this state in the skin of the
larva.

il. Mumia. All inactive pupze which are covered by a transparent
skin, through which all the parts of the inclosed imago may be seen,
subdivided also into two.

1. Mumia coarctata. Corresponding with the Pupa incompleta
Linn., which includes the Coleoptera and most of the Hymenoptera.

2. Mumia pseudonympha, confined to the Pupa of Phryganea and
some others. This might be named Pupa subincompleta.

iii. Nympha. Under this denomination are included all insects
that undergo only a partial metamorphosis, and are active in their
pupa state, corresponding with the Pupa semicompleta Linn. and also
subsemicompleta MacLeay. See Anim. sans Vertebr. iii. 285—.

M. Latreille has started an ingenious idea on this subject with re-
gard to these kinds of metamorphosis, which comprehends both larva
and pupa under a distinct denomination : as thus—

1. Demilarve and Deminympk, synonymous with the Semicomplete
Metamorphosts.

2. Larve and Nympk, answering to Incomplete Metamorpkosis.

3. Calerpillar and Chrysalis, answering to Obtected Metamorphosis.

4. Vermilarve and Pupa, answering to Coarctate Metamorphosis.
N. Dict. &’ Hist. Nat. xvi, 272.

R 2
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which they may be discerned, and separated with the
point of a pin2. In proportion as these acquire consist-
ency, and are more and more developed by the absorp-
tion of the surrounding fluid, they occupy its place, and
fill up the cavity of the puparium. The rest of this fluid
passes off by transpiration®. Reaumur is of opinion that
it is from the epiploon, or corps graisseuz, that this matter
is prepared, which he regards as analogous to the white
of an egg . In coarctate pupa the included animal, or
the pulp that contains its germes (in which the limbs and
body at first are not discernible), fills at this period the
whole skin-cocoon; but in proportion as the above eva-
poration takes place, and the consolidation of the body
and parts proceeds, it shrinks at each end, so that when
near assuming the imago, a considerable cavity appears
both at the head and tail of the cocoond. At this period
of its existence, from the quantity of fluid included in the
puparium, the animal weighs usually considerably more
than it does when become a perfect insect °.

The exterior integument or skiz of pupe, which is usu-
ally lined with a very thin white pellicle, is of different
consistence in different orders. In the Coleoptera and
Hymenoptera it is, with a few exceptions, of a soft and
membranous texture; in the Lepidoptera (especially those
that are not defended by cocoons), and Diptera, it is more

rigid and harder, being either coriaceous or corneous.
Lepidopterous pupze, however, are not excluded from

3 N. Dict. d’ Hist. Nat. vii, 57. b De Geer ii. 105.

¢ Reaum. ii. 428—.

d Swamm. Bibl. Nat. Engl. Tr. ii. 32. ¢. xli. £. 2. Comp. Reaum.
iv. ¢ xxv. £ 1.

¢ Ibid, i, 144,
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the last skin of the larvee with this hard covering. At
the moment of this change the envelope is nearly as soft
and membranous as in the order first mentioned. But
they are besides covered with a viscous fluid, which ap-
pears to ooze out, chiefly from under the wings, and
which very soon drying, forms the exterior hard shell 2.
At first the antenns, wings, and legs, like those of Coleo-
ptera and Hymenoptera, can be each separated from the
body; and it is only after these parts have been glued to-
gether by the fluid just mentioned, which takes place in
less than twenty-four hours®, that they are immoveably
attached to the body of the pupa, as we usually see them.
In fact, the essential difference between incomplete and
obtected pupe seems to be, that in the former the limbs
and body are only covered each with a single membranous
integument, whereas in the latter they are besides glued
together by a substance which forms an additional and
harder envelope. It is not easy to explain the alteration

that takes place in the texture of the skin of such dipte-
rous pupe as retain the skin of the larva. In the latter

this is generally a transparent and very fine membrane:
yet the very same integument becomes to'the pupa an
opaque and rigid case.

The surface of the skin of the greater number of pupz
is smooth, but in those of many Papilionide it is rugose
and warty: this you may see, particularly in that of Pa-
pilio Mackaon. In many of the hawkmoths (Sphinz L.)
it is covered with impressed puncta. In Attacus Io the
upper side of the channels that separate the intermediate
segments of the abdomen are curiously striated with trans-

* Reaum, i. 355. b N. Dict. d’ Hist. Nat. ubi sup. 59.
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verse strize, formed of very minute granula, the lower side
being transversely sulcated. In some few instances, as
in Aretia Salicis, Laria pudibunda and fascelina, the skin
of the pupa is clothed with hair2: as is also that of He-
speria Bize, according to Madame Merian®. De Geer
has described a little beetle under the name of Tenebrio
lardarius (Latridius Latr., Corticaria Marsh.), ‘the pupa
of which is beset with very fine hairs, terminating in
a spherical or oval button ¢,

il. I shall include under the same head both the figure
or shape, and parts of pupee, as the latter in most kinds
are either the same or nearly the same as those of the
larva, or merely incasing those of the imago, so as not to
require that detailed notice that I judged necessary when
treating of the parts of larvee.

With regard to incomplete pupse, nothing further can
be said of their extremely various figure, than that it has
a general resemblance to that of the perfect insect. The
head, trunk, abdomen, and their respective external or-
gans, are alike visible in both; butin the pupa, the latter,
instead of occupying their natural situation, are all closely
folded under the breast and abdomen: or, as in the case
of the long ovipositors of some Ichneumons, laid along the
back. In a specimen of some coleopterous insect now
before me, the following is the order of the arrangement
of the parts:—The head is inflexed ; the mandibulee are
open; between them are seen the labium and labial palpi;
these appear to cover and conceal the maxillee, and the
maxillary palpi extend on each side beyond them; the

2 Prate XVI. Fic. 14, M. Dict. d’ Hist. Nat. vii. 59.
5 Ins. Surinam. t. xliv. ¢ De Geer v. 47. ¢. ii. f. 29—31.
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antennse pass above the thighs of the two anterior pair
of legs, and then turning down over the breast between
them and the posterior legs, repose upon the base of the
wings; which also are turned down between the inter-
mediate and posterior pair of legs, and rest upon the lat-
ter; the tibize are bent in and folded upon the thigh,
and the tarsi turn outwards?. In another coleopterous
species, the wings and elytra are placed under the hind-
legs. In Hymenopterous pupea the antenna appear usu-
ally to lie between the legs®. In many 7%pule the long
legs are bent into three folds in the pupse; but the tarsi
are extended, and lie close to each other, the anterior
pair being the shortest¢. In a specimenbelonging to
this tribe in my cabinet, which I think contained Cteno-
cera pectinicornis, the six leg-cases are of the same
length, exactly parallel and adjacent, and being annu-
lated wear the appearance of trachese¢. These parts
have each their separate case, so that a pin may be intro-

duced between them and the body: which cases, as well
as the general envelope, are usually formed of a fine soft
transparent membrane; but sometimes, as in' the lady-
bird (Coccinella), the tortoise-beetle (Cassida), the crane-
fly (Tipula), &c. it is harder and more opaque, so that

though it is usually easy for a practised Entomologist
from an examination of the pupa, particularly in the FHy-
menoptera, to predict to what genus the insect to be dis-

» In the pupa of Hydrophilus piceus (Lesser L. ¢. ii. f. 13, 14), the
arrangement of the parts is nearly the same, but the tarsi are not re-
flexed.

b T4id. £.9,10. De Geer il. £. xxxii. £ 5. Reaum. v. Z. xxxvi. f. 14.

¢ Reaum. Idid. t. ii. f. 9. :

¢ The legs of Tipula replicata L. are placed in a similar way. De
Geer vi. 4. xx.f. 12. L.
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closed from them will belong, yet in these cases the organs
being not so conspicuous, a less experienced examiner
might be perplexed, and unable to come to a conclusion.
Although Aymenopterous pupe have usually no parts
but what are afterwards seen in the perfect insect, this is
not the case with several coleopterous and dipterous ones,
which are furnished with various temporary apf)endages,
indispensable to them to bring about their final change,
or for other purposes. Thus, the pupa of the male of
Lucanus Cervus has two short, jointed anal processes .
That of Hydrophilus caraboides has a pedunculated lunu-
late one; and moreover, the sides of the abdominal seg-
ments, and the top of the thorax, are beset with hairs,
which are not seen in the perfect insect ®.. The abdomen
of many, also, is armed with spines. That, the arrange-
ment of whose organs I lately described, has a quadruple
series in the back of this part; viz. on each of the first five

segments, 3, 2, 2, 3. The five first ventral segments also

have on each side three spines; the inner are incurved, the
intermediate nearly upright, and the outer one recurved.
These spines, except those of the innermost ventral series,
terminate in a bristle. In another coleopterous species the
back part of the head is armed with a pair of lateral spines,
and that of the thorax with three processes, the external
ones armed with a single spine, and the intermediate one
with a pair. De Geer has figured the pupa of an Asilus,
the head of which is armed with eight spines—two ro-
bust ones in front, and three smaller ones, connected at
the base on each side. The abdominal segments, also,
are fringed with spines. The abdomen of the pupa of

2 Ros. t. 81. b Ibid, ¢ 95. ¢ De Geer vi. 237. t. xiv. f. 8.
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Ctenocera pectinicornis is armed with several strong co-
nical spines, pointing mostly towards the tail, which is
likewise the case with that of Tipula lunata®. As the
above pupz are usually subterranean or subcortical, the
spines assist in pushing them out of the ground, &c.
The respiratory horns that proceed from the thorax of
the pupae of many of the aquatic gnats will be noticed
in another place. Those of Corethra culiciformis and of
some other aquatic gnat-like Diptera, have their anus
furnished with a pair of oars, or natatory laminee, by
which they rise to the surface®.

The figure of obtected pupee, or chrysalises, is more
uniform. They are commonly obtuse at the anterior ex-
tremity, and gradually contracted to a point at the poste-
rior, or tail. The outline usually inclines to a long oval
or an ellipse; but in some, as Attacus Io and Luna, the
pupa is shorter and more spherical. In Geometra sam-
bucaria it represents an elongated cone, and in Hepialus

it is nearly cylindrical. In the butterfly tribe (Papilio L.)
the outline is frequently rendered angular by various pro-
tuberances.

In all these pupee may be distinguished the following
parts :—frst, the Head-case (Cephalo-theca), or anterior
extremity ; secondly, the Trunk-case (Cyto-theca), or inter-
mediate part; and thirdly, the Abdomen-case (Gastro-
theca).

1. The Head-case covers and protects the Zead of the
inclosed imago. From its sides behind proceed the an-

» Reaum, v. ¢.ii. £. 7. The anal and ventral spines of Tipula re-
plicata are also remarkable. De Geer vi. . xx. f. 14.
® De Geer 1bid. 377. ¢. xxiil. £.8, 9. n. Reaum. v. 42.7.vi. . 9. mn.
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tennae-cases (Cera-theca); and before from the middle,
the tongue-case ( Glosso-theca). Just below the base of the
antenne-case you may discern the eye-cases (Ophthalmo-
theca), surrounded on their inner side by a crescent-
shaped levigated piece, which may perhaps transmit
some light to the inclosed prisoner.

2. The Trunk-case, divided into the thorax, or upper
surface, extending from the head to the dorsal segments of
the abdomen, and consisting of three pieces, answering to
the prothorax, mesothoraz, and metathorax of the perfect
insect: the first answering to the prothorax small, the
second covering the mesothorax very large, and the two
next representing the metathorax, at first appearing to
belong to the abdomen, but having no spiracle; and the
breast (pectus) or under-surface reaching from the head
to the ventral abdominal segments, from which proceed
the wing-cases (Ptero-theca) and leg-cases (Podo-theca),
which organs, with the antenna-cases and tongue-case,
entirely cover, or rather form, the breast. The arrange-
ment of the whole is as follows :—The wing-cases, which
are more or less triangular, and exhibit the larger ner-
vures of the wings, are a lateral continuation of the me-
sothorax, which turn downwards from the sides of the
breast, and cover, or replace, the three first ventral seg-
ments of the abdomen. The antenna-cases, united to the
anterior portion of the head just behind the eye-cases,
repose immediately next to those of the wings running

parallel with their inner margin. Then follow the legs,

the tibiee forming an angle with the thigh, and the case
of the anterior pair being innermost, and representing the
breast-bone in the pupa. The tongue lies over the fore-
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legs, except in the case of some sphinxes, which I shall
notice afterwards: so that the glosso-theca covers both
them and it.

3. The abdomen-case consists of Zen segments when
viewed on the back, and of only siz when viewed below ;
so that it might be said to have ten dorsal and six ven-
tral segments: but the fact is, that the place of the three
anterior ventral segments, or rather ventral portions of
the segments, (for they form complete rings without any
lateral suture,) are replaced by the wings and other or-
gans: in consequence of this, the fourth segment, which
is less covered than the three first, at its posterior margin
forms an annulus or ring. In counting the abdominal
segments of a pupa, you must be careful not to include
the piece that represents the metathorax, which looks as
if it belonged to the abdomen®. In the pupee of butter-
Jlies you will discover evident traces of zen dorsal seg-
ments; but in many motks, and some Zawk-moths, you
will perceive at first only eight, or even seven, but a closer
examination will enable you to discover the line that
marks out the others; and if you divide the puparium
longitudinally, and inspect its internal surface, you will
see very visible sutures between them. The intermediate
segments are sometimes separated from each other and
the preceding and subsequent ones by deep channels.
In the pupa of Papilio Machaon there is one such chan-
nel between the third and fourth segments. In Bombyx

2 The caterpillar consists of twelve segments (Lyonnet £ i.£. 4,5),
excluding the head; on cach of which, except the 2d, 3d, and 12th,
thereis a pair of spiracles. The chrysalis usually exhibits an analogy
to this structure, though the first, second, and last pair of spiracles
are more or less obsolete in most.
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regalis the channel is between the sixth and seventh, and
in B. imperatoria there are three, namely, a channel be-
tween the third and fourth, and fourth and fifth, and fifth
and sixth segments. The way in which insects with an
exserted sting fold it in the pupa seems not to have been
noticed ; but from an observation of De Geer upon one
species of Ichneumon, it appears to be turned up over the
back of the abdomen 2.

These little animals, thus swathed and banded, exhibit
no unapt representation of an Egyptian mummy ; though
Lamarck applies the term Mumia to incomplete pupz®,
to which it seems less happily applicable.

Chrysalises, as to the modifications ‘of their general
figure, may be conveniently divided into two great classes:

first, those that have no angular projections, the anal
mucro of some excepted, on different parts of their body;
and secondly, those which have such projections. Each
of these classes affords variations in its peculiar charac-~
ters which require to be noticed.

1. The first of these are called angular pupe ¢, and
are confined to the Butterfly or diurnal tribes. In some
the head projects into one short conical protuberance:

this you may see in the chrysalis of the common cabbage
butterfly (Pieris Brassice), and others of the same ge-
nus 9; in the brimstone-butterfly (Colias Rhamni*), and
in the beautiful purple emperor or high-flier (Apatura
Iris F. f): though in this last it is not conspicuous. But

a De Geer ii. 847. t. xxix.f. 7. a b.
b Animaux sans Vertebres, iii. 287.

¢ N. Dict. d’ Hist. Nat. vii, 57.

4 Seppii.ti.fl 4. t.ii. f. 4. ¢ iv. . 5.
¢ Prare XVI. Fie. 12.

f Prate XVI. Fie. 10.
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the most remarkable instance of a single eminence from
the head is exhibited by the pupa of a tropical butterfly
(Morpho Idomeneus Latr.), figured by Madame Merian.
In this the head projects into a long incurved obtuse
horn2. In others the head is armed with two mucros,
or conical eminences. This is the case with the common
butterfly of the nettle (Vanessa Urtice F.?), and with that
of the beautiful Papilio Machaon ©. In these the promi-
nences are trigonal. These processes, which in some, as
in the peacock-butterfly (Vanessa Io), stand upright4,
and in others diverge (Papilio Machaon), form the eye~
cases of the included imago; and in their outer base
is planted the crescent-shaped piece I lately mentioned,
which seems intended to convey light intoit. In many
the prothorax, besides a lateral angular projection, has
in the middle another triangular or trigonal one, some-
what resembling a Roman nose; on each side of which
is a smaller elevated black point: so that it requires no
great stretch of imagination to find out in it a sort of re-
semblance to the human face, which, though not quite
so striking as honest Goedart figures it ¢, is however very
considerable. In the pupa of Morpho Menelaus, figured
by Madame Merian f, this nasiform prominence of the
prothorax is extended into a long arched horn, reaching
to the middle of the abdomen. The pupa of the silver-
washed fritillary (Argynnis Paphia F.), and others of the
same genus, exhibit beneath this nasiform prominence

2 Ins, Surinam. t.1x. Itis singular that the chrysalis of its congener,
Morpho Teucer, which she figures ¢, xxiii., exhibits no such process.
The larva also widely differ. b Prare XVI. Fre. 11,

< Sepp ii. £ iii. £. 5. : 4 Sepp i. ¢. vii. £ 5.

¢ De Insectis, ed. Lister. ¢, 1. ! Ins, Surinam, ¢, liil,
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a very deep depression, itself beset with one or more se-
ries of smaller angular elevations. The back of the ab-
domen is often furnished with two rows of protuberances,
in some species larger, in others smaller ?; sometimes
sharp and conical, and sometimes flat, and in some in-
stances resembling the fins of fishes®. These bosses
usually decrease in size towards the tail.

2. The second kind of chrysalises are denominated
conical ©. These, which include the crepuscular and noc-
turnal Lepidoptera, and- the butterflies with onisciform
larvee, have no protuberances, and are less variable in
their form—their anterior extremity being almost con-
stantly oval and rounded, and their posterior conical and
acute. An exception to this form is met with in the pupa
of a moth long celebrated (Lasiocampa Pithyocampa),
which has the head acute and the taii obtuse, and armed
with two points ¢, Another occurs in that of the Cosswus,
which has two points on the head, by which it makes
an opening in its cocoon: when it assumes the imago,
one of these is placed below the otherf. And some
few have the anterior end nearly flat instead of rounded.
The pupa of the orange-tip butterfly (Pieris Cardamines)
seems intermediate between the angular and conical
kinds: it is somewhat boat-shaped, and distinguished

by a fusiform process from the head and tails. Other
modifications of the usual figure are met with, but are
for the most part so slight as not to require notice. One

3 Seppi. £ ii. f. 6. b N. Dict. d’ Hist. Nat. vii. 60.

e Ibid. 57. ¥ d See above, Vor. I. p. 131.

¢ Reaum. ii. 158, ¢ viii. f. 4, 5.

f Lesser L. i. 160. note. & ii. f. 19.

8 N. Dict. &’ Hist. Nat. xxvi. 165. Reaum. i. 347. Rosel says this
is present only in some individuals. I.1ii. 47.
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or two, however, should not be passed over. The pupa
of many hawk-moths (Spinz L.) have the anterior piece
of the head-case elongated into a sort of cylindrical pro-
boscis, which is incurved beneath the breast: you will
find this formation in 8. Convolvuli and Ligustri®. In
some, as in a species figured by Madame Merian, that
feeds upon the Annona squamosa, it is rolled up like a
serpent in many folds®, In Noctua Linarie the tongue-
case turns upwards, and is prominent laterally beyond
the body<. This singular appendage is one of those
beautiful instances of compensating contrivances, as Dr.
Paley calls them, which perpetually occur in the insect
tribes. The tongue of these hawk-moths is of very great
length, often three inches, while the pupa itself is scarcely
two; it could not possibly, therefore, have been extended
at length, as it is in common cases, but is coiled up
within the above protuberance. 'When the tongue is but
a little longer than the breast, the ordinary plan is ad-
hered to, but the apex of the breast projects a little over
the abdomen into a sort of nose, in which the end of the
tongue is contained. This conformation may be seen in
the pupa of Noctua Gamma, Verbasci, and many other
species. Sometimes, as in N Linarie F., this projection
is recurved into a short horn.

I have before adverted to the adminicula or short spines
looking towards the anus, with which the dorsal segments
of the abdomen of some pupe are armed ; and by which,
when the time for their exclusion is arrived, they are
enabled to push themselves upwards or outwards from

a Pratr XVI. Fic. 13. a. b Ins. Surinam. . iii.
¢ De Geer ii. 433. ¢. viii. f. 4. &.
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their several places of confinement *: you will find these
in the pupa of the great goat-moth (Cossus ligniperda);
and in <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>